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Attachment A 
 

California Department of Water Resources 
Table of Specific Comments 

 
Document: September 2016 Recirculated Draft Substitute Environmental Document in Support of Potential Changes to the Water Quality Control Plan for the San 
Francisco Bay-Sacramento San Joaquin Delta Estuary San Joaquin River Flows and Southern Delta Water Quality (SED) 
 
Date: March 17, 2017 

Comment # Page # Section # Comment 
General Comments: 

G:1   This general comments section contains significant overall comments that address information provided in 
more than one chapter of the SED focused mainly on updating the SED analysis with current information. 
These include the reports entitled Evaluation of Salinity Patterns and Effects of Tidal Flows and Temporary 
Barriers in South Delta Channels (South Delta Salinity Report)1 and Salt Tolerance of Crops in the Southern 
Sacramento-San Joaquin Delta (Salt Tolerance Report),2 DWR data and exhibits developed for hearings and 
workshops, groundwater programs, and the lack of DWR’s contribution to water quality degradation in the 
south Delta. 
 
SOUTH DELTA SALINITY REPORT 
The executive summary and following chapters start with an existing condition that assumes that the 
California Department of Water Resources (DWR) and the U.S. Bureau of Reclamation (Reclamation) have 
control over the water quality in the south Delta. However, DWR believes that the SED should update and 
clarify this assumption using information from recent studies on sources of salinity in the south Delta. The 
2016 South Delta Salinity Report provides information that can help inform the State Water Resources 
Control Board (Board) on the feasibility of controlling salinity in the south Delta, particularly at the Old River 
at Tracy Road Bridge compliance station.  

                                            
1 ICF, Evaluation of Salinity Patterns and Effects of Tidal Flows and Temporary Barriers in South Delta Channels, September 2016 (available at: 
http://baydeltaoffice.water.ca.gov/sdb/tbp/web_pg/pub_doc/salinity_report/South%20Delta%20Salinity%20Final%20Sept%202016%20kc%2012.21.16.pdf). 
2 Dr. Glenn J. Hoffman, Salt Tolerance of Crops in the Southern Sacramento-San Joaquin Delta, Final Report, January 5, 2010 (available at: 
http://www.swrcb.ca.gov/waterrights/water_issues/programs/bay_delta/bay_delta_plan/water_quality_control_planning/docs/final_study_report.pdf). 
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The South Delta Salinity Report identifies sources of relatively high electrical conductivity (EC) water in 
Paradise and Sugar Cuts and explains how this higher EC water is tidally mixed with the Old River flow and 
increases the measured EC at the Tracy Boulevard Bridge station. The report explains the effects of San 
Joaquin River (SJR) inflows, agricultural diversions and drainage discharges, Central Valley Project (CVP) 
and State Water Project (SWP) export pumping, tidal flows, and the temporary barriers on tidal flows and 
EC. The report provides an increased understanding of the south Delta channel flows and salinity patterns, 
explains the effects of CVP and SWP pumping on south Delta EC, and demonstrates that export pumping 
does not increase the Old River at Tracy Boulevard EC measurements or the frequency of D-1641 
exceedances.  
The proposed Delta salinity requirement within the SED provides a “relaxation” of the 0.7 EC objective to 1.0 
at the interior south Delta channel segments in the summer months and maintains 0.7 EC at Vernalis during 
these months based on the Salt Tolerance Report that describes salinity needs for crops in the south Delta. 
During the fall and winter months of the year, when barriers are not in operation, the proposed objectives are 
1.0 EC at Vernalis and the interior channel segments. If the Vernalis objective is 1.0 EC during this period, 
the objectives for the interior locations should be higher (1.3 to 1.4 EC recommended) to account for 
degradation downstream of Vernalis particularly when fall/winter agricultural leaching activities are 
discharging to the channels. The degradation at the interior channels certainly will occur and based on data 
provided by DWR and on the 2016 South Delta Salinity report, that degradation is not caused by DWR 
operations.  

G:2   DWR DATA AND EXHIBITS DEVELOPED FOR HEARINGS AND WORKSHOPS  
Chapter 5 of the SED includes DSM2 study results from the 2005 South Delta Improvements Program 
(SDIP), but they do not address degradation in the interior south Delta. The 2016 SED does not include 
Delta modeling studies that examine how DWR and Reclamation have caused or impacted the salinity 
degradation in the interior south Delta. Through the hearings on the Cease and Desist Order and workshops 
on the southern Delta salinity objectives, DWR has provided information and methodologies that could be 
helpful. The studies3 look at “with” and “without” scenarios, i.e., with and without pumping and barriers. DWR 

                                            
3 DWR Exhibits for CDO (http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/exhibits.shtml#dwr) 
Investigation of factors affecting water quality at Brandt Bridge, Middle River at Union Point, and Old River at Tracy 
(http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/exhibits/dwr/dwr20.pdf) 
Modifications of Order WR 2006-0006 Hearing Exhibit List (http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/wr2006_0006/exhibits.shtml#dwr) 
Testimony for the Board Public Hearing on June 25, 2009 Regarding Modeling Project Operations’ Effects in the South Delta 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/exhibits.shtml#dwr
http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/exhibits/dwr/dwr20.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/wr2006_0006/exhibits.shtml#dwr
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believes that these studies and the data from the South Delta Salinity Report complement each other and 
together provide useful tools and methodology for analysis. Additionally, through the Methodology for Flow 
and Salinity Estimates in the Sacramento-San Joaquin Delta and Suisun Marsh Annual Report to the Board, 
information has been provided on the effects of barriers and exports on circulation in the South Delta.  

G:3   Relationships between Vernalis flow and water quality at the current objective locations are developed within 
the document and used to show that there are fewer occurrences of water quality violations with higher San 
Joaquin flow alternatives. Since the proposed water quality alternatives are looking at water quality along 
channel reaches and not at specific locations, this analysis needs some additional work. 
Relationships between Vernalis flow and salinity at the current objective locations are developed in Appendix 
F.2 (Section F.2.4) and are referenced within the main body of the SED (chapter 5). The regressions have a 
fair amount of scatter, which reflects times when at a particular Vernalis flow, the salinity may be higher or 
lower than what is indicated by the regression equation. For this reason, a buffer value is added to account 
for the scatter (page F.2-86).  
Below are some comments concerning this approach. Slide 14 from the presentation Flows and Salinity in 
the South Delta4 shows 30 day running average graphs of Vernalis flows (lavender shading), DSM2 Old 
River at Tracy flows (black shading), Vernalis EC (blue line), and Old River at Tracy EC (black line). 
Generally, when there is an increase in Vernalis flows, there is an improvement in salinity at Vernalis but not 
in all cases. Water quality in July and August of 2008 when there is lower flow (slightly less than 1000 cfs) is 
similar to water quality in December 2006 – March 2007 when flows are closer to 2500 cfs. This will be 
reflected in the scatter of the regression developed in Appendix F.2.    
Increased flow, without significantly improved water quality at Vernalis, will not greatly impact the water 
quality in the Middle River reach and the Old River reach due to smaller flows in the two channels even at 
higher Vernalis flows. Data and modeling simulations show that a large increase in Vernalis flow will not 

                                                                                                                                                                                                                                                                   
(http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/wr2006_0006/docs/exhibits/mod_dwr6.pdf) 
PowerPoint on Flows and Salinity in the South Delta (http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf) 
South Delta Null Zone Study  - "Methodology for Flow and Salinity Estimates in the Sacramento-San Joaquin Delta and Suisun Marsh 33rd Annual Progress Report", June 2012 Chapter 4 
(http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/AR2012/Chapter%204_2012_Web.pdf) 
DWR's responses to the Board’s Actions 
(http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/docs/petitions4reconsideration/dwr_petition_reconsider_cdo.pdf;   
http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/docs/closing_briefs/closing_brief_dwr.pdf) 
4 Tara Smith, Flows and Salinity in the South Delta, January 6, 2011 (available at: 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf). 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/wr2006_0006/docs/exhibits/mod_dwr6.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/AR2012/Chapter%204_2012_Web.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/docs/petitions4reconsideration/dwr_petition_reconsider_cdo.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/docs/closing_briefs/closing_brief_dwr.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
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result in a proportional increase in flow in Old and Middle Rivers. The additional flow will move down Grant 
Line Canal. Without barriers, flows move on average from upstream to downstream on Old and Middle River. 
The current objective locations are upstream in the channel reaches. Slide 14 shows that increasing flows at 
Vernalis (lavender shaded area) does not result in a proportional increase in flow at Old River at Tracy (black 
shaded area) due to the limited flow ability of the channel. Changes in flows are impacted by the barriers with 
the Head of Old River Barrier having the most significant effect on direction of flow. With or without barriers, 
flows in Old River are on the order of a few hundred cfs. Due to that lower flow, consumptive use on Old 
River and agricultural return quality will have a larger impact on the water quality moving through Old River. 
For example, for the channel reach from Old River at Tracy west to just beyond the Old River barrier 
location, the average July (2007-2011) estimated diversion is 225 cfs, which is a large percentage of the total 
flow moving through the channel. The seepage into the island is estimated at 11 cfs and the drainage back 
into the channel for the reach is 82 cfs with an estimated EC of 739 umhos/cm. During winter months, such 
as January, the EC is estimated to be 1352 umhos/cm. In addition, for higher flows, flow may be moving from 
the San Joaquin River into Paradise cut which may be flushing out concentrated salinity and peaks of higher 
EC may affect the channel reach. Because of this lower flow in Old and Middle Rivers, even with higher San 
Joaquin River (SJR) flow at Vernalis, water quality at Vernalis is significantly more important to water quality 
values in the interior of the south Delta than flow amount in the SJR. In order to offset the impact of in-Delta 
sources along the whole channel reach, the water quality at Vernalis would have to be appreciably better 
than the current or proposed objectives.  

G:4   CLIMATE CHANGE 
The SED does not address or discuss climate change. Suggest adding additional description or explanation 
of climate change and the changing landscape that would result in sea level rise and changes in hydrologic 
patterns, and how these changes affect the modeling analysis presented throughout the SED.   

G:5   DWR DOES NOT CONTRIBUTE TO SOUTH DELTA WATER QUALITY DEGRADATION 
It has been argued in the past, by some, that DWR has some responsibility for salt loading in the south Delta 
due to the use of JPOD for CVP. By wheeling CVP water to its contractors through JPOD, the argument 
follows that the SWP enables additional water supply delivery to CVP San Joaquin Valley contractors, which 
furthers agricultural/irrigation development and leads to increased salt levels in drainage return flows from 
the San Joaquin Valley into the south Delta via Vernalis flows. But this additional water is a small fraction of 
CVP system deliveries, only between 1-3% on average. Also, additional groundwater pumping in the San 
Joaquin Valley would occur to make up the surface supply deficit should the SWP not wheel the additional 
supplies. The groundwater would contain even more salt loading than the surface supplies. 
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G:6   The salt loading in the south Delta occurs from salts entering the south Delta at Vernalis and other point and 

non-point discharges in the south Delta. DWR does not discharge salts into the south Delta and has no 
reservoir on the San Joaquin River watershed to release dilution water from; thus DWR is free from any 
attribution of salt loading in the south Delta. Regarding the subtraction of salts from the system, Clifton 
Court/Banks Pumping Plant exports from the south Delta remove some salts from the system, but the pumps 
are used in a dynamic sense to provide water supplies to south-of-Delta exporters and minimize adverse 
impacts to sensitive fisheries. Therefore, it is not practicable to use the pumps for south Delta salinity control 
as this may have unintended, adverse impacts to export water supplies or Delta fisheries. In any case, the 
removal of salts from the south Delta service area due to export operations will have minimal effect. 

G:7   There is a considerable amount of salt loading in the south Delta service area, downstream of Vernalis that 
occurs primarily through local drainage return flows. This additional salt load is not attributable to either the 
CVP or SWP, and it is not reasonable to expect the water projects, either separately or together, to control it. 
The Board’s plan for implementing the standards for salinity in the south Delta should recognize the 
occurrence of this area-wide degradation of salinity by including Delta diverters with agricultural drainage in 
the requirements for achieving the salinity standards in the reaches downstream of Vernalis. (See DWR 
specific comments below on Appendix K for more details.) 

G:8   It has been demonstrated through various reports and measurement/analysis that salinity at the ORT station 
is heavily influenced by saline return flows that originate in the Paradise and Sugar Cut areas of the south 
Delta. Therefore, it is not reasonable to set salinity standards for DWR and Reclamation to achieve at this 
location (see, e.g., South Delta Salinity Report). DWR believes that the Board may have sufficient 
information to appropriately assign responsibility to local Delta diverters who can help implement the south 
Delta water quality objectives. 

G:9   The SED acknowledges that among the alternatives considered (Alternatives 1, 2 and 3), there is not 
expected to be any change in water quality because the Temporary Barriers Program (TBP) would be 
implemented in each alternative and Reclamation would have the same responsibilities it currently has to 
meet Vernalis water quality objectives. Since there is no change in water quality (stated in SED) among the 
alternatives and the actual water quality of irrigation water used will affect agricultural productivity in the 
south Delta, DWR recommends that the program of implementation be changed to include a local 
agricultural drainage control program discussed in DWR Comments K:2 and K:3, below. A change in the 
program of implementation is needed given that the CVP and SWP do not have the ability to affect south 
Delta water quality affected by local drainage through operational changes. 

G:10   SUSTAINABLE GROUNDWATER MANAGEMENT ACT 
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DWR has concerns with respect to the SED and evaluation of impacts to groundwater and implementation of 
the Sustainable Groundwater Management Act (SGMA). 
 
The SED acknowledges that groundwater in basins are subject to the SGMA and will be impacted by the 
increased flow alternatives, some of them significantly. The SED also assumes that the Groundwater 
Sustainability Plans can bring the basins to sustainable conditions without consideration of the impact of 
additional groundwater pumping caused by meeting the proposed alternative flow requirements in known 
critically overdrafted basins. Deflecting the burden to address unquantified impacts from additional 
groundwater pumping to the Groundwater Sustainability Agencies required under SGMA could result in the 
failure to reach sustainable groundwater management in the basins. The SED acknowledges that the 
proposed alternatives will exacerbate problems and impact groundwater. Some quantification of the impacts 
in the SED can provide insight into the incremental burden that the adoption of the unimpaired flows would 
place on the already stressed groundwater basins. The quantitative evaluation could serve to determine if 
the additional constraints will lead to failure to achieve sustainability in the groundwater basin or just further 
stress the basin current conditions but could be managed to absorb the increased pumping resulting from the 
unimpaired flow requirements. A qualitative evaluation does not provide the needed information to assess 
the degree of the impact. Although SGMA is in the early stages, some level of quantitative evaluation should 
be included in the SED.   
 
The SED states the annual average groundwater balance can be expected to be reduced in terms of the 
equivalent of about 1 inch across each of the sub-basins. It is unclear what this means as the adverse 
impacts cannot be evaluated or compared when pumping is expressed qualitatively and location specific 
information is not provided. Extent of impacts of groundwater pumping should not be averaged across the 
entire basin. DWR recommends the amount of additional groundwater extracted to replace the loss of 
surface water deliveries should be expressed as a volumetric unit such as acre-feet and be location-specific 
in order to identify where the actual impacts will be.  
 
The groundwater data used in the SED are not current and reflect data from 2010 or earlier and is not 
reflective of current groundwater conditions that have been affected by the recent five years of drought and 
the current wet winter. Groundwater extraction and subsidence has increased significantly during the drought 
and groundwater elevations have not recovered. The SED references the DWR report, California’s 
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Groundwater Update 2013: A Compilation of Enhanced Content for California Water Plan 
Update 2013 Groundwater Update completed as part of the California Water Plan published in April 2015. 
However, most of the groundwater data and evaluation of the groundwater basins in the report are based on 
data from 2005 through 2010, although some data is as recent as 2012. Groundwater use and change in 
groundwater storage evaluations are based on data from 2005 through 2010, which predates the multi-year 
drought. Chapter 8 from the above mentioned report is specific to the San Joaquin River Hydrologic Basin 
and is posted at 
http://www.water.ca.gov/waterplan/docs/groundwater/update2013/content/hydrologic_region/GWU2013_Ch8
_SanJoaquinRiver_Final.pdf.   
The starting point for the evaluation of the alternatives should reflect current groundwater conditions, be 
more location-specific, express impacts in quantifiable units, and take into consideration future climate 
change impacts. Additional resources for more recent groundwater data and maps include:  

• DWR Groundwater Information Center (GIC) Interactive Map 
http://www.water.ca.gov/groundwater/MAP_APP/index.cfm  

• GIC Maps and Reports http://www.water.ca.gov/groundwater/maps_and_reports/index.cfm  
• Critically Overdrafted Groundwater Basins (2016) http://www.water.ca.gov/groundwater/sgm/cod.cfm  
• Water Data Library http://www.water.ca.gov/waterdatalibrary/  
• CASGEM Online System http://www.water.ca.gov/groundwater/casgem/  

Executive Summary 
ES:1 ES-5 

3rd paragraph 
ES3.1 

 
“The proposal includes requirements that the State Water Project (SWP) and Central Valley Project (CVP) 
address the impacts of their export operations on water levels and flow conditions that may affect salinity 
conditions in the southern Delta, including the availability of assimilative capacity for local sources of salinity.” 
Diversion of water by the SWP does not cause higher salinity in the south Delta. Please see comment G:1 
and subsequent technical comments.  

ES:2 ES-50 
2nd paragraph 

 

ES6.1 These sections state that DWR is required to design a comprehensive operations plan to address the effects 
of CVP and SWP pumping operations on assimilative capacity in the south Delta. This statement assumes 
that there is a causation of water quality degradation by DWR pumping with no supporting evidence in the 
SED document. Water levels in south Delta channels are affected by SWP pumping operations but the 
temporary barriers provide mitigation for this effect. With the current design of the barriers, the low tide water 
levels are higher than the water levels that would have occurred without exports. The barriers also provide 

http://www.water.ca.gov/waterplan/docs/groundwater/update2013/content/hydrologic_region/GWU2013_Ch8_SanJoaquinRiver_Final.pdf
http://www.water.ca.gov/waterplan/docs/groundwater/update2013/content/hydrologic_region/GWU2013_Ch8_SanJoaquinRiver_Final.pdf
http://www.water.ca.gov/groundwater/MAP_APP/index.cfm
http://www.water.ca.gov/groundwater/maps_and_reports/index.cfm
http://www.water.ca.gov/groundwater/sgm/cod.cfm
http://www.water.ca.gov/waterdatalibrary/
http://www.water.ca.gov/groundwater/casgem/
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incidental benefits to circulation and as result help with the overall improvement of water quality. Please see 
comment G:2 for more information.  

ES:3 ES-50 ES6.2 
first sentence 

SWDQ Alternative 2 states “year-round salinity objectives of 1.0 dS/m at Vernalis and…” This is not correct. 
The Vernalis objective would remain 0.7 dS/m from April to August. There are many places in the overall 
WQCP where text is inconsistent when describing the Vernalis objective or stating that all four compliance 
stations would have a “year-round” objective of 1.0 dS/m when the alternatives intend that only the three 
interior stations would be changed. 

ES:4 ES-58 ES8.2 
 last bullet item 

Low lift pumps are not a “reasonably foreseeable method[] of compliance.” DWR has analyzed this concept 
and provided the results of its analysis in an April 2011 report to the Board 
(http://baydeltaoffice.water.ca.gov/).5 The report showed that low lift pumps were not “reasonable” given the 
enormous costs and the small improvement in reducing water quality exceedances at the south Delta interior 
compliance stations. If the Board increases the salinity objective to 1.0 dS/m EC, exceedances would be 
greatly reduced, making the argument for low lift pumps even further unjustified. See also comment C16:7. 

Chapter 1: Introduction  
C1:1 1-9 : 1-11 1.5.2 

3rd paragraph 
The SED describes the various factors that cause elevated salinity in the south Delta. In the first full 
paragraph on page 1-11, the SED states that DWR and Reclamation will develop and implement a special 
study to characterize the spatial and temporal distribution and associated dynamics of water level, flow, and 
salinity conditions in the south Delta waterways. It also states DWR’s and Reclamation’s water rights will be 
conditioned to require gathering of information to determine the appropriate locations and methods to assess 
attainment of the salinity objectives in the interior south Delta. Suggest updating this section based on the 
September 2016 report by ICF entitled, “Evaluation of Salinity Patterns and Effects of Tidal Flows and 
Temporary Barriers in South Delta Channels.” Through this document and other data and modeling studies 
provided previously, DWR maintains that it is not the cause for the salinity degradation in the south Delta. 
Additionally, imposing conditions on water right holders should be done in Phase 3 of the Water Quality 
Control Plan (WQCP) update, not Phase 1. 

Chapter 2: Water Resources  
C2:1 2-2 2.1.1 

General 
Comment 

Suggest reorganizing the information on this page to improve understanding by grouping concepts. 

C2:2 2-2 2.1.1 Paragraph 2 on this page introduces the minor eastside tributaries of the SJR before mentioning and 
                                            
5 DWR, Low Head Pump Salinity Control Study, April 2011. at pages 55-60 (available at: http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/lhscs_rpt.pdf). 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/lhscs_rpt.pdf
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2nd paragraph  identifying the major tributaries. Also, only the Chowchilla and Fresno rivers are mentioned. Not mentioned 

are Bear Creek and Owens river. Strictly speaking, all of these minor eastside tributaries flow into the 
Chowchilla and Eastside Bypass first before making it back to the SJR just upstream of where the SJR 
crosses 165. 

C2:3 2-2 2.1.1 This section mentions both the Eastside and Westside tributaries of the SJR, but does not talk about the Salt 
and Mud Slough waterways that drain the Grasslands area. While their impacts to the water quality of the 
SJR due to their high salinity might not be appropriate to discuss here, they do contribute a large portion of 
the flow in the portion of the SJR before the confluence of the Merced River. 

C2:4 2-5, 2-6 2.1.3 This section mentions water quality impacts to the groundwater due to agricultural and industry, but does not 
mention municipal impacts due to wastewater treatment plants and septic tanks. 

C2:5 2-25 
1st paragraph 

2.5.1 The first paragraph describes the Stanislaus River as meeting the SJR 3 miles upstream of Vernalis at 
Ripon. This station name is unfamiliar.  However, the two rivers meet about 1.5 miles upstream of the stream 
gauge station known as Vernalis at Airport Way, also referred to as SJR Vernalis. Vernalis and Ripon are 
towns that are about 11.5 miles apart along an east/west lines.  

C2:6 2-31 
2nd paragraph 

2.5.3 Suggest adding text that notes: Although the Vernalis Adaptive Management Plan expired in 2011, the Board 
encourages parties on the SJR to enter into new voluntary agreements that could help achieve these flows, 
especially given the inadequate water supplies in New Melones.  

C2:7 2-34 2.6.1 
1st paragraph 

The first paragraph describes Vernalis as an unincorporated community downstream of the Stanislaus River 
and where the LSJR enters the Delta. For clarification, DWR suggests revising because Vernalis is not on 
the SJR. It is a small community on Highway 33 just south of Highway 132. Also, it is approximately 3.5 miles 
west of the SJR. There is a small cluster of houses just downstream of Airport Way on the SJR, but this is 
the San Joaquin River Club, not Vernalis. 

C2:8 2-38 
Last 

paragraph 
 
 

2.7.1 
 
 
 

“Export conditions (described further below) pull water from the Sacramento River and create cross-Delta 
water conditions. This cross-Delta water flows south (upstream) in the portions of Old and Middle Rivers that 
are north of the exports.” 
Exports are described as pulling water across the Delta upstream. DWR recommends revising to clarify that, 
although it appears exports are pulling water across the Delta, if flows are averaged over a tidal day, it is 
more correct to describe the movement of water as follows: Tides provide the biggest energy moving the 
fresher water upstream with a very small increase in flow due to SWP exports when Clifton Court Forebay 
(CCFB) captures that water after the peak water level of the flood tide and less water makes it back 
downstream on the ebb tide. (This flow behavior can be seen in “with” and “without” exports modeling results 
at locations near the Old and Middle River gauges (north or downstream of CCFB). Results in channels 
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close to CCFB at times show unidirectional flow towards the exports. 

C2:9 
 

2-39 
2nd paragraph 

 

2.7.1 
 
 
 

“. . . constituting an average tidal flow of about 3,500 cfs flowing onto these channels during the flood tides 
(for about 12 hours each day) and about 3,500 cfs flowing out during the ebb tides.” Tidal flows into Old 
River (east or upstream of CCFB) are closer to 100 cfs as indicated in section 5.2.7. More concentrated 
water quality impacts occur when diversions and drainages are of the same magnitude. 

C2:10 2-40 
3rd paragraph 

2.7.2 Add text that notes SWP exports can also meet direct demands of California Aqueduct water upstream of 
San Luis Reservoir. Change last sentence from “The total…” to “The maximum...” 

C2:11 2-40 
Last 

paragraph 

2.7.2 Add: Export pumping may also be limited to assist with Delta Outflow requirements and water quality 
objectives in the west Delta or because of maximum export/inflow ratio requirements in D-1641. Can then 
delete the third paragraph of “CVP and SWP Exports” section entirely. 

C2:12 2-43 2.7.4 
1st paragraph 

This paragraph should be revised. It implies that DWR can help meet salinity standards in the south Delta by 
changing its water project operations, which, as explained in prior comments and in the South Delta Salinity 
Report, is not possible. See General comments above. The Board’s plan for implementing the standards for 
salinity in the south Delta should include Delta diverters with agricultural drainage in the requirements for 
achieving the salinity standards in the reaches downstream of Vernalis. 

C2:13 2-43 
 
 
 

2.7.4 
 
 
 
 

The SED states that the Lower San Joaquin River (LSJR) flow at Vernalis has a large effect on the salinity at 
Vernalis and in the south Delta. As stated in the general comments, for the water quality alternatives, DWR 
will be held responsible not just for the current objective locations, but for EC in reaches of channels. Due to 
the lower flow of Old and Middle Rivers, the in-Delta sources of diversions/returns and EC will have a larger 
impact on water quality regardless of the increase in Vernalis flows. The water quality at Vernalis would have 
to be significantly improved in order to meet the new objectives or even if at a significantly improved EC, the 
alternative water quality objectives along the channel reach may not be achieved due to a large impact by in-
Delta sources. As DWR presented to the Board in 2011, information shows that local drainage water quality 
rather than flow amount has the biggest influence on water quality in Old and Middle Rivers.6 
The SED states that higher CVP and SWP pumping also have a large effect on south Delta salinity as higher 
pumping brings more Sacramento River water across the Delta to the export pumps and results in lower 
salinity. Better quality Sacramento River water can make it into the south Delta (Old and Middle River – east 
or upstream of CCFB) when the barriers are operating. This water is also mixed with water from the ocean 
and other inflows. The amount of water moved by the tides into the South Delta is limited since the barriers 

                                            
6 Tara Smith, Flows and Salinity in the South Delta, January 6, 2011, see Slide 14 (available at: 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf). 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
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are rock with culverts and the tidal flows into Old River for example, are relatively small, on the order of a 
hundred or less cubic feet per second. With higher SJR flow and no barriers, tidal impacts are considerably 
less. 

Chapter 4: Introduction to Analysis 
C4:1 4-16 4.3.2 

 CVP and SWP 
 

The SED states: “. . . it is reasonably foreseeable that DWR for SWP operations and Reclamation for CVP 
operations would take the following actions to comply with the water level and flow conditions of the SDWQ 
alternatives in the event that such modifications are warranted.”  
DWR believes that suggesting such actions is premature. Imposing conditions on water right holders should 
be done in Phase 3 of the WQCP update, not Phase 1. 

C4:2 4-16 4.3.2 
 CVP and SWP 

See comment ES:4 and C5:20 regarding low-head pumps.  

Chapter 5: Surface Hydrology and Water Quality 
C5:1  General 

comment 
Although municipal and domestic supplies were designated as beneficial uses of water for community, 
military, or individual water supply systems including drinking water supplies, Chapter 5 did not address any 
drinking water constituents of concern for example, organic carbon or bromide. 

C5:2 5-6 
3rd paragraph 

5.2.1 
 

Regarding the statement “Unimpaired flow is the river flow at a specified location that would occur if all runoff 
from the watershed remained in the river, without storage or diversion.” This may be true for upper 
watersheds that have no upstream watersheds flowing into them. However, for the valley floor any inflow is 
subject to depletions, seepage, runoff, and bank overflow. This conflation between runoff and actual stream 
flow occurs throughout the report when talking about San Joaquin river at Vernalis. (see for example p.5-30 
Sec 5.2.6 "...SJR at Vernalis unimpaired flow...", and p.5-31 Sec 5-31 comparing UF and historical flow). 
The statement does not mention natural stream-groundwater interaction and natural flooding conditions. 
Unimpaired flow estimates should consider impacts of natural stream-groundwater interaction and natural 
flooding conditions since the natural water losses from the valley floor river to groundwater and/or flood plain 
can significantly alter the unimpaired flow amount and timing in the LSJR valley floor in critical dry, dry and 
wet years.  
DWR's “Estimates of Natural and Unimpaired Flows for the Central Valley of California: Water Years 1922-
2014,” published in March 2016 (UF report) is not reporting SJR flow at Vernalis: it is adding the runoff of the 
valley floor to the outflow from the upper watershed. In other words, it is more appropriately the cumulative 
runoff at Vernalis. This distinction between cumulative runoff at a location, and the streamflow at a location 
should be clearly identified and treated accordingly. 
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C5:3 5-7 

Below table 
5.2.1 Suggest changing the title of this sub-section to Beneficial Uses. 

C5:4 5-9 
Below table 

5.2.1 Suggest adding title to this sub-section (Water Quality Impairments.) 

C5:5 5-34 
1st paragraph 

5.2.8 In the first sentence, suggest replacing “controlled” with “limited.” Suggest editing the last sentence to 
indicate that CVP and SWP share allowable pumping equally under ESA export limits. 

C5:6 5-34 
Last 

paragraph 

5.2.8 
 
 

Consider adding a percentage and a source the percentage is based on to the sentence “[t]he combined 
pumping is almost always greater than the SJR flow at Vernalis.” 

C5:7 5-36 
Last 

paragraph 

5.2.8 Replace “(towards the estuary)” and “(away from the estuary)” with “(downstream)” and “(upstream),” 
respectively for clarity. 
 

C5:8 5-37 
1st paragraph, 

lines 1-3 

5.2.8 A high salinity discharge, such as agricultural drainage, will increase the salinity in the receiving channel. 
Tidal flows will affect the rate of change of the measured salinity, but do not dilute the salts. Higher tidal flows 
will slow the rate of change in salinity compared with lower tidal flows, but do not change the resulting 
channel salinity that occurs over time. Recommend revising to use the term “net flow” instead of “tidal flow,” 
because salts are diluted by the addition of fresher water to the channel and removing the higher salinity 
water from the discharge area. 

C5:9 5-37 
2nd paragraph, 
last sentence 

 

5.2.8 
 

“The temporary barrier affects flow in Old River upstream of the barrier, as discussed below.” 
The net flow in Old River with temporary barriers is not greatly reduced; in fact, it is almost identical to “no 
barrier/no export” net flow. The maximum flows of the flood/ebb flows are greatly reduced, but the net flow 
remains about -70 cfs.7   

C5:10 5-37 
3rd paragraph, 
last sentence 

5.2.8 The barriers do not “block” tidal flow. Instead, they reduce both the flood and ebb tide upstream of the 
barriers. Culverts and weir height allow flow and the rock itself is substantially leaky. 

                                            
7 Jones & Stokes, South Delta Improvements Program, Final Environmental Impact Statement/Environmental Impact Report (SDIP EIR/EIS), December 2006, at Section 5.2-31, Table 5.2-4 
(available at: http://baydeltaoffice.water.ca.gov/sdb/sdip/documents/draft_eis_eir/vol-1/doc/chapter_05.pdf). 

http://baydeltaoffice.water.ca.gov/sdb/sdip/documents/draft_eis_eir/vol-1/doc/chapter_05.pdf
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C5:11 5-38 

1st paragraph, 
lines 12-13 

 

5.2.8 Downstream flow was 675 cfs, not 1,340 cfs. The 1,340 number is the af/day, not flow. Upstream flow was -
746 cfs, not -1,480 cfs. The -1,480 number is also the af/day, not flow.8  

C5:12 5-40 
1st paragraph, 

lines 3-5 

5.2.8 Incorrect figures for flows. 680 cfs should be 343 cfs, and -712 cfs should be -359 cfs. The larger figures are 
af/day, not flow. The net flow was NOT increased, but the net (upstream) flow decreased from -71 (no 
pumping, no gates/barriers) to -17 (full pumping, no gates/barriers). The minus sign (-) indicates flow 
direction, not increase/decrease. 

C5:13 5-41 
1st paragraph, 

lines 8-9 
 
 

5.2.8 
 

“Upstream flow through the weir culverts can begin with the flood tide, although the greatest upstream flow 
occurs when the tidal elevation downstream of the weir rises above the weir height.” 
Although this text was taken from the SDIP EIR/EIS, it is misleading. While upstream flow over the weir does 
not take place until water levels downstream reach 2.0 feet MSL, the text suggests the barrier is blocking the 
flood tide completely until that level is reached. This is not true. The Old River barrier contains nine 4-foot 
diameter culverts that have flap gates on the upstream end of the culverts. These flap gates open on the 
flood tide to allow tidal flow through these culverts, well before the tide reaches the level of the weir when 
weir overflow begins. All three barriers on Middle River, Grant Line Canal, and Old River operate this way; 
however, the barriers on Middle River and Grant Line Canal contain six culverts instead of nine. These 
designs were intentional to ensure unidirectional net flows upstream on Old River and Middle River and 
downstream on Grant Line Canal. The normal operation of the temporary barriers overall slightly reduces the 
number of stagnant or “null zones” above the barriers compared with no barriers/no exports.9  

C5:14 5-42 
1st paragraph, 

lines 4-5 

5.2.8 The barriers under the Temporary Barrier Program do not add salt to the channels and do not increase 
salinity in the south Delta. As described in comments C5:10 and C5:11, tidal flows do not dilute saline 
discharges to the channels, but rather influence the rate of change of salinity in the receiving waters. The 
barriers may reduce the tidal flow flux above the barriers, but they do not change the net flows out of the 
south Delta, which is the primary factor in diluting saline agricultural drainage discharging into south Delta 
channels. 

C5:15 5-42 5.2.8 The statement that “the TBP may also cause increased salinity in portions of the channels upstream of the 

                                            
8 Ibid. 
9 DWR, Methodology for Flow and Salinity Estimates in the Sacramento-San Joaquin Delta and Suisun Marsh, 33rd Annual Progress Report, Chapter 4, South Delta Null Zone Study, June 2012 
(this study looks at the circulation effects with and without barriers and exports; available at: http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/AR2012/Chapter%204_2012_Web.pdf). 

http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/AR2012/Chapter%204_2012_Web.pdf
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1st paragraph 

 
 

 barriers, because of reduced tidal flow mixing (dilution)” is inaccurate and should be revised. The normal 
operation of the TBP barriers reduces the occurrence of stagnant areas or “null zones” when compared with 
no barriers/no export conditions. When DWR manipulates the culvert operations under specific tidal 
conditions, improved circulation is provided to further reduce the possibility of null zones and reduce 
localized poor water quality conditions; however the improved circulation reduces water levels upstream of 
the barriers which may not be tolerable for local agricultural diversion operations, depending on agricultural 
demand at the time. DWR coordinates culvert operations with SDWA to determine whether water levels or 
circulation is more important.10 

C5:16 5-44 
 

5.2.8 The findings are very clear that salinity in the Delta downstream of Vernalis is impacted by discharges from 
agricultural lands in the south Delta. This is substantiated by measured EC data that is higher at monitoring 
stations downstream of Vernalis, such as Brandt Bridge. Thus, the following sentence should indicate that 
Vernalis EC “partly controls” interior south delta salinity:  
“The monthly salinity is controlled by the Vernalis EC and is then slightly increased by agricultural drainage 
and treated municipal wastewater.” The SED acknowledges in-Delta discharges as contributing to increase 
in salinity between Vernalis and monitoring locations. Also, Appendix F.2, page 2-65 describes the effects of 
agricultural drainage and treated wastewater discharge on EC downstream of Vernalis. See comments 
below and ES:4 and C5:20. 

C5:17 5-46 
1st paragraph 

5.2.8 SED states that “High salinity that exceeds the existing EC objectives in about half of the years in the 
irrigation months of April-August has been routinely measured at Tracy Road Bridge.” 
Add statement “This indicates that large agricultural discharges beyond the control/influence of the TBP are 
occurring in this area.” This statement factually explains what various reports and data analysis have 
concluded in the various information previously submitted to the Board. 

C5:18 5-46 
1st paragraph 

 

5.2.8 A series of tables on the amount of exceedances of the Vernalis standard from 1985 to 2011 show that 
“[t]here have been periodic exceedances of the objectives in recent dry years, but high salinity is not the 
general pattern.” The observation is that monthly salinity is controlled by the standard at Vernalis, and then 
increased by discharges from agricultural lands and municipal wastewater discharges. In the LSJR, DWR is 
partnering with many agencies in working to reduce salinity discharges to the SJR and improving the quality 
of the river through CV-Salts. For instance, DWR provides assistance to the Grasslands Bypass Project and 
Panoche Drainage District to purchase land that is irrigated with drainage water which would have otherwise 
drained to the LSJR. This has resulted in near zero discharge to the SJR. These actions have had an impact 

                                            
10 Ibid. 
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in achieving compliance with the current Vernalis standards and will continue to show improvements. 

C5:19 5-49 
1st paragraph, 
last sentence 

 
 
 
 
 

5.2.8 Water quality in Old River at Tracy Boulevard Bridge does not accurately indicate the salinity of the water 
supplied to Old River. The Old River at Tracy Boulevard Bridge station should not be a compliance station for 
south Delta salinity objectives. This station poorly reflects the water quality being supplied to the south. DWR 
and the Reclamation have long explained to the Board that exceedances at this station are adversely 
impacted by local high salinity discharges, particularly in Paradise Cut, and that under certain tidal and flow 
conditions will cause spikes in salinity measurements at this station. These spikes cannot be influenced or 
controlled by SWP and CVP operations. 
The South Delta Salinity Report describes the sources of high salinity in the area measured at the Old River 
at Tracy Boulevard compliance station and clearly indicates that the salinity problems in the area are not 
caused by, nor can they be controlled by, CVP or SWP operations. The Board’s plan for implementing the 
standards for salinity in the south Delta should include Delta diverters with agricultural drainage in the 
requirements for achieving the salinity standards in the reaches downstream of Vernalis. 

C5:20 5-54 5.4.2 The Board developed a Water Supply Effects (WSE) spreadsheet model for allocating/routing stream flows 
in the San Joaquin River Basin, most of which, under SGMA, are priority basins for mitigating ground water-
related problems such as reduced ground water elevations and decreased storages. The spreadsheet model 
cannot address these issues adequately. Suggest including in the analysis tools such as DWR's C2VSIM or 
USGS' CVHM models. 

C5:21 5-56 
Figure 5-6 

5.4.2 
 

Annual values are too coarse a level of aggregation to establish how well monthly model results compare. 

C5:22 5-62 
4th paragraph, 

lines 1-4 

5.4.2 Assimilative capacity is not related to water levels, but to water depth or more specifically, the volume of 
water in a channel. For example, water levels in Middle River and Grant Line Canal can be at the same level, 
such as 1.0 feet MSL, but the assimilative capacity is dramatically different. This is because Middle River is 
much shallower and carries much less flow than Grant Line Canal. Water level objectives are only 
meaningful for south Delta agriculture for diverting water on low tides, but are not a meaningful surrogate for 
water quality. Moreover, assimilative capacity is primarily related to net flows. 

C5:23 5-62 
4th paragraph, 

line 7 

5.4.2 See the comment C5:11, above. 

C5:24 5-62 
5th paragraph, 

lines 4-6 

5.4.2 The SDWQ alternatives should not call for or require installation of the barriers to address water quality 
concerns arising in the south Delta as the barriers are not a cause of salinity in the South Delta.  And since 
improving water levels is not a water quality issue, DWR does not think that it is appropriate that the Board 
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suggest that DWR install the barriers to address water level impacts in the south Delta channels caused by 
Project operations. 

C5:25 5-73 5.4.2 It is unclear how the cuts in surface water diversions are going to be met and whether there will be increased 
groundwater pumping. Given the comment above related to SGMA (comment C5:21), GSAs will now have to 
address increased ground water pumping or fallowing in preparing their GSPs. However the WSE modeling 
does not adequately show what the impacts on groundwater conditions will be. 

C5:26 5-87 5.4.3 
Table 5-25 

Low salinity Sacramento River water reaches Brandt Bridge, but rarely, if ever, does it reach Old River near 
Middle River. This indicates that EC at Brandt Bridge is likely different from EC at Old River at Middle River 
for the same conditions of EC/flow at Vernalis. Also, objective is for “reaches” while impacts are shown at 
points.  

Chapter 6: Flooding, Sediment, and Erosion 
C6:1  General 

Comment 
Condition of Levee on the San Joaquin River and Tributaries: According to the U.S. Army Corps of 
Engineers’ 2002 Lower San Joaquin River Assessment, “The reliability of the levees in the study area varies 
significantly. Many levees are in poor condition and would require strengthening to safely pass design flood 
flows or higher project flows.” According to DWR’s Flood Control System Status Report (FCSSR, DWR, 
December 2011), the State Plan of Flood Control (SPFC) Levees in the San Joaquin River and Tributaries 
area consist of 398 miles of levees, and approximately 291 of those miles, representing 73% of the total 
mileage, are considered “high hazard” levees due to various risk factors. These factors include inadequate 
levee geometry, seepage, structural instability, erosion, settlement, penetrations, levee vegetation, rodent 
damage, and encroachments. The Draft 2016 FCSSR Update (DWR, 2016) provides additional and more 
specific graphical information for the State Plan of Flood Control (SPFC) LSJR levee reaches with high risk 
factors. Given the generally poor condition of the levees along the San Joaquin River and tributaries, DWR 
believes that the Board should include consideration and analysis of these conditions in any proposed action 
that changes the baseline flow conditions to ensure that implementation would not increase the probability of 
levee failure due to increased river stage that impinges on the levee section.  
Recently, DWR incident command teams noted and responded to through levee seepage on many of the 
levee reaches on the Mid-San Joaquin River between the SJR Confluence with the Merced and downstream 
to the City of Lathrop (Reclamation District 17) and requests by the levee reclamation districts for technical 
assistance and emergency contracting. Reclamation district board members indicated that through-levee 
seepage has been a historical problem with the levees in the Mid San Joaquin area (Merced River to 
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Lathrop). Changes in flow regime that result in water surface elevations moving higher on the levee section 
could exacerbate the levee seepage and levee threat situation. If flows with the SED changes remain in the 
main channel and do not impact the levee section, there should not be an issue.  

C6:2  General 
Comment 

Need for hypothetical or historical flow data for each alternative: DWR believes that Chapter 6 of the SED 
does not provide sufficient flow data for baseline conditions and each flow alternative for a sample “normal” 
year and a sample “wet” year. DWR recommends that flow data be provided so that the hypothetical or 
historical flows can be used in a steady state hydraulic simulation model to compute river stages at leveed 
river cross sections. Computed river stages at leveed river cross sections will then allow a determination if 
the change in river stage at a cross-section affects a “high hazard” SPFC levee. Without knowing the change 
in river stage at cross sections, DWR believes that it is difficult to determine if actual implementation of an 
alternative will have a less than significant impact on the probability of flooding. . 

C6:3  General 
Comment 

Sedimentation: DWR suggests that the current and changing capacity of the channels due to recent data on 
sedimentation be considered in the analysis and suggests that the SED's proposed plan include how it will 
potentially affect aggradation. Following is information that may be useful as a start. The Geomorphic and 
Sediment Evaluation of the San Joaquin River from the Delta to the Confluence with the Merced River and 
Major Tributaries (USACE, 2000) reviewed historical records and reports, conducted new analyses, and 
concluded that of the four study reaches of the Lower San Joaquin River, three reaches show the channel 
thalweg in degradation and the thalweg in Reach 2 is in aggradation. The Lower San Joaquin River 
Assessment (USACE, 2002) includes profiles that show additional reaches of the Lower San Joaquin River 
that are in aggradation. The USACE 2000 and 2002 reports are not in agreement on channel degradation 
and aggradation. Of primary concern to the USACE, and confirmed by DWR in the Draft 2016 FCSSR, is a 
lack of channel capacity due to sedimentation and vegetation encroachment in the reach of the San Joaquin 
River between the Tuolumne River (River Mile 84) and the Merced River (River Mile 118). The USACE 
compared channel profiles developed in 1951 and 1998, which show a trend of sediment aggradation for 
each of the four sub-reaches, which appear to be in conflict with the USACE (2000) assessment that show 
three of four sub-reaches have degraded over time (1914 to 1998). The USACE concludes in the 2002 
Lower San Joaquin Report that since 1951, the four sub-reaches are aggrading and thus losing channel 
capacity. This may be attributed to the construction of dams on the main-stem San Joaquin River (1942) and 
on the Merced (1967), Tuolumne (1971), and Stanislaus (1978) rivers, which have resulted in highly 
regulated and reduced peak river flows. DWR supports the USACE conclusions in the USACE 2002 LSJR 
Assessment that the LSJR is generally aggrading.    

C6:4  General Channel Capacity: Appendix B of the Draft 2016 FCSSR shows various locations in the Lower San Joaquin 
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Comment River with channel capacities significantly less than the USACE Design Manual Channel Capacity and the 

USACE Operations and Maintenance Manual Channel Capacity. Estimates were derived using the most 
current topographic and bathymetric data and hydraulic simulation models developed as part of the DWR-led 
Central Valley Floodplain Evaluation and Delineation (CVFED) Project. The CVFED project was reviewed for 
quality assurance by the USACE.  
Sediment transport in the project area may be affected by the implementation of an SED flow alternative. If 
additional sediment is transported and deposited in a leveed river reach with existing channel capacity less 
than USACE channel design capacity or Operations and Maintenance channel capacity, the area’s flood risk 
may be incrementally compromised. Table B-2 of Appendix B of the Draft 2016 FCSSR, entitled “San 
Joaquin River Channel Capacity Status” shows channel capacity deficiencies on the LSJR from the Merced 
River to Bear Creek, LSJR from the Tuolumne River to gap in project levees, LSJR from Stanislaus River to 
Tuolumne River, Stanislaus River from the San Joaquin River to the end of Project Levees, and Tuolumne 
River from the San Joaquin River to the end of Project Levees. DWR concludes that channel capacity is 
compromised in certain LSJR and tributary reaches and for the federally authorized and state sponsored 
Lower San Joaquin Flood Control Project to function properly and provide the authorized protection levels 
(Design Manual flows and Operations and Maintenance manual flows), channel capacities need to be 
restored and maintained. As suggested previously, DWR recommends that the Board update the SED with 
the recent information on channel reaches that have inadequate capacity to the SED analysis for potential 
impacts of the proposed adopted flow alternative.   

C6:5  General 
Comment 

Erosion: Some SPFC levees in the Lower San Joaquin River and Tributaries have bank protection 
improvements put in place by the local reclamation district or private landowners. The DWR Draft 2016 
FCSSR states, “The majority of levees in the San Joaquin River watershed were categorized as having a low 
erosion hazard. The approximately one-eighth of SPFC NULE (Non-Urban Levee Evaluations) levee 
segments with high erosion hazard are predominantly located on the Lower San Joaquin River (downstream 
from the Tuolumne River confluence), at Berenda Slough, and on the Fresno River.” If a flow alternative 
described in the SED is implemented, the Board should collaborate with DWR and local levee reclamation 
districts to monitor historical erosion sites and monitor levee and river banks for significant changes in 
geometry and condition possibly due to erosion caused by changes in stream discharge implemented for 
satisfying the LSJR flow objectives proposed by the Board. 

C6:6 6-10 6.2.2 
 

Table 6.4, used by the Board to analyze whether proposed flow levels would cause flood damage, may not 
reflect best available data and analysis completed by DWR for the Draft 2016 FCSSR. DWR suggests that 
the Board update Table 6-4 to reflect the most current DWR flood risk information and analyses reflecting 
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levee evaluations, levee maintenance, and channel capacity.  

C6:7 6-2 to 6-4 
 
 

and 
 

6-28 to 6-40 

6.1 
Table 6-1 

 
and 

 
6.4.3 

Increase in flows can increase erosion of the levees and banks that may result in more frequent flooding. 
The rate and extent of levee and bank erosion for a system, not a specific site, cannot be determined. There 
have been a number of studies attempting to estimate erosion impacts; however, due to the complexity of 
the contributing factors, it cannot be estimated with any degree of certainty for a system, especially over a 
long period of time. Therefore, given this concern, DWR believes the SED should include additional 
information to help support a finding of less than significant impact on levee erosion and flooding . 
The SED does not evaluate the impacts of sedimentation on channel capacity. In order to analyze the 
impacts of increased flow regimes in a flood control system over a longer period of time that is known to be 
“sediment rich” with respect to flooding, channel capacity reduction should be considered. This consideration 
may not be important for a flow increase of a single occasion, but it will likely have impacts, such as more 
frequent flooding over many years as planned. DWR recommends that the Board add information to address 
sedimentation and reduced channel capacity over the long-term to support its findings on potential impacts 
on flooding. 

C6:8 6-30 to 6-40 6.4.3 Adaptive management creates a degree of uncertainty regarding flooding impacts that may exacerbate the 
erosion and sedimentation, thereby further increasing the frequency of flooding. 

C6:9 6-18 and 6-19 6.3.2 The Central Valley Flood Protection Board’s (CVFPB’s) responsibility for encroachment control has been 
mentioned. DWR recommends that additional information be included regarding the assurances provided to 
USACE for operation and maintenance of the system in accordance with 33 CFR 208.10. 

C6:10 6-19 6.3.2 The SED references the 2012 Central Valley Flood Protection Plan, but it should also consider the content of 
the 2017 update (available here: http://www.water.ca.gov/cvfmp/2017-cvfpp-docs.cfm).  

C6:11 6-28 to 6-40 6.4.3 33 CFR 208.10 requires channel maintenance, which includes sediment removal. Due to the environmental 
impacts of such actions, sediment removal often cannot be performed. Therefore, the impacts of higher flows 
on channel capacity over a long period of time could be significant. Potential mitigation would involve 
programmatic permitting of sediment removal and funding for periodic sediment removal. DWR believes if 
mitigation is not an option, then sedimentation could be a significant impact without the possibility to reduce 
the impacts to a less than significant level. 

C6:12 
 

6-40 
17-26 to 17-30 

6.5 DWR believes that the impacts of erosion and sedimentation on flood control works have not been fully 
addressed. These works are levees, channels, and structures. Maintenance of these works is critical for the 
proper functioning of the flood control system, specifically to benefit from the system as intended. Potential 
cumulative impacts from increase in needed maintenance should be addressed. The SED should include 
information related to the increased need for maintenance and for funding to perform maintenance to 
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address potential impacts on public safety with regard to flood protection. 

Electronic References for Chapter 6 Comments California Department of Water Resources (DWR), 2011. Flood Control System Status Report (FCSSR). 
December. Available: http://www.water.ca.gov/cvfmp/docs/FCSSRDec2011_FullDocument.pdf  

California Department of Water Resources (DWR), 2016. Draft Flood System Status Report (FSSR). 
December. Available: http://www.water.ca.gov/cvfmp/docs/FSSR-Draft-Update-Compiled-2016.pdf  

U. S. Army Corps of Engineers (USACE), 2000. Sacramento and San Joaquin River Basin Comprehensive 
Study, California Geomorphic and Sediment Baseline Evaluation of the San Joaquin River from the 
Delta to the Confluence with the Merced River and Major Tributaries. April. Available: 
www.water.ca.gov/.../docs/FEIR.../SJR_Sediment_Eval_Report_4-2000.pdf 

U. S. Army Corps of Engineers (USACE), 2002. Sacramento and San Joaquin River Basin Comprehensive 
Study, Lower San Joaquin River Assessment. March. 

Chapter 7: Aquatic Biological Resources 
C7:1  General 

Comment 
Throughout the document, recommend rechecking citations to insure appropriateness, check that most 
relevant and recent citations are used (this section uses nothing newer than 2011), and check for accuracy 
of stating conclusions of cited documents. Many key citations are missing throughout. 

C7:2  General 
Comment 

Assessments only indicate whether alternative management plans cause a significant negative impact 
compared to baseline and do not indicate whether or how much alternative management plans will result in 
improved population numbers or survival. Restoration of a more historical, dynamic hydrograph would 
generally be expected to benefit native aquatic species by improving native species habitat through natural 
processes. However, all the scenarios considered were missing two related components that may be 
necessary to relieve what is generally recognized as a primary cause of mortality for migrating juvenile 
salmonids: predation in the south Delta. The first missing component is the reestablishment of historical low 
flows in late summer/early fall that allowed salt water intrusion into much of the south Delta; salt water 
intrusion would diminish perennial habitat for (and therefore densities of) obligate fresh water predators like 
largemouth bass. The second component is reestablishment of high flows during late-spring/early summer 
snow melt that historically transformed much of the south Delta into an extensive freshwater marsh. These 
floods would dilute predator densities and provide quality rearing habitat for migrant juveniles. Neither of 
these components is currently possible because of the need to maintain low salinities for south Delta water 
withdrawals and the need to protect suburban developments in historical flood zones. Without addressing 

http://www.water.ca.gov/cvfmp/docs/FCSSRDec2011_FullDocument.pdf
http://www.water.ca.gov/cvfmp/docs/FSSR-Draft-Update-Compiled-2016.pdf
http://www.water.ca.gov/.../docs/FEIR.../SJR_Sediment_Eval_Report_4-2000.pdf
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high predation rates in the South Delta, the potential benefits to fish of the proposed changes to the water 
quality control plan may not be fully realized. 

C7:3  General 
Comment 

Data are out of date for parts of the analysis and updated in other sections. WSE baseline uses 1970-2015 
data, yet for temperature 1970-2003 is used. 

C7:4 7-4, 7-7 7.1 These statements appear to be conflicting: 
• Impact AQUA-9 on page 7-7 states that “no substantial changes are likely to occur in frequency and 

magnitude of floodplain inundation and associated food web conditions. . . .”  
However, on page 7-4, compensation for loss of fry habitat in the Tuolumne and Merced Rivers is mitigated 
for by increased floodplain area in Alternative 2. 

C7:5 7-4, 7-7, 7-97 7.1 and 7.4.3 These statements appear to be conflicting: 
• Alternative 2, impact AQUA-4 states that decreases in exposure of Chinook salmon and steelhead life 

stages to suboptimal water temperatures would occur. Alternative 2, impact AQUA-10, states “no 
substantial changes are predicted to occur in habitat availability and water temperatures . . . .”  

On page 97, the SED indicates “relatively small changes in Chinook salmon and steelhead spawning habitat 
under LSJR Alt 2.” 

C7:6 7-10 
 

7.2.1 
Table 7-2 

The habitat description for green sturgeon should clarify that 8 – 14 centigrade is the spawning temperature 
range. Adult habitat temperature can be as high as 22 centigrade as commonly seen on the Feather River. 

C7:7 7-10 7.2.1 
Table 7-2 

Location for Delta smelt should include Napa River and Suisun Marsh.  

C7:8 7-10 
 

 

7.2.1 
Table 7-2 

The habitat description for Delta smelt is outdated and it appears unclear what Delta smelt “prefer.” Delta 
smelt are common in the low salinity zone (1-6 ppt), but also frequently occur in freshwater areas such as 
Cache Slough Complex (Sommer et al. 2012). Location for Delta smelt should include Napa River and 
Suisun Marsh.   

C7:9 7-11 7.2.1 
Table 7-2  

“Salinity tolerance to 35 ppt” for longfin smelt should be changed to “[a]dults can tolerate salinity of 35 ppt.” 
The original sentence implies that 35 ppt is the upper limit of longfin smelt salinity tolerance, which has not 
yet been determined.  

C7:10 7-11 7.2.1 
Table 7-2 

There is a recreational fishery for splittail. The description of splittail habitat is outdated. It should say: “spawn 
among submerged and flooded vegetation in sloughs, river channels, marshes, and seasonal floodplain.”    

C7:11 7-14 7.2.1 
Table 7-3 

It is more appropriate to say “rivers” than “streams” for Striped bass habitat.   

C7:12 7-14 7.2.1 The location of the white sturgeon needs to include the SJR. White sturgeon are frequently caught in the 
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 Table 7-3 SJR and eggs have been recovered (CDFW, USFWS, publications pending).  

C7:13 7-14 7.2.1 
Table 7-3 

American shad also occur in tributaries such as Yuba, American, and Feather Rivers.  

C7:14 7-14 7.2.1 
Table 7-3 

Peak spawning conditions for American shad described here only apply to the Millerton reservoir population. 
Either expand the temperature range as listed in Moyle 2002 (or other, newer literature) or specify that this 
range is based on the Millerton reservoir fish.  

C7:15 7-15 7.2.1 
Chinook Salmon 

Critical criteria for species differ throughout the document sections. For example, Table 7-2 lists 8.0-
12.5C/46.5-54.5F for Fall-run Chinook Salmon habitat, but lists 41-55 F for incubation, then on the next page 
states the preferred ranges are 54-58.5F for rearing and 50-60 F for growth.  

C7:16 7-10, 7-16 7.2.1 
Chinook Salmon 

For Spring-run Chinook Salmon, critical habitat is selected as yes, but then it states they are “not in the plan 
area.” It is unclear whether the Spring-run Chinook Salmon reintroduction program, and thus impacts to 
Spring-run, were considered or included in this analysis. Page 7-16 states “currently no Spring-run Chinook . 
. . are found . . . .” This is technically true, but they are in the process of being reintroduced. 

C7:17 7-18 
Last 

paragraph 

7.2.1 
Steelhead 

Suggest adding that steelhead juveniles also use seasonal floodplain (Sommer et al. 2001). 

C7:18 7-19 : 7-20 7.2.1 
Green Sturgeon 

The section on green sturgeon needs to be updated. Many of the comments are based on Moyle 2002 
(many assumptions made based on the surrogate white sturgeon); the majority of green sturgeon research 
occurred after Moyle’s publication. Suggest reviewing 5-year review as a good starting point: 
http://www.nmfs.noaa.gov/pr/listing/southern_dps_green_sturgeon_5-year_review_2015__2_.pdf.  

C7:19 7-20 : 7-21 7.2.1 
Delta Smelt, 

2nd paragraph 

Geographic distribution for Delta smelt is described in the second paragraph, in part, as occurring 
downstream of Isleton, yet the following paragraph states they have been found as far upstream as the 
confluence with the American River. This is upstream of Isleton. In addition, Delta Juvenile Fish Monitoring 
Program (DJFMP) data indicates Delta smelt have been sampled at locations above the American River 
confluence. 

C7:20 7-21 
 
 
 

7.2.1 
Delta Smelt, 

2nd paragraph 

Outdated. Only some Delta smelt are transported to the low salinity zone. There is much more variability in 
their behavior. For example, some larvae choose to remain in freshwater (Sommer et al. 2012). Also, 
consider deleting the sentence that begins “Delta Smelt growth during the fall . . .” as it is outdated.  Growth 
often slows down as fish get older Please correct statement that Delta smelt larvae do not “occur in the open 
sea.” 

C7:21 7-21 
3rd paragraph  

7.2.1 
Delta Smelt 

The last reference should be reviewed as it applies to salmon, not necessarily Delta smelt.   

http://www.nmfs.noaa.gov/pr/listing/southern_dps_green_sturgeon_5-year_review_2015__2_.pdf
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C7:22 7-21 

3rd paragraph  
 

7.2.1 
Delta Smelt 

The NMFS Biological Opinion (BiOp) is cited in the sentence covering Delta smelt benefits from turbidity 
when the USFWS BiOp should be cited.  

C7:23 7-21 
Last 

paragraph 

7.2.1 
Delta Smelt 

The last sentence on the page does not have proper grammar, and it implies that Delta smelt are associated 
with X2 year round and does not specify how X2 has decreased in area. 

C7:24 7-22 7.2.1 
Longfin Smelt, 
2nd paragraph 

Should change “pelagic (ocean-going)” to “marine-oriented.” “Pelagic” is commonly used to simply describe 
an open-water fish species, which is how it is used elsewhere in the document. 
The sentence “[t]hus, they have a salinity tolerance up to 35 ppt” should be revised to “[t]hus, they can 
tolerate salinity level of 35 ppt.” The original sentence seems to imply that there has been a formal study that 
looked at the salinity tolerance of longfin smelt and that the species’ limit is 35 ppt. 

C7:25 7-22 
 

7.2.1 
Longfin Smelt, 
3rd paragraph 

The sentence regarding longfin smelt spawning, “CDFW surveys have shown that spawning occurs over a 
larger area.” See the following references: 
o http://www.dfg.ca.gov/delta/data/longfinsmelt/documents/LongfinsmeltFactSheet_July09.pdf 
o http://www.fws.gov/cno/es/speciesinformation/Longfin%20Smelt%2012%20month%20finding.pdf 

C7:26 7-22 7.2.1 
Longfin Smelt, 
3rd paragraph 

Based on 20 mm survey distributions and Hobbs et al. 2010, longfin smelt spawning is much broader than 
suggested here. For example, they are common in the north Delta and Napa River. 

C7:27 7-23 
 
 

7.2.1 
Sacramento 
Splittail, last 
paragraph 

This paragraph is outdated. Splittail abundance is primarily driven by access to upstream floodplain habitat 
(Moyle et al. 2004; Sommer et al. 2007), not salinity intrusion.  

C7:28 7-22 7.2.1 
Splittail, 

last paragraph 

The salinity tolerance of Sacramento splittail larvae has been evaluated in a recent study: 
o Verhille, C. E., T. F. Dabruzzi, D. E. Cocherell, B. Mahardja, F. Feyrer, T. C. Foin, M. R. Baerwald, 

and N. A. Fangue. 2016. Inter-population differences in salinity tolerance and osmoregulation of 
juvenile wild and hatchery-born Sacramento splittail. Conservation Physiology. 4(1): cov063. DOI: 
10.1093/conphys/cov063 

C7:29 7-22, 7-23 7.2.1 
Splittail 

The document should note that splittail was determined by USFWS in 2010 to be comprised of two distinct 
population segments (DPS): the San Pablo Bay population and Central Valley/Delta population. The WQCP 
would only affect the Central Valley/Delta population. 

C7:30 7-23 7.2.1 This discussion is outdated. See Sommer et al. (2008) for an updated understanding of juvenile splittail 

http://www.dfg.ca.gov/delta/data/longfinsmelt/documents/LongfinsmeltFactSheet_July09.pdf
http://www.fws.gov/cno/es/speciesinformation/Longfin%20Smelt%2012%20month%20finding.pdf
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3rd paragraph Splittail  behavior. Their behavior changes substantially on a daily basis, and as they grow older. 

C7:31 7-26 7.2.1 
Largemouth 

Bass 
5th & 6th 

paragraphs 

Review for apparent inconsistent information. The first sentence in the fifth paragraph states that “[o]ptimal 
riverine habitat for largemouth bass consists of . . . rivers or pools with fine-grained (sand or mud) 
substrates,” while the sixth paragraph states that “[g]ravel seems to be preferred, while silty substrates are 
unsuitable.” 

C7:32 7-27 
1st paragraph 

7.2.1 
Striped Bass 

Striped bass also can spend the whole year in freshwater (Delta). 

C7:33 7-27 
2nd paragraph 

7.2.1 
Striped Bass 

 

Footnote three makes it seem like striped bass only live near 2 ppt, but their larval distribution is much 
broader. It is true, however, that juvenile production is typically better in wetter years. The center of juvenile 
striped bass distribution is affected by the position of the salt field as indexed by X2 (Dege and Brown 2003; 
Sommer et al. 2012). However, young striped bass have a relatively broad distribution across the low salinity 
zone and freshwater tidal habitat. X2 has at least a modest effect on annual production of young striped 
bass, although in recent years the effect has become muted (Sommer et al. 2007).  

C7:34 7-27 
2nd paragraph 

7.2.1 
Striped Bass 

Striped Bass also can spend the whole year in freshwater (Delta). 

C7:35 7-28 7.2.1 
American Shad,  
2nd paragraph 

The following statement needs a clarification that it was based on the Lake Millerton shad population: “Peak 
spawning occurs from mid-May to mid-June at water temperatures of 51.8°F–62.6°F.” The American Shad 
population at the Sacramento River spawns at higher temperatures according to Moyle 2002.  

C7:36 7-31 
 

7.2.2 
Table 7-4 

Suggest checking the Rosenfield and Baxter (2007) reference. Their 2008 publication is for longfin smelt, not 
any of these fishes. 

C7:37 7-32 
2nd paragraph 

7.2.2 Escapement information is out of date in both text and graphs, but particularly in the text. 

C7:38 7-35 
2nd paragraph 

7.2.2 The SED relates predation on the Stanislaus to modeled Winter-run predation rates, but they depend on 
migration timing and Sacramento River flows. Suggest including survival and predation studies for SJR 
and/or its tributaries. 

C7:39 7-38 
3rd paragraph 

7.2.2 Restoration actions have occurred on the tributaries (habitat/floodplain), but they are not included, and thus 
modeled areas are out of date. 

C7:40 7-49 
4th paragraph 

 

7.2.4 The second sentence states that exports outside of the range tested by Newman and Brandes (2008) could 
affect salmon. This may be true, but the sentences that follow do not logically support that statement. 
Exports affect OMR flows (Sentence 3), but it does not follow that exports outside of the 2008 study could 
affect salmon.  
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C7:41 7-50 

1st paragraph 
7.2.4 Delta Smelt can occur in the Delta year round. 

C7:42 7-50 
5th paragraph 

7.2.4 Delta smelt do not enter the south Delta unless turbidities are high (Grimaldo et al. 2009). 

C7:43 7-50 
5th paragraph 

7.2.4 Improvements to noted impacts are not identified in the SED: “During the fall adult salmon migration season, 
when LSJR inflows to the Bay-Delta are less than 1,500 cfs, low DO levels in the SJR at the Stockton Deep 
Water Ship Channel (e.g., less than 6 ppm) create a chemical migration barrier to upstream migrating adult 
salmon. Failure of SJR Basin salmon to reach the spawning grounds results in negative spawning impacts 
on the SJR fall-run Chinook salmon population (CDFG 2011a).” Section should consider adding measures 
that have been implemented to correct for this. Specifically the Dock 20 Aeration Facility which is funded 
under a voluntary aeration agreement among participating San Joaquin River DO TMDL stakeholders. The 
DOCK 20 Aeration Facility, located in the Port of Stockton, injects dissolved oxygen into the San Joaquin 
River when dissolved oxygen concentrations are less than the Central Valley Water Board’s Basin Plan 
dissolved oxygen water quality objectives. Information regarding DWR’s Stockton DWSC Demonstration 
Dissolved Oxygen Project and the 2012-2016 Agreements can be viewed at:  
http://www.waterboards.ca.gov/centralvalley/water_issues/tmdl/central_valley_projects/san_joaquin_oxygen/i
mplementation_activities/index.shtml. 

C7:44 7.51 
2nd paragraph 

7.2.4 The last sentence states that SJR basin outmigrating Fall-run Salmon encounter a plume of low salinity 
Sacramento River water from the Delta Cross Channel. Suggest revising based on the fact that the 
outmigration period is late January to early June, and the Delta Cross Channel gate is closed as early as 
December 15 through May 15, with potentially limited openings through June 15. 

C7:45 7-51 
Last 

paragraph 

7.2.4 Need a citation for the statement that predation in the south Delta is higher than everywhere else. The 
references that follow do not appear to support that statement. If there is no citation, suggest adding 
qualifying language to the first sentence, e.g., “There is reason to believe that….” 

C7:46 7-68 
1st paragraph 

7.4.3 Logic used to support impact analysis findings in the plan areas above and within the reservoirs is not 
understood (i.e., bass spawn at depths of 0-15 feet, therefore any reservoir elevations changes of 15 feet or 
less in a month are not significant).  

C7:47 7-97 7.4.3 Significance of impacts relies on the assumption that juvenile produced in river will all emerge successfully 
and emigrate to the floodplains. Loss of Weighted Unit Area is not directly mitigated by limited floodplain 
activation. The floodplain needs to be reconnected and active for several weeks for the benefits to be 
realized, yet changes to in-river habitat can be detrimentally affected on a much shorter time scale (hourly). 

C7:48 7-103, 19-10 7.4.3, and As indicated in the first sentence on page 19-11, “[t]hermal stress can lead to lethal effects either 

http://www.waterboards.ca.gov/centralvalley/water_issues/tmdl/central_valley_projects/san_joaquin_oxygen/implementation_activities/index.shtml
http://www.waterboards.ca.gov/centralvalley/water_issues/tmdl/central_valley_projects/san_joaquin_oxygen/implementation_activities/index.shtml
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19.2.1 immediately, in a period of days, or even weeks or months from the onset of elevated temperature.” 

Accordingly, NMFS and Reclamation have moved to a daily average temperature target on the Sacramento 
River for the winter run Chinook salmon. A seven day maximum is not appropriate for looking at temperature 
effects on salmonids, especially eggs and emergent fry.  

Chapter 8: Terrestrial Biological Resources 
C8:1 8-59 8.4.3 Subsection Impact Bio-3, Area of Potential Indirect Effects. 

The last paragraph in this subsection states, “[e]xisting agricultural lands that do not receive irrigation water 
may not necessarily be fallowed in perpetuity or potentially converted to non-agricultural uses.” While they 
may not, the converse of that statement may also be true. Therefore, the statement on Swainson’s hawk 
nesting densities being highest in areas with mixed native habitat and agriculture may not support a less than 
significant effect determination since the reduction of agricultural acreage of certain crops may have impacts 
to Swainson’s hawk populations.  

C8:2 8-59 8.4.3 Subsection Impact Bio-4. 
Section 8.2.4 states that most special status plant species occur on in-channel islands with no levees. With 
flow increases, this may reduce in-channel islands and therefore reduce acreage available to special status 
plants and result in direct take of individuals. 

C8:3 8-61 8.4.3 Subsection Impact Bio-4, LSJR Alt 2, Rivers. 
The first paragraph on this page states, “[a]dditional flows during these seasons, as well as in winter, would 
have a beneficial effect on these species,” in regards to special-status aquatic reptiles. However, no 
justification for this statement is provided. “Special-status species” is used in CEQA to identify any species 
with protections (not just ESA) or on lists that have identified a protection need (for example, the California 
Native Plant Society rare plant inventory). 

C8:4 8-62:8-63 8.4.3 Subsection Impact Bio-4, Adaptive Implementation, Area of Potential Indirect Effects. 
The discussion of Impact Bio-3 makes the assumption that fallowed agricultural land would not remain that 
way in perpetuity and that fallowed agricultural land would still be maintained, therefore there would be no 
increase in invasive plants in the area. However, this section indicates that fallowed agricultural land would 
not be managed at all (mechanical manipulation or herbicide/pesticide application), which seems 
inconsistent with the premise that there would be no increase in invasive plants in the area. 

C8:5 8-63 8.4.3 Subsection Impact Bio-4, Adaptive Implementation, Area of Potential Indirect Effects. 
The Conservation Strategy for San Joaquin kit fox includes strategically retiring agricultural lands but that is 
in conjunction with the subsequent establishment of conservation areas. Fallowed agricultural land is not the 
equivalent of a conservation area. These areas would be much more susceptible to other agricultural uses 
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as described in the discussion of Impact Bio-3. This has the added effect of potentially attracting special 
status species when fallowed and impacting them when land use changes as opposed to continuous 
agricultural use.  

C8:6 8-63 8.4.3 Subsection Impact Bio-4, Adaptive Implementation, Area of Potential Indirect Effects. 
“The existing limited habitat value would be exceeded by eventual establishment of native or suitably 
adapted introduced vegetation.” This statement needs support and justification. Establishment of native 
vegetation in an area of fallow agricultural land would likely require a lot of management to become 
established.  

C8:7 8-63 8.4.3 Subsection Impact Bio-4, Adaptive Implementation, Area of Potential Indirect Effects. 
The statement that native grass and shrub communities provide greater foraging habitat contradicts 
statements in the discussion of Impact Bio-3 regarding SWHA nesting densities.  

C8:8 8-64 8.4.3 Subsection Impact Bio-4, Adaptive Implementation, Reservoirs. 
Depending on how quickly water levels rise and the season when it occurs, this may lead to mortality of 
individuals due to submersion of underground habitat.  

C8:9 8-68 8.4.4 Amphibians’ ability to move to other aquatic resources nearby would be limited by the availability and quality 
of nearby aquatic resources but there is no discussion that indicates that was evaluated.  

Chapter 9: Groundwater Resources 
C9:1  General 

comment 
The SED does not address the impacts of the increased flow alternatives on implementation of Sustainable 
Groundwater Management Act (SGMA) in the basins, but does acknowledge that the basins are subject to 
SGMA. It is likely that increased reduction in diversion of surface flows under the proposed LSJR flow 
alternatives will likely increase groundwater extraction that can increase or lead to significant undesirable 
impacts such as subsidence, reduced water quality, and reduced groundwater elevation. There should be 
better analysis of the impacts of increased flows under the proposed LSJR alternatives on groundwater and 
subsidence in the four basins. The SED analysis should also address location specific impacts and describe 
how individual water districts may need to reduce surface water diversions and resulting impacts on 
groundwater in those areas. Depending on the results obtained using location specific and current data, 
implementing the increased surface flows could make achieving sustainable groundwater management very 
difficult or possibly unobtainable in portions of or all four of the subbasins. 

C9:2  General 
comment 

Chapter 9 references many different sources for data including groundwater elevations, change in 
groundwater storage, and subsidence. The starting point for the evaluation of the alternatives should reflect 
current groundwater conditions. Because of the multi-year drought, current conditions are more stressed 
than the conditions that were used for evaluation in SED. 
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C9:3  General 

comment 
The document does not discuss the importance of the designation of beneficial use of water for groundwater 
recharge and groundwater banking (conjunctive management). If this designation is not included, the 
document should state the impact on existing and potential future groundwater recharge projects. 

C9:4  General 
comment 

Recommend adding information on importance of groundwater banking. The California Water Plan, Update 
2013, stresses the importance of groundwater banking to the water supply of California. The water plan 
points out that conjunctive management is used to improve water supply reliability and sustainability, reduce 
groundwater overdraft and land subsidence, protect water quality, and improve environmental conditions. All 
are elements of SGMA. 
California Propositions provide funding for groundwater banking. The State of California recognizes the 
importance of groundwater banking by providing significant funding to the development of such projects. 
Proposition 1, the 2014 California Water Bond, allocates thirty-six percent ($2.7 billion) to the public benefit 
of surface or groundwater storage projects. Proposition 13, the 2000 bond provided $30 million for loans for 
local agency acquisition and construction of groundwater recharge facilities and grants for feasibility studies 
of groundwater recharge projects. 

C9:5 9-4 Table 9-1 Table 9-1 refers to the annual average groundwater balance expected to be reduced in terms of the 
equivalent of more or less than 1 inch across each of the subbasins. It is unclear what “1 inch across each of 
the subbasins” means and how it can be evaluated.  
Recommend adding more specific information on possible changes in the groundwater within subbasins. The 
amount of additional groundwater extracted to replace the loss of surface water deliveries should be 
expressed as a volume in units such as acre-feet. The extent of impact of groundwater pumping cannot be 
evaluated or compared when expressed as more or less than 1 inch. More or less than 1 inch should be 
defined and converted to a volumetric measure. 
Table 9-1 lists alternatives and concludes that the average annual groundwater balance is expected to be 
reduced by more than 1 inch or less than 1 inch (depending upon the alternative) across the various 
subbasins. Using the 1 inch measure and, depending on the alternative, the document concludes that there 
is or is not expected to produce a measurable decrease in groundwater elevations and substantial depletion 
of groundwater supply. One inch is a small number and would not seem to represent a significant potential 
for an impact. However, this is an average value, a value that can still represent extremes of groundwater 
elevation changes from one part of a subbasin to another; e.g., a groundwater depression in one area 
compared to an area of elevated groundwater. 
The SED uses the Board’s Water Supply Effects (WSE) model to determine impacts. This is a water balance 
spreadsheet. Spreadsheet water balances are static and lack the capability to perform dynamic analysis of 



DWR Comments on the September 2016  
Recirculated Draft Substitute Environmental Document  Page 29 of 54 

Comment # Page # Section # Comment 
changes in groundwater elevations and subsurface flow through time or geographic location and therefore 
could miss areas of impact in time or space. 

Chapter 10: Recreational Resources and Aesthetics 
C10:1 10-3 Table 10-1 Clarify whether increased frequency of >2500 cfs at Tuolumne River parks has public safety impacts. 
C10:2 10-4 10.1 

Table 10-1 
Alt-3 oversimplifies Don Pedro impact as only on “boat ramp availability.” Substantial additional impacts to 
recreation activities/benefits/economics occur at low water, beyond still-useable ramps. 

C10:3 10-5 10.1 
Imp.REC-2 

The analysis seems inconsistent in that occasional higher water levels created by Project are “improvement,” 
but lower levels created by Project would “not substantially damage.” 

C10:4 10-9 10.2.1 Durham Ferry “SRA” no longer exists. It is now County property, and is not open to the public, nor operated 
as a public park. 

C10:5 10-16 10.2.4 Durham Ferry is no longer a public park or a “marina.” 
C10:6 10-17 10.3.1 BLM does not “own” or “operate[s]” Exchequer Dam, Lake McClure, or New Don Pedro. 
C10:7 10-19 10.3.2 Relevant “programs” such as Department of Parks and Recreation’s “Central Valley Vision,” and DPR’s 

“Recreation Proposal for SAC-SJ Delta and Suisun Marsh” should be included. 
C10:8 10-21 10.4.1 Limiting impact analysis to the CEQA checklist may be incomplete. There is no analysis of reduced non-

boat-ramp recreation opportunities, quality, participation (from lower reservoir levels), or reduced river 
opportunities from higher river levels (“2,500 cfs generally considered unsafe for recreational activities…” per 
SED, p.10-24). 

C10:9 10-28 10.4.2 
Table 10-4 

Unclear whether the different weights of the “outline” (dark/bold “15” v light “30”) in the last column are 
significant. 

C10:10 10-31 10.4.2 Suggest acknowledging that it is not only aesthetics and smaller reservoir pool that impacts water-dependent 
and water-enhanced recreation activities, and use of reservoirs’ facilities, but also the increasing distance of 
land-based facilities to the receding shoreline. 

C10:11 10-42 
2nd paragraph 

10.4.2 The basis for the claim at the end of the paragraph is not clear. There has been no inventory presented of 
“similar facilities in the region,” and “similar” is not defined.  

C10:12 10-43 
4th paragraph 

10.4.3 Changes in water levels can reduce the use of existing facilities at Lake Don Pedro, even if the facilities do 
not “deteriorate.” 

C10:13 10-46 
Last 

paragraph 

10.4.3 Though the Threshold of Significance has been set at 10% for the season, the impacts in May/June appear 
to be potentially significant. This is also a safety issue, because there are many recreation users over 
Memorial Day during June. 

C10:14 10-47 10.4.3 The last sentence of the paragraph does not follow from the preceding sentence: “LSJR Alternative 4 would 
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3rd paragraph not render existing recreation facilities inoperable and, therefore, would not results (sic) in physical 

deterioration of the existing facilities.”” 
Chapter 11: Agricultural Resources  

C11:1 11-15 11.2.2 In the last few years Oakdale Irrigation District (OID) and some of the other geographical areas have seen a 
conversion of pasture to almonds. Whereas pasture can be fallowed in years of short surface water, almonds 
practically cannot be fallowed, so it would be necessary to pump groundwater to meet the consumptive use 
of the almonds.  
In each of the six geographical regions of California, double cropping oats or wheat in winter and corn in 
summer is not completely dependent on irrigation. Oats and wheat are not irrigated except in the driest years 
when one irrigation is applied. Corn requires irrigation. 

C11:2 11-15 
4th paragraph 

11.2.2 Land fallowing may occur during conversion from one type of crop to another, not just for disease control. 
For example, pasture converted to an orchard. A landowner may decide to convert from pasture to an 
orchard and included in that decision is the time necessary to perform ground preparation, irrigation system 
installation, and tree planting. Depending on the landowner, the conversion may take a year. 
Removal and replanting of an orchard may also take a year. 

C11:3 11-16 
1st paragraph 

11.2.2 Dairies rely on alfalfa, corn, wheat and/or oats for feed. 
 

C11:4 11-17 Table 11-5 Table 11-5 may not include all grain in OID, Modesto Irrigation District, Turlock Irrigation District, and Merced 
Irrigation District because when DWR surveys and catalogs irrigated acreage it is not always possible to 
identify all grain fields. For DWR surveys, crop identification field work for surveys takes place June 20 to 
October 31. If possible, grain fields are identified and cataloged. Information for Table 11-5 does not state 
the specific year the DWR survey was performed. DWR conducted surveys in Stanislaus County in 2004 and 
2010 and Merced County in 2002 and 2012.  
Land acres and crop acres may be different, because of double cropping: oats or wheat in winter/spring 
followed by corn in the summer on the same field. 

C11:5 11-23 11.2.4 Potential for crop shift to non-irrigated crops exists just as it does in the LSJR Watershed and Eastside 
Tributaries. 

Chapter 12: Cultural Resources  
   To support the review of Chapter 12 (Cultural Resources), the following sections of the SED were also 

reviewed: Chapters 15 and 16 and Appendices B and I. 
C12:1 --- General Update with more recent studies or indicate that the cited studies are the most recent. 
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C12:2 12-8 12.2.1 

Footnote 
Results should be updated. Footnote indicates that concurrence on National Register of Historic Places 
(NRHP) recommendations by the State Historic Preservation Officer (SHPO) to be received by the end of 
2012.  

C12:3 12-9 12.2.2 More recent studies have recorded additional resources. Suggest updating the research results. 
C12:4 12-27, 12-29, 

12-31 
12.4.3 

Reservoirs 
“Extremely low potential to cause a substantial adverse change in . . . the resources” should be reviewed, 
especially for New Melones Reservoir under LSJR Alternatives 2, 3, and 4. Impacts may still be less than 
significant through management by respective plans. 

Chapter 13: Service Providers  
C13:1 13-52 

3rd paragraph 
 
 
 
 
 

13-64 
3rd paragraph 

13.4.2 
 
 
 
 
 
 

13.4.3 
 

The depth to groundwater (Table 13-3b) refers to depth to the top of the aquifer” 
The depth to groundwater should be the actual depth to groundwater, not the top of the aquifer. Groundwater 
levels can be above, at, or below the top of the aquifer, and as such, have a different meaning. The top of 
the aquifer is important to determine the aquifer thickness, but it is not the same as the depth to 
groundwater. Using the top of the aquifer as depth to groundwater may very likely overestimate the actual 
groundwater elevation and volume of water in the aquifer.    
An example where use of “depth to groundwater” may produce flawed results is:  
“For example, Le Grand CSD serves a population of 1,700 with three active wells (Table 13-3b), and the 
range of difference between well depths and depths to groundwater for those three wells is 91–536 feet . . . .  
If groundwater reductions were to continue for multiple years, especially in combination with drought 
conditions, these wells may be at risk of running dry.”  
If the actual depths to groundwater are deeper than the top of the aquifer, the wells are likely at more risk of 
running dry, and increasing with the greater difference between the two values. 

C13:2 13-65 
2nd paragraph 

 The SED should address the potential adverse impacts from pumping additional groundwater to replace 
reduced surface water deliveries and the extent of those impacts. The SED assumes the surface water can 
be replaced with groundwater pumping and acknowledges that may require deepening of existing wells or 
drilling new wells in some areas. However, the adverse impacts from pumping additional groundwater to 
implement the unimpaired flows targets, such as land subsidence and reduced water quality are not 
addressed in terms of quantitative amounts and specific locations. The significant adverse impacts should be 
better addressed in the SED because land subsidence and reduced water quality are sustainability indicators 
under SGMA. 
For example, page 13-65 states, “[s]imilar to the reductions in surface water supply, the reduction in 
groundwater supply to service providers in the Extended Merced Subbasin identified in Table 13-3a would 
likely require these entities to construct new and expanded water treatment facilities or water supply 
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infrastructure (e.g., additional wells) to replace groundwater supplies.” However, it does not address other 
potential adverse impacts. 

Chapter 14: Energy and Greenhouse Gases 
C14:1 14-3 Table 14-1 

Impact EG-2 
Assumes groundwater pumping is inherently efficient without substantial evidence or citation. In general, 
groundwater pumping is commonly considered to be inefficient, so this may rise to the level of a significant 
impact. 

C14:2 14-5 Table 14-1 
Impact EG-5 

The required reviews and updates of the WQCP may be insufficient to mitigate the impact of climate change 
to less than significant, if those updates are not timely, adequately funded, or appropriately completed. For 
example, the last update of the WQCP was more than a decade ago, and flow objectives for the SJR have 
not been updated for over two decades; during this time, our understanding about climate change impacts 
has improved substantially. Hydrology from the first half of the 20th century will dampen the impact of the 
increased hydrologic variability experienced in the last half of the 20th century, and the markedly increased 
warming experienced over the last 50 years, and more particularly since the turn of century. The October 
2016 Phase 2 Scientific Basis Report notes the hydrology of the past will “likely be very different” from the 
hydrology of the future. 

C14:3 14-16 14.3.2 The California Climate Adaptation Strategy was updated in 2014 with the publication of the Safeguarding 
California Plan. 

C14:4 14-36 Table 14-14 The citation for the CO2 factor for TID is eight years old; a more current reference should be used. 
C14:5 14-37 

1st paragraph 
 The discussion of agriculture and Greenhouse Gas (GHG) emissions does not include the role of crops in 

sequestering carbon; specifically, a decrease in croplands may reduce carbon sequestration and affect net 
GHG emissions. 

C14:6 14-44 
1st paragraph 

 The discussion of water use efficiency in the agricultural sector fails to note that increased efficiency in 
agricultural water use can come at the expense of increased energy usage and therefore potentially 
increased GHG emissions (e.g., drip irrigation).  

C14:7 14-51 
3rd paragraph 

 Per the National Research Council study of sea level rise along the US West Coast (2012), upon which the 
CO-CAT guidance is based, one foot of sea level rise is expected by 2050, not 2030. 

C14:8 14-53 14.4.4 
2nd paragraph 

It is unclear that bypassed junior water would reduce the amount of water that downstream users would 
pump from groundwater; for instance, such users may choose to use both sources of water. 

Chapter 15: No Project Alternative (LSJR Alternative 1 and SDWQ Alternative 1) and 
Appendix D: Evaluation of No Project Alternative (LSJR Alternative 1 and SDWQ Alternative 1) 

C15:1  General The 2006 Bay-Delta Plan, Table 2, Water Quality Objectives for Agricultural Beneficial Uses requires that 
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Reclamation meet the Vernalis Objectives at Station C-10 of a maximum 30-day running average of mean 
daily EC equal to 0.7 mmhos/cm for April through August and 1.0 mmhos/cm for September through March. 
(Table 2 in Appendix K appears to incorrectly require Reclamation to meet 1.0 mmhos/cm EC year-round 
rather than September through March, but the SED correctly describes the requirement.) Chapter 15 states 
that meeting the objectives at the remaining three compliance monitoring stations, C-6, C-8, and P12 are the 
obligation of Reclamation and DWR. The SED should reflect current understanding of salinity in the South 
Delta, including consideration of the following: 

 
1. DWR does not have any facilities to vary flows or water quality of the San Joaquin River.  . 
 
2. Historical water quality measurements have shown degradation along the San Joaquin River downstream 

of Vernalis (C-10). According to the 2007 DWR report, Sources of Salinity in the Sacramento-San Joaquin 
Delta, agricultural returns, municipal waste water treatment, urban runoff, and groundwater effluence 
caused such degradation. 

 
a. Approximately 74 discharge sites are situated along waterways immediately upstream from the state 

and federal export sites in the south Delta. These discharges are relatively saline and appear to be 
raising the salinity of water flowing from Vernalis on the San Joaquin River to the export sites via Old 
River (upstream of the exports) and Grant Line Canal.11 

 
b. Historical salinity measurements at stations C-10 (Vernalis) and P-12 (Old River) were compared. In 

general, conductivity at P-12 was consistently higher than it was at C-10. Differences in conductivity 
between these two stations were the greatest between April and November, ranging from 0.1 mmhos/cm 
to 0.2 mmhos/cm higher than C-10. The higher salinity measurements at P-12 indicate the influence of 
saline inputs from Tom Paine Slough, Paradise Cut, and groundwater accretions. (See South Delta 

                                            
11 Twenty-two discharges are located on the 17-mile reach of the San Joaquin River between Vernalis and the head of Old River (James et al. 1989, DWR 1995, National Pollutant 
Discharge Elimination System [NPDES] permits).  Approximately 52 discharge sites were located along Tom Paine Slough, Paradise Cut, and Sugar Cut (DWR 1995, Stantec 2003, NPDES 
permits).  Point-source discharges include, but are not limited to, municipal wastewater from the cities of Manteca/Lathrop, municipal and industrial wastewater from the City of Tracy and 
Deuel Vocational Institute, and pit drainage from an historic sand excavation company. Non-point sources include, but are not limited to agricultural discharges and groundwater accretions 
conveyed to Old River in urban/agricultural drainage channels.  Discharge volumes from all point-sources average between 0.6 and 5.7 million gallons per day with conductivity averages 
ranging between 1.1 and 1.8 mmhos/cm (NPDES permits). 
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Salinity Report.) 

 
Chapter 16: Evaluation of Other Indirect and Additional Actions and Appendix H: Supporting Materials for Chapter 16  

C16:1  16.2.2 
General 

Comment 

Table 16.7 - Potential environmental effects of Substitution of Surface Water with Groundwater does not 
discuss potential adverse effects such as lowering water levels, subsidence, and possible water quality 
degradation. 
 

C16:2  16.2.5 Alternative 4 would result in reduced diversions that may require a new in-Delta diversion by the San 
Francisco Public Utilities Commission (SFPUC) or for it to purchase water from the CVP or the SWP 
(16.2.5). This in turn would change Delta flows/salinity and OMR. Suggest including analysis showing the 
impact of a potential new intake upstream of Vernalis. 

C16:3 16-204 16.3.10 The cost evaluation section should be updated. This section reports the total cost of the Division of Boating 
and Waterways (DBW, State Parks) Aquatic Weed Control program for both Water Hyacinth and Egeria 
densa as a maximum of $7.9M. This figure comes from 2007. The acreage treated by the program has 
grown substantially since 2007, and is also much more expensive.  

C16:4 16-204 16.3.10 The document states that aquatic vegetation treatments will occur between June 1 and October 15. 
However, DBW begins the treatment season in March. Thus, there is some possibility that treatment will co-
occur with salmonid presence. This error also occurs on page 16-208, bullet three under “Biological 
Resources.” 

C16:5  16.4.1 
General 

Comment 

Developing new source of water is very rare. Most of the Water flowing through California’s streams and 
rivers are asked for and have appropriate water rights holders. If an entity decides to use or purchase 
somebody else’s rights, it is a transfer of rights, as allowed by the Water Board, and may not be called new 
source of water. 

C16:6  16.4.5 
General 

Comment 

The Temporary Barriers are installed to maintain water levels suitable for agricultural diversions within south 
Delta channels. The barriers are not intended to improve and have not shown improvement to the water 
quality within the channels. There is no consensus concerning the benefits to fish by installing the HOR. 
DWR has been installing and operating the barriers under a 1990 settlement agreement with the South Delta 
Water Agency (SDWA). DWR’s estimated cost for constructing and removing the barriers for the 3-year 
period (2016-2018) was approximately $11.8 million. This cost estimate includes labor, materials, equipment 
for construction and removal of the temporary rock barriers at MR, ORT, and GLC. 

C16:7  16.4.6 During the 2006 WQCP proceedings, SDWA proposed that low-lift pumps should be operated at the barriers. 



DWR Comments on the September 2016  
Recirculated Draft Substitute Environmental Document  Page 35 of 54 

Comment # Page # Section # Comment 
The proposal was to place small pumps on barges and operate them as needed to re-circulate channels’ 
water to improve water quality. In 2011 at the request of the Board, DWR performed a feasibility study of 
these pumps and presented its findings in a report entitled: Low Head Pump Salinity Control Study Prepared 
to Meet Requirements of the State of California State Water Resources Control Board Water Rights Order 
WR 2010-0002, Condition A.7. See comment ES:4. 
DWR proposed placing permanent pumping stations at each barrier with capacities varying between 250 and 
1,000 CFS with a choice of single or double pump stations. The initial cost of constructing such pump 
stations depended on the number of pumps and also if the screen design was temporary or permanent. 
Initial construction costs would vary between $5.5 and $540 million with an annual cost of between $1.3 and 
$62.7 million.  
Considering the uncertainty of what actually may be achieved from constructing such pump stations, and 
because of economical and funding considerations, construction of such stations may not be feasible. Other 
actions may be considered in lieu of low-lift pump stations. 

Chapter 17: Cumulative Impacts, Growth Inducing Effects, and Irreversible Commitment of Resources 
C17:1 17-13 Hab.Rest. Suite of habitat restoration projects listed (p. 17-12) will also have cumulative impacts on “Recreation 

resources and aesthetics” (as it is for preceding FERC Relicensing and other projects). 
C17:2 17-15 Rec.Mgmt. The “Central Valley Vision” is listed here. It should also be mentioned in Chapter 10 (see comment C10:7 

above); DPR’s “Recreation Proposal for SAC-SJ Delta and Suisun Marsh,” which has recommendations on 
the SJR and Old River, should also be listed here. 

C17:3 17-41 Recreation 
Resources 

As suggested for Chapter 10, the safety impacts to swimmers (existing popular activity) should be mentioned 
among the significant site-suitability impacts. 

C17:4 17-43 Recreation 
Resources 

Flows greater than 2500 cfs in May and June are also a safety issue, as recreationists conditioned to being 
able to use the rivers/facilities at that popular time of year are likely to attempt to continue to do so. 

Chapter 18: Summary of Impacts and Comparison of Alternatives 
C18:1  General 

Comment 
The program of implementation for various alternatives relies heavily on the unimpaired flow concept. The 
reliability of the available unimpaired flow data should be further reviewed and discussed. Unimpaired flow 
data are post processed and therefore are not available for real-time operation. The program of 
implementation for flow alternatives 2, 3 and 4 could result in increased groundwater pumping that could 
greatly reduce long-term reliable groundwater supply. There could be adverse effects on groundwater 
resources such as: lower water levels and subsidence. Flow alternatives would also have adverse effects on 
agricultural resources. 
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Chapter 19: Analyses of Benefits to Native Fish Populations from Increased Flow between February 1 and June 30 

C19:1  General 
Comment 

Chapter 19 is well written, logical, and provides good information.  

C19:2   There appears to be no discussion of proposed changes on harmful algal blooms in the LSJR delta. DWR 
recommends adding some evaluation of the proposed alternatives effects given that flow, temperature, and 
salinity are factors that can affect harmful algal blooms in the estuary.   
A decrease in water temperatures as a result of LSJR alternatives 2-4 can increase the toxicity or pyrethroid 
pesticides to invertebrate organisms. A) This may be one of the few negative effects of decreased water 
temperatures in the LSJR. However, the benefits of decreased water temperatures may outweigh this 
potential negative effect. B) The decrease in water temperature is related to increased freshwater flow. The 
increase in freshwater flow may dilute the concentration of contaminants, thereby reducing the potential 
increase in toxicity response from pyrethroid exposure.  

C19:3 19-1 Footnote “… unimpaired flow is the flow that occurs at a specific location under the current configuration of channels, 
levees, floodplain, wetlands, deforestation and urbanization.” 
DWR disagrees with this definition of unimpaired flow, or that the flow computed in this SED as unimpaired 
flows can be considered streamflow at a certain location for any location downstream of rim reservoirs. See 
Comment C5:2. 

Chapter 20: Economic Analysis 
C20:1 20-4, 20-19, 

20-32, 20-34 
20.2, 20.3 It is assumed in the study (Tables 20.2-1, 20.3.2-3, 20.3.3-6) that additional groundwater will be substituted 

for some of the lost surface water and as such the impact on irrigated acre/cropping revenue supplies will be 
less. This is perhaps true in the short-run but in the long-run and with the implementation of SGMA, it cannot 
be assumed that the overdraft can be continued in the future. 

C20:2 20-5 20.2 Study assumes that local agencies (SFPUC service area) can come up with additional water supply to 
compensate for the loss of surface water (Table 20.2-2). Suggest analyzing and including in the table: the 
source of this additional water supply; whether this a reliable source in the long-run; the basis of the 
assumption that the loss of surface water for SFPUC service area will reduce the regional output and have 
negative impacts on regional jobs (Table 20.2-2); whether the recent drought resulted in less regional output 
and loss of jobs in the SFPUC service area; if the dollar estimates are in real dollars; and which year they are 
indexed to.  

C20:3 20-8 20.2 The SED’s analysis of impacts of different alternatives on fisheries is vague. Statements such as “effects 
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cannot be quantified but would be expected to be beneficial” (Tables 20.2-4 and 20.2-5) are not scientific 
conclusions. Also, for LSJR Alternatives 3 and 4, the claim is the benefits would be similar but more probable 
to occur, but should indicate the relative probability of occurrence and whether it can be quantified. 

C20:4 20-10:20-11 20.2 Dollar estimates mentioned here need to be indexed if they are not already. 
C20:5 20-12: 20-50 20.3 In some tables (such as Table 20.3.2-2), results are expressed in 2008 Dollars while in others (such as 

Tables 20.3.2-6 and 20.3.2-7) they are reported in 2010 Dollars and in others (such as Table 20.3.5-1) 2014 
Dollars are used. On page 20-12, the SED states that 2008 Dollars are used everywhere except Section 
20.3.3. The same base year for reporting real Dollars should be used throughout the study and suggest 
indexing all the numbers to 2016. 

C20:6 20-15 20.3.2 While quantifying the impacts of loss of surface water on cropping pattern and acreage, it is assumed that 
the so called “low value” crops such as pasture, alfalfa, corn and other field crops will account for most of the 
reductions in acreage (Table 20.3.2-1). These crops are not “final products” since they are used to feed the 
dairy herd. As such, the Statewide Agriculture Production model (SWAP) imposes a minimum silage 
requirement constraint, which is consistent the dairy herd feeding requirements. 

C20:7 20-19 20.3.2 The SED assumes that additional groundwater pumping will have positive (induced) regional economic and 
employment impacts (Table 20.3.2-3). This is true if additional wells are drilled or existing wells are 
deepened to allow for additional groundwater pumping. But these are considered “fixed costs,” and one 
cannot assume that they will happen every year throughout the analysis period. The increase in pumping 
costs (energy) is considered a “variable cost” and will not have significant regional impacts. 

C20:8 20-23 20.3.2 The SED suggests that public transportation and road systems could be forced to operate with smaller 
budgets due to less tax revenue, but it is unclear whether usage would stay the same with reduced economic 
activity. 

C20:9 20-27 20.3.3 The financial impacts of various alternatives on M&I water suppliers should be analyzed and quantified. 
Quantifying the impact of the alternatives would give a better idea of the benefits and costs in any 
comparison. Reduction in quantity of water delivered to customers may have negative impacts on these 
utilities (especially if their rates do not reflect fixed costs), since Proposition 218 may limit their ability to raise 
rates. 
On page 20-27, the SED states “Implementation of LSJR Alternatives 2, 3, and 4 could result in surface and 
groundwater water supply reductions to municipal and industrial (M&I) service providers in the plan area.” 
The plan also assumes that “Over the long term, most districts would be expected to recover most, if not all, 
capital costs through rate adjustments (page 20-32).” During the recent drought, Proposition 218 curtailed 
the ability of some utilities to increase rates and fees to recover the higher fixed costs of supplying water.  
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C20:10 20-28:20-31 20.3.3 Assuming that the dollar figures mentioned in this section are in 2008 Dollars as mentioned on page 20-12, 

the tables (20.3.3-2, 20.3.3-3, 20.3.3-5, 20.3.3-9a, and 20.3.3-9b) need to indicate if the prices are real and 
to which year they are indexed. 

C20:11 20-57 20.3.4 It is possible that users will find other means to offset demand. They could reduce demand or use renewable 
energy sources for electricity. These options should be listed. 

C20:12 20-65 20.3.5 It is not clear if subsistence fishing information is included in this table. Suggest estimating and adding this.  
C20:13  

 
 
 
 

20-76 
20-81:20-84 
20-86:20-87 
20-89:20-90 

 
 

 
 
 

20.3.6 
20.3.7 
20.4.1 
20.4.1 

Dollar amounts mentioned throughout this chapter refer to different year dollar values rather than 
real/constant, inflation-adjusted dollars. Dollar amounts for costs and benefits need to be consistent for any 
comparison to be meaningful. The whole chapter uses dollars from different years and it should be relatively 
simple to inflation-adjust those dollars to one single year closer to the current year. 
 
Values are in 2007 dollars.  
Dollar amounts mentioned in this section and tables do not appear to be inflation-adjusted. 
All costs are in 2010 dollars in Table 20.4.4-1. Unclear about following text? 
Not clear what the year value of dollar amounts mentioned in Table 20.4.1-3 and following text are. 

C20:14 20-91 20.4.2 There are three options mentioned that wastewater treatment agencies can take to meet salinity objectives. 
It is also mentioned that it is not possible to estimate compliance costs without knowing which option the 
agency will choose. Consider analyzing a range based on the cost of these options. 

Chapter 21: Drought Evaluation 
C21:1 21-1 21.1 The SED states “the runoff and water supply effects during the recent period of 2004-2015 are not 

inconsistent (i.e., more extreme) than drought conditions during the prior historical record…” 
Analyses by Maurice Roos, DWR’s Chief Hydrologist, presented at the California Water and Environmental 
Modeling Forum (CWEMF) annual meeting in 2016 offers a very different assessment regarding the most 
recent drought (2012-2016): 
“The 4 year runoff, WY 2012-15, for the 8 river system will be the driest 4 year set of record, exceeding 
slightly the previous record of 1931-34. However, on the southern group, the San Joaquin River system, the 
past 4 years were by far the worst 4 year period in a 114 year record, and about 20 percent drier than any 4 
years in a reconstructed record of over 1000 years estimated from tree rings.” 
http://www.cwemf.org/AnnualMeeting/2016AnnualMeetingProceedings.pdf - Session 25 
 
The first sentence refers to the “current drought.” This can make the document out of date this year – 
suggest referencing the specific years or saying “recent drought.”  

http://www.cwemf.org/AnnualMeeting/2016AnnualMeetingProceedings.pdf


DWR Comments on the September 2016  
Recirculated Draft Substitute Environmental Document  Page 39 of 54 

Comment # Page # Section # Comment 
 
On the last bullet “carry-over storage,” the second to last sentence states that reservoir storage is typically 
reduced during dry years to provide “normal full” water supply deliveries. In this context, the term “normal full” 
is inappropriate. During a dry year, water supply deliveries are usually not full. 
 
Conclusion #2 that “the runoff and water supply effects during the recent period of 2004-2015 are not 
inconsistent (i.e., more extreme) than drought conditions during the prior historical record” belies the fact that 
SWP/CVP exports were significantly impacted by the drought. These supplies are derived, in part, from the 
SJR and its tributaries. Yet SWP/CVP supply effects are not included in the analysis presented in Chapter 
21. 
 
Conclusion #3 that “there are reductions in water supply diversions in many years under the different LSJR 
alternatives compared to baseline, particularly during dry years” does not include an analysis of SWP/CVP 
supply reductions. 
 
“These analyses show that: (1) water supply effects during drought conditions are adequately characterized 
by the WSE model during the 1922–2003 analysis period, (2) the runoff and water supply effects during the 
recent period of 2004–2015 are not inconsistent (i.e., more extreme) than drought conditions during the prior 
historical record.” 

1) Water supply should include both surface water diversion and pumping. Because pumping is missing 
from the analyses, the analyses do not show adequately water supply effects during the drought 
conditions. 

2) Since the groundwater is missing from the analyses and groundwater aquifer conditions in the basin 
have changed significantly since 1922, it is misleading to state that “the runoff and water supply 
effects during the recent period of 2004–2015 are not inconsistent (i.e., more extreme) than drought 
conditions during the prior historical record.”  

 
“A water supply diversion deficit is the difference between the normal full water supply diversions and the 
available water supply diversions during the water year . . . .” 
“Water supply diversion deficit” reflects only a partial picture of drought conditions when groundwater is 
available. 
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“A drought year or drought period is defined as one or more years with less-than-normal full diversions for 
water supply, reflecting a dry year or dry year period that is severe enough to cause a water supply deficit of 
a specified magnitude (e.g., <80 percent of full diversions ).” 
This is an incomplete definition since water supplied by groundwater is not considered. 

C21:2 21-1 
 
 
 
 
 

21-24 

21.1 
 
 
 
 
 

21.9.1 

The definition of water supply diversion is unclear until later in the chapter (p. 21-24). It is important to 
distinguish between diversion and diversion demand.  
On page 21-1, a definition of diversion deficit is presented:  
“A water supply diversion deficit is the difference between the normal full water supply diversions and the 
available water supply diversions during the water year (WY).”  
On page 21-24, model full diversion is defined: 
“The baseline diversions fluctuated with the WSE-model full diversions (full water supply demands), 
generally between 550 TAF and 750 TAF.” 
Suggest using diversion demand in place of diversion to clearly distinguish it from modeled diversion. 

C21:3 21-2  Since the WSE model is based on CalSim, it is assumed that the hydrology is based on the years listed but 
the model simulates some specified level of development. That is not made clear in the introduction, and it 
could be misinterpreted that the analysis is for historical conditions, not for hydrology based on historical 
conditions with a specified water supply operation for the modern developed water system. 
 
The “dry year” definition does not use the standard Water Supply Index definitions (5 water year types: wet, 
above normal, below normal, dry, and critical). Since these definitions are used in other Delta water quality 
regulations, using consistent definitions would reduce confusion and possible misinterpretations. 
 
The time period for the “average runoff” calculation is not specified. It is assumed to be 1922-2015. The 
value of this average runoff is used as a datum throughout this analysis, yet this is a datum that will change 
as each new water year is added to the average. 
 
Diversion deficit is defined relative to “normal full water supply diversions,” yet the term “normal full water 
supply diversions” is not clearly defined. 
 
Since California’s hydrology is highly variable, using averages or referring to “normal” conditions represents 
conditions that are rarely experienced. If these are used as reference points, they need to be more clearly 
defined. 
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The drought year definition is also ambiguous, especially because the magnitude of what constitutes a deficit 
is not specified. Instead, only an example is given: “one or more years with less-than-normal full diversions 
for water supply, reflecting a dry year or dry year period that is severe enough to cause a water supply deficit 
of a specified magnitude (e.g., <80 percent of full diversions).” This definition mixes drought as a natural 
phenomenon (low precipitation, low soil moisture, low runoff) and management decisions (diversions). 
Perhaps it would be more clear to change the term from “drought” to “drought-related diversion deficit” or 
something similar. 

C21:4 21-2 21.1 The statement in the last portion of the second paragraph that “the 2012-2015 dry year period was similar to 
other 4-year dry year periods in the historical record” is inconsistent with the descriptions of this period of 
extreme drought from the Governor’s Office, DWR, and the Board, and in documents such as the Governor’s 
declaration of emergency, the series of Board executive orders, the granting of the Temporary Urgency 
Change Petitions, and the unprecedented low runoff and high temperatures recorded during that period. 
 
“To better understand the effects for the more recent time period (from 2004–2015), the WSE model was 
extended using the historical reservoir inflows and estimated monthly data for downstream local inflows, 
return flows, and water supply diversions, using CALSIM inputs from years with similar hydrology.” 
Suggest presenting more detail on data extension, i.e., which year was found comparable to which year and 
the basis for that determination. If this is presented elsewhere in the SED, suggest referring the reader to the 
appropriate SED chapter/section. 

C21:5 21-4 
2nd paragraph 

21.2 Third line: “runoff in 10 percent of the years was less than 45” should read “. . . less than 40” 
There are similar errors in the next two paragraphs. These numbers should match those on Table 21-2. 
 
Sixth line: “The WSE model showed average full water supply diversion . . . .” The meaning of average full 
water supply diversion is not clear. If it means modeled diversion, using the qualifier “full” makes it sound like 
diversion demand rather than modeled diversion. The following two paragraphs on the Tuolumne and 
Merced Rivers are written similarly. 

C21:6 21-6 21.3.1 Regarding the statement in the middle of the first paragraph that, “the runoff in 2014 (370 TAF) and 2015 
(330 TAF) were both less than half of average, but runoff has been lower in a few previous years.” Previous 
drought years that were similarly dry occurred in times where the demands on the system were far lower. In 
the 70’s and 80’s the SWB had yet to establish the outflow standards that are in place today and upstream 
development was lower. 
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C21:7 21-7 21.3.2 “. . . the WSE model showed average full water supply diversions of 651 TAF (59 percent of average runoff) 

can be maintained for several years during dry periods (Table 21-2).” 
This is only relevant for the historical condition. Under the LSJR alternatives, the situation can change 
significantly. 
 
The second sentence of the first paragraph references Table 21-2 on page 21-5. SWP/CVP supplies are not 
included in this calculation and therefore the conclusions are inappropriately broad and optimistic. Similar 
problems exist in the drought discussions for sections 21.4 and 21.5, which all reference the number in Table 
21-2. 

C21:8 21-8 
1st paragraph 

21.3.2 It is unclear whether data presented in this paragraph are modeled data or historical (observed) data. 

C21:9 21-8 
 

21-12 
 

21-14 

21.3.3 
 

21.4.3 
 

21.5.3 

The SED sections on Drought Water Management describe existing Agricultural Water Management Plans 
(AWMPs) for water districts within each tributary. However, no consideration is given to the fact that the 
LSJR alternatives would increase the frequency and severity of water shortages. The SED seems to imply 
that because there are drought water management plans already in place, the water districts will be able to 
absorb additional water supply shortages resulting from the LSJR alternatives.   

C21:10 21-9 21.3.3 In addition to Table 21-3, another table should be added to show groundwater supply. It is better to combine 
both diversion and pumping in order to show the whole water supply condition. 

C21:11 21-16  Perhaps the text below explaining WSE baseline versus historical should be moved earlier in the write-up to 
help readers who are not familiar with this type of modeling to better understand that the model results are 
not for historical conditions, but are for modern operations with historically based runoff. 
“The monthly WSE baseline results for 1922–2003 provide estimates of the reservoir operations for the 
historical runoff with the existing reservoir releases for water supply diversions, required flows for fish habitat, 
downstream riparian diversions, and flood control. The WSE extended baseline results (1922–2015) provide 
a longer period for drought evaluation, with the existing water supply diversions and fish habitat flows 
calculated up to 2015. The WSE baseline results are expected to more closely match the historical reservoir 
operations in the most recent years, when the required release flows and water supply diversions were 
similar to those specified in the WSE model.” 

C21:12 21-16 21.6 Are the land uses in the WSE baseline fixed while historical land uses changes each year? If yes, we should 
not expect the WSE baseline results to closely match the historical reservoir operations. 

C21:13 21-16 
21-17 

21.7.2 On page 21-16, the SED states: “The full contract diversions were increased from 600 TAF to 755 TAF in 
1997 (as a result of SEWD and CSJWCD receiving water).” 
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On page 21-17, WSE Baseline diversions “were often higher than historical diversions because the full 
contract diversions of 755 TAF were included in the WSE baseline.”  
This statement makes sense for the earlier years of simulation, prior to 1997, but modeled diversions should 
match historical diversions better after 1997. Because modeled diversions were consistently higher than 
historical diversions, carryover storage was consistently lower, with considerable differences 1995-2010. The 
agreement between historical and WSE baseline is only similar in 2011-2015, when modeled baseline 
diversions are comparable to historical diversions. The conclusion that “[g]enerally, the WSE baseline 
provides a very accurate calculation of drought conditions for the Stanislaus River . . . .” cannot be reached 
from data presented in this section. 

C21:14 21-9 21.3.3 In addition to Table 21-3, another table should be added to show groundwater supply. It is better to combine 
both diversion and pumping in order to show the whole water supply condition. 

Chapter 22: Integrated Discussion of Potential Municipal and Domestic Water Supply Management Options 
C22:1 22-2 

1st paragraph 
 
 
 
 
 
 
 
 
 
 

22-3 
3rd paragraph 

 Additional groundwater pumping to replace surface water deliveries will put an additional burden on 
Groundwater Sustainability Agencies (GSAs) to manage groundwater sustainably, but the SED does not 
quantify the additional impacts for each alternative if implemented. SGMA requires GSAs to manage to 
groundwater levels from 2015, the effective date of the law. The SED should quantify the impacts from the 
additional groundwater pumping for specific quantity and locations because conditions vary in the 
groundwater basins.  
Here are several examples where the impact of groundwater pumping is described but not in a quantifiable 
manner that can be used to evaluate the alternatives and severity of the impacts on the groundwater levels 
and quantity and other potential adverse impacts:    
SED text states on page 22-2:   

The impacts of the LSJR alternatives on groundwater resources cannot be determined with certainty 
because groundwater conditions vary within each aquifer subbasin and water users would have varied 
responses to reduced surface water deliveries and any decrease in groundwater elevations.  

Page 22-3: 
Groundwater pumping in the region continues to increase in response to growing demand and 
reduced surface water deliveries. Additional pumping in any of these subbasins could reduce the 
average groundwater level (i.e., drawdown) with a noticeable effect on groundwater levels over a 
number of years. 

22:2 22-12 22.4.1 The SED uses the term “equivalent of 1 inch” and “1-inch threshold,” which does not provide quantitative 
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 2nd paragraph information that can be used to evaluate the extent and severity of the impact. (See previous comments 

about the use of 1 inch instead of volume, change in storage, or change in groundwater elevations.) For 
example,  

…under LSJR Alternatives 3 and 4, the average annual groundwater balance is expected to be 
reduced by more than the equivalent of 1 inch in three subbasins (Modesto, Turlock, and Extended 
Merced) and all four subbasins, respectively. Exceeding the 1-inch threshold would eventually result 
in a measurable decrease in groundwater elevations in the basins. Therefore, it is expected that LSJR 
Alternatives 3 and 4 would result in a substantial depletion of groundwater supplies or substantial 
interference with groundwater recharge. 

Chapter 23: Antidegradation Analysis  
C23:1 23-8 23.5.1 

 
In the second full paragraph, the SED states: “Salinity conditions were further altered by the completion of 
the state, federal, and local water projects, which together have reduced flow entering the Delta at Vernalis.”  
The SWP does not reduce flow entering the Delta at Vernalis. 

C23:2 23-9 
3rd paragraph 

23.5.1 “The standards at the interior south Delta stations are more difficult to achieve because of high salinity runoff 
from agricultural land downstream of Vernalis. There are also additional sources of salinity between Vernalis 
and the other locations, as well as diversions and other hydrodynamic factors that may increase salinity 
concentrations at the interior locations compared to Vernalis.” 
The SED acknowledges that interior Delta standards are difficult to achieve because of agricultural runoff, 
among other factors. DWR is not responsible for and lacks control over south Delta salinity conditions, and it 
is therefore not reasonable to impose responsibilities on DWR for meeting those standards. Despite this 
acknowledgement, however, CVP and SWP are still held responsible to meet the standards at these 
locations. 

C23:3 23-15 23.5.1 
Table 23-2 

& subsequent 
paragraph 

Table 23-2 shows the annual average EC at the four compliance locations under the Baseline and 5 
scenarios of differing percent of unimpaired inflow. Question the use of annual average in this case. Since 
these scenarios all have additional water coming from higher quality sources (because of curtailments to 
diversions from these rivers necessary to meet the percent unimpaired flow from each tributary), on average, 
the water quality will be better. However, the salinity standards are based on a 30-day running average. An 
annual average does not greatly inform a 30-day running average instead, monthly detail is needed. 

C23:4 23-15 to 
23-18 

23.5.1 
Figures  

23-5 
23-6 

Figures 23-5 through 23-7 depict the exceedance of change in EC at Vernalis, SJR at Brandt Bridge, Old 
River near Middle River, and Old River at Tracy Boulevard Bridge. These charts indicate that decreases in 
monthly EC occur more often than increases. The timing of the occurrence of change in EC and baseline 
value of EC are both important in determining whether there is an impact to water quality. If an improvement 
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23-7 occurs when EC is already low, not much gain. If, however, degradation occurs when baseline EC is high, 

the consequences can be severe. 
C23:5 23-20 to  

23-21 
23.5.1 

Figures  
23-9 

23-10 

Figure 23-9 shows that most of the improvements in EC at SJR Brandt Bridge and Old River near Middle 
River occur when EC is already low. For values of EC above 0.7 dS/m, the exceedances for alternatives 
(20% UF-60% UF) are practically indistinguishable. Most of the improvements occur when EC is already low. 
Figure 23-10 shows a slightly greater spread between alternatives for EC values above 0.7 dS/m, with the 
greatest difference in exceedance for EC above 0.7 dS/m from about 29% for 60%UF to approximately 35% 
of the time for the 20%UF. Again, most of the gains occur when EC is already low. 

C23:6 23-27 23.5.3 There appears to be a typo in the first full paragraph: “. . . the time period from 197-2003.”  
Appendix C: Technical Report on the Scientific Basis for Alternative San Joaquin River Flow and Southern Delta Salinity Objectives 

C:1 C.2-1 
1st paragraph 

2 “[U]nimpaired flows are estimated on a monthly basis for water years 1922 to 2003 by DWR, and for the 
purpose of this analysis, are considered to adequately portray the natural flow regime” (2012 Technical 
Report, Appendix C). For the purposes of impacts to aquatic resources, daily and even hourly fluctuations in 
river stage, temperature, and velocities can impact aquatic resources. 

C:2 C.2-6 C2.2.2 From definitions of unimpaired flow given in this section, it is not clear whether unimpaired flow estimation 
includes the impact of river bed infiltration to groundwater aquifer and river riparian evapotranspiration, which 
can be significant in the valley floor. 

C:3 C.2-6 C2.2.2 Suggest providing a more detailed analysis of annual variation of the valley floor unimpaired flow 
components to justify its assumption that “the monthly unimpaired flow estimates at the tributary rim dams 
provide an adequate portrayal of the natural flow regime for comparison against observed flows at the 
mouths of the tributaries.”  
It is not adequate to just mention that “the valley floor component makes up only roughly 3% of the average 
annual unimpaired flow on the LSJR tributaries (DWR 2007a).” The valley floor contribution to unimpaired 
flow in the LSJR tributaries may be very different in critical, dry, and wet years. It is possible that the valley 
floor has a huge negative contribution to unimpaired flow due to loss to groundwater in critical and dry years.  

C:4 C.2-7 2.2.2 See Comment C5:3. DWR's UF at Vernalis is not streamflow at Vernalis. The runoff of the SJ Valley floor is a 
small percentage compared to cumulative upper watershed outflows (i.e., runoff). 

C:5 C.2-8 2.2.2 The SED states that four components are not included in DWR's UF report, including stream-aquifer 
interactions (seepage) and consumptive use under undeveloped conditions. While this is okay for the UF 
report (since it only deals with cumulative runoffs), for the Board's work, these components are very 
important. Suggest using data from C2VSIM or CVHM. 



DWR Comments on the September 2016  
Recirculated Draft Substitute Environmental Document  Page 46 of 54 

Comment # Page # Section # Comment 
C:6 C.2-9 2.3.1 See Comment C5:3. 
C:7 C.3-2 3.1.1 "Unimpaired flow is modeled flow…." See comment C5:3 regarding runoff vs. streamflow. Also, seepage is 

not mentioned. 
C:8 C.3-6 2.2.2 and Table 

2.2 See Comment C5:3. 

Appendix F1: Hydrologic and Water Quality Modeling 
F1:1 F.1-3 

2nd paragraph 
F.1.2 The word “equivalent” should be changed to “similar” in the following statement: “The WSE model is 

considered an equivalent tool to CALSIM II for the purposes of this comparative water balance analysis.”  
F1:2 F.1-12 

2nd dark bullet 
F.1.2.2 WSE model still uses “…downstream accretions and depletions, and demands, and other inputs as 

developed by USBR for the CALSIM model.” The “downstream accretions and depletions” terms need to be 
updated when Consumptive Use of Applied Water (CUAW) is adjusted by an adjustment factor.  

F1:3 F.1-13 F1.2.3 Regarding the statement: “based on information from DWR (DWR 2007), the entire Central Valley floor 
component of unimpaired flow (i.e., downstream of the major reservoirs) is roughly 3 percent of the 
unimpaired flows of the three eastside tributaries; thus, the component of unimpaired flow that would 
otherwise be associated with accretions and other inputs downstream of the major reservoirs is not 
expected to significantly alter the amount or timing of these flows.” [Emphasis added.] 
Impacts of the tributary reaches in the valley floor between the major reservoirs and the LSJR on the 
unimpaired inflow at the tributary mouth can be significant. Stream loss to groundwater in critical and dry 
years can be significant. Flooding spill over river banks in wet years can be significant. The amount or timing 
of unimpaired flow at tributary mouths can be very different from the unimpaired flow downstream of the 
major reservoirs.  
The WSE model should not use the “estimates of unimpaired flows upstream of the major reservoirs . . . as 
unimpaired flow indices for the entirety of each eastside tributary” to calculate the monthly flow targets at 
tributary confluences. DWR has produced a draft report entitled Estimates of Natural and Unimpaired Flows 
for the Central Valley of California: Water Years 1922-2014, published in March 2016 that could be of 
assistance. 

F1:4 F.1-19 F.1.2.4 The SED defines a Percolation Factor, DF, as DF=CUAW/Deep Percolation. The SED also uses data for 
CUAW and Deep Percolation for a single year from the Ag Water Management Plan reports, and then 
applies the factor to the time series of CUAW calculated from the Consumptive Use Model. The proposed DF 
is unconventional. Accepted definitions are that deep percolation relates Total Applied Water to Deep 
Percolation. CUAW is only part of the Total Applied Water. By the Board’s definition, if one doubles the 
applied water for the same crop grown (same CUAW), deep percolation is the same. Suggest using data 
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from the C2VSIM or CVHM model. 

F1:5 F.1-20 
F.1-25 
F.1-26 

F.1.2.4 Water demands, deep percolation, and distribution losses are all related to “CUAW” which was estimated 
based on the DWR consumptive use model (USBR 2005).  “CUAW represents the portion of applied water 
consumed by crops.” The SED should provide a detailed description of the DWR consumptive use (CU) 
model since all the surface water demands are derived from the DWR CU model. Parameters used in the 
DWR CU model should also be updated in order to reflect current conditions. 

F1:6 F.1-69 1.3.1 See Comment C5:26 regarding reductions in surface water diversions. 
Appendix F2: Evaluation of Historical Flow and Salinity Measurements of the Lower San Joaquin River and Southern Delta 

F2:1 F.2-80 Fig F.2.9b For 2003, EC values for Old River at Tracy Boulevard Bridge are similar to those for Mossdale. For the years 
2000-2002, EC at Tracy were higher, while Vernalis, Mossdale, Brandt ECs seem to roughly follow 2000-
2002 patterns (i.e., relationship among these stations). The text does not explain the reason for this in 
contrast to Tracy EC in 2003. 

F2:2 F.2-83 
& 

F.1-177 

 The historical relationship using Vernalis EC and flow to determine water quality levels is limited in its 
usefulness. 

• In Appendix F.2 and in Chapter 5, a regression is developed from historical data to determine the 
degradation in salinity between Vernalis and other south Delta water quality locations. The regression 
is a relationship between EC and Flow and shows a scatter of data (figures F.1.5-2a and F.1.5-2b). 
The resulting regression equation shows the average increase in salinity. Due to the scatter, there are 
times when the degradation exceeds the average. At those times, the objectives could be exceeded. 
The analysis should include maximum impacts. 

• The regressions look at a relationship between flow and salinity at the current objective locations. The 
alternatives propose not just select locations but whole channel reaches. These relationships are then 
extrapolated for the Middle River and Old River reaches. Increases of flow into Old and Middle River 
are not proportional to increases in flows at Vernalis so it is unlikely that this relationship will hold up 
for the reaches. DWR showed flow/salinity relationships in a previous workshop: 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flo
ws_salinity010611.pdf 

Appendix G:  Agricultural Economic Effects of the Lower San Joaquin River Flow Alternatives: Methodology and Modeling Results 
G:2 G-24-27 G.2.4 A series of graphs are displayed to show the breakdown of applied surface water and additional groundwater 

under the three alternatives. All graphs end at 2002, yet data is cited in the text for up to 2014. Suggest 
graphing the results up to 2014. 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
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G:3 G-30 G.3.1 The second paragraph starts with “A groundwater subbasin can be used sustainably as a water source if the 

average annual water balance is not negative.” This is followed by Table G.3-5, which shows negative water 
balances for all subbasins and all alternatives, except for the Eastern San Joaquin under Alternative 2. 
These negative water balance numbers will only get higher over time and will be further complicated with 
implementation of SGMA.  

G:4 G-35 G.3.3 This paragraph states the assumption that a number of factors that influence whether a subbasin is 
overdrafted are constant. However, this is not substantiated. Over time, these factors likely will even out, but 
under a flow regime called for under the three alternatives, the loss of surface water will cause an increase in 
groundwater pumping over time that will result in changes that are not constant, but increasing. 

G:5 G-55 G.4.1.1 This section describes the decrease in average annual crop area under the three alternatives. What do not 
appear to have been considered are the cumulative effects of increased pumping to make up shortages of 
surface water. This can likely be sustained for a few years; however there will be falling water tables that will 
lead to wells going dry. Pumping will either stop for these wells or new wells will have to be drilled. These 
variables cannot be adequately modeled and will have effects on energy costs due to deeper wells, land 
going out of production at times, water coming from other subbasins, and increased economic effects. All of 
these have occurred in the west side of the San Joaquin Valley with surface water delivery cutbacks down to 
zero allocations by Reclamation, including land subsidence.  

G:6 G-60 G.4.4 Groundwater pumping costs are determined by the pumping energy using an average depth to groundwater. 
This calculation is missing taking into account the motor efficiency. Also, increased pumping will lead to 
falling water tables that will result in higher pumping costs over time. 

Appendix K: Revised Water Quality Control Plan 
K:1 15 Table 2 Table 2 incorrectly indicates the Vernalis objective is 1.0 in all months instead of 0.7 ED (April-August) and 

1.0 ED (September-March). Inconsistent with description on Page 42, Para. 1.i. 
K:2 15 Table 2 

 
 
 
 

Because degradation occurs downstream of Vernalis, the winter objective at Vernalis of 1.0 EC should either 
have a corresponding objective for the interior south Delta objectives of 1.3 to 1.4 EC, not 1.0 EC, or require 
local agricultural diverters and drainage dischargers in the Delta to institute a control program for salt 
discharges as described in the next comment. Having identical objectives at all four locations would likely 
result at times in exceedances of the 1.0 EC objectives at interior locations, particularly given that in the 
winter, agricultural operations are leaching fields to remove salt in the soils and discharging the salt into 
south Delta channels.  

K:3 15 Table 2 The purpose of the July 1989 Central Valley Regional Water Quality Control Board (CVRWQCB) report 
entitled “Quality of Agricultural Drainage Water Discharging to the San Joaquin River from the Western 
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portion of the San Joaquin County, California” was to collect data in the development and evaluation of the 
need for an agricultural drainage reduction program. The Board monitored drainage flows within 3 regions in 
the south Delta for 2 years at 39 sites. The Table 2 summary reported that the average median concentration 
of all zones was 2,600 umhos/cm with minimum of 410 and a maximum of 9,400. The report presented clear 
evidence that agricultural drainage discharges at these 39 sites degrade water quality in the San Joaquin 
River and in the south Delta channels downstream Vernalis. If the winter objective at Vernalis of 1.0 EC has 
a corresponding objective for the interior south Delta objectives of 1.0 EC, it will be impossible at times for 
the downstream station locations to be in compliance when the EC at Vernalis is at or near 1.0 EC. 
Increasing the objective at the interior south Delta stations would allow these drainage dischargers to move 
salts out of the systems. At these stations, the objectives can increase to a reasonable level if the Board 
implements a similar program proposed by the Lower San Joaquin River Committee upstream of Vernalis 
through Central Valley Salinity Alternatives for Long-Term Sustainability (CV-SALTS), a collaborative basin 
planning effort aimed at developing and implementing a comprehensive salinity and nitrate management 
program.  In particular, the draft language for the San Joaquin Basin Water Quality Control Plan amendment 
proposes new upstream salinity objectives in the San Joaquin River at Crows Landing. The proposed 
objectives include a 30-day running average EC of 1,550 uS/cm with relaxation of objectives during extended 
dry periods to protect agricultural water use in the Lower San Joaquin River reaches below Crows Landing 
and upstream of Vernalis. The EC limits were determined to be protective of agriculture based on the same 
Hoffman methodology used to determine the objectives in the Delta.  
In order to comply with these regulations, San Joaquin River Stakeholders will participate in a Real Time 
Management Program (RTMP), which is a regional salinity management program that generates assimilative 
capacity forecasts on the San Joaquin River based on real time data from a network of monitoring stations 
within the basin. The forecast involves participation of reservoir operators and irrigation district personnel. 
The information allows stakeholders to modify the timing of salt export into the San Joaquin River to meet 
salinity objectives. To complement the program, stakeholders have been implementing water reuse projects 
involving both tailwater and tilewater recovery and recycling. These water conservation projects have the 
additional potential to limit and control salt load export to the San Joaquin River.  DWR suggests that the 
South Delta farmers contribute to meet salinity objectives by implementing agricultural drainage reduction 
and management programs like their upstream counterparts. 
One possible method of salinity control would be for the Regional Water Quality Control Board to determine 
an appropriate water quality standard at the interior South Delta stations and require all agricultural drainage 
dischargers in the Delta to institute a control program for salt discharges into the Delta. This program would 
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have the same elements that the discharges in the lower San Joaquin River are required to follow: waste 
discharge requirements or waivers. The waste discharge requirements would impose salt limits on the 
discharges, while the waiver could be secured if a discharger participates in a Board-approved real-time 
management program to regulate salinity discharges in accordance with assimilative capacity in the Delta 
channels. In such cases, there could be an increase in the objective at the interior south Delta stations to 
allow these drainage dischargers to move salts out of the systems. 

K:4 36  
1st paragraph 

 
 

 

Annual 
Reporting 

The SED requires an annual report with a December 31 due date. The temporary barriers are in place and 
operating until November 30 of each year. Analyzing the past year’s operation of the barriers and SWP/CVP 
export operations and completing a report to the Board would need much more than 30 days after the 
barriers’ operations season ends. DWR recommends that, if this reporting requirement is retained, the report 
be due by March 1 the following year.  

K:5 42 
 

State 
Regulatory 

Actions 
Section ii 

The Revised WQCP states that “[a]s part of implementing the salinity water quality objective for the interior 
southern Delta, DWR and USBR shall be required to comply with the 1.0 dS/m water quality objective year-
round as a condition of their water rights.” 
Imposing conditions on water right holders should be done in Phase 3 of the WQCP update, not Phase 1. 

K:6 43 State 
Regulatory 

Actions 
 

Section ii,  2nd 
paragraph, lines 

5-7 

Existing SWP and CVP export operations and the installation and operation of the temporary barriers can 
continue to provide suitable water levels, flows, and circulation as they have historically. These operations 
have been extensively and fully described and presented to the Board and staff in previous WQCP hearings 
and workshops. DWR and Reclamation currently coordinate export and barrier operations with South Delta 
Water Agency, Board staff, and stakeholders in monthly coordination meetings. These meetings discuss 
current operations, barrier status and configuration (flap gate open/closed), water quality, water levels, and 
any local agricultural diversion problems. Actions resulting from these meetings may include re-operation of 
barrier flap gates, weir closing or raising (Grant Line Canal and Middle River), modeling studies, and more. It 
is not clear to DWR what the benefit of the new requirements proposed by the Board (Comprehensive 
Operations Plan, Monitoring Special Studies, and Monitoring and Reporting Plan) would be and how they 
would provide any additional information or could improve upon coordination, operations, and actions that 
are already in place and working well. 

K:7 43 State 
Regulatory 

Actions 
 

Section iii,  1st 

“Performance goals” such as water levels and flows when applied to the temporary rock barriers would be 
very difficult to apply because the barriers are not designed to be operable in real time as would permanent 
operable gates that are envisioned under the South Delta Improvements Program. The barriers can 
generally maintain water levels at least 2.5 feet NAVD on all three channels above the barriers when all the 
culverts are fully tidally operated (not tied open). This target water level has long been acceptable to SDWA 
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paragraph, 3rd 

bullet 
as adequate for agricultural diversions, and is considerably better than would be present absent the barriers 
and SWP/CVP exports. However, the barriers were designed to maintain a unidirectional net flow pattern 
that maintains good circulation equivalent to or better than what would occur absent the barriers and export 
pumping and were not designed to maintain any particular flow volume. Flow in any particular channel 
depends on inflows into the south Delta, consumptive use by agricultural and municipal 
diversions/discharges, strength of the tidal flux, and SWP and CVP exports. Flows will vary throughout the 
day and cannot be “maintained” by any operation of the rock barriers or operation of the SWP or CVP. 

K:8 43 State 
Regulatory 

Actions 
Section iii 
1st bullet 

Assimilative capacity is not related to water levels but to water depth or more specifically, the volume of 
water in a channel. Water levels in Middle River and Grant Line Canal for example, can be at the same level 
such as 1.0 feet MSL, but the assimilative capacity is dramatically different because Middle River is much 
shallower and carries much less flow than Grant Line Canal. Water level objectives are only meaningful for 
south Delta agriculture for diverting water on low tides, but are not a meaningful surrogate for water quality. 

K:9 44 State 
Regulatory 

Actions 
Section iii,   

3rd paragraph, 
lines 3-6 

A requirement to provide a report to the Board by October 31 of each year would be impractical. The 
temporary barriers are in place and operating until November 30 of each year. Analyzing the past year’s 
operation of the barriers and SWP/CVP export operations and completing a report to the Board would need 
to be initiated after the barriers operations season ends. DWR recommends if this reporting requirement is 
retained, that the report for the past year’s operations season be due by March 30 the following year.  

K:10 44 State 
Regulatory 

Actions 
 

Section iv,  
para. a.,  
lines 1-7 

A “special study” essentially accomplishing the requirements of this section was recently completed by Dr. 
Russ Brown of ICF for DWR regarding salinity sources and hydrodynamic effects of the Temporary Barriers 
Program barriers and Project operations. This study and the report entitled “Evaluation of Salinity Sources 
and Effects of Tidal Flows and Temporary Barriers in South Delta Channels,” (available at: 
http://baydeltaoffice.water.ca.gov/sdb/tbp/web_pg/pub_doc/salinity_report/South%20Delta%20Salinity%20Fi
nal%20Sept%202016%20kc%2012.21.16.pdf ) was accomplished over several years and coordinated with 
the South Delta Water Agency and the Board Delta Watermaster. This study was completed in September 
2016, and the report was published in January 2017.  

K:11 44 State 
Regulatory 

Actions 
 

Section iv 

As already mentioned, additional regulatory studies, monitoring, and reporting are not necessary to continue 
the SWP and CVP export operations and the temporary barriers operations, which already have been 
operated in coordination with SDWA and the Board staff through regular monthly meetings and intermediate 
meetings and phone calls. As stated elsewhere in the text of the SED, the Board acknowledges that existing 
south Delta salinity is adequate for agricultural purposes; consequently DWR sees no reason for additional 
regulatory requirements. 

http://baydeltaoffice.water.ca.gov/sdb/tbp/web_pg/pub_doc/salinity_report/South%20Delta%20Salinity%20Final%20Sept%202016%20kc%2012.21.16.pdf
http://baydeltaoffice.water.ca.gov/sdb/tbp/web_pg/pub_doc/salinity_report/South%20Delta%20Salinity%20Final%20Sept%202016%20kc%2012.21.16.pdf
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K:12 44-45 State 

Regulatory 
Actions 

 
Section iv 

“Special Studies, Modeling and Monitoring and Reporting” indicates the Board will require DWR and 
Reclamation to complete a Monitoring Special Study, Modeling, and Monitoring and Reporting. 
Considering the analysis and conclusions in the September 2016 report by ICF entitled, “Evaluation of 
Salinity Patterns and Effects of Tidal Flows and Temporary Barriers in South Delta Channels,” it appears 
inappropriate to include conditions such as these in DWR’s water rights. Also, imposing conditions on water 
right holders should be done in Phase 3 of the WQCP update, not Phase 1. 

K:13 45 State 
Regulatory 

Actions 
 

Section v 

“DWR’s and USBR’s water rights shall be conditioned to require continued operations of the agricultural 
barriers at Grant Line Canal, Middle River, and Old River at Tracy, or other reasonable measures, to address 
the impacts of SWP and CVP export operations on water levels and flow conditions that might affect 
southern Delta salinity conditions, including the assimilative capacity for local sources of salinity in the 
southern Delta.” 
Considering the analysis and conclusions in the September 2016 report by ICF entitled, “Evaluation of 
Salinity Patterns and Effects of Tidal Flows and Temporary Barriers in South Delta Channels,” it appears 
inappropriate to include conditions such as these in DWR’s water rights. Also, imposing conditions on water 
right holders should be done in Phase 3 of the WQCP update, not Phase 1. The Temporary Barriers are 
installed to maintain water levels suitable for agricultural diversions within south Delta channels. The barriers 
are not intended to improve and have not shown improvement to the water quality within the channels, and 
DWR has been installing and operating the barriers under a 1990 settlement agreement with SDWA. 
Operation of the agricultural barriers should not be included in the conditions on DWR’s and Reclamation’s 
water rights, because they do not impact water quality and DWR agreed to install them voluntarily. 

K:14 45 State 
Regulatory 

Actions 
 

Section v,  
lines 1-7 

DWR will continue to install and operate the temporary barriers to mitigate for the SWP and CVP impacts to 
water levels in the south Delta, and to maintain and improve circulation to benefit agricultural diversions. 
However, the Board should not require the temporary barriers as a water right permit condition as part of the 
WQCP update because DWR has consistently demonstrated that the barriers are not responsible for water 
quality problems in the south Delta, nor can they be reliably configured to improve water quality conditions 
that might be present. Additionally, it is not clear to DWR why the Board is proposing to make DWR and 
Reclamation responsible for assimilative capacity for local sources of salinity in the south Delta. It seems that 
the Board is suggesting that DWR and Reclamation are responsible for diluting local agricultural and 
municipal discharges of high-salinity water, instead of regulating these dischargers to ensure their 
discharges do not increase the background salinity of the receiving waters. DWR has long recognized that 
major sources of high-salinity water flowing into Old River and adversely impacting water quality at the Old 
River near Tracy Road Bridge compliance station are Paradise Cut and Sugar Cut. The South Delta Salinity 
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study and report reinforces this understanding. Both cuts are dead-end channels that receive discharges 
from agricultural operations and municipal and State correctional facilities. Due to poor circulation in these 
channels, salinity builds up to extremely high levels that eventually flow out to Old River under specific 
hydrodynamic conditions. DWR and Reclamation have no ability to control these discharges and the 
circulation in these channels. Recent data during high flows on the San Joaquin River (SJR) indicate that 
even high flows of low salinity water down Old River from the SJR cannot assure that spikes that exceed the 
salinity objective at the Old River near Tracy Road Bridge compliance station will not occur.  

K:15 47 State 
Regulatory 

Actions 
 

Section iii and iv 

DWR recommends that the Central Valley Regional Water Quality Control Board use the NPDES and 
Irrigated Lands Regulatory programs to aggressively address the problem with high-salinity discharges into 
poor-circulation water bodies, such as Paradise Cut and Sugar Cut. The high-salinity content of the 
discharges is not adequately diluted by the receiving waters and concentrates within these channels to 
extremely high levels. Eventually, under specific hydrodynamic conditions, the high-salinity water in one or 
both of the cuts makes its way to Old River just upstream of the Old River at Tracy Road Bridge compliance 
station, often causing a spike in EC and possibly an exceedance of the EC objective. Flow objectives on the 
San Joaquin River with low salinity water will not always improve conditions in Old River near Paradise Cut 
and the Old River at Tracy Road Bridge compliance station as was observed during high flows in spring 2011 
(DWR oral testimony, March 20, 2011). Project export and barrier operations cannot change conditions in 
Paradise Cut that would change this situation. The South Delta Salinity Report confirms these findings. The 
Board’s plan for implementing the standards for salinity in the south Delta should include Delta diverters with 
agricultural drainage in the requirements for achieving the salinity standards in the reaches downstream of 
Vernalis. 

K:16 62 San Joaquin 
River Non-Non-

Flow Actions 
 

Section viii 
 
 
 
 
 
 

This conditioning on water rights limits the adaptive measures that DWR can utilize for Delta Smelt 
protections, and it was the OCAP Final Interim Relief Court Order on 12-14-07 that called for DWR to not 
install the Head of Old River (HOR) Barrier until after the Vernalis Adaptive Management Plan (VAMP) was 
completed.  
Under the heading Improve Fish and Water Barrier Programs, it is stated that “USBR, DWR, DFW, USFWS, 
and NMFS should develop and implement improvements to fish and water barrier programs,” including 
research, monitoring, and reporting of barriers and development and evaluation of barrier design to maximize 
benefits on native fish and wildlife and their habitat.  
 
There could be potential discrepancies between the WQCP and the NMFS and USFWS Delta BiOps. For 
example, the SED states that DWR’s water rights will be conditioned on continuing to operate the barriers. 
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 However, the NMFS 2009 BiOp, on page 205 regarding critical habitat for Green sturgeon, states that “the 

installation of the barriers under the South Delta Temporary Barriers Program (TBP) enhances the potential 
to delay movement and migratory behavior in the channels of the South Delta.” This issue also applies to the 
call for construction of pump stations and operable barriers in the south Delta to replace the temporary 
barriers that are used now. Reclamation, in coordination with DWR, has recently reinitiated consultation on 
the Delta BiOps and these issues could potentially be topics of the consultation.  
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(916) 653-5791 
 

 
March 29, 2013 
 
 
Jeanine Townsend 
Clerk of the Board 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, California  95814-0100 
 
Comments on the Draft Substitute Environmental Document for Phase 1 of the San 
Francisco Bay/Sacramento-San Joaquin Delta Estuary Water Quality Control Plan Update 
 
Dear Ms. Townsend: 
 
The Department of Water Resources (DWR) appreciates the opportunity to submit the 
following comments on the San Francisco Bay/Sacramento-San Joaquin Delta Estuary 
Bay-Delta Water Quality Control Plan (WQCP) update Phase 1 draft Substitute 
Environmental Document (SED) released by the State Water Resources Control Board 
(SWRCB) on December 31, 2012.  DWR finds portions of the SED to be well documented.  
However, for the reasons stated in this letter and the attached table of specific comments 
referenced to the SED, we suggest various revisions to the SED, to make it more factually 
accurate and legally consistent with provisions of the California Water Code.  Also, DWR 
participated at the recent hearing on this matter and its presentation materials are also 
attached. 
 
An overarching comment on the preparation of the SED is that the document, including its 
implementation plan, contains language assigning responsibility for portions of the WQCP 
to specific parties including DWR.  Such assignments should be reserved for the water 
rights hearing.  Because the WQCP update provides a foundation for the consideration of 
the implementation elements in a subsequent quasi-judicial proceeding, including 
language within the WQCP and SED that dictates a result during the subsequent water 
rights hearing is contrary to the procedural protections afforded to DWR and other affected 
water rights holders.  It is the position of DWR that all language assigning responsibility to 
a particular party or parties within the SED and proposed WQCP text should be removed.  
Furthermore, any specification of measures to protect beneficial uses that are related only 
to flows and water allocations should be postponed to the water right phase of the State 
Water Resources Control Board’s proceedings. 
 
With regard to San Joaquin River flow standards, DWR believes that the SED relies in part 
upon incomplete and out-of-date scientific information.  One consequence of this reliance 
is a mistaken conclusion that consensus exists about the benefits to fish species of the  
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rock barrier at the head of Old River (HORB).  Another consequence is that the SED fails 
to acknowledge that there are various regulatory agencies prescribing actions related to 
the HORB, which may lead to incompatible operational requirements.  Besides these 
corrections to the science, DWR continues to assert that unimpaired flow standards are 
currently ill-suited for real-time operations because some of the necessary data are not 
available in a timely manner.  Lastly, the SED does not adequately analyze the costs and 
benefits of reservoir storage losses, particularly where non-flow options exist and may 
achieve reasonable protection of beneficial uses. 
 
The SED contains inappropriate and erroneous information on water quality within the 
south Delta.  Including water levels within the WQCP and SED is inappropriate as water 
levels do not affect water quality.  As to the factors that do impact water quality, DWR has 
conducted years of data collection and analysis under D1641 as to the potential impacts of 
the State Water Project on south Delta water quality and south Delta hydrodynamics.  
Tremendous staff time and effort continue to be dedicated to gathering and validating 
information.  By virtue of these efforts and expenses, DWR and the SWRCB possess 
sufficient information to appropriately assign responsibility for south Delta water quality 
objectives.  Therefore, the SED should be modified to reflect the actual impacts of the 
State Water Project to south Delta water quality, namely that DWR’s operation of the State 
Water Project export facilities and the temporary barriers improves water levels for local 
water users, maintains net flows, improves circulation, and can improve water quality in 
the south Delta from what is otherwise naturally available. 
 
I. San Joaquin River Flow Standards 
SED Scientific Information Incomplete and Out of Date 
DWR brings to the attention of the SWRCB that much of the scientific information relied 
upon in the SED regarding fish is both incomplete and out of date.  All the scenarios 
considered within the SED are incomplete with regard to salmonids due to the lack of 
predation analysis, which is generally recognized as a primary cause of mortality for 
migrating juvenile salmonids.  The SED should consider additional information as it relates 
to historical salt water intrusion within much of the south Delta that limited perennial 
habitat for predators, like largemouth bass.  Additionally, the SED should consider 
information on the historical flood flows that inundated much of the south Delta and 
provided decreased predator densities and quality rearing habitat.  These two 
uncorrectable habitat modifications result in favorable conditions for predators.  Thus, 
without addressing the high predation rates in the south Delta, the expected benefits to 
fish of the proposed changes in the WQCP may not be realized.  Furthermore, the 
information presented in the SED on aspects of smelt, salmonids, and sturgeon is 
incomplete.  In the attached comment tables, the SWRCB will find specific instances 
where the scientific information on the various fish species should be updated to reflect 
current thinking.   
 
The SED fails to recognize the lack of consensus by regulatory agencies on the 
appropriateness of the HORB. Proposed requirements on HORB are, in part, inconsistent 
with existing and proposed regulations by other agencies also governing the Delta.  Any 
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inconsistencies between the various regulations can result in delay and disagreement over 
which is the controlling requirement at a given point in time.  Instead, the SWRCB should 
maintain its narrative goals of balancing the beneficial uses without requiring specific 
actions that may be inconsistent with other regulatory requirements.  In doing so, the 
SWRCB would maintain flexibility within the SED to work cooperatively with other 
regulatory processes. 
 
Also absent from the SED is analysis of drinking water constituents.  This is an important 
oversight to correct within chapter 5 of the SED.  For instance, the SED designates 
municipal and domestic supplies as a beneficial use but does not address constituents of 
concern such as organic carbon or bromide.  Again, the specific references to page and 
content are included in the attached comment table. 
 
Unimpaired Flow Standards Ill-Suited for Real Time Operations 
As previously discussed in the DWR comment letter submitted in May 2011, unimpaired 
flow criteria are not well suited for real-time operations.  While theoretically feasible, DWR 
believes that there are several hurdles that must be overcome before water project 
operators can use computed unimpaired flow for real-time operations.  The primary hurdle 
is that some of the necessary data are not available in a timely manner.  In some cases, 
this might be resolved through integrating the different data sources.  However, in many 
cases a solution requires development of new information or validation of current 
assumptions. 
 
Flow Only Approach is Inappropriate 
While DWR does not control storage along the San Joaquin River, it nonetheless 
questions the appropriateness of a “flow-only” approach to protecting fish and wildlife 
beneficial uses.  It is only through a careful analysis of flow and its intended benefits that 
the SED will adequately analyze how to protect beneficial uses.  Currently, the SED is 
inadequate in its analysis as to how unimpaired flow standards produce the benefits 
expected, and if balanced against the economic impacts of foregone water storage and 
use, whether non-flow options such as habitat restoration can more efficiently achieve the 
reasonable protection of beneficial uses.1  Furthermore, given climate change, an 
understanding is necessary of the mid to long-term feasibility of a “flow-only” approach. 
 
 

                                                 
1 DWR reiterates comments it has made to the SWRCB at previous hearings that the Porter-Cologne Water Quality 
Control Act is not intended to address non-quality driven characteristics, particularly where doing so impairs one 
beneficial use at the expense of another while other reasonable solutions remain available.  (see Water Code section 
13000.)  Thus, DWR questions whether: 1) flow objectives are appropriate in a water quality control plan, and 2) if 
considered appropriate, are flow objectives the best approach to efficiently manage the system to protect beneficial 
uses.  The SED, like the 1995 WQCP, has components that seem to depart from the basic purpose of the Porter-Cologne 
Water Quality Control Act and use it to control water-related phenomena that are better and more appropriately 
addressed in other contexts and statutory schemes.  DWR believes that the SWRCB appropriately stated this principle 
in its Standard Term E where waste discharge controls should be sought upon all substantial discharges prior to 
restricting the quantity of water diverted. 
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II. South Delta Water Quality Standards 
DWR recognizes and appreciates the hard work of the SWRCB and its staff in gathering a 
better understanding of the south Delta agricultural water quality standards.  At the same 
time, DWR believes that substantial misunderstandings remain about the hydrodynamics 
of the region, the extent of local sources of degradation, and the impact of the State Water 
Project.  These misunderstandings lead the SED to violate the general legal principle that 
the SWRCB has the power to regulate and protect beneficial uses, but mitigation imposed 
upon a party is required to be proportional to the impacts caused by that party.2 
 
A longstanding criticism of the WQCP as it relates to the south Delta salinity requirements 
is the failure to account for degradation between the Vernalis and interior south Delta 
compliance locations.  It is indisputable that local sources of degradation exist between 
these locations.  This lack of an assimilative capacity allowance ignores the facts that have 
been presented to the SWRCB. Currently the document suggests that an open-ended 
assimilative capacity suitable to absorb any and all pollution discharged by in-Delta 
sources is required.  This requirement is plainly not implementable.3  DWR does not have 
the power, nor should it have the responsibility, to limit in-Delta discharges.  This problem 
is illustrated below in the Paradise Cut 2011 study, which DWR presented to the SWRCB 
at the March 21, 2013 hearing.  An equally important concern is the absence of an 
adequate description of assimilative capacity within the SED.  Assimilative capacity is 
affected by flow direction, duration and magnitude relative to the characteristics of 
pollution discharged to that flow.  Hence, regulations imposing a requirement upon a party 
to maintain assimilative capacity without granting them control over the pollution being 
discharged will fail to control water quality in some cases.  What is notable about 
assimilative capacity is its lack of a relationship to water levels.  Water levels are not a 
metric by which assimilative capacity can be measured or affected, and the SED does not 
show otherwise.  In addition to these three foundational criticisms, DWR believes the SED 
fails to appropriately address south Delta water levels, flows, circulation and sources of 
water quality degradation. 
 
Water Levels 
DWR does not agree that water levels should be an objective of the WQCP, either as a 
numeric or narrative objective, or as part of a Program of Implementation.  The SED 
Program of Implementation prescribes objectives for water levels in the south Delta as an 

                                                 
2 This general legal principle is underpinned by the U.S. Supreme Court cases in Nollan and Dolan, and is stated 
concisely within the Racanelli case where the court stated, “The public interest in the projects requires that they be held 
responsible only for water quality degradation resulting from the projects’ own operations.” 
3 In fact, Water Rights Decision 1641 recognizes that with the temporary rock barriers DWR may not always be able to 
control water quality in the south Delta.  (D-1641 at pp. 8-12, 86-87.)  Given this recognition, the facts presented by 
DWR as to its ability to reasonably effect change through other methods, the clear indication that local sources are 
significantly degrading water quality, and the lack of responsibility placed upon those local sources by the SED, DWR 
cannot “assure” compliance with the water quality standards as called for in the SED plan of implementation.  As a 
consequence, practical experience would indicate the SWRCB is laying the stage for yet another cease and desist order 
against DWR.  However, the evidence in the record supports the position that such assurances are not implementable 
and therefore fail the tests required by the Robie decision. 
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element of assimilative capacity of the channel and requires the SWP and CVP develop 
performance goals and monitoring for water levels.  As noted above, assimilative capacity 
is not related to water levels.4  Water depth or, more specifically, water volume in a 
channel is a better indicator.  For example, Middle River water levels might be similar to 
Grant Line Canal, but because Middle River is shallow due to the natural accumulation of 
sediment, the capacity for Middle River to assimilate saline discharges from agricultural 
operations is much less than in Grant Line Canal, where depths are much greater and 
flows are higher.   
 
DWR installs the temporary barriers to increase water levels on the lower tides to mitigate 
for SWP and CVP export operations impacts to those south Delta water levels.  Monitoring 
of water levels by DWR is for the purpose of maintaining a target water level in the 
channels upstream of the barriers by closing or raising the weir height or manipulating 
culvert flap-gates.  Thus, because water levels are not a component of or impact to water 
quality, the barriers are not legitimately included in the WQCP, and operationally are ill 
suited for purposes of maintaining or improving water quality. 
 
Furthermore, imposing water level performance goals for the purposes of addressing 
water quality would be unreasonable because the barriers are not designed to be operable 
in real-time.  The barriers can generally maintain at least 0.0 feet MSL water levels on all 
three channels above the barriers when all the culverts are fully tidally operated (not tied 
open).  This target water level has long been acceptable by SDWA as adequate for 
agricultural diversions, and is over two feet better on the low tide than would be present 
absent the barriers and SWP/CVP exports.   
 
South Delta Flow 
As previously mentioned, flow is associated with assimilative capacity.  However, DWR 
does not impair net flows in the south Delta.  DWR is concerned that the SWRCB staff has 
erroneously extracted data from the South Delta Improvements Program EIR/EIS (Vol. 1b: 
Chapter 5), and used that data to portray the SWP/CVP export and temporary barriers as 
adversely impacting flows in the south Delta, thereby decreasing assimilative capacity to 
dilute local discharges.  For example, SWRCB staff extracted data from table values of 
acre-ft/day instead of the appropriate values of cubic feet per second.  This error portrays 
the exports and barriers as having a detrimental impact on channel net flows.  A closer 
inspection of the referenced Table 5.2-4 shows that the net flows in each of the south 
Delta channels modeled were substantially the same between the “no pumping/no 
barriers” and “full pumping/ barriers” conditions.  While it is true that full operation of the 
barriers reduces the magnitude of the tidal flux (flood and ebb tides) upstream of the 
barriers, the net flows during the day remain about the same.  Net flow is the most 
important factor in diluting and transporting high salinity local discharges. 

                                                 
4 Water levels do not further the Porter-Cologne Water Quality Control Act objective to protect water quality.  Thus, 
water levels fall outside the “impact on the beneficial uses of water” language used by the court to justify SWRCB 
regulation of flows.  Instead, water levels potentially pose a water access issue, but such problems are properly dealt 
with in a water rights permit and not a Water Quality Control Plan. 
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In addition, the SED indicates that the impact of the temporary barriers on tidal flux is 
greater than what actually occurs by stating that the barriers block the flood tide 
completely until the water level reaches the height of the barrier weir at which point 
upstream flow begins.  To be clear, this is not true.  The barriers are designed and 
constructed with either six or nine 4-foot diameter culverts that allow the flood tide to flow 
through the culverts and upstream well before the weir flow begins.  This design operates 
as intended by reducing the impact of the barriers on the flood tide so that filling of the 
channels upstream of the barriers would be minimally restricted.  The culverts and the 
different heights of the barriers weirs together help create unidirectional net flow upstream 
of the Old River and Middle River barriers and downstream past the Grant Line Canal 
barrier. Consequently, the normal tidal operation of the barriers maintains net flow.  
SWRCB also has unrefuted evidence that the barrier operations help to reduce stagnant 
reaches upstream of the barriers, particularly on Old River where stagnant areas naturally 
occur in summer months without SWP/CVP exports and barrier operations. 
 
Circulation 
DWR believes that flow direction and magnitude, i.e., “circulation” should not be an 
objective of the WQCP, either as a numeric or a narrative objective, or as part of the 
Program of Implementation.  Circulation in the south Delta is a complex and ever-changing 
sum of inflows from upstream sources, SWP/CVP exports, tidal flux, local 
agricultural/municipal diversions and discharges, and channel gains/losses to 
groundwater.  The instantaneous flow at a given location changes rapidly due to these 
influences and is difficult to predict.  More importantly, controlling circulation in real-time is 
not possible given the limits of SWP/CVP export and temporary barrier operations and 
lack of control over tidal flux, groundwater exchanges, and local agricultural/municipal 
withdrawals and returns that will vary unpredictably.   
 
Over 20 years of monitoring the operations of the temporary barriers has shown that, while 
not their primary function, the barriers generally improve circulation upstream of the 
barriers when fully operating during the summer months to benefit local agriculture.  
However, the barriers are not a panacea for all water quality problems that occur in the 
south Delta.  Neither barriers nor exports can significantly influence the buildup of high 
salinity discharges in channel water of dead-end sloughs such as Paradise Cut and Sugar 
Cut.  A dramatic illustration of the effect high salinity flows from Paradise Cut can have 
upon the EC measurements at the Old River at Tracy Road Bridge compliance station was 
presented to the SWRCB on March 21, 2013.  High salinity flows from Paradise Cut make 
their way into Old River under certain tidal conditions and dramatically increase the salinity 
EC measurements at the compliance station—often resulting in an exceedance of the 
station objective.   
 
In addition, recent modeling performed by DWR and provided to the SWRCB shows that in 
a 21-year period, stagnant or “null zones” (zero net daily flows) are rare and infrequently 
occur in the south Delta at about the same rate under “no export/no barriers” conditions 
when compared with historical exports and barrier operations.   



Jeanine Townsend 
March 29, 2013 
Page 7 
 
Given that the data clearly demonstrates circulation in the south Delta is not made worse 
by SWP export operations and the temporary barriers operation can improve circulation, 
the SWRCB cannot legitimately require DWR to meet circulation objectives and monitoring 
requirements. 
 
Salt and Contributions to Water Quality Degradation 
As indicated above, DWR does not cause degradation of water quality in the south Delta 
through manipulation of water levels and flows.  Furthermore, DWR is not a source of 
saline discharges to the south Delta.  In fact, Water Rights Decision 1641 recognizes that 
SWP exports decrease local salinity.  Neither its exports nor barriers operate in a manner 
that would lower water quality from that naturally available.  To the extent that the SWRCB 
wishes to reduce salt in the system it must address the significant local sources of 
pollution.  Absent such an approach, San Joaquin River flows will not necessarily assure 
water quality. 
 
A prime example of this principle is the 2011 Paradise Cut study presented to the SWRCB 
on March 21, 2013.  This study provides the SWRCB fairly conclusive information that 
local sources of salinity are triggering violations of the south Delta salinity objectives, and 
these violations are not due to any lack of reasonable assimilative capacity within the 
watershed.  To summarize, through the spring of 2011, San Joaquin River flows were well 
above normal.  Consequently water levels, flows, circulation and incoming salinity were 
excellent.  As a result, assimilative capacity could not reasonably get any better.  
Beginning around March 25 and continuing until around May 10, low salinity water entered 
Paradise Cut directly from the San Joaquin River.  .  Shortly after March 25th, salinity at 
the Old River at Tracy Road Bridge compliance location saw a rapid increase in salt.  As 
the flood flows continued and excellent incoming water quality persisted, EC within 
Paradise Cut and at the Old River at Tracy Road Bridge compliance location diminished to 
roughly the low levels of the incoming San Joaquin River.  However, despite this thorough 
flushing of Paradise Cut, EC levels rapidly returned to a significantly high level as these 
flood flows decreased and water ceased to flow directly from the San Joaquin River into 
Paradise Cut.  The return to high salinity within Paradise Cut was accompanied directly by 
increased salinity levels at the Old River at Tracy Road Bridge compliance location.  The 
data is clear, Paradise Cut discharges to the south Delta are a direct cause of significant 
salinity reaching the Old River compliance station and has and will continue to cause 
exceedances at that station.  
 
It is not clear to DWR why the SWRCB is proposing to make DWR responsible for 
assimilative capacity for local sources and evapo-concentration of salinity in the south 
Delta.  It seems that the Board is suggesting that DWR is responsible for diluting local 
agricultural and municipal discharges of high-salinity water, instead of regulating these 
dischargers to ensure their discharges do not increase the background salinity of the 
receiving waters.  As shown above, DWR has long recognized that a major source of high-
salinity water flowing into Old River and adversely impacting water quality at the Old River 
near Tracy Road Bridge compliance station is Paradise Cut and Sugar Cut.  Both cuts are 
dead-end channels that receive discharges from agricultural operations and municipal and 
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State correctional facilities.  Due to naturally poor circulation in these channels, salinity 
builds up to extremely high levels that eventually flow out to Old River under specific 
hydrodynamic conditions.  DWR has no ability to control these discharges or the 
circulation in these channels.  Recent data during high flows on the San Joaquin River 
indicate that even high flows of low salinity water down Old River cannot assure that 
spikes of salinity in excess of the salinity objective won’t occur. 
 
The SWRCB has some options for resolving south Delta salinity issues.  For instance 
DWR recommends the Central Valley Regional Water Quality Control Board utilize the 
NPDES and Irrigation Lands Regulatory programs to aggressively address the problem 
with high-salinity discharges into poor-circulation water bodies, such as Paradise Cut and 
Sugar Cut. In addition, locals, including agricultural diverters, reclamation districts and 
water agencies, can take advantage of programs and sources of funding, some of which 
are listed in the SED, and other that may be available through DWR bond-funded local 
assistance programs.  Local agricultural diverters can also look to farming practices 
elsewhere that are successful at reducing salt impacts, such as the Suisun Marsh 
Preservation Agreement. 
 
Increased Responsibility for DWR in Proposed Water Quality Alternatives 
The objectives for the proposed alternatives include meeting water quality objectives 
throughout channel reaches rather than at the previously specified compliance locations 
within Water Rights Decision 1641.  Such an approach to monitoring water quality places 
additional responsibility on DWR to control for in-Delta diversions and discharges, factors 
DWR cannot influence.  Flows downstream of the compliance locations at Old River at 
Tracy Road Bridge and Old River at Middle River are naturally low.  Even with the water 
level benefits associated with the temporary barriers program, current modeling indicates 
that almost all the incoming flow is diverted by in-Delta uses and the reduced amount of 
water returned to the channels is of worse water quality.  Therefore, controlling for water 
quality within channel reaches is more difficult and costly.  Regardless, however, DWR 
believes it should not have the responsibility to ensure water quality within the south Delta. 
 
Monitoring 
DWR emphasizes to the SWRCB that data on south Delta diversions and discharges are 
not available.  DWR does not have the authority to compel production of this information.  
Without knowing the quantity and quality of water use in the region, monitoring lacks 
usefulness.  Thus, while DWR has done extensive modeling of the area to characterize 
the spatial and temporal distribution of water within the south Delta, an essential set of 
inputs to improving the simulations is the operation of local irrigators.  DWR must know the 
rates, timing, and duration of agricultural diversions and returns and the quality of the 
return flows.  The SED requires DWR and Reclamation to submit a plan after six months 
of meetings and, assuming the plan is approved, implement the plan.  DWR and 
Reclamation do not have the authority to require diverters to regularly measure and report 
their diversions and returns (quantity and quality).  The SWRCB does have this authority, 
and should recognize the need to take a stronger stance toward in-Delta reporting. 
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If the SWRCB does not change the SED monitoring requirements, monitoring will remain 
incomplete.  Purposefully incomplete information should not be used to make regulatory 
decisions, and no legitimate action could be taken based upon such unbalanced 
monitoring.  However, where the SWRCB does incorporate south Delta diverters in the 
monitoring and reporting requirements, DWR has the expertise and programs that can 
assist local water users. 
 
Once again, DWR appreciates the opportunity to comment on the draft SED and looks 
forward to working further with the SWRCB in this process.  If there are any questions on 
these comments or you would like additional information, please contact me at  
(916) 653-8045. 
 
Sincerely, 
 

 
Paul Helliker 
Deputy Director 
 
Attachments 
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Attachment 
California Department of Water Resources 

Review Document Comment Form 
 
Document: Draft Substitute Environmental Document in Support of Potential Changes to the Water Quality Control Plan 
for the Bay-Delta: San Joaquin River F0lows and Southern Delta Water Quality 
 
Date:  March 28, 2013 
 
Comment 

# 
Page # Section # Comment 

General Comments: 

1   The executive summary and following chapters start with an existing condition that 
assumes that DWR and USBR have control over the water quality in the southern 
Delta. Operations of DWR do not significantly degrade or improve salinity in the 
South Delta. Yet in the existing condition and the alternatives, DWR is held 
responsible for controlling that salinity.  The second alternative provides a 
“relaxation” of the 0.7 EC objective to 1.0 at the interior South Delta in the 
Summer months and maintaining the 0.7 EC at Vernalis. The focus of this change 
is due to the report on salinity needs for crops in the South Delta not because 
there is an acknowledgement that DWR cannot control  the salinity levels in the 
interior South Delta. The third alternative would move the salinity standard to 1.4 
EC. 
 
During the other months of the year, when barriers are not in operation, the 
objectives  are equal to 1.0 at Vernalis and the interior stations. If Vernalis is 1.0 or 
greater, degradation at the interior stations will happen and that degradation is not 
caused by DWR operations. 
 

2   There are no Delta modeling studies that examine how DWR and USBR have 
caused or impacted the salinity degradation in the interior South Delta included in 
the SED.  DSM2 studies results are taken from the SDIP program (chapter 5 of 
SED) but do not address the degradation. 
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3   Relationships between Vernalis flow and water quality at the current objective 
locations are developed within the document and used to show that there are 
fewer occurrences of water quality violations with higher San Joaquin flow 
alternatives. Since the proposed water quality alternatives are looking at water  
quality along channel reaches and not at specific locations, this analysis needs 
some additional work. 
 
Relationships between Vernalis flow and salinity at the current objective locations 
are developed in Appendix F.2 (Section F.2.1.4) and are referenced within the 
main body of the SED (chapter 5). The regressions have a fair amount of scatter 
which reflects times when at a particular Vernalis flow the salinity may be higher or 
lower than what is indicated by the regression equation. A buffer value is added to 
account for the scatter. 
 
Below are some comments concerning this approach. Slide 14 in 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_
srjf/sjr/docs/dwr_flows_salinity010611.pdf shows 30 day running average graphs 
of Vernalis flows (lavender shading), DSM2 Old River at Tracy flows (black 
shading), Vernalis EC (blue line), and Old River at Tracy EC (black line). 
Generally when there is an increase in Vernalis flows, there is an improvement in 
salinity at Vernalis but not in all cases. Water quality in July and August of 2008 
when there is lower flow (slightly less than 1000 cfs) is similar to water quality in 
December 2006 – March 2007 when flows are closer to 2500 cfs. This will be 
reflected in the scatter of the regression developed in Appendix F.2.       
 
Increased flow, without significantly improved water quality at Vernalis will not 
greatly impact the water quality in the Middle River reach and the Old River reach 
due to smaller flows in the two channels even at higher Vernalis flows.  Data and 
modeling simulations show that a large increase in Vernalis flow will not result in a 
proportional increase in flow in Old and Middle Rivers. The additional flow will 
move down Grant Line Canal. Flows move on average (without barriers) from 
upstream to downstream on Old and Middle River. The current objective locations 
are upstream in the channel reaches. Slide 14 shown in the link above shows that 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
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increasing flows at Vernalis (lavender shaded area) does not result in a 
proportional increase in flow at Old River at Tracy (black shaded area) due to the 
limited flow ability of the channel.    Changes in flows are impacted by the barriers 
with the Head of Old River Barrier having the most significant effect on direction of 
flow.  With or without barriers, flows in Old River are on the order of a few hundred 
cfs. Due to that lower flow, consumptive use on Old River and agricultural return 
quality will have a larger impact on the water quality moving through Old River. 
 
For example, for the channel reach from Old River at Tracy west to just beyond 
the Old River barrier location, the average July (2007-2011) estimated diversion is 
225 cfs, a large percentage of the total flow moving through the channel. The 
seepage into the island is estimated at 11 cfs and the drainage back into the 
channel for the reach is 82 cfs with an estimated EC of 739 umhos/cm. During 
winter months, such as January, the EC is estimated to be 1352 umhos/cm.  In 
addition, for higher flows, flow may be moving from the San Joaquin River into 
Paradise cut which may be flushing out concentrated salinity and peaks of higher 
EC may affect the channel reach.  Because of this lower flow in Old and Middle 
Rivers, even with higher SJR flow at Vernalis, water quality at Vernalis is 
significantly more important than flow amount in the SJR on water quality values in 
the interior of the South Delta. In order to offset the impact of in-Delta sources 
along the whole channel reach, the water quality at Vernalis would have to be 
appreciably better than the current or proposed objectives.  
 

4   Suggest adding additional description or explanation of climate change and the 
changing landscape that would result in sea level rise.  The SED does not address 
or discuss climate change.   
 

Executive Summary: 
1 ES-6  “Elevated salinity is caused by … diversion of water by the…SWP…”  Diversion of 

water by the SWP does not cause higher salinity in the south Delta.  Please see 
subsequent technical comments.  

2 ES-7  With regards to providing low lift pumps to meet water quality objectives.  DWR 
has analyzed this concept and reported that it was not “reasonable” given the 
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costs and the small improvement in reducing water quality exceedances at the 
south Delta interior compliance stations.  If the SWRCB increases the salinity 
objective to 1.0 dS/m EC, the need for low lift pumps is further unjustified.   
 

3 ES-15 ES 5.5 This section states the Department is required to design a comprehensive 
operations plan to address the effects of CVP and SWP pumping operations on 
assimilative capacity in the southern Delta. This statement assumes that there is a 
causation of water degradation by DWR pumping with no supporting evidence in 
the SED document. 
 

4 ES-45    Low Lift pumps are put forward as a possible solution within the document. Low 
Lift pumps have not been determined a viable alternative. Even with the larger 
pumps, water quality objectives could not be met within the modeling studies. 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs
/lhscs_rpt.pdf .  The conclusion of the report, “Low Head Pump Salinity Control 
Study” April 2011, is attached. 
 

Chapter 2:  
1 2-32 2.6.1 The Grant Line Canal is not two parallel canals (Fabian and Bell canals).  The 

Grant Line Canal is a separate canal and the other canal parallel to Grant Line 
Canal is the Fabian and Bell Canal.  The Fabian and Bell Canal is a single 
channel, not two.  The Fabian and Bell Canal is named after the two 
merchants/farmers who partnered to dig the canal in the late 1800’s after a 
dispute with the owners of the Grant Line Canal over access. 
 

2 2-32 2.6.1 Exports are described as pulling water across the Delta upstream. This is how it 
appears to be if flows are averaged over a tidal day. What is actually happening 
for SWP exports is that tides provide the biggest energy moving the fresher water 
upstream with a very small increase in flow due to exports. CCFB captures that 
water after the peak water level of the flood tide and less water makes it back 
downstream on the ebb tide.  
 

3 2-32 2.6.1 “This represents an average tidal flow of about 3,500 cfs flowing into these 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/lhscs_rpt.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/lhscs_rpt.pdf
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channels during the flood tides (for about 12 hours each day) and about 3,500 cfs 
flowing out during the ebb tides.”  Tidal Flows into Old River are closer to 100 cfs 
as indicated in section 5.2.7.  More concentrated water quality impacts occur 
when diversions/and drainages are of the same magnitude. 
 

4 2-36, 37 2.6.4 The SED states that the LSJR flow at Vernalis has a large effect on the salinity at 
Vernalis and the South Delta. As stated in the general comments, for the water 
quality alternatives, DWR will be held responsible not just for the current objective 
locations but for EC in reaches of channels. Due to the lower flow of Old and 
Middle Rivers, the in Delta sources of diversions/returns and EC will have a larger 
impact to the water quality regardless of the increase in Vernalis flows.  The water 
quality at Vernalis would have to be significantly improved in order to meet the 
newer objectives or even if at an extremely improved EC, the alternative water 
quality objectives along the channel reach may not be reached due to a large 
impact by in Delta sources,  The water quality over the flow amount makes has 
the biggest influence on water quality in Old and Middle Rivers.  
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_
srjf/sjr/docs/dwr_flows_salinity010611.pdf,  Slide 14 
 
The SED states that higher CVP and SWP pumping also have a large effect on 
southern Delta salinity as higher pumping brings more Sacramento River water 
across the Delta to the export pumps and results in lower salinity. Better 
Sacramento water quality can make it into the south Delta area (Old and Middle 
River) when barriers are operating. This water is also mixed with water from the 
ocean and other inflows. The amount of water tidally pumped into the South Dela 
is limited since the barriers are rock with culverts and the tidal flows into Old River 
for example, are relatively small, on the order of a hundred or less cubic feet per 
second. With higher SJR flow and no barriers, tidal impacts are considerably less. 
 

5  General 
comment 

This chapter did not seem to address the role of climate change or sustainability. 

6  General 
comment 

Although municipal and domestic supplies were designated as beneficial uses of 
water for community, military, or individual water supply systems including drinking 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
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water supplies, chapter 5 did not address any drinking water constituents of 
concern for example, organic carbon or bromide. 
 

Chapter 5:  
1 5-33 5.2.7, para. 3, 

line 5 
7,000 cfs should be 5,000 cfs.  The spring HOR barrier is not installed if the SJR 
flow is above 5,000 cfs.  Once installed, it can remain in place during flows up to 
about 8,000 cfs. 
 

2 5-32 5.2.7 These studies come from work done a few years ago. There have been changes 
in the operational design of the barriers that will impact the results slightly.  
 

3 5-34 5.2.7 Consider adding a percentage and a source the percentage is based on to the 
sentence “The combined pumping is almost always greater than the SJR flow at 
Vernalis”. 
 

4 5-37 Paragraph 2 The text describing the water levels above and below the Old River barrier is not 
correct.  The text currently says “The minimum tidal elevations were -1.0 feet 
downstream of the barrier, and were increased to +1 feet MSL when the barrier 
was installed (with culverts open) in early April. The minimum elevations were 
increased to feet MSL when the culverts were closed in early June (after the 
VAMP period). The effect of the temporary barrier on minimum tidal elevations 
(MLW) was an increase of about 2-2.5 feet.”  It should be changed to read “The 
minimum tidal elevations were between 0.0 and -1.0 feet downstream of the 
barrier, and were increased to between 0.0 and +1 feet MSL above the barrier 
when the barrier was installed (with culverts open) in early April. The minimum 
elevations were increased to between 1.0 and 2.0 feet MSL above the barrier 
when the culverts were closed in early June (after the VAMP period). The effect of 
the temporary barrier on minimum tidal elevations (MLW) was an increase of 
about 2 feet above the barrier.” 
 

5 5-37 Para. 2, last 
sentence 

The net flow in Old River with temporary barriers is NOT greatly reduced, in fact, it 
is almost identical to no barrier/no export net flow.  The maximum flows of the 
flood/ebb flows are greatly reduced, but the net flow remains about -70 cfs.   Per 
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SDIP EIR/EIS Section 5.2-31, Table 5.2-4. 
 

6 5-38 Para. 1, lines 
12-13 

Downstream flow was 675 cfs NOT 1,340 cfs.  The 1,340 number is the af/day, 
not flow.  Upstream flow was -746 cfs NOT -1,480 cfs.  The -1,480 number is also 
the af/day, not flow.  See SDIP EIR/EIS Section 5.2-31, Table 5.2-4. 
 

7   5.4  The impact analysis uses two modeling tools, CALSIM II and WSE. CALSIM II 
was used to simulate the baseline condition, and the WSE was used to simulate 
the LSJR alternatives. The impact analysis was conducted by comparing the 
results of baseline and LSJR alternatives (i.e. evaluating the differences between 
baseline and LSJR alternatives). 
 
The traditional way to perform this type of impact analysis is to use the same 
modeling tool to simulate the baseline and the alternatives, and then compare the 
results, so all the other assumptions are “canceled-out” to focus on the effects of 
alternatives. In the SED, there is no description explaining why using two different 
tools (one for the baseline simulation and another for the alternatives) is an 
appropriate method of analysis. 
 

8 5-40 Para. 1, lines 
2-4 

Incorrect figures for flows.  680 cfs should be 343 cfs, and -712 cfs should be -359 
cfs.  The larger figures are af/day, not flow.  The net flow was NOT increased, but 
decreased from -71 (no pumping, no gates/barriers) to -17 (full pumping, no 
gates/barriers).  The minus sign (-) indicates flow direction, not increase/decrease. 
 

9 5-42 Para. 1, lines 
8-9 

Although this text was taken from the SDIP EIR/EIS, it’s misleading.  While 
upstream flow OVER the weir does not take place until water levels downstream 
reach 2.0 feet MSL, the text suggests the barrier is blocking the flood tide 
completely until that level is reached.  This is not true.  The Old River barrier 
contains nine 4-foot diameter culverts that have flap gates on the upstream end of 
the culverts.  These flap gates open on the flood tide to allow tidal flow through 
these culverts, well before the tide reaches the level of the weir when weir 
overflow begins.  All three barriers on Middle River, Grant Line Canal, and Old 
River operate this way; however Middle River and Grant Line barrier contain six 
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culverts instead of nine.  These designs were intentional to ensure unidirectional 
net flows upstream on Old River and Middle River and downstream on Grant Line 
Canal barrier.  The normal operation of the temporary barriers reduces the 
number of stagnant or “null zones” above the barriers compared with no 
barriers/no exports. 
 

10 5-42 Para. 1, lines  
16-17 

The statement that “the TBP may also cause increased salinity in channels 
upstream of the barriers” is false.  The normal operation of the TBP barriers 
reduces the occurrence of stagnant or “null zones” when compared with no 
barriers/no export conditions.  When DWR manipulates the culvert operations 
under specific tidal conditions, improved circulation is provided to further reduce 
the possibility of null zones and reduce localized poor water quality conditions; 
however the improved circulation reduces water levels upstream of the barriers 
which may not be tolerable for local agricultural diversion operations, depending 
on ag demand at the time.  DWR coordinates culvert operations with SDWA to 
determine whether water levels or circulation is more important. 
 

11 5-49 Para. 1, last 
sentence 

This statement about the Old River at Tracy Blvd Bridge not accurately indicating 
the salinity of the water being supplied to Old River is true and is a key reason this 
station should not be a compliance station for south Delta salinity objectives.  
Historically this station poorly reflects the water quality being supplied to the south 
Delta but has been used by the SWRCB to compel the SWP and CVP exporters 
to change operations to somehow effect an improvement in water quality at this 
station, or face regulatory actions including fines and ceasing export operations.  
DWR and the USBR have long explained to the SWRCB that exceedances at this 
station are adversely impacted by local high salinity discharges, particularly in 
Paradise Cut, that under certain tidal and flow conditions will cause spikes in 
salinity measurements at this station.  These spikes cannot be influenced or 
controlled by SWP and CVP operations. 
 

12 5-63 Para. 3, lines 
3-5 

Assimilative capacity is not related to water levels but to water depth or more 
specifically, the volume of water in a channel.  For example, water levels in Middle 
River and Grant Line Canal can be at the same level, such as 1.0 feet MSL, but 
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the assimilative capacity is dramatically different.  This is because Middle River is 
much shallower and carries much less flow than Grant Line Canal.  Water level 
objectives are only meaningful for south Delta agriculture for diverting water on 
low tides, but are not a meaningful surrogate for water quality. 
 

13  General 
comment 

Assessments only indicate whether alternative management plans cause a 
significant negative impact compared to baseline and do not indicate whether or 
how much alternative management plans will result in improved population 
numbers or survival. Restoration of a more historical, dynamic hydrograph would 
generally be expected to benefit native aquatic species by improving native 
species habitat through natural processes. However, all the scenarios considered 
were missing two related components that may be necessary to relieve what is 
generally recognized as a primary cause of mortality for migrating juvenile 
salmonids: predation in the South Delta. The first missing component is the 
reestablishment of historical low flows in late summer/early fall that allowed salt 
water intrusion into much of the South Delta; salt water intrusion would diminish 
perennial habitat for (and therefore densities of) obligate fresh water predators like 
largemouth bass. The second component is reestablishment of extreme high flows 
during late-spring/early summer snow melt that historically transformed much of 
the South Delta into an extensive freshwater marsh. These floods would dilute 
predator densities and provide quality rearing habitat for migrant juveniles. Neither 
of these components are currently possible because of the need to maintain low 
salinities for south Delta water withdrawals and the need to protect suburban 
developments in historical flood zones. Without addressing high predation rates in 
the South Delta, the potential benefits to fish of the proposed changes to the water 
quality control plan may not be fully realized. 
 

Chapter 7: 
1 7-10 Green 

sturgeon 
location 

Green sturgeon location description needs to include the San Joaquin River.  The 
publication using CDFW and USFWS has not been published. 

2 7-10 Green 
sturgeon 

The habitat description for Green Sturgeon should clarify that 8 – 14 centigrade is 
the spawning temperature range.  Adult habitat temperature can be as high as 22 
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habitat centigrade as commonly seen on the Feather River. 
 

3 7-10 Delta Smelt 
Habitat 

The habitat description for delta smelt is outdated & we can’t really state with 
much certainty what smelt “prefer”.  Delta smelt are common in the low salinity 
zone (1-6 ppt), but also frequently occur in freshwater areas such as Cache 
Slough Complex (Sommer et al. 2012).  
 

4 7-11 Sacramento 
Splittail 

Actually, there is a recreational fishery for splittail.  The description of splittail 
habitat is outdated.  It should say:  “Spawn among submerged and flooded 
vegetation in sloughs, river channels, marshes, and seasonal floodplain. “  
 

5 7-13 Striped bass 
habitat 

Better to say “rivers” than “streams”  

6 7-13 White 
sturgeon 
location 

The location of the White sturgeon needs to include the San Joaquin River.  White 
sturgeon are frequently caught in the San Joaquin River and eggs have been 
recovered (CDFW, USFWS, publications pending) 
 

7 7-14 American 
shad location 

Shad also occur in tributaries such as Yuba, American, and Feather Rivers. 
 

8 7-16 Paragraph 4 Omits one population of Spring-run Chinook salmon on the Sacramento River; 
Butte Creek should be included. Following removal of the PG&E dams above the 
hatchery, a record return of Spring-run occurred on Butte Creek in 2012.  
 

9 7-17 Second to last 
paragraph 

Might add that steelhead juveniles also use seasonal floodplain (Sommer et al. 
2001). 
 

10 7-18 Green 
sturgeon  

paragraph 4 

The biology of juvenile green sturgeon has not been well studied. 

11 7-18 Green 
sturgeon  

Paragraph 5 

This sentence is confusing.  How can fish rear for 1-4, but only during summer 
and fall? 

12 7-19 Paragraph 2  It is wrong that delta smelt migration begins in Sept-Oct.  Their migration 
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coincides with first flush, which typically occurs December-March (Sommer et al. 
2012). Also, the spawning distribution is outdated.  It should include the north 
Delta and Cache Slough Complex, both MAJOR spawning areas. 
 

13 7-19 Paragraph 3 Outdated.  Only some delta smelt are transported to the low salinity zone.  There 
is actually much more variability in their behavior.  For example, some larvae 
choose to remain in freshwater (Sommer et al. 2012).  Also, consider deleting the 
last sentence since it is so outdated.  Even if it still applies, the stated mechanism 
may be totally wrong.  Growth often slows down as fish get older—this is a simple 
allometric effect.   
 

14 7-19 Paragraph 4 The description of smelt diet is outdated.  As described in Moyle (2002), the diet of 
smelt includes zooplankton, but is surprisingly diverse. 
 

15 7-19 Paragraph 5  The last reference should be reviewed as—it applies to salmon, not necessarily 
delta smelt. 
 

16 7-20 Longfin smelt, 
second 

paragraph 

Longfin smelt are also found throughout the legal Delta including Yolo Bypass. 

17 7-20 Longfin smelt, 
third paragraph 

The sentence regarding spawning – CDFW surveys have shown that spawning 
occurs over a larger area.   

• http://www.dfg.ca.gov/delta/data/longfinsmelt/documents/LongfinsmeltFactSheet_July09.pdf 
• http://www.fws.gov/cno/es/speciesinformation/Longfin%20Smelt%2012%20month%20finding.pdf 

18 7-20 Longfin smelt, 
second 

paragraph 

It is wrong that longfin smelt are rare upstream of Rio Vista.  They are relatively 
common in Cache Slough Complex (CDFW, unpublished data) and in lower Yolo 
Bypass (Sommer et al. 2003). Should also note that longfin distribution includes 
the Pacific Ocean (Rosenfield and Baxter 2008). 
 

19 7-20 Longfin smelt, 
third paragraph 

Based on 20 mm Survey distributions and Hobbs et al. 2010, spawning is much 
broader than suggested here.  For example, they are common in the north Delta, 
and Napa River. 

http://www.dfg.ca.gov/delta/data/longfinsmelt/documents/LongfinsmeltFactSheet_July09.pdf
http://www.fws.gov/cno/es/speciesinformation/Longfin%20Smelt%2012%20month%20finding.pdf
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20 7-20 Longfin smelt, 
last paragraph 

This whole paragraph is very outdated.  We now understand that splittail 
abundance is primarily driven by access to upstream floodplain habitat (Moyle et 
al. 2004; Sommer et al. 2007), not salinity intrusion. 
 

21 7-21 Sacramento 
splittail diet 

Sentence regarding Sacramento splittail diets.  The Sacramento splittail has a 
wider diet than what is depicted in the description.   
http://www.escholarship.org/uc/item/61r48686#page-2 
 

22 7-21 Paragraph 3 This discussion is very outdated.  See Sommer et al. (2008) for an updated 
understanding of juvenile splittail behavior.  Their behavior changes substantially 
on a diel basis, and as they grow older. 
 

23 7-21 Paragraph 4 Ditto.  Splittail don’t feed almost exclusively on mysids.  Please update this text 
based on Feyrer et al. (2003). 
 

24 7-25 Paragraph 2 Footnote three makes it seem like striped bass only live near 2 ppt.  This is 
wrong—their larval distribution is much broader.  It is true, however, that juvenile 
production is typically better in wetter years.  The center of juvenile striped bass 
distribution is affected by the position of the salt field as indexed by X2 (Dege and 
Brown 2003; Sommer et al. 2012).  However, young striped bass have a relatively 
broad distribution across the low salinity zone and freshwater tidal habitat.  X2 has 
at least a modest effect on annual production of young striped bass, although in 
recent years the effect has become muted (Sommer et al. 2007). 
  

25 7-25 Paragraph 3 Striped bass are a major source of mortality to fishes throughout the delta, not just 
at the SWP. 
 

26 7-25 White 
sturgeon, 

third 
paragraph 

Include the San Joaquin River.  USFWS has recovered white sturgeon eggs in the 
San Joaquin River.  (Zac Jackson, Anadromous Fish Restoration Program/San 
Joaquin River Restoration Program US Fish and Wildlife Service has led these 
studies.) 
 

27 7-28 Table 7-4 Not sure what the Rosenfield and Baxter (2007) reference is.  Staff is aware of 

http://www.escholarship.org/uc/item/61r48686#page-2


13 
 

Comment 
# 

Page # Section # Comment 

their 2008 publication, but it is for longfin smelt, not any of these fishes. 
 

28 7-44 Diversion and 
Entrainment, 
paragraph 4 

The second sentence claims that exports outside of the range tested by Newman 
and Brandes (2008) could affect salmon.  This may be true, but the sentences that 
follow do not logically support that statement (as claimed in the text).  Just 
because exports affect OMR flows (Sentence 3), doesn’t mean that exports 
outside of the 2008 study could affect salmon. 
 

29 7-45 Paragraph 5 Sentence 5 should acknowledge that there is evidence that delta smelt don’t enter 
the south Delta unless turbidities are high (Grimaldo et al. 2009). 
 

30 7-46 Last paragraph Need a citation for the statement that predation in the south Delta is higher than 
everywhere else.  The references that follow in the paragraph do not make that 
claim. If there is no citation, the first sentence needs to be qualified (e.g. “There is 
reason to believe that….”). 
 

31 7-127 Analysis, 
second 

paragraph 

In this paragraph it should also be noted that climate change will change habitat 
with sea level rise.  This effect could be greater than temperature to many 
species. 
 

32 7-127 Analysis, third 
paragraph 

In the first sentence:  sea level rise, depending on start benchmark, is expected to 
rise 20 inches by 2030.  
 

Appendices  
1 F.2-34  Page F.2-34 and subsequent pages tend to state that CALSIM results match well 

with measured data, but from the figures F.2-2 g and i for Vernalis, scatter seems 
too large to indicate so. 
 

2 F.2-85  Page F.2-85 (Fig F.2.10b): for 2003, EC values for Old River at Tracy B. are 
similar to those for Mossdale.  For the years 2000-2002, EC at Tracy were higher, 
while Vernalis, Mossdale, Brandt ECs seem to roughly follow 2000-2002 patterns 
(i.e. relationship among these stations).  The text does not seem to explain what 
the reason may be for this contrast seen for Tracy EC in 2003.  
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3 F.2-91  The historical relationship using Vernalis EC and flow to determine water quality 
levels is limited in its usefulness. 

• In Appendix F.2 and in Chapter 5, a regression is developed from historical 
data to determine the degradation in salinity between Vernalis and other 
south Delta water quality locations.  The regression is a relationship 
between EC and Flow and shows a scatter of data. The equation developed 
from this shows the average increase in salinity. Due to the scatter there 
are times when the degradation exceeds the average. At those times, the 
objectives could be exceeded. The analysis should include maximum 
impacts. 

• The regressions look at a relationship  between flow and salinity at the 
current objective locations. The alternatives propose not just select 
locations but whole channel reaches. These relationships are then 
extrapolated for the Middle River and Old River reaches east of the current 
objective locations. Increases in flow into Old and Middle River are not 
proportional to increases in flows at Vernalis so it is unlikely that this 
relationship will hold up for the reaches. (DWR showed flow/salinity 
relationships in a previous workshop) 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delt
a/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf 

 
4 App-K, 

South Delta 
pg. 1 

 Table incorrectly indicates Vernalis objective as 1.0 EC in all months instead of 0.7 
EC (April-August) and 1.0 EC (September-March). 

5 App-K,  
South Delta 

pg.2 

1, 2nd 

Paragraph 
Assimilative capacity is not related to water levels but to water depth or more 
specifically, the volume of water in a channel.  Water levels in Middle River and 
Grant Line Canal for example, can be at the same level such as 1.0 feet MSL, but 
the assimilative capacity is dramatically different because Middle River is much 
shallower and carries much less flow than Grant Line Canal.  Water level 
objectives are only meaningful for south Delta agriculture for diverting water on low 
tides, but are not a meaningful surrogate for water quality. 
 

6 App-K,  1,  DWR concurs that the existing salinity conditions in the southern Delta are suitable 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/sds_srjf/sjr/docs/dwr_flows_salinity010611.pdf
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South Delta 
pg. 2 and 5 

Paragraph i for agriculture.  Existing SWP and CVP export operations and the installation and 
operation of the temporary barriers can continue to provide suitable water levels, 
flows, and circulation as they have historically. DWR and USBR currently 
coordinate export and barrier operations with South Delta Water Agency, SWRCB 
staff, and stakeholders in monthly coordination meetings.  These meetings discuss 
current operations, barrier status and configuration (flap gate open/closed), water 
quality, water levels, and any local agricultural diversion problems.  Actions 
resulting from these meetings may include re-operation of barrier flap gates, weir 
closing or raising (Grant Line Canal and Middle River), modeling studies, and 
more.  It is not clear to DWR what the benefit of the new requirements proposed 
by the SWRCB (Comprehensive Operations Plan, Monitoring and Reporting 
Protocol, and Monitoring Special Studies) would be and how they could improve 
upon coordination, operations, and actions that are already in place and working 
well. 
 

7 App.-K,  
South Delta 

pg. 2 

1,  
Paragraph. i 

“Performance goals” such as water levels and flows when applied to the temporary 
rock barriers would be very difficult to apply because the barriers are not designed 
to be operable in real time as would permanent operable gates that are envisioned 
under the South Delta Improvements Program.  The barriers can generally 
maintain at least 0.0 feet MSL water levels on all three channels above the 
barriers when all the culverts are fully tidally operated (not tied open).  This target 
water level has long been acceptable by SDWA as adequate for agricultural 
diversions, and is considerably better than would be present absent the barriers 
and SWP/CVP exports.  However, the barriers were designed to maintain a 
unidirectional net flow pattern that improved circulation and were not designed to 
maintain any particular flow volume. Flow in any particular channel depends on 
inflows into the south Delta, consumptive use by agricultural and municipal 
diversions/discharges, strength of the tidal flux, and SWP and CVP exports.  Flows 
will vary throughout the day and cannot be “maintained” by any operation of the 
rock barriers. 
 

8 App.-K,  
South Delta 

1,  
Paragraph. i,  

A report to the SWRCB by December 31 of each year would be extremely difficult 
to comply with.  The temporary barriers are in place and operating until November 
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pg. 3 last sentence 30 of each year.  Analyzing the past year’s operation of the barriers and SWP/CVP 
export operations and completing a report to the Board would need much more 
than 30 days after the barriers operations season ends.  DWR recommends if this 
reporting requirement is retained, that the report be due by March 1 the following 
year.  
 

9 App.-K,  
South Delta 

pg. 3 

1, 
Paragraph. ii 

DWR will continue to install and operate the temporary barriers to mitigate for the 
SWP and CVP impacts to water levels in the south Delta, and to improve 
circulation to benefit agricultural diversions.  It is not clear to DWR why the 
SWRCB is proposing to make DWR and USBR responsible for assimilative 
capacity for local sources and evapo-concentration of salinity in the south Delta. It 
seems that the Board is suggesting that DWR and USBR are responsible for 
diluting local agricultural and municipal discharges of high-salinity water, instead of 
regulating these dischargers to ensure their discharges do not increase the 
background salinity of the receiving waters.  DWR has long recognized that major 
sources of high-salinity water flowing into Old River and adversely impacting water 
quality at the Old River near Tracy Road Bridge compliance station are Paradise 
Cut and Sugar Cut.  Both cuts are dead-end channels that receive discharges 
from agricultural operations and municipal and State correctional facilities.  Due to 
poor circulation in these channels, salinity builds up to extremely high levels that 
eventually flow out to Old River under specific hydrodynamic conditions.  DWR 
and USBR have no ability to control these discharges and the circulation in these 
channels.  Recent data during high flows on the San Joaquin River (SJR) indicate 
that even high flows of low salinity water down Old River from the SJR cannot 
assure that spikes that exceed the salinity objective at the Old River near Tracy 
Road Bridge compliance station won’t occur.   
 

10 App.-K, 
South Delta 

pg.3 

1, 
Paragraph. iii 

As already mentioned, additional regulatory studies, monitoring, and reporting are 
not necessary to continue the SWP and CVP export operations and the temporary 
barriers operations which already have been operated in coordination with SDWA 
and SWRCB staff through regular monthly meetings and intermediate meetings 
and phone calls.  As stated elsewhere in the text of this SED, the Board 
acknowledges that existing south Delta salinity is adequate for agricultural 
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purposes; consequently DWR sees no reason for additional regulatory 
requirements. 
 

11 App.-K, 
South Delta 

pg.4 

1, 
Paragraph.  
iii and iv. 

DWR recommends the Central Valley Board utilize the NPDES and Irrigation 
Lands Regulatory programs to aggressively address the problem with high-salinity 
discharges into poor-circulation water bodies, such as Paradise Cut and Sugar 
Cut.  The high-salinity content of the discharges are not adequately diluted by the 
receiving waters and concentrate within these channels to extremely high levels.  
Eventually, under specific hydrodynamic conditions, the high-salinity water in one 
or both of the cuts makes its way to Old River just upstream of the Old River at 
Tracy Road Bridge compliance station, often causing a spike in EC and possible 
an exceedance of the EC objective.  Flow objectives on the San Joaquin River 
with low salinity water will not always improve conditions in Old River near 
Paradise Cut and the Old River at Tracy Road Bridge compliance station as was 
observed during high flows in spring 2011 (DWR oral testimony, March 20, 2011).  
Salinity in this area of Old River often is directly impacted by high salinity 
concentrations in Paradise Cut that build-up from local discharges into the dead-
end cut, and then move into Old River under certain hydrodynamic conditions.  
Project export and barrier operations cannot change conditions in Paradise Cut 
that would change this situation. 
 

12 App.-K, 
South Delta 

pg.1 

Table 2 This table should resemble more the table in Chapter 3, Table A-2, pg A-11. 
However, the water levels and circulation portion of Table A-2 would be 
inappropriate objectives for a WQCP and should not be included.  Also, because 
degradation occurs downstream of Vernalis, the winter objective at Vernalis of 1.0 
EC should have a corresponding objective for the interior south Delta objectives of 
1.4 EC, not 1.0 EC.  Having identical objectives at all four locations would almost 
ensure exceedances of the 1.0 EC objectives at interior locations if this EC value 
were to remain in place, particularly given that in the winter, agricultural operations 
are leaching fields to remove salt in the soils and discharging the salt into south 
Delta channels. 
 

13 App.-K, Item ii 1. ii. “DWR and USBR’s water rights will be conditioned to require continued 
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South Delta 
pg. 3  

and San 
Joaquin, pg 

10. 

operations of the agricultural barriers at Grant Line Canal, Middle River, and 
Old River at Tracy, or other reasonable measures, to address the impacts 
of SWP and CVP export operations on water levels and flow conditions that 
might affect the assimilative capacity for local sources and evapo-
concentration of salinity in the southern Delta. This shall include modified 
design or operations as determined by the Comprehensive Operations 
Plan.” 

 
This conditioning on water rights limits the adaptive measures that DWR can 
utilize for Delta Smelt protections, and it was the OCAP Final Interim Relief Court 
Order on 12-14-07 that called for DWR to not install the HOR Barrier until after 
VAMP was completed.  On page 10 of 11 of Appendix K, under the heading 
Develop and Implement Improvements to Barrier Programs it is stated “USFWS, 
NOAA Fisheries, DFG, DWR and USBR should work together to evaluate the 
potential impacts and benefits of installing physical or nonphysical barriers at the 
Head of Old River and other locations in the Delta, and should implement 
appropriate changes to protect native fish and wildlife.”  
 
As the Fish and Wildlife Service Biological Opinion is being remanded, how would 
the Board reconcile potential discrepancies between the Plan and the Biological 
Opinion(s), such as a mandate for the HOR Barrier to not be installed for delta 
smelt protections or if VAMP is re-initiated, when it is stated that the Department’s 
water rights will be conditioned on continuing to operate the barriers?  For 
example, NMFS 2009 BiOp, on page 205 in regards to critical habitat for Green 
sturgeon, states that “the installation of the barriers under the South Delta Temporary 
Barriers Program (TBP) enhances the potential to delay movement and migratory 
behavior in the channels of the South Delta.”  This issue also applies to the call for 
construction of pump stations and operable barriers in the South Delta to replace 
the temporary barriers that are used now.   
 

14 App.-K, 
San 

Joaquin 

 Re:  “Develop and Implement Improvements to Barrier Programs.  Results from 
the Vernalis Adaptive Management Plan studies have shown that installation of a 
physical barrier at the Head of Old River during April and May helps to improve 
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pg 10 of 11 survival of outmigrating juvenile LSJR Chinook salmon.” 
Since 2007, acoustical tag studies have been conducted in the South Delta 

in lieu of CWT studies (SJRGA, 2008).  Now that several years of acoustic 
telemetry study results are available, these data provide a more reliable and 
current representation of juvenile salmonid survival in the South Delta.  As a result, 
the effectiveness of a physical barrier at the Head of Old River is under 
reconsideration. 

The acoustical tag studies provide better information on the migration paths 
of tagged salmon smolts and the data obtained has been used to estimate route 
entrainment and reach specific survival.  Although technical difficulties and study 
design issues occurred during the first few years of these study efforts, the latest 
available data from these experiments is much more detailed and informative. 

In a recently published paper describing South Delta acoustic tagging study 
results form 2009 and 2010, Buchanan et al. (2013) concluded: 

“Survival through the southern (i.e., upstream) portion of the Delta was very 
low in 2009, estimated at 0.06, and there was no significant difference 
between the Old River and San Joaquin River routes. Estimated survival 
through the Southern Delta was considerably higher in 2010 (0.56), being 
higher in the Old River route than in the San Joaquin route. Total 
estimated survival through the entire Delta (estimated only in 2010) was low 
(0.05); again, survival was higher through the Old River. Most fish in the 
Old River that survived to the end of the Delta had been salvaged from 
the federal water export facility on the Old River and trucked around 
the remainder of the Delta.” [emphasis added] 

 
Thus, acoustic telemetry results from 2009 and 2010 do not support the notion that 
Old River survival is worse than survival through the mainstem San Joaquin River.   
          Results from the 2011 study, not yet published but presented by Rebecca 
Buchanan at recent scientific conferences, indicate survival rates were again 
higher in Old River (0.038) relative to the San Joaquin River (0.007).  As in 2010, 
the improved survival of tagged fish in the Old River route in 2011 appears to 
result from salvage and transport from the export facilities.   
          Given acoustic telemetry study results to-date, providing access to salvage 
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facilities via Old River may be one of the best near-term strategies for enhancing 
through-Delta survival of San Joaquin River salmonid emigrants.   This view was 
also echoed in the 2012 Independent Review of Long-term Operations Opinions 
(Anderson et al., 2012) where the authors recommended the use of a barrier at the 
HORB be “reconsidered” as the barrier effectively forced migrating smolts into 
portions of the Delta where survival was shown to be less than 2%.They further 
state that recent data suggests that an effort routing migrating smolts through Old 
River to the CVP pumps may prove to be a better option. 
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Barriers and Compliance Sites 

 

Old River at Tracy Road Bridge 

SJR at Brandt Bridge 

Old River near Middle River 
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Water Level Improvements 
with Barriers on Old River 

2009 Dry Year 

2006 Wet Year 



Sources of Water in The 
South Delta 



Observed EC and Sources of Water 
 at Old River at Tracy Road Bridge 



Circulation and Null Zones in 
the South Delta 



Circulation and Null Zones 

• Temporary Barriers Improve Circulation 
– Source: South Delta Temporary Barriers Project Monitoring Reports 

 
 
 



Circulation and Null Zones 

• Null zones occur without exports and barriers 
• Locations of null zones can change with 

exports and barriers 
• Total number of null zones not significantly 

different 
– Source: 33rd Annual Progress Report to the SWRCB (Methodology 

for Flow and Salinity Estimates in the Sacramento-San Joaquin 
Delta 2012) 

• Null zones do not equal poor water quality 
 
 



Salinity Changes during High 
Flow Periods 



Background 

• Salinity monitored at four compliance stations 
in south Delta—Vernalis, Brandt Bridge, Middle 
River, and Old River at Tracy Road Bridge 
 

• Old River at Tracy Road Bridge has persistent 
salinity spikes, occasionally exceeding water 
quality objectives 
 

• Why? 



Salinity Spikes in Old River during 
High Flows at Vernalis in June 2011 

Vernalis flows over 10,000 cfs 



Paradise and Sugar Cut: 
Sources of High Salinity Water 

Old River Tracy Road 

Middle River   

SJR @ Brandt Bridge 

Paradise Cut 

Sugar Cut 

Weir 

WQ Monitoring Stations 



Recent South Delta EC Grab 
Sampling Data 



High 2011 Vernalis Flows Flushed 
Paradise Cut 

Begin Spill 
in Paradise 
Cut 

End Spill in 
Paradise 
Cut 



Paradise Cut Weir Flow in 
March 2011 

Normal  Spilling 



Weir Flow Causes High Salinity 
Plume from Paradise Cut 



Salinity Increases in Paradise Cut 
After Flushing Ends 



Paradise Cut Salinity Directly Causes 
Salinity Spikes at Old River 



Summary 

• TBP exceeds mitigation necessary for 
SWP impacts on water levels/circulation 

• Salinity problems in south Delta are not 
caused by SWP operations 

• Assign responsibility for water quality 
proportionate to parties whose actions 
cause degradation 
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Executive Summary 

South Delta Salinity Issues 
There are several important water issues in the south Delta related to the San Joaquin River (SJR) 
inflow, Central Valley Project (CVP) and State Water Project (SWP) export pumping, reverse flows in 
Old and Middle Rivers, tidal water elevations and corresponding tidal flows in south Delta channels, 
effects of the temporary rock barriers that are installed seasonally by DWR in various south Delta 
channels, as well as the sources and longitudinal patterns of salinity caused by the net inflows, 
outflows, and tidal movement of water in south Delta channels.  This study investigated the likely 
inflow locations of higher salinity water (i.e., sources) measured in Old River between the head of 
Old River and the Delta-Mendota Canal (DMC); the electrical conductivity (EC) at the Old River at 
Tracy Boulevard EC monitoring station was often the highest EC measured in the south Delta 
channels and has frequently exceeded the D-1641 EC objectives.  The purpose and effects of the 
DWR Temporary Barriers Program on environmental conditions in the south Delta channels are 
described in documents and other materials available at: 
http://baydeltaoffice.water.ca.gov/sdb/tbp/web_pg/tempbar.cfm. 

Previous State Water Resources Control Board (SWRCB) hearings (2005-2006) on the causes of 
higher salinity observed at the south Delta salinity monitoring stations, which included extensive 
background materials about the inter-related south Delta water issues, are available at: 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/. 

This report presents detailed evaluations of the extensive tidal data (15-minute interval) in south 
Delta channels that has been routinely collected by the U.S. Bureau of Reclamation (Reclamation), 
the California Department of Water Resources (DWR), and the U.S. Geological Survey (USGS).  The 
data analysis suggests that both Paradise Cut and Sugar Cut (tidal sloughs) are likely sources of 
higher salinity water that mixes with Old River water.  The report also identifies regulatory options 
and compares several physical alternatives that might be implemented to reduce the high salinity 
often measured at the Old River at Tracy Boulevard EC monitoring station.  Engineering feasibility 
and preliminary design studies are needed for the physical alternatives; Delta Simulation Model 
(DSM2) studies are also recommended to more accurately determine the salinity reduction benefits.  
If the engineering design and feasibility studies are acceptable, a demonstration project to install 
(construct) and monitor the salinity reduction effects of a proposed alternative is recommended; 
this should be a cooperative project between DWR, Reclamation, SWRCB, the Regional Water Quality 
Control Board (RWQCB), and the South Delta Water Agency (SDWA). 

South Delta Salinity Patterns   

Salinity (EC) in the SJR at Vernalis and at three south Delta stations is regulated by the SWRCB with 
EC objectives.  The EC at the south Delta stations (SJR at Brandt Bridge, located about 5 miles 
downstream from the head [upstream end] of Old River; Old River at Middle River [Union Island], 
located about 5 miles downstream from the head of Old River; and Old River at Tracy Boulevard 
Bridge, located about 10 miles downstream from the head of Old River) are strongly influenced by 
the SJR at Vernalis EC.  The EC at Brandt Bridge and at Union Island are generally similar to the SJR 

http://baydeltaoffice.water.ca.gov/sdb/tbp/web_pg/tempbar.cfm
http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/delta_salinity/
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at Vernalis EC, with some increases of 25 to 50 μS/cm observed.  However, the EC measured in Old 
River at Tracy Boulevard often is much higher than the EC in Old River at Union Island.  The likely 
inflow locations for the higher salinity water (e.g., groundwater seepage or agricultural drainage) 
have been identified from analyses of longitudinal boat surveys of Old River EC measured by DWR in 
2009 and 2010 (DWR 2012), and from analyses of additional EC monitoring stations installed by 
DWR in Sugar Cut and in Paradise Cut, beginning in 2009.  Figure E-1 shows an example of the daily 
SJR flow and EC at the four EC compliance stations for 2012; the EC at Tracy Boulevard (red line) 
was often much higher than the upstream EC, and was sometimes greater than the EC objectives 
(green line).  Periods of increased SJR flow usually reduced the SJR EC (i.e., flow-dilution effect). 

 
Figure E-1.  Measured Daily Average SJR Flow at Vernalis and EC at Several Locations in 2012 

Both Paradise Cut and Sugar Cut join Old River downstream from Doughty Cut, which conveys the 
majority of Old River flow to Grant Line Canal.  The measured Old River at Tracy Boulevard flow, 
downstream from Doughty Cut, is generally about 10 percent of the head of Old River flow.  The 
Paradise Cut and Sugar Cut EC monitoring stations both indicate periods of relatively high EC during 
low tides, when water from the tidal sloughs flows out of the tidal sloughs (during ebb-tides) to Old 
River.  Higher EC water from the upstream end of these tidal sloughs appears to be the dominant 
sources of the increased EC observed in Old River at Tracy Boulevard.  Figure E-2 shows the EC 
measured in Paradise Cut (blue boxes) and Sugar Cut (gold diamonds) and at several locations in 
Old River during 2010. 

The higher salinity inflows along Old River were evaluated with a salt-budget approach; the 
increased daily average EC times the net flow indicates the salt source increment (tons/day).  The 
movement of the higher salinity water leaving Paradise Cut and Sugar Cut is variable, depending on 
the tidal movement of water and the installation of the temporary barriers in Old River and Grant 
Line Canal.  This report provides an integrated assessment of the tidal elevations and corresponding 
tidal flows in these tidal sloughs, and in Old River and Grant Line Canal, to identify periods when the 
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higher salinity water was likely transported downstream in Old River to Tracy Boulevard and to 
estimate the increased EC in Old River at Tracy Boulevard. 

 
Figure E-2.  Measured Daily Average EC in Paradise Cut and Sugar Cut Compared to the EC at 
Several Old River Locations in 2010 

Tidal elevations and tidal flows in the south Delta channels are controlled by the tidal elevations in 
the San Francisco Bay and the south Delta channel bathymetry (i.e., depth, width and surface area).  
CVP and SWP pumping (Old River diversions) reduces the nearby tidal elevations, flood-tide (rising 
water elevation) flows upstream from the pumping intakes, and ebb-tide (falling water elevation) 
flows downstream from the intakes.  DWR operates (annually installs and removes) three 
temporary (rock) barriers to provide increased minimum water elevations (i.e., 1.0 to 1.5 feet 
higher) during the summer irrigation season, to allow full agricultural diversions with siphons and 
pumps located upstream of the temporary barriers.  Figure E-3 shows the effects of the temporary 
barriers on the minimum and maximum tidal elevations in 2013.  The range of tidal elevations and 
tidal flows are substantially reduced by the temporary barriers. 

A fourth barrier at the head of Old River has been installed by DWR in many years to protect 
migrating juvenile Chinook salmon in the spring (April and May) and adult Chinook salmon in the 
fall (October and November) of most years.  The data analyses described in this report suggest that 
the temporary barriers reduce the tidal flows to about half of full tidal flows (without barriers) and 
may reduce or reverse the net flow in Old River at Tracy Boulevard, so the effects from higher 
salinity water from Sugar Cut and Paradise Cut on elevated EC at Tracy Boulevard may increase with 
the temporary barriers. 
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Figure E-3.  Daily Minimum and Maximum Tide Elevations in Old River and Grant Line Canal at 
Several Locations Upstream and Downstream from the Temporary Barriers in 2013 

Data Analysis Methods 
Data analysis spreadsheet files with 15-minute and daily average data, calculations, graphical 
comparisons, and statistical summaries, were prepared for calendar years 2009-13.  These 
integrated data files have been used to analyze and evaluate the tidal data with comparisons and 
calculations of the effects of CVP and SWP pumping and the temporary barriers on tidal elevations, 
tidal flows, and net flows in south Delta channels, as well as to identify potential salinity sources in 
the south Delta.  These 5 years of historical data provide a wide range of SJR inflows, SWP and CVP 
pumping flows, and measured salinity conditions in the south Delta, including a period of Paradise 
Cut weir flow during 2011 when the SJR flow was high.  Several data analysis methods were used to 
evaluate and compare the tidal flow and EC data.  Results from previous tidal hydrodynamic and 
water quality modeling (e.g., DSM2) were discussed as part of the data evaluation.  However, the 
DSM2 model results could not be used to identify or quantify the sources of higher salinity water, 
because sources of higher salinity water in the DSM2 model (i.e., agricultural drainage) were 
specified (assumed) in the Delta Island Consumptive Use module (DICU).  The likely sources of 
higher salinity in Old River at Tracy Boulevard were, therefore, identified from the historical 
measurements. 

The first data analysis method was to calculate the daily minimum, average, and maximum values 
for selected tidal (15-minute) measurements; this provided useful daily summaries of the tidal 
measurements at each station.  Another data analysis method was to calculate the daily salt loads 
(i.e., load = conversion x flow x EC) and salt load increases (i.e., EC increment x flow increment) 
between measurement stations.  The primary source of salt (load) in the south Delta channels is the 
SJR at Vernalis.  The SJR at Vernalis daily salt load was calculated as the daily flow times the daily EC 
times a conversion factor.  This method was also used to estimate the magnitude of salt sources 
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from Paradise Cut and Sugar Cut, as well as salinity sources from agricultural drainage or shallow 
groundwater in the south Delta channels.  The effects of wastewater discharges (e.g., City of Tracy) 
on the downstream Old River flow and EC were also calculated to show the relationships between 
flow, salinity, salt sources, and salt loads in the south Delta. 

Daily average flow diversions were identified as a function of the river flow upstream from the 
diversion channel (or channel junction).  The Paradise Cut diversion from the SJR (during high 
flows), the head of Old River diversion (i.e., channel junction) from the SJR, the head of Middle River 
diversion from Old River, and the Doughty Cut diversion from Old River to Grant Line Canal were 
evaluated and described with net flow diversion equations.  This allowed the net daily flows in the 
south Delta channels to be estimated; these daily flow estimates were important for tracking the 
movement of water and the dilution of higher salinity inflows in each channel. 

The general method for evaluating tidal flows (and confirming measured tidal flows) was to 
calculate the tidal flow from the 15-minute change in elevation times the estimated upstream 
surface area (i.e., tidal prism).  For locations where tidal flow measurements were available, the 
upstream tidal surface area was estimated.  Tidal flows are influenced (increased) by the net river 
flow.  For example, ebb-tide flows are reduced downstream of the pump intakes and flood-tide flows 
are increased downstream of the intakes by the daily average CVP and SWP export pumping; 
however, because the Clifton Court Forebay (CCF) gates are opened and closed at specific times 
during the tidal cycle, the SWP diversion flow (and effects on the tidal flows) may change 
throughout the day. 

Cumulative tidal flow volumes (acre-feet) were calculated by summing positive 15-minute tidal flow 
volumes for the ebb-tide volume and by summing negative 15-minute tidal flow volumes for the 
flood-tide volume.  This allowed the tidal flows to be summarized as upstream and downstream 
movement of water.  This method was used to evaluate the effects of the temporary barriers on tidal 
flows (tidal volumes) and flushing of the south Delta channels.  The movement of salt in tidal sloughs 
(e.g., Paradise Cut and Sugar Cut) and the likely effects of a tidal gate in Old River at the DMC barrier 
(rather than a temporary barrier) were evaluated with this tidal flow volume method.  Tidal flows at 
each of the temporary barriers were calculated with appropriate hydraulic equations for flow 
through the submerged culverts and flow over a submerged weir (plus the net flow).  The upstream 
and downstream tidal elevations were used to estimate the tidal flows when the temporary barriers 
were installed.  The calculated tidal flows compared quite well with the measured tidal flows in Old 
River at the DMC barrier, at the Head of Old River barrier (in 2012), and at the Grant Line Canal 
barrier.  Figure E-4 shows the measured and calculated tidal flows at the Old River at DMC barrier in 
June 2013.  Flood-tide flows through the culverts and over the crest (e.g., 500-1,000 cfs) were 
greater than ebb-tide flows over the crest (with culverts closed) and some leakage through the 
rocks. 
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Figure E-4.  Comparison of Measured Tidal Elevations and Measured Tidal Flows with Calculated 
Tidal Flows in Old River at the DMC Barrier in June 2013 (barriers installed)  

A tidal “box-model” (water and salt budgets) of Paradise Cut, Sugar Cut, and Old River between 
Doughty Cut and Tracy Boulevard was used to evaluate the EC data and estimate the salt sources 
from these tidal sloughs.  The box-model calculated the tidal movement of water between the 
channel segments, with specified salt sources at the upstream ends of Paradise Cut and Sugar Cut.  
The box-model used the measured tidal elevations and measured tidal flows at Tracy Boulevard.  
Because Tom Paine Slough diversions (from Sugar Cut) were relatively high during the irrigation 
season (e.g., 50-100 cfs), most of the Sugar Cut salt source was likely diverted to Tom Paine Slough 
and did not likely reach Old River during the irrigation season (with or without temporary barriers).  
Figure E-5 shows the measured and calculated EC increments from salt sources in Paradise Cut and 
Sugar Cut during 2010.  The measured and calculated EC increments were similar; the EC 
increments at Tracy Boulevard averaged about 100 μS/cm, and the average salt load increase was 
about 35 tons/day.  The salt sources from Paradise Cut and Sugar Cut were assumed to be relatively 
constant throughout the year, but the EC increments at Tracy Boulevard were somewhat lower 
during the irrigation season, when diversions from Sugar Cut to Tom Paine Slough were highest. 
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Figure E-5.  Comparison of Measured and Calculated Daily EC Increments in Old River at Tracy 
Boulevard (Tracy Wildlife) in 2010 

Another data analysis method was used to evaluate the water and salt sources for the combined CVP 
and SWP exports.  The SJR at Vernalis and seawater intrusion in Old and Middle Rivers at Bacon 
Island were the two major salt sources causing increased export EC.  The daily EC increment at the 
exports from the SJR was calculated from the SJR flow times the SJR EC (divided by the export 
pumping).  The daily EC increment at the exports from seawater intrusion was calculated from the 
Old River at Bacon flow times the average EC and Middle River at Bacon flow times the average EC 
(divided by the export pumping).  The average EC at the exports for 2011 was 250 μS/cm because 
high SJR flows reduced the EC to about 250 μS/cm and Delta outflow was high (no seawater 
intrusion).  The average export EC was about 500 μS/cm in several other years.  Figure E-6 shows 
the water and salt tracking for the CVP and SWP exports in 2009.  The flows are shown in the 
bottom panel and the EC measurements are shown in the top panel.  The seasonal variations in the 
export EC (purple diamonds) compared to Sacramento River water (with EC of 250 μS/cm) can be 
calculated from the SJR EC (red dots) and the Old and Middle River EC (dashed blue lines) and the 
corresponding flow fractions from the SJR, Old River, and Middle River.  In 2009, the SJR EC 
increased the export EC (and export salt load) by 36 percent (red line), while seawater intrusion 
increased the export EC (and export salt load) by 72 percent (green line) compared to Sacramento 
River water (with EC of 250 μS/cm). 

The final data analysis method was to summarize the daily average flow and EC measurements as 
monthly average flows, monthly average salinity (EC), and monthly salt loads (tons/month) for 
2009-13.  The monthly water and salt budgets for the south Delta channels, from the SJR at Vernalis 
to the head of Old River to the CVP and SWP exports was used to identify increases in salt loads 
between measurement stations and to describe the sources of water and salt in the CVP and SWP 
exports.  These monthly water and salt budgets are presented in Attachment C. 
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Figure E-6. Measured SJR Flows and EC, CVP and SWP Exports and EC, Old and Middle River Flows 
and EC, and Calculated Export EC Increments from SJR and Seawater Intrusion for 2009. 

Regulatory Options and Physical Alternatives 
Regulatory options were identified and several physical alternatives for reducing the higher EC 
measured in Old River at Tracy Boulevard were comparatively evaluated. 

Regulatory Options 
Based on the results shown in this report, the SWRCB might reconsider using the Old River at Tracy 
Boulevard monitoring station as an EC compliance station.  The SWRCB could decide to retain the 
Old River at Tracy Boulevard as an EC monitoring station, and rely on the SJR at Brandt Bridge and 
the Old River at Union Island as EC compliance stations for the protection of south Delta agricultural 
water uses, because these stations protect the EC of water flowing into the south Delta channels.  
Because there are almost always EC increases in the SJR between the Vernalis EC monitoring station 
and the south Delta EC monitoring stations, the Vernalis EC objectives could be specified as 
50 μS/cm or 100 μS/cm less than the south Delta EC objectives.  For example, the SWRCB might 
consider adjusting the south Delta EC objectives to be 1,000 μS/cm (monthly average, year-round) 
at the SJR at Brandt Bridge and the Old River at Union Island stations, and might consider adjusting 
the SJR at Vernalis EC objective to be 900 μS/cm or 950 μS/cm (monthly average, year round).  This 
would allow the south Delta EC objectives to be fully protective and compatible with the existing 
beneficial uses. 
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Physical Alternatives 
Several physical alternatives for reducing the higher EC in Old River at Tracy Boulevard are 
summarized here; each will require additional feasibility and design studies: 

 One previously suggested alternative was to provide flushing flows of 25 to 50 cfs from the SJR 
to the upper ends of Paradise Cut and Sugar Cut, to reduce (by dilution) the higher salinity in 
these tidal sloughs.  However, preliminary evaluation of this alternative determined that 
because the EC in Paradise Cut and Sugar Cut is much higher than the SJR and Old River EC, the 
same excess salt load would enter Old River with the flushing flows, and the same elevated EC in 
Old River at Tracy Boulevard would likely be observed.  [This alternative is therefore not 
recommended for further evaluation.] 

 Creating a higher net flow in Old River downstream from Doughty Cut, which is currently about 
10 percent of the head of Old River flow, likely would reduce the elevated EC in Old River at 
Tracy Boulevard.  Installing the temporary barrier in Grant Line Canal without the temporary 
barrier in Old River at DMC likely would allow higher net flows in Old River at Tracy Boulevard 
(based on 2011 data).  However, the minimum water levels upstream from the Old River at DMC 
barrier would be about 1.0 to 1.5 feet lower than with the barrier and may limit some 
agricultural diversions (i.e., siphons and pumps). [This alternative could be further investigated 
with special operations of the temporary barriers, such as removing the Old at DMC barrier 
first.] 

 Dredging the Old River channel between Doughty Cut and Tracy Boulevard likely would allow a 
greater fraction of Old River flow to remain in Old River at Tracy Boulevard, and thereby likely 
reduce (with greater dilution) the elevated EC in Old River at Tracy Boulevard.  A Geographical 
Information System (GIS) representation of the south Delta channel bathymetry was developed 
to support the evaluation of dredging volumes needed for this alternative (See Attachment A).  
Localized dredging may also be effective for improving minimum water elevation conditions at 
some existing agricultural diversions (i.e., siphons and pumps).  [This alternative could be 
further investigated with more detailed bathymetric measurements and effects on tidal flows 
and flood elevations.] 

 Pumping flows (e.g., 5 to 10 cfs) from the upstream ends of Paradise Cut and Sugar Cut to the 
SJR or to Old River upstream from Doughty Cut likely would eliminate the elevated EC in Old 
River at Tracy Boulevard, and would also reduce the EC of Tom Paine Slough water applied for 
irrigation on Pescadero Tract, and thereby might reduce the agricultural drainage EC reaching 
Paradise Cut.  [The possibility of using the City of Tracy’s pipeline to Old River upstream from 
Doughty Cut could be investigated once the planned new pipeline is completed; the need for 
water rights for the pumps should be considered.] 

 Blocking the mouths of Paradise Cut and Sugar Cut with gates, dredging a 0.25-mile channel 
from Sugar Cut to Paradise Cut, and enlarging an existing ditch (remnant channel) from Paradise 
Cut to Old River upstream from Doughty Cut would allow the majority (e.g., 90 percent) of the 
tidal flow and salinity from Paradise Cut and Sugar Cut to flow through Doughty Cut to Grant 
Line Canal, and thereby reduce the elevated EC in Old River at Tracy Boulevard (to about 10 
percent of the existing EC increment).  [This alternative appears promising and could be further 
investigated with DSM2 modeling and engineering feasibility and design studies.] 

 Replacing the Old River at DMC temporary barrier with a tidal-gate would create a net tidal 
flood-tide (upstream) flow in Old River.  The tidal-gate would be opened at low tide to allow 
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water to flow upstream in Old River between the DMC and Tracy Boulevard during flood-tides 
(gate open).  The tidal gate would be closed at high tide to allow Sugar Cut, Paradise Cut, and Old 
River upstream from the tidal-gate to tidally drain, flushing higher salinity water to Doughty Cut 
and Grant Line Canal during ebb-tides (gate closed).  This tidal circulation with tidal-gates was 
proposed by DWR in the South Delta Improvements Program (SDIP; DWR 2005).  This 
alternative might be designed and implemented as a modification of the Temporary Barriers 
Program.  [This alternative could be further investigated with DSM2 modeling and engineering 
feasibility and design studies.] 

 A more comprehensive salinity reduction alternative would divert the entire SJR flow at the 
head of Old River to Grant Line Canal, and separate the SJR water and salinity from the CVP and 
SWP export pumping.  This alternative would include dividing walls and a river crossing to 
allow the SJR water flowing in Old River and Grant Line Canal flow over Victoria Canal (e.g., in a 
large box-culvert) carrying water from Middle River to the export pumps.  This salinity-
reduction alternative was included in the Bay Delta Conservation Plan (BCDP, now California 
WaterFix) Draft EIR/EIS as Alternative 9.  This alternative could be compatible with the 
California WaterFix (tunnels), but would likely require additional planning efforts.  [This 
alternative could be further investigated with DSM2 modeling and engineering feasibility 
studies; but a demonstration project would likely require more extensive coordination with 
other State and Federal water management, flood-control, and fish protection agencies.] 

Recommended Next Steps 
Based on the results shown in this report, the SWRCB might reconsider using the Old River at Tracy 
Boulevard monitoring station as an EC compliance station.  Other regulatory options identified in 
this report might be considered by the SWRCB as part of their periodic review of the Bay-Delta 
Water Quality Control Plan.  The effects of the salinity-reduction alternatives could be more 
accurately evaluated using the DSM2 tidal flow and salinity model to compare the effects of each 
alternative once the model is calibrated to match the historical EC conditions observed in recent 
years (2009-13).  The DSM2 model could be adjusted with improved channel bathymetry, improved 
estimates of wastewater discharges (e.g., Lathrop, Stockton, and Tracy), and more accurate 
representations of agricultural diversions and agricultural drainage flows and salt sources in the 
south Delta channels.  Based on further discussions with stakeholders and regulatory agencies, one 
of the salinity-reduction alternatives could be selected by DWR as a recommended demonstration 
project to actually install (construct) and measure the effectiveness of the selected alternative.  The 
demonstration project might be permitted as a modification of the DWR Temporary Barriers 
Program.  The selected demonstration project likely would be planned and evaluated in cooperation 
with the Central Valley RWQCB, SWRCB, Reclamation, and SDWA, and might be partially funded 
with water quality control grant funds.  

The effects of the selected demonstration project could be monitored and evaluated using the tidal 
data analysis framework described in this report for the 2009-13 data.  The tidal (15-minute) data 
for 2014 and 2015 might be added to the pre-project monitoring and analysis period.  Some 
additional EC monitoring stations were recently (2014) installed by DWR, and some additional 
longitudinal EC profiles in Paradise Cut, Sugar Cut, Old River, and Grant Line Canal have also been 
measured by DWR.  The evaluation of the effects of the selected demonstration project could be 
accurately determined with “before and after” comparisons of the tidal flows and EC patterns in the 
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south Delta channels for a range of SJR flows and exports.  If sufficiently successful in reducing the 
elevated EC in Old River at Tracy Boulevard, the demonstration project could be fully implemented 
(with any recommended design changes) as a permanent south Delta channel feature to reduce the 
EC in Old River and eliminate any future exceedances of the EC objectives at the Tracy Boulevard 
station. 
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Evaluation of Salinity Patterns and Effects of Tidal Flows 
and Temporary Barriers in South Delta Channels 

Introduction  
Sources of higher salinity water (e.g., inflows from shallow groundwater seepage or agricultural 
drainage) entering Old River between the head (i.e., upstream end) of Old River and the Delta-
Mendota Canal (DMC) increase the Old River salinity at the Tracy Boulevard Bridge monitoring 
station.  This report presents an integrated assessment of the effects of Central Valley Project (CVP) 
and State Water Project (SWP) pumping and the effects of temporary (rock) barriers on tidal 
elevations, tidal flows, net flows, and measured salinity patterns in south Delta channels (i.e., Old 
River, Middle River, and Grant Line Canal).  This integrated assessment was based primarily on the 
extensive tidal data (15-minute interval) collected by the U.S. Bureau of Reclamation (Reclamation), 
the California Department of Water Resources (DWR), and the U.S. Geological Survey (USGS). 

Salinity is measured as electrical conductivity (EC) at many stations in the Delta; the San Joaquin 
River salinity (EC) at Vernalis and at three south Delta compliance stations are regulated with EC 
objectives established by the State Water Resources Control Board (SWRCB): 

1. San Joaquin River (SJR) at Brandt Bridge, located about 5 miles downstream from the head of 
Old River (near Lathrop); 

2. Old River at Middle River (Union Island), located about 5 miles downstream from the head of 
Old River at the head of Middle River, at the southeast corner of Union Island; and 

3. Old River at Tracy Boulevard Bridge (Tracy Boulevard), located about 5 miles north of the City 
of Tracy, about 10 miles downstream from the head of Old River and about 7.5 miles upstream 
from the DMC intake. 

The EC objectives (D-1641) at the SJR at Vernalis station and at the three south Delta stations are 
currently the same; the monthly average EC must be less than 700 microsiemens per centimeter 
(μS/cm) from April through August, and must be less than 1,000 μS/cm for the remaining months.  
The measured EC at the SJR at Brandt Bridge station and the Old River at Union Island station are 
generally similar to that of the SJR at Vernalis station, with some increases of 25 to 50 μS/cm 
observed.  However, the EC measured at the Old River at Tracy Boulevard station often is much 
higher than the EC at Old River at Union Island station, although the Tracy Boulevard station is only 
6.5 miles downstream from the Old River at Union Island station.  USGS, Reclamation, and DWR have 
installed many tidal elevation, tidal EC, and tidal velocity (tidal flow) monitoring stations in south 
Delta channels.  In 2009, DWR added tidal EC stations in Sugar Cut (just upstream from Tom Paine 
Slough diversion dam) and near the mouth of Paradise Cut.  Both Paradise Cut and Sugar Cut join 
Old River just downstream from Doughty Cut, which conveys the majority of Old River flow to Grant 
Line Canal.  Therefore, the measured Old River flow downstream from Doughty Cut is only about 10 
percent of the head of Old River flow.  The Paradise Cut and Sugar Cut EC monitoring stations both 
indicate periods of relatively high EC during low-tide periods, when water from the upstream ends 
of these tidal sloughs has moved towards Old River.  This high salinity water from these tidal 
sloughs may originate from shallow groundwater seepage, agricultural tile drainage, or agricultural 
surface runoff, although surface runoff EC usually is not much higher than the applied water.  Arbor 
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Road drain, a surface discharge at the upstream end of Sugar Cut, has a seasonal flow of 1 to 10 cubic 
feet per second (cfs); runoff from portions of Tracy and tile drainage from portions of the Westside 
Irrigation District lands contribute to this flow.  Higher EC water from the upstream ends of these 
tidal sloughs appears to be the dominant sources for the increased salinity observed at Tracy 
Boulevard station. 

Salinity (EC) monitoring at both Sugar Cut and Paradise Cut has documented many periods when 
the EC was greater than the EC objectives (700 μS/cm or 1,000 μS/cm), and, therefore, could be 
influencing the measured EC in Old River at Tracy Boulevard.  Because the measured EC increase in 
Old River at Tracy Boulevard depends on the net river flow past Tracy Boulevard and the salt load of 
higher salinity water (i.e., source flow times source EC), the tidal flow measurements in the south 
Delta were used to estimate the daily net flows, and the net flows were used to calculate the daily 
salinity (loads) added to Old River between Union Island and Tracy Boulevard.  Because of tidal 
flows in all of these south Delta channels, and the connection between Old River and Grant Line 
Canal through Doughty Cut, the movement of the higher salinity water leaving Paradise Cut and 
Sugar Cut is variable, depending on the tidal fluctuations and the installation of the temporary 
barriers in Old River and Grant Line Canal.  This report evaluates the movement of higher salinity 
water from Sugar Cut and Paradise Cut to determine how much of the measured salinity increase in 
Old River between Union and Tracy Boulevard can be identified (i.e., explained), and describes 
several possible methods for reducing the EC at Tracy Boulevard to eliminate all periods of non-
compliance with the EC objectives. 

Reclamation is responsible for compliance with the SWRCB’s Water Rights Decision D-1641 flow 
and salinity (EC) objectives for the SJR at Vernalis station, using releases from New Melones 
Reservoir to increase flows and reduce EC when necessary.  The sources of water and salt (EC) in 
the SJR at Vernalis are not described in this report.  When the Vernalis EC is almost equal to the EC 
objective, there is little remaining assimilative capacity for salt sources downstream of Vernalis, 
because the south Delta EC objectives are identical to the Vernalis EC objectives.  Reclamation and 
DWR are held jointly responsible by the SWRCB for compliance with D-1641 salinity (EC) objectives 
at several Delta stations, although DWR and Reclamation may not have any direct control on the 
salinity at the three south Delta compliance stations, because the three south Delta EC compliance 
stations are most directly influenced by the SJR at Vernalis flow and EC. 

The CVP Jones pumping plant and the SWP Banks pumping plant are located on Old River in the 
southwest corner of the Delta.  The CVP intake to the DMC is located about 1 mile upstream (south) 
from the SWP intake to Clifton Court Forebay (CCF).  CVP and SWP pumping (diversions) reduce 
nearby tidal elevations, flood-tide flows upstream from the intakes in Old River and Grant Line 
Canal, and ebb-tide flows downstream of the intakes in Old River, Victoria Canal and Middle River.  
The effects of pumping on south Delta water levels have been partially offset by operation of the CCF 
intake gates (i.e., closed during low tides and during the flood tide prior to the higher-high tide each 
day) and with the annual installation of temporary barriers at three locations in south Delta 
channels (in most years).  DWR operates (annually installs and removes) the temporary barriers to 
provide increased minimum water elevations during the summer irrigation season, and to provide 
some circulation (net flows) in south Delta channels to maintain water quality conditions (EC) using 
culverts with flap gates to increase the flood-tide flows at each barrier.  A fourth barrier at the head 
of Old River has been installed by DWR to protect migrating fish in the spring (juvenile Chinook 
salmon in April and May) and fall (adult Chinook salmon in October and November) of most years.  
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The operations of the temporary barriers (e.g., installation, opening culverts, and removal) generally 
are described in Water Rights Decision D-1641 and in permits granted by the U.S. Army Corps of 
Engineers, the National Marine Fisheries Service (NMFS), the U.S. Fish and Wildlife Service (USFWS), 
and the California Department of Fish and Wildlife.  Several water quality monitoring stations and 
biological field surveys (e.g., for vegetation and aquatic species) are required by these permits.  
Many years of temporary barrier operations, as well as several tidal flow modeling studies, have 
indicated that although the temporary barriers maintain somewhat higher minimum daily water 
elevations upstream from the barriers, tidal flows are substantially reduced by the barriers, and net 
(daily average) flows in south Delta channels also are modified (i.e., shifted).  The temporary 
barriers may cause net upstream flows in the portions of Middle River and Old River upstream from 
the barriers (as planned), but this may unintentionally reduce the Old River flow at Tracy Boulevard 
and allow the Tracy Boulevard EC to increase.  Without temporary barriers, the measured Old River 
net flow at Tracy Boulevard is about 10 percent of the head of Old River net flow, because the 
majority of the Old River flow is diverted to Grant Line Canal through Doughty Cut.  Higher salinity 
water from Sugar Cut and Paradise Cut often flows towards Tracy Boulevard, and the EC increases 
are greater with lower Old River flows.  The temporary barriers reduce the tidal flows to about half 
of full tidal flows (without barriers) and may reduce or reverse the net flow at Tracy Boulevard, so 
the effects from higher salinity water from Sugar Cut or Paradise Cut may increase with the 
temporary barriers.  The measured EC increase between Union Island and Grant Line Canal (at 
Doughty Cut or Tracy Boulevard) is smaller because the net flow in Grant Line Canal is much higher. 

Sources of higher salinity water entering Old River downstream from Doughty Cut were evaluated 
from tidal elevation, tidal flow, and tidal EC data, as well as from longitudinal boat surveys of Old 
River EC conducted in 2009 and 2010 (DWR 2012).  The tidal data analysis is presented in five south 
Delta Data Atlas Microsoft Excel files and in five Microsoft Word documents using a combination of 
graphs and text format (converted to pdf files).  The Data Atlas framework includes the compilation, 
integration, and analysis of the 15-minute tidal elevation, tidal flow, and tidal EC data from about 25 
south Delta stations located on the SJR, Old River, Middle River, Grant Line Canal, Victoria Canal, 
Paradise Cut, Sugar Cut, and Tom Paine Slough.  Excel files with 15-minute and daily average data, 
calculations, graphical comparisons, and statistical summaries, has been prepared for calendar years 
2009 through 2013. 

This evaluation project also identified several possible solutions (alternatives) to reduce the higher 
salinity (EC) in Old River at Tracy Boulevard.  One previously suggested solution was to provide 
flushing flows of 25 to 50 cfs from the SJR to the upper ends of Paradise Cut and Sugar Cut to reduce 
the higher salinity in these tidal sloughs.  However, the preliminary evaluation determined that 
because the EC in Paradise Cut and Sugar Cut are much higher than the SJR and Old River EC, about 
the same excess (i.e. higher than Old River EC) salt load would enter Old River with the flushing 
flows and about the same incremental EC would likely be observed at Tracy Boulevard.  Several 
other changes in south Delta channel conditions that possibly could reduce or eliminate the excess 
salinity which has been observed in Old River at Tracy Boulevard were identified and are described 
and comparatively evaluated in this report.  The likely effects of these salinity-reduction alternatives 
could be more accurately evaluated using the DSM2 model to compare the effects of each alternative 
with the historical EC conditions observed in recent years.  Although the DSM2 model could not be 
used to identify the locations of the higher EC water sources (i.e., inflows), the DSM2 model could be 
adjusted with improved channel bathymetry, improved estimates of wastewater discharges (e.g., 
Lathrop, Stockton, and Tracy), and more accurate representation of agricultural diversions and 
agricultural drainage flows in the south Delta channels.  The calibrated DSM2 model (i.e. adjusted to 
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match the historical data) could then be used to compare the likely changes that would be likely 
with each alternative. 

Based on the DSM2 modeling results and further discussions with stakeholders and regulatory 
agencies, as well as more detailed engineering feasibility and design studies, one of the salinity-
reduction alternatives could be selected by DWR as a recommended demonstration project to 
actually measure the effectiveness of the alternative.  A selected demonstration project likely would 
be conducted in cooperation with the Central Valley RWQCB, SWRCB, Reclamation, and South Delta 
Water Agency (SDWA) with possible water quality control grant funding.  The effects of a selected 
demonstration project could be evaluated using the same tidal data analysis framework described in 
the Data Atlas portion of this project.  Some additional EC monitoring stations have recently (2014) 
been installed by DWR, and some additional longitudinal EC profiles in Paradise Cut, Sugar Cut, Old 
River, and Grant Line Canal have been measured by DWR, so that the effects of the selected 
demonstration project could be accurately determined and evaluated (with before and after 
comparisons).  If monitoring and data analysis confirms that the demonstration project was 
successful in reducing salinity at Tracy Boulevard, the demonstration project could be fully 
implemented (with recommended design changes) as a permanent south Delta channel feature to 
eliminate any future exceedances of the EC objectives in Old River at the Tracy Boulevard EC 
compliance station. 

South Delta Channel Flows and Salinity Patterns 
Tidal flows in south Delta channels generally are controlled by tidal elevations in the San Francisco 
Estuary and channel geometry (i.e., width, depth, length and connections with other channels), as 
well as by the SJR at Vernalis flow and the CVP and SWP south Delta pumping plants (i.e., exports) 
that are located on Old River near Tracy.  Salinity in south Delta channels is largely controlled by the 
SJR at Vernalis flow and salinity, as well as by agricultural diversions of water and salt from the 
channels, and drainage or groundwater seepage (i.e., inflows) of higher salinity water to the 
channels.  Because a majority of CVP and SWP exports pumped from the south Delta is water from 
the Sacramento River that flows across the Delta, salinity in the south Delta channels is generally 
reduced with increased CVP and SWP pumping.  Seawater intrusion during periods of low Delta 
outflow may increase the salinity in Old River (downstream of the CVP and SWP pumping 
plants),but rarely does seawater intrusion cause the salinity in the exports or in the south Delta 
channels to become greater than the SJR at Vernalis salinity (EC).  Tidal flows provide substantial 
mixing of SJR water, Sacramento River water, agricultural drainage water and groundwater seepage 
water in south Delta channels.  Tidal flows and tidal variations in the measured salinity patterns in 
south Delta channels are described in this section. 

Tidal Flow Definitions and Concepts 
“Tidal flow” is the movement of water past a location caused by tidal changes in water elevations.  
As water elevations increase (rise) in the ocean or downstream portion of a bay, channel, or slough, 
gravity (force) causes the water to move upstream because the water elevation gradient (higher to 
lower) slopes upstream.  The upstream movement away from the ocean is called a “flood-tide,” and 
the tidal flow is referred to as the “flood-tide flow.”  As the water elevation decreases (falls) in the 
ocean or downstream portion of a bay, channel, or slough, gravity (force) causes the water to move 
downstream because the water elevation gradient slopes downstream.  The downstream movement 
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toward the ocean is called an “ebb-tide,” and the tidal flow is referred to as the “ebb-tide flow.”  The 
tidal flow is the tidal velocity (measured) times the cross-section of the channel at the velocity 
measurement station (changes with tidal elevation).  Each tidal flow measurement station uses an 
elevation-area relationship to calculate the tidal flow from the tidal velocity and water elevation. 

Both the sun and the moon have strong gravitational forces that cause tidal variations in ocean 
elevations.  Because the lunar day (the time between the moon being directly overhead today and 
tomorrow) is about 24.84 hours (24 hours 50 minutes), a progressive lag exists between the 
greatest gravitational force from the sun and from the moon.  This progressive lag causes 
interference in the two major tidal waves and thereby causes the spring-neap tidal cycle variations 
in the tidal range.  The tidal range is greatest during “spring tides,” when the sun and the moon are 
aligned (new moon and full moon).  The tidal range is smallest during “neap tides,” when the moon 
is sideways to the sun (first quarter and third quarter).  The spring-neap cycle is about 28.5 days 
(24/0.84), and thus a full spring-neap lunar cycle is experienced once each month (with a few days 
remaining).  Therefore, although the tidal water elevation variations are generally similar each day, 
with two solar tides (flood and ebb tides), the tidal fluctuations are slightly different each day 
because of the lunar spring-neap cycle.  In south Delta channels, the tidal variations each day 
generally are similar, with a small lag at upstream stations, because they are connected (linked) to 
Pacific Ocean tidal elevations that propagate upstream in the San Francisco Bay, the SJR, Old River, 
and Middle River to the south Delta channels. 

The SJR at Vernalis inflow generally is added to the tidal flows in the portion of the SJR channel that 
has water surface elevations within the zone of tidal elevations (i.e., < 5 feet NAVD).  This zone of 
tidal flows extends upstream past Mossdale at low SJR flows (i.e., < 1,000 cfs).  At higher flows, the 
water elevation (cross-section) and slope required to transport the water downstream eliminates 
the tidal flows.  The downstream river flow is added to the tidal flows in the SJR channel; ebb-tide 
flows are increased, and flood-tide flows are decreased by the SJR inflow.  The effects of the CVP and 
SWP diversions are similar to the effects of SJR flow; the diversion flows are subtracted from the 
flood-tide flows upstream of the diversions, and are subtracted from the ebb-tide flows downstream 
of the diversions.  However, because the diversions also have effects on tidal elevations, some 
additional effects on tidal elevations and tidal flows are observed both upstream and downstream 
from the CVP and SWP diversions, in Old River, Grant Line Canal, Victoria Canal, and Middle River.  
All of these tidal variations and effects from SJR flows and from the CVP and SWP diversions are 
accurately recorded by the 15-minute tidal elevation and tidal flow measurements in south Delta 
channels. 

Salinity Definitions and Concepts 
Salinity in the Delta channels and in the agricultural soils is assumed to be “conservative,” meaning 
that salt mass (weight) is neither increased nor reduced by chemical reactions (i.e., dissolving or 
precipitating).  The salt concentration may be increased by the addition of salt or the evaporation 
(or transpiration) of some of the water.  The “load” of salt is the mass of salt per volume (i.e., 
concentration) times the water flow, or the mass of salt added (i.e., inflow source) or diverted per 
time.  The river salt load (mass/time) increases with the addition of wastewater discharge or 
agricultural drainage; the river salt load does not change substantially with rainfall because the flow 
increases slightly but the salt concentration is reduced slightly (rainfall EC is less than 25 μS/cm); 
and the river salt load does not change with evaporation because the salt concentration increases 
slightly but the flow is reduced slightly.  The basic analysis method used in this report is a salt 
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balance of the SJR from Vernalis (i.e., inflow) through the south Delta channels to the CVP and SWP 
exports (i.e., outflow) near Tracy, including the agricultural diversions and drainage (i.e., return 
flows) in the south Delta channels.  A salt balance between two flow and EC measurement stations 
can be used to identify the local inflows of higher salinity water (i.e., sources).  A general salt balance 
is assumed for the agricultural irrigation areas, with the applied salt balanced by the return flows 
(i.e., less water with higher EC).  This report does not measure or calculate the salt balance in the 
irrigated lands. 

Salinity is measured as electrical conductivity (EC); as salinity increases, the electric current across 
an electrode gap of 1-cm (standard distance) increases.  Devices have been developed to measure EC 
with a constant voltage potential and adjusted for water temperature.  EC measurements generally 
are adjusted to 25 degrees Centigrade.  Calibration of field devices is achieved by comparing the 
meter readings when the electrode is immersed in standard solutions, prepared by dissolving a 
known quantity of salt in the water.  The range of EC in the Delta is 100 μS/cm (freshwater) to about 
25,000 μS/cm (50 percent seawater); the range of EC in the south Delta channels is much less, with a 
maximum EC of about 2,500 μS/cm (5 percent seawater). 

The EC stations (EC sensors) in the south Delta normally are calibrated by comparing the 
measurements in the laboratory, using a standard solution with an EC of about 2,500 μS/cm.  This 
provides a good calibration for the normal range of EC measurements.  However, because each 
station is independently calibrated, nearby EC station measurements on the same day (assumed to 
be measuring the same river water) may not be identical.  Daily average EC variations of 10 to 25 
μS/cm between nearby stations are regularly observed.  Similar fluctuations in the 15-minute EC 
data from the SJR at Vernalis or Mossdale or Brandt Bridge are measured, suggesting that normal 
river water has a daily range of EC that is about 25 μS/cm.  These EC measurement differences and 
fluctuations can be used to evaluate EC measurement accuracy (agreement between stations) for the 
south Delta.  Wastewater discharge or agricultural drainage effects of less than 10 to 25 μS/cm are 
difficult to detect with the EC monitoring network because the daily average measurements from 
the stations generally vary by about 10 to 25 μS/cm. 

Figure 1 shows the general accuracy of south Delta EC measurements.  The DWR North Central 
Regional Office water quality assessment section maintains the EC probe at the head of Old River.  
Field crews visit the station every 2 to 3 weeks to retrieve data and change the measurement sonde 
(sensors module).  A field crew member uses a handheld sensor to measure the EC (and other 
parameters) and compares this with the most recent monitoring data.  Figure 1 shows the sequence 
of field-check EC values for 2009–13.  The field-check EC usually was very similar to the monitoring 
records.  The monitoring data are considered satisfactory if it is within 25 μS/cm (i.e., 1 percent of 
the calibration standard) of the field-check EC.  The field-check EC measurements closely matched 
the EC monitoring records for the full range of Old River EC, from 125 μS/cm during high flow 
periods to almost 1,250 μS/cm during low flow periods. 



California Department of Water Resources  South Delta Channel Flows and Salinity Patterns 
 

 
Evaluation of Salinity Patterns and Effects of Tidal Flows and 
Temporary Barriers in South Delta Channels 7 September 2016 

ICF 00568.13 
 

 

Figure 1.  Comparison of Field-Check EC Measurements with EC Monitoring Records at the Old 
River at Head Station, 2009–13 

Tidal Elevation, Tidal Flow, and Electrical Conductivity 
Measurements 

Many monitoring stations in south Delta channels record tidal water elevation (feet, per North 
American Vertical Datum [NAVD]), tidal velocity (feet/second), tidal flow (cfs), and electrical 
conductivity (μS/cm) with a 15-minute measurement interval.  These records provide 96 
measurements each day to describe the tidal variations in these parameters.  The analysis of the 
south Delta tidal data could begin only after all available and applicable data were downloaded and 
time-sequenced (compiled) into a master data file (spreadsheet). 

Attachment B of this report provides a complete list of the stations with applicable data that were 
used for the south Delta Data Atlas files for 2009-13 and also describes the recommended 
procedures for obtaining and compiling the available tidal data from the south Delta stations.  Table 
B-1 lists the monitoring stations that were accessed and parameters that were compiled for the 
south Delta Tidal Data Atlas files for 2009–13.  Data for tidal elevation, tidal flow, tidal velocity, and 
EC parameters were obtained for each station, if available.  The stations are listed in downstream 
order for the San Joaquin River, Old River (including Paradise Cut and Sugar Cut), Grant Line Canal 
(including Doughty Cut), and Middle River (including Victoria Canal).  Each station has a period of 
record for each of the monitoring variables (i.e., elevation, velocity, flow, and EC).  The agency that 
maintains the station is identified and the station ID (number or abbreviation) is shown.  About 11 
stations are along the SJR (e.g., three separate monitoring stations, maintained by three agencies, are 
located at Vernalis).  Approximately 18 stations are along Old River and connecting tidal sloughs, 
about 5 stations are along Grant Line Canal, and about 5 stations are along Middle River and Victoria 
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Canal.  Many of the 39 stations measure tidal elevations, about half of the stations measure EC, and 
about half of the stations measure tidal flow (and velocity). 

Figure 2a shows the monitoring stations in south Delta channels, generally along channels and tidal 
sloughs (dead-end channels) located south or west of the SJR.  The stations are designated by 
California Data Exchange Center (CDEC) code (of three characters), or the USGS or DWR station 
number.  Several stations along the SJR are used for important boundary (reference) measurements.  
The SJR at Vernalis station is shown in the bottom right (southeast) corner of the figure.  The SJR at 
Vernalis station is just downstream from the Stanislaus River and is the designated SJR inflow to the 
Delta.  The SJR at Jersey Point station is in the middle left side of the figure.  The Jersey Point station 
measures tidal elevation, tidal flow, and tidal EC; these data provide a reference for comparing Bay-
Delta tidal fluctuations and seawater intrusion (increased EC) during periods of relatively low Delta 
outflow.  The head of Old River station measures tidal elevation, tidal flow, and tidal EC; these data 
provide a reference for comparing the flows and EC in other south Delta channels.  The Old River at 
Bacon station and the Middle River at Bacon station provide the reference tidal flows and EC 
entering the south Delta from the north.  The combined daily net flow at these two stations is used 
as an index of the net flows in the Old and Middle Rivers (OMR) caused by the SJR inflow, exports, 
and agricultural or municipal diversions from the south Delta channels.  The south Delta EC 
compliance stations; SJR at Brandt Bridge, Old River at Union Island, and Old River at Tracy 
Boulevard, provide a record of the salinity changes that are measured between Vernalis and these 
south Delta channel locations.  Many other EC monitoring stations were used for the analyses of 
south Delta salinity changes. 

Figure 2b shows a more detailed map of south Delta channels, which are the focus of this south Delta 
salinity investigation.  The tidal monitoring stations are identified on the map along a portion of the 
SJR, along Old River from the head of Old River to the Highway 4 Bridge, along Middle River from 
Union Island to Victoria Canal, and along Grant Line Canal.  The EC monitoring stations in Paradise 
Cut and Sugar Cut are of particular interest for evaluating the increased EC observed in Old River at 
Tracy Boulevard and Tracy Wildlife Association (nearby station) relative to the EC at upstream Old 
River stations (e.g., head of Old River, Union Island). 
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Methods for Evaluating Tidal Elevation, Tidal Flow, and Tidal EC 
Data 

The general methods that were used to evaluate the measured south Delta tidal elevations, tidal 
flows, and EC data are described in this section.  More details about these methods are discussed 
where the results are shown and described in subsequent sections of this report.  The various 
methods were used to summarize and evaluate or compare the measurements from different 
locations through time (5 years).  Results from previous tidal hydrodynamic and water quality 
modeling (e.g., DSM2) are discussed as part of this data analysis and data interpretation.  However, 
the DSM2 model results could not be used to identify or quantify the sources (i.e., inflows) of higher 
salinity water, because the only sources of higher salinity water included in the DSM2 model (i.e., 
agricultural drainage) are specified (assumed) in the Delta Island Consumptive Use module (DICU).  
DSM2 results for tidal elevations and tidal flows could be used to describe the south Delta channel 
hydrodynamics, but the model results for historical tides, inflows, and exports must be calibrated 
(adjusted) to match historical tidal elevation and tidal flow measurements.  DSM2 historical 
simulations of EC for 2009-13 could be shown in comparison with the measured EC data to 
demonstrate the model reliability and to adjust (i.e., calibrate) the assumed agricultural drainage 
locations, inflows and inflow EC; this is recommended as a follow-up task using the historical data 
included in the south Delta Data Atlas files.  The calibrated DSM2 simulations for historical 2009-13 
conditions and with the various alternatives for reducing or eliminating the elevated salinity in Old 
River at Tracy Boulevard could be used to more accurately evaluate the effectiveness of the 
proposed alternatives.  The methods used in this report to evaluate the measured south Delta tidal 
elevations, tidal flows, and tidal EC variations relied on direct calculations and comparisons of the 
15-minute data, rather than DSM2 model results.  

The first analysis method was to calculate the daily minimum, average, and maximum values for 
selected tidal (15-minute) measurements.  This provided a useful summary of the 96 tidal 
measurements each day; for example, the daily tidal elevation range (maximum minus minimum) 
and the daily average (i.e., net) flow were calculated with this simple method.  This method was used 
to summarize the tidal flows, tidal velocities, and EC data.  This method could also be used to 
summarize the DSM2 modeling results, because the daily tidal elevation ranges and average tidal 
flows are the basic “daily” parameters for tidal hydrodynamics. 

The next analysis method was to calculate the daily salt loads (i.e., load = conversion x flow x EC) 
and salt load increases between measurement stations (i.e., salt load increments).  This was the 
basic method used to estimate the magnitude of salt sources (i.e., inflows) from Paradise Cut and 
Sugar Cut, as well as agricultural drainage or shallow groundwater salt sources (i.e., inflows) along 
the SJR and in south Delta channels.  For example, the effects of a wastewater discharge (e.g., City of 
Tracy) on the downstream Old River flow and EC were calculated to show the relationships between 
flow, salinity, salt sources to the channel, and salt loads in the south Delta.  This was an extension of 
a basic river flow-balance analysis, which determines inflows or diversions from the change in flow 
between two measurement locations.  A major difficulty with applying this method is that both 
diversions and discharges may occur between measurement locations, and neither the flows nor the 
EC of the higher salinity discharges or inflows are measured. 

Daily average flows were used to identify the flow diversions (or channel junction flows) as a 
function of the river flow upstream from the diversion channel (or channel junction).  The Paradise 
Cut diversion from the SJR (during high flows), the head of Old River diversion (channel junction 
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flow) from the SJR, the head of Middle River diversion from Old River, and the Doughty Cut diversion 
from Old River to Grant Line Canal were evaluated and described with flow diversion equations.  
This allowed the net daily flows in the south Delta channels to be estimated; these daily channel flow 
estimates were important for tracking the movement of water and the dilution of higher salt sources 
(i.e., inflows) in each channel. 

Although tidal flows (i.e., velocities) have been measured at several locations in recent years, the 
general method for estimating tidal flows and comparing (confirming) measured tidal flows was to 
calculate the tidal flows from the 15-minute changes in elevation times the estimated upstream 
surface area (i.e., tidal prism): 

Tidal flow (cfs) = 15-minute elevation change (feet) x upstream surface area (acres) x 43,560/900 

For channels with a net daily flow, the net daily flow was added to the calculated tidal flows.  For 
locations with tidal flow measurements, the measured tidal flows were compared (confirmed) with 
the calculated tidal flows plus the net daily flow.  This comparison was very useful for matching the 
measured tidal flows in Old River and Middle River (at Bacon Island).  The tidal flows were shifted 
upstream (negative flow) by the daily average CVP and SWP export pumping (diversion); however, 
because the Clifton Court Gates are opened and closed at specific times during the tidal cycle, the 
SWP diversion flow changes throughout the day.  When two channels (e.g., Old River and Middle 
River) convey tidal flows to upstream areas, the total upstream surface area must be divided 
between the two channels, depending on their conveyance area (assuming the same tidal water 
slopes in both channels).  As an example, the measured tidal flows in Middle River were slightly 
higher than the measured tidal flows in Old River, indicating the upstream area for the Middle River 
tidal flow station was greater.  The total upstream area was estimated to be 3,750 acres, and the 
upstream area estimated for the Middle River flow station was 2,000 acres (53 percent).  The tidal 
flows and net flows in each Delta channel are accurately calculated with the DSM2 model; the 
geometry for each connected channel and the tidal elevations at the downstream end of the model 
(i.e., Martinez), together with the inflows and diversions throughout the Delta are accurately 
simulated.  However, the estimated tidal flows at various locations within the south Delta channels 
were calculated from the measured tidal elevation changes and the estimated upstream surface 
areas as a basic data analysis method, without reference to the DSM2 model results. 

Cumulative tidal flow volumes (acre-feet [af]) were calculated by summing positive 15-minute tidal 
flow volumes (i.e., af = tidal flow (cfs) x 900 /43,560) for the ebb-tide volume or by summing 
negative 15-minute tidal flow volumes for the flood-tide volume.  This provided a daily summary of 
the upstream (i.e., flood-tide) and downstream (i.e., ebb-tide) tidal volumes (four tidal volumes each 
tidal day).  The upstream and downstream tidal movements (miles) were estimated for each channel 
by dividing the tidal flow volume by the channel volume (volume per mile).  This was similar to 
calculating the travel time in a channel (i.e., travel time = volume/flow).  This method was used to 
evaluate the effects of the temporary barriers on tidal flows (tidal volumes) and flushing of south 
Delta channels.  The movement of salt in tidal sloughs (e.g., Paradise Cut and Sugar Cut) and the 
likely effects of a tidal gate in Old River at the DMC barrier (rather than a temporary barrier) were 
evaluated with these tidal flow volume and tidal movement methods. 

Tidal flows at each of the temporary barriers were calculated as the flow through the submerged 
culverts (i.e., flow = coefficient x area x head^0.5) and flow over the submerged weirs 
(i.e., flow = coefficient x length x head^1.5) plus the net daily flow.  The upstream and downstream 
tidal elevations were used to estimate the tidal flows when the temporary barriers were installed; 
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the tidal flows without the temporary barriers were estimated from the tidal elevation changes and 
the upstream surface area.  The calculated tidal flows at the temporary barriers compared quite well 
with the measured tidal flows in Old River at the DMC barrier, at the Head of Old River barrier (in 
2012), and at the Grant Line Canal barrier; this suggested that the calculated tidal flows at the 
Middle River barrier and at the Tom Paine Slough diversion barrier also were reasonably accurate. 

Another analysis method used to evaluate the salinity sources (i.e., inflows) indicated by the 
measured EC increases in Old River at the Tracy Boulevard EC monitoring station (and confirmed by 
the Tracy Wildlife EC monitoring station) was a tidal “box-model” of Paradise Cut, Sugar Cut, and Old 
River between Doughty Cut and Tracy Boulevard (a small portion of the DSM2 model).  The box-
model calculated the tidal movement of water between the channel segments, and also calculated 
the tidal movement of specified (i.e., assumed) salt sources (i.e., flow and EC) at the upstream ends 
of Paradise Cut and Sugar Cut.  The box-model used the measured tidal elevations and measured 
tidal flows at Tracy Boulevard.  Because these tidal elevations and flows changed when the 
temporary barriers were installed, the box-model was used to evaluate water and salt movement for 
conditions with barriers and without barriers.  Because Tom Paine Slough diversions were relatively 
high during the irrigation season (e.g., 50-100 cfs) most of the Sugar Cut salt source likely was 
diverted to Tom Paine Slough and very little likely reached Old River during the irrigation season 
(with or without temporary barriers).  The box-model was used to evaluate the possibility (i.e., 
hypothesis) that most of the observed EC increases at Tracy Boulevard (and Tracy Wildlife) 
originated from the specified (i.e., assumed) Paradise Cut and Sugar Cut salinity sources (i.e., 
inflows). 

The last analysis method used to evaluate salinity sources (i.e., higher salinity inflow locations) in 
Old River was calculating the tidal movement of longitudinal EC profiles, previously measured by 
DWR during 2009 and 2010 (DWR 2012).  The Old River EC profiles were measured periodically 
from Old River at Union Island to Old River at the DMC intake (just downstream from the Old River 
at DMC temporary barrier).  Longitudinal EC profiles also were measured in Paradise Cut in 2009.  
These longitudinal EC profiles would shift upstream at high tide and would shift downstream at low 
tide.  This method used the EC gradient as a water movement tracer. The tidal shifting of a measured 
EC profile can be most easily described for a dead-end tidal slough like Paradise Cut or Sugar Cut.  
The tidal movement distance was assumed to be proportional to the upstream surface area (tidal 
prism) divided by the channel cross-section.  For a uniform channel, the movement would linearly 
decrease from the mouth to the upstream end.  Little shifting occurred at the upstream end of 
Paradise Cut, while considerable shifting (3 to 5 km) occurred at the mouth of Paradise Cut.  In Old 
River the tidal shifting was relatively minor at Tracy Boulevard (not much tidal flow), but was about 
3 to 5 km near the DMC intake, depending on the daily tidal elevation range at the DMC intake.  The 
longitudinal EC profiles (shifted to high tide and low tide) matched the daily minimum and 
maximum EC that was measured near the mouth of Paradise Cut and in Old River near the DMC 
intake and DMC barrier.  This method was also used to approximate the likely effects of a tidal gate 
in Old River (to replace the Old River at DMC temporary barrier).  An upstream movement (3 to 5 
km) of lower salinity water during flood-tides (tidal gate open) would reduce the EC in Old River 
upstream from the DMC barrier to Tracy Boulevard, and would flush the salt sources from Sugar Cut 
and Paradise Cut into Doughty Cut and Grant Line Canal during ebb- tides (tidal gate closed).  A tidal 
gate in Old River at the DMC temporary barrier location would provide a net upstream flow in this 
portion of Old River (tidal circulation), as originally proposed by DWR in the South Delta 
Improvements Program (SDIP). 
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These tidal data analysis methods were used to describe the daily patterns of flows and salinity that 
were measured in 2009-13; a series of daily graphs for each year will be described and the major 
conditions or “events” observed during this five-year period will be briefly discussed in the next 
section of this report.  The subsequent major sections of this report will show several tidal 
(15-minute) flow and salinity graphs (3-months each) and describe in more detail the tidal 
variations in elevations, flows, and EC in the south Delta channels. 

San Joaquin River Flow and Salinity 
The basic analysis method used in this report is a salt balance of the SJR from Vernalis (i.e., inflow) 
through the south Delta channels to the CVP and SWP exports (i.e., outflow) near Tracy, including 
the agricultural diversions and drainage (i.e., return flows) in the south Delta channels.  A salt 
balance between two tidal flow and EC measurement stations can be used to identify the local 
inflows of higher salinity water (i.e., sources).  A general salt balance is assumed for the agricultural 
irrigation areas, with the applied salt balanced by the return flows (i.e., less water with higher EC).  
This report, however, does not measure or calculate the soil salt balance for the irrigated lands. 

Determining the daily net flow and daily average EC patterns is the first step in analyzing and 
evaluating the salinity patterns in south Delta channels.  The two major sources of water in south 
Delta channels are (1) diversions (channel junction flows) from the SJR at the head of Old River near 
Mossdale and (2) Sacramento River water that is “moved” across the central Delta channels by 
slightly greater tidal elevation gradients (i.e., increased upstream flow towards the pumps on flood-
tide and reduced downstream flow on ebb-tide) caused by the CVP and SWP pumping plants.  The 
SJR salinity (EC) is measured at Vernalis and Mossdale, just upstream from the head of Old River 
diversions.  The SJR at Vernalis is the major source of water in the south Delta channels and 
therefore controls the salinity (EC) measured at the Brandt Bridge EC station and in Old River at the 
Union Island and Tracy Boulevard EC stations.  Agricultural diversions may reduce the flow in the 
south Delta channels, while agricultural drainage, rainfall (runoff), and groundwater seepage may 
increase the flow and salinity in the south Delta channels.  The EC of the water entering south Delta 
channels from the north (in Old River and Middle River) is a mixture of predominantly Sacramento 
River water, with some agricultural drainage from Delta islands and some seawater intrusion during 
periods of low Delta outflow (e.g., less than 5,000 cfs).  The salinity (EC) of this “northern” water is 
almost always less than the EC of the SJR; therefore, CVP and SWP pumping generally have a 
freshening effect on the EC of the exported water.  Increased CVP and SWP pumping does not cause 
increased EC in south Delta channels (e.g., Old River Bacon and Middle River at Bacon) unless the 
Delta outflow is reduced to less than 5,000 cfs by the pumping (i.e., increased seawater intrusion).  
This condition was generally observed in September-October of the low runoff years (e.g., 2009, 
2010, 2012, and 2013; see the Data Atlas graphs of “CVP and SWP Exports and Salt Sources”). 

The measured SJR at Vernalis EC is strongly dependent on the measured flow (i.e., flow-dilution), 
because the agricultural salt loads from the watershed are relatively constant from year to year, 
although a seasonal pattern occurs with rainfall runoff (i.e., high volumes, low EC) in the winter 
months and groundwater seepage (i.e., low volumes, high EC) in the summer and fall months.  The 
SJR salt loads are greatly reduced in years with low irrigation (i.e., reduced drainage and 
groundwater seepage), such as in 2014 and 2015 (not evaluated in this report).  Because a 
substantial portion of the SJR salt loads originate from the irrigated portion of the west side of the 
San Joaquin Valley (north of the SJR Mendota Pool), the seasonal SJR salt loads depend on runoff as 
well as irrigation and drainage practices.  Releases from tributary reservoirs on the Stanislaus, 
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Tuolumne, and Merced Rivers provide strong dilution of the seasonal salt load, because the EC of the 
released water is very low (e.g., generally less than 50 μS/cm). 

The daily salt load of a river or channel can be calculated from the flow and EC values as: 

Salt load (tons/day)  = 5.4 x flow (cfs) x EC (μS/cm) x 0.65/2,000 

=0.00175 x flow (cfs) x EC (μS/cm) 

where 0.65 is the assumed conversion ratio (TDS/EC) between 1μS/cm (EC units) and 1 mg/L of salt 
(TDS), and 5.4 is the conversion between 1 cfs and 1 mg/L to pounds per day.  Some variations occur 
in the TDS/EC ratio of SJR source water because of different salt/EC ratios for the major negative 
ions (Cl, SO4, HCO3) and positive ions (Na, Ca, K) in the water.  A general value of 0.65 was assumed 
for the TDS/EC ratio when calculating salt loads in the SJR and south Delta channels (e.g., water with 
EC of 1,000 μS/cm would have a TDS concentration of 650 mg/L). 

Figures 3a through 3e show the SJR flow at Vernalis (black line, right scale) and the measured SJR EC 
at several locations in 2009–13.  Two measurements of EC at Vernalis are shown; the Reclamation 
(gold line) and DWR (gold diamonds) values generally were similar.  The SJR EC generally increases 
with lower SJR flows, and the SJR EC is reduced considerably when reservoir releases are made to 
provide a spring peak flow for improved juvenile Chinook salmon migration.  The monthly average 
EC objectives at Vernalis and the south Delta EC compliance stations are shown for reference (green 
line).  The EC at Brandt Bridge and the EC in Old River at Union Island usually were similar to the 
Vernalis EC, but the EC in Old River at Tracy Boulevard (red line) and at Tracy Wildlife (pink 
diamonds) often were much higher than the Vernalis EC.  The Tracy Boulevard EC was determined 
to be erroneous (higher than Tracy Wildlife EC and higher than Old at DMC EC) from June 2009 to 
January 2010. 

The SJR at Vernalis salt load (tons/day) was calculated from the daily flow and EC values.  For 
example, the average SJR at Vernalis flow in 2009 (Figure 3a) was 1,285 cfs, and the average EC was 
640 μS/cm.  Because the higher daily EC values are usually measured at lower flows, the flow-
weighted average EC was 613 μS/cm (96 percent of the daily average EC), and the average 
calculated salt load was 1,403 tons/day (513,000 tons/year).  The average SJR at Vernalis flow in 
2010 (Figure 3b) was 3,085 cfs, the average EC was 500 μS/cm (flow-weighted EC was 407 μS/cm), 
and the average salt load was 2,320 tons/day (846,000 tons/year).  The average SJR at Vernalis flow 
in 2011 (Figure 3c) was much higher at 9,290 cfs, the average EC was much lower at 280 μS/cm 
(flow-weighted EC was 204 μS/cm), and the average salt load was 3,500 tons/day (1,278,000 
tons/year).  The average SJR at Vernalis flow in 2012 (Figure 3d) was 1,650 cfs, the average EC was 
583 μS/cm (flow-weighted EC was 544 μS/cm), and the average salt load was 1,680 tons/day 
(613,000 tons/year).  The average SJR at Vernalis flow in 2013 (Figure 3e) was 1,347 cfs, the 
average EC was 617 μS/cm (flow-weighted EC was 581 μS/cm), and the average salt load was 1,485 
tons/day (542,000 tons/year).  The main purpose for this evaluation project was to identify the 
major salt sources (i.e., higher salinity inflows) that likely increased the measured EC at the south 
Delta EC compliance stations in the SJR at Brandt Bridge, in Old River at Union Island, and in Old 
River at Tracy Boulevard compared to the measured SJR at Vernalis EC.  The monthly water and salt 
budgets for the south Delta channels and the CVP and SWP exports are presented in Attachment C. 
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Except for 2011 (high runoff), the SJR at Vernalis EC was fairly close to the EC objectives; this was 
the result of Reclamation actively managing (increasing) New Melones Reservoir releases to control 
the Vernalis EC.  The SJR flow and EC measured upstream at Maze (just downstream of the 
Tuolumne River) provides the necessary information about the salt load that must be diluted by the 
Stanislaus River flow; sometimes the releases are increased by Reclamation above the minimum 
flow required for fish habitat to provide this salt management flow.  However, whenever the SJR at 
Vernalis EC is close to the EC objective, downstream inflows of higher salinity water (i.e., treated 
wastewater, groundwater seepage or agricultural drainage) may cause the SJR at Brandt Bridge EC 
or Old River at Union EC or Old River at Tracy Boulevard EC to exceed the EC objective. 

The effects of increased SJR flows on reduced EC can be observed in each of the years; the dilution 
effects were strongest for reservoir releases (e.g., during spring and late October pulse flows) and 
the dilution effects were reduced (i.e., less change in EC) when the increased flow was from 
watershed runoff.  Conversely, the SJR at Vernalis EC generally increased during periods with 
decreasing flows.  Because the Stanislaus River is the last major inflow to the SJR, the SJR at Vernalis 
EC was lower than the EC at all downstream south Delta locations.  The EC at downstream SJR 
locations (e.g., Brandt Bridge), the EC in Old River (e.g., Union, Tracy Boulevard and Tracy Wildlife), 
and the EC in Grant Line Canal were generally similar to the Vernalis EC (within 50 to 100 μS/cm).  
The measured EC in Old River at Tracy Boulevard (and at Tracy Wildlife) were, however, sometimes 
higher than the EC at Brandt Bridge and at Union, and were generally the highest EC measured in 
the south Delta channels (except in Paradise Cut and Sugar Cut).  This report attempts to identify the 
causes of the variations in the south Delta channel EC measurements in comparison to the SJR at 
Vernalis EC patterns. 
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Figure 3a.  Measured Daily Average SJR Flow at Vernalis and EC at Several Locations in 2009 

 
Figure 3b.  Measured Daily Average SJR Flow at Vernalis and EC at Several Locations in 2010 
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Figure 3c.  Measured Daily Average SJR Flow at Vernalis and EC at Several Locations in 2011 

 

Figure 3d.  Measured Daily Average SJR Flow at Vernalis and EC at Several Locations in 2012 
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Figure 3e.  Measured Daily Average SJR Flow at Vernalis and EC at Several Locations in 2013 

Effects of Wastewater and Agricultural Discharges 
A number of important agricultural diversions exist along the SJR downstream from Vernalis and in 
the south Delta.  Some of these are major irrigation district diversions; for example, the Banta-
Carbona Irrigation District intake is located downstream from Vernalis and has a maximum 
diversion flow of about 175 cfs.  Others are small riparian diversion pumps for individual farmers, 
with flows of 5 cfs or less.  The diversion of water does not change the salinity of the water 
remaining in the river, but because the downstream river flow is reduced, the effects of any 
downstream agricultural drainage flows or treated wastewater discharges on salinity are greater. 

The agricultural drainage EC can be approximated by assuming that agricultural drainage EC is 
about five times the water supply EC, because crop evapotranspiration generally is assumed to use 
about 80 percent of the applied water (i.e., 80 percent irrigation efficiency, with 20 percent 
percolation to shallow groundwater below the root zone).  For example, most of the agricultural 
drainage from the Banta-Carbona Irrigation District is returned to the SJR just downstream from the 
pumping plant at the New Jerusalem Drain.  The New Jerusalem Drain discharges most of the 
drainage from Banta-Carbona Irrigation District and has a relatively high salinity (e.g., 2,000 to 
3,000 μS/cm).  The agricultural diversions (and associated drainage or groundwater seepage) along 
the SJR or in the south Delta channels can be estimated from the irrigated acreage and assumed crop 
evapotranspiration and percolation (i.e., soil drainage).  Several small diversions and two larger 
diversions, for the Naglee-Burk Irrigation District (ID) in Tracy and for the Westside ID at Wicklund 
Cut are located along Old River; these diversion reduce the net flow in Old River (downstream of 
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Tracy Boulevard) during the irrigation season.  For example, Table 1 shows the reported monthly 
diversions for the Westside ID in 2009–13.  The diversions were about 60 cfs in April, increased to 
80 cfs in July (82.5 cfs pump capacity), and decreased to about 50 cfs in September.  The reported 
seasonal diversions were about 23,000 af, and because the irrigated area was reported to be about 
5,100 acres, the average water application rate was about 4.5 feet/year.  The monthly diversions 
along Old River could be estimated from the irrigated acreage served by the other pumps.  Although 
the return flows from these irrigation diversions are not measured, an average assumed drainage 
flow of 20 percent of the applied water (with an assumed EC of about 5 times the applied EC) can be 
used to approximate the salinity sources (i.e., inflows) to the south Delta channels.  Because the 
average EC during the irrigation season will vary each year, the expected salinity sources returning 
to the south Delta channels will also vary each year. 

The cumulative effect of south Delta diversions would reduce the downstream net flows, but would 
not change the tidal flows, because the tidal flows are controlled by the tidal elevations.  However, 
the temporary barrier in Old River at the DMC reduces the flood tide and ebb-tide flows over the 
barrier and may cause a net upstream flow through the culverts (with flap gates).  During the 
summer with relatively low Old River flow, this may cause the net flow in Old River at Tracy 
Boulevard to approach 0 cfs or to reverse (net upstream flow).  These low net flows may affect the 
salinity at Tracy Boulevard, because more of the salt sources from Sugar Cut, Paradise Cut, and other 
agricultural drainage discharges may accumulate in Old River between Doughty Cut and the DMC 
barrier; these conditions of low net flows with accumulating salinity are sometimes referred to as a 
“null zone.” 

Table 1. Monthly Average Diversions for Westside Irrigation District 

Month 2009 2010 2011 2012 2013 

March 2 0 0 31 40 
April 58 8 38 41 28 
May 77 59 51 64 49 
June 64 57 53 55 53 
July 74 71 76 79 70 
August 62 67 65 68 61 
September 45 41 51 47 44 
October 5 9 9 13 14 

Note:  
Monthly diversion totals are shown in cubic feet per second. 
Source: SWRCB WRIS license #00138 

A discharge or inflow with the same EC as the river or channel does not change the EC of the 
channel; only if the discharge EC is different than the channel EC does the discharge cause the 
channel EC to change.  An inflow with a lower EC (e.g., Stanislaus River) will reduce the downstream 
river EC; agricultural drainage and wastewater discharges will generally increase the river or 
channel EC.  The excess EC is the difference between the discharge EC and the river or channel EC; 
the excess salt load is the portion of a salt load that would increase the EC of the river or tidal slough. 
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The excess (incremental) salt load was calculated as: 

Excess salt load (tons/day) = 0.00175 x discharge flow (cfs) x [EC (μS/cm) of discharge – EC (μS/cm) of river] 

The discharge EC will cause a greater increase of the channel EC if the discharge flow is a large 
fraction of the river flow or the discharge EC is much greater than the river EC.  The effect of 
agricultural drainage or treated wastewater effluent on river EC depends on the relative flows (i.e., 
dilution of discharge) and the difference between the discharge EC and the river EC (i.e., excess EC).  
The effects of a discharge on the downstream river EC can be calculated as: 

Downstream EC = (River EC x River Flow + Discharge EC x Discharge)/(River Flow + Discharge) 

The EC change downstream from the discharge can therefore be calculated as: 

Downstream EC Change = (Discharge EC – River EC) x Discharge/(River Flow + Discharge) 

The downstream EC change is called the incremental EC.  Treated wastewater has a higher EC than 
the water supply; the wastewater EC generally is increased by 250 to 500 μS/cm (higher increment 
from water softening).  Treated wastewater discharge EC may be greater than the channel EC and 
may cause a slight increase in the downstream channel EC, similar to the effects of agricultural 
drainage.  The effects of wastewater discharges are easier to evaluate, however, because the 
discharge flow and EC are often measured. 

For example, the Manteca wastewater discharge is just upstream from the Mossdale EC monitoring 
station.  The Manteca wastewater discharge has a capacity of about 15 cfs (9.7 million gallons per 
day [mgd]), with an assumed EC of about 1,400 μS/cm.  The effects of the Manteca discharge on SJR 
EC can be estimated for any river flow and EC; with an assumed river flow of 1,500 cfs and an EC of 
700 μS/cm (irrigation season EC objective), the Manteca wastewater discharge would increase the 
river EC by about 7 μS/cm (i.e., 700 μS/cm x 15/[1,500 + 15]).  The Manteca wastewater discharge 
into the SJR would be strongly diluted because the assumed flow in the SJR was much greater than 
the discharge.  The increase in river EC from the Manteca wastewater discharge would be slightly 
greater for lower river flows and for lower river EC values. 

The City of Tracy wastewater discharge also is about 15 cfs (9.7 mgd), with a measured average EC 
of about 1,250 μS/cm.  The City of Tracy has made considerable progress in reducing the 
wastewater EC (e.g., previously 1,750 μS/cm), with a drinking water supply pipeline from the South 
San Joaquin Irrigation District replacing some DMC deliveries and some groundwater pumping.  
Therefore, the daily salt load (total) is about 32 tons, although the incremental salt load and EC 
increment depends on the Old River EC.  For example, if the Old River flow was about 750 cfs with 
an EC of about 700 μS/cm (irrigation season EC objective), the City of Tracy discharge would have 
an incremental daily salt load of 14 tons (i.e., [1250-700] x 15 x 0.00175), and would increase the 
Old River EC by about 11 μS/cm (i.e., [1250-700] x 15/765).  The City of Tracy is currently planning 
to implement a recycled water master plan which will further reduce the City’s wastewater 
discharge to Old River and decrease the City’s net water demand.  The recycled water master plan 
may reduce overall salt loading to the south Delta; however, the daily incremental effects on EC in 
Old River will likely be small because the wastewater discharge is a small fraction of typical Old 
River flows.  A quantitative analysis of these effects is not included in this report. 
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This salt-balance approach can be used to estimate the total salt load (flow x EC) and incremental 
salt load (discharge x excess EC) between any two river EC stations with flow estimates; however, 
net flow measurements in the south Delta channels have only been feasible in recent years (with 
improved tidal flow measurement equipment).  This salt-balance approach is more difficult for 
south Delta channels because (unmeasured) agricultural diversions and drainage discharges occur 
along the same channels.  Furthermore, the tidal flows move in both directions at different times 
during the day.  A complete understanding of the sources of increased salinity measured at the Old 
River at Tracy Boulevard EC station requires an integrated analysis of all available tidal data from 
south Delta channels. 

Figures 4a through 4e show the calculated daily incremental effects of the City of Tracy’s 
wastewater discharge on the Old River EC in 2009–13, compared to the measured EC increment 
between Union Island and Doughty Cut.  The daily measured discharge and weekly measured EC 
were used to calculate the incremental EC caused by the City of Tracy wastewater discharge.  The 
incremental EC was greatest at lower flows and when the Old River EC was lower, but because lower 
EC generally was caused by higher SJR flows, the greatest incremental EC occurred during periods of 
low flows with higher Old River EC.  The incremental EC calculations assumed that the upstream and 
downstream EC measurements were accurate, and that Old River flow was increased only by the 
Tracy discharge.  The measured EC increments were often higher than the calculated EC increments 
in the summer months, indicating there likely were other sources of higher salinity water (perhaps 
from Paradise Cut or Sugar Cut).  Some of the highest EC increments were likely caused by EC 
measurement errors (e.g., spikes in the daily average EC) at one of the EC stations. 

 
Figure 4a.  Measured Old River EC at Several Locations and the Calculated Effects of the Tracy 
Wastewater Discharge on the EC Increment between Union Island and Doughty Cut in 2009 
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Figure 4b.  Measured Old River EC at Several Locations and the Calculated Effects of the Tracy 
Wastewater Discharge on the EC Increment between Union Island and Doughty Cut in 2010 

 
Figure 4c.  Measured Old River EC at Several Locations and the Calculated Effects of the Tracy 
Wastewater Discharge on the EC Increment between Union Island and Doughty Cut in 2011 
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Figure 4d.  Measured Old River EC at Several Locations and the Calculated Effects of the Tracy 
Wastewater Discharge on the EC Increment between Union Island and Doughty Cut in 2012 

 
Figure 4e.  Measured Old River EC at Several Locations and the Calculated Effects of the Tracy 
Wastewater Discharge on the EC Increment between Union Island and Doughty Cut in 2013 
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Net Daily Flows in South Delta Channels 
The daily average flows in south Delta channels are controlled by the SJR inflow at Vernalis and the 
CVP and SWP pumping, as well as the average channel flow diversions (channel junction flows) that 
are controlled by the channel geometry and tidal elevation gradients, and the agricultural diversions 
and discharges along each channel.  Because tidal flows dominate south Delta channels, the flow 
diversions at channel junctions must be considered during flood-tide (upstream flows) and ebb-tide 
(downstream flows).  Flow diversions during ebb-tide become flow convergences during flood-tide, 
and flood-tide flows may have a somewhat different pattern than ebb-tide flows.  Although generally 
similar (same upstream area at each elevation), each flood-tide and ebb-tide is slightly different 
because of the tidal variation (beginning and ending elevation), and therefore the tidal flows are 
slightly different.  Because tidal flows are often much larger than the net flows in south Delta 
channels, and because of the variations in tidal flows, it is difficult to separate the tidal flows from 
the net flows; the general method was to evaluate the net flows with daily averages (24 hours), tidal 
averages (24.75 hours), or moving-averages (multiple days) of the 15-minute tidal flows.  The 
summary of major flow diversions in this section were based on historical flow measurements in 
2009-13 and previous DSM2 modeling results.  The CVP pumping to the DMC and the SWP pumping 
to the California Aqueduct from CCF have substantial effects on the daily net flows in Old River 
downstream from the DMC intake and in Victoria Canal and Middle River downstream from Victoria 
Canal.  The combined flows in Old River at Bacon and in Middle River at Bacon are referenced as the 
OMR flow.  CVP and SWP pumping reduce OMR flow (i.e., larger negative upstream flow).  The CVP 
pumping is uniform, with a maximum permitted capacity of 4,600 cfs (actually more than 5,000 cfs 
with existing motors and pumps).  The SWP diversions to CCF are not uniform, because the gates 
open and close on a tidal pattern, but the net daily effects on the Old River and Middle River flows 
are similar to the effects from CVP pumping.  The maximum permitted SWP diversion is 6,680 cfs, 
although the physical pumping capacity is about 10,300 cfs. 

The first flow diversion (channel junction) from the SJR to south Delta channels is the Paradise Cut 
Weir.  The Paradise Cut Weir is about 180 feet wide, with a crest elevation of about 15 feet NAVD.  
The hydraulics (velocity and flow) of the weir are controlled by the river elevation above the weir 
crest, or water head (i.e., flow = C x length x water head^1.5).  The flood-flow bypass weir begins to 
spill when the SJR at Vernalis flow is about 17,500 cfs (elevation of about 15 feet at the weir) and 
results of hydraulic modeling of the SJR and Paradise Weir (with DSM2 or HEC-RAS) indicate that 
the weir diverts about 50 percent of the additional SJR flow (greater than 17,500 cfs).  This assumed 
flow diversion generally was confirmed during the high flows of April 2011.  Therefore, the Paradise 
Cut Weir flow can be estimated as: 

Paradise Weir Flow (cfs) = 0.5 x [SJR Flow at Vernalis (cfs) – 17,500] 

The diversion of SJR flow into the head of Old River (i.e., channel junction) is important for 
calculating the daily average flows in south Delta channels.  The general flow diversion (based on 
DSM2 or HEC-RAS modeling results) can be approximated as 50 percent of the SJR flow being 
diverted to Old River and 50 percent of the SJR flow continuing downstream to Stockton.  However, 
the CVP and SWP pumping will increase the diversion flow into Old River, increasing the diversion 
by about 5 percent of the combined pumping.  For example, if the CVP and SWP pumping were at 
maximum permitted capacity (4,600 cfs for CVP and 6,680 cfs for SWP), the Old River diversion for 
typical summer conditions of 1,500 cfs at Vernalis would increase from 750 cfs (without pumping) 
to 1,315 cfs (i.e., 750 cfs plus 5 percent of 11,280 cfs).  With the maximum CVP and SWP pumping, 
the head of Old River diversion flow will increase by 564 cfs, and the SJR flow passing the head of 
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Old River (towards Stockton) will be reduced by 564 cfs (to 185 cfs for this example).  This 
estimated head of Old River diversion flow is similar to the calculation used in the OMR Flow Index, 
which was recently implemented by Reclamation for OMR flow compliance (with the USFWS and 
NMFS RPA-allowed OMR flows). 

The head of Middle River (i.e., channel junction) is about 4 miles downstream from the head of Old 
River, at the southeast tip of Union Island.  The Old River at Union Island EC station is located at this 
diversion location.  The DSM2 model results indicate that about 3-5 percent of the Old River flow is 
diverted into the Middle River during periods without temporary barriers (and low irrigation 
diversions).  Therefore, the Old River flow at the Tracy wastewater discharge location (downstream 
from Middle River) is about 95-97 percent of the head of Old River flow. 

The Old River channel is complex (e.g., bends, side-channels) in the vicinity of Doughty Cut, Salmon 
Slough, and the mouth of Paradise Cut and Sugar Cut (Tom Paine Slough); several of the channel 
sections are very shallow at low tide. Generally about 85 percent of the head of Old River flow is 
diverted at Doughty Cut to the upstream end of Grant Line Canal.  Therefore, only about 10 percent 
of the head of Old River flow remains in Old River downstream from Doughty Cut and flows past the 
mouth of Paradise Cut, the mouth of Sugar Cut (Tom Paine Slough), and past Tracy Boulevard.  The 
tidal flow measurements in Old River at Tracy Boulevard are not accurate enough to resolve 
differences from the assumed 10 percent of the head of Old River flow; variations from this average 
flow fraction might be expected with temporary barriers or with higher pumping.  This section of 
Old River is quite shallow, and the shallow depth may prevent a greater fraction of the head of Old 
River flow from continuing down Old River to Tracy Boulevard.  The tidal flow measurements in 
Grant Line Canal (western end) are not accurate enough to resolve differences from the assumed 
85-87 percent of the head of Old River flow (subtracting Middle River and Old River at Tracy 
Boulevard flows).  Temporary barriers in Middle River, Grant Line Canal, and Old River at DMC did 
not substantially change the flow diversions from Old River to Middle River, nor did they change the 
flow diversions from Old River to Grant Line Canal (Doughty Cut). 

Tidal flow measurements in Old River at Bacon Island and in Middle River at Bacon Island indicate 
that about 45 percent of the net upstream flow that is needed to supply the CVP and SWP exports 
and agricultural diversions, after subtracting the head of Old River flow (net export flow), comes 
from Old River at Bacon, and about 55 percent of the net export flow comes from Middle River at 
Bacon Island.  Some of the Middle River net flow (10 percent of the net export flow) is transferred to 
Old River (through Woodward Canal and Railroad Cut) so that the net flow in Old River at Highway 
4 is about 55 percent of the net export flow, and the net flow in Victoria Cut is about 45 percent of 
the net export flow.  The net export flow measured in Old River at Bacon Island and Middle River at 
Bacon Island also is called OMR flow. 

Figures 5a through 5e show the measured and estimated daily flows at the head of Old River, in Old 
River at Tracy Boulevard, and at the DMC barrier in calendar years 2009–13.  Tidal flow 
measurements in Old River at Tracy Boulevard and at the DMC barrier were very low compared to 
flows at the ,head of Old River and in Grant Line Canal.  The temporary barrier operations are 
indicated with index numbers on the right-hand scale (0–20).  A value of 0 indicates that the barrier 
was not installed, an index value of 5 indicates that the barrier was being installed or removed, an 
index value of 10 indicates that the barrier was installed but the culvert flap gates were open, and an 
index value higher than 10 indicates the number of culvert flap gates operating (open on flood-tide, 
closed on ebb-tide).  The majority of the Old River flow was diverted to Grant Line Canal.  The tidal 
velocity at Tracy Boulevard was very low, making the daily average tidal flow difficult to calculate.  
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The Old River at Tracy Boulevard flow was estimated as 10 percent of the head of Old River flow 
(dashed red line); the installation of the temporary barriers (barrier operation index value of 10 or 
more, indicating the number of culverts with flap gates) did not seem to change the net flow fraction 
at Tracy Boulevard for relatively low flows, but the Grant Line Canal barrier may have increased the 
fraction of Old River flow at Tracy Boulevard for higher flows. 

 

Figure 5a.  Measured and Calculated Daily Average Old River Flow at Tracy Boulevard and the 
DMC Barrier in 2009 
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Figure 5b.  Measured and Calculated Daily Average Old River Flow at Tracy Boulevard and the 
DMC Barrier in 2010 

 
Figure 5c.  Measured and Calculated Daily Average Old River Flow at Tracy Boulevard and the DMC 
Barrier in 2011 
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Figure 5d.  Measured and Calculated Daily Average Old River Flow at Tracy Boulevard and the 
DMC Barrier in 2012 

 

Figure 5e.  Measured and Calculated Daily Average Old River Flow at Tracy Boulevard and the 
DMC Barrier in 2013 
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Tidal Exchange and Salinity in Paradise Cut and Sugar Cut 
The tidal flows in tidal sloughs (dead-end channels) are controlled by the variations in tidal 
elevations and the channel geometry (cross-section, surface area, and volume) of the tidal sloughs, 
assuming a flat water surface elevation provides a good estimate of the tidal flow filling and draining 
the tidal slough (i.e., flow = elevation change x surface area).  Two major tidal sloughs in the south 
Delta are Paradise Cut and Sugar Cut.  These two tidal sloughs are located along Old River just 
downstream from Doughty Cut (connecting Old River and Grant Line Canal) and are both upstream 
from Tracy Boulevard.  Paradise Cut is about 6 miles long, with a surface area of about 170 acres and 
a volume of about 1,000 af at mean tide (4 feet NAVD).  Sugar Cut is about 2 miles long, with a 
surface area of about 55 acres and a volume of 425 af at mean tide.  Tom Paine Slough, which is 
connected to Sugar Cut, with culverts and siphons (with flap gates to prevent ebb-tide outflow 
during the irrigation season) is about 7 miles long, with a surface area of about 65 acres and a 
volume of 230 af (from the DSM2 geometry file). 

Tidal exchange (water movement) in a tidal slough with a possible inflow (or outflow) at the 
upstream end is controlled by tidal elevations and the surface area of the slough.  The 15-minute 
tidal flow volumes into the slough (during flood-tide) and out of the slough (during ebb-tide) are 
calculated as: 

Tidal volume (acre-feet) = - elevation change (feet) x area (acres) + Inflow (cfs) * 900/43560 

The negative sign shows a negative flow (upstream) when the water elevation is increasing and a 
positive flow (downstream) when the water elevation is decreasing.  Salt flushing from a tidal 
slough depends on the salt source (flow and EC) and on the tidal exchange flows and mixing along 
the tidal slough.  The salt source (seepage or drainage flow) initially is mixed in the tidal volume that 
moves past the discharge or seepage location.  Because the tidal flows are proportional to the 
upstream surface area, tidal flows decrease from the mouth of the slough to the upstream end of the 
slough.  The EC increase from a salt source is greater if the salt source is located further upstream in 
the slough, where less tidal water movement for dilution occurs.  The higher EC water is tidally 
mixed throughout the slough and is transported out of the slough during ebb-tides.  The subsequent 
filling of the slough from the downstream channel (Old River) creates and maintains a longitudinal 
salinity gradient that generally increases from the mouth of the slough to the upstream end of the 
slough. 

Possible salt sources in Paradise Cut and Sugar Cut were evaluated with tidal flow and salinity 
calculations, using these basic tidal slough flow and salinity concepts.  Sugar Cut actually is 
connected to Tom Paine Slough just upstream from the diversion barrier, which operates with flap 
gated box culverts and siphons.   However, for this study, Sugar Cut was used as the name of the tidal 
slough, and Tom Paine Slough was used as the name of the channel upstream from the diversion 
barrier.  The measured tidal elevations in Old River were used to calculate the tidal exchange 
volumes using the tidal slough geometry (volumes and surface areas).  The EC measurements near 
the mouth of Paradise Cut and in Sugar Cut upstream from the Tom Paine Slough diversion were 
used to estimate the salt sources that would match the measured tidal EC patterns.  The salt sources 
for each tidal slough were specified as a flow (cfs) and EC (μS/cm) that were initially assumed to 
remain constant throughout the year; the actual salt sources may have a seasonal or fluctuating 
pattern.  The mouths of Paradise Cut and Sugar Cut are downstream from Doughty Cut, which 
diverts most of the head of Old River flow to Grant Line Canal.  Because the net flow in Old River at 
Tracy Boulevard is only about 10 percent of the head of Old River flow, the salt sources from 
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Paradise Cut and Sugar Cut have a relatively large effect on the EC in Old River at Tracy Boulevard, 
because the net flow (dilution) past Tracy Boulevard is often small. 

Figures 6a through 6e show the measured daily average EC at several locations in Old River in 
2009–13, including the EC at Doughty Cut (upstream from Paradise Cut and Sugar Cut) and the EC at 
Tracy Boulevard and at Tracy Wildlife (downstream from Paradise Cut and Sugar Cut).  The EC in 
Paradise Cut and in Sugar Cut generally were higher than the EC at Tracy Boulevard, indicating that 
tidal exchange from these tidal sloughs may be the source of the elevated EC (incremental EC) 
observed at Tracy Boulevard.  Because the Tracy Boulevard EC was considerably higher than the 
Tracy Wildlife EC from July to December 2009, and was higher than the longitudinal EC profiles 
measured by DWR in 2009, the Tracy Boulevard EC data was determined to be inaccurate during 
this period.  The Tracy Boulevard EC matched the Tracy Wildlife EC again in February 2010.  This 
discrepancy between the two nearby EC measurements suggested the importance of replicate 
measurements (and frequent field checks) for the most important data locations. 

The accurate interpretation of these measured daily patterns of EC along Old River and in Paradise 
Cut and Sugar Cut was difficult because of the many factors that may influence the south Delta EC.  
The SJR flow and EC at Vernalis are the primary (dominant) factors, but the head of Old River flow 
and the Old River flow at Tracy Boulevard control the dilution of the salt sources from Paradise Cut 
and Sugar Cut.  The Sugar Cut EC was often the highest EC measurement, because the EC station is 
located upstream of the Tom Paine Slough diversion near the source of the higher EC water at the 
upstream end of Sugar Cut.  The Paradise Cut EC was often similar to the head of Old River EC or the 
Doughty Cut EC, because the EC station is located near the mouth of Paradise Cut, with the greatest 
tidal exchange of water with Old River (during flood-tide).  The temporary barriers reduce the tidal 
elevation variations and tend to isolate the tidal sloughs, causing the measured EC to increase; but 
the high flows in 2011 also reduced the tidal variations and caused higher EC in Paradise Cut and 
Sugar Cut (i.e., lower tidal flushing). 
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Figure 6a.  Measured Daily Average EC in Paradise Cut and Sugar Cut Compared to the EC at 
Several Old River Locations in 2009 

 
Figure 6b.  Measured Daily Average EC in Paradise Cut and Sugar Cut Compared to the EC at 
Several Old River Locations in 2010 
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Figure 6c.  Measured Daily Average EC in Paradise Cut and Sugar Cut Compared to the EC at 
Several Old River Locations in 2011 

 

Figure 6d.  Measured Daily Average EC in Paradise Cut and Sugar Cut Compared to the EC at 
Several Old River Locations in 2012 
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Figure 6e.  Measured Daily Average EC in Paradise Cut and Sugar Cut Compared to the EC at 
Several Old River Locations in 2013 

Figure 7 shows the channel segments used for the tidal flow and salinity calculations for Paradise 
Cut, Sugar Cut, and Old River between Doughty Cut and Tracy Boulevard.  The channels are 
represented by volume segments that fill during flood-tide and are partially emptied (drain) during 
ebb-tide.  The tidal slough calculations used three-volume segments for Old River: segment A 
between Sugar Cut and Tracy Boulevard; segment B between Paradise Cut and Sugar Cut; and 
segment C between Doughty Cut and Paradise Cut.  The tidal slough calculations used 10 volume 
segments for Paradise Cut and 5 volume segments for Sugar Cut.  This allowed the longitudinal tidal 
exchange and mixing of salinity to be approximated, but not as accurately represented as with the 
DSM2 tidal flow and salinity model (once calibrated).  The segmented calculations cannot track the 
movement of Old River water into the tidal sloughs during flood-tide as accurately as the DSM2 
model; the EC in downstream segments remain too high and the EC in upstream segments become 
too low (too much longitudinal mixing).  However, the box-model approximation of the tidal 
exchange of water and salt in Paradise Cut, Sugar Cut, and the Old River segments between Doughty 
Cut and Tracy Boulevard allows changes in the assumed salt sources to be quickly reviewed and 
compared for the 5 years being evaluated (i.e., 2009-13), each of which contains many combinations 
of Old River flow and EC, and with different periods of Head of Old River barrier and temporary 
barrier operations (installation and flap gate operation). 
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Paradise Cut has a surface area of about 170 acres, with a volume of 1,000 af at mean tide (elevation 
of 4 feet NAVD); the volume will change by about 17 percent of the mean tide volume for each 1-foot 
change in tidal elevation (assuming a rectangular channel).  Paradise Cut is about 6 miles long with a 
uniform channel cross-section (assumed), so water from about 16 percent of the slough length (1 
mile) flows to Old River as the elevation decreases by 1 foot from mean tide, and 16 percent of the 
slough length (volume) is filled with water from Old River as the elevation increases by 1 foot to 
mean tide. 

Sugar Cut has a surface area of about 55 acres, with a volume of 425 af at mean tide (elevation of 4 
feet NAVD); the volume will change by about 13 percent for each 1-foot change in tidal elevation 
(assuming a rectangular channel).  Sugar Cut is about 2 miles long with a uniform channel cross 
section, so water from about 13 percent of the slough length (0.25 mile) flows to Old River as the 
elevation decreases by 1 foot from mean tide, and 13 percent of the slough length is filled with water 
from Old River as the elevation increases by 1 foot to mean tide. 

The tidal calculations for Sugar Cut include a tidal diversion (i.e., culverts with flap gates) to Tom 
Paine Slough for irrigation; this diversion is about 1 mile upstream from the mouth of Sugar Cut.  
The assumed daily diversion flow varies seasonally from March through October, with a maximum 
daily average diversion flow of about 100 cfs assumed in the summer.  The actual diversion flow 
through the culverts depends on the water elevation difference, so the diversion is greater at higher 
tide elevations.  Although the Sugar Cut tidal flows at the mouth often are greater than the diversion 
flow, the diversion flow was much greater than the assumed salt source flow, so most of the salt 
source at the upstream end of Sugar Cut was likely diverted to Tom Paine Slough during the 
irrigation season.  Because the mouth of Paradise Cut is just upstream from the mouth of Sugar Cut, 
some of the assumed salt source from Paradise Cut that enters the Old River channel may be 
diverted subsequently into Sugar Cut during flood-tides and some into Tom Paine Slough during the 
irrigation season. 

The tidal flows through the flap gates into Tom Paine Slough provide water supply to Pescadero 
Tract, with an irrigated area assumed to be about 8,000 acres.  The daily diversions necessary to 
support the seasonal irrigation of this area can be roughly estimated as follows.  Assuming that a 
total of 3.75 feet of water is applied during the year, with 20 percent assumed soil drainage (0.75 
feet) and evaporation-transpiration of 3 feet, a seasonal total of 30,000 af of water per year would 
be diverted from Sugar Cut to Tom Paine Slough at the flap gates.  Assuming that the irrigation water 
is applied with a seasonal pattern (i.e., half-sine wave shape) from March through October (the 
predominant crop is alfalfa), the maximum daily flow would be about 100 cfs (12.5 cfs per 1,000 
acres).  The agricultural drainage from the soils in this area would total about 6,000 af per year 
(assuming 20 percent soil drainage).  The assumed Tom Paine diversion flow was specified in the 
box-model to more accurately calculate the fraction of the assumed Sugar Cut salt source that 
reached Old River in the summer irrigation season. 

If irrigation water drainage to the shallow groundwater with seepage to the south Delta channels is 
relatively uniform throughout the year, the average drainage flow from Pescadero Tract will be 
about 8 cfs.  The Pescadero Tract (8,000 acres) and other irrigated lands in the south Delta will have 
similar diversions for irrigation and similar agricultural drainage flows, with an average agricultural 
drainage flow of about 1 cfs per 1,000 acres.  Because the drainage flow is assumed to be 20 percent 
of the applied water, the EC of the drainage water would be about 5 times the applied EC.  For 
example, if the average EC of the applied water was 500 μS/cm, the average drainage water EC 
would be about 2,500 μS/cm.  Therefore, the soil drainage water from the irrigated lands in the 
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south Delta could have a measureable effect on the Old River EC.  The effects from agricultural 
drainage will be greatest during periods of low Old River flows, or during periods with highest 
drainage flow if the drainage flow is not uniform during the year.  Drainage flow from the shallow 
groundwater may be increased during wet periods if rainwater infiltration causes increased water 
table elevations near south Delta channels (increased seepage) and the EC also may be seasonal. 

Because flood tide (upstream) flows in Old River at Tracy Boulevard are relatively small (with a net 
downstream flow), most of the flood-tide flows entering Sugar Cut and Paradise Cut likely are 
coming from Doughty Cut and Grant Line Canal.  During ebb-tide, however, tidal flows from Sugar 
Cut and Paradise Cut are more likely to flow downstream in Old River towards Tracy Boulevard 
(with the net flow).  Therefore, the measured tidal elevations and flows in Old River at Tracy 
Boulevard were used (when available) to calculate the tidal flows in Old River just upstream from 
Sugar Cut, just upstream from Paradise Cut, and just downstream from Doughty Cut.  This allowed 
the effects of the salt sources from Paradise Cut and Sugar Cut to be accurately calculated; some of 
the assumed salt source was transported downstream in Old River to Tracy Boulevard, some was 
diverted to Tom Paine Slough for irrigation, and some was transported upstream in Old River to 
Doughty Cut and Grant Line Canal.  The tidal slough calculations were compared to the measured EC 
patterns in Sugar Cut upstream from the Tom Paine Slough diversion, near the mouth of Paradise 
Cut, and in Old River at Tracy Boulevard to estimate the likely salt sources in Paradise Cut and Sugar 
Cut. 

Effects of Temporary Barriers on Tidal Elevations and Flows 
The CVP pumping to the DMC and the SWP pumping to the California Aqueduct from CCF have 
substantial effects on the net flows, tidal elevations, and tidal flows in south Delta channels.  The CVP 
pumping is relatively uniform, with a maximum permitted pumping of 4,600 cfs (actually 5,000 cfs 
with existing motors and pumps).  Results from previous DSM2 modeling suggest that the effects of 
the CVP pumping on south Delta tidal elevations are moderate, reducing the tidal elevations in Old 
River and Grant Line Canal by about 0.5 feet (SDIP 2005:Figure 5.2-15).  The effects of the SWP 
pumping are more difficult to evaluate because the CCF tidal gates are closed during low tide 
elevations and the flood-tide before the higher-high (highest) tide each day.  At full permitted SWP 
pumping of 6,680 cfs, with 4,600 cfs CVP pumping, the DSM2-simulated effects of full SWP pumping 
on minimum elevations (without temporary barriers or CCF gate operations) were relatively small 
(reduced an additional 0.25 feet), but the maximum elevations also were reduced by about 1 foot.  
However, comparison of measured high tide elevations (e.g., Old River at Bacon Island with Old 
River at the DMC barrier, or Grant Line Canal at Tracy Boulevard) for periods of high and low SWP 
and CVP pumping suggests that the CCF gate operation rules are very effective in maintaining high 
tidal elevations in south Delta channels. 

DWR operates (annually installs and removes) three temporary barriers in south Delta channels to 
provide increased minimum water elevations during the summer irrigation season.  The temporary 
barriers each have several 4-foot-diameter culverts with flap gates to allow upstream (flood-tide) 
flows.  Sometimes the flap gates are held open to allow both ebb-tide and flood-tide flows.  The 
barriers are located in Old River upstream from the DMC intake, in Middle River upstream from 
Victoria Canal, and in Grant Line Canal upstream from Tracy Boulevard (see Figure 2b).  A higher 
elevation weir crest at the Old River at DMC barrier (4.5 feet NAVD) and at the Middle River barrier 
(4.5 feet NAVD) than at the Grant Line Canal barrier (3.5 feet NAVD) was intended to provide a net 
upstream flow (i.e., circulation) in Middle and Old Rivers (upstream from the barrier), to maintain 
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acceptable minimum water elevations and adequate water quality (EC).  The ebb-tide flows in Old 
River and Middle River upstream from the barriers were expected to move upstream (reverse), after 
the water elevations decrease to the barrier crest elevation of 4.5 feet and flow downstream in Grant 
Line Canal (with crest elevation of 3.5 feet).  However, because the Grant Line Canal weir crest 
elevation is only 1 foot lower, the period of upstream ebb- tide flow may be limited; tidal flows 
decrease as the water elevations upstream of the barriers approach 3.5 feet. 

Many years of temporary barrier operations, as well as tidal flow modeling studies (DSM2) have 
indicated that although the temporary barriers maintain higher minimum daily water elevations 
upstream from the barriers, maximum elevations are reduced and tidal flows upstream of the 
barriers are substantially reduced by the barriers.  Periods of upstream ebb-tide flow in Old River 
and Middle River are very limited.  The DWR SDIP proposed to replace the temporary barriers with 
operable tidal gates.  The proposed gates would be open during flood-tide and the Old River and 
Middle River gates would be closed during ebb-tide to maximize the upstream circulation (net 
flows) in Old River and Middle River.  The proposed Grant Line Canal gate would be located at the 
western end of Grant Line Canal, and would be partially closed to regulate the water elevations 
upstream from the gate during ebb-tide. 

Another barrier at the head of Old River often has been installed in the fall months of September to 
November to increase SJR flows at Stockton to provide higher attraction flows for adult Chinook 
salmon migrating upstream to spawn in the SJR tributaries (Stanislaus, Tuolumne, and Merced 
Rivers).  The Head of Old River barrier also has been installed in the spring months (April and May) 
of many years to reduce the diversion of SJR salmon juveniles (smolts) into Old River with 
subsequent entrainment (or salvage) at the CVP and SWP pumping plants.  However, the fall barrier 
was not installed in 2009–13, and the spring barrier was installed only in 2012, with eight culverts 
left open to provide a minimum head of Old River flow of about 500 cfs. 

Figures 8a through 8e show the daily minimum and maximum elevations at several locations along 
Old River in 2009–13.  The SJR at Jersey Point tide elevations (gold line) are used as a reference for 
the estuary tidal conditions.  During months without temporary barriers, the tidal ranges (minimum 
and maximum tide elevations) were very similar at Highway 4, at the DMC barrier, and at Tracy 
Boulevard (red diamonds).  The minimum tide and maximum tide elevations fluctuate from day to 
day because the spring-tide elevation range is generally greater and the neap-tide elevation range is 
usually smaller.  The low tide elevations (1.5 feet to 3.0 feet NAVD) were more uniform than the high 
tide elevations (4 feet to 7 feet NAVD).  The minimum tide elevations were increased and the 
maximum tide elevations were decreased from July through October at the DMC barrier and Tracy 
Boulevard stations compared to Jersey Point, when the temporary barriers were installed with flap 
gate culverts.  The changes in the minimum and maximum tidal elevations upstream from the 
temporary barriers were the most obvious effects of installing the temporary barriers, but the 
temporary barriers also had substantial effects on the tidal flows and salt flushing patterns 
upstream from the barriers.  The following sections of the report present more specific results from 
the various analysis methods that were used to evaluate the tidal elevation, tidal flow, and tidal EC 
data from the south Delta channels to determine the effects of the temporary barriers and identify 
the likely sources of higher EC water measured at the Tracy Boulevard and Tracy Wildlife EC 
stations. 
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Figure 8a.  Daily Minimum and Maximum Tide Elevations in Old River and Grant Line Canal at 
Several Locations Upstream and Downstream from the Temporary Barriers in 2009 

 

Figure 8b.  Daily Minimum and Maximum Tide Elevations in Old River and Grant Line Canal at 
Several Locations Upstream and Downstream from the Temporary Barriers in 2010 
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Figure 8c.  Daily Minimum and Maximum Tide Elevations in Old River and Grant Line Canal at 
Several Locations Upstream and Downstream from the Temporary Barriers in 2011 

 
Figure 8d.  Daily Minimum and Maximum Tide Elevations in Old River and Grant Line Canal at 
Several Locations Upstream and Downstream from the Temporary Barriers in 2012 
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Figure 8e.  Daily Minimum and Maximum Tide Elevations in Old River and Grant Line Canal at 
Several Locations Upstream and Downstream from the Temporary Barriers in 2013 

Evaluation of Tidal Elevation, Tidal Flow, and EC 
Measurements in the South Delta in 2009–13 

The historical tidal (15-minute) elevation, flow, and EC data provide a very accurate picture of 
salinity conditions in south Delta channels during relatively low flow conditions observed in 
2009-10 and 2012–13, as well as during the high flow conditions observed in 2011 (e.g., Paradise 
Cut Weir spilled in April).  The daily SJR flows and the daily CVP and SWP pumping (diversions) 
were integrated with the tidal elevations and flows in south Delta channels to evaluate the salinity 
(EC) measured at several locations in the south Delta.  The primary focus for this study was to 
understand the higher salinity sources and tidal movement in the tidal sloughs and channels near 
the Old River at Tracy Boulevard EC monitoring station, because this EC compliance station often 
has measured the highest EC in the south Delta.  Many other water management issues (e.g., effects 
of the temporary barriers, effects of CVP and SWP pumping) also can be investigated and evaluated 
with the extensive tidal elevation, flow, and EC data collected in south Delta channels (i.e., Data Atlas 
Files). 

Because the tidal flows in south Delta channels are controlled by Pacific Ocean tidal elevations, 
which have substantial variations during the spring–neap (lunar month) tidal cycle, the daily 
average tidal flows (24-hour average) have a relatively large variation within each month.  The daily 
average (net) flows in south Delta channels are the result of the SJR inflows and the CVP and SWP 
pumping; the daily average SJR flows and daily average channel flow diversions (e.g., SJR to the head 
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of Old River, Old River to Middle River, Old River to Doughty Cut and Grant Line Canal) can be used 
to evaluate the salinity patterns in south Delta channels. 

The tidal data for 2009–13 has been integrated and evaluated for this project.  The method selected 
for the presentation of the tidal data and evaluation results was to prepare “Data Atlas” documents 
for each calendar year.  The format for the data atlas documents is a combination of a graph with a 
brief descriptive text on each page.  The 15-minute tidal data are shown with quarterly graphs (i.e., 
January to March, April to June, July to September, October to December), while daily data are 
shown with annual graphs.  The seasonal patterns and deviations from expected patterns or 
relationship are described in paragraphs below each graph.  The data analysis graphs were similar 
for each year, although some new data stations were added through time, so some of the data 
analysis graphs changed slightly for each year. 

The following sections provide a summary of the general relationships and important results from 
the 5 years of tidal data analyses.  The tidal flows and salinity patterns in south Delta channels are 
shown with example graphs from the data atlas documents.  The major topics described and 
illustrated in this section include: 1) tidal flows and tidal flow volumes in south Delta channels; 2) 
effects of the temporary barriers on tidal elevations and tidal flows; and 3) effects of salt sources on 
south Delta channel salinity.  A more thorough analysis and evaluation of the 2009–13 tidal data is 
provided in the graphs and paragraphs of data atlas documents. 

The results from the data analyses of the 2009–13 measurements were used to identify several 
possible salinity-reduction alternatives that may be effective in reducing the elevated EC 
measurements in Old River at Tracy Boulevard.  The last major section of this report presents a 
general description and preliminary feasibility comparison of these south Delta salinity-control 
alternatives.  

Tidal Flows and Tidal Flow Volumes  
The tidal flows in south Delta channels are controlled by the tidal elevation changes at the 
downstream end of each channel segment.  As the water elevations rise (during flood-tide) in the 
Old and Middle River channels, water flows upstream to fill (to the high tide elevation) south Delta 
channels.  As the water elevations decrease (during ebb- tide) in the Old and Middle River channels, 
water flows downstream to drain (to the minimum tide elevation) south Delta channels.  Because 
two ebb-tide periods and two flood-tide periods generally occur each day, the tidal flows have been 
converted to cumulative tidal flow volumes for positive flows (during ebb-tide) and negative flows 
(during flood-tide).  During periods with relatively low SJR flow and low CVP and SWP exports, the 
tidal flows are “balanced” and the daily flood-tide flow volumes entering a channel and the ebb- tide 
flow volumes leaving a channel are about the same.  Agricultural diversions will cause a slight 
upstream net flow, and the CVP and SWP exports cause a larger net upstream flow that increases the 
flood-tide flow volumes and reduces the ebb-tide flow volumes.  A large SJR flow causes a net 
downstream flow in Old River and Grant Line Canal, equal to about half of the SJR flow (diverted at 
the head of Old River), that increases the ebb-tide flows and decreases the flood-tide flows in these 
channels.  Only if the CVP and SWP exports are less than the head of Old River flow diversion is the 
net flow positive in Old River, Victoria Canal, and the Middle River downstream from the exports 
(ebb-tide volume greater than flood-tide volume). 

The tidal flows and tidal flow volumes at several of the tidal flow measurement stations are shown 
in this section to illustrate and summarize the measurements.  The 15-minute tidal flows (cfs) were 
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converted to volumes (af) and were summed for each tidal period (positive or negative flows).  For 
reference, a flow of 1,000 cfs for 15 minutes would be about 20 af (volume).  The ebb-tide volumes 
(positive) and flood-tide volumes (negative) were reset at the beginning of each day to show the 
daily (24-hour) flow volumes.  The data atlas documents show the measured and calculated tidal 
flows and tidal flow volumes for the entire year (with four quarterly graphs).  Examples of these 
graphs are shown in this section to describe the general results from the evaluation of the south 
Delta tidal flows. 

Tidal Flows in Old River 
Figure 9 shows the measured tidal flow volumes at the head of Old River (gold line), at Tracy 
Boulevard (red line), and at the DMC barrier (bright blue line) in April through June 2013 (with 
temporary barriers installed in June).  The Head of Old River barrier was not installed in 2013.  The 
head of Old River tidal flow volumes usually were positive (small reverse flows) and were about 
1,000 af in early April (with two tidal flow periods each day), increased to about 5,000 af (one tidal 
flow period each day; no reverse flows) during the April to May pulse flow period, and were about 
500 af (two tidal periods) in June.  The Old River at the DMC barrier tidal flows showed the more 
typical pattern of two positive and two negative tidal volumes passing the station each day.  During 
April and May (without the DMC barrier), the positive (downstream) tidal flow volumes ranged 
from 250 af to 1,000 af, while the negative (upstream) tidal volumes were more uniform and 
averaged about -500 af (two tidal flow periods each day).  The Old River at the DMC barrier tidal 
flows were greatly reduced by the temporary barriers in June, with measured tidal flow volumes of 
about 25 percent of the tidal flow volume without barriers (125 af compared to 500 af).  The 
measured Old River at Tracy tidal flow volumes were small (less than half) compared to the tidal 
flow volumes at the DMC barrier and were very small (less than 10 percent of the tidal flow 
volumes) at the head of Old River.  In June with the temporary barriers installed, the tidal flows in 
Old River at Tracy Boulevard and at the DMC barrier were very small; this was caused by the 
temporary barriers blocking the majority of the flood-tide flows, which is further described in the 
next section. 
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Figure 9.  Measured Tidal Flow Volumes (af) in the Head of Old River, at Tracy Boulevard, and at 
the DMC barrier in April–June 2013 

Where the tidal flows are not measured, the tidal flow volumes can be estimated from the measured 
change in tidal elevations at a location.  Because the water elevations rise or fall uniformly in south 
Delta channels (flat water surface assumption), the tidal flow volume can be calculated as the 
change in water elevation times a specified upstream channel area that is filled or drained from this 
channel location.  The net flow in the channel must be added to the ebb-tide and subtracted from the 
flood-tide flows.  The estimated tidal flow volumes can be used to check (confirm) the measured 
tidal flow volumes.  For example, at the Old River at the DMC barrier location, the flood-tide flow 
volume of -500 af in April and May (without barriers) corresponds to an upstream tidal area of 
about 250 acres, with an average flood-tide elevation change of 2 feet. 
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Figure 10 shows the measured tidal volumes in Old River at Tracy Boulevard (red line) compared to 
the calculated tidal volumes at Tracy Boulevard (green crosses) in January to March 2013 without 
temporary barriers (full tidal flows).  The 15-minute tidal volumes were calculated as the measured 
change in elevation at Tracy Boulevard times an assumed upstream surface area of 50 acres 
(estimated by matching the measured tidal volumes), with a net downstream flow assumed to be 10 
percent of the head of Old River flow: 

Tidal volume (acre-feet) = -elevation change (feet) x area (acres) + net flow (cfs) * 900/43560 

 

Figure 10.  Measured and Calculated Tidal Flow Volumes in Old River at Tracy Boulevard in 
January–March 2013 (no temporary barriers) 

An increased elevation (flood-tide) corresponds to a negative tidal volume while a reduced elevation 
(ebb-tide) corresponds to a positive tidal volume.  The calculated tidal volumes generally matched 
the measured tidal volumes (particularly in February and March).  The two flood-tide volumes each 
day were small and similar (-25 af to -50 af) while the two ebb-tide volumes were much larger and 
more variable (100 af to 300 af), with an average of about 200 af.  The tidal flows in Old River at 
Tracy Boulevard were dominated by the ebb-tide flows in this period; very little upstream tidal 
volume (flood-tide) was measured at Tracy Boulevard.  This suggests that most of the flood-tide 
flow to fill Paradise Cut, Sugar Cut, and the Old River channel upstream from Tracy Boulevard likely 
was supplied by the head of Old River flow or from flood-tide (upstream) flows in Grant Line Canal.  
However, most of the ebb-tide flow (with higher salinity) from Sugar Cut and Paradise Cut likely 
would flow downstream in Old River past Tracy Boulevard.  The higher ebb-tide flows with lower 
flood-tide flows in Old River at Tracy Boulevard likely is the major tidal flow characteristic (feature) 
that causes most of the salt load from Sugar Cut and Paradise Cut to flow downstream in Old River 
and increase the EC at Tracy Boulevard. 
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Figure 11 shows the measured tidal volumes in Old River at the DMC barrier (red line) compared to 
the calculated tidal volumes (green crosses) in January to March 2013 without temporary barriers 
(full tidal flows).  The 15-minute tidal volumes were calculated as the measured change in elevation 
at the DMC barrier times an assumed (adjusted) upstream surface area of 250 acres (200 acres more 
than for the Tracy Boulevard station), with a net downstream flow assumed to be 10 percent of the 
head of Old River flow.  The calculated tidal volumes matched the measured tidal volumes and 
indicated that the two flood-tide volumes each day were similar (an average of about -500 af), and 
the two ebb-tide volumes were more variable (250 af to 1,000 af), with an average of about 600 af.  
Because the surface area of the Old River channel between the DMC barrier and Tracy Boulevard is 
about 250 acres (DSM2 geometry file), the flood-tide flows in Old River at the DMC barrier do not 
provide enough water to fill Old River upstream from Tracy Boulevard (or Sugar Cut and Paradise 
Cut); these channels likely are filled with the head of Old River flow or with tidal flows from Grant 
Line Canal. 

 
Figure 11.  Measured and Calculated Tidal Flow Volumes in Old River at the DMC Barrier in 
January–March 2013 (no temporary barriers) 
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Figure 12 shows the measured and calculated tidal volumes in Old River at the DMC barrier in July 
to September 2013, when the temporary barriers were installed.  The measured flood-tide volumes 
moving through the culverts or over the barrier crest were less than 250 af, and the measured ebb-
tide volumes moving over the crest (but not through the culverts with flap gates) also were less than 
250 af; therefore, the net flow in Old River at the DMC barrier was small.  The Old River at DMC 
temporary barrier generally reduced the tidal volumes to less than half of the full tidal flow volumes 
of about 500 af.  The small net flow at the DMC barrier was likely upstream, because agricultural 
diversions between Tracy Boulevard and the DMC barrier were greater than the net flow at Tracy 
Boulevard (assumed to be 10 percent of the Head of Old River flow). 

 
Figure 12.  Measured and Calculated Tidal Flow Volumes in Old River at the DMC barrier in July–
September 2013 (with temporary barriers) 
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Tidal Flows in Paradise Cut and Sugar Cut 

The tidal flows in Paradise Cut and Sugar Cut were estimated by the tidal elevations and the 
upstream area in each tidal slough.  Tidal flows in Sugar Cut also were influenced by the diversions 
for irrigation water at the Tom Paine Slough diversion dam (flap gate culverts and siphons) during 
the irrigation season (March to October).  Figure 13 shows the calculated tidal volumes in Paradise 
Cut and Sugar Cut in April to June 2013.  The assumed surface area for Paradise Cut was about 170 
acres, and the assumed surface area for Sugar Cut was about 55 acres.  With an average tidal 
elevation change of 2 feet, the flood tide flow volumes (two each day) were about 340 af for Paradise 
Cut and about 110 af for Sugar Cut.  The average flood tide volume was equal to the average ebb-tide 
volume for Paradise Cut, but the average flood tide volume was about 150 af greater than the 
average ebb-tide volume for Sugar Cut because of the irrigation diversion of about 75 cfs to Tom 
Paine Slough.  The tidal volumes were reduced considerably (smaller range of tidal elevations) by 
the temporary barriers that were installed in June. 

 

Figure 13.  Measured and Estimated Tidal Flow Volumes in Old River at the DMC barrier in April–
June 2013 
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Tidal Flows in Grant Line Canal 

Figure 14a shows the measured tidal volumes in Grant Line Canal upstream from the barrier at the 
east end (red line) compared to the calculated tidal volumes (green crosses) in January to March 
2013.  The upstream surface area was 500 acres (adjusted to match the measured flood tide 
volume), and the net flow was assumed to be 85 percent of the head of Old River flow.  The 
calculated tidal volumes generally matched the measured tidal volumes, with the net flow 
dominating the tidal flows.  The flood-tide volumes (two each day) varied from about -125 af to -625 
af, with an average of about -250 af.  The ebb-tide volumes (two each day) varied from about 750 af 
to 2,500 af, with an average of about 1,750 af.  The average net flow in January to March 2013 was 
about 1,500 cfs (3,000 af per day, 750 af per tidal period); therefore, the full tidal volumes without 
any net flow would be about 1,000 af per tidal period, corresponding to the assumed upstream area 
of 500 acres with an average elevation change of about 2 feet. 

 

 

Figure 14a.  Measured and Estimated Tidal Flow Volumes at the East End of Grant Line Canal 
(Tracy Boulevard) in January–March 2013 (no temporary barriers) 
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Figure 14b shows that the tidal volumes in Grant Line Canal upstream from the barrier at the east 
end were reduced considerably in July to September 2013, when the temporary barriers were 
installed.  The measured and calculated flood-tide volumes moving through the culverts or over the 
barrier crest averaged about -250 af, while the measured and calculated ebb-tide volumes moving 
over the barrier weir crest averaged about 750 af.  The Grant Line Canal barrier increased the 
minimum tidal elevations but reduced the tidal elevation range, and thereby reduced the tidal flows 
upstream from the barrier.  The assumed upstream area of 500 acres provided a good match with 
the measured tidal volumes, indicating that the reduced tidal elevation range accounted for the 
reduced tidal flows.  The Grant Line Canal temporary barrier blocked the flood-tide until the 
elevation reached the weir crest (3.5 feet NAVD), but flows over the weir crest were sufficient to fill 
the same upstream area (although the maximum tide elevations were reduced).  Tidal filling of the 
Old River channel upstream from Doughty Cut, as well as Paradise Cut and Sugar Cut, likely 
originated from the head of Old River and from Grant Line Canal (during flood-tide periods), and not 
from Old River at Tracy Boulevard.  But some ebb-tide flows from Sugar Cut and Paradise Cut likely 
moved downstream in Old River to Tracy Boulevard, increasing the EC at Tracy Boulevard.  The 
temporary barriers did not appear to change this tidal flow pattern of filling from Grant Line Canal 
but draining to Old River at Tracy Boulevard. 

 

Figure 14b.  Measured and Estimated Tidal Flow Volumes at the East End of Grant Line Canal 
(Tracy Boulevard) in July–September 2013 (with temporary barriers) 
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Figure 15 shows the calculated tidal volumes in Grant Line Canal at the west end (green crosses) 
generally matched the measured tidal volumes (red line) in January to March 2013 without 
temporary barriers (full tidal flows).  The assumed (adjusted) upstream surface area was 750 acres 
and the net flow was assumed to be 85 percent of the head of Old River flow.  The surface area of 
Grant Line Canal and Doughty Cut is about 375 acres, the surface area of Old River upstream from 
Doughty Cut is about 200 acres, the surface area of Paradise Cut is about 175 acres, and the surface 
area of Sugar Cut is about 50 acres (total of 800 acres).  The calculated tidal volumes generally 
matched the measured tidal volumes; the flood-tide volumes (two each day) varied from about -500 
to -1,500 af, with an average of about -750 af.  The ebb-tide volumes (two each day) varied from 
about 1,000 to 4,000 af, with an average of about 2,250 af.  The average net flow in January to March 
2013 was about 1,500 cfs (3,000 af per day).  About 25 percent of this net flow volume (750 af) was 
added to each ebb-tide and each (negative) flood-tide volume.  Therefore, the full tidal flow volumes 
without any net downstream flow would be about 1,500 af (ebb-tide and flood-tide) with an average 
elevation change of 2 feet.  The tidal flows at the west end of Grant Line Canal were not appreciably 
different with the barriers installed, because the tidal elevations at the west end of Grant Line Canal 
were not changed appreciably (although the flows over the Grant Line Canal barrier were reduced 
by 25-50 percent because the maximum elevations upstream from the barriers were reduced by 0.5 
to 1.0 feet). 

 
Figure 15.  Measured and Estimated Tidal Flow Volumes at the West End of Grant Line Canal (near 
mouth) in January–March 2013 (no temprary barriers) 
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Tidal Flows in Middle River 
Figure 16a shows the measured tidal volumes in the upstream end of the Middle River (near the 
head of Middle River) at Undine Road (red line) compared to the calculated tidal volumes (green 
crosses) in January to March 2013.  The upstream tidal area was estimated to be 20 acres (adjusted 
to match the measured flood tide volume) and the net flow was estimated to be 3 percent of the 
head of Old River flow (by matching the measured flows).  The calculated flood-tide volumes 
matched the measured flood-tide volumes, but the calculated ebb-tide volumes were somewhat 
higher than the measured ebb-tide volumes, with the ebb-tide flow (net flow direction) dominating 
the tidal flows.  The flood-tide volumes (two each day) were about -10 to -20 af.  The ebb-tide 
volumes (two each day) varied from about 25 to 50 af. 

Figure 16b shows the measured tidal volumes in the upstream end of the Middle River (near the 
head of Middle River) at Undine Road (red line) compared to the calculated tidal volumes (green 
crosses) in April to June 2013.  The upstream tidal area was estimated to be 20 acres (adjusted to 
match the measured flood tide volume) and the net flow was assumed to be 3 percent of the head of 
Old River flow.  The calculated flood-tide volumes were greater than the measured flood-tide 
volumes in these months; the irrigation diversions along the Middle River were likely causing a 
greater net flow into the Middle River from Old River.  The calculated ebb-tide volumes of about 100 
af per day in April and May generally matched the measured ebb-tide volumes, but the net 
downstream flow (with irrigation diversions) in June was higher than the calculated ebb-tide flows.  
The tidal flows in the Middle River at Undine Road were relatively small compared to other south 
Delta tidal flows. 
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Figure 16a.  Estimated Tidal Flow Volumes in Middle River at Undine Road (upstream end) 
assuming 20 acres of upstream tidal area and 3 percent of the Head of Old River flow in January–
March 2013 (no temporary barriers) 

 
Figure 16b.  Estimated Tidal Flow Volumes in Middle River at Undine Road (upstream end) 
assuming 20 acres of upstream tidal area and 3 percent of the Head of Old River flow in April–June 
2013 (temporary barriers in June) 
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Figure 17a shows the calculated tidal volumes in Middle River at the temporary barrier location 
(between Tracy Boulevard and Victoria Canal) in April to June 2013.  The Middle River temporary 
barrier was installed in mid-May with the culverts open (for fish passage).  The culverts were closed 
in early July 2013.  The net flow was assumed to be 0 cfs and the upstream area was estimated to be 
150 acres based on the Middle River surface area upstream from the barrier (DSM2 geometry file).  
No flow measurements were taken in Middle River near the temporary barrier location in 2009–13 
(a flow meter was installed in January 2014).  The calculated flood-tide volumes (two each day) 
were about -200 to -400 af (average of -300 af).  The calculated ebb-tide volumes (two each day) 
also varied from about 200 to 400 af because the net flow was assumed to be 0 cfs. 

 
Figure 17a.  Estimated Tidal Flow Volumes in Middle River at the Temporary Barrier Location (near 
Victoria Canal) assuming 150 acres of upstream tidal area and no net flow in April–June 2013 
(temporary barrier installed in mid-May with culverts open) 
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Figure 17b shows the calculated tidal volumes in the Middle River at the temporary barrier location 
in July to September 2013.  The Middle River temporary barrier culverts were closed in early July.  
The net flow was assumed to be 0 cfs and the upstream area was estimated to be 150 acres.  The 
temporary barrier reduced the tidal range and tidal flow volumes upstream of the barrier 
considerably.  The calculated flood-tide volumes (two each day) were about -50 to -300 af (average 
of -150 af).  The calculated ebb-tide volumes (two each day) also varied from about 50 to 300 af, 
with an average of 150 af, because the net flow was assumed to be 0 cfs.  The Middle River 
temporary barrier reduced the tidal volumes to less than 50 percent of the full tidal volumes, just as 
was observed at the other temporary barrier locations. 

 
Figure 17b.  Estimated Tidal Flow Volumes in Middle River at the Temporary Barrier Location (near 
Victoria Canal) assuming 150 acres of upstream tidal area and no net flow in July–September 2013 
(temporary barrier with culverts closed) 
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Tidal Flows in Old River and Middle River at Bacon Island 

Figure 18 shows the measured and calculated tidal volumes in Old River at Bacon Island in January 
to March 2013.  The total surface area of all channels south of the Old and Middle River tidal flow 
stations was about 3,750 acres (DSM2 geometry file).  The upstream tidal area of 1,750 acres was 
adjusted to match the measured tidal volumes, with a net upstream flow of about half the combined 
CVP and SWP exports.  In January to March 2013, the export pumping was about 5,000 cfs and the 
head of Old River flow was about 1,500 cfs, and thus the net upstream flow in Old River and Middle 
River was about -3,500 cfs.  The net flow in Old River was estimated to be -1,750 cfs.  The calculated 
tidal volumes matched the measured tidal volumes throughout each month; variations from the 
spring-neap tidal cycle were well-matched because the measured tidal elevations reflected these 
lunar-cycle variations.  Because water elevations are much easier to measure than  tidal flows, these 
calculated tidal volumes (based on the tidal elevations, specified tidal area, and specified daily net 
flow) provide accurate estimates of the Old River at Bacon Island tidal volumes and can be used to 
verify the measured tidal volumes (or fill missing tidal flow records). 

 

Figure 18.  Measured and Estimated Tidal Flow Volumes in Old River at Bacon Island in January–
March 2013 
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Figure 19 shows the measured and calculated tidal volumes in the Middle River at Bacon Island in 
January to March 2013.  The upstream surface area of 2,000 acres was adjusted to match the 
measured tidal volumes, with a net upstream flow of about half the CVP and SWP exports.  In 
January to March 2013, the net flow in Middle River was estimated to be -1,750 cfs.  Most of the tidal 
flows entering or leaving the south Delta are measured at the Old River at Bacon and Middle River at 
Bacon flow stations, with some tidal flow in Rock Slough and Indian Slough (connect with Old River).  
Tidal flows are caused by changes in tidal elevations at these downstream stations and can be 
reliably estimated from the measured tidal elevations and the estimated upstream tidal area. 

 
Figure 19.  Measured and Estimated Tidal Flow Volumes in Middle River at Bacon Island in 
January–March 2013 

Effects of the Temporary Barriers on Tidal Elevations and Tidal 
Flows  

The measured effects of the temporary barriers on tidal elevations and tidal flows already have been 
shown in the comparison of tidal flows in Middle River, Grant Line Canal, and Old River at the 
barriers in the January to March period (without barriers) and the July to September period (with 
barriers).  The purpose of the temporary barriers was to increase the minimum water elevations to 
allow water diversions (e.g., siphons and pumps with relatively shallow intakes) to operate without 
interruption at low tide.  Because the three agricultural temporary (rock) barriers have similar 
designs with a weir crest of 3.5 or 4.5 feet NAVD, the effects on the upstream tidal elevations were 
similar; the minimum elevations were increased by 1.0 to 1.5 feet and the maximum elevations were 
reduced by about 0.5 to 1.0 feet.  This reduced the full tidal range from about 4 feet to about 2 feet, 
and thereby reduced the tidal flows and tidal volumes by about 50 percent.  Tidal flushing (water 
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movement) in Old River and Middle River upstream from the temporary barriers was substantially 
reduced.  For example, the Old River at DMC flood-tide volumes were about 500 af without the 
barrier and were reduced to less than 250 af with the barrier.  The channel volume of Old River at 
high tide was about 250 af per mile, so full tidal flushing (movement) of water from downstream of 
the DMC (with generally lower EC) extended upstream about 2 miles without the barrier, but 
extended upstream about 1 mile with the temporary barrier installed. 

A similar reduction in the tidal range and tidal flushing of Middle River upstream from the barrier 
would likely occur when the Middle River temporary barrier was installed.  The calculated flood-tide 
volume of about 250 af would likely be reduced to about 125 af with the barriers (tidal flow 
measurements began in 2014 at the Middle River barrier location).  Measured tidal flows at each 
south Delta barrier were used to confirm the calculated tidal flows and evaluate the likely effects of 
different weir crest elevations or different culverts and flap gates.  Some of the salinity reduction 
alternatives would include changes in the temporary barrier configuration and/or operation.  
Evaluating the effects of changes in these tidal flows on EC in the south Delta channels (EC in Old 
River at Tracy Boulevard in particular) is more complicated, because the salt sources and the 
differences between the SJR EC and Old River EC and Middle River EC are also important factors.  
Before alternatives for reducing the EC in Old River at Tracy Boulevard are considered, the effects of 
the temporary barriers on tidal flows and water movement in the south Delta channels will be 
calculated and compared to tidal elevation and tidal flow measurements. 

Tom Paine Slough Diversion Dam 
The calculated irrigation diversions at the Tom Paine Slough diversion dam (with culverts and 
siphons with flap gates) are shown in comparison with the tidal elevations upstream and 
downstream from the barrier.  The tidal flows through the culverts and siphons are controlled by 
the water elevation difference.  During the irrigation season the flap gates are operating and flow is 
upstream (negative).  Both the culverts and the siphons have hydraulic flow equations that vary 
with the square-root of the elevation difference.  The combined flow of the two 4-foot by 4-foot box 
culverts and the four 36-inch-diameter siphons were calculated (when the downstream elevation 
was greater than the upstream elevation) as: 

Tom Paine Slough diversion flow (cfs) = 300 x elevation difference (feet) ^ 0.5 

The Tom Paine Slough diversion flow would be about 300 cfs (estimated from previous field 
measurements) with an elevation difference of 1 foot, would be 212 cfs with an elevation difference 
of 0.5 foot, and would be 150 cfs with an elevation difference of 0.25 foot.  These calculated culvert 
and siphon flows were calibrated to match field measurements at a range of elevation differences 
(KSN 2013). 
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Figure 20a shows the elevations and estimated tidal diversions (with flap gates) in April to June 
2013 before the temporary barriers were installed in the south Delta channels.  The maximum 
calculated diversions were 250 to 350 cfs, with an average daily diversion of about 100 to 150 cfs.  
Figure 20b shows the elevations and estimated tidal diversions (with flap gates) in July to 
September 2013, when the temporary barriers were installed.  The reduced tidal range (i.e., reduced 
high tides) reduced the maximum calculated diversions.  The maximum diversions were reduced to 
about 200 to 250 cfs, although the average daily diversions remained about 100 cfs because the 
siphons and culverts were open more of the time.  The water elevations in Tom Paine Slough 
generally were maintained at about 4 feet NAVD to allow water to be pumped from the upstream 
end of Tom Paine Slough.  The diversions would be higher if the upstream water elevation (in Tom 
Paine Slough) could be reduced to 3 feet NAVD (would likely require dredging of Tom Paine Slough). 

The effects of this large diversion from Sugar Cut (just downstream of the EC measurement station) 
on the portion of the salt source from the upstream end of Sugar Cut (i.e., Arbor Road Drain) 
reaching Old River at Tracy Boulevard will be discussed later; the agricultural diversion to Tom 
Paine Slough is much larger than the high salinity inflow to the upstream end of Sugar Cut, and most 
of the salt source is likely diverted to Tom Paine Slough during the irrigation season. 

Old River at DMC Barrier 
Calculated flows in Old River at the DMC temporary barrier were based on the measured elevations 
(upstream and downstream from the barrier), the weir crest geometry and the nine culverts with 
flap gates.  The 4-feet diameter culverts each allowed a flow of about 50 cfs (based on tidal flow 
measurements), with an elevation difference of 1 foot.  The upstream (negative) flow through the 
nine culverts (with flap gates) and leakage through the rock barrier (assumed to be 150 cfs for an 
elevation difference of 1 foot) was estimated whenever the downstream elevation was higher than 
the upstream elevation as: 

Upstream culvert flow (cfs) = 600 x (upstream elevation – downstream elevation) ^ 0.5 

The flap gates blocked downstream (positive) flow through the culverts when the upstream 
elevation was higher than the downstream elevation, but downstream seepage flow would occur.  If 
the flap gates were left open, the downstream flow would increase by 50 cfs for each open culvert 
(with an elevation difference of 1 foot).  The downstream (positive) leakage flow was estimated as: 

Downstream seepage flow (cfs) = 150 x (upstream elevation – downstream elevation) ^ 0.5 

The flow over the barrier crest was more difficult to estimate because the velocity over the barrier 
crest (4.4 feet NAVD) is controlled by the depth and the local water slope (unknown).  The barrier 
crest flow was assumed to be similar to flow over a weir (i.e., weir flow = C x width x weir water 
depth ^ 1.5) with C estimated as 2 (calibrated to match the measured DMC barrier flow).  The weir 
crest flow is positive if the upstream elevation is higher than the downstream elevation, and is 
negative if the downstream elevation is higher than the upstream elevation.  The DMC barrier crest 
flow (width of 75 feet) when the upstream elevation was higher than the downstream elevation was 
calculated as: 

Barrier crest flow = net flow + 2 x 75 x (upstream water elevation – crest elevation) ^ 1.5 
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Figure 20a.  Measured Elevations and Estimated Tidal Diversions at Tom Paine Slough Diversion 
Dam in April–June 2013 

 
Figure 20b.  Measured Elevations and Estimated Tidal Diversions at Tom Paine Slough Diversion 
Dam in July–September 2013 
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The DMC barrier crest flow (width of 75 feet) when the downstream elevation was higher than the 
upstream elevation was calculated as: 

Barrier crest flow = net flow - 2 x 75 x (downstream water elevation – crest elevation) ^ 1.5 

Figure 21a shows the measured tidal elevations and measured tidal flows compared with the 
calculated tidal flows in Old River at the DMC barrier in May 2013, before the DMC barrier was 
installed.  The measured tidal flows were quite large, with ebb-tide flows of 1,000 to 2,000 cfs and 
flood-tide flows of 1,000 to 2,000 cfs.  The full tidal flows were generally balanced in May, with a 
small downstream flow of 125 cfs in the first half of May and an upstream net flow of -125 cfs in the 
second half of May.  No appreciable elevation differences occurred until the temporary barrier was 
installed, and thus the calculated barrier flows were small for most of May.  On the last two days of 
May, the tidal flows were reduced (barrier installed) and the calculated barrier flows matched the 
measured flood-tide flows.  The measured ebb-tide flows were greater than the calculated flows, 
suggesting that some of the flap gates were open.  Figure 21b shows the measured and calculated 
tidal volumes in May 2013 at the DMC barrier.  The flood-tide volumes and the ebb-tide volumes 
were variable but averaged about 500 af each during each tidal period (two each day).  The 
calculated tidal volumes were based on the change in tidal elevation upstream from the DMC 
barrier, with an assumed tidal area of 250 acres; the average tidal elevation change was about 2 feet, 
and thus the calculated tidal volumes averaged 500 af. 

Figure 22a shows the measured tidal elevations and measured tidal flows compared with the 
calculated tidal flows in Old River at the DMC barrier in June 2013 with the DMC barrier installed.  
The measured tidal flows were quite small, with ebb-tide flows of less than 200 cfs, except at high 
tides when the downstream elevation decreased faster than the upstream elevation and allowed 
barrier crest flows of about 1,000 cfs for an hour.  The flood-tide flows (through the nine culverts) 
generally were less than 500 cfs unless the downstream elevation (gold line) was higher than the 
barrier crest (blue line), when maximum upstream flows of 1,000 to 1,250 cfs were measured (and 
accurately calculated).  The calculated barrier flows matched the measured tidal flows for June with 
the barriers installed and all flap gates operating. 

Figure 22b shows the measured and calculated tidal volumes in June 2013 at the DMC barrier.  The 
flood-tide volumes and the ebb-tide volumes were much lower than the full tidal flow volumes in 
May.  The flood-tide volumes averaged about 250 af and the ebb-tide volumes averaged about 125 
af.  The flood-tide volumes were reduced to about 50 percent of the full tidal flow (with culverts), 
but the ebb-tide volumes were just 25 percent of the full tidal flow (no culverts open).  The DMC 
barrier therefore created a small upstream net flow of about 50 to 100 cfs.  The calculated ebb-tide 
flow volumes were higher than the measured ebb-tide volumes, suggesting that the assumed net 
flow (10 percent of the head of Old River flow) was too high, perhaps because of agricultural 
diversions downstream of Tracy Boulevard. 
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Figure 21a.  Comparison of Measured Tidal Elevations and Measured Tidal Flows with Calculated 
Tidal Flows in Old River at the DMC Barrier in May 2013 (without barriers) 

 
Figure 21b.  Comparison of Measured and Calculated Tidal Flow Volumes (af) in Old River at the 
DMC Barrier in May 2013 (without barriers) 



California Department of Water Resources  
Evaluation of Tidal Elevation, Tidal Flow, and EC 

Measurements in the South Delta in 2009–13 
 

 
Evaluation of Salinity Patterns and Effects of Tidal Flows and 
Temporary Barriers in South Delta Channels 63 September 2016 

ICF 00568.13 
 

 
Figure 22a.  Comparison of Measured Tidal Elevations and Measured Tidal Flows with Calculated 
Tidal Flows in Old River at the DMC Barrier in June 2013 (barriers installed)  

 

Figure 22b.  Comparison of Measured and Calculated Tidal Flow Volumes in Old River at the DMC 
Barrier in June 2013 (barriers installed) 
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Figure 23a shows the measured tidal elevations and measured tidal flows compared with the 
calculated tidal flows in Old River at the DMC barrier in July 2013 with the DMC barrier installed.  
The measured tidal flows were quite small and similar to the measured tidal flows in June.  The 
flood-tide flows (through the nine culverts) generally were less than 500 cfs unless the downstream 
elevation (gold line) was higher than the barrier crest (blue line) when maximum upstream flows of 
1,000 to 1,500 cfs were measured (and accurately calculated).  Although some high measured crest 
flows at the beginning of ebb-tides were not calculated, the calculated tidal flows with the barrier 
installed generally matched the measured flows very well. 

Figure 23b shows the measured and calculated tidal volumes in July 2013 at the DMC barrier.  The 
flood-tide volumes and the ebb-tide volumes were much lower than the full tidal flow volumes in 
May.  The flood-tide volumes averaged about 200 af and the ebb-tide volumes averaged about 125 
af.  The flood-tide volumes were reduced to about 50 percent of the full tidal flow, but the ebb-tide 
volumes were just 25 percent of the full tidal flow.  The DMC barrier therefore created a small 
upstream net flow of about 50 to 100 cfs. 

Grant Line Canal Barrier 
Calculated flows at the Grant Line Canal barrier (just upstream from Tracy Boulevard) were based 
on the measured head of Old River flow and the measured elevations (upstream and downstream 
from the barrier), the weir crest geometry, and the six culverts with flap gates.  The net flow was 
assumed to flow over the barrier regardless of the upstream elevation, because the net flow 
maintains the upstream water elevation higher than the barrier crest (3.5 feet NAVD).  The 4-feet 
diameter culverts each allowed a flow of about 50 cfs, with an elevation difference of 1 foot.  The 
upstream (negative) flow through the culverts (with flap gates) and leakage through the rock 
barrier (assumed to be equivalent to three culverts, 150 cfs with an elevation difference of 1 foot) 
was estimated whenever the downstream elevation was higher than the upstream elevation as: 

Upstream culvert flow (cfs) = - 450 x (downstream elevation – upstream elevation) ^ 0.5 

The flap gates blocked downstream (positive) flow through the barriers when the upstream 
elevation was higher than the downstream elevation, but downstream seepage flow would occur.  If 
the flap gates were left open, the downstream flow would increase by 50 cfs for each open culvert 
(with an elevation difference of 1 foot).  The downstream (positive) leakage flow was estimated as: 

Downstream flow (cfs) = 150 x (upstream elevation – downstream elevation) ^ 0.5 

The flow over the barrier crest (in addition to the net flow) was assumed to be similar to a weir (i.e., 
weir flow = C x width x water depth ^ 1.5) with C estimated as 2.  The weir crest flow is positive if 
the upstream elevation is higher than the downstream elevation and is negative if the downstream 
elevation is higher than the upstream elevation.  The Grant Line Canal barrier crest flow (width of 
125 feet) when the upstream elevation was higher than the downstream elevation included the net 
flow and was calculated as: 

Barrier crest flow = net flow + 2 x 125 x (upstream elevation – crest elevation) ^1.5 

The flow over the Grant Line Canal barrier crest, when the downstream elevation was higher than 
the upstream elevation, was reduced by the net flow and was calculated as: 

Barrier crest flow = net flow - 2 x 125 x (downstream elevation – crest elevation) ^1.5 
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Figure 23a.  Comparison of Measured Tidal Elevations and Measured Tidal Flows with Calculated 
Tidal Flows in Old River at the DMC Barrier in July 2013 (barriers installed) 

 

Figure 23b.  Comparison of Measured and Calculated Tidal Flow Volumes (af) in Old River at the 
DMC Barrier in July 2013 (barriers installed) 
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Figure 24a shows the measured tidal elevations and tidal flows compared with the calculated tidal 
flows at the Grant Line Canal barrier in July 2013 with the barrier installed.  The measured upstream 
flows through the culverts and over the barrier crest were highest at high tide, with a peak flow of 
about 1,000 to 2,000 cfs.  The calculated upstream flows were similar but higher.  The measured 
downstream flows over the barrier crest were about 500 cfs to 1,000 cfs, with a few flows of 2,000 
cfs at highest tides (2.5 feet higher than the barrier crest).  The calculated downstream flows were 
similar to the measured flows; the calculated flows provide confirmation for the measured tidal 
flows at the Grant Line Canal barrier.  Figure 24b shows the measured and calculated tidal volumes 
at the Grant Line Canal barrier in July 2013.  The ebb-tide volumes were definitely greater than the 
flood-tide volumes (because of the large net flow).  The Grant Line Canal barrier substantially 
reduced the full tidal flows upstream of the Grant Line Canal barrier.  The flood-tide volumes were 
about 500 af per day and the ebb-tide volumes were about 1,000 af per day. 

Figure 25a shows the measured tidal elevations and tidal flows compared with the calculated tidal 
flows at the Grant Line Canal barrier in August 2013 with the barrier installed.  The measured 
upstream flows through the culverts and over the barrier crest were highest at high tide, with a peak 
flow of about 1,000 to 2,000 cfs.  The calculated upstream peak flows were similar.  The measured 
downstream flows over the barrier crest were about 500 cfs to 1,000 cfs, with a few flows of 2,000 
cfs at highest tides (2.5 feet higher than the barrier crest). 

Figure 25b shows the measured and calculated tidal flow volumes at the Grant Line Canal barrier in 
August 2013.  The ebb-tide flow volumes (downstream flow) were definitely greater than the flood-
tide flow volumes (upstream flow).  The Grant Line Canal barrier substantially reduced the full tidal 
flow at the Grant Line Canal barrier.  The flood-tide flow volumes were about 500 af per day, and the 
ebb-tide flow volumes were about 1,000 af per day.  The calculated tidal flows at the Grant Line 
Canal temporary barrier, based on the elevations upstream and downstream of the barrier, were 
added to the daily average flow in Grant Line Canal to match the measured tidal flows at the barrier. 
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Figure 24a.  Comparison of Measured Tidal Elevations and Measured Tidal Flows with Calculated 
Tidal Flows at the Grant Line Canal Barrier in July 2013 (barriers installed) 

 
Figure 24b.  Comparison of Measured and Calculated Tidal Flow Volumes (af) at the Grant Line 
Canal Barrier in July 2013 (barriers installed) 
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Figure 25a.  Comparison of Measured Tidal Elevations and Measured Tidal Flows with Calculated 
Tidal Flows at the Grant Line Canal Barrier in August 2013 (barriers installed) 

 
Figure 25b.  Comparison of Measured and Calculated Tidal Flow Volumes (af) at the Grant Line 
Canal Barrier in August 2013 (barriers installed) 
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Middle River Barrier 
A new tidal flow measurement station was installed by DWR at the Middle River barrier in January 
2014.  These measured tidal flows were evaluated by calculating the tidal volumes from the 
measured tidal elevations.  Figure 26 shows the measured tidal elevations, measured tidal volumes 
and calculated tidal volumes in March 2014 at the Middle River barrier station.  The flood-tide 
volumes and ebb-tide volumes generally were balanced in the first half of March (before the 
temporary barrier was installed), with an average tidal volume of about 300 af.  The net flow was 
assumed to be 0 cfs and the upstream area was adjusted to be 150 acres (to match measured flows).  
This matched the Middle River surface area (at mean tide elevation of 4 feet) upstream from the 
barrier (DSM2 geometry file). 

 
Figure 26.  Measured and Estimated Tidal Flow Volumes in Middle River at the Temporary Barrier 
in March 2014 

The Middle River barrier was closed on March 17, with a (reduced) crest elevation of about 3.5 feet 
NAVD.  The minimum elevations were increased slightly, in comparison to the tidal elevations in 
Middle River at Bacon Island, but the six culverts were held open until April 8.  The calculated tidal 
volumes (blue line) matched the measured tidal flow volumes (red line) throughout the entire 
month with different tidal elevations.  The net flow in Middle River was assumed to be 0 cfs and the 
leakage flow was assumed to be similar to the leakage flow at the other barriers (150 cfs with a head 
of 1 feet).  Thus, the tidal flow when the downstream elevation was higher than the upstream 
elevation was: 

Upstream culvert flow (cfs) = - 450 x (downstream elevation – upstream elevation) ^ 0.5 

The downstream (positive) leakage flow was estimated as: 

Downstream flow (cfs) = 150 x (upstream elevation – downstream elevation) ^ 0.5 
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The flow over the barrier crest (in addition to the net flow) was assumed to be similar to flow over a 
weir (i.e., weir flow = C x width x water depth ^ 1.5) with C estimated as 2.  The weir crest flow is 
positive if the upstream elevation is higher than the downstream elevation and negative if the 
downstream elevation is higher than the upstream elevation.  The Middle River barrier crest flow 
(width of 140 feet) when the upstream elevation was higher than the downstream elevation 
included the net flow and was calculated as: 

Barrier crest flow = net flow + 2 x 140 x (water elevation – crest elevation) ^1.5 

The flow over the Middle River barrier crest, when the downstream elevation was higher than the 
upstream elevation, was reduced by the net flow and was calculated as: 

Barrier crest flow = net flow - 2 x 140 x (downstream water elevation – crest elevation) ^ 1.5 

These Middle River tidal flow measurements further confirmed that tidal flow volumes in south 
Delta channels can be accurately estimated as the change in elevation times the upstream surface 
area that the tidal flows are filling and draining (i.e., tidal prism area).  This simple estimate of the 
tidal flow also applies when the upstream tidal elevation range (variation) is reduced by the 
temporary barriers.  The flows over the barriers and through the culverts can also be calculated 
with simple hydraulic equations that depend on the water elevations and the estimated net flows. 

The effects of tidal flows on salinity (EC) in the south Delta channels are also complicated by the 
channel junctions, because the tidal flows at each junction will depend on the upstream surface 
areas, channel cross-section areas, and water elevations in the diverging channels.  The movement 
of salt in the south Delta channels can be evaluated by considering the flood-tide (upstream) flow 
patterns and the ebb-tide (downstream) flow patterns separately.  For example, the tidal movement 
of water filling and draining Paradise Cut can be identified for ebb-tide and flood-tide conditions.  
During ebb-tide, water moves from the mouth of Paradise Cut to Old River, and moves with the ebb-
tide flow in Old River (generally downstream toward Tracy Boulevard).  However, with the 
temporary barrier at DMC installed, the ebb-tide flow in Old River at Paradise Cut may be upstream 
(toward Doughty Cut), so that water from Paradise Cut moves upstream in Old River to Doughty Cut 
and downstream to Grant Line Canal.  During flood-tide, water from Old River flows into Paradise 
Cut; some fraction of the water comes from upstream and some comes from downstream, 
depending of the flood-tide flow in Old River at Tracy Boulevard.  If the flood-tide flow in Old River 
at Tracy Boulevard is greater than the flood-tide flow entering Paradise Cut, all of the water comes 
from downstream (past Tracy Boulevard).  But if the flood-tide flow in Old River at Tracy Boulevard 
is restricted by the temporary barrier at DMC, some of the flood-tide flow entering Paradise Cut 
comes from upstream (Doughty Cut).  The results from the tidal calculations of water movement and 
EC in Paradise Cut, Sugar Cut, Tom Paine Slough, and Old River at Tracy Boulevard that used these 
tidal movement methods will be shown in the next section. 

Calculated Effects of Paradise Cut and Sugar Cut Salinity Sources 
on Old River EC at Tracy Boulevard 

The tidal flows in Paradise Cut and Sugar Cut were calculated from the elevation changes in Old 
River at Tracy Boulevard (or at Doughty Cut).  As shown in Figure 7, both Paradise Cut and Sugar 
Cut enter Old River downstream from Doughty Cut, where the net flow in Old River is generally 
about 10 percent of the head of Old River flow.  Because Paradise Cut has a surface area of about 170 
acres with a volume of 1,000 af (at mean tide, 4 feet NAVD), the volume changes by about 170 af 
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(17 percent) for each 1 foot change in tidal elevation (assuming a rectangular channel).  Paradise 
Cut is about 6 miles long, so water fills about 1 mile of the channel for each 1 foot of elevation 
increase (assuming a uniform channel).  Without the temporary barriers, water from Old River fills 
about 4 miles of Paradise Cut between low tide (2 feet) and high tide (6 feet); with temporary 
barriers, the tidal exchange is about half of the full tidal exchange, and water from Old River fills 
about 2 miles of Paradise Cut between low tide (3 feet) and high tide (5 feet). 

Sugar Cut has a surface area of about 55 acres with a volume of 425 af at mean tide (elevation of 4 
feet NAVD); the volume changes by 55 af (13 percent) for each 1 foot change in tidal elevation 
(assuming a rectangular channel).  Sugar Cut is about 2.5 miles long with a uniform channel cross-
section, and thus water from Old River fills about 1.3 miles of Sugar Cut between low tide (2 feet) 
and high tide (6 feet); with temporary barriers, the tidal exchange is about half of the full tidal 
exchange, and water from Old River fills about 0.65 miles of Paradise Cut between low tide (3 feet) 
and high tide (5 feet). 

Both Paradise Cut and Sugar Cut have an assumed salinity source near the upstream end; the 
Paradise Cut salt source was estimated to be 10 cfs with an EC of about 3,000 μS/cm (about 53 
tons/day of total salt load) and the Sugar Cut salt source was estimated to be 10 cfs with an EC of 
2,000 μS/cm (about 35 tons/day of total salt load).  However, the excess salt sources (loads) that 
causes an EC increment in Old River at Tracy Boulevard depends on the Old River EC.  The 
incremental salt source from Paradise Cut is reduced to 35 tons/day (two-thirds of total) if the Old 
River EC is 1,000 μS/cm and the incremental salt source from Sugar Cut is reduced to about 17 
tons/day (one-half of total) if the Old River EC is 1,000 μS/cm. 

The tidal calculations for Sugar Cut included the tidal diversion (culverts and siphons with flap 
gates) to Tom Paine Slough for irrigation; this diversion is located about 1 mile upstream from the 
mouth of Sugar Cut.  The assumed (specified) daily diversion flow varied seasonally from March 
through October, with a maximum diversion flow of about 100 cfs in summer.  Because the diversion 
flows were much greater than the assumed salt source flow, most of the salt source was diverted to 
Tom Paine Slough during the irrigation season.  Because the mouth of Paradise Cut is just upstream 
from the mouth of Sugar Cut, some of the salt source from Paradise Cut that enters the Old River 
channel during ebb-tide may be diverted subsequently into Sugar Cut during the next flood-tide and 
diverted into Tom Paine Slough during the irrigation season.  The tidal flows and salinity 
calculations included each of these possible tidal flow pathways; excess salt from Paradise Cut and 
from Sugar Cut can end up in the Tom Paine Slough irrigation water, in Old River upstream at 
Doughty Cut (during flood tides), or in Old River downstream at Tracy Boulevard (during ebb-tides).  
A higher net flow in Old River at Tracy Boulevard will increase the fraction of the salt loads from 
Paradise Cut and Sugar Cut moving downstream to Tracy Boulevard, but will provide more dilution 
of the excess salt load. 
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Figure 27a shows the calculated tidal volumes (af) at the mouth of Paradise Cut and Sugar Cut, and 
in Old River (upstream of Paradise Cut and downstream of Sugar Cut) in April 2013 without the 
temporary barriers.  The ebb-tide flow volumes at Tracy Boulevard (red line) were about 250 af for 
the major ebb-tide each day, while the tidal volumes from Paradise Cut were about 500 af, and the 
tidal volumes from Sugar Cut were about 125 af.  During ebb-tide, some of the water from the tidal 
sloughs moved downstream past Tracy Boulevard, but some of the water moved upstream in Old 
River to Doughty Cut and to Grant Line Canal, because the tidal flows in Old River at Tracy 
Boulevard were constricted (limited) by the small channel section.  During flood-tide, the tidal flow 
volumes in Old River at Tracy Boulevard were not large enough to fill Sugar Cut and Paradise Cut, 
and thus most of the flood-tide water moved upstream in Grant Line Canal and Doughty Cut to fill 
Paradise Cut and Sugar Cut.  The fraction of the tidal flows filling or draining Paradise Cut and Sugar 
Cut depend on the channel geometry, the net flows in Old River, and the tidal elevations (tidal flows) 
in Old River at Tracy Boulevard and in Grant Line Canal upstream of the barrier (eastern end).   

 
Figure 27a.  Calculated Tidal Flow Volumes in Old River downstream from Doughty Cut, mouth of 
Paradise Cut, mouth of Sugar Cut, and in Old River at Tracy Boulevard in April 2013 (no temporary 
barriers) 
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Figure 27b shows the calculated tidal volumes in July 2013 when the temporary barriers were 
installed and Old River flows were moderately low.  Measured tidal volumes (af) at Tracy Boulevard 
were quite small; the ebb-tide flow volume was about 125 af during the major ebb-tide each day.  
The tidal flows in Paradise Cut were reduced to about half of the April volumes, because the 
temporary barriers reduced the tidal range by about half.  The ebb-tide flow volumes in Sugar Cut 
were eliminated and the flood-tide volumes were increased by the irrigation diversions in Tom 
Paine Slough.  Tracking the salt from Paradise Cut during periods with the barriers installed was 
more uncertain because the movement of water in Old River during ebb-tides was more sensitive to 
the tidal elevations and Old River at Tracy Boulevard net flows.  The calculation of EC in Paradise 
Cut, Sugar Cut, and Old River was based on the calculated tidal flows, the net flow, and EC at the 
head of Old River, the diversion flow in Sugar Cut, and the assumed upstream salt sources in 
Paradise Cut and Sugar Cut.  In addition to the effects of the temporary barriers on reduced tidal 
volumes, there are effects from agricultural diversions during the summer months on reduced net 
flows in Old River. 

 
Figure 27b.  Calculated Tidal Flow Volumes in Old River downstream from Doughty Cut, mouth of 
Paradise Cut, mouth of Sugar Cut, and in Old River at Tracy Boulevard in July 2013 (temporary 
barriers) 
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Figure 28a shows the calculated (gold line) and measured (green line) Paradise Cut EC (near the 
mouth) in April 2013 without temporary barriers.  The upstream Old River EC at Doughty Cut was 
about 1,000 μS/cm in the first half of April and then was reduced by the SJR pulse flow (for fish 
migration) to about 250 μS/cm at the end of April.  The full tidal flows into and out of Paradise Cut 
caused the measured EC (green line) to fluctuate from the Old River EC (at high tide) to about      
500-750 μS/cm greater than the Old River EC (at low tide).  The calculated EC (gold line) showed a 
similar fluctuation pattern, but did not increase as much as the measured EC, because of the fully-
mixed box model approximation used for the salinity calculations.  The measured Old River at Tracy 
EC (red line) indicated that a considerable EC increment of 50-250 μS/cm was caused by the 
Paradise Cut and Sugar Cut excess salinity (i.e., higher than upstream Old River EC) in April 2013. 

 

Figure 28a.  Comparison of Calculated and Measured Paradise Cut EC with Old River EC and Tidal 
Elevations in April 2013 (no temporary barriers) 
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Figure 28b shows the calculated (gold line) and measured (green line) Paradise Cut EC (near the 
mouth) in July 2013 with temporary barriers installed.  The upstream Old River EC at Doughty Cut 
was about 750 μS/cm.  The reduced tidal flows caused the measured EC to fluctuate from the Old 
River EC (at high tide) to about 125-500 μS/cm greater than the Old River EC (at low tide).  The 
calculated EC (gold line) showed a similar fluctuation pattern.  The measured Old River at Tracy 
Boulevard EC (red line) indicates a considerable EC increment of 100 to 125 μS/cm in Old River 
between Doughty Cut and Tracy Boulevard) was caused by Paradise Cut and Sugar Cut excess 
salinity in July 2013. 

 
Figure 28b.  Comparison of Calculated and Measured Paradise Cut EC with Old River EC and Tidal 
Elevations in July 2013 (temporary barriers) 
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Figure 29a shows the calculated (gold line) and measured (green line) Sugar Cut EC (just upstream 
from Tom Paine Slough diversion dam) in April 2013 without temporary barriers.  The upstream 
Old River EC at Doughty Cut was about 1,000 μS/cm in the first half of April and then was reduced 
by the SJR pulse flow (for fish migration) to about 250 μS/cm at the end of April.  The full tidal flows 
into and out of Sugar Cut caused the measured EC to fluctuate about 125 to 500 μS/cm and the 
measured EC remained greater than the Old River EC (at low tide).  The flood-tide volumes were not 
large enough to move Old River water past the Tom Paine Slough diversion dam and some water 
was diverted to Tom Paine Slough in April.  The calculated EC showed a reduced fluctuation pattern 
and the calculated EC remained 500 to 750 μS/cm higher than the Old River EC.  The calculated EC 
at Tracy Boulevard (purple line) was similar to the measured EC at Tracy Boulevard (red line).  The 
average measured EC increment in Old River between Doughty Cut and Tracy Boulevard in April 
2013 was 196 μS/cm and the average calculated EC increment was 145 μS/cm.  The average 
measured excess salt load increment was 62 tons/day and the average calculated excess salt load 
increment was 55 tons/day. 

 
Figure 29a.  Comparison of Calculated and Measured Sugar Cut EC and Old River at Tracy 
Boulevard EC for Measured Upstream Old River EC and Measured Tidal Flows in April 2013 (no 
temporary barriers) 
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Figure 29b shows the calculated (gold line) and measured (green line) Sugar Cut EC in July 2013 
with temporary barriers.  The upstream Old River EC at Doughty Cut was about 750 μS/cm for the 
entire month.  The reduced tidal flows and higher Tom Paine Slough diversions caused the 
measured Sugar Cut EC tidal fluctuations to be less than 125 μS/cm and the measured EC remained 
about 250 μS/cm higher than the Old River EC.  The calculated Sugar Cut EC tidal fluctuations also 
were small, but the calculated Sugar Cut EC was about 1,250 μS/cm, almost 500 μS/cm higher than 
the Old River EC.  The calculated EC at Tracy Boulevard (purple line) was less than the measured EC 
at Tracy Boulevard (red line).  The average measured EC increment in Old River between Doughty 
Cut and Tracy Boulevard in July 2013 was 112 μS/cm, while the average calculated EC increment 
was 55 μS/cm.  The average measured excess salt load increment was 37 tons/day, while the 
calculated salt load increment was 11 tons/day.  The calculated excess salt source from Paradise Cut 
and Sugar Cut to Old River at Tracy Boulevard was smaller than the measured excess salt source in 
July.  Additional EC measurements (near the mouth of Sugar Cut and in Tom Paine Slough) as well as 
a better representation of the tidal movement of water and salt in the tidal sloughs (replace the 
mixed box approach) would likely improve the EC increment calculations. 

 
Figure 29b.  Comparison of Calculated and Measured Sugar Cut EC and Old River at Tracy 
Boulevard EC for Measured Upstream Old River EC and Measured Tidal Flows in July 2013 
(temporary barriers) 
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Figure 30a shows the daily average measured EC in Old River upstream at Doughty Cut (blue line) 
and downstream at Tracy Wildlife (red line) compared to the calculated EC at Tracy Boulevard (red 
triangles) from the estimated salt sources in Paradise Cut and Sugar Cut in 2009.  The Tracy 
Boulevard EC was much higher than the Tracy Wildlife EC in the second half of 2009 and was 
determined to be inaccurate during this period.  The estimated salt sources in Paradise Cut and in 
Sugar Cut were assumed to remain uniform throughout the year (could be seasonal), but the Tom 
Paine Slough diversions from Sugar Cut were seasonal and diverted most of the Sugar Cut salt 
source during the irrigation season.  The bottom of the graph shows the Old River flow (cfs) at Tracy 
Boulevard (green line) and the measured EC increment in Old River between Doughty Cut and Tracy 
Wildlife (purple diamonds) compared to the calculated EC increments (gold diamonds).  The general 
magnitude of the calculated EC increments matched the measured EC increments for 2009, although 
some of the high EC measurements at Tracy Wildlife were not calculated, and the calculated EC was 
higher than the measured EC in August-October of 2009.  The average calculated EC increment was 
113 μS/cm, and the average measured EC increment was 110 μS/cm for 2009.  The average 
measured salt load increase was 19 tons/day with an average (estimated) net flow of 95 cfs at Tracy 
Boulevard. 

 

Figure 30a.  Comparison of Measured and Calculated Daily EC Increments in Old River at Tracy 
Boulevard (Tracy Wildlife) in 2009 



California Department of Water Resources  
Evaluation of Tidal Elevation, Tidal Flow, and EC 

Measurements in the South Delta in 2009–13 
 

 
Evaluation of Salinity Patterns and Effects of Tidal Flows and 
Temporary Barriers in South Delta Channels 79 September 2016 

ICF 00568.13 
 

Figure 30b shows the daily average measured EC in Old River upstream at Doughty Cut (blue line) 
and downstream at Tracy Wildlife (red line) compared to the calculated EC at Tracy Boulevard (red 
triangles) from the estimated salt sources in Paradise Cut and Sugar Cut in 2010.  The Tracy 
Boulevard EC was much higher than the Tracy Wildlife EC in the first part of 2010 and was 
determined to be inaccurate during this period.  The bottom of the graph shows the Old River flow 
at Tracy Boulevard (green line) and the measured EC increment in Old River between Doughty Cut 
and Tracy Wildlife (purple diamonds) compared to the calculated EC increments (gold diamonds).  
The seasonal pattern appears to match very well for 2010, although some high EC was measured at 
Tracy Wildlife that was not calculated.  The average calculated EC increment was 100 μS/cm and the 
average measured EC increment was 103 μS/cm for 2010.  The average measured salt load increase 
was 36 tons/day with an average (estimated) net flow of 200 cfs at Tracy Boulevard. 

 

Figure 30b.  Comparison of Measured and Calculated Daily EC Increments in Old River at Tracy 
Boulevard (Tracy Wildlife) in 2010 
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Figure 30c shows the daily average measured EC in Old River upstream at Doughty Cut (blue line), 
at Tracy Boulevard (red line), and at Tracy Wildlife (pink line) compared to the calculated EC at 
Tracy Boulevard (red triangles) from the estimated salt sources in Paradise Cut and Sugar Cut in 
2011.  The Old River flow at Tracy Boulevard was estimated as 10 percent of the head of Old River 
flow plus 10 percent of the Paradise Weir flow (in April).  The bottom of the graph shows the 
measured EC increment at Tracy Boulevard (purple diamonds) compared to the calculated EC 
increments (gold diamonds).  The seasonal pattern appears to match very well for 2011; the EC 
increments were generally reduced in 2011 because the Old River at Tracy Boulevard flows were 
greater than 500 cfs for most of the year.  The average calculated EC increment was 74 μS/cm, and 
the average measured EC increment was 78 μS/cm for 2011.  The average measured salt load 
increase was 48 tons/day with an average net flow of 710 cfs at Tracy Boulevard. 

 

Figure 30c.  Comparison of Measured and Calculated Daily EC Increments in Old River at Tracy 
Boulevard in 2011 
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Figure 30d shows the daily average measured EC in Old River upstream at the head of Old River 
(blue line), at Tracy Boulevard (red line), and at Tracy Wildlife (pink line) compared to the 
calculated EC at Tracy Boulevard (red triangles) from the estimated salt sources in Paradise Cut and 
Sugar Cut in 2012.  The Old River flow at Tracy Boulevard was estimated as 10 percent of the head 
of Old River flow, with the flow through the culverts and leakage maintaining a flow of more than 
500 cfs.  The EC at Tracy Boulevard increased dramatically when the Head of Old River barrier was 
installed in April.  The bottom of the graph shows the measured EC increment at Tracy Boulevard 
(purple diamonds) compared to the calculated EC increments (gold diamonds).  The seasonal 
pattern appears to match reasonably well for 2012, except in April when the measured EC 
increments were 750 μS/cm.  The average calculated EC increment was 85 μS/cm and the average 
measured EC increment was 170 μS/cm for 2012.  The measured EC increments in April could not 
be calculated from the assumed salinity sources in Paradise Cut and Sugar Cut.  Something else (e.g., 
negative flows in Old River at Tracy Boulevard) apparently caused the high measured EC at Tracy 
Boulevard and at Tracy Wildlife during the period that the Head of Old River barrier was installed.  
The average measured salt load increase was 30 tons/day with an average net flow of 157 cfs at 
Tracy Boulevard. 

 

Figure 30d.  Comparison of Measured and Calculated Daily EC Increments in Old River at Tracy 
Boulevard in 2012 
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Figure 30e shows the daily average measured EC in Old River upstream at Doughty Cut (blue line), 
at Tracy Boulevard (red line), and at Tracy Wildlife (pink line) compared to the calculated EC at 
Tracy Boulevard (red triangles) from the estimated salt sources in Paradise Cut and Sugar Cut in 
2013.  The Old River flow at Tracy Boulevard was measured in 2013 (green line).  The bottom of the 
graph shows the measured EC increment at Tracy Boulevard (purple diamonds) compared to the 
calculated EC increments (gold diamonds).  The seasonal pattern appears to match reasonably well 
for 2013; some high measured EC increments did not match the calculated EC increments.  The 
average calculated EC increment was 95 μS/cm and the average measured EC increment was 141 
μS/cm for 2013.  The average measured salt load increment was 29 tons/day with an average net 
flow of 110 cfs at Tracy Boulevard.  These 5 years of measured data in Old River provide a very 
consistent pattern of increased EC between the Union Island and Tracy Boulevard stations; the 
calculated EC increments from the box-model provided a very good match with these measured EC 
increments. 

 
Figure 30e.  Comparison of Measured and Calculated Daily EC Increments in Old River at Tracy 
Boulevard in 2013 
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Longitudinal EC Measurements in Old River and Paradise Cut 
DWR’s Division of Operations and Maintenance collected longitudinal EC profiles along Old River in 
2009 and 2010 and in Paradise Cut in 2009, to identify salinity sources (high EC) along Old River.  
These EC profiles in Old River and in Paradise Cut (no EC profiles were measured in Sugar Cut) were 
combined with the EC monitoring station data as part of this south Delta salinity evaluation project.  
The tidal EC profiles in Paradise Cut at high tide and low tide are described first, because the tidal 
flows and movement of water (and EC profiles) were easily estimated from the tidal elevations and 
the volume of Paradise Cut (tidal slough).  The tidal EC profiles in Old River were estimated using 
the same methods, but the effects of net flow in Old River and diversions to the DMC on the Old 
River EC profiles require additional calculations. 

Paradise Cut EC Profiles 
Paradise Cut EC profiles were collected on 14 days between January 29, 2009, and August 20, 2009.  
On 12 of these days, full EC profiles were measured from the mouth to near the first railroad bridge, 
about 10 km upstream.  The profiles were collected at higher tide elevations so that a boat could be 
used to collect data as far upstream as possible; hand samples were collected at about six locations 
upstream from the railroad bridge.  Because Paradise Cut is filled with Old River water during flood 
tide, the higher EC water is shifted upstream.  The EC profiles showed much higher EC in the 
upstream portion (greater than 5 km upstream of the mouth) of Paradise Cut, with lower EC (similar 
to Old River EC) in the downstream portion (less than 5 km upstream). The EC monitoring station is 
located near the mouth (1 km upstream), and the highest EC was measured at lower tide elevations 
(less than 4 feet NAVD).  To compare the measured profiles with the EC monitoring station data 
(daily minimum and maximum), the measured EC profile (for a selected day) was shifted to a low 
tide and high tide EC profile (for the day) using a simple elevation-water movement procedure.  This 
provided an estimate of the likely movement of the EC profile between high tide and low tide, and 
allowed the daily maximum and minimum EC at the monitoring station to be compared to the 
estimated EC profiles at high tide and low tide. 

The volume of Paradise Cut between Old River (0 km) and the railroad bridge (10 km) is about 850 
af at low tide (2.5 feet NAVD) and 1,525 af at high tide (6.5 feet NAVD).  The cumulative volume from 
the upstream end at high tide is 850 af about 6 km upstream from the mouth; the 675 af tidal 
volume increase (between low tide and high tide) moves water from the mouth at low tide (850 af 
from upstream end) to about 6 km at high tide, corresponding to a 4-foot elevation increase.  The 
upstream movement (tidal excursion) from the mouth of Paradise Cut at low tide is about 1.5 km for 
each 1 feet of tidal elevation change.  The movement of water starting at upstream locations is 
proportional to the distance remaining to the railroad bridge, assuming the Paradise Cut channel 
surface area and volume (depth) is uniform from the mouth to the railroad bridge (10 km).  Water 
from the mouth moves 6 km upstream for a 4-foot tide rise; water from 5 km moves upstream 3 km 
(to 8 km upstream from mouth) for a 4-foot tide rise. 

The low tide EC profiles were estimated by shifting the measured EC downstream by the estimated 
tidal movement between the measured elevation and the low tide for the day; the movement was 
assumed to be linearly increasing with distance from the upstream end.  The high tide EC profiles 
were adjusted in the same way, although the measured EC profiles in Paradise Cut generally were 
made near high tide for the day, so the upstream shifts to high tide EC profiles generally were 
smaller.  The tidal shifting does not change the maximum measured EC, but the low tide EC profile 
will be higher than the measured EC profile downstream from the maximum measured EC location.   
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The measured and shifted EC profiles for Paradise Cut are shown for a few days to illustrate this 
method; the shifted low tide EC profile should match the daily maximum EC measured at the 
Paradise Cut station, located 1 km upstream from the mouth.  Because the tidal movement of water 
into Paradise Cut was large (4 to 6 km), the downstream portion of Paradise Cut was filled with Old 
River water during each flood-tide, and the Paradise Cut EC at the monitoring station generally was 
high only when the tide elevation was relatively low (less than 4 feet NAVD). 

Figure 31a shows the measured (3.3 feet) and shifted (low tide at 2.7 feet and high tide at 5.4 feet) 
Paradise Cut EC profiles on February 10, 2009.  The measured EC at the mouth was 1,000 μS/cm, 
increased to 1,500 μS/cm at 4 km, and increased to about 2,500 μS/cm between 7 km and 10 km.  
The low tide EC essentially was the same as the measured EC (0.6 feet difference), but the high tide 
EC profile was shifted by about 3 km (2.7 feet difference), so that the shifted EC profile was 1,000 
μS/cm at 3 km and 1,500 μS/cm at 6 km.  The maximum EC at the monitoring station was about 
1,250 μS/cm, which matched the measured and low tide EC profiles. 

 
Figure 31a.  Measured and Shifted (low and high tide) Paradise Cut EC Profiles on February 10, 
2009 
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Figure 31b shows the measured (4.5 feet) and shifted (low tide at 2.0 feet and high tide at 5.3 feet) 
Paradise Cut EC profiles on March 16, 2009.  The measured EC was 1,000 μS/cm from the mouth to 
2 km, was 2,000 μS/cm at 6 km, and increased to about 3,000 μS/cm between 9 km and 10 km.  The 
high tide EC essentially was the same as the measured EC (0.8 feet difference), but the low tide EC 
profile was shifted by about 4 km (2.5 feet difference), so that the shifted EC profile was 1,500 
μS/cm at 0 km and 2,500 μS/cm at 5 km.  The maximum EC at the monitoring station was about 
1,500 μS/cm, which matched the low tide EC profile. 

 
Figure 31b.  Measured and Shifted (low and high tide) Paradise Cut EC Profiles on March 16, 2009 
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Figure 31c shows the measured (5.7 feet) and shifted (low tide at 2.0 feet and high tide at 5.9 feet) 
Paradise Cut EC profiles on April 1, 2009.  The measured EC was 1,000 μS/cm from the mouth to 
about 5 km and increased to about 3,000 μS/cm between 8 km and 10 km.  The high tide EC 
essentially was the same as the measured EC (0.2 feet difference), indicating that the measured EC 
profile was collected at high tide.  The low tide EC profile was shifted by about 5 km (3.7 feet 
difference), so that the shifted EC profile was 1,500 μS/cm at 2 km and 2,500 μS/cm at 6 km.  The 
maximum EC at the monitoring station was about 1,250 μS/cm, which matched the shifted low tide 
EC profile. 

 
Figure 31c.  Measured and Shifted (low and high tide) Paradise Cut EC Profiles on April 1, 2009 
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Figure 31d shows the measured (4.2 feet) and shifted (low tide at 1.5 feet and high tide at 4.9 feet) 
Paradise Cut EC profiles on April 16, 2009.  The measured EC was 750 μS/cm from the mouth to 
about 2 km and increased to about 2,500 μS/cm between 7 km and 9 km.  The high tide EC shifted 
slightly (0.7 feet difference).  The low tide EC profile shifted by about 4 km (3.5 feet difference), so 
that the shifted EC profile was 1,500 μS/cm at the mouth and 2,500 μS/cm at 4 km.  The maximum 
EC at the monitoring station was about 1,600 μS/cm, which matched the shifted low tide EC profile 
(1,700 μS/cm); the mean EC was slightly higher than the minimum of 700 μS/cm, indicating that the 
higher EC was measured for only a short period. 

 
Figure 31d.  Measured and Shifted (low and high tide) Paradise Cut EC Profiles on April 16, 2009 
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Figure 31e shows the measured (5.7 feet) and shifted (low tide at 2.4 feet and high tide at 6.4 feet) 
Paradise Cut EC profiles on April 28, 2009.  The measured EC was 500 μS/cm from the mouth to 
about 3 km and increased to about 2,500 μS/cm between 8 km and 9 km.  The high tide EC shifted 
slightly (0.5 feet difference).  The low tide EC profile shifted by about 5 km (3.3 feet difference), so 
that the shifted EC profile was 1,400 μS/cm at the mouth and 2,500 μS/cm at 5 km.  The maximum 
EC at the monitoring station was about 1,100 μS/cm, which was less than the shifted low tide EC 
profile; the minimum EC and mean EC were both about 500 μS/cm, indicating that the higher EC 
was measured for only a small part of the day. 

 

Figure 31e.  Measured and Shifted (low and high tide) Paradise Cut EC Profiles on April 28, 2009 
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Figure 31f shows the measured (5.3 feet) and shifted (low tide at 2.1 feet and high tide at 5.7 feet) 
Paradise Cut EC profiles on May 14, 2009.  The measured EC was 300 μS/cm from the mouth to 
about 3 km and increased to about 2,500 μS/cm between 8 km and 9 km.  The high tide EC shifted 
slightly (0.4 feet difference).  The low tide EC profile shifted by about 5 km (3.2 feet difference), so 
that the shifted EC profile was 1,000 μS/cm at the mouth and 2,500 μS/cm at 6 km.  The maximum 
EC at the monitoring station matched the shifted low tide EC profile. 

 
Figure 31f.  Measured and Shifted (low and high tide) Paradise Cut EC Profiles on May 14, 2009 

The EC profiles in Paradise Cut that were measured from January through June 2009 indicated tidal 
conditions without the temporary barriers, which were fully operational (with flap gates) in early 
July.  The tidal range was generally 4 feet, and the downstream portion of Paradise Cut EC always 
was the same as the Old River EC because of the full tidal filling with Old River water.  The maximum 
EC at the upstream end of Paradise Cut decreased in April, May, and June (3,500 μS/cm on April 1 
and 2,000 μS/cm on June 23).  The reduction in the peak EC likely was the result of a combination of 
flushing and tidal mixing with lower EC Old River water during the SJR pulse flow period, and 
perhaps a reduced inflow of high salinity water at the upstream end of Paradise Cut. 

Three EC profiles measured during the period with temporary barriers had much less tidal 
movement, because the range of tidal elevations was less.  The maximum EC in Paradise Cut was 
about 1,500 μS/cm for these three EC profiles, which was much less than the peak EC of 3,500 
μS/cm measured on April 1 before the SJR pulse flow.  The EC profiles were more spread out, with 
slightly higher EC from about 2 km to 8 km at high tide.  The reduced peak EC and more spread out 
EC profiles likely were the result of tidal mixing along Paradise Cut without as much tidal exchange 
with Old River, and perhaps reduced inflow of higher salinity water to Paradise Cut.  If the summer 
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inflow of high salinity water had remained the same as in the winter period, the peak EC in Paradise 
Cut likely would have remained similar. 

Old River EC Profiles 
Old River EC profiles were measured by DWR in 2009 and 2010 to identify salinity sources along 
Old River between the Union Island EC station (Old River at 70 km upstream of the mouth at the 
SJR) and the DMC intake (Old River at 45 km).  Each boat survey took about two hours.  Most of the 
EC profiles identified sources of salinity (EC increases) in the vicinity of Paradise Cut (Old River at 
63.5 km), Sugar Cut (Old River at 63 km), and Tracy Boulevard (Old River at 59 km).  The Old River 
EC profiles often showed much lower salinity at the downstream end of the profile in the vicinity of 
the DMC barrier location.  This lower salinity likely was caused by the tidal movement of lower EC 
water from Old River downstream from Grant Line Canal, which was flowing from the central Delta 
to the CCF intake (SWP pumping) and the DMC intake (CVP pumping).  Tidal movement in Old River 
upstream from the DMC intake is similar to the tidal movement in Paradise Cut.  Very little tidal flow 
(movement) occurs at Tracy Boulevard, because of the net flow in Old River and because the channel 
is constricted (shallow) between Tracy Boulevard and Doughty Cut.  The tidal shifting of the 
measured EC profiles assumed that the tidal movement extended from the DMC intake (greatest) to 
Tracy Boulevard (least). 

The volume of the Old River channel between the DMC barrier and Tracy Boulevard is about 1,350 
af at low tide and 2,350 af at high tide (DSM2 geometry file).  A tidal volume of 1,000 af is sufficient 
to move water from the DMC intake (45 km) at low tide (2.5 feet NAVD) to about 51 km (6 km 
upstream) at high tide (6.5 feet NAVD).  However, the net flow in Old River causes the ebb-tide flow 
(downstream movement) to be greater than the flood-tide flow (upstream movement).  Therefore, 
the tidal movement in Old River at the DMC intake was calculated assuming 2.0 km for each 1 feet of 
tidal elevation change.  The movement of water at upstream locations was proportional to the 
distance remaining to Tracy Boulevard, assuming the Old River channel surface area and volume 
(depth) was uniform from the DMC to Tracy Boulevard (59 km). 

The measured EC profiles, collected at a particular tidal elevation, were shifted downstream to the 
minimum tide elevation for the day and were shifted upstream to the maximum tide elevation for 
the day.  The shifted low tide EC profile was expected to match the daily maximum EC at the DMC 
barrier stations.  The shifted high tide EC profile was expected to match the daily minimum EC at the 
downstream stations.  The measured EC at the Old River monitoring stations were compared with 
the EC profiles by showing the minimum, average, and maximum EC for the day (red boxes).  The EC 
profiles started at the head of Middle River (Union Island EC station) at Old River at 70 km with the 
Doughty Cut EC station located at Old River at 64 km, the Tracy Boulevard EC station located at Old 
River at 59 km, the EC station upstream from DMC barrier located at Old River at 46.5 km, the EC 
station downstream from DMC barrier located at Old River at 46.25 km, and the DMC intake EC 
station located at Old River at 45 km. 
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Figure 32a shows the measured and shifted Old River EC profiles on February 25, 2009, referenced 
by the Old River location (km from the mouth).  The measured EC profile was collected at 4 feet, 
while the low tide was 2.3 feet and the high tide was 5.1 feet.  The measured EC profile was about 
625 μS/cm at 46 km (downstream end of EC profile) and increased to greater than 1,000 μS/cm 
between 50 km and 53 km.  There were some moderate increases in EC (100-250 μS/cm) measured 
in the EC profile (“EC slugs”) near the Tracy Boulevard EC station at 59 km and upstream at 61 km.  
The EC profile matched the measured Union EC and Doughty Cut EC, with only a small daily range 
between the minimum EC and maximum EC at these stations.  The calculated tidal shift in the low 
tide EC profile at the DMC intake was about 3 km, so the maximum EC at the DMC barrier was 
increased to 900 μS/cm.  However, the maximum measured EC at the DMC stations was 1,200 
μS/cm.  The tidal shift would need to be about 0.5 km more to match the maximum EC.  The high 
tide EC profile was shifted about 1.5 km upstream.  The green line with boxes indicates the 
downstream net movement of water from the Tracy Boulevard station, with the corresponding daily 
average Tracy Boulevard EC from the previous days.  The travel time to the DMC intake was about 
10 days, and the EC at Tracy was higher on these previous days. 

 

Figure 32a.  Measured and Shifted Low Tide and High Tide EC Profiles in Old River between Middle 
River (70 km) and the DMC Intake (45 km) on February 25, 2009 
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Figure 32b shows the measured and shifted Old River EC profiles on March 16, 2009.  The measured 
EC profile was collected at 4.9 feet, while the low tide was 1.8 feet and the high tide was 5 feet.  The 
measured EC was about 375 μS/cm at 46 km, 500 μS/cm at 50 km, increased to more than 1,000 
μS/cm at 51 km (steep EC gradient), and was 1,100 μS/cm upstream to Union EC station at 70 km.  
No large increase in Old River EC between Union and Tracy Boulevard was measured by this EC 
profile.  The EC profile matched the measured EC at the three upstream stations.  The calculated 
tidal shift in the low tide EC profile at the DMC intake was about 6 km, so the maximum EC at the 
DMC barrier was increased to 1,100 μS/cm, which matched the daily maximum EC measured at the 
DMC stations.  The net flow in Old River at Tracy Boulevard increased the downstream movement of 
the higher EC water during ebb-tides.  The DMC diversion is the most likely cause of this very strong 
EC gradient; the high EC in Old River upstream of the DMC is moving downstream past the DMC 
intake at low tide and the DMC pumping diverts this water, and also diverts much lower EC water 
from downstream, as the flood tide begins.  Therefore, the salinity gradient is reinforced by the DMC 
diversion during each low tide period. 

 
Figure 32b.  Measured and Shifted Low Tide and High Tide EC Profiles in Old River between Middle 
River (70 km) and the DMC Intake (45 km) on March 16, 2009 
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Figure 32c shows the measured and shifted Old River EC profiles on April 1, 2009.  The measured EC 
profile was collected at 5.1 feet, while the low tide was 1.8 feet and the high tide was 5.7 feet.  The 
measured EC was about 300 μS/cm between 46 km and 50 km, increased to 1,350 μS/cm at 54 km 
(very steep EC gradient), decreased to 1,000 μS/cm at 62.5 km, and was 1,000 μS/cm upstream to 
Union EC station at 70 km.  No large increase in Old River EC between Union and Tracy Boulevard 
was measured by this EC profile, but the EC increased substantially downstream from Tracy 
Boulevard.  The green line and boxes indicate that the Tracy EC was higher on previous days, but the 
measured EC was higher than the green line, suggesting another source of higher EC water 
downstream of Tracy Boulevard.  The EC profile matched the measured EC at the three upstream 
stations. The calculated tidal shift in the low tide EC profile at the DMC intake was about 7 km and 
the maximum EC at the DMC barrier increased to 1,000 μS/cm, which almost matched the daily 
maximum EC of 1,200 μS/cm at the DMC barrier stations.  The tidal movement at low tide 
apparently was a little more than calculated, but the very large tidal movement of water in this 
section of Old River was verified.  The tidal movement was about 5 km upstream during each flood 
tide and was likely about 6 km downstream during each ebb-tide (the net flow increased the ebb-
tide movement). 

 
Figure 32c.  Measured and Shifted Low Tide and High Tide EC Profiles in Old River between Middle 
River (70 km) and the DMC Intake (45 km) on April 1, 2009 
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This large tidal movement in Old River near the DMC barrier and the large EC gradient (high EC 
upstream, low EC downstream) indicates the potential salinity-reduction benefits in Old River 
upstream of the DMC (including at Tracy Boulevard) that would likely result from a tidal gate at this 
location, as was proposed by the SDIP.  The large EC differences often observed in Old River 
upstream and downstream of the DMC intake are likely the result of export pumping that causes a 
net upstream tidal flow of Sacramento River water in Old River upstream of Franks Tract and in 
Middle River and Victoria Canal upstream of the SJR.  If the proposed Old River at DMC tidal gate 
was opened at low tide, the flood-tide volume would fill the Old River channel with water from 
downstream of the DMC, which often has a lower EC.  Lower salinity water would move upstream 
about 5 km during each flood tide.  The proposed tidal gate would close at high tide and the ebb-tide 
flow in Old River would move water upstream another 5 km past Tracy Boulevard, Sugar Cut, and 
Paradise Cut to Doughty Cut and would flow downstream to Grant Line Canal.  This would create a 
very strong water circulation (upstream in Old River and downstream in Grant Line Canal) that 
would reduce the salinity measured at Tracy Boulevard to about the Old River EC exported at the 
DMC and CCF intakes.  This likely would be a very effective salinity-reduction alternative. 

Sources of Flow and Salinity (EC) in the CVP and SWP Exports 
The sources of flow and salinity (EC) in the CVP and SWP exports can be compared and evaluated 
from the daily average flow and EC data calculated in the Data Atlas files for 2009-13.  The seasonal 
pattern of flow and EC from each water source also provides a framework for understanding 
potential salinity-reduction alternatives.  There are only two basic water sources for the CVP and 
SWP exports: the Sacramento River at Freeport and the SJR at Vernalis.  The Sacramento River at 
Freeport has the lowest EC, with an EC range of 100-250 μS/cm.  The SJR at Vernalis generally has a 
higher EC, ranging from 250 to 1,250 μS/cm.  Agricultural drainage and shallow groundwater 
seepage from irrigated land in the south Delta, including the salt sources in Paradise Cut and Sugar 
Cut, will cause the SJR EC to increase as it flows downstream to the head of Old River and 
downstream in Old River and Grant Line Canal to the exports.  The SJR flow usually increases the EC 
of the CVP and SWP exports, because the SJR EC is usually higher than the Sacramento River EC.  The 
majority of the SJR water diverted into Old River is generally pumped into the DMC, because the SJR 
water in Old River and Grant Line Canal flows past the DMC intake before reaching the CCF intake, 
located just downstream from the mouth of Grant Line Canal. 

The two major channels that convey Sacramento River water to the exports are Old River and 
Middle River.  Agricultural drainage from irrigated lands within the Delta and seawater intrusion 
will cause the Sacramento River EC to increase as it is tidally transported across the Delta (i.e., north 
to south) to the exports.  The Old River at Bacon EC and the Middle River at Bacon EC are often 
200-250 μS/cm, similar to the Sacramento River EC.  But the Old River at Bacon EC is sometimes 
much higher than the Sacramento River EC, because seawater intrusion causes the Old River at 
Bacon EC to increase when Delta outflow is less than about 5,000 cfs.  The Middle River at Bacon EC 
can also be increased somewhat by seawater intrusion.  Middle River at Bacon EC can also be 
increased by the SJR EC, because some of the SJR flow continues past the head of Old River to 
Stockton and some is diverted to Middle River through Turner Cut, Columbia Cut, or at the mouth of 
Middle River. 

The contributions of the three major salt sources (i.e., Sacramento River, SJR, and seawater 
intrusion) to the EC and total salt load (tons/day) of the CVP and SWP exports can be evaluated by 
assuming that the lowest possible EC from the Sacramento River (with some agricultural drainage) 
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would be about 250 μS/cm.  Any water source with EC greater than 250 μS/cm will contribute an 
additional (incremental) salt load equal to the flow times the incremental EC of the source (i.e., 
Source EC – 250 μS/cm) times a conversion factor.  Assuming that all of the SJR water was exported, 
the incremental salt load in the exports from the SJR inflow was calculated as: 

 SJR Incremental Salt (tons/day) = 0.00175 x SJR Flow (cfs) x [SJR EC (μS/cm) – 250] 

The incremental salt load in the exports from seawater intrusion can be estimated by assuming that 
seawater intrusion will increase the lower SJR at Jersey Point EC and move into Franks Tract 
through Dutch Slough and False River to increase Old River at Bacon EC and Middle River at Bacon 
EC.  The seawater intrusion incremental salt load in the exports, when the Old and Middle River net 
flow was reversed (upstream), was calculated as: 

 Seawater Salt (tons/day) = 0.00175 x {Old River Flow (cfs) x [Old River EC (μS/cm) - 250] 
 + Middle River Flow (cfs) x [Middle River EC (μS/cm) – 250]} 

The incremental salt loads from each source can also be compared with the export EC increments; 
the Sacramento River water EC was assumed to be 250 μS/cm.  The daily export EC increment from 
the SJR, when the SJR flow was less than the exports, was calculated as: 

 EC from SJR (μS/cm) = SJR (cfs) / Exports (cfs) x [SJR EC (μS/cm) – 250] 

The daily export EC increment from seawater intrusion, when Old and Middle River flow was 
reversed, was calculated as: 

EC from Seawater (μS/cm) = Old + Middle Flow (cfs) / Exports (cfs) x [Flow-weighted Old 
 and Middle EC (μS/cm) – 250] 

Because some of the SJR flow is mixed with Middle River flow, some of the SJR EC increment was 
also measured in the Middle River at Bacon EC, so the EC increment from seawater intrusion was 
likely less than calculated with these simple equations.  The daily patterns of calculated EC 
increments (and salt loads) from the SJR and from seawater intrusion provided an accurate 
evaluation of the salt sources in the exports. 

Because the salt contributions from agricultural drainage and wastewater discharges are distributed 
throughout the Delta, the total contribution from these salt sources cannot be estimated, because 
seawater intrusion is likely a larger salt source, which cannot be separately estimated from the Old 
River at Bacon and Middle River at Bacon EC measurements.  However, the general magnitude of the 
incremental EC from wastewater discharges and agricultural drainage in the CVP and SWP exports 
can be identified as follows.  The combined wastewater discharges to the Delta are about 250 cfs, 
dominated by the Sacramento Regional discharge of about 180 cfs and the Stockton discharge of 
about 50 cfs.  About 50 percent was assumed to reach the exports (50 percent mixed with the Delta 
outflow).  If the average wastewater EC was 1,250 μS/cm, the wastewater EC increment in the 
exports would be: 

 Wastewater EC Increment (μS/cm) = 125 (cfs) / Exports (cfs) x 1,000 (μS/cm) 

The estimated wastewater EC increment would therefore be about 25 μS/cm with exports of 5,000 
cfs and 12.5 μS/cm with exports of 10,000 cfs. 

The combined agricultural drainage EC increment in the exports can be identified in a similar way.  
The annual average channel depletions (for evaporation and crop transpiration, ET) were estimated 
(from DAYFLOW) to be about 2,300 cfs; the drainage flow was assumed to be 25 percent of ET 
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(575 cfs), and about 65 percent (375 cfs) was assumed to reach the exports (35 percent mixed with 
Delta outflow).  The average EC of the drainage water would be about four times the applied EC (e.g., 
1,000-2,000 μS/cm).  If the average agricultural drainage EC was assumed to be 1,500 μS/cm, the 
agricultural drainage EC increment in the exports would be: 

 Agricultural Drainage EC Increment (μS/cm) = 375 (cfs) / Exports (cfs) x 1,500 (μS/cm) 

The estimated agricultural drainage EC increment would be about 110 μS/cm with exports of 5,000 
cfs and about 55 μS/cm with exports of 10,000 cfs.  However, the wastewater and agricultural 
drainage EC increments cannot be reliably estimated from the measured flow and EC data; they are 
included in the estimated seawater intrusion EC increments. 

The daily incremental salt sources and EC increments from the three major sources were calculated 
for each of the study years (2009-13) and the daily patterns are illustrated in the daily graphs 
shown below.  The average (export-weighted) EC increments provide a summary of the 
contributions from the three salt sources for each year.  High flow years with higher exports will 
have a higher total salt load (tons/day), but the majority of the salt load will originate from 
Sacramento River water with an average EC of 250 μS/cm assumed.  During low flow years, the EC 
increments from the SJR and from seawater intrusion (including wastewater and agricultural 
drainage) will be greater and will provide a larger fraction of the total exported salt load.  For 
example, if the calculated SJR EC increment was 250 μS/cm, the higher SJR EC would double the 
export EC and salt load; if the calculated seawater intrusion EC increment was 250 μS/cm, seawater 
intrusion in Old and Middle Rivers would double the export EC and salt load. 
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Figure 33a shows a two panel graph of daily EC (top) and daily flow (bottom) for 2009.  The daily 
flows shown in the bottom panel compare the combined CVP and SWP exports with the daily SJR 
flow at Vernalis and the net upstream (reversed) Old and Middle River flows.  The SJR flow and total 
exports are accurately measured; the Old and Middle River flows are more difficult to measure (high 
tidal flows) and daily net flows have a strong spring-neap tidal variation.  The daily Old and Middle 
River net (reversed) flows can be estimated as the exports plus the south Delta channel depletions 
(maximum of about 1,000 cfs in the summer) and Contra Costa Water District (CCWD) diversions 
from Old River and Victoria Canal intakes (maximum of 250 cfs), minus the head of Old River 
diversions.  The exports were generally low (2,500 cfs to 5,000 cfs) from January to June, and 
increased to about 10,000 cfs in July and decreased to about 5,000 cfs in November and December of 
2009.  The SJR flows were less than 2,500 cfs for the entire year.  All of the SJR flows were exported 
in 2009 because the exports were greater than the SJR flows. 

 
Figure 33a. Measured SJR Flows and EC, CVP and SWP Exports and EC, Old and Middle River Flows 
and EC, and Calculated Export EC Increments from SJR and Seawater Intrusion for 2009. 

The daily measured EC shown in the top panel are SJR EC (red dots), combined export EC (purple 
diamonds), Old River at Bacon EC (dark-blue dashed-line), and Middle River at Bacon EC (light-blue 
dashed-line).  The Middle River EC was usually the lowest, reflecting the Sacramento River EC (<250 
μS/cm) plus some SJR EC and some seawater intrusion EC, when Delta outflow is low (<7,500 cfs).  
The calculated SJR EC increment (red line) was highest when the SJR was a major fraction of the 
combined exports and when the SJR EC was high; and the seawater intrusion EC increment 
(difference between the Export EC and the SJR EC increment) was highest when the Old River at 
Bacon EC was greater than 500 μS/cm.  During the summer and fall months, when the SJR flow was 
low, most of the exported water originated from the Sacramento River (reversed Old and Middle 
River flow) and seawater intrusion was a major source of exported salt.  The SJR EC increment 
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(above 250 μS/cm) was about 125 μS/cm in January to April, June, and November to December of 
2009.  The seawater intrusion EC increment (above 250 μS/cm) was about 375 μS/cm in January to 
February, about 500 μS/cm in August to September, and about 375 μS/cm in October to December 
of 2009. 

For 2009, the average exports were 5,185 cfs and the flow-weighted average EC of the exports was 
492 μS/cm.  The Sacramento River water with assumed EC of 250 μS/cm contributed 51 percent of 
exported salt; the average SJR EC increment was 90 μS/cm, contributing 18 percent of the exported 
salt; and the seawater intrusion EC increment was 152 μS/cm, contributing 31 percent of exported 
salt.  The sum of the calculated daily EC increments was slightly different than the average export 
EC, because the seawater EC increments in Middle River include some of the SJR EC increment and 
because the Old and Middle River daily net flows are difficult to estimate because of spring-neap 
tidal flow variations. 

Figure 33b shows a two panel graph of daily EC (top) and daily flow (bottom) for 2010.  The daily 
flows shown in the bottom panel compare the combined CVP and SWP exports with the daily SJR 
flow at Vernalis and the upstream (reversed) Old and Middle River flows.  The exports were 
5,000-7,500 cfs in January to March, were reduced to 1,500 cfs in April and May, were 5,000 cfs in 
June, and were about 10,000 cfs in July to December of 2010.  The SJR flows were about 2,500 cfs in 
January to March, increased to about 5,000 cfs from mid-April to mid-June, and were less than 2,500 
cfs from July to November, with major runoff in the second half of December 2010. 

 
Figure 33b. Measured SJR Flows and EC, CVP and SWP Exports and EC, Old and Middle River Flows 
and EC, and Calculated Export EC Increments from SJR and Seawater Intrusion for 2010. 
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The daily measured EC shown in the top panel are SJR EC (red dots), combined export EC (purple 
diamonds), Old River at Bacon EC (dark-blue dashed-line), and Middle River at Bacon EC (light-blue 
dashed-line).  The calculated SJR EC increment (red line) was highest when the SJR was a major 
fraction of the combined exports and when the SJR EC was high; and the seawater intrusion EC 
increment (difference between the export EC and the SJR EC increment) was highest when the Old 
River at Bacon EC was greater than 500 μS/cm.  The EC of the exports was greater than 500 μS/cm 
from January to mid-April and from mid-September through November of 2010.  The SJR EC 
increment was 125-250 μS/cm in January to mid-April and was low for the remainder of 2010.  The 
seawater intrusion EC increment was about 250 μS/cm in January (Old at Bacon EC was 750 
μS/cm), 250 μS/cm in September (Old at Bacon EC was 750 μS/cm), and 125-250 μS/cm in October 
to December of 2010 (Old at Bacon EC was >500 μS/cm). 

For 2010, the average exports were 7,535 cfs and the flow-weighted average EC of the exports was 
410 μS/cm.  The Sacramento River water, with assumed EC of 250 μS/cm, contributed 61 percent of 
the exported salt; the average SJR EC increment was 67 μS/cm (16 percent of the exported salt); and 
the average seawater intrusion EC increment was 93 μS/cm (23 percent of exported salt). 
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Figure 33c shows a two panel graph of daily EC (top) and daily flow (bottom) for 2011.  The daily 
flows shown in the bottom panel compare the combined CVP and SWP exports with the daily SJR 
flow at Vernalis and the upstream (reversed) Old and Middle River flows.  The SJR flow was about 
equal to the exports in January to March, much higher than the exports in April and May, equal to the 
exports in June and July, and less than the exports in August to December 2011.  Most of the exports 
were SJR water through June; exports were about 50 percent SJR water and 50 percent Sacramento 
River water from July through November and were about 25 percent SJR water and 75 percent 
Sacramento River water in December.  The Old and Middle River reverse flows were equal to the 
exports minus about 50 percent of the SJR flows in January to March and in June, because only 50 
percent of the SJR is diverted at the head of Old River.  The reverse Old and Middle River flows were 
negative in April and May (downstream flow) because of the high SJR flows (greater than exports). 

 
Figure 33c. Measured SJR Flows and EC, CVP and SWP Exports and EC, Old and Middle River Flows 
and EC, and Calculated Export EC Increments from SJR and Seawater Intrusion for 2011. 

The daily measured EC shown in the top panel are SJR EC (red dots), combined export EC (purple 
diamonds), Old River at Bacon EC (dark-blue dashed-line), and Middle River at Bacon EC (light-blue 
dashed-line).  The calculated SJR EC increment (red line) was 0 through October, because the SJR EC 
was about 250 μS/cm.  The SJR EC increment was about 125 μS/cm in November and December 
2011.  The seawater intrusion EC increments were 0 μS/cm until the second half of December, when 
they increased to about 250 μS/cm (Old at Bacon EC > 500 μS/cm).  For 2011, the average exports 
were 8,850 cfs and the average flow-weighted EC of the exports (with minimum EC of 250 assumed) 
was 275 μS/cm.  The Sacramento River water with assumed EC of 250 μS/cm contributed 91 
percent of the exported salt.  Because of high SJR flows (with low SJR EC), the average calculated SJR 
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EC increment was 19 μS/cm (7 percent of exported salt in November and December) and the 
average seawater intrusion EC increment was 6 μS/cm (2 percent of exported salt in December). 

Figure 33d shows the daily SJR flow at Vernalis compared to the CVP and SWP exports, along with 
the daily EC in the SJR at Vernalis, the CVP and SWP exports, in Old River at Bacon, and in Middle 
River at Bacon for 2012.  The exports were 2,500 cfs to 5,000 cfs from January to June, and increased 
to between 7,500 cfs and 10,000 cfs from July to December 2012.  The SJR flows were less than 
2,500 cfs for the entire year, so all of the SJR flow was exported in 2012 because the exports were 
greater than the SJR flows. 

  

Figure 33d. Measured SJR Flows and EC, CVP and SWP Exports and EC, Old and Middle River Flows 
and EC, and Calculated Export EC Increments from SJR and Seawater Intrusion for 2012. 

The daily measured EC shown in the top panel are SJR EC (red dots), combined export EC (purple 
diamonds), Old River at Bacon EC (dark-blue dashed-line), and Middle River at Bacon EC (light-blue 
dashed-line).  The calculated SJR EC increment (red line) was highest when the SJR was a major 
fraction of the combined exports and when the SJR EC was high; and the seawater intrusion EC 
increment (green line) was highest when the Old River at Bacon EC was greater than 500 μS/cm.  
The SJR EC increment was 125 μS/cm in January and April, and was 250 μS/cm in February and 
March.  The seawater intrusion EC increment was 125-250 μS/cm in January to April, was greatest 
in September (250 μS/cm), and was about 125 μS/cm in October and November.  For 2012, the 
average exports were 6,145 cfs and the average flow-weighted EC of the exports was 460 μS/cm.  
The assumed Sacramento River EC of 250 μS/cm contributed 54 percent of the exported salt; the 
calculated SJR EC increment was 96 μS/cm (21 percent of exported salt); and the calculated 
seawater intrusion EC increment was 114 μS/cm (25 percent of exported salt). 
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Figure 33e shows the daily SJR flow at Vernalis compared to the CVP and SWP exports, along with 
the daily EC in the SJR at Vernalis, the CVP and SWP exports, in Old River at Bacon, and in Middle 
River at Bacon for 2013.  The exports were about 5,000 cfs from January to March, about 2,500 cfs in 
April to June, about 10,000 cfs in July to August, and about 2,500 cfs to 5,000 cfs in September to 
December 2013.  The SJR flows were less than 2,500 cfs for the entire year, so all of the SJR flow was 
exported in 2013. 

 
Figure 33e. Measured SJR Flows and EC, CVP and SWP Exports and EC, Old and Middle River Flows 
and EC, and Calculated Export EC Increments from SJR and Seawater Intrusion for 2013. 

The daily measured EC shown in the top panel are SJR EC (red dots), combined export EC (purple 
diamonds), Old River at Bacon EC (dark-blue dashed-line), and Middle River at Bacon EC (light-blue 
dashed-line).  The two calculated EC increments are also shown in the top panel; the SJR EC 
increment (red line) was highest when the SJR was a major fraction of the combined exports and 
when the SJR EC was high; and the seawater intrusion EC increment (green line) was highest when 
the Old River at Bacon EC was greater than 500 μS/cm.  The SJR EC increment was about 250 μS/cm 
in January to March and about 500 μS/cm in the first half of April.  The SJR EC increment was about 
125 μS/cm in October to November and was 250 μS/cm in December 2013.  The seawater intrusion 
EC increment was 250 μS/cm in August to September (Old at Bacon EC > 500 μS/cm) and was 
125-250 μS/cm in October to December 2013.  For 2013, the average exports were 4,610 cfs and the 
average flow-weighted EC of the exports was 490 μS/cm.  The assumed Sacramento River EC of 250 
μS/cm contributed 51 percent of the exported salt; the calculated SJR EC increment was 98 μS/cm 
(20 percent of exported salt); and the calculated seawater intrusion EC increment was 143 μS/cm 
(29 percent of exported salt). 
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The salt source tracking for these 5 years demonstrated that the average export EC is influenced by 
the two water sources (i.e., SJR and Sacramento River) and the three major salt sources (Sacramento 
River, SJR, and seawater intrusion).  The SJR EC was highest when the SJR flow was less than 2,500 
cfs and the effects of the SJR EC on the export EC would decrease with higher exports.  The effects of 
seawater intrusion on the export EC increases as Delta outflow is reduced from 10,000 cfs to the 
minimum outflow of 3,000 cfs (maximum seawater intrusion EC increment of about 500 μS/cm).  
The annual average export EC would be as low as 250 μS/cm in high flow years, because the 
Sacramento River EC is always less than 250 μS/cm, the SJR EC would be less than 250 μS/cm if the 
SJR flows were greater than about 5,000 cfs (e.g., most of 2011), and there would be no seawater 
intrusion if Delta outflow was greater than 10,000 cfs.  For several of the years, the annual average 
export EC was about 500 μS/cm (e.g., 2009 and 2013), which was twice the minimum possible 
export EC with 100% Sacramento River water.  The incremental EC (and salt load) caused by the 
higher SJR EC ranged from 20 μS/cm in 2011 to about 100 μS/cm in 2012 and 2013, which was 40 
percent more EC and salt load than for Sacramento River water.  The incremental EC (and salt load) 
caused by seawater intrusion ranged from less than 10 μS/cm in 2011 to about 150 μS/cm in 2009 
and 2013, which was about 60 percent more EC and salt load than for exports from Sacramento 
River water. 

Summary of Analysis Methods and Equations 
The analysis and evaluation of the south Delta tidal data used several basic methods that have been 
described with examples and results in this report.  Table 2 summarizes the various flow and 
salinity equations that were used for each analysis method, with the coefficients (parameters) that 
were estimated for each location.  The first group of equations is the diversion flow calculations (i.e., 
flow fractions) for several channel junctions.  The net flows in each channel would be reduced by 
agricultural diversions and increased by agricultural discharges. The second group of equations is 
the tidal flow estimates, calculated from the elevation changes and the upstream surface areas for 
several locations.  The third group of equations gives the tidal flow calculations from the upstream 
and downstream elevations for the culverts in each temporary barrier; culvert flow is upstream only 
when flap gates are operating.  The fourth group of equations gives the tidal flow calculations from 
the upstream and downstream elevations for each temporary barrier weir crest and leakage flow 
through the rock barriers.   The fifth group of equations gives the tidal movement calculations used 
for shifting the measured longitudinal EC profiles in Paradise Cut and in Old River to estimate low 
tide EC profiles and high tide EC profiles.  These calculations are included in the Data Atlas Excel 
files for each year.  Tidal graphs are provided in the data analysis files to compare the tidal 
calculations with the measured data.  Any of these coefficients or parameters can be changed easily 
to explore the sensitivity of the flow calculations or improve the calibration (i.e., match) with the 
measured data. 

The primary purpose for these tidal data analysis methods was to identify the likely sources of 
higher EC water that is often observed at the Old River at Tracy Boulevard EC measurement station.  
The EC measurements at various locations in Old River, and in Paradise Cut and Sugar Cut, together 
with the analysis of the tidal movement of water from these tidal sloughs to Old River, has indicated 
that there are substantial sources of high EC water (excess salt load) originating from the upstream 
ends of Paradise Cut and Sugar Cut.  Although these salt sources are much smaller that the salt load 
in the SJR at Vernalis, they are sufficient to increase the EC in Old River at Tracy Boulevard by an 
average of about 100-125 μS/cm (See Figures 30a-30e).  Based on these data analysis methods and 
results, several conceptual salinity-reduction alternatives that might reduce or eliminate the high EC 
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measurements in Old River at Tracy Boulevard were developed and compared; the alternatives are 
described and evaluated for likely effectiveness, feasibility and approximate cost in the next section. 

Table 2.  Summary of Flow and Salinity Equations Used to Analyze Tidal Flow and EC Data 

Flow Diversions at Channel Junctions: 

Paradise Cut Weir Flow (cfs) = 0.5 x [SJR at Vernalis Flow – 17,500] 
Head of Old River Flow (cfs) = 0.5 x SJR at Vernalis + 0.05 x [SWP Flow + CVP Flow] 
Head of Middle River Flow (cfs) = 0.03 x Head of Old River (HOR) Flow 
Grant Line Canal Flow (cfs) = 0.87 x HOR Flow  
Old River at Tracy Boulevard Flow (cfs) = 0.10 x HOR Flow 

Tidal Channel Flow Volumes: 

Old at Tracy Boulevard (af) = -Elevation Change (feet) x 50 acres +10% HOR Flow (cfs) x 0.02  
Old at DMC Barrier (af) = -Elevation Change (feet) x 750 acres + 10% HOR Flow (cfs) x 0.02 
Old at Bacon (af) = -Elevation Change (feet) x 1,750 acres + 47% [CVP + SWP] Flow (cfs) x 0.02 
Middle at Barrier (af) = -Elevation Change (feet) x 150 acres  
Middle at Undine Road (af) = -Elevation Change (feet) x 150 acres + 3% HOR Flow (cfs) x 0.02 
Middle at Bacon (af) = -Elevation Change (feet) x 2,000 acres + 53% [CVP + SWP] Flow (cfs) x 0.02 
GLC at Barrier (af) = - Elevation Change (feet) x 500 acres + 85% HOR Flow (cfs) x 0.02 
GLC at Mouth (af) = - Elevation Change (feet) x 750 acres + 85% HOR Flow (cfs) x 0.02 
Paradise Cut at Mouth (af) = - Elevation Change (feet) x 170 acres  
Sugar Cut at Mouth (af) = - Elevation Change (feet) x 55 acres – Tom Paine Diversion (cfs) x 0.02 

Barrier Culvert Flows (upstream only with flap gates): 

Tom Paine Slough Diversion (cfs) = -300 x Elevation Difference (feet) 0.5 
Old at DMC Barrier Flow = - 600 x Elevation Difference (feet) 0.5  
Grant Line Canal Barrier Flow = - 450 x Elevation Difference (feet) 0.5  
Middle River Barrier Flow = - 450 x Elevation Difference (feet) 0.5  

Barrier Weir Crest and Leakage Flow (either direction depending on elevations): 

Old at DMC Crest Flow = 150 x [Water Elevation – Crest Elevation (4.4 feet)] 1.5 + Net Flow 
Grant Line Canal Crest Flow = 250 x [Water Elevation – Crest Elevation (3.4 feet)] 1.5 + Net Flow  
Middle River Crest Flow = 180 x [Water Elevation – Crest Elevation (4.4 feet)] 1.5 + Net Flow 
Rock Barrier Leakage Flow  = 150 x Elevation Difference 0.5 

Longitudinal EC Profile Shifting to High Tide (the measured EC at each location is shifted upstream): 

Paradise Cut (km) = Measured (km) + [High Tide – Measured Tide] x 1.5 km/feet x [10 km – Measured 
km]/10 km 
Old River (km) = Measured (km) + [High Tide – Measured Tide] x 2 km/feet x [60 km – Measured 
km]/15 km 
Longitudinal EC Profile Shifting to Low Tide (the Measured EC at each location is shifted downstream): 
Paradise Cut (km) = Measured (km) - [Measured Tide- low Tide] x 1.5 km/feet x [10 km – Measured 
km]/10 km 
Old River (km) = Measured (km) - [Measured Tide – Low Tide] x 2 km/feet x [60 km – Measured 
km]/15 km 
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Regulatory Options and Physical Alternatives for 
Reducing Old River at Tracy Boulevard EC 

Regulatory options were identified and several physical alternatives for reducing the higher EC 
measured in Old River at the Tracy Boulevard EC monitoring station were comparatively evaluated.  

Regulatory Options  
Based on the results shown in this report, the SWRCB might reconsider using the Old River at Tracy 
Boulevard EC monitoring station as an EC compliance station, but could retain the Old River at Tracy 
Boulevard station as an EC monitoring station.  The SWRCB could decide to rely on the SJR at Brandt 
Bridge and the Old River at Union Island EC compliance stations for the protection of south Delta 
agricultural water uses, because these stations protect the EC of water flowing into the south Delta 
channels.  Because there are almost always some EC increases in the SJR between the Vernalis 
station and the south Delta stations, the Vernalis EC objectives should be specified as 50 μS/cm or 
100 μS/cm less than the south Delta EC objectives.  For example, the south Delta EC objectives might 
be specified to match the D-1641 drinking water EC objectives (1,000 μS/cm, monthly average, year-
round).  The review of salinity criteria for agricultural uses in the south Delta (Hoffman 2010) 
indicated that an EC criterion for fully protecting salt-sensitive crops (i.e., beans and alfalfa) would 
be about 1,000 μS/cm.  Therefore, the SWRCB might consider adjusting the south Delta EC 
objectives to be 1,000 μS/cm (monthly average, year-round) at the SJR at Brandt Bridge and the Old 
River at Union Island stations, and might consider adjusting the SJR at Vernalis EC objective to be 
900 μS/cm or 950 μS/cm (monthly average, year-round).  This would allow the south Delta EC 
objectives to be fully protective and compatible with the existing beneficial uses (i.e., agricultural 
diversions and subsequent drainage of higher EC water) along the SJR and Old River. 

The possible need for New Melones Reservoir releases to meet the adjusted Vernalis EC objectives 
should be evaluated and compared with releases for the existing Vernalis EC objectives.  SJR flows 
might decrease slightly (with lower New Melones releases) during the irrigation season if the 
Vernalis EC objective were increased from 700 μS/cm to 900 or 950 μS/cm.  Changes in the Vernalis 
flow and EC will have nearly identical effects on the measured EC at the south Delta stations (i.e., 
same EC increments).  Changing the EC objectives at the south Delta EC monitoring stations will not 
likely have any additional effects on south Delta EC, because the SJR at Vernalis EC controls the 
south Delta EC.  However, adjusting the Vernalis EC objectives to be 50 to 100 μS/cm less than the 
south Delta EC objectives would likely eliminate future periods of non-compliance with the EC 
objectives at the SJR at Brandt Bridge and the Old River at Union Island EC monitoring stations.  The 
Old River at Tracy Boulevard station should remain as an EC monitoring station to compare the 
effectiveness of the selected salinity-reduction physical alternative even if the SWRCB determines 
that it should no longer be used as an EC compliance station. 

Physical Alternatives 
Several physical alternatives for reducing the effects of salt sources from Paradise Cut and Sugar Cut 
in Old River at the Tracy Boulevard EC station were developed and evaluated for likely effectiveness, 
general feasibility, and approximate cost.  Each of the physical alternatives is briefly described and 
their likely effectiveness and feasibility are discussed from a planning perspective; additional 
engineering details will be required for the alternative designs.  Each of the physical alternatives 
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could be further evaluated with additional engineering design and cost estimates.  The likely 
effectiveness of each alternative could be compared using DSM2 modeling to calculate the changes 
in Old River at Tracy Boulevard EC that would be achieved by implementing the alternatives.  The 
DSM2 model should be adjusted (to better match historical tidal flows and EC) to include more 
accurate channel geometry and more accurate representation of salinity sources from agricultural 
drainage and shallow groundwater seepage.  The most promising alternative may be selected by 
DWR for a salinity-reduction demonstration project.  The EC monitoring in south Delta channels 
might be enhanced (with additional stations) for the salinity-reduction demonstration project and 
could continue for 2 or 3 years after the demonstration project is implemented (constructed) to 
provide monitoring records for evaluation of the actual effectiveness of the selected salinity-
reduction alternative. 

The effectiveness of the selected demonstration alternative could be judged by comparing the future 
measured EC increments in Old River at Tracy Boulevard with the salinity-reduction alternative to 
the historical EC increments measured in 2009–13 (evaluated in this report) and the EC increments 
measured in 2014-16 (not included in this report).  The EC increments in Old River for specific SJR 
flow and EC conditions in 2009–16 (without the demonstration project) could be compared to the 
future measured EC increments in Old River with the salinity-reduction project for similar SJR flow 
and EC conditions.  Based on the results of the demonstration project EC monitoring and 
comparisons with previous EC conditions in 2009–16, DWR may decide to modify the 
demonstration project (for improved salinity-reduction effects) or to construct a permanent south 
Delta salinity-reduction facility based on the demonstration project performance.  The 
demonstration project would likely be implemented in cooperation with Reclamation, RWQCB, 
SWRCB, and south Delta stakeholders (e.g., SDWA, San Joaquin County).  Funds for the design, 
construction and monitoring of the salinity-reduction demonstration project might be obtained from 
water quality improvement funds (State Bonds) or other appropriate sources. 

A. Pump Water from the San Joaquin River to Provide Flushing 
Flows in Paradise Cut and Sugar Cut 

This salinity-reduction alternative was based on the general concept that the salinity (EC) could be 
reduced if the salt source was diluted (flushed) with lower EC water.  However, flushing Paradise 
Cut and Sugar Cut with SJR water (e.g., 10 to 25 cfs pumps) would likely not reduce the excess salt 
loads entering Old River from Paradise Cut and Sugar Cut (i.e., EC higher than Old River EC at 
Doughty Cut) that increase the Old River at Tracy Boulevard EC.  Although the SJR flushing flow 
would dilute the EC in the tidal sloughs and the EC entering Old River during ebb-tides, the flushing 
flows would not reduce the salt loads entering Old River and would not change the EC increments at 
Tracy Boulevard.  Dilution of the higher salinity source water would be more effective if the dilution 
water had a much lower salinity; because the SJR EC would be the same as the Old River EC, the 
excess salt load would remain about the same: 

Excess salt load (tons/day) = salt source flow x (salt source EC – Old River EC) x 0.0175 

Adding SJR water would slightly lower the EC leaving Paradise Cut and Sugar Cut and would reduce 
the measured EC at Tracy Boulevard slightly, but the effect would be about the same as increasing 
the Old River flow at Tracy Boulevard by the dilution (pumping) flow.  Because a large incremental 
EC at Tracy Boulevard has been measured for a wide range of Old River flows, increasing the 
effective flow by 20 to 50 cfs would not change the excess salt load from either Paradise Cut or Sugar 
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Cut, and would not likely be an effective salinity-reduction alternative.  The pipeline from the SJR to 
the upstream end of Paradise Cut would be about 1 mile long.  The construction of the pump and 
pipeline would be moderately expensive ($5 million, based on the Stockton Deep Water Shipping 
Channel [DWSC] Aeration Demonstration project cost of $2 million for two 25 cfs pumps and 1,000 
feet of pipeline).  The pipeline from the SJR to the upstream end of Sugar Cut would be much longer 
(about 5 miles), and therefore would be considerably more expensive ($20 million).  The pumps 
would also have an annual energy cost. 

B. Pump High Salinity Water from the Upstream End of Sugar Cut 
and Paradise Cut 

Pumping the higher salinity water that enters the upstream end of Sugar Cut and Paradise Cut to the 
SJR or to Old River (upstream from Doughty Cut) may be an effective way to reduce the EC 
increments in Old River at Tracy Boulevard, because the excess salt loads would be mixed (diluted) 
with much higher SJR or Old River flows.  The EC increment at Tracy Boulevard would be reduced by 
the ratio of the Old River at Tracy Boulevard flow to the SJR flow (e.g., one-twentieth) or to the head 
of Old River flow (e.g., one-tenth).  The shallow groundwater seepage to Paradise Cut and the 
surface drainage to Sugar Cut (i.e., Arbor Road Drain) may originate from local infiltration (soil 
drainage) of applied water in Pescadero Tract, from upslope areas (to the southwest) with irrigation 
drainage (e.g., some Westside ID tile drainage enters Sugar Cut), or from historical saline 
groundwater.  The high salinity source flows were estimated during this project to be about 5 to 10 
cfs with an EC of 2,000 to 3,000 μS/cm (25 to 50 tons/day) from both Paradise Cut and Sugar Cut.  
Therefore, pumping 5 to 10 cfs from each tidal slough to the SJR or to Old River upstream from 
Doughty Cut likely would be sufficient to remove the majority of the salt sources from Old River at 
Tracy Boulevard.  The salt source water would be diluted in the full SJR flow (or in the head of Old 
River flow, about 50 percent of SJR flow), and therefore would cause a smaller EC increment in Old 
River at Tracy Boulevard.  Pumping higher salinity water from the upstream end of Sugar Cut would 
have the additional benefit of reducing the Tom Paine Slough irrigation diversion salinity.  Most of 
the excess salt load from the upstream end of Sugar Cut is likely diverted into Tom Paine Slough 
during the irrigation season.  Some of the excess salt load from Paradise Cut also may flow into Old 
River during ebb-tides and enter Sugar Cut during flood tides, and some may be diverted into Tom 
Paine Slough.  Further investigation of this alternative could include the need for water right 
applications to pump water from Paradise Cut and Sugar Cut. 

A future possibility for the Sugar Cut water may be the potential use of the pipeline from the City of 
Tracy wastewater treatment plant to the diffuser, which is located in Old River just upstream from 
Doughty Cut.  A pump (5 to 10 cfs) might be used to pump water from the upstream end of Sugar Cut 
into the existing 33-inch-diameter wastewater diffuser pipeline for discharge into Old River 
(upstream from Doughty Cut).  Preliminary discussion with the City of Tracy revealed that the 
existing pipeline (built in 1976 using concrete–asbestos pipe) is near capacity (9 mgd, 14 cfs) and 
relatively fragile.  The existing pipeline likely could not be pressurized any further to pump 
additional water from Sugar Cut (pipe sections may crack or burst).  The City of Tracy is planning to 
build a replacement pipeline (16 mgd, 25 cfs) and, after completion, the old pipeline would likely be 
maintained as a standby pipeline.  Construction of the new pipeline currently is on hold because of 
lack of funding.  Pumping water from the upstream end of Sugar Cut may be feasible in the original 
pipeline after the new pipeline is constructed. 



California Department of Water Resources  
Regulatory Options and Physical Alternatives for 

Reducing Old River at Tracy Boulevard EC 
 

 
Evaluation of Salinity Patterns and Effects of Tidal Flows and 
Temporary Barriers in South Delta Channels 108 September 2016 

ICF 00568.13 
 

This pumping alternative would also reduce the salinity in the Tom Paine Slough diversion of 
irrigation water to about the Old River EC.  The current salinity of the Tom Paine Slough diversions 
(EC measurements begun in April 2014) is similar to the measured Sugar Cut EC and generally about 
250 μS/cm higher than the Old River EC.  By removing the salt source from the upstream end of 
Sugar Cut with a pipeline, the EC of the irrigation water for Pescadero Tract, and the resulting EC of 
the drainage or shallow groundwater seepage from these irrigated lands would also be reduced. 

A pipeline from the upper end of Paradise Cut to the SJR near the Paradise Cut flood-control 
(bypass) weir would be about 1 mile long.  The construction of a 10 cfs pump and pipeline will be 
moderately expensive ($5 million, based on the Stockton DWSC Aeration Demonstration project 
with two 25 cfs pumps and 1,000 feet pipeline constructed at a cost of $2 million).  If a pipeline is 
constructed for pumping water from the upper end of Sugar Cut to Old River (near the City of Tracy 
diffuser), the length would be about 2.25 miles and the cost likely would be $10 million.  The City of 
Tracy design for a new 16-mgd (25-cfs) pipeline (42-inch-diameter) was estimated to cost about 
$25 million.  The pumps would also require an annual energy cost.  Although this conceptual 
salinity-reduction alternative would likely be very effective, it may be more expensive than the 
salinity-reduction benefits in Old River at Tracy Boulevard warrant. 

C. Increase the Net Flow in Old River at Tracy Boulevard by 
Dredging the Old River Channel 

Dredging the Old River channel immediately downstream from Doughty Cut likely would allow a 
greater fraction of the Old River flow to remain in Old River, and thereby would reduce the elevated 
EC at Old River at Tracy Boulevard.  This would reduce the EC increments caused by the salt sources 
from Paradise Cut and Sugar Cut.  Because the net flow at Tracy Boulevard is currently about 10 
percent of the head of Old River flow (See Figures 5a to 5e), the EC increments can be reduced by 
half if the Old River at Tracy Boulevard flow was increased to 20 percent of the head of Old River 
flow.  Dredging a 4-mile section (6 km) of Old River between Doughty Cut and Tracy Boulevard 
would likely increase the net flow at Tracy Boulevard, although the change in the net flows caused 
by dredging could be accurately determined only after the dredging was completed. 

To support the evaluation of this conceptual dredging alternative, a Geographical Information 
System (GIS) analysis using the 2-m DEM for the south Delta developed by DWR was conducted.  
The channel bathymetry in sections of Old River, Paradise Cut, Sugar Cut, and connecting channels 
was created (converted) from the 2-m DEM and graphed as channel elevation contours with 4-feet 
increments).  This channel bathymetry map then was used to determine the amount of dredging that 
would be required.  These channel contour map sheets and tables of proposed dredging volumes are 
provided in Attachment A of this report. 

The existing Old River channel is about 100 feet wide, with a bottom elevation of between -2 feet 
and-4 feet NAVD, and thus the water depth is about 4 to 6 feet at low tide (2 feet NAVD).  Dredging a 
4-mile section of Old River with a 100-foot-wide channel to a depth of -8 feet (water depth of 10 feet 
at low tide) would double the channel cross-section at low tide, but would require the removal of 
about 275,000 cubic yards of sediment.  At an assumed cost of $50 per cubic yard for clam-shell 
dredging and transport (to use the sediment to reinforce levees), the initial cost estimate would be 
about $15 million.  Although some levee improvement benefits are likely (cost-sharing), this 
dredging alternative would be moderately expensive.  Additional bathymetric surveys, engineering 
design, and hydraulic modeling studies are needed to refine quantities and cost estimates.  
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Evaluations of the possible biological effects from dredging (for permit applications) would also 
likely be required for this alternative. 

D. Increase Net Flow in Old River at Tracy Boulevard with the 
Grant Line Canal Barrier without the Old River at DMC Barrier 

If the Grant Line Canal temporary barrier was installed with a slightly (1-feet) higher weir crest (at 
4.5 feet NAVD), rather than a weir crest of 3.5 feet as currently designed, and if the Old River at DMC 
temporary barrier was not installed, a higher net downstream flow in Old River at Tracy Boulevard 
likely would provide greater dilution of the excess salt loads from Paradise Cut and Sugar Cut.  
Discontinuing the Old River at DMC barrier also would allow full tidal flows in Old River upstream 
from the DMC barrier.  There may be some evidence (See Figures 5a to 5e) that the Old River at 
Tracy Boulevard net flow was increased when all of the culverts were closed in the Grant Line Canal 
barrier and more culverts were opened in the Old River at DMC barrier.  However, the change in the 
net flows caused by these modifications to the temporary barrier program could be accurately 
determined only after the higher Grant Line Canal weir crest without the Old River at DMC barrier 
was implemented (i.e., demonstrated for a year or two).  The Grant Line Canal barrier was not 
installed before the Old River at DMC barrier during any of the previous years (2009-13) evaluated 
in this report, but a demonstration might be possible as part of the Temporary Barrier Program, to 
further evaluate this conceptual alternative. 

This alternative would likely have no additional costs for the Temporary Barriers Program, but the 
effectiveness could be accurately evaluated only after this modified operation was demonstrated for 
a year or two.  The effects on daily minimum tidal elevations upstream from the Old River at DMC 
barrier caused by this alternative design of the temporary barriers could have impacts on 
agricultural diversions in this portion of Old River.  The channel elevations (water depths) in the 
vicinity of the existing irrigation pumps and siphons located upstream from the Old River at DMC 
barrier should be carefully measured and monitored during the demonstration period.  Localized 
dredging or intake modifications may be needed to maintain all existing irrigation diversions 
without the installation of the Old River at DMC temporary barrier.  There would be no additional 
costs associated with this alternative; there could be a cost savings by not installing and removing 
the Old River at DMC temporary barrier each year. 

E. Increase the Flood Tide Flows and Create an Upstream 
Circulation Flow in Old River at Tracy Boulevard with a Tidal Gate 
at the DMC Barrier Location 

A tidal gate could be constructed in Old River at the DMC barrier location that would be opened at 
low tide to allow the full flood-tide flows (500 af) to fill the Old River channel (5 km upstream) and 
would be closed at high tide to create an upstream circulation flow past Tracy Boulevard during 
ebb-tide.  A tidal gate in the Old River channel near the DMC barrier location would allow full flood-
tide flows in Old River upstream from the DMC barrier location and would eliminate any 
downstream flow past Tracy Boulevard.  This alternative would cause the higher salinity water 
leaving Sugar Cut and Paradise Cut during ebb-tides to flow upstream in Old River to Doughty Cut 
and to Grant Line Canal rather than downstream in Old River to Tracy Boulevard. 
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A possible design for the tidal gate would include pilings with gate panels on either side of the 
channel, with concrete footings that angle upstream 15 degrees (closure angle) to the center of the 
channel, where the two gates would meet when closed.  This would be similar to the “miter gates” 
used for many small canal locks.  The closed gates would sit on the footings and the open gates 
would sit on similar concrete footing along the channel levees.  The gate panels would be about 100 
feet long and 15 feet tall, and could be fabricated from aluminum with lateral chambers (e.g., 2-foot-
diameter pipes) for buoyancy.  Hydraulic pistons would open the gates (at low tide) and would close 
the gates (at high tide).  The tidal gate design could include a side-channel (wall) with a small boat 
lock (e.g., 20 feet wide) that could be used by recreational boats during ebb- tide (when the tidal 
gate would be closed).  Additional tidal gate features could be developed and refined during the 
engineering design and specifications process. 

This operable tidal gate would be open during flood-tides and would be closed during ebb-tides to 
provide a net upstream flushing flow that would transport all excess salt from Paradise Cut and 
Sugar Cut to Grant Line Canal via Doughty Cut.  This would be similar to the “tidal circulation” 
proposed by DWR in the SDIP (Jones and Stokes 2005).  An operable tidal gate would be more 
effective for salinity control circulation than the temporary barriers with culverts (for upstream 
flow), because the temporary barriers have provided only a small net upstream circulation flow in 
Old River and Middle River.  The Old River at Tracy Boulevard EC would be reduced considerably, 
often to less than the SJR EC, because the EC of Old River downstream from the DMC is usually lower 
than the SJR EC. 

The cost of this salinity-reduction alternative has been conceptually estimated at $5 million, but this 
capital expense (design and fabrication of the tidal gate structure) might be recovered (offset) by the 
cost savings from not installing and removing the Old River at DMC temporary barrier each year. 

F. Block the Mouths of Paradise Cut and Sugar Cut and Dredge a 
New Channel to Connect Sugar Cut and Paradise Cut with Old 
River Upstream from Doughty Cut 

Blocking the mouth of Paradise Cut and the mouth of Sugar Cut, dredging a 0.25 mile channel from 
Sugar Cut to Paradise Cut, and enlarging an existing ditch from Paradise Cut to Old River (upstream 
from Doughty Cut) likely would allow the majority (e.g., 90 percent) of the excess salinity from 
Paradise Cut and Sugar Cut to flow through Doughty Cut to Grant Line Canal during ebb-tide, and 
thereby would greatly reduce the elevated EC in Old River at Tracy Boulevard (e.g., 10 percent of the 
existing EC increments). 

The existing mouth of Sugar Cut could be blocked with a “wall” made of prefabricated aluminum 
sections (e.g., 25 feet wide by 15 feet tall) or pre-stressed concrete panels connected by a line of “H” 
beam pilings, because there are no large flood flows in Sugar Cut.  The existing mouth of Paradise 
Cut could be blocked with a gate made with aluminum panels connected (hinged) to pilings, so that 
the gate sections could be opened during major storm events when the Paradise Cut weir was 
spilling (e.g., April 2011).  Sugar Cut could be connected to Paradise Cut with a new dredged channel 
0.25 miles long under the power lines, but through the golf course (between fairways with bridges). 
This would allow the salt loads from Paradise Cut and Sugar Cut to be diluted with the head of Old 
River flow (like the Tracy Wastewater Treatment Plant discharge) and would reduce the EC 
increment at Tracy Boulevard to about 10 percent of the existing EC increment, because about 10 
percent of the Old River flow would continue to flow downstream in Old River past Tracy Boulevard.  
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The salinity reduction benefits can be roughly estimated, but the actual salinity reduction effects 
could accurately be evaluated with a demonstration project. 

Although this alternative would reduce the EC in Old River at Tracy Boulevard, it would not reduce 
the EC in the Tom Paine Slough diversion of irrigation water from Sugar Cut.  One additional 
channel-modification feature could be included in this alternative.  A dividing wall could be 
constructed in the center of the new connecting channel and in the center of Sugar Cut to 0.5 miles 
upstream of the Tom Paine Slough diversion dam; the total length of the dividing wall would be 1.75 
miles.  The dividing wall would be about 15 feet tall (extending to 8 feet NAVD) and could be 
constructed with pre-stressed concrete panels (e.g., 15 feet tall by 25 feet wide) and concrete “H” 
pilings.  A tidal gate could be constructed at the downstream end of the connecting channel and a 
“flood-tide” gate on one side of the dividing wall would be opened at low tide to allow Old River 
water to fill Sugar Cut, moving Old River water past the Tom Paine Slough diversion dam.  At high 
tide, the “flood-tide” gate would be closed and the “ebb-tide” gate on the other side of the dividing 
wall would be opened to allow the high salinity water from the upstream end of Sugar Cut to drain 
down the other side of the divided Sugar Cut (separated from Tom Paine Slough).  The tidal gate 
with the dividing wall in Sugar Cut would create a tidal circulation in Sugar Cut, providing the lowest 
possible EC water to Tom Paine Slough and draining the higher salinity water to Doughty Cut and 
Grant Line Canal rather than to Old River at Tracy Boulevard. 

Dredging the existing (remnant) channel between Paradise Cut and Old River and building the 
connecting levees, and excavating a new channel with levees to connect Sugar Cut with Paradise Cut, 
would likely require about 50,000 cubic yards of sediment.  The Sugar Cut to Paradise Cut channel 
would be about 1,500 feet long, 50 feet wide, and 12 feet deep, with new levees at 8 feet NAVD.  
Assuming an excavation and placement cost of $75 per cubic yard, the likely cost for excavation and 
building new levees would be about $5 million, and the barriers at the mouth of Sugar Cut and 
Paradise Cut likely would increase the total cost to about $6 million.  If the dividing wall in Sugar Cut 
and tidal gates at the mouth were included in the alternative (to reduce the Tom Paine Slough EC), 
the cost may approach $8 million.  However, this fairly complicated alternative might be very 
effective for reducing the EC increments in Old River at Tracy Boulevard and also for reducing the 
Tom Paine Slough EC. 

G. Reduce the Fraction of San Joaquin River Flow and EC Reaching 
the CVP and SWP Exports by Diverting the Entire SJR to Old River 
and Separating Old River from the Exports and from Middle River 

This alternative would reduce the fraction of the SJR flow and EC reaching the CVP and SWP exports 
by diverting all of the SJR flow to Old River and Grant Line Canal and separating the Old River and 
Grant Line Canal flow from the exports with a dividing wall and river crossing (culvert) in Victoria 
Canal.  Most of the SJR flow and EC, as well as all of the additional salt sources in the south Delta 
channels (including Paradise Cut and Sugar Cut) are currently exported at the CVP or SWP pumping 
plants.  Because the higher SJR EC often increases the EC of the CVP and SWP exports (See Figures 
33a-33e), the EC at the SWP and CVP pumping plants could be reduced considerably by separating 
the SJR flow and EC from the exports.  This alternative would provide a more comprehensive 
reduction of the EC of the CVP and SWP exports.  The Old River at Tracy Boulevard EC would be 
reduced along with the EC in the CVP and SWP exports.  These general salinity-reduction benefits 
would be substantial.  This alternative was introduced by SDWA and Central Delta Water Agency as 
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the Delta Corridors Plan (ICF Jones & Stokes 2007) during the Delta Vision planning process and 
was included in the BDCP (California WaterFix) Draft EIS/EIR documents as Alternative 9. 

The Delta Corridors alternative would divert the entire SJR flow into the head of Old River using a 
tidal gate in the SJR immediately downstream from the head of Old River (near Lathrop).  This tidal 
gate would replace the Head of Old River temporary barrier and would be closed during ebb-tides to 
divert all of the SJR flow into Old River.  During low SJR flow (<3,000 cfs), there is a substantial 
flood-tide (upstream) flow at Lathrop and the tidal gate would be open to allow some downstream 
SJR water (mixed with the Stockton treated wastewater discharge of 50 cfs) to flow upstream and be 
diverted into Old River.  The alternative would include a 250-cfs pumping plant at the proposed SJR 
tidal gate to provide a minimum dilution of the wastewater discharge during higher flow conditions 
(>3,000 cfs).  The tidal gate would remain open when SJR flows at Vernalis were greater than 10,000 
cfs for SJR flood control operations.  The tidal gate and pumping plant would increase the head of 
Old River flow because the entire SJR flow would be diverted (plus 250 cfs).  This would reduce the 
EC increments in Old River at Tracy Boulevard and in Grant Line Canal by about 50 percent, because 
the Old River at Tracy Boulevard and Grant Line Canal flows would be twice as high. 

The Delta Corridors alternative also would separate the CVP and SWP export pumping from Old 
River and Grant Line Canal flow so that none of the SJR flow or EC would be exported.  A dividing 
wall would be constructed in the middle of Old River, extending from the DMC intake to the 
southern end of Coney Island.  All of the tidal flows and net flows in Old River and in Grant Line 
Canal would remain in the Old River channel on the east side of the wall.  The water for SWP and 
CVP export pumping would flow south from the Sacramento River (diverted into the DCC and 
Georgiana Slough) to the Mokelumne River, south (upstream) in the SJR to Middle River, south 
(upstream) in Middle River to Victoria Canal and West Canal to the CCF and DMC intakes, on the 
west side of the dividing wall.  Four barriers (walls) also would separate Old River from Middle 
River at Woodward Cut, Railroad Cut, Connection Slough, and at the mouth of Old River (at Franks 
Tract).  This separation of the SJR flow and EC from the export water flowing in Middle River and  
Victoria Canal from the Sacramento River, would reduce the SWP and CVP export EC (and salt load) 
by about 25 percent (See Figures 33a-33e), and eventually could reduce the  SJR at Vernalis EC, 
because most of the SJR at Vernalis salt load originates from agricultural drainage from the 
irrigation districts located along the DMC to the west of the SJR (ICF Jones & Stokes 2007).  The 
separation of Old River and Middle River could also reduce the seawater intrusion at the exports, 
because the seawater intrusion in Middle River at Bacon would be much less than the salinity 
intrusion in Old River at Bacon.  (This was the major salinity-reduction benefit from the Emergency 
Drought Barrier installed in False River in June-October 2015). The full Delta Corridors alternative 
would involve two major fish screens at the Delta Cross-Channel (DCC) and Georgiana Slough, 
several miles of dividing walls and other facilities (e.g., tidal gates and pumps), and would require 
considerable dredging in Middle River and Victoria Canal (estimated 7.5 million yards) to allow full 
export pumping of 10,000 to 15,000 cfs.  A preliminary cost estimate for the entire Delta Corridors 
Plan (with all facilities and full dredging of Middle River and Victoria Canal) would likely be $500 to 
$1,000 million dollars. 

The salinity-reduction effects of this alternative could be investigated further with a pilot 
demonstration of the south Delta portions of this alternative, using walls to separate the Old River 
and Middle River channels (four locations), a tidal gate downstream of the head of Old River, and the 
1-mile long dividing wall between the DMC intake and Coney Island.  A river bridge (large culvert for 
Victoria Canal water) could be constructed at the north end of Coney Island to allow water from 
Victoria Canal to flow under the Old River channel to West Canal and the exports.  The 
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demonstration might be conducted during the spring and summer months, when the SJR flow was 
less than 3,000 cfs and the exports were less than 5,000 cfs (existing capacity of Victoria Canal), 
without the temporary barriers normally installed by DWR.  The south Delta facilities that would be 
needed for a pilot demonstration of the salinity-reduction effectiveness of this alternative could 
likely be constructed for approximately $50 to $100 million.  The potential salinity-reduction 
benefits in the south Delta and at the exports would be much greater than could be achieved with 
the other alternatives. 

The salinity-reduction benefits of this alternative could be compatible with the California WaterFix 
project and could further reduce the salinity of the CVP and SWP exports.  The likely salinity-
reduction benefits of the Delta Corridors alternative are described here for comparative purposes; 
however, because this would be a more comprehensive alternative, further investigations or pilot 
demonstrations would likely require additional planning and coordination efforts (e.g., agency 
review and permit approvals) and more substantial funding.  This alternative could be further 
investigated with DSM2 modeling and engineering feasibility studies, but a pilot demonstration of 
the salinity-reduction benefits would likely require more extensive coordination with other State 
and Federal water management and fish protection agencies. 

Additional Data Collection and Salinity Investigations for the 
Selected Demonstration Project  

The DWR DSM2 should be used to evaluate the likely benefits (effectiveness) of each of the salinity-
reduction alternatives.  DMS2 historical simulations (i.e., using daily measured inflows, exports and 
SJR EC) for several recent years (e.g., 2009-16) would allow an accurate evaluation of the likely 
salinity-reduction effects from each alternative.  The channel geometry and channel connections 
should be adjusted to match recent bathymetric data (i.e., widths and depths).  Daily estimates of the 
inflow and EC for the salt sources in Paradise Cut and Sugar Cut should be included in the model 
formulation; and the wastewater discharges from Lathrop, Tracy, and Stockton should be added to 
the model.  The model calculations of agricultural diversions and drainage flow and drainage EC (i.e., 
DICU module) might be modified to include soil moisture and EC accounting (e.g., water and salt 
balances for each island).  Once the model was adjusted to match the historical tidal flows and EC 
data, changes in the channels (e.g., dredging, walls) and in the barrier configurations (e.g., weir crest, 
tidal gate) would be simulated, and the changes in the EC patterns at several south Delta locations 
would be compared to determine the effectiveness of each alternative.  The DSM2 results would 
provide a great evaluation tool for guiding the selection of the demonstration project alternative. 

One of the alternatives may be selected by DWR to demonstrate an effective permanent solution for 
reducing the effects of Paradise Cut and Sugar Cut salt sources on the Old River at Tracy Boulevard 
EC.  A pilot demonstration project (e.g., 3 years) may be implemented by DWR in cooperation with 
SWRCB, SDWA, Central Valley RWQCB, and other stakeholders and agencies to measure the actual 
effects of the selected alternative and confirm that the selected alternative would be effective in 
substantially reducing the measured EC increments in Old River at Tracy Boulevard.  The 
demonstration project would be completely reversible (i.e., removable) if EC monitoring showed 
unexpected, potentially adverse consequences from the channel or barrier modifications.  If the 
demonstration project was successful in reducing the EC increments at Tracy Boulevard, the 
demonstration project could be permanently implemented with any beneficial modifications that 
were identified during the demonstration project. 
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To support the demonstration project, temporary EC stations could be established for a specified 
period (e.g., 3 years) at a few additional locations to more accurately characterize the existing salt 
sources along Old River.  Temporary EC stations could be added at the two bridges along Paradise 
Cut, at the upper end of Sugar Cut, in Tom Paine Slough upstream from the Diversion Dam (this EC 
station was installed in 2014), near the mouth of Sugar Cut (at Old River), in Old River at Lammers 
Road, and in Wicklund Cut (Westside ID pumping plant diversion) to provide more comprehensive 
EC measurements for tracking the effects of Paradise Cut and Sugar Cut salt sources on Old River EC 
during the 3-year demonstration project. 

Additional longitudinal EC profiles could be collected (similar to those collected in 2009 and 2010 in 
Old River) to confirm the salt source locations and tidal movement of salinity in Paradise Cut and 
Sugar Cut, and in Old River and Grant Line Canal.  Additional longitudinal EC profiles could be taken 
at high tide and low tide on several days to confirm that the assumed tidal shifting of the measured 
EC profiles (see previous section of report) provides an accurate representation of the tidal flows 
(volumes) in Old River at the DMC barrier and at the mouth of Grant Line Canal.  EC profiles in Old 
River, Paradise Cut, and Sugar Cut could be obtained periodically during the salinity reduction 
demonstration project to compare with the Old River EC profiles and Paradise Cut EC profiles that 
were measured by DWR in 2009 and 2010 (DWR 2012).  These longitudinal EC profiles would be 
particularly important to demonstrate the salinity-reduction effects of a tidal gate in Old River 
instead of the temporary barrier upstream of the DMC intake. 

The compilation and analysis of all available south Delta tidal elevation and EC data (described in 
this report) could be extended to include 2014 and 2015 data and should continue during the 
demonstration project monitoring period.  This tidal and EC data would provide the basis for 
accurate evaluation and assessment of the salinity-reduction benefits achieved with the DWR-
selected demonstration alternative. 

Conclusions and Recommendations 
This report provides an integrated assessment of the salinity changes measured between the SJR at 
Vernalis and the SJR at Brandt Bridge, Old River at Union Island, and Old River at Tracy Boulevard 
stations.  The EC measured in the SJR at Brandt Bridge station and in Old River at Union Island 
station generally was similar to the measured EC in the SJR at Vernalis, with some EC increases of 
25 to 50 μS/cm observed.  However, the EC measured in Old River at the Tracy Boulevard station 
often was much higher than the EC in Old River at Union Island station, although the Tracy 
Boulevard station is only 6.5 miles downstream from the Old River at Union Island station.  The 
likely sources for the higher salinity water (e.g., groundwater seepage and agricultural discharges) 
were identified through longitudinal boat surveys (DWR 2012) and additional EC monitoring in 
Sugar Cut and Paradise Cut (tidal sloughs located on Old River downstream from Doughty Cut and 
upstream from Tracy Boulevard).  The measured EC increments were greatest when the net flows in 
this section of Old River were lower with less dilution of the higher salinity water.  This report 
presents an integrated assessment of the effects of SJR inflows, CVP and SWP export pumping, and 
temporary barriers (with weir crests and flap gate culverts) on tidal elevations, tidal flows, net 
flows, and measured salinity increases in south Delta channels (i.e., Old River, Middle River, and 
Grant Line Canal).  This integrated assessment was based primarily on the extensive tidal data 
collected by DWR, USGS, and Reclamation. 
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In 2009, DWR added tidal EC stations in Sugar Cut (just upstream from Tom Paine Slough diversion 
dam) and near the mouth of Paradise Cut.  Both Paradise Cut and Sugar Cut join Old River just 
downstream from Doughty Cut, which conveys the majority of Old River flow to Grant Line Canal.  
Because of constricted channel geometry, the measured Old River flow downstream from Doughty 
Cut is only about 10 percent of the head of Old River flow.  The Paradise Cut and Sugar Cut EC 
monitoring stations both indicate periods of relatively high EC during low tide periods, when water 
from the tidal sloughs is exiting towards Old River.  Salinity (EC) monitoring at both Sugar Cut and 
Paradise Cut has documented many periods when the EC was greater than the Old River at Tracy 
Boulevard EC, and therefore could be increasing the measured EC at Tracy Boulevard.  Because the 
measured EC increase in Old River at Tracy Boulevard depends on the net river flow and the salt 
load of higher salinity water (i.e., source flow times source EC), the tidal flow measurements in the 
south Delta were used to estimate the daily net flows, and the net flows were used to calculate the 
daily salinity (loads) added to Old River between Union Island and Old River at Tracy Boulevard 
stations.  Because of tidal flows in all of these south Delta channels, and the connection between Old 
River and Grant Line Canal through Doughty Cut, the movement of the higher salinity water leaving 
Paradise Cut and Sugar Cut is variable, depending on the tidal fluctuations and the installation of the 
temporary barriers in Old River near the DMC intake and in Grant Line Canal near the Tracy 
Boulevard Bridge.  This report evaluated the movement of higher salinity water from Sugar Cut and 
Paradise Cut to the Old River at Tracy Boulevard station and described several possible alternatives 
for reducing the high measured EC at Tracy Boulevard. 

DWR operates (annually installs and removes) three temporary barriers in south Delta channels, 
which include weir crests and culverts with flap gates, to increase the minimum water elevations 
during the summer irrigation season to allow full operation of siphons and pumps, and to provide 
adequate circulation (i.e., net flushing flows) in south Delta channels to reduce the effects of 
agricultural diversions and discharges on water quality (EC).  Although the temporary barriers 
maintain higher minimum daily water elevations (e.g., 1.0 to 1.5 feet higher) upstream from the 
barriers, tidal flows are substantially reduced (e.g., 50 percent) by the barriers.  A fourth barrier at 
the head of Old River has been installed by DWR in several years to protect migrating fish in the 
spring (juvenile Chinook salmon in April and May) and fall (adult Chinook salmon in October and 
November).  The tidal data analysis was presented in five south Delta Tidal Data Atlas Excel files and 
five south Delta Data Atlas documents to provide a visual framework for evaluating the extensive 
data collected in south Delta channels.  The Data Atlas framework includes the compilation, 
integration, and analysis of the 15-minute tidal elevation, tidal flow, and tidal EC data from about 25 
south Delta stations located on the SJR, Old River, Middle River, Grant Line Canal, Victoria Canal, 
Paradise Cut, Sugar Cut, and Tom Paine Slough.  Excel files with 15-minute and daily average data, 
tidal flow and salinity calculations, graphical comparisons, and statistical summaries were prepared 
for calendar years 2009 through 2013.  These integrated data files can be used to further explore (by 
comparisons and calculations) the effects of SJR inflows, CVP and SWP pumping, and the temporary 
barriers on tidal elevations, tidal flows, and net flows in south Delta channels, as well as to identify 
and estimate the seasonal patterns of potential salinity sources in the south Delta. 

The evaluation of the tidal flow and EC data suggested that both Sugar Cut and Paradise Cut have 
sources of higher salinity water (e.g., groundwater seepage or tile-drainage) that contribute a 
substantial portion of the higher EC often measured in Old River at Tracy Boulevard.  Low flow 
conditions in the SJR, relatively high agricultural diversions, and the installation of temporary 
barriers that reduce the tidal flows in Old River and Middle River likely contribute to the elevated EC 
measurements in Old River at Tracy Boulevard. 
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Regulatory options were identified and several physical alternatives for reducing the higher EC 
measured in Old River at Tracy Boulevard were comparatively evaluated.  Based on the results 
shown in this report, the SWRCB might reconsider using Old River at Tracy Boulevard as an EC 
compliance station.  The SWRCB could decide to retain Old River at Tracy Boulevard as an EC 
monitoring station and rely on SJR at Brandt Bridge and Old River at Union Island as EC compliance 
stations for the protection of south Delta agricultural water uses.  The physical alternatives for 
reducing the higher EC in Old River at Tracy Boulevard are summarized here, with 
recommendations for additional feasibility and design studies: 

One previously suggested alternative was to provide flushing flows of 25 to 50 cfs from the SJR to 
the upper ends of Paradise Cut and Sugar Cut to reduce the high salinity in these tidal sloughs.  
However, preliminary evaluation of this alternative determined that because the EC in Paradise Cut 
and Sugar Cut is much higher than the SJR and Old River EC, the same excess salt load would enter 
Old River with the flushing flows and the same elevated EC in Old River at Tracy Boulevard would 
likely be observed.  [This alternative is therefore not recommended.] 

Creating a higher net flow in Old River downstream from Doughty Cut, which is currently about 10 
percent of the head of Old River flow, likely would reduce the elevated EC in Old River at Tracy 
Boulevard.  Installing the temporary barrier in Grant Line Canal without the temporary barrier in 
Old River at DMC likely would allow higher net flows in Old River at Tracy Boulevard (based on 
2011 data).  However, the minimum water levels upstream from the Old River at DMC barrier would 
be about 1.0 to 1.5 feet lower than with the barrier and may limit some agricultural diversions (i.e., 
siphons and pumps).  [This alternative could be further investigated with special operations of the 
temporary barriers.] 

Dredging the Old River channel between Doughty Cut and Tracy Boulevard likely would allow a 
greater fraction of Old River flow to remain in Old River at Tracy Boulevard, and thereby would 
reduce (with greater dilution) the elevated EC in Old River at Tracy Boulevard.  A GIS representation 
of the south Delta channel bathymetry was developed to support the evaluation of dredging volumes 
for this alternative (See Attachment A).  Localized dredging may also be effective for improving 
minimum water conditions at some existing agricultural diversions (i.e., siphons and pumps).  [This 
alternative could be further investigated with more detailed bathymetric measurements.] 

Pumping flows (e.g., 5 to 10 cfs) from the upstream ends of Paradise Cut and Sugar Cut to the SJR or 
to Old River upstream from Doughty Cut likely would eliminate the elevated EC in Old River at Tracy 
Boulevard, and would also reduce the EC of Tom Paine Slough water applied for irrigation on 
Pescadero Tract, and thereby might reduce the agricultural drainage EC reaching Paradise Cut.  [The 
possibility of using the City of Tracy’s pipeline to Old River upstream from Doughty Cut could be 
investigated once the planned new pipeline is completed.] 

Blocking the mouths of Paradise Cut and Sugar Cut with gates, dredging a 0.25-mile channel from 
Sugar Cut to Paradise Cut, and enlarging an existing ditch (remnant channel) from Paradise Cut to 
Old River upstream from Doughty Cut would allow the majority (e.g., 90 percent) of the tidal flow 
and salinity from Paradise Cut and Sugar Cut to flow through Doughty Cut to Grant Line Canal, and 
thereby reduce the elevated EC in Old River at Tracy Boulevard (to about 10 percent of the existing 
EC increment).  [This alternative appears promising and could be further investigated with DSM2 
modeling and engineering feasibility and design studies.] 

Replacing the Old River at DMC temporary barrier with a tidal-gate would create a net tidal flood-
tide (upstream) flow in Old River.  The tidal-gate would be opened at low tide to allow water to flow 
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upstream in Old River between the DMC and Tracy Boulevard during flood-tides (gates open).  The 
tidal-gate would be closed at high tide to allow Sugar Cut, Paradise Cut, and Old River upstream from 
the tidal-gate to tidally drain, flushing higher salinity water to Doughty Cut and Grant Line Canal 
during ebb-tides.  This tidal circulation with tidal-gates was proposed by DWR in the SDIP (DWR 
2005).  This alternative might be designed and implemented as a modification of the Temporary 
Barriers Program.  [This alternative could be further investigated with DSM2 modeling and 
engineering feasibility and design studies.] 

A more comprehensive salinity reduction alternative would divert the entire SJR flow at the head of 
Old River to Grant Line Canal and separate the SJR water and salinity from the CVP and SWP export 
pumping.  This alternative would include dividing walls and a river crossing to allow the SJR water 
flowing in Old River and Grant Line Canal flow over Victoria Canal (e.g., in a large box-culvert) 
carrying water from Middle River to the export pumps.  This salinity-reduction alternative was 
included in the BDCP (now California WaterFix) Draft EIR/EIS as Alternative 9.  This alternative 
could be compatible with the California WaterFix (tunnels) but would likely require additional 
planning efforts.  [This alternative could be further investigated with DSM2 modeling and 
engineering feasibility studies; but a demonstration project would likely require more extensive 
coordination with other State and Federal water management, flood-control, and fish protection 
agencies.] 

The effects of the salinity-reduction alternatives could be more accurately evaluated using the DSM2 
model to compare the effects of each alternative with the historical EC conditions observed in recent 
years (2009-13).  The DSM2 model could be adjusted with improved channel bathymetry, improved 
estimates of wastewater discharges (e.g., Lathrop, Stockton, and Tracy), and more accurate 
representations of agricultural diversions and agricultural drainage flows and salt sources in the 
south Delta channels.  Based on the further discussions with stakeholders and regulatory agencies, 
one of the physical salinity-reduction alternatives could be selected by DWR as a recommended 
demonstration project to actually install (construct) and measure the effectiveness of the selected 
physical alternative.  The demonstration project might be permitted as a modification of the DWR 
Temporary Barriers Program.  The selected demonstration project should be planned and evaluated 
in cooperation with the Central Valley RWQCB, SWRCB, Reclamation, and SDWA, and might be 
partially funded with water quality control grant funds. 

The effects of the selected demonstration project could be monitored and evaluated using the tidal 
data analysis framework described in this report for the 2009-13 data.  The tidal (15-minute) data 
for 2014-16 might be added to the pre-project monitoring and analysis period.  Some additional EC 
monitoring stations were recently (2014) installed by DWR, and some additional longitudinal EC 
profiles in Paradise Cut, Sugar Cut, Old River, and Grant Line Canal have also been measured by 
DWR.  The evaluation of the effects of the selected demonstration project could be accurately 
determined with “before and after” comparisons of the tidal flows and EC in the south delta channels 
for a range of SJR flows and exports.  If sufficiently successful in reducing the elevated EC in Old 
River at Tracy Boulevard, the demonstration project could be fully implemented (with any 
recommended design changes) as a permanent south Delta channel feature to reduce the EC in Old 
River and eliminate any future exceedances of the EC objectives at the Tracy Boulevard station. 
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Attachment A 
South Delta Channel Bathymetry 

South Delta channel bathymetry (underwater elevations) and topography (land surface elevations) 
are important for understanding the channel volumes, conveyance areas, water surface areas, levee 
heights, and irrigated land surface elevations.  A set of channel bathymetry maps was created for the 
south Delta Tidal Data Evaluation Project to show the channel depths and cross-sections along Old 
River and portions of Grant Line Canal, Paradise Cut, and Sugar Cut.  These map sheets are shown in 
this attachment. 

Sheet 1 shows the layout of the bathymetry map sheets, with the Old River kilometer markers (with 
0 km corresponding to the mouth of Old River at the San Joaquin River), with a scale of 1 inch equals 
2 km.  The DMC intake is at Old River km 46, Tracy Boulevard is at Old River km 59, Sugar Cut is at 
Old River km 63, Paradise Cut is at Old River 64 km, and Doughty Cut is at Old River km 65.  Each 
map sheet shows about 2 to 3 kilometers of channel with a scale of 1 inch equals 250 m.  The 
bathymetric data have been superimposed on a Google Earth image and saved as a KMZ file that is 
available on the project CD along with the south Delta salinity data. 

These bathymetry maps of the south Delta channels were based on digital elevation model (DEM) 
data files available from DWR.  South Delta DEM (Version 3), contained in file 
“dem_south_delta_2m_v3_20121106.zip,” was downloaded from DWR’s Delta modeling website 
(http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/modelingdata/DEM.cfm). 

Development of this DEM by the Delta Modeling Section of DWR was described by Wang and 
Ateljevich (2012).  Bed elevation data (bathymetry) is an important input for any hydrodynamics 
model, and the Delta Modeling Section has maintained a database of bathymetry soundings and 
levee surveys for decades.  In recent years, new data have become available; technology has shifted 
to very dense multibeam sonar soundings; and the demands for accuracy have increased because of 
increasingly common multidimensional modeling of the Bay–Delta region.  The improvements in 
recent DEM datasets have been substantial because of improved sonar sounding resolution, more 
accurate geo-referencing techniques, and denser coverage of areas that were previously 
interpolated (a 2-m grid rather than a 10-m grid).  The Bay–Delta DEM was a composite of multiple 
sources of elevation data including high-resolution LiDAR and sonar soundings.  The horizontal 
datum was NAD83 and the vertical datum was NAVD88 (also used for tidal elevation monitoring). 

The initial release of this DEM dataset (map) was in the form of a 10-m DEM for the entire Bay–
Delta, supplemented by a 2-m grid DEM for the south Delta, where the channel features were poorly 
resolved at 10-m.  These data are raster data sets, meaning that they are defined on a rectangular 
mesh with square cells, some of which may be declared missing.  Raster data are compatible with 
data formats used for modeling and allow a greater variety of GIS analyses.  However, in regions 
where high resolution LiDAR and multibeam sonar coincide, some of the analysis uses ArcGIS 
Terrain data sets.  A Terrain is a collection of dense points, lines, and polygons.  It is a form of data 
that makes good use of disparate data and is efficient for huge clusters of points.  However, it is a 
proprietary data structure, not directly usable by hydrodynamic models. 
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The DEM was processed by “Clipping” (selecting) a buffer zone that included the channel levees 
along the south Delta channels, and then using “Spatial Analysis” (ESRI GIS extension) to create 
contour lines at designated elevations.  An elevation interval of 4 feet was selected so that the 
channels could be well-defined without being cluttered.  The +8 feet and higher elevation contours 
were color-coded brown (levees and banks above water) and the -8 feet and lower elevation 
contours were color-coded red to identify channels that were at least 10 feet deep at minimum tide 
elevation (+2 feet NAVD88).  The -4 feet, 0 feet, and +4 feet contours were color-coded blue to 
indicate water.  The tidal range in the south Delta is about 2 to 6 feet (NAVD88), with the mean tide 
at 4 feet; therefore the tidal zone generally can be identified between the 0 and +4 feet blue contours 
and the +8 feet brown contour.  Review of the map sheets indicates that many sections of Old River 
and other south Delta channels are less than 10 feet deep at low tide (no red contours).  For the 
dredging analysis, depth contours for the sub-tidal elevations (-8 feet to 0 feet with 2-foot intervals) 
were “connected” with lines at each 1-kilometer section of the south Delta channels to create 
polygons for each contour elevation within each 1-kilometer channel section.  An elevation-area 
table for each 1-kilometer section provided the channel surface area (acres) at each contour 
elevation and the corresponding average widths (feet) were calculated. 

Table A-1 shows this geometry information for the south Delta channels divided into 1-kilometer 
sections.  The surface area (acres) and the average channel width (feet) are given for each elevation.  
For example, the downstream section of Old River (from 46 km at the DMC intake to 47 km) shown 
on sheet 2 had a “bottom” area of 1.8 acres at -8 feet, 4.2 acres at -6 feet, 7.1 acres at -4 feet, 9.5 acres 
at -2 feet, and 12.3 acres at 0 feet elevation.  One “hole” existed with a bottom elevation of -16 feet 
(three red contour lines), but most of the channel was between -4 feet (blue contour) and -8 feet 
(red contour).  The average channel width at these elevations was about 25 feet wide at -8 feet, 
about 55 feet wide at -6 feet, about 95 feet wide at -4 feet, about 125 feet wide at -2 feet, and about 
165 feet wide at 0 feet elevation. 

Dredging volumes can be estimated for each 1-kilometer section of channel if the width and depth of 
the dredged channel is specified.  For example, dredging the 6 km length of Old River between Tracy 
Boulevard (59 km) and Doughty Cut (65 km) to a width of 100 feet would approximately double the 
conveyance area below 2 feet (low tide), but would require about 275,000 cubic yards of dredging.  
This may allow more of the Old River flow to continue past Doughty Cut to Tracy Boulevard and 
provide more dilution of the higher salinity water from Paradise Cut and Sugar Cut. 

Other dredging calculations can be made to provide slightly increased channel depths for irrigation 
diversion pumps.  This may be needed in the future if the Old River at DMC temporary barrier is 
replaced with a tidal gate; tidal flows would be increased, but minimum water elevations likely 
would be reduced by 1 or 2 feet.  Dredging a 25 feet wide by 2 feet deep channel (to compensate for 
the reduced minimum water elevations) would require about 6,000 cubic yards of dredged material 
for each kilometer of dredged channel.  Clamshell dredging likely would be the most practical 
method for these narrow channels with a dredger or crane working from the levees.  The material 
could be trucked for reuse as levee strengthening material (berms) to minimize the environmental 
effects from the dredging. 
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Table A-1. Summary of South Delta Channel Bathymetry for 1-km Channel Sections 

 Surface Area (acres) at 
Elevation (feet NAVD88) 

 
 

Average Width (feet) at 
Elevation (feet NAVD88) 

-8 
feet 

-6 
feet 

-4 
feet 

-2 
feet 

0  
feet 

 -8 
feet 

-6 
feet 

-4 
feet 

-2 
feet 

0 
feet 

Grant Line Canal 
0 km (Old) to 1 km 
(Doughty Cut) 

4.7 7.9 12.5 21.4 22.9  63.0 104.4 165.9 283.7 304.0 

1 km to 2 km 10.2 11.5 13.2 14.9 15.9  135.5 152.2 175.2 198.4 211.5 
2 km to 3 km 
(Tracy Boulevard) 

10.8 11.6 12.5 13.3 14.4  143.0 154.5 165.6 177.2 191.4 

3 km to 4 km 6.5 10.1 13.9 17.5 20.3  86.6 134.4 184.0 233.0 270.1 
Middle River 
0 km (Old) to 1 km 0.0 0.0 0.0 0.0 0.3  0.0 0.0 0.0 0.0 4.6 
1 km to 2 km 0.0 0.0 0.0 0.0 0.6  0.0 0.0 0.0 0.5 8.4 
Old River  
46 km (DMC) to 47 km 1.8 4.2 7.1 9.5 12.3  23.5 55.9 94.7 126.2 163.6 
47 km to 48 km 1.2 4.9 8.1 10.3 12.0  15.5 64.6 108.1 137.3 159.4 
48 km to 49 km 1.9 4.3 6.4 8.2 9.8  24.6 57.2 85.2 108.6 129.7 
49 km to 50 km 2.2 3.7 6.2 8.8 12.7  28.9 49.2 82.8 117.4 168.4 
50 km to 51 km 
(Wicklund Cut)  

0.7 3.4 6.7 10.8 12.9  9.7 45.3 88.5 143.9 170.8 

51 km (Wicklund Cut) 
to 52 km 

0.8 3.3 6.9 11.5 17.2  10.7 44.5 92.2 152.9 228.8 

52 km to 53 km 0.5 1.6 5.1 9.7 13.1  6.4 21.4 67.2 128.5 174.5 
53 km to 54 km 2.2 4.2 6.4 9.7 12.1  29.3 56.1 85.6 129.4 160.7 
54 km to 55 km 1.5 3.5 6.6 9.5 12.0  19.5 47.0 87.8 126.1 159.7 
55 km to 56 km 0.9 2.6 5.3 9.0 11.7  12.1 34.3 70.5 119.9 155.9 
56 km to 57 km 0.2 0.8 2.5 7.1 13.1  2.7 10.5 33.3 93.9 173.8 
57 km to 58 km 0.1 0.4 1.7 4.7 9.1  1.8 5.8 22.5 63.0 121.0 
58 km to 59 km 
(Tracy Boulevard)  

0.8 2.0 4.1 6.2 9.1  10.5 26.4 53.9 82.1 121.0 

59 km to 60 km 
Tracy Boulevard) 

0.3 1.2 3.3 5.7 8.8  4.5 16.2 43.3 75.1 116.9 

60 km to 61 km 0.6 2.1 4.4 6.4 7.9  8.6 27.9 58.9 85.3 104.3 
61 km to 62 km 0.2 0.5 1.7 3.8 5.3  2.9 6.4 22.5 50.3 70.5 
62 to 63 km 
(Sugar Cut) 

0.1 0.3 0.8 3.7 6.6  1.9 3.5 10.0 48.8 88.1 

63 to 64 km 
(Paradise Cut) 

0.3 0.5 1.1 2.9 6.5  3.5 6.2 14.3 38.7 86.9 

64 to 65 km 
(Doughty Cut) 

1.4 3.2 5.0 7.8 12.6  19.0 42.9 65.9 104.2 167.8 
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 Surface Area (acres) at 
Elevation (feet NAVD88) 

 
 

Average Width (feet) at 
Elevation (feet NAVD88) 

-8 
feet 

-6 
feet 

-4 
feet 

-2 
feet 

0  
feet 

 -8 
feet 

-6 
feet 

-4 
feet 

-2 
feet 

0 
feet 

65 km to 66 km 5.8 8.5 10.9 13.2 14.9  77.4 112.7 144.9 175.4 197.4 
66 km to 67 km 8.0 9.4 10.3 11.1 11.8  105.8 124.3 136.8 147.3 157.0 
67 km to 68 km 5.7 8.0 9.8 11.2 12.2  75.4 106.6 130.6 148.4 161.4 
68 km to 69 km 7.1 8.1 9.0 9.8 10.6  93.9 107.6 119.4 130.6 141.1 
69 km to 70 km 
(Middle River) 

5.4 7.5 9.1 10.5 11.7  71.9 99.1 120.2 138.8 155.5 

70 km to 71 km 5.5 7.5 9.1 10.2 11.0  72.8 99.8 121.3 135.5 146.6 
71 km to 72 km 2.0 5.6 8.8 11.5 12.5  26.9 74.2 117.4 152.9 166.5 
72 km to 73 km 1.9 5.4 9.2 11.4 12.4  25.8 72.0 121.8 151.2 164.6 
Paradise Cut 
0 km (Old) to1 km 2.6 4.7 6.5 7.8 9.0  34.1 62.3 86.6 103.2 120.0 
1 km to 2 km 0.0 0.5 4.9 7.2 9.8  0.5 7.1 65.5 96.1 130.7 
2 km to 3 km 0.0 0.0 0.6 5.0 9.1  0.0 0.0 7.5 66.1 120.7 
3 km to 4 km 0.0 0.0 0.0 1.2 5.6  0.0 0.0 0.4 15.3 74.5 
4 km to 5 km 0.1 0.2 0.6 2.6 4.6  1.1 2.4 7.6 33.9 61.5 
5 km to 5.5 km  0.0 0.0 0.7 1.9 2.6  0.0 0.4 8.6 24.8 34.8 
Sugar Cut 
0 km (Old)to 1 km 
(Tom Paine) 

0.0 0.0 0.1 4.5 9.6  0.0 0.0 1.5 60.0 127.1 

1 km to 2 km 0.0 0.0 1.9 8.2 11.6  0.0 0.3 25.7 109.5 154.3 
2 km to 3 km (End) 0.0 0.0 1.1 5.4 8.6  0.0 0.0 14.3 71.9 114.8 
Wicklund Cut 
0 km (Old) to 1 km 0.0 0.0 0.0 0.0 1.9  0.0 0.0 0.0 0.1 25.4 
1 km to 2 km (Pump) 0.0 0.0 0.0 0.0 0.8  0.0 0.0 0.0 0.0 10.3 
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Attachment B 
South Delta Tidal Data Compilation Methods 

The analysis of the south Delta tidal data (15-minute interval) can begin only after all of the 
available and applicable data is downloaded and time-sequenced (compiled) into a master data file 
(spreadsheet).  Although this may appear to be a fairly basic task, several possible difficulties exist.  
The recommended procedures for obtaining and compiling the available tidal data from the south 
Delta are briefly described in this attachment.  Future updating of South Delta Tidal Data Atlas files 
(e.g., adding each year’s data) can be facilitated by following these general guidelines and 
procedures.  Table B-1 lists the stations that were accessed and the parameters that were compiled 
for the South Delta Tidal Data Atlas project for 2009–13.  Data for tidal elevation, tidal flow, tidal 
velocity, and EC were obtained for each station, if available. 

The south Delta tidal data (15-minute interval) were obtained (accessed and downloaded) from 
three basic database systems: 

USGS data were obtained from Brad Sullivan of the USGS California Water Science Center in West 
Sacramento.  USGS data also can be obtained from the USGS NWIS.  These data generally have been 
reviewed and checked for errors (with some filling of missing periods with estimated values). 

DWR data were obtained mainly from the North Central Regional Office (NCRO), which is part of the 
Division of Integrated Regional Water Management.  This division runs the Hydstra database.  
Typically, the Hydstra database can be accessed only by personnel from DWR’s NCRO, the Division 
of Environmental Services (DES), and Water Data Library (WDL) staff.  For this study, Hydstra data 
were requested from NCRO and WDL personnel, who set up database queries to output multiple 
parameters for multiple stations.  Data also can be accessed through the online WDL, which makes 
use of previously prepared data reports.  These online reports, which are generated by NCRO, DES, 
and the WDL (but not necessarily from the Hydstra database), can be accessed only one station and 
one parameter at a time.  The public has access to the online WDL reports, but only DWR personnel 
can request data from the Hydstra database through personnel in the NCRO, DES, or WDL.  Data 
from the Hydstra database undergo strict quality assurance and quality control (QA/QC) screening.  
Data from the online WDL may be provisional or QA/QC screened. 

Some DWR, Reclamation, and USGS data were obtained from DWR’s CDEC.  The CDEC is an 
organized database for real-time measurements that are collected by a variety of agencies and water 
districts throughout California.  The CDEC data generally are collected from remote monitoring 
stations using satellite and other data network communications; data are reported as received and 
are not processed to check for errors or missing periods. 

Data that already were processed with QA/QC screening procedures (Hydstra or USGS data) were 
selected when available.  Provisional data or data without any QA/QC screening were used only 
when QA/QC (screened) data were not available.  South Delta data available from the Hydstra 
database were the first choice for accessing data.  The non-screened data were obtained primarily 
from the CDEC.  Provisional data included flow measurements obtained from Operations and 
Maintenance (O&M) personnel for the California SWP and the Federal CVP pumping facilities.  Each 
of the public databases may add or discontinue stations, and the search and retrieval features are 
improving with time.  Often additional stations or variables collected at existing stations will change 
over time; therefore searching for applicable data from the study area will require iterative data 
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retrievals.  The compilation of all available tidal data from the south Delta channels was one of the 
major goals for the South Delta Data Atlas project. 

Data Accessing Procedures 
The initial searching for available data within California (study area) should begin with the CDEC, 
because the CDEC has several map features for locating available data at stations within a region.  
However, the CDEC may not contain all available stations and parameters, so the other major water 
resources databases (i.e., USGS NWIS and DWR’s WDL) also should be searched for the study area. 

CDEC Data Access 
The main CDEC website for station information (http://cdec.water.ca.gov/staInfo.html) provides 
multiple ways to find out about CDEC stations, including a link to search for stations by name, 
constituent, hydrologic region, and other descriptors, but to search for all stations within the study 
area, it is best to use the station locator map (http://cdec.water.ca.gov/cdec station).  It is better 
than the prior map search feature which did not allow zoom capability.  However, this map search 
tool is somewhat slow to use over the Internet.  After the codes for stations of interest are 
determined, more station detail can be obtained by looking at the station metadata 
(http://cdec.water.ca.gov/staMeta.html). 

USGS Data Access 
To provide data completeness, DWR requested data from local USGS contacts to obtain the USGS 
data from specified stations in zipped files via e-mail.  Most of this data, however, is available from 
the USGS NWIS web site. 

Several websites provide information for finding USGS monitoring stations, as follows: 

A national map of USGS stations can be found at: 
http://maps.waterdata.usgs.gov/mapper/?state=ca 

A map of Bay Delta monitoring stations can be found at: 
http://ca.water.usgs.gov/projects/baydelta/ 

This map is missing some south Delta stations that are on the national map, but has some Bay 
stations that are not on the national map. 

The USGS NWIS provides the capability of searching for site information based on information such 
as location, site name, and hydrologic region, without the use of a map: 
http://waterdata.usgs.gov/nwis/inventory 

The USGS NWIS website (http://waterdata.usgs.gov/nwis/) can be used to download USGS data in 
multiple formats for multiple constituents at a monitoring station.  Data downloaded in the “Tab-
separated” table format may be imported into Excel. 

Hydstra Database and WDL Access 
South Delta data available from the Hydstra database were the first choice for accessing data, 
because this database contains data that have been processed with QA/QC screening procedures 
unlike the CDEC and online WDL data.  However, these data can only be obtained with a request 
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from personnel in specific DWR divisions who contribute data to the database.  Data in the Hydstra 
database came from different DWR sources.  Flow, velocity, stage, and EC data came from three 
separate sections in DWR’s Integrated Regional Water Management NCRO.  The flow and velocity 
data came from the Flow Monitoring and Special Studies Section and the stage and EC data came 
from the Surface Water Data and the Water Quality Evaluation Sections.  It later was discovered that 
a request could be made directly to the WDL staff, although the most recent QA/QC’d data may not 
be present because the separate DWR divisions may not have uploaded their latest data to the 
Hydstra database. 

The online version of the WDL is available online at http://www.water.ca.gov/waterdatalibrary/.  
This website provides access to a map that can be used to search for particular monitoring stations 
based on location and type of measurement.  Even with a relatively fast Internet connection, the map 
search can be slow.  It is best to zoom in on a location before selecting the monitoring type of 
interest. 

After a monitoring site is located, clicking on the site takes the user to the data page, where data can 
be downloaded one year and one parameter at a time.  Alternatively, time series data for surface 
water stations can be accessed without the use of the map by selecting “Continuous Data” in the 
upper left corner of the home page and then selecting type of data and county.  Clicking on the 
desired station takes the user to the same data page that is accessible using the map. 

Delta Exports 
Daily CVP Delta exports are estimated based on the number of pumping units in operation and the 
number of tubes being used to convey the water to the canal.  These estimated flows can be obtained 
from the CDEC website.  Flow data from DWR’s SWP export facilities were obtained from its 
operations personnel.  The SWP exports are estimated based on estimates of inflow into CCF.  The 
Clifton Court inflow is estimated on an hourly basis using equations that calculate the flow for each 
of the five radial gates based on the position of each gate and the upstream and downstream water 
levels.  A spreadsheet is used to calculate and sum the total flow. 

Downloading Procedures 

Hydrologic Engineering Center (HEC) DSSVue Data Retrieval 
For most website data sources, data must be downloaded for a single parameter (e.g., flow) from a 
selected station, although some websites have more advanced options (e.g., multiple stations or 
multiple variables).  Because the goal of the Data Atlas project was to organize the applicable data 
(several parameters) from all stations in the study area, methods to download multiple parameters 
from several selected stations were very helpful.  The USGS site (NWIS) allows data for all 
constituents at a selected station to be downloaded at the same time. 

One good option for obtaining data from the CDEC is the DSSVue program, created by the U.S. Army 
Corps of Engineers Hydrologic Engineering Center (HEC).  Data for multiple CDEC stations and 
constituents can be downloaded by using a CDEC add-in to the DSSVue program.  After being 
downloaded into DSSVue, the CDEC data then can be exported from DSSVue to Excel.  DSSVue also 
may be used for USGS data, but the data links did not appear to function properly for this project.  
Most of the CDEC data for this project was downloaded using the DSSVue program, which provided 
the requested parameters from multiple stations in a time-sequenced format.  DSSVue allows the 
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removal of obvious outliers (specified maximum and minimum values) before exporting the data to 
an Excel spreadsheet.  The DSSVue program is available online at 
http://www.hec.usace.army.mil/software/hec-dssvue/. 

Some data-processing issues occurred with the DSSVue data.  First, the Excel “text to columns” 
command had to be used for each column of data in Excel and then it was necessary to make sure 
the data were spaced properly (15-minute intervals for all data).  Many of the CDEC data files had 
mysterious time-stamp shifts.  The time stamp shifted back an hour in the spring and forward in the 
fall (i.e., opposite of what would be expected, although perhaps what may be expected if trying to 
convert clock time to constant Pacific Standard Time).  Usually one hour of missing data occurred in 
the spring data (i.e., blanks), near the daylight savings shift.  Furthermore, when some of the data 
were compared to the Hydstra data, the CDEC values appeared to be one hour too early compared to 
the Hydstra data (i.e., CDEC data for 2300 matched Hydstra data for 2400).  CDEC time-stamp issues 
generally were addressed by shifting the data in the manner needed to match the Hydstra data. 

Data Compiling and Processing Procedures 
The downloaded data was compiled in a master data file using the following procedures. 

Time Sequencing 
When some of the 15-minute data are missing, the missing times may be skipped; therefore data 
must be spaced properly to attain even time increments.  This seems to be true of the CDEC and 
USGS data, but not the Hydstra data.  With the CDEC data, much of this trouble can be avoided with 
the DSSVue bulk download, although missing rows can still occur, and if one of the sites has a time 
stamp that does not fall precisely on the 15-minute increment, the result of the bulk download is a 
dataset that has two rows for each 15-minute increment.  A master date-time-sequence column was 
created in column A of the master data file and in each annual data atlas file for checking the time 
sequence of all downloaded data.  This was created in Excel by entering the beginning date and 
incrementing the rows with one-ninety sixth fractions (i.e., 15-minute increments).  Time zone 
changes in downloaded data should be removed (shifted) to match the master date-time column 
(Pacific Standard Time). 

Metadata 
Some of the basic metadata is used to identify the data columns (labels).  Generally the station name 
(location), data collection agency (source), and database record number (i.e., station number or 
abbreviation, parameter number) are used as column labels at the top of the spreadsheet.  However, 
other information about the station or data parameters may change during the period of record 

(e.g., station location, elevation datum, or flow-elevation “rating curve”).  Some of the identified 
shifts in data could be added to the index sheet of the master data atlas file. 

Data Comparison Checking 
Data accuracy and consistency already may have been reviewed for data accessed from some of the 
databases (e.g., USGS NWIS and Hydstra), but the data also should be checked visually by comparing 
data parameters from nearby stations.  The comparison of data from nearby stations to determine 
consistency and identify basic patterns with location or relationships with flow (i.e., dilution of 
salinity with increasing flow) was one of the major goals for the data atlas project.  After data were 
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identified (located), obtained from a database, and time-sequenced, the graphical comparison of the 
tidal data was the first step in the data analysis and evaluation procedures. 

Master Data File Description 
Data were entered into the master data file (South Delta Master 15-minute File 2009-2013.xlsx) in 
an upstream to downstream station order for the four major south Delta channels (on separate 
sheets): San Joaquin River, Old River, Middle River, and Grant Line Canal. 

Creating Annual Data Atlas Files 
Because the Data Atlas files include the 15-minute data for a calendar year but also have many 
calculations of daily values (minimum, average, and maximum) and many other calculations of tidal 
flows and tidal salinity changes, each annual data atlas is created from a template file (2012 Data 
Atlas, with all available data locations and graphs).  The date and time columns on each sheet are 
updated (2012 was a leap year with 366 days; other years have fewer rows of data) and the 15-
minute data for the selected year from the four south Delta channels (i.e., separate sheets) are 
copied from the Master Data File.  The template is “saved as” a Data Atlas file with the selected year 
of data (e.g., “2013 South Delta Data Atlas”).  The 15-minute graphs were created with the 2009 
dates, so this “dummy column” (used only for the x-axis of the 15-minute data graphs) in the “Old” 
sheet remains unchanged.  In addition, to create a Data Atlas file for a new year, the DAYFLOW data 
needs to be updated, and filling of some 15-minute values must be completed for the Paradise Cut 
and Sugar Cut-Tom Paine Slough tidal flow and EC calculations.  Some daily values can be “erased” to 
eliminate vertical lines on the daily graphs (for missing data periods). 
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Table B-1. South Delta Tidal Data Stations and Parameters for 2009-2013 

Site and Operator CDEC Code 
WDL or USGS 
Number Parameter 

Data 
Source1 Notes 

 San Joaquin River  
SJR at Vernalis: USGS+DWR VNS 11303500 Elevation USGS  
SJR at Vernalis: USGS+DWR VNS 11303500 Flow USGS  
SJR at Vernalis:   Velocity  No data 
SJR at Vernalis: USBR VER  EC CDEC  
SJR at McCune: DWR-DES SJR  EC CDEC  
New Jerusalem Drain: DWR NJD  Elevation CDEC ends Dec 2010 
New Jerusalem Drain: DWR NJD  EC CDEC ends Dec 2010 
SJR at DVI Pump  B95880 EC WDL  
SJR below Paradise Weir  B95850 EC WDL  
SJR at Mossdale Bridge: DWR-DES MSD B95820 Elevation WDL  
SJR at Mossdale Bridge: DWR-DES MSD B95820 Flow WDL/NCRO  
SJR at Mossdale Bridge: DWR-DES MSD B95820 Velocity NCRO  
SJR at Mossdale Bridge: DWR-DES MSD B95820 EC CDEC  
SJR below Old River at Lathrop SJL B95765 Elevation WDL  
SJR below Old River at Lathrop SJL B95765 Flow WDL/NCRO  
SJR below Old River at Lathrop SJL B95765 Velocity NCRO  
SJR below Old River at Lathrop SJL B95765 EC WDL  
San Joaquin River above Dos Reis: DWR-NCRO   Elevation  no data 
San Joaquin River above Dos Reis: DWR-NCRO SJD B95760 Flow NCRO begins Feb 2013 
San Joaquin River above Dos Reis: DWR-NCRO SJD B95760 Velocity NCRO begins Feb 2013 
San Joaquin River above Dos Reis: DWR-NCRO SJD B95760 EC NCRO begins Jun 2013 
SJR at Brandt Bridge: DWR O&M BDT B95740 Elevation WDL  
SJR at Brandt Bridge: DWR O&M BDT B95740 Flow WDL/NCRO  



California Department of Water Resources  
Attachment B 

South Delta Tidal Data Compilation Methods 
 

 
Evaluation of Salinity Patterns and Effects of Tidal Flows and 
Temporary Barriers in South Delta Channels B-7 September 2016 

ICF 00568.13 
 

Site and Operator CDEC Code 
WDL or USGS 
Number Parameter 

Data 
Source1 Notes 

SJR at Brandt Bridge: DWR O&M BDT B95740 Velocity CDEC/NCRO  
SJR at Brandt Bridge: DWR O&M BDT B95740 EC WDL  
SJR at Garwood Bridge above Stockton RWQCF: USGS SJG 11304810 Elevation USGS  
SJR at Garwood Bridge above Stockton RWQCF: USGS SJG 11304810 Flow USGS  
SJR at Garwood Bridge above Stockton RWQCF: USGS SJG 11304810 Velocity USGS  
SJR at Garwood Bridge above Stockton RWQCF: USGS SJG 11304810 EC USGS Data begin Apr 2010 
Rough and Ready Island: DWR-DES  RRI B95660 Elevation CDEC/WDL  
Rough and Ready Island: DWR-DES  RRI B95660 Flow WDL/NCRO  
Rough and Ready Island: DWR-DES  RRI B95660 Velocity NCRO  
Rough and Ready Island: DWR-DES  RRI B95660 EC CDEC  
 Old River 
Old River at Head: DWR  OH1 B95400 Elevation WDL  
Old River at Head: DWR  OH1 B95400 Flow WDL/NCRO  
Old River at Head: DWR  OH1 B95400 Velocity CDEC/NCRO  
Old River at Head: DWR  OH1 B95400 EC NCRO  
Old River at Middle River (Union Island): USBR UNI  EC CDEC  
Old River above Doughty Cut: DWR-NCRO    Elevation  No data 
Old River above Doughty Cut: DWR-NCRO  ORX B95390 Flow NCRO begins Jan 2013 
Old River above Doughty Cut: DWR-NCRO  ORX B95390 Velocity NCRO begins Jan 2013 
Old River above Doughty Cut: DWR-NCRO    EC  No data 
Paradise Cut near Old River: DWR-NCRO PCO B95410 EC WDL  
Tom Paine at Pescadero (upstream end): DWR O&M TPP B95425 Elevation WDL  
Tom Paine Slough (upstream of dam): DWR TPI B95421 Elevation WDL  
Tom Paine Slough (downstream of dam): DWR NCRO TPS B95420 Elevation WDL  
Sugar Cut (upstream of Tom Paine): DWR NCRO SUR B95422 EC WDL  
Old River at Tracy Boulevard: DWR O&M OLD B95380 Elevation WDL  
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Site and Operator CDEC Code 
WDL or USGS 
Number Parameter 

Data 
Source1 Notes 

Old River at Tracy Boulevard: DWR O&M OLD B95380 Flow WDL/NCRO Data begin Jan 2011 
Old River at Tracy Boulevard: DWR O&M OLD B95380 Velocity NCRO Data begin Jan 2011 
Old River at Tracy Boulevard: DWR O&M OLD B95380 EC WDL  
Old River at Tracy Wildlife Area: DWR NCRO TWA  EC CDEC/NCRO begins Jan 2011 
Old River at DMC Barrier: USGS ODM 11312968 Elevation USGS Station moved from 

upstream of the 
barrier to 
downstream on Sep 
23, 2010. 

Old River at DMC Barrier: USGS ODM 11312968 Flow USGS  
Old River at DMC Barrier: USGS ODM 11312968 Velocity USGS  
Old River at DMC Barrier: USGS ODM 11312968 EC USGS begins Sep 2010 
Old River at DMC Barrier upstream: DWR OAD B95366 Elevation WDL Does not agree with 

USGS values 
Old River at DMC Barrier upstream   Flow  no data 
Old River at DMC Barrier upstream   Velocity  no data 
Old River at DMC Barrier upstream: DWR OAD B95366 EC WDL/NCRO Does not agree with 

USGS values 
Old River at DMC Barrier downstream: DWR OBD B95365 Elevation WDL  
Old River at DMC Barrier downstream   Flow  no data 
Old River at DMC Barrier downstream   Velocity  no data 
Old River at DMC Barrier downstream: DWR OBD B95365 EC CDEC/NCRO data end July 2010 

but then NCRO data 
beginning in 2013 

DMC Headworks: USBR DMC  EC CDEC  
Old River at Clifton Court Intake (south of intake)  B95340 Elevation WDL  
Old River at Clifton Court Intake (south of intake): 
DWR NCRO 

ORI B95341 Flow WDL/NCRO  
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Site and Operator CDEC Code 
WDL or USGS 
Number Parameter 

Data 
Source1 Notes 

Old River at Clifton Court Intake (south of intake): 
DWR NCRO 

ORI B95341 Velocity NCRO  

Old River at Clifton Court Intake (south of intake)   EC  No data 
Clifton Court Forebay: DWR O&M  Downstream 

level 
DWR O&M Hourly Data 

Clifton Court Forebay: DWR O&M  Upstream 
level 

DWR O&M Hourly Data 

Clifton Court Forebay: DWR O&M  CCF inflow DWR O&M Hourly Mapper flows 
from DWR 

Clifton Court Forebay: DWR O&M CLC  EC CDEC Hourly Data 
West Canal at Clifton Court Intake (north of intake) WCI B95338 Elevation WDL  
West Canal at Clifton Court Intake (north of intake): 
DWR NCRO 

WCI B95338 Flow WDL/NCRO  

West Canal at Clifton Court Intake (north of intake): 
DWR NCRO 

WCI B95338 Velocity NCRO  

West Canal at Clifton Court Intake (north of intake)   EC  No data 
Old River at Highway 4: USGS OH4 11313315 Elevation USGS  
Old River at Highway 4: USGS OH4 11313315 Flow USGS  
Old River at Highway 4: USGS OH4 11313315 Velocity USGS  
Old River at Highway 4: USGS OH4 11313315 EC USGS Data start Dec 2009 
Old River at Byron (Highway 4): DWR ORB B95270 Elevation WDL  
Old River at Bacon Island: USGS OBI 11313405 Elevation USGS  
Old River at Bacon Island: USGS OBI 11313405 Flow USGS  
Old River at Bacon Island: USGS OBI 11313405 Velocity USGS  
Old River at Bacon Island: USGS OBI 11313405 EC USGS  
Old River at Bacon Island: DWR O&M BAC B95250 Elevation WDL  
Old River at Bacon Island: DWR O&M   Flow  no data 
Old River at Bacon Island: DWR O&M   Velocity  no data 
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Site and Operator CDEC Code 
WDL or USGS 
Number Parameter 

Data 
Source1 Notes 

Old River at Bacon Island: DWR O&M BAC B95250 EC WDL  
Rock Slough near CCC intake  B95218 Elevation WDL  
Rock Slough near CCC intake   Flow  no data 
Rock Slough near CCC intake   Velocity  no data 
Rock Slough near CCC intake  B95218 EC WDL  
Middle River 
Middle River at Mowry Bridge  B95540 Elevation WDL  
Middle River @ Undine Road: DWR NCRO MRU B95541 Flow WDL/NCRO  
Middle River @ Undine Road: DWR NCRO MRU B95541 Velocity NCRO  
Middle River @ Undine Road: DWR NCRO MRU B95541 EC NCRO begins Jan 2013 
Middle R. at Howard Road Bridge: DWR MHR B95530 Elevation WDL  
Middle R. at Howard Road Bridge: DWR MHR B95530 EC CDEC ends Jul 2010 
Middle R. near Howard Road Bridge (near head): 
DWR NCRO 

MHO B9553100 EC CDEC/NCRO begins Oct 2010 

Middle River at Tracy Road: DWR MTB B95503 Elevation WDL  
Middle River at Tracy Road   Flow  No data 
Middle River at Tracy Road   Velocity  No data 
Middle River at Tracy Road: DWR MTB B95503 EC WDL  
Middle River at Borden (Highway 4): DWR NCRO  B95500 Elevation WDL  
Middle River at Union Point: DWR NCRO MUP  EC CDEC/NCRO begins Mar 2010 
Middle River at Victoria Canal: USBR VIC  EC CDEC  
Victoria Canal bl CCWD Intake: USGS VCU 11312672 Elevation USGS  
Victoria Canal bl CCWD Intake: USGS VCU 11312672 Flow USGS  
Victoria Canal bl CCWD Intake: USGS VCU 11312672 Velocity USGS  
Victoria Canal bl CCWD Intake: USGS VCU 11312672 EC USGS begins Jun 2009 
Middle River at Jones Tract: DWR NCRO JTR B95480 Elevation CDEC begins Feb 2012 
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Site and Operator CDEC Code 
WDL or USGS 
Number Parameter 

Data 
Source1 Notes 

Middle River at Jones Tract: DWR NCRO JTR B95480 Flow CDEC Data appear to be 
erroneous 

Middle River at Middle River: USGS MDM 11312676 Elevation USGS  
Middle River at Middle River: USGS MDM 11312676 Flow USGS  
Middle River at Middle River: USGS MDM 11312676 Velocity USGS  
Middle River at Middle River: USGS MDM 11312676 EC USGS begins Dec 2009 
Middle River at Middle River  B95468 Elevation WDL  
Middle River at Middle River   Flow  no data 
Middle River at Middle River   Velocity  no data 
Middle River at Middle River  B95468 EC WDL  
Grant Line Canal 
Doughty Cut at Grant Line: DWR DGL B95325 Elevation WDL  
Doughty Cut at Grant Line   Flow  no data 
Doughty Cut at Grant Line   Velocity  no data 
Doughty Cut at Grant Line: DWR DGL B95325 EC WDL/NCRO  
Grant Line Canal East   Elevation  no data 
Grant Line Canal East: DWR NCRO GLE B95320 Flow NCRO begins Jan 2013 
Grant Line Canal East: DWR NCRO GLE B95320 Velocity NCRO begins Jan 2013 
Grant Line Canal East GLE B95320 EC NCRO begins Feb 2013 
Grant Line above barrier (upstream)  B95310 Elevation WDL begins Jun 2011 

There may also be 
some EC data for this 
site 

Grant Line at Tracy Blvd (downstream): DWR GCT B95300 Elevation WDL  
Grant Line at Tracy Blvd (downstream)   Flow  no data 
Grant Line at Tracy Blvd (downstream)   Velocity  no data 
Grant Line at Tracy Blvd (downstream): DWR GCT B95300 EC CDEC/NCRO  
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Site and Operator CDEC Code 
WDL or USGS 
Number Parameter 

Data 
Source1 Notes 

Grant Line Canal (west end): USGS GLC 11313200 Elevation USGS Station moved to this 
location in 2005 

Grant Line Canal (west end): USGS GLC 11313200 Flow USGS  
Grant Line Canal (west end): USGS GLC 11313200 Velocity USGS  
Grant Line Canal (west end): USGS GLC 11313200/B95295 EC USGS/NCRO  

Note: 
1  In some instances, CDEC data were used to fill in information that was not available from other sources for the end of the evaluation period 

(November and December 2013). For these short periods, CDEC is not listed as a source in this table. 
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Attachment C 
Monthly Water and Salt Budgets for the South Delta 

This attachment gives a summary of the monthly average flow and salinity (EC) measurements in 
the south Delta channels for 2009-13.  Monthly water and salt budgets are described from the SJR at 
Vernalis to the head of Old River to Old River at Tracy Boulevard to the CVP and SWP exports, 
including the net (reverse) flow and EC in Old River at Bacon Island and in Middle River at Bacon 
Island.  The increases in EC measured downstream from Vernalis are used to identify inflow sources 
of higher salinity water.  The magnitudes of these salt sources (between measurement stations) 
were estimated by the changes in EC times the net flow times a conversion factor. 

This report suggests that the south Delta salinity (EC) patterns are largely controlled by the SJR at 
Vernalis flow and salinity (EC) patterns.  This report, however, does not determine the sources of 
water and salt (EC) in the SJR at Vernalis.  During the summer and fall months with little surface 
runoff from rainfall, the SJR at Vernalis flow and EC are the combination of tributary inflows 
(reservoir releases) from the Stanislaus, Tuolumne, and Merced Rivers and agricultural sub-surface 
drainage and shallow groundwater inflow (seepage) from irrigated areas along these tributaries 
(east-side of SJR), as well as agricultural sub-surface drainage and groundwater seepage from the 
west-side of the SJR.  Because the east-side agricultural areas are irrigated with Sierra Nevada runoff 
with a low salinity (EC of 50 to 100 μS/cm), the sub-surface drainage and shallow groundwater 
salinity is also relatively low.  But the west-side SJR agricultural areas are irrigated primarily with 
water from the DMC with a relatively high salinity (EC of 250 to 750 μS/cm) and the agricultural 
soils have a higher salt content (i.e., marine sediments) so that the sub-surface drainage and shallow 
groundwater seepage salinity is considerably higher.  The salt loading of the applied water from the 
DMC is seasonal, but the salinity discharge to the SJR from sub-surface drainage and shallow 
groundwater may be more uniform.  During winter and spring months with surface runoff and 
occasional reservoir spills, the Vernalis flows are higher and the salinity (EC) is generally lower, 
although the total salt load (tons/month) can be higher, because the surface runoff has a 
background salinity (EC of 50 to 100 μS/cm). 

Summary of the SJR at Vernalis Salt and Boron TMDL Studies  
The SWRCB established the SJR at Vernalis water quality objectives (WQO) for EC in the 1995 WQCP 
(implemented in D-1641 in 2000) and has required Reclamation to release water (in addition to 
minimum fish habitat flows) from New Melones Reservoir to meet the Vernalis EC objectives.  
Although the Vernalis EC objectives have been met since 1995, the Central Valley RWQCB developed 
a Total Maximum Daily Load (TMDL) allocation in 2004 to control the salt (and boron) loads (i.e., 
sources) that are discharged as sub-surface drainage or shallow groundwater inflows to the lower 
SJR, primarily from west-side agricultural areas downstream of the Mendota Pool.  Because most of 
the irrigation water for these areas is supplied from the DMC, which exports water from the south 
Delta near Tracy, the TMDL Technical Report determined that Reclamation was responsible for the 
majority of this higher salt loading (in the irrigation water) applied to the Grasslands and northwest 
watersheds.  The TMDL control plan also determined that the SJR at Vernalis EC objectives must be 
met by Reclamation with increased releases from New Melones Reservoir. 
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The Draft Technical Report and Staff Report were prepared in 2004 and the Basin Plan Amendments 
were adopted in 2008.  The TMDL proposed a total maximum monthly load (TMML) approach and 
determined that Reclamation was responsible for the excess loading of DMC salt applied to the 
watershed and for the additional releases from New Melones Reservoir.  The Basin Plan amendment 
required Reclamation to prepare a Management Agency Agreement (MAA) and adopt a plan to 
manage (reduce or “offset”) the excess salt loading from the DMC.  A cooperative effort between 
Central Valley RWQCB and Reclamation was developed from 2008 to 2014 to achieve compliance 
with the Vernalis EC objectives through a real-time management program (e.g., shifting the timing of 
drainage discharges from wetlands and irrigation/reclamation districts).  The Central Valley 
RWQCB website for the SJR at Vernalis Salt and Boron TMDL, with the adopted Basin Plan 
Amendment, supporting documents, agreements, studies and quarterly monitoring reports is at: 
http://www.waterboards.ca.gov/centralvalley/water_issues/tmdl/central_valley_projects/vernalis
_salt_boron/. 

A Draft MAA was submitted by Reclamation in 2008, and a revised MAA was updated in 2014.  The 
TMML approach recognized that the allocation of salt loads should increase with SJR flows to allow a 
maximum monthly discharge (outflow) of salt loads from the lower SJR watershed while meeting 
the Vernalis WQO for EC.  The revised Real Time Salinity Management Program description 
prepared by Reclamation (2014) is available from the TMDL website.  Reclamation is now 
responsible to submit annual reports and annual work plans to provide water and salt accounting 
for normal DMC and New Melones Reservoir operations and provide updates on several salt 
reduction programs within the watershed. 

The TMDL Technical Report (2004) determined that about 50 percent of the DMC salt load pumped 
from the Delta was delivered to the SJR watershed between Mendota Pool and Vernalis; the other 
half of the DMC salt load was delivered to CVP contractors outside of the lower SJR watershed.  The 
TMDL Technical Report also determined that the DMC loading to the SJR watershed (about 500,000 
tons/year) accounted for about 50 percent of the total SJR at Vernalis salt load (about 1,100,000 
tons/year); the applied DMC salt load was assumed to reach the SJR in order for the agricultural soil 
salinity to remain in balance.  Therefore, the TMML identified a goal for Reclamation to offset at least 
25 percent of the annual excess salt load that was applied from the DMC to areas draining to the 
lower SJR.  Reclamation receives dilution credits (i.e., assimilative capacity for salinity) based on 
their releases from New Melones Reservoir, which provide low salinity water that dilutes the SJR 
salinity to meet the Vernalis WQO for EC.  The MAA includes several salinity control projects that 
may reduce the SJR at Vernalis EC, and which may reduce the need for additional releases from New 
Melones Reservoir.  Implementation of the Grasslands Drainage Area (GDA) selenium TMDL through 
the SJR Improvement Project (SJRIP), which diverts the majority of the GDA drainage flow to high-
salinity irrigated lands (with salt-tolerant crops) has had a large effect on the Vernalis EC, reducing 
the GDA drainage salt load by 100,000 tons/year in recent years (documented in the quarterly 
reports prepared by Reclamation).  Other factors that may change the future Vernalis flow and EC 
include increased fish habitat flows below Friant Dam and in the Merced, Tuolumne, and Stanislaus 
Rivers.  Because Reclamation is solely responsible for meeting the SJR at Vernalis EC objectives, they 
do not agree that they should have additional responsibility for meeting the south Delta EC 
objectives. 

http://www.waterboards.ca.gov/centralvalley/water_issues/tmdl/central_valley_projects/vernalis_salt_boron/
http://www.waterboards.ca.gov/centralvalley/water_issues/tmdl/central_valley_projects/vernalis_salt_boron/
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Monthly Water and Salt Budgets for the South Delta and Exports 
This report suggests that the south Delta salinity patterns are largely determined by the SJR flow 
and salinity (EC) at Vernalis.  In months when the SJR at Vernalis EC is almost equal to the EC 
objective, Reclamation likely released additional New Melones Reservoir water to provide dilution 
of the SJR (i.e., EC measured upstream at Maze) to meet the Vernalis WQO for EC.  When the Vernalis 
EC is almost equal to the WQO, there is little remaining assimilative capacity for salinity in the SJR 
downstream of Vernalis, because the south Delta EC objectives are identical to the Vernalis EC 
objectives (i.e., 700 μS/cm in April to August, 1,000 μS/cm in other months).  The daily average flow 
and EC data that were calculated from the tidal measurements in the south Delta channels were 
summarized as monthly average flows, monthly average salinity (EC) and monthly salt loads 
(tons/month).  These monthly values can be used to describe and evaluate the monthly water and 
salt budgets for the south Delta channels from the SJR at Vernalis to the CVP and SWP exports.  The 
measured increases in EC at downstream stations (compared to the Vernalis EC), and the calculated 
increases in salt loads between measurement stations are of particular interest for this project. 

Monthly Data for 2009 
Table C-1 gives the monthly average flows (cfs), EC (μS/cm) and salt loads (tons/month) for the 
south Delta channels for 2009.  The annual averages or totals are given in the last column.  The 
monthly average flows at Vernalis are given in the first row; the flows were generally low, with an 
average annual flow of 1,284 cfs (931 TAF/yr).  The second row gives the EC objectives for each 
month and the third row gives the measured monthly Vernalis EC; the measured EC was close to the 
EC objectives in January to March, but was considerably less than the EC objectives for the 
remainder of the year.  The 2009 annual average Vernalis EC was 639 μS/cm.  The calculated 
monthly salt loads are given in the fourth row; the annual Vernalis salt load was 512,000 tons.  The 
fifth row gives the unused salt load (i.e., assimilative capacity for salt) calculated from the flow and 
the difference between the EC objective and the measured EC; additional salt loads could have been 
transported from the SJR without exceeding the EC objective at Vernalis.  For 2009, the unused salt 
load was 210,000 tons, about 29 percent of the maximum possible SJR salt load for the monthly 
flows and EC objectives.  The sixth row gives the measured EC in the SJR downstream at Brandt 
Bridge and the seventh row indicates the increased EC (increment) from Vernalis; the average 
annual increase was 32 μS/cm, and the average EC at Brandt Bridge was 105 percent of the average 
Vernalis EC. 

The head of Old River monthly flows, EC values, EC increments, and salt loads are given in rows 
8-11.  Because the Old River diversion is about 50 percent of the SJR flow plus 5 percent of the 
exports, the majority of the SJR flow and salt was diverted into Old River during 2009; the average 
annual flow was 946 cfs, which was almost 75 percent of the Vernalis flow.  The annual average EC 
at the head of Old River was 690 μS/cm, about 50 μS/cm higher than the average Vernalis EC; the 
highest EC increments were measured in March to October.  The annual salt load diverted to Old 
River was about 420,000 tons (82 percent of the Vernalis salt load).  The monthly Old at Union EC 
and the EC increments from the Vernalis EC are given in rows 12 and 13; the annual average Old at 
Union EC was 713 μS/cm (112 percent of the Vernalis EC), with an average EC increment of 74 
μS/cm.  The monthly EC at Doughty Cut (connecting Old River to Grant Line Canal) and the EC 
increments from Vernalis are given in rows 14 and 15; the annual average Doughty Cut EC was 735 
μS/cm (115 percent of the Vernalis EC), with an average EC increment of 95 μS/cm.  These three Old 
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River EC measurement stations are located upstream of Paradise Cut and Sugar Cut; the Doughty 
Cut EC was used as the baseline Old River EC for calculating the EC increments and salt loads added 
to Old River from Paradise Cut and Sugar Cut. 

The monthly Paradise Cut EC and monthly Sugar Cut EC are given in rows 16 and 17.  These EC 
values were considerably higher than the EC measured at the head of Old River, at Union Island, and 
at Doughty Cut.  The Paradise Cut EC measurement station is near the mouth, and although there is 
considerable tidal exchange with Old River, the average EC was 846 μS/cm, about 200 μS/cm higher 
than the Vernalis EC.  The Sugar Cut EC measurement station is about a mile upstream from the 
mouth and also upstream of the Tom Paine diversion for irrigation water; the annual average EC 
was 1,094 μS/cm, about 450 μS/cm higher than the Vernalis EC.  The higher EC measurements in 
Paradise Cut and Sugar Cut indicate there are sources of higher salinity water upstream in each of 
these tidal sloughs, but the added salt loads from these tidal sloughs cannot be directly estimated 
from the EC measurements. 

The monthly average Old River flows at Tracy Boulevard for 2009 are given in row 18; the average 
Old River at Tracy flow was estimated as 10 percent of the head of Old River (plus Paradise Weir) 
flow, based on tidal flow measurements (in 2011-2013).  The monthly average EC, EC increments 
from Vernalis, and the calculated salt load (tons) from Paradise Cut and Sugar Cut are given in rows 
19-21 for Tracy Boulevard EC station and in rows 22-24 for Tracy Wildlife EC station (located 0.5 
miles downstream).  The monthly EC at Tracy Boulevard and Tracy Wildlife were considerably 
higher than the Doughty Cut EC, suggesting an added salt load between these two stations.  The 
added salt load was calculated from the measured EC increment from Doughty Cut times the 
estimated Old River flow at Tracy Boulevard.  The monthly EC at these two nearby stations were 
usually the same, but the Tracy Boulevard EC was much higher than the Tracy Wildlife from June to 
December of 2009 (the Tracy Wildlife EC was subsequently determined to be likely more accurate).  
The annual average EC at Tracy Wildlife was 845 μS/cm (132 percent of the Vernalis EC) and the 
average EC increment was 206 μS/cm.  The average EC increment from Doughty Cut EC was 110 
μS/cm and the estimated flow was used to estimate the added salt load from Paradise Cut, Sugar Cut 
and other drainage sources between Doughty Cut and Tracy Boulevard.  The annual salt load 
increment calculated from the Tracy Wildlife EC was about 7,000 tons.  The monthly salt load 
increments were smallest during the irrigation season, when a majority of the salt sources in Sugar 
Cut and Paradise Cut were likely diverted into Tom Paine Slough.  Although the calculated salt load 
added to Old River at Tracy Wildlife was less than 2 percent of the Vernalis salt load, the much lower 
flow in Old River caused a much higher EC increment.  The measured EC at Tracy Wildlife was 
higher than the EC objectives in several (8 of 12) of the months in 2009. 

The monthly flow, EC, and salt loads for 2009 are given in rows 25-27 for the CVP pumping, in rows 
28-30 for the SWP pumping, in rows 31-33 for Old River at Bacon Island, and in rows 34-36 for 
Middle River at Bacon Island stations.  The CVP and SWP pumping represent the major outflows 
from the south Delta, while the Old River and Middle River stations represent the two major inflows 
for the south Delta channels (in addition to the head of Old River diversion).  A monthly water 
budget and salt budget for the south Delta channels can be calculated from these four stations and 
the head of Old River station.  The 2009 annual average CVP flow was 2,679 cfs (1,943 TAF) and the 
average EC was 542 μS/cm with a total salt load of 889,000 tons.  The 2009 annual average SWP 
flow was 2,506 cfs (1,817 TAF) and the average EC was 488 μS/cm with a total salt load of 743,000 
tons.  The average CVP EC was about 10 percent higher than the SWP EC because the majority of the 
SJR salt diverted to the head of Old River is pumped at the CVP.  Because about half of the DMC water 
and salt load is applied to the Grasslands and west-side SJR watersheds, a large fraction of the SJR at 
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Vernalis salt load (about 512,000 tons in 2009) may originate from the half of the DMC load that is 
applied within the SJR watershed (445,000 tons in 2009).  These salt load measurements at Vernalis 
and at the CVP exports may indicate that most of the SJR at Vernalis salt load was diverted to Old 
River and pumped into the DMC, and that about half of the DMC salt load was applied as irrigation 
water from the DMC and may eventually recycle back to the SJR at Vernalis.  The 2009 annual 
average Old River at Bacon flow was 1,779 cfs (1,290 TAF) and the average EC was 479 μS/cm with 
a total salt load of 581,000 tons.  The 2009 annual average Middle River at Bacon flow was 2,674 cfs 
(1,939 TAF) and the average EC was 380 μS/cm with a total salt load of 610,000 tons.  The Middle 
River at Bacon EC was considerably lower than the Old River at Bacon, because there was less 
seawater intrusion reaching Middle River than Old River (i.e., from Jersey Point through False River 
to Franks Tract). 

The overall monthly water budget for the South Delta channels is calculated in rows 38-40.  The 
measured inflows are the head of Old River flow, the Old River at Bacon net (upstream) flow, and the 
Middle River at Bacon net (upstream) flow.  The measured outflows are the CVP and SWP pumping 
flows.  The unmeasured net diversions or inflows (i.e., runoff from rainfall) were estimated from the 
difference between the inflows and the exports.  For 2009, the annual inflows were 3,915 TAF; the 
annual exports were 3,759 TAF; and the calculated net diversions were 156 TAF (4 percent of 
inflows).  The net diversions from the south Delta channels (and CCWD) were likely larger than this 
estimate for 2009; nevertheless, there was a reasonable comparison (match) between the measured 
inflows and outflows.  The overall monthly salt budget for the South Delta channels is calculated in 
rows 41-43.  The same inflows and outflows were used to compare the salt loads.  The monthly 
estimated salt sources (or salt load diversions) are given in row 43. The overall salt load source in 
the south Delta channels for 2009 was calculated to be about 20,000 tons (4 percent of the SJR at 
Vernalis salt load).  These monthly calculations indicate a remarkable salt balance (export salt load 
was just 1 percent higher than measured salt inflow loads) with a seasonal pattern of salt sources 
(salt drainage) in the fall and winter months, and a seasonal diversion of salts during the irrigation 
season (May to September). 

Monthly Data for 2010 
Table C-2 gives the monthly average flows (cfs), EC (μS/cm) and salt loads (tons) for the south Delta 
channels for 2010.  The annual averages or totals are given in the last column.  The monthly average 
flows at Vernalis are given in the first row; the flows were generally high, with an average annual 
flow of 3,085 cfs (2,237 TAF/year).  The second row gives the EC objectives for each month and the 
third row gives the measured monthly Vernalis EC; because of the higher flows, the measured EC 
values were much less than the EC objectives.  The 2010 annual average Vernalis EC was 501 μS/cm.  
The calculated monthly salt loads are given in the fourth row; the 2010 annual Vernalis salt load was 
846,000 tons.  The fifth row gives the unused salt load (i.e., assimilative capacity for salt); for 2010, 
the unused salt load was 850,000 tons, about 50 percent of the maximum possible SJR salt load for 
the monthly flows and EC objectives.  The sixth row gives the measured EC in the SJR downstream at 
Brandt Bridge and the seventh row indicates the EC increment from the Vernalis EC; the average EC 
at Brandt Bridge was 539 μS/cm, about 108 percent of the average Vernalis EC, and the average EC 
increment was 38 μS/cm. 

The head of Old River monthly flows, EC values, EC increments, and salt loads are given in rows 
8-11.  The average annual head of Old River flow was 1,993 cfs, which was about 65 percent of the 
Vernalis flow.  The annual average EC at the head of Old River was 546 μS/cm, about 45 μS/cm 
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higher than the average Vernalis EC; the highest EC increments were measured in March and July to 
September.  The annual salt load diverted to Old River was about 607,000 tons (72 percent of the 
Vernalis salt load).  The monthly Old at Union EC and the EC increments from the Vernalis EC are 
given in rows 12 and 13; the annual average Old at Union EC was 555 μS/cm (111 percent of the 
Vernalis EC), with an average EC increment of 54 μS/cm.  The monthly EC at Doughty Cut and the EC 
increments from Vernalis are given in rows 14 and 15; the annual average Doughty Cut EC was 561 
μS/cm (112 percent of the Vernalis EC), with an average EC increment of 60 μS/cm.  The monthly 
Paradise Cut EC and monthly Sugar Cut EC are given in rows 16 and 17.  These EC values were 
considerably higher than the EC measured at the head of Old River, at Union Island, and at Doughty 
Cut.  The Paradise Cut annual average EC was 699 μS/cm, about 200 μS/cm higher than the Vernalis 
EC.  The Sugar Cut annual average EC was 1,017 μS/cm, about 515 μS/cm higher than the Vernalis 
EC. 

The monthly average Old River flows at Tracy Boulevard for 2010 are given in row 18; the average 
Old River at Tracy flow was estimated as 10 percent of the head of Old River (plus Paradise weir) 
flow, based on tidal flow measurements ( in 2011-13).  The monthly average EC, EC increments from 
Vernalis, and the calculated salt load (tons) from Paradise Cut and Sugar Cut are given in rows 19-21 
for Tracy Boulevard EC station and in rows 22-24 for Tracy Wildlife EC station (located 0.5 miles 
downstream).  The added salt load was calculated from the measured EC increment from Doughty 
Cut times the estimated Old River flow at Tracy Boulevard. The monthly EC at these two nearby 
stations were usually about the same.  The annual average EC at Tracy Boulevard was 682 μS/cm 
(136 percent of the Vernalis EC) and the average EC increment was 181 μS/cm.  The annual average 
EC at Tracy Wildlife was 664 μS/cm (133 percent of the Vernalis EC) and the average EC increment 
was 163 μS/cm.  The average EC increment from Doughty Cut to Tracy Boulevard was 121 μS/cm 
and the average EC increment to Tracy Wildlife was 103 μS/cm.  The estimated flow at Tracy 
Boulevard was used to estimate the added salt load from Paradise Cut, Sugar Cut, and other drainage 
sources between Doughty Cut and Tracy Boulevard.  The annual salt load increment calculated from 
the Tracy Boulevard EC was about 14,500 tons and the annual salt load increment calculated from 
the Tracy Wildlife EC was about 13,000 tons.  The monthly salt load increments were smallest 
during the irrigation season when a majority of the salt sources in Sugar Cut and Paradise Cut were 
likely diverted into Tom Paine Slough.  Although the calculated salt load added to Old River at Tracy 
Boulevard or Tracy Wildlife was less than 2 percent of the Vernalis salt load, the much lower flow in 
Old River caused a much higher EC increment.  The measured EC at Tracy Boulevard was higher 
than the EC objective in 3 months; Tracy Wildlife EC was higher than the EC objective in just 1 
month in 2010. 

The monthly flow, EC and salt loads for 2010 are given in rows 25-27 for the CVP pumping, in rows 
28-30 for the SWP pumping, in rows 31-33 for Old River at Bacon Island, and in rows 34-36 for 
Middle River at Bacon Island stations.  A monthly water budget and salt budget for the south Delta 
channels can be calculated from these four stations and the head of Old River station.  The 2010 
annual average CVP flow was 3,239 cfs (2,349 TAF) and the average EC was 442 μS/cm with a total 
salt load of 861,000 tons.  The 2010 annual average SWP flow was 4,296 cfs (3,115 TAF) and the 
average EC was 412 μS/cm with a total salt load of 1,112,000 tons.  The average CVP EC was about 7 
percent higher than the SWP EC because the majority of the SJR salt diverted to the head of Old 
River is pumped at the CVP.  Because about half of the DMC water and salt load is applied to the 
Grasslands and west-side SJR watersheds, a large fraction of the SJR at Vernalis salt load (about 
846,000 tons in 2010) may originate from the half of the DMC load that is applied within the SJR 
watershed (430,000 tons in 2010).  These salt load measurements at Vernalis and at the CVP exports 



California Department of Water Resources  
Attachment C 

Monthly Water and Salt Budgets for the South Delta 
 

 
Evaluation of Salinity Patterns and Effects of Tidal Flows and 
Temporary Barriers in South Delta Channels C-7 September 2016 

ICF 00568.13 
 

may indicate that most of the SJR at Vernalis salt load was diverted to Old River and pumped into the 
DMC, and that about half of the DMC salt load was applied as irrigation water from the DMC and may 
eventually recycle back to the SJR at Vernalis.  The 2010 annual average Old River at Bacon flow was 
2,424 cfs (1,758 TAF) and the average EC was 448 μS/cm with a total salt load of 705,000 tons.  The 
2010 annual average Middle River at Bacon flow was 3,073 cfs (2,228 TAF) and the average EC was 
345 μS/cm with a total salt load of 592,000 tons. 

The overall monthly water budget for the South Delta channels in 2010 is calculated in rows 38-40.  
For 2010, the annual inflows were 5,431 TAF; the annual exports were 5,463 TAF; and the 
calculated net diversions were -32 TAF (-0.5 percent of inflows).  The calculated diversions were 
highest in June to August, but the diversions cannot be separated from the runoff; nevertheless, 
there was a reasonable comparison (match) between the measured inflows and outflows.  The 
overall monthly salt budget for the South Delta channels is calculated in rows 41-43.  The same 
inflows and outflows were used to compare the salt loads.  The monthly estimated salt sources (or 
salt load diversions) are given in row 43.  The overall salt load source in the south Delta channels for 
2010 was calculated to be about 68,000 tons (8 percent of the SJR at Vernalis salt load).  These 
monthly calculations indicate a remarkable salt balance (export salt load was just 3.5 percent higher 
than measured salt inflow loads) with a seasonal pattern of salt sources (salt drainage) in the fall 
and winter months and a seasonal diversion of salts during the irrigation season (June to October). 

Monthly Data for 2011 
Table C-3 gives the monthly average flows (cfs), EC (μS/cm) and salt loads (tons) for the south Delta 
channels for 2011.  The annual averages or totals are given in the last column.  The monthly average 
flows at Vernalis are given in the first row; the flows were very high, with an average annual flow of 
9,291 cfs (6,736 TAF/year).  The second row gives the EC objectives for each month and the third 
row gives the measured monthly Vernalis EC; because of the higher flows, the measured EC values 
were much less than the EC objectives.  The 2011 annual average Vernalis EC was 280 μS/cm.  The 
calculated monthly salt loads are given in the fourth row; the 2011 annual Vernalis salt load was 
1,278,000 tons.  The fifth row gives the unused salt load (i.e., assimilative capacity for salt); for 2011, 
the unused salt load was 3,673,000 tons, about 74 percent of the maximum possible SJR salt load for 
the monthly flows and EC objectives.  The sixth row gives the measured EC in the SJR downstream at 
Brandt Bridge and the seventh row indicates the EC increment from the Vernalis EC; the average EC 
at Brandt Bridge was 304 μS/cm, about 109 percent of the average Vernalis EC and the average EC 
increment was 25 μS/cm. 

The head of Old River monthly flows, EC values, EC increments, and salt loads are given in rows 
8-11.  The average annual head of Old River flow was 4,545 cfs, which was about 49 percent of the 
Vernalis flow.  Because the SJR at Vernalis flows were greater than 17,500 cfs in April, some of the 
SJR flow was diverted at the Paradise Weir to Paradise Cut.  The annual average EC at the head of 
Old River was 302 μS/cm, about 22 μS/cm higher than the average Vernalis EC.  The annual salt load 
diverted to Old River was about 670,000 tons (52% of the Vernalis salt load).  The calculated 
Paradise Weir salt load diverted to Old River was about 44,000 tons in late March and April (3.5 
percent of the annual Vernalis salt load). The monthly Old at Union EC and the EC increments from 
the Vernalis EC are given in rows 12 and 13; the annual average Old at Union EC was 298 μS/cm 
(106 percent of the Vernalis EC), with an average EC increment of 18 μS/cm.  The monthly EC at 
Doughty Cut and the EC increments from Vernalis are given in rows 14 and 15; the annual average 
Doughty Cut EC was 306 μS/cm (109 percent of the Vernalis EC), with an average EC increment of 
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26 μS/cm.  The monthly Paradise Cut EC and monthly Sugar Cut EC are given in rows 16 and 17.  
These EC values were considerably higher than the EC measured at the head of Old River, at Union 
Island, and at Doughty Cut.  The Paradise Cut annual average EC was 516 μS/cm, about 235 μS/cm 
higher than the Vernalis EC.  The Sugar Cut annual average EC was 940 μS/cm, about 660 μS/cm 
higher than the Vernalis EC. 

The monthly average Old River flows at Tracy Boulevard for 2011 are given in row 18; the average 
Old River at Tracy flow was measured in 2011 and the annual average flow was 709 cfs (about 15 
percent of the head of Old River plus Paradise Weir flow).  The monthly average EC, EC increments 
from Vernalis, and the calculated salt load (tons) from Paradise Cut and Sugar Cut are given in rows 
19-21 for Tracy Boulevard EC station and in rows 22-24 for Tracy Wildlife EC station (located 0.5 
miles downstream).  The added salt load was calculated from the measured EC increment from 
Doughty Cut times the measured Old River flow at Tracy Boulevard.  The annual average EC at Tracy 
Boulevard was 382 μS/cm (136 percent of the Vernalis EC) and the average EC increment was 102 
μS/cm.  The annual average EC at Tracy Wildlife was 372 μS/cm (133 percent of the Vernalis EC) 
and the average EC increment was 92 μS/cm.  The average EC increment from Doughty Cut to Tracy 
Boulevard was 76 μS/cm and the average EC increment to Tracy Wildlife was 66 μS/cm.  The annual 
salt load increment calculated from the Tracy Boulevard EC was about 18,000 tons and the annual 
salt load increment calculated from the Tracy Wildlife EC was about 14,000 tons.  The monthly salt 
load increments were smallest during the irrigation season, when a majority of the salt sources in 
Sugar Cut and Paradise Cut were likely diverted into Tom Paine Slough.  Although the calculated salt 
load added to Old River at Tracy Boulevard or Tracy Wildlife was less than 2 percent of the Vernalis 
salt load, the lower flow in Old River caused a higher EC increment.  Because of high SJR flows, the 
measured EC was much less than the EC objectives in 2011. 

The monthly flow, EC, and salt loads for 2011 are given in rows 25-27 for the CVP pumping, in rows 
28-30 for the SWP pumping, in rows 31-33 for Old River at Bacon Island, and in rows 34-36 for 
Middle River at Bacon Island stations.  A monthly water budget and salt budget for the south Delta 
channels can be calculated from these four stations and the head of Old River station.  The 2011 
annual average CVP flow was 3,460 cfs (2,509 TAF) and the average EC was 271 μS/cm with a total 
salt load of 602,000 tons.  The 2011 annual average SWP flow was 5,387 cfs (3,906 TAF) and the 
average EC was 239 μS/cm with a total salt load of 805,000 tons.  The average CVP EC was about 13 
percent higher than the SWP EC because the majority of the SJR salt diverted to the head of Old 
River is pumped at the CVP.  Because about half of the DMC water and salt load is applied to the 
Grasslands and west-side SJR watersheds, a large fraction of the SJR at Vernalis salt load (about 
1,278,000 tons in 2011) may originate from the half of the DMC load that is applied within the SJR 
watershed (300,000 tons in 2010).  These salt load measurements at Vernalis and at the CVP exports 
may indicate that most of the SJR at Vernalis salt load was diverted to Old River and pumped into the 
DMC, and that about half of the DMC salt load is applied as irrigation water from the DMC and may 
eventually recycle back to the SJR at Vernalis.  The 2011 annual average Old River at Bacon flow was 
1,748 cfs (1,267 TAF) and the average EC was 217 μS/cm, with a total salt load of 224,000 tons.  The 
2011 annual average Middle River at Bacon flow was 2,424 cfs (1,757 TAF) and the average EC was 
224 μS/cm with a total salt load of 345,000 tons.  The Middle River at Bacon EC was similar to the 
Old River at Bacon, because there was much less seawater intrusion (i.e., higher Delta outflows) in 
2011. 

The overall monthly water budget for the South Delta channels in 2011 is calculated in rows 38-40.  
For 2011, the annual inflows were 6,319 TAF plus 300 TAF from Paradise Weir; the annual exports 
were 6,414 TAF; and the calculated net diversions were 200 TAF (3 percent of inflows).  The 
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calculated diversions were highest in May to September, but the diversions cannot be separated 
from the runoff; nevertheless, there was a reasonable comparison (match) between the measured 
inflows and outflows.  The overall monthly salt budget for the South Delta channels is calculated in 
rows 41-43.  The same inflows and outflows were used to compare the salt loads.  The monthly 
estimated salt sources (or salt load diversions) are given in row 43.  The Paradise Weir added about 
44,000 tons to the inflows.  The overall salt load source in the south Delta channels for 2011 was 
calculated to be about 123,000 tons 10 percent of the SJR at Vernalis salt load).  These monthly 
calculations indicate a remarkable salt balance (export salt load was just 10 percent higher than 
measured salt inflow loads) with salt sources (salt drainage) in all months except December. 

Monthly Data for 2012 
Table C-4 gives the monthly average flows (cfs), EC (μS/cm) and salt loads (tons) for the south Delta 
channels for 2012.  The annual averages or totals are given in the last column.  The monthly average 
flows at Vernalis are given in the first row; the flows were generally low, with an average annual 
flow of 1,651 cfs (1,197 TAF/year).  The second row gives the EC objectives for each month and the 
third row gives the measured monthly Vernalis EC; the 2012 annual average Vernalis EC was 584 
μS/cm.  The calculated monthly salt loads are given in the fourth row; the 2012 annual Vernalis salt 
load was 613,000 tons.  The fifth row gives the unused salt load (i.e., assimilative capacity for salt); 
the unused salt load was 323,000 tons in 2012, about 35 percent of the maximum possible SJR salt 
load for the monthly flows and EC objectives.  The sixth row gives the measured EC in the SJR 
downstream at Brandt Bridge and the seventh row indicates the EC increment from the Vernalis EC; 
the average EC at Brandt Bridge was 651 μS/cm, about 112 percent of the average Vernalis EC, and 
the average EC increment was 67 μS/cm. 

The head of Old River monthly flows, EC values, EC increments, and salt loads are given in rows 
8-11.  The average annual flow was 1,023 cfs, which was about 62 percent of the Vernalis flow.  The 
annual average EC at the head of Old River was 657 μS/cm, about 74 μS/cm higher than the average 
Vernalis EC; the highest EC increments were measured in April and June to September.  The annual 
salt load diverted to Old River was about 441,000 tons (72 percent of the Vernalis salt load).  The 
monthly Old at Union EC and the EC increments from the Vernalis EC are given in rows 12 and 13; 
the annual average Old at Union EC was 634 μS/cm (109 percent of the Vernalis EC), with an 
average EC increment of 51 μS/cm.  The monthly EC at Doughty Cut and the EC increments from 
Vernalis are given in rows 14 and 15; the annual average Doughty Cut EC was 677 μS/cm (116 
percent of the Vernalis EC), with an average EC increment of 93 μS/cm.  The monthly Paradise Cut 
EC and monthly Sugar Cut EC are given in rows 16 and 17.  The Paradise Cut annual average EC was 
852 μS/cm in 2012, about 268 μS/cm higher than the Vernalis EC.  The Sugar Cut annual average EC 
was 1,057 μS/cm in 2012, about 473 μS/cm higher than the Vernalis EC. 

The monthly average Old River flows at Tracy Boulevard for 2012 are given in row 18; the annual 
average measured Old River at Tracy flow was 145 cfs, about 14 percent of the head of Old River 
flow.  The monthly average EC, EC increments from Vernalis, and the calculated salt load (tons) from 
Paradise Cut and Sugar Cut are given in rows 19-21 for Tracy Boulevard EC station and in rows 22-
24 for Tracy Wildlife EC station (located 0.5 miles downstream).  The added salt load was calculated 
from the measured EC increment from Doughty Cut times the measured Old River flow at Tracy 
Boulevard.  The 2012 annual average EC at Tracy Boulevard was 847 μS/cm (145 percent of the 
Vernalis EC) and the average EC increment was 264 μS/cm.  The annual average EC at Tracy Wildlife 
was 863 μS/cm (148 percent of the Vernalis EC) and the average EC increment was 280 μS/cm.  The 
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average EC increment from Doughty Cut to Tracy Boulevard was 170 μS/cm and the average EC 
increment to Tracy Wildlife was 186 μS/cm.  The annual salt load increment calculated from the 
Tracy Boulevard EC was about 10,000 tons and the annual salt load increment calculated from the 
Tracy Wildlife EC was about 11,000 tons.  The monthly salt load increments were smallest during 
the irrigation season, when a majority of the salt sources in Sugar Cut and Paradise Cut were likely 
diverted into Tom Paine Slough.  Although the calculated salt load added to Old River at Tracy 
Boulevard or Tracy Wildlife was less than 2 percent of the Vernalis salt load, the lower flow in Old 
River caused a higher EC increment.  The measured EC at Tracy Boulevard was higher than the EC 
objective in 4 months; Tracy Wildlife EC was also higher than the EC objective in 4 months in 2012. 

The monthly flow, EC, and salt loads for 2010 are given in rows 25-27 for the CVP pumping, in rows 
28-30 for the SWP pumping, in rows 31-33 for Old River at Bacon Island, and in rows 34-36 for 
Middle River at Bacon Island stations.  The 2012 annual average CVP flow was 2,851 cfs (2,067 TAF) 
and the average EC was 505 μS/cm with a total salt load of 862,000 tons.  The 2012 annual average 
SWP flow was 3,301 cfs (2,393 TAF) and the average EC was 475 μS/cm with a total salt load of 
944,000 tons.  The average CVP EC was about 6 percent higher than the SWP EC because the 
majority of the SJR salt diverted to the head of Old River is pumped at the CVP.  Because about half of 
the DMC water and salt load is applied to the Grasslands and west-side SJR watersheds, a large 
fraction of the SJR at Vernalis salt load (about 613,000 tons in 2012) may originate from the half of 
the DMC load that is applied within the SJR watershed (430,000 tons in 2012).  These salt load 
measurements at Vernalis and at the CVP exports may indicate that most of the SJR at Vernalis salt 
load was diverted to Old River and pumped into the DMC, and that about half of the DMC salt load 
was applied as irrigation water from the DMC and may eventually recycle back to the SJR at Vernalis.  
The 2012 annual average Old River at Bacon flow was 2,260 cfs (1,639 TAF) and the average EC was 
475 μS/cm with a total salt load of 725,000 tons.  The 2012 annual average Middle River at Bacon 
flow was 3,244 cfs (2,352 TAF) and the average EC was 345 μS/cm with a total salt load of 681,000 
tons.  The Middle River at Bacon EC was considerably lower than the Old River at Bacon, because 
there was less seawater intrusion reaching Middle River than Old River. 

The overall monthly water budget for the South Delta channels in 2012 is calculated in rows 38-40.  
For 2012, the annual inflows were 4,732 TAF; the annual exports were 4,460 TAF; and the 
calculated net diversions were 272 TAF (6 percent of inflows).  The calculated diversions were 
highest in May to August, but the diversions cannot be separated from the runoff; nevertheless, 
there was a reasonable comparison (match) between the measured inflows and outflows.  The 
overall monthly salt budget for the South Delta channels is calculated in rows 41-43.  The same 
inflows and outflows were used to compare the salt loads.  The monthly estimated salt sources (or 
salt load diversions) are given in row 43.  The overall salt load source in the south Delta channels for 
2012 was calculated to be about -40,000 tons (-6.5 percent of the SJR at Vernalis salt load).  These 
monthly calculations indicate a remarkable salt balance (export salt load was just 2.5 percent lower 
than measured salt inflow loads) with a seasonal pattern of salt diversions during the irrigation 
season (June to September). 

Monthly Data for 2013 
Table C-5 gives the monthly average flows (cfs), EC (μS/cm) and salt loads (tons) for the south Delta 
channels for 2013.  The annual averages or totals are given in the last column.  The monthly average 
flows at Vernalis are given in the first row; the flows were generally low, with an average annual 
flow of 1,347 cfs (976 TAF/year).  The second row gives the EC objectives for each month and the 
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third row gives the measured monthly Vernalis EC; the 2013 annual average Vernalis EC was 617 
μS/cm.  The calculated monthly salt loads are given in the fourth row; the 2013 annual Vernalis salt 
load was 542,000 tons.  The fifth row gives the unused salt load (i.e., assimilative capacity for salt); 
the unused salt load was 225,000 tons in 2013, about 29 percent of the maximum possible SJR salt 
load for the monthly flows and EC objectives.  The sixth row gives the measured EC in the SJR 
downstream at Brandt Bridge and the seventh row indicates the EC increment from the Vernalis EC; 
the average EC at Brandt Bridge was 689 μS/cm, about 111 percent of the average Vernalis EC and 
the average EC increment was 69 μS/cm. 

The head of Old River monthly flows, EC values, EC increments, and salt loads are given in rows 
8-11.  The average annual flow was 999 cfs, which was about 74 percent of the Vernalis flow.  The 
annual average EC at the head of Old River was 699 μS/cm (113 percent of the Vernalis EC), about 
82 μS/cm higher than the average Vernalis EC; the highest EC increments were measured in June to 
September.  The annual salt load diverted to Old River was about 425,000 tons (78 percent of the 
Vernalis salt load) in 2013.  The monthly Old at Union EC and the EC increments from the Vernalis 
EC are given in rows 12 and 13; the annual average Old at Union EC was 674 μS/cm (109 percent of 
the Vernalis EC),\ with an average EC increment of 57 μS/cm.  The monthly EC at Doughty Cut and 
the EC increments from Vernalis are given in rows 14 and 15; the annual average Doughty Cut EC 
was 729 μS/cm (118 percent of the Vernalis EC) with an average EC increment of 112 μS/cm.  The 
monthly Paradise Cut EC and monthly Sugar Cut EC are given in rows 16 and 17.  The Paradise Cut 
annual average EC was 880 μS/cm in 2013, about 263 μS/cm higher than the Vernalis EC.  The Sugar 
Cut annual average EC was 1,111 μS/cm in 2013, about 494 μS/cm higher than the Vernalis EC. 

The monthly average Old River flows at Tracy Boulevard for 2013 are given in row 18; the annual 
average measured Old River at Tracy flow was 108 cfs, about 11 percent of the head of Old River 
flow.  The monthly average EC, EC increments from Vernalis, and the calculated salt load (tons) from 
Paradise Cut and Sugar Cut are given in rows 19-21 for Tracy Boulevard EC station and in rows 
22-24 for Tracy Wildlife EC station (located 0.5 miles downstream).  The added salt load was 
calculated from the measured EC increment from Doughty Cut times the measured Old River flow at 
Tracy Boulevard.  The 2013 annual average EC at Tracy Boulevard was 870 μS/cm (141 percent of 
the Vernalis EC) and the average EC increment was 253 μS/cm.  The annual average EC at Tracy 
Wildlife was 878 μS/cm (142 percent of the Vernalis EC) and the average EC increment was 261 
μS/cm.  The average EC increment from Doughty Cut to Tracy Boulevard was 141 μS/cm and the 
average EC increment to Tracy Wildlife was 149 μS/cm.  The annual salt load increment calculated 
from the Tracy Boulevard EC was about 9,500 tons and the annual salt load increment calculated 
from the Tracy Wildlife EC was about 11,500 tons.  Although the calculated salt load added to Old 
River at Tracy Boulevard or Tracy Wildlife was less than 2 percent of the Vernalis salt load, the 
lower flow in Old River caused a higher EC increment.  The measured EC at Tracy Boulevard was 
higher than the EC objective in 6 months; Tracy Wildlife EC was also higher than the EC objective in 
6 months in 2012. 

The monthly flow, EC, and salt loads for 2010 are given in rows 25-27 for the CVP pumping, in rows 
28-30 for the SWP pumping, in rows 31-33 for Old River at Bacon Island, and in rows 34-36 for 
Middle River at Bacon Island stations.  The 2013 annual average CVP flow was 2,065 cfs (1,497 TAF) 
and the average EC was 527 μS/cm with a total salt load of 666,000 tons.  The 2013 annual average 
SWP flow was 2,547 cfs (1,847 TAF) and the average EC was 493 μS/cm with a total salt load of 
779,000 tons.  The average CVP EC was about 7 percent higher than the SWP EC because the 
majority of the SJR salt diverted to the head of Old River is pumped at the CVP.  Because about half of 
the DMC water and salt load is applied to the Grasslands and west-side SJR watersheds, a large 
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fraction of the SJR at Vernalis salt load (about 542,000 tons in 2013) may originate from the half of 
the DMC load that is applied within the SJR watershed (330,000 tons in 2013).  These salt load 
measurements at Vernalis and at the CVP exports may indicate that most of the SJR at Vernalis salt 
load was diverted to Old River and pumped into the DMC, and that about half of the DMC salt load 
was applied as irrigation water from the DMC and may eventually recycle back to the SJR at Vernalis.  
The 2013 annual average Old River at Bacon flow was 1,536 cfs (1,113 TAF) and the average EC was 
471 μS/cm with a total salt load of 540,000 tons.  The 2013 annual average Middle River at Bacon 
flow was 2,408 cfs (1,746 TAF) and the average EC was 363 μS/cm with a total salt load of 538,000 
tons.  The Middle River at Bacon EC was considerably lower than the Old River at Bacon, because 
there was less seawater intrusion reaching Middle River than Old River (Jersey Point through False 
River to Franks Tract). 

The overall monthly water budget for the South Delta channels in 2013 is calculated in rows 38-40.  
For 2013, the annual inflows were 3,584 TAF; the annual exports were 3,344 TAF; and the 
calculated net diversions were 240 TAF (7 percent of inflows).  The calculated diversions were 
highest in May to August, but the diversions cannot be separated from the runoff; nevertheless, 
there was a reasonable match between the measured inflows and outflows.  The overall monthly salt 
budget for the South Delta channels is calculated in rows 41-43.  The same inflows and outflows 
were used to compare the salt loads.  The monthly estimated salt sources (or salt load diversions) 
are given in row 43.  The overall salt load source in the south Delta channels for 2013 was calculated 
to be about -57,000 tons (-10 percent of the SJR at Vernalis salt load).  These monthly calculations 
indicate a remarkable salt balance (export salt load was just 4 percent lower than measured salt 
inflow loads) with a seasonal pattern of salt diversions during the irrigation season (May to 
September). 
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Table C-1.  Monthly Water and Salt Budgets for the South Delta in 2009 

Row Station Variable Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Compare 
1 Vernalis Flow (cfs) 1,104 1,428 1,421 1,516 2,128 1,098 606 609 948 1,846 1,394 1,317 1,284 931 TAF 
2 Vernalis EC Objective (μS/cm) 1,000 1,000 1,000 700 700 700 700 700 1,000 1,000 1,000 1,000    
3 Vernalis EC (μS/cm) 961 945 951 552 302 454 532 526 502 415 691 851 639   
4 Vernalis Load (tons) 58,619 66,214 73,037 39,654 34,796 26,967 18,099 17,685 25,224 40,907 49,785 61,084 512,072   
5 Vernalis Unused Load (tons) 2,309 3,853 3,785 11,816 45,906 14,212 5,519 5,753 24,794 58,586 22,582 10,675 209,789 29% SJR Vernalis 
6 SJR Brandt EC (μS/cm) 998 939 936 670 345 531 601 521 529 471 680 838 670 105% SJR Vernalis 
7 SJR Brandt EC Increase (μS/cm) 36 (5) (14) 119 43 78 69 (5) 26 56 (12) (13) 32   
8 Old Head Flow (cfs) 900 1,112 1,208 1,054 1,309 809 712 585 610 727 1,175 1,167 946 74% SJR Vernalis 
9 Old Head EC (μS/cm) 990 948 1,002 634 362 541 615 595 570 464 694 880 690 108% SJR Vernalis 
10 Old Head EC Increase (μS/cm) 29 3 51 83 60 87 83 69 68 49 3 30 51   
11 Old Head Load (tons) 48,164 50,710 64,706 33,127 25,531 22,424 23,705 18,863 18,079 16,891 42,367 55,695 420,260 82% SJR Vernalis 
12 Old Union EC (μS/cm) 1,008 979 1,032 658 367 568 672 597 591 482 722 891 713 112% SJR Vernalis 
13 Old Union EC Increase (μS/cm) 47 34 81 106 65 115 139 71 89 68 30 40 74   
14 Old Doughty EC (μS/cm) 1,012 948 981 693 404 606 700 705 633 510 741 900 735 115% SJR Vernalis 
15 Old Doughty EC Increase (μS/cm) 50 3 30 141 101 152 168 179 131 95 50 50 96   
16 Paradise Cut EC (μS/cm) 1,086 1,036 1,071 773 482 728 870 865 806 719 799 929 846   
17 Sugar Cut EC (μS/cm) 1,338 1,255 1,296 988 759 983 917 908 969 1,060 1,373 1,301 1,094   
18 Old Tracy Est. Flow (cfs) 90 111 121 105 131 81 71 58 61 73 117 117 95 10% HOR 
19 Old Tracy EC (μS/cm) 1,178 1,091 1,123 850 531 819 994 997 936 755 1,119 1,252 970 152% SJR Vernalis 
20 Old Tracy EC Increase (μS/cm) 217 147 172 299 228 365 462 471 433 340 428 402 331   
21 Old Tracy Added Load (tons) 820 782 892 815 880 924 1,111 920 943 878 2,326 2,197 13,490 2.6% SJR Vernalis 
22 Old Wildlife EC (μS/cm) 1,170 1,060 1,104 871 540 748 735 732 717 569 887 1,023 845 132% SJR Vernalis 
23 Old Wildlife EC Increase (μS/cm) 209 115 153 320 237 295 203 207 215 154 195 172 206   
24 Old Wildlife Added Load (tons) 776 604 758 962 960 601 132 82 264 221 888 748 6,998 1.4% SJR Vernalis 
25 CVP Flow (cfs) 2,097 1,935 2,898 1,424 1,052 1,326 3,957 4,163 4,143 3,997 2,868 2,192 2,679 1,943 TAF 
26 CVP EC (μS/cm) 827 835 620 496 410 433 298 449 512 487 527 629 542   
27 CVP Load (tons) 93,554 76,766 96,069 36,277 23,270 29,591 63,852 101,317 111,320 105,533 77,449 74,297 889,294   
28 SWP Flow (cfs) 2,372 1,977 2,814 1,365 1,079 635 6,223 4,110 2,463 2,036 1,512 3,301 2,506 1,817 TAF 
29 SWP EC (μS/cm) 722 732 517 407 382 396 257 461 534 482 466 518 488   
30 SWP Load (tons) 92,844 69,176 78,721 28,586 22,396 12,871 85,384 102,405 68,166 51,911 36,351 94,259 743,071   
31 Old Bacon Flow (cfs) 1,178 700 1,607 602 392 779 4,534 3,698 2,718 2,080 1,145 1,756 1,779 1,290 TAF 
32 Old Bacon EC (μS/cm) 765 651 311 260 249 224 337 652 713 551 438 604 479   
33 Old Bacon Load (tons) 48,956 20,025 26,483 8,198 5,161 9,112 83,749 131,102 102,377 61,101 26,484 57,953 580,701   
34 Middle Bacon Flow (cfs) 2,213 1,823 2,703 1,431 1,177 1,802 5,847 4,914 3,697 2,657 1,469 2,205 2,674 1,939 TAF 
35 Middle Bacon EC (μS/cm) 606 620 394 305 340 275 213 324 382 384 339 391 380   
36 Middle Bacon Load (tons) 72,826 54,563 57,774 22,756 21,718 25,907 67,398 86,241 73,130 54,912 26,179 47,233 610,636   
37 SJR Jersey Point EC (μS/cm) 1,335 730 267 266 215 253 762 1,239 1,465 1,063 944 1,677 854   
                 
   Water Balance            TAF  
38 Measured  Inflows 4,291 3,635 5,518 3,087 2,878 3,390 11,093 9,196 7,025 5,463 3,788 5,128 5,400 3,915  
39 Measured  Exports 4,469 3,913 5,712 2,788 2,132 1,961 10,180 8,273 6,606 6,033 4,379 5,493 5,185 3,759  
40 Estimated  Diversions 

(Runoff) 
(179) (278) (193) 299 746 1,429 913 923 420 (570) (591) (365) 215 156  

                 
   Salt Load Balance              
41 Measured  Inflows 169,945 125,298 148,963 64,081 52,409 57,443 174,852 236,207 193,586 132,904 95,029 160,881 1,611,598   
42 Measured  Exports 186,398 145,942 174,790 64,863 45,666 42,462 149,236 203,722 179,486 157,444 113,800 168,556 1,632,365   
43 Estimated  Source 

(Diversion) 
16,453 20,644 25,826 782 (6,744) (14,981) (25,616) (32,485) (14,100) 24,539 18,771 7,676 20,768 4.1% SJR Vernalis 
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Table 2010.  Monthly Water and Salt Budgets for the South Delta in 2010 

Row Station 
 
 
 
 

Variable Units Jan Feb Mar Apr 
 
 

May Jun Jul Aug Sep Oct Nov Dec Annual Compare 
1 Vernalis Flow (cfs) 1,954 2,426 2,934 4,280 5,063 3,999 1,928 1,289 1,842 2,392 1,900 6,943 3,085 2,237 TAF 
2 Vernalis EC Objective (μS/cm) 1,000 1,000 1,000 700 700 700 700 700 1,000 1,000 1,000 1,000    
3 Vernalis EC (μS/cm) 814 760 745 408 234 261 425 568 448 434 671 262 501   
4 Vernalis Load (tons) 77,959 91,139 120,758 86,562 67,590 55,870 42,852 42,157 45,277 56,947 69,222 90,054 846,388   
5 Vernalis Unused Load (tons) 19,767 28,469 40,541 65,637 127,987 92,106 28,793 9,238 53,364 73,438 32,804 278,070 850,216 50% Vernalis 
6 SJR Brandt EC (μS/cm) 851 789 798 446 254 298 483 589 519 484 666 303 539 108% Vernalis 
7 SJR Brandt EC Increase (μS/cm) 37 29 53 38 20 36 58 22 71 50 (5) 42 38   
8 Old Head Flow (cfs) 1,511 1,795 2,028 2,345 2,750 2,596 1,513 1,137 1,167 1,421 1,746 3,888 1,993 65% Vernalis 
9 Old Head EC (μS/cm) 855 796 807 438 258 304 487 644 511 477 697 296 546 109% Vernalis 
10 Old Head EC Increase (μS/cm) 42 35 62 30 24 43 62 76 63 43 26 34 45   
11 Old Head Load (tons) 64,950 69,029 86,153 50,324 38,135 39,888 37,105 39,692 30,478 34,153 62,729 55,010 607,646 72% Vernalis 
12 Old Union EC (μS/cm) 867 812 827 452 260 304 490 665 524 489 691 299 555 111% Vernalis 
13 Old Union EC Increase (μS/cm) 54 51 82 44 26 43 66 97 76 55 20 37 54   
14 Old Doughty EC (μS/cm) 858 799 811 473 286 338 501 654 525 503 693 305 561 112% Vernalis 
15 Old Doughty EC Increase (μS/cm) 44 39 66 65 52 76 76 86 76 69 21 43 60   
16 Paradise Cut EC (μS/cm) 920 881 972 553 390 489 695 845 717 711 830 400 699   
17 Sugar Cut EC (μS/cm) 1,156 1,333 1,472 780 595 698 741 940 895 1,218 1,335 1,064 1,017   
18 Old Tracy Est. Flow (cfs) 151 180 203 234 275 260 151 114 117 142 175 389 199 10% HOR 
19 Old Tracy EC (μS/cm) 1,142 976 1,043 559 341 430 558 723 598 588 821 423 682 136% Vernalis 
20 Old Tracy EC Increase (μS/cm) 328 215 298 152 107 169 134 155 150 154 150 161 181   
21 Old Tracy Added Load (tons) 1,998 1,557 2,535 988 834 1,304 512 422 455 765 1,218 1,981 14,569 1.7% Vernalis 
22 Old Wildlife EC (μS/cm) 967 939 974 564 343 448 560 722 608 623 812 427 664 133% Vernalis 
23 Old Wildlife EC Increase (μS/cm) 153 179 229 156 109 186 135 154 160 189 141 165 163   
24 Old Wildlife Added Load (tons) 896 1,248 1,730 1,046 874 1,547 553 417 519 1,011 1,152 2,073 13,065 1.5% Vernalis 
25 CVP Flow (cfs) 1,623 3,794 3,364 822 1,254 3,138 4,176 4,187 4,125 4,167 4,156 4,099 3,239 2,349 TAF 
26 CVP EC (μS/cm) 776 602 616 543 319 295 239 360 406 414 386 353 442   
27 CVP Load (tons) 64,368 111,813 110,602 23,352 22,227 48,752 54,110 81,796 87,938 93,571 84,170 78,864 861,561   
28 SWP Flow (cfs) 4,039 3,028 3,653 712 1,025 3,443 5,439 6,679 6,403 5,112 4,947 6,893 4,296 3,115 TAF 
29 SWP EC (μS/cm) 640 463 502 478 288 279 216 285 507 468 456 368 412   
30 SWP Load (tons) 140,050 69,575 98,535 17,855 17,270 50,568 63,884 102,498 168,887 129,460 118,976 134,073 1,111,631   
31 Old Bacon Flow (cfs) 1,529 1,731 1,775 (684) (335) 2,440 4,173 4,882 4,409 3,477 2,796 2,810 2,424 1,758 TAF 
32 Old Bacon EC (μS/cm) 747 351 307 413 415 209 200 370 713 616 587 448 448   
33 Old Bacon Load (tons) 61,314 29,921 29,503 (15,591) (8,742) 28,009 45,327 97,633 163,877 116,737 86,633 70,927 705,548   
34 Middle Bacon Flow (cfs) 2,074 2,542 2,517 (702) (173) 2,661 5,042 5,801 5,294 4,007 3,749 3,968 3,073 2,228 TAF 
35 Middle Bacon EC (μS/cm) 538 381 384 448 423 244 182 215 347 339 319 321 345   
36 Middle Bacon Load (tons) 60,992 47,895 52,474 (17,063) (5,449) 33,983 49,740 67,422 96,052 73,796 62,844 69,482 592,168   
37 SJR Jersey 

 
EC (μS/cm) 1,213 280 273 273 247 171 347 703 1,428 1,247 1,484 613 690   

                  
  Water Balance              TAF  
38 Measured Inflows  5,114 6,068 6,320 959 2,242 7,697 10,727 11,821 10,870 8,905 8,291 10,666 7,491 5,431  
39 Measured Exports  5,662 6,822 7,017 1,534 2,279 6,582 9,614 10,866 10,527 9,279 9,103 10,993 7,535 5,463  
40 Estimated Diversions (Runoff) (548) (753) (696) (575) (37) 1,115 1,113 954 343 (374) (812) (327) (45) (32)  
                  
  Salt Load Balance                
41 Measured Inflows  187,256 146,845 168,130 17,670 23,944 101,880 132,173 204,746 290,407 224,686 212,206 195,419 1,905,362   
42 Measured Exports  204,418 181,388 209,137 41,206 39,497 99,320 117,994 184,293 256,824 223,031 203,146 212,937 1,973,192   
43 Estimated Source (Diversion) 17,162 34,543 41,007 23,536 15,552 (2,560) (14,178) (20,453) (33,583) (1,655) (9,060) 17,517 67,830 8.0% Vernalis 
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Table 2011.  Monthly Water and Salt Budgets for the South Delta in 2011 

Row Station Variable Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Compare 
1 Vernalis Flow (cfs) 11,797 8,699 13,668 26,360 12,642 10,655 8,572 5,393 4,270 5,026 2,754 1,817 9,291 6,736 TAF 
2 Vernalis EC Objective (μS/cm) 1,000 1,000 1,000 700 700 700 700 700 1,000 1,000 1,000 1,000    
3 Vernalis EC (μS/cm) 205 256 245 139 166 161 194 214 270 235 532 738 280   
4 Vernalis Load (tons) 140,018 115,548 181,523 216,444 110,109 86,071 81,926 65,430 63,274 66,145 75,610 76,444 1,278,542   
5 Vernalis Unused Load (tons) 508,555 316,954 560,038 775,923 366,311 301,689 235,526 142,114 163,654 208,577 67,727 25,845 3,672,914 74% Vernalis 
6 SJR Brandt EC (μS/cm) 221 273 263 161 186 164 215 251 309 258 552 794 304 109% Vernalis 
7 SJR Brandt EC Increase (μS/cm) 16 17 18 21 20 3 22 37 39 23 21 56 25   
8 Old Head Flow (cfs) 5,524 3,884 5,535 11,512 6,383 5,895 4,720 2,649 2,136 2,771 1,944 1,623 4,545 49% Vernalis 
9 Old Head EC (μS/cm) 230 273 265 158 167 160 216 246 304 254 556 787 302 108% Vernalis 
10 Old Head EC Increase (μS/cm) 24 17 20 19 1 (1) 22 32 34 19 24 49 22   
11 Old Head Load (tons) 66,780 51,353 74,648 96,124 57,078 49,534 45,533 34,411 33,072 38,182 54,587 69,258 670,562 52% Vernalis 
12 Old Union EC (μS/cm) 222 275 265 160 170 164 216 264 327 290 502 718 298 106% Vernalis 
13 Old Union EC Increase (μS/cm) 17 18 21 20 4 3 23 49 57 55 (30) (20) 18   
14 Old Doughty EC (μS/cm) 224 279 262 152 170 172 218 259 320 266 558 790 306 109% Vernalis 
15 Old Doughty EC Increase (μS/cm) 19 22 17 13 4 11 24 45 50 31 26 52 26   
16 Paradise Cut EC (μS/cm) 412 370 395 182 293 394 526 735 747 630 727 976 516   
17 Sugar Cut EC (μS/cm) 760 962 1,121 716 709 716 661 754 883 1,271 1,439 1,292 940   
18 Old Tracy Flow (cfs) 610 513 871 2,188 825 594 875 764 388 581 171 121 709 16% HOR 
19 Old Tracy EC (μS/cm) 292 353 352 175 229 234 265 307 386 386 696 901 382 136% Vernalis 
20 Old Tracy EC Increase (μS/cm) 86 96 107 36 63 74 71 93 116 151 164 163 102   
21 Old Tracy Added Load (tons) 2,163 1,248 2,728 1,346 2,015 1,930 1,145 682 730 1,867 1,485 1,006 18,342 1.4% Vernalis 
22 Old Wildlife EC (μS/cm) 182 347 345 178 227 240 265 309 390 377 687 914 372 133% Vernalis 
23 Old Wildlife EC Increase (μS/cm) (24) 90 101 39 61 79 71 94 120 142 155 176 92   
24 Old Wildlife Added Load (tons) (1,959) 1,147 2,598 1,528 1,977 2,111 1,142 699 784 1,737 1,339 1,115 14,217 1.1% Vernalis 
25 CVP Flow (cfs) 4,002 3,065 3,016 2,237 1,680 3,504 4,227 4,206 4,183 4,038 3,367 3,941 3,460 2,509 TAF 
26 CVP EC (μS/cm) 258 317 312 188 212 191 206 230 263 266 375 441 271   
27 CVP Load (tons) 55,745 47,508 53,750 22,270 18,456 34,817 47,153 52,559 57,868 58,304 60,524 93,035 601,990   
28 SWP Flow (cfs) 6,748 5,915 3,409 3,906 1,699 6,269 7,162 7,172 7,159 6,562 3,477 5,198 5,387 3,906 TAF 
29 SWP EC (μS/cm) 246 288 291 176 189 215 179 206 220 211 280 374 239   
30 SWP Load (tons) 88,453 83,405 55,668 35,906 17,280 70,573 69,682 80,209 82,692 75,281 47,037 99,419 805,605   
31 Old Bacon Flow (cfs) 1,639 1,605 (461) (3,417) (1,220) 1,935 3,395 4,187 4,201 3,502 2,184 3,346 1,748 1,267 TAF 
32 Old Bacon EC (μS/cm) 230 257 291 195 214 186 135 166 183 164 174 409 217   
33 Old Bacon Load (tons) 20,387 19,490 (6,576) (35,433) (14,223) 18,488 24,678 37,562 40,388 31,150 19,155 69,407 224,472   
34 Middle Bacon Flow (cfs) 2,855 2,459 258 (4,255) (1,372) 2,759 4,270 5,280 5,180 4,348 2,887 4,315 2,424 1,757 TAF 
35 Middle Bacon EC (μS/cm) 242 292 295 183 211 208 160 204 208 202 190 290 224   
36 Middle Bacon Load (tons) 37,452 34,971 6,480 (41,587) (15,717) 29,898 37,037 58,231 56,560 47,837 28,249 65,815 345,224   
37 SJR Jersey Point EC (μS/cm) 189 227 207 179 147 143 129 235 216 179 329 931 260   
                  
  Water Balance              TAF  
38 Measured Inflows  10,019 7,948 5,332 3,840 3,792 10,589 12,385 12,116 11,517 10,621 7,015 9,285 8,716 6,319  
39 Measured Exports  10,751 8,980 6,425 6,143 3,379 9,773 11,389 11,378 11,341 10,600 6,844 9,139 8,847 6,414  
40 Estimated Diversions (Runoff) (732) (1,032) (1,093) (2,303) 413 817 996 738 175 21 171 146 (131) (95)  
                  
  Salt Load Balance                
41 Measured Inflows  124,620 105,814 74,552 19,104 27,138 97,920 107,248 130,204 130,021 117,169 101,990 204,479 1,240,258   
42 Measured Exports  144,199 130,913 109,418 58,176 35,736 105,391 116,835 132,767 140,560 133,585 107,561 192,454 1,407,594   
43 Estimated Source (Diversion) 19,579 25,099 34,866 39,072 8,598 7,471 9,587 2,563 10,539 16,415 5,571 (12,025) 167,336 13.1% Vernalis 
 
. 
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Table 2012.  Monthly Water and Salt Budgets for the South Delta in 2012 

Row Station Variable Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Compare 
1 Vernalis Flow (cfs) 1,821 1,585 1,615 2,500 2,991 1,592 951 778 956 1,790 1,294 1,934 1,651 1,197 TAF 
2 Vernalis EC Objective (μS/cm) 1,000 1,000 1,000 700 700 700 700 700 1,000 1,000 1,000 1,000    
3 Vernalis EC (μS/cm) 702 803 873 463 280 395 524 537 606 470 685 675 584   
4 Vernalis Load (tons) 71,884 64,114 79,976 62,426 46,797 36,108 28,593 25,336 33,789 44,756 48,905 70,556 613,250   
5 Vernalis Unused Load (tons) 29,458 15,323 11,090 31,070 68,217 25,463 9,069 6,885 19,780 51,434 21,383 34,145 323,315 35% Vernalis 
6 SJR Brandt EC (μS/cm) 770 842 964 567 339 509 561 670 698 519 707 672 651 112% Vernalis 
7 SJR Brandt EC Increase (μS/cm) 68 39 90 103 60 113 37 134 92 48 22 (3) 67   
8 Old Head Flow (cfs) 1,496 1,285 1,169 651 594 833 820 668 698 1,157 1,241 1,676 1,023 62% Vernalis 
9 Old Head EC (μS/cm) 753 844 939 549 330 493 615 665 699 525 751 733 657 113% Vernalis 
10 Old Head EC Increase (μS/cm) 51 42 65 86 51 97 91 128 93 55 66 59 74   
11 Old Head Load (tons) 60,753 52,443 59,172 18,923 10,225 21,174 26,897 24,064 25,581 29,552 48,873 64,057 441,521 72% Vernalis 
12 Old Union EC (μS/cm) 738 804 926 554 327 438 611 607 642 516 731 723 634 109% Vernalis 
13 Old Union EC Increase (μS/cm) 36 2 53 91 47 42 87 71 36 46 46 48 51   
14 Old Doughty EC (μS/cm) 750 722 892 680 405 533 640 700 728 566 753 760 677 116% Vernalis 
15 Old Doughty EC Increase (μS/cm) 48 (80) 18 217 125 138 115 163 122 96 68 85 93   
16 Paradise Cut EC (μS/cm) 933 971 1,053 849 590 727 845 934 899 701 855 868 852   
17 Sugar Cut EC (μS/cm) 997 1,089 1,122 1,145 1,003 895 870 931 1,057 1,183 1,134 1,121 1,057   
18 Old Tracy Flow (cfs) 120 116 130 2 93 176 286 259 193 147 97 120 145 14% HOR 
19 Old Tracy EC (μS/cm) 882 962 1,085 1,242 624 667 713 764 808 687 851 896 847 145% Vernalis 
20 Old Tracy EC Increase (μS/cm) 180 159 211 779 345 271 189 227 202 217 166 221 264   
21 Old Tracy Added Load (tons) 892 1,312 1,265 (170) 742 1,000 1,103 902 564 934 486 904 9,951 1.6% Vernalis 
22 Old Wildlife EC (μS/cm) 902 993 1,129 1,302 639 676 715 774 813 674 850 910 863 148% Vernalis 
23 Old Wildlife EC Increase (μS/cm) 201 190 256 839 359 281 191 237 207 204 165 235 280   
24 Old Wildlife Added Load (tons) 1,029 1,483 1,412 (133) 835 1,152 1,122 1,051 607 820 480 1,010 10,889 1.8% Vernalis 
25 CVP Flow (cfs) 2,308 1,921 1,901 933 1,470 2,076 4,132 4,404 4,157 3,929 3,937 2,977 2,851 2,067 TAF 
26 CVP EC (μS/cm) 663 680 700 564 416 356 295 338 511 480 494 575 505   
27 CVP Load (tons) 82,786 62,973 70,449 27,343 32,068 38,773 65,880 80,769 110,403 102,978 101,472 87,128 862,461   
28 SWP Flow (cfs) 3,668 1,804 1,459 1,359 1,698 1,590 5,719 6,221 4,904 3,725 3,026 4,295 3,301 2,393 TAF 
29 SWP EC (μS/cm) 637 634 588 506 397 318 272 336 557 498 457 509 475   
30 SWP Load (tons) 126,497 55,742 46,164 35,551 35,470 26,222 84,617 112,117 138,847 100,339 71,188 113,348 944,435   
31 Old Bacon Flow (cfs) 1,964 1,141 1,014 700 1,501 1,741 4,285 4,546 3,501 2,573 2,179 1,864 2,260 1,639 TAF 
32 Old Bacon EC (μS/cm) 701 495 369 336 296 252 336 454 811 635 537 477 475   
33 Old Bacon Load (tons) 74,633 28,398 20,012 12,237 23,558 23,239 77,765 110,386 146,457 89,928 62,354 56,650 724,804   
34 Middle Bacon Flow (cfs) 2,796 1,668 1,451 1,183 2,034 2,260 5,678 6,127 4,971 3,870 3,396 3,354 3,244 2,352 TAF 
35 Middle Bacon EC (μS/cm) 507 471 429 465 362 275 217 240 367 353 322 312 360   
36 Middle Bacon Load (tons) 77,055 38,880 33,655 29,289 39,297 32,816 66,448 79,099 93,553 74,260 57,382 59,525 680,728   
37 SJR Jersey Point EC (μS/cm) 1,184 467 316 239 225 400 631 829 1,421 1,164 1,533 620 753   
                  
  Water Balance              TAF  
38 Measured Inflows  6,256 4,094 3,635 2,535 4,129 4,834 10,784 11,341 9,169 7,600 6,816 6,894 6,527 4,732  
39 Measured Exports  5,976 3,725 3,360 2,293 3,168 3,666 9,851 10,625 9,061 7,654 6,963 7,271 6,152 4,460  
40 Estimated Diversions (Runoff) 280 369 274 242 961 1,168 933 716 108 (54) (147) (378) 375 272  
                  
  Salt Load Balance                
41 Measured Inflows  212,441 119,721 112,839 60,448 73,081 77,230 171,111 213,549 265,591 193,740 168,609 180,232 1,847,053   
42 Measured Exports  209,283 118,715 116,613 62,894 67,538 64,995 150,498 192,885 249,251 203,317 172,660 200,476 1,806,896   
43 Estimated Source (Diversion) (3,158) (1,005) 3,773 2,445 (5,543) (12,235) (20,613) (20,664) (16,340) 9,578 4,050 20,244 (40,157) -6.5% Vernalis 
 
 



California Department of Water Resources  
Attachment C 

Monthly Water and Salt Budgets for the South Delta 
 

 
Evaluation of Salinity Patterns and Effects of Tidal Flows and Temporary Barriers in South Delta Channels C-17 September 2016 

ICF 00568.13 
 
 

Table 2013.  Monthly Water and Salt Budgets for the South Delta in 2013 

Row Station Variable Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Compare 
1 Vernalis Flow (cfs) 1,840 2,229 1,510 2,165 2,316 737 576 525 850 1,459 1,086 935 1,347 976 TAF 
2 Vernalis EC Objective (μS/cm) 1,000 1,000 1,000 700 700 700 700 700 1,000 1,000 1,000 1,000    
3 Vernalis EC (μS/cm) 848 677 835 555 364 560 505 491 506 514 683 865 617   
4 Vernalis Load (tons) 87,396 77,344 71,649 58,492 37,476 23,054 17,146 15,224 22,833 41,327 42,359 47,447 541,747   
5 Vernalis Unused Load (tons) 15,125 35,290 13,509 16,493 42,174 5,410 6,103 5,964 22,055 38,492 18,065 6,830 225,511 29% Vernalis 
6 SJR Brandt EC (μS/cm) 860 691 811 661 374 640 702 713 617 577 677 906 686 111% Vernalis 
7 SJR Brandt EC Increase (μS/cm) 12 14 (24) 106 9 80 197 222 112 64 (6) 41 69   
8 Old Head Flow (cfs) 1,528 1,787 1,351 1,475 1,563 500 548 556 542 599 880 719 999 74% Vernalis 
9 Old Head EC (μS/cm) 886 677 869 638 404 678 696 685 595 587 741 926 699 113% Vernalis 
10 Old Head EC Increase (μS/cm) 38 0 34 84 40 118 191 194 89 74 58 61 82   
11 Old Head Load (tons) 72,094 58,540 62,599 41,760 27,153 17,676 20,592 20,724 16,551 17,283 33,519 36,083 424,573 78% Vernalis 
12 Old Union EC (μS/cm) 868 673 782 638 384 632 672 659 585 574 715 902 674 109% Vernalis 
13 Old Union EC Increase (μS/cm) 19 (4) (53) 84 20 72 167 168 80 61 32 36 57   
14 Old Doughty EC (μS/cm) 887 688 849 685 427 778 738 722 660 620 736 953 729 118% Vernalis 
15 Old Doughty EC Increase (μS/cm) 38 11 13 130 63 218 234 231 154 106 53 88 112   
16 Paradise Cut EC (μS/cm) 1,067 910 1,029 856 526 928 853 884 813 779 842 1,070 880   
17 Sugar Cut EC (μS/cm) 1,559 1,292 1,031 1,073 695 1,006 931 972 1,092 1,381 1,085 1,230 1,111   
18 Old Tracy Flow (cfs) 102 133 122 151 165 20 116 132 97 97 90 71 108 11% HOR 
19 Old Tracy EC (μS/cm) 1,088 902 961 881 490 962 851 841 822 764 828 1,051 870 141% Vernalis 
20 Old Tracy EC Increase (μS/cm) 239 225 126 326 126 401 346 350 316 250 145 186 253   
21 Old Tracy Added Load (tons) 1,095 1,358 731 1,442 533 365 705 828 797 864 431 366 9,515 1.8% Vernalis 
22 Old Wildlife EC (μS/cm) 1,105 927 1,004 884 507 877 877 847 830 782 839 1,059 878 142% Vernalis 
23 Old Wildlife EC Increase (μS/cm) 256 250 169 330 142 317 373 356 324 268 156 194 261   
24 Old Wildlife Added Load (tons) 1,188 1,527 1,007 1,444 648 274 868 870 848 957 477 400 11,372 2.1% Vernalis 
25 CVP Flow (cfs) 1,649 2,605 2,463 455 1,039 783 3,664 3,811 3,297 2,273 1,740 983 2,065 1,497 TAF 
26 CVP EC (μS/cm) 643 540 512 537 366 443 336 472 582 522 607 767 527   
27 CVP Load (tons) 54,718 68,241 68,225 13,818 19,833 18,315 66,783 97,708 100,277 63,701 53,842 40,879 666,340   
28 SWP Flow (cfs) 2,655 1,743 2,591 1,374 900 2,048 5,173 5,821 3,378 1,171 1,931 1,659 2,547 1,847 TAF 
29 SWP EC (μS/cm) 532 490 440 580 357 392 340 499 597 490 550 653 493   
30 SWP Load (tons) 75,809 41,259 61,905 41,219 16,860 40,045 94,333 157,887 105,679 31,090 54,493 58,917 779,495   
31 Old Bacon Flow (cfs) 795 820 1,470 84 338 1,193 3,815 4,249 2,676 1,151 1,061 671 1,536 1,113 TAF 
32 Old Bacon EC (μS/cm) 301 309 292 288 323 297 465 719 795 512 625 714 471   
33 Old Bacon Load (tons) 12,864 12,371 23,258 1,243 5,994 18,367 96,063 166,341 112,506 32,340 33,465 25,889 540,700   
34 Middle Bacon Flow (cfs) 1,780 1,716 2,573 472 754 1,984 5,361 5,666 3,813 1,686 1,680 1,294 2,408 1,746 TAF 
35 Middle Bacon EC (μS/cm) 341 376 341 309 350 287 249 328 394 397 457 523 363   
36 Middle Bacon Load (tons) 33,535 32,565 48,073 7,865 14,656 30,274 73,958 102,611 79,533 36,459 40,820 37,289 537,638   
37 SJR Jersey Point EC (μS/cm) 230 254 308 288 336 382 932 1,261 1,189 1,170 1,598 1,743 811   
                  
  Water Balance              TAF  
38 Measured Inflows  4,103 4,324 5,394 2,031 2,655 3,677 9,724 10,471 7,030 3,437 3,622 2,684 4,943 3,584  
39 Measured Exports  4,304 4,348 5,054 1,829 1,939 2,831 8,837 9,632 6,675 3,444 3,671 2,642 4,612 3,344  
40 Estimated Diversions (Runoff) (201) (25) 340 202 716 846 886 839 355 (7) (49) 42 332 240  
                  
  Salt Load Balance                
41 Measured Inflows  118,492 103,475 133,930 50,868 47,803 66,317 190,613 289,675 208,590 86,082 107,803 99,261 1,502,910   
42 Measured Exports  130,527 109,500 130,130 55,037 36,693 58,359 161,116 255,594 205,956 94,791 108,335 99,796 1,445,835   
43 Estimated Source (Diversion) 12,035 6,025 (3,800) 4,169 (11,110) (7,958) (29,497) (34,081) (2,634) 8,709 532 535 (57,075) -10.5% Vernalis 
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	A longstanding criticism of the WQCP as it relates to the south Delta salinity requirements is the failure to account for degradation between the Vernalis and interior south Delta compliance locations.  It is indisputable that local sources of degrada...
	Water Levels
	DWR does not agree that water levels should be an objective of the WQCP, either as a numeric or narrative objective, or as part of a Program of Implementation.  The SED Program of Implementation prescribes objectives for water levels in the south Delt...
	DWR installs the temporary barriers to increase water levels on the lower tides to mitigate for SWP and CVP export operations impacts to those south Delta water levels.  Monitoring of water levels by DWR is for the purpose of maintaining a target wate...
	Furthermore, imposing water level performance goals for the purposes of addressing water quality would be unreasonable because the barriers are not designed to be operable in real-time.  The barriers can generally maintain at least 0.0 feet MSL water ...
	South Delta Flow
	As previously mentioned, flow is associated with assimilative capacity.  However, DWR does not impair net flows in the south Delta.  DWR is concerned that the SWRCB staff has erroneously extracted data from the South Delta Improvements Program EIR/EIS...
	In addition, the SED indicates that the impact of the temporary barriers on tidal flux is greater than what actually occurs by stating that the barriers block the flood tide completely until the water level reaches the height of the barrier weir at wh...
	Circulation
	DWR believes that flow direction and magnitude, i.e., “circulation” should not be an objective of the WQCP, either as a numeric or a narrative objective, or as part of the Program of Implementation.  Circulation in the south Delta is a complex and eve...
	Over 20 years of monitoring the operations of the temporary barriers has shown that, while not their primary function, the barriers generally improve circulation upstream of the barriers when fully operating during the summer months to benefit local a...
	In addition, recent modeling performed by DWR and provided to the SWRCB shows that in a 21-year period, stagnant or “null zones” (zero net daily flows) are rare and infrequently occur in the south Delta at about the same rate under “no export/no barri...
	Given that the data clearly demonstrates circulation in the south Delta is not made worse by SWP export operations and the temporary barriers operation can improve circulation, the SWRCB cannot legitimately require DWR to meet circulation objectives a...
	Salt and Contributions to Water Quality Degradation
	As indicated above, DWR does not cause degradation of water quality in the south Delta through manipulation of water levels and flows.  Furthermore, DWR is not a source of saline discharges to the south Delta.  In fact, Water Rights Decision 1641 reco...
	A prime example of this principle is the 2011 Paradise Cut study presented to the SWRCB on March 21, 2013.  This study provides the SWRCB fairly conclusive information that local sources of salinity are triggering violations of the south Delta salinit...
	It is not clear to DWR why the SWRCB is proposing to make DWR responsible for assimilative capacity for local sources and evapo-concentration of salinity in the south Delta.  It seems that the Board is suggesting that DWR is responsible for diluting l...
	The SWRCB has some options for resolving south Delta salinity issues.  For instance DWR recommends the Central Valley Regional Water Quality Control Board utilize the NPDES and Irrigation Lands Regulatory programs to aggressively address the problem w...
	Increased Responsibility for DWR in Proposed Water Quality Alternatives
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	Monitoring
	DWR emphasizes to the SWRCB that data on south Delta diversions and discharges are not available.  DWR does not have the authority to compel production of this information.  Without knowing the quantity and quality of water use in the region, monitori...
	If the SWRCB does not change the SED monitoring requirements, monitoring will remain incomplete.  Purposefully incomplete information should not be used to make regulatory decisions, and no legitimate action could be taken based upon such unbalanced m...
	Once again, DWR appreciates the opportunity to comment on the draft SED and looks forward to working further with the SWRCB in this process.  If there are any questions on these comments or you would like additional information, please contact me at
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