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1 Introduction 
The State Water Resources Control Board (State Water Board) is in the process of reviewing 
the San Joaquin River (SJR) flow objectives for the protection of fish and wildlife beneficial 
uses, water quality objectives for the protection of southern delta agricultural beneficial uses, 
and the program of implementation for those objectives contained in the 2006 Water Quality 
Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (2006 Bay-
Delta Plan). Figure 1.1 displays the project area corresponding to SJR flow objectives and 
program of implementation and Figure 1.2 displays the project area for the southern Delta water 
quality objectives and program of implementation.  

The information and analytical tools described in this report (referred to hereafter as Draft 
Technical Report or Technical Report) are intended to provide the State Water Board with the 
scientific information and tools needed to consider potential changes to these objectives and 
their associated program of implementation. In this quasi-legislative process, State Water Board 
staff will propose amendments to the SJR flow objectives for the protection of fish and wildlife 
beneficial uses, southern Delta water quality objectives for the protection of agricultural 
beneficial uses, and the program of implementation contained in the 2006 Bay-Delta Plan. Also, 
the environmental impacts of these amendments will be evaluated in a Substitute Environmental 
Document (SED) in compliance with the California Environmental Quality Act. Any changes to 
water rights consistent with the revised program of implementation will be considered in a 
subsequent adjudicative proceeding. 

The State Water Board released the first draft of the Technical Report on October 29, 2010. In 
order to receive comments and other technical information related to that draft, the State Water 
Board solicited public comments and held a public workshop on January 6 and 7, 2011. The 
purpose of the public workshop was to determine whether: 1) the information and analytical 
tools described in the Draft Technical Report are sufficient to inform the State Water Board’s 
decision-making to establish SJR flow and southern Delta salinity objectives and a program of 
implementation to achieve these objectives; and 2) the State Water Board should consider 
additional information or tools to evaluate and establish SJR flow and southern Delta salinity 
objectives, and a program of implementation to achieve these objectives. The State Water 
Board received 21 comment letters on the Draft Technical Report which are available at: 
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/bay_delta_plan/w
ater_quality_control_planning/comments120610.shtml.  

The public workshop was organized into a series of panel discussions by technical experts 
concerning the following topics: 1) hydrologic analysis of the SJR basin; 2) scientific basis for 
developing alternative SJR flow objectives and a program of implementation; 3) scientific basis 
for developing alternative southern Delta water quality objectives and a program of 
implementation; and 4) water supply impacts of potential alternative SJR flow and southern 
Delta water quality objectives. The written comments and verbal comments made at the 
workshop raised a number of issues concerning the Draft Technical Report.  

As a result of those comments, several edits were made and a revised draft was issued in 
October, 2011, which also included draft basin plan amendment language as Appendix A. That 
version of the Technical Report was submitted for independent scientific peer review in October 
of 2011. The peer review comments, in addition to other information concerning the peer review 
process, are available on the State Water Board’s website at: 
http://www.waterboards.ca.gov/water_issues/programs/peer_review/sanjoaquin_river_flow.shtl  
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Figure 1.1. Project Area: SJR Flow Objectives 
 

 

Figure 1.2. Project Area: Southern Delta Salinity Objectives, Showing Agricultural 
Barriers, Water Quality Compliance Stations, and Major Flow Gages 
 
This February 2012 version of the Technical Report has been revised to addresses peer review 
comments. Not all of peer-review comments required a change in the Technical Report, but all 
will be addressed in a separate response to comments document. The Final Technical Report, 
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response to comments document, and peer review findings will be included in the SED as an 
Appendix. Any impacts associated with the flow alternatives that are described in the Final 
Technical Report will be discussed in more detail in the impacts section of the appropriate 
resource chapter of the SED. 

The following is a brief summary of the information presented in the subsequent sections of this 
report.  

Section two provides an analysis of the flow regime within the SJR basin. The purpose of this 
hydrologic analysis is to describe how the magnitude, frequency, duration, timing, and rate of 
change of flows in the SJR and its major tributaries have been altered within the project area. 
This analysis is accomplished through a comparison of observed flows against unimpaired1 
flows for each of the major tributaries in the project area (i.e., Stanislaus, Tuolumne, and 
Merced Rivers).  

Section three provides the scientific basis for developing SJR flow objectives for the protection 
of fish and wildlife beneficial uses and a program of implementation to achieve those objectives. 
This section includes life history information and population variations for SJR fall-run Chinook 
salmon and Central Valley Steelhead, and flow needs for the reasonable protection of fish and 
wildlife beneficial uses in each of the major tributaries. Specific support for developing 
alternative SJR flow objectives focuses on the importance of the flow regime to aquatic 
ecosystem processes and species. Specifically, the Technical Report focuses on the flows 
needed to support and maintain the natural production of SJR fall-run Chinook salmon, 
identifying juvenile rearing in the tributary streams and migration through the Delta as the most 
critical life history stages. Flow alternatives, expressed as percentages of unimpaired flow in the 
juvenile rearing and migration months of February to June, represent the range of alternatives 
that will be further developed in the SED.  

Section four provides the scientific basis for developing water quality objectives and a program 
of implementation to protect agricultural beneficial uses in the southern Delta, including the 
factors and sources that affect salinity concentrations and salt loads (mass of salt in the river), 
and the effects of salinity on crops. Information is provided on tools that can be used to: 
estimate salinity in the SJR at Vernalis and in the southern Delta; quantify the contribution of 
salinity from National Pollutant Discharge Elimination System (NPDES) discharges; model 
salinity effects on crop salt tolerance; and evaluate threshold levels for salinity impacts on the 
Municipal and Domestic Supply (MUN) beneficial uses. 

Section five describes the tools and methods that will be used in the SED to analyze the effect 
of flow and southern Delta water quality alternatives on water supplies in the SJR watershed. A 
range of SJR and tributary flow requirement alternatives was selected to demonstrate 
applicability of the data, methods, and tools for analyzing the associated effects. The range of 
alternatives presented in this section is based on minimum flow requirements of 20%, 40%, and 
60% of unimpaired flow from the SJR tributaries during the months of February through June. 
The range of SJR flow and southern Delta water quality alternatives will be further refined in the 
SED. The potential environmental, economic, water supply, and related impacts of the various 
alternatives will then be analyzed and disclosed prior to any determination concerning changes 
to the existing SJR flow and southern Delta water quality objectives and associated programs of 
implementation.  

                                                 
1 Unimpaired flow is a modeled flow generally based on historical gage data with factors applied to primarily remove 
the effects of dams and diversions within the watersheds. It differs from full natural flow in that the modeled 
unimpaired flow does not remove changes that have occurred such as channelization and levees, loss of floodplains 
and wetlands, deforestation, and urbanization. 
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(Munn and Brusven 1991). Carlisle et al. (2011) found that impaired macroinvertebrate 
communities were associated with diminished maximum flows characteristic of streams that 
have undergone human alteration. Additionally, loss of variability in flows, and increasingly 
stable regulated flows can lead to proliferation of certain nuisance insects such as larval 
blackflies (De Moor 1986). In regulated rivers of northern California, Wootton et al. (1996) found 
that seasonal shifting of scouring flows from winter to summer increased the relative abundance 
of predator-resistant invertebrates that diverted energy away from the natural food web and 
caused a shift toward predatory fish. In unregulated rivers, high winter flows reduce these 
predator-resistant insects and favor species that are more palatable to fish (Wooton et al. 1996, 
Poff et al. 1997). Additionally, reduced flows in the spring, indicative of the altered SJR system, 
likely negatively impact the food resources that juvenile salmon depend on. The survival of 
juvenile Chinook salmon to the adult stage partially depends on the ability to grow rapidly and 
smolt in early spring, when chances for survival and migration though the Bay-Delta and into the 
ocean are highest. Larger, healthier smolts are more likely to survive outmigration than smaller, 
poorly fed smolts (SJRRP 2008). 

Reduced riparian and floodplain activation that often results from altered flows generally 
decreases the primary source of nutrients to river systems which support the food web (McBain 
and Trush 2002, SJRRP 2008). Floodplain inundation, particularly when associated with the 
ascending and descending limbs of the hydrograph, often provides most of the organic matter 
that drives aquatic food webs in rivers (Mesick 2009);, Sommer et al. (2001); Opperman (2006) 
found floodplain habitat promotes rapid growth of juvenile salmon. Properly managed 
floodplains can have widespread benefits at multiple levels ranging from individual organisms to 
ecosystems (Junk et al. 1989; Moyle et al. 2007).  

Altered flow regimes may also decrease nutrients at the base of the food web if such alterations 
result in a reduction of salmon that would have normally been a major nutrient source for the 
local food web. Salmon carcasses that remain in the stream corridor and decompose are 
recognized as a source of marine-derived nutrients that play an important role in the ecology of 
Pacific Northwest streams, and are an important nutrient source for the local food web. Salmon 
carcasses contain nutrients that can affect the productivity of algal and macroinvertebrate 
communities that are food sources for juvenile salmonids, and have been shown to be vital to 
the growth of juvenile salmonids (Cederholm et al. 1999; Gresh et al. 2000). 

3.7.3 Effects on Aquatic Habitat 
Altered flow regimes tend to decrease habitat connectivity in riverine and deltaic systems which 
results in a loss of lateral and longitudinal connectivity (Bunn and Arthington 2002). This loss of 
lateral connectivity is manifested as a loss in remnant seasonal wetlands and riparian areas, 
which, in turn causes a general loss of productivity and a decrease in aquatic habitat quality 
associated with the communities that depend on these habitats (Cain et al. 2003; McBain and 
Trush 2002). 

Implementation of a more natural flow regime in the SJR basin is anticipated to increase 
longitudinal connectivity, create more beneficial migration transport, less hostile rearing 
conditions (protection from predators), greater net downstream flow, and connectivity with the 
estuary and near-shore ocean during periods that are beneficial for aquatic organisms who have 
adapted to this system (McBain and Trush 2002; Cain et al. 2003; Kondolf et al. 2006; Poff et al. 
2007; Mesick 2009). Specifically, a more natural flow regime in the SJR basin will increase 
riparian and floodplain activation which in turn would increase habitat quality and quantity, 
allowing for energy flow between wetland areas and the river, and would provide the river and 
estuary with nutrients and food. Floodplain inundation provides flood peak attenuation and 
promotes exchange of nutrients, organic matter, organisms, sediment, and energy between the 
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terrestrial and aquatic systems (Cain et al. 2003; Mesick 2009). It also improves juvenile fish 
survival by improving food availability in addition to providing refuges from predators during the 
critical rearing and migration time in the SJR and major SJR tributaries (Jeffres et al. 2008; 
Mesick 2009). Increased lateral and longitudinal connectivity also positively affects spatial 
distribution of organisms by facilitating the movement of organisms and creating important 
spawning, nursery, and foraging areas for many fish species, including salmon (Bunn and 
Arthington 2002; Cain et al. 2003; Jeffres et al. 2008; TBI/NRDC 2010a). 

Currently, salmonids use the SJR tributaries downstream of the water diversion dams for 
spawning and rearing habitat including: the 24-mile reach of the Merced River between the 
Crocker-Huffman Dam and the town of Cressy for spawning, with rearing extending downstream 
to the confluence with the SJR; the 25-mile reach of the Tuolumne River between LaGrange 
Dam and the town of Waterford for spawning, with rearing in the entire lower river (between 
LaGrange Dam and the confluence with the SJR); and the 23-mile reach in the Stanislaus River 
between Goodwin Dam and the town of Riverbank for spawning and the entire lower river 
(between Goodwin Dam and the confluence with the SJR) for rearing (USFWS 1995).  

For the three major SJR tributaries (Stanislaus, Tuolumne, and Merced Rivers) DFG analyzed 
cross-sectional data developed by the United States Army Corps of Engineers and calculated 
the estimated wetted surface area from the first upstream barrier downstream to each tributary’s 
SJR confluence (Figure 3.13). For the Merced River the wetted surface area increases more 
quickly from about 3,000-5,000 cfs indicating a corresponding greater increase in width within 
this flow range. The increase in width with flows greater than 3,000 cfs suggests the occurrence 
of bank overtopping or a strong likelihood for floodplain inundation. Likewise, running a similar 
comparison on the Tuolumne River indicates flows ranging from 4,000-6,000 cfs provide a rapid 
increase in width which suggests that floodplain inundation likely occurs at flows greater than 
4,000 cfs. The Stanislaus River channel does not appear to have a well-defined floodplain within 
the 100 to 10,000 cfs flow range (DFG 2010e). Additional work is needed to confirm if flows in 
the ranges discussed above generate inundated floodplain conditions within the subject 
tributaries.  
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b) Tuolumne River
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c) Stanislaus River
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Source: DFG 2010e 

Figure 3.13. Estimated Wetted Surface Areas for the three SJR tributaries. a) Merced 
River, b) Tuolumne River, c) Stanislaus River  
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In a separate analysis, the USFWS used GIS techniques to map the wetted surface area for a 
range of flows between 100 cfs and about 8,500 cfs (flood capacity) in order identify potential 
floodplain habitat on the Tuolumne River (USFWS 2008). The lower Tuolumne River was 
chosen for this study, as appropriate GIS data were available for the reach between La Grange 
Dam at RM 52 and just upstream of Santa Fe Bridge at RM 21.5 near the town of Empire. The 
data used for this analysis were originally developed as part of the FERC relicensing 
proceedings for the Don Pedro Project (Project No. 2299). The GIS layers were developed from 
aerial photographs taken at various flows between 1988 and 1995. The wetted area versus 
discharge curve for the Tuolumne River is shown in Figure 3.14 (USFWS 2008). A primary 
inflection is seen around 1,000 cfs which suggests that this is the minimum point where flows 
may begin to inundate “overbank” areas, or extend out of the channel and into the former 
floodplain. However, as there are no data points between 1,100 and 3,100 cfs, the actual 
initiation of overbank flow is not clear, but is likely to occur at a point between these two values. 
The wetted surface area is shown to increase with discharge from around 1,000 cfs up to the 
maximum studied flow of 8,400 cfs.  
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Figure 3.14. Lower Tuolumne Inundated Area as a Function of Discharge 

For comparison, the analysis conducted by DFG (2010e), suggests that floodplain inundation on 
the Tuolumne occurs at flows greater than 4,000 cfs. An evaluation of floodplain inundation 
thresholds on the tributaries by Cain et al. (2003) found that flows of 3,000-6,000 cfs (4,500 cfs 
on average) are necessary to inundate various low-lying floodplains below the terminal 
reservoirs on the upper Stanislaus, Tuolumne, Merced Rivers and SJR. 

Based on the analyses discussed above, there is potential to enhance lateral connectivity on the 
tributaries, increasing floodplain activation and associated habitat for the benefit of salmonids 
and other aquatic resources. The increase in surface area and water elevation as a function of 
flow can be used to identify the river and potential floodplain habitat, and hydraulic models can 
be used to estimate water velocities in these rivers and overbank areas. Additional work is 
needed to verify if flows in the ranges discussed above generate inundated floodplain conditions 
within the subject tributaries, and if so, to better characterize the location, extent, and setting of 
such conditions. Substantial floodplain benefits can potentially be obtained with less than the 
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maximum flood capacity of these tributaries. The levee flood capacity for the Tuolumne River is 
shown on the levee capacity map as 15,000 cfs, but the maximum regulated flow goal is 8,500 
cfs. The levee capacity for the Merced River is 6,000 cfs, and the regulated flood capacity goal 
is 6,000 cfs. The levee capacity for the Stanislaus River is 8,000 cfs, and the regulated flood 
capacity goal is 6,000 cfs (DWR 2011).  

3.7.4 Effects on Geomorphic Processes 
The rim dams and altered flow regimes have caused a loss of geomorphic processes related to 
the movement of water and sediment that are important to the ecosystem (Poff et al.1997). 
Important benefits that these processes provide include increased complexity and diversity of 
the channel, riparian, and floodplain habitats, and mobilization of the streambed and upstream 
sediment (Grant 1997). Floods, and their associated sediment transport, are important drivers of 
the river-riparian system. Small magnitude, frequent floods maintain channel size, shape, and 
bed texture, while larger, infrequent floods provide beneficial disturbance to both the channel 
and its adjacent floodplain and riparian corridor. As a result of alterations to flow regime and 
other factors, channel morphology within the SJR basin is now characterized by significant 
incision and loss of channel complexity. Of particular concern is the encroachment of vegetation 
into historic gravel bar habitat that has probably reduced the recruitment, availability, and quality 
of spawning gravel habitat for Chinook salmon (Cain et al. 2003; McBain and Trush 2002). 

A more natural flow regime is anticipated to generate processes that create a less homogenous 
channel with structures that are important for fish habitat, such as meanders, pools, riffles, 
overhanging banks, and gravel substrates of appropriate sizes (Thompson and Larsen 2002, 
Mount and Moyle 2007). Scour and bed mobilization, associated with geomorphic processes 
that are driven by more variable flows, rejuvenate riparian forests and clean gravel for salmon, 
benthic macroinvertebrates, and benthic diatoms (McBain and Trush 2002, Cain et al. 2003, 
SJRRP 2008). Native fish and other aquatic species have adapted their life cycle to these 
processes and exploit the diversity of physical habitats these processes create (Poff et al. 1997; 
Thompson and Larsen 2002; Lytle and Poff 2004).  

Increasing turbidity events from more variable flows and the associated geomorphic processes 
also is anticipated to decrease predation and provide environmental cues needed to stimulate 
migration (Jager and Rose 2003; Baxter et al. 2008; Mesick et al. 2007; NMFS 2009a). Juvenile 
salmonids emigrate during periods of increased turbidity that arise from the spring snowmelt 
phase of the flow regime and are afforded additional protection by the increased turbidity 
resulting from higher flows (Cain et al 2003). Turbidity reduces predation on young salmon by 
providing a form of protective cover, enabling them to evade detection or capture (Gregory 
1993).  

3.7.5 Effects on Temperature 
Dams and reservoirs, and their associated operations, alter the temperature regime of rivers, 
often to the detriment of cold water species such as salmonids and other aquatic plants and 
animals that have adapted to colder waters and the variability associated with a more natural 
flow regime (Richter and Thomas 2007; DFG 2010b). Water stored in reservoirs is warmer at 
the surface and cooler below the thermocline in deeper waters. The temperature of water within 
these layers is generally different than the temperature of water entering the reservoir at any 
given time depending on the season, and is also dissimilar to downstream water temperatures 
that would occur under a natural flow regime (USACE 1987; Bartholow 2001).  

Temperature control devices can control the temperature of water released from dams for the 
protection of downstream fisheries by varying operations of release gates. However, there are 
no temperature control devices to aid in water temperature management on the major SJR 
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tributaries; therefore, temperature management can only be achieved directly through flow 
management (NMFS 2009a). Often, water released from reservoirs is colder in the summer and 
warmer in the winter compared to water temperatures that would have occurred in the absence 
of a dam and reservoir (Williams 2006). As a result, species experience additional temperature 
stress due to the river’s altered flow and temperature regimes. However, where temperatures 
are cooler than they would be under a more natural flow regime (because of reservoir 
discharges of cold water through the summer), populations of O.mykiss (both anadromous and 
resident forms) are often able to persist. These areas are commonly in the reaches immediately 
below dams. 

In addition to the changes in temperature due to reservoir storage and release, reservoirs and 
diversions also modify the temperature regime of downstream river reaches by diminishing the 
volume and thermal mass of water. A smaller quantity of water has less thermal mass, and 
therefore, a decreased ability to absorb temperatures from the surrounding environment (air and 
solar radiation) without being impacted (USACE 1987). The greatest impact occurs with less 
flow (less thermal mass) and warmer climate (increased solar radiation), usually in the late 
spring, summer, and early fall periods (BDCP 2010). The altered flow regime of the rivers in the 
SJR basin has largely eliminated the cold water refugia upon which salmonid populations 
depend (USEPA 2001). In addition to the need for cold water spawning habitat, warmer rearing 
temperatures (8°C to 25°C) are needed for optimal growth if food is readily available. However, 
temperatures that exceed these optimal levels can lead to decreased food availability, salmonid 
growth rates, and reduce the amount of suitable habitat for rearing (McCullough 1999, Myrick 
and Cech, Jr. 2001).  

The combined effect of storage and dam operations have contributed to increased water 
temperatures and altered flow regimes that have negatively impacted salmon and other native 
fishes, encouraged warm-water and non-native fishes, and altered the base of the food web. In 
addition, undesirable and nuisance algae (e.g., Microsystis), and submerged aquatic vegetation 
(e.g., Egeria) have established and become widespread through the system due, in part, to the 
altered temperature and flow regime (Brown and May 2006; Brown and Bauer 2009; Moyle et 
al. 2010). A more natural flow regime; including greater flows in the spring, specifically February 
through June, and cooler instream water temperatures, is anticipated to benefit multiple levels of 
the aquatic ecosystem. 

3.7.6 Effects on Water Quality  
Unless otherwise indicated, the water quality information discussed in this section is taken from 
McBain and Trush (2002) which is derived from sampling at Newman and Vernalis. Water 
quality has decreased markedly in recent decades and has generally coincided with SJR flow 
reductions, population growth, and expanded agricultural production. There are numerous water 
quality constituents in the SJR basin which can negatively impact fish and wildlife beneficial 
uses including: dissolved oxygen, salinity and boron, nutrients, trace metals, and pesticides 
(Central Valley Water Board 2001; Central Valley Water Board 2004; Central Valley Water 
Board 2005a; Central Valley Water Board 2005b; DFG 2011a). A more natural flow regime 
would benefit the ecosystem in two ways: first, due to the direct relationships and interaction 
between flow, temperature (discussed above) and dissolved oxygen, more natural flow would 
ameliorate negative effects of temperature and dissolved oxygen; and second, an indirect effect 
of a more natural flow regime in the spring would be dilution of the other water quality 
constituents listed above. 

Low dissolved oxygen levels can cause physiological stress to Chinook salmon and impair 
development of other aquatic species. In documenting passage delays and seasonal migration 
blockage of fall-run Chinook salmon in the lower SJR, Hallock et al. (1970) found that few adult 
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fish migrated through water containing less than 5.0 mg/L dissolved oxygen, and the bulk of the 
salmon did not migrate until the DO concentration exceeded 5.0 mg/L. In addition, many 
invertebrates are sensitive to change in dissolved oxygen concentrations (McBain and Trush 
2002), and low concentrations may alter the abundance and diversity of invertebrate and fish 
assemblages. 

Salinity in the SJR basin is one of the largest water quality concerns, has a large influence on 
species diversity, and represents a major limiting factor for restoration of aquatic resources with 
effects on fish, invertebrates, and riparian plant establishment. Water quality data collected by 
the Central Valley Regional Water Quality Control Board (Central Valley Water Board) indicates 
that water quality objectives for salinity have been routinely exceeded at locations throughout 
the SJR including Vernalis and areas upstream (Central Valley Water Board 2002). Agricultural 
drainage water collection and disposal, including return flows discharged to the SJR through 
mud slough and salt slough, have been identified as a major source.  

Eutrophication from the dissolution of natural minerals from soil or geologic formations (e.g., 
phosphates and iron), fertilizer application (e.g., ammonia and organic nitrogen), effluent from 
sewage-treatment plants (e.g., nitrate and organic nitrogen), and atmospheric precipitation of 
nitrogen oxides may cause chronic stress to fish (McBain and Trush 2002). Algae and plant 
growth under eutrophic (high nutrient) conditions, along with their subsequent decomposition in 
the water column, lead to increase oxygen consumption and decreased dissolved oxygen 
conditions, reduced light penetration and reduced visibility. These conditions may render areas 
unsuitable for salmonid species, and favor other species (e.g., sucker, blackfish, carp, and 
shad) 

Many trace metals have been identified in the SJR basin that can cause salmonids and other 
fish and wildlife species serious harm, including mortality, birth defects, and behavioral and 
carcinogenic consequences. In particular, selenium and mercury can have deleterious 
interactive effects with the aquatic environment due to the compounds’ ability to “bio-magnify” 
within the food chain. The San Joaquin Valley Drainage Program identified selenium as one of 
29 inorganic compounds that are a concern for public health and maintenance of fish and 
aquatic life (Brown 1996). Agricultural tile drainage has been shown to cause episodic toxicity to 
juvenile salmonids and striped bass. In addition to the regional selenium contamination, mercury 
contamination of the lower SJR watershed from past mining activities (primarily gold), from the 
burning of fuels or garbage, and from municipal and industrial discharges may represent 
another limiting factor in the protection of fish and wildlife beneficial uses. Methyl mercury bio-
magnification in fish can cause death, reduce reproductive success, impair growth and 
development, and promote behavioral abnormalities (McBain and Trush 2002). 

Pesticides from urban and agricultural runoff are a source of toxicity in the SJR and Delta. 
Pyrethroids are of particular interest because use of these pesticides has increased as use of 
some of the previous generation of pesticides (e.g., organophasphates) has declined (Amweg et 
al. 2005; Oros and Werner 2005). Residues of pyrethroid pesticides have been found to occur 
at concentrations acutely toxic to some benthic macroinvertebrates (e.g., the native amphipod 
Hyalella azteca) in sediments of agricultural water bodies and urban streams (Weston and Lydy 
2010). These pyrethroid compounds are introduced to the environment through their use as 
insecticides in agricultural pest control, and professional and homeowner applications around 
structures or on landscaping (Weston and Lydy 2010). Recent work has also shown that surface 
waters may contain pyrethroids at concentrations sufficient to cause acute toxicity (Weston and 
Lydy 2010). The organophosphate compounds (e.g., diazinon and chlorpyrifos), are highly 
soluble in water and are relatively short-lived in the environment (Brown 1998). In the early 
1990s, toxic concentrations of orpanophosphate pesticides were present in the rivers and Delta 
channels for several days at a time (Deanovic et al. 1996). In response, the Central Valley 
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Water Board developed and adopted TMDLs to reduce concentrations of diazinon and 
chlorpyrifos in the Delta and tributaries. Since then, urban uses of the organophosphates have 
been phased out, the overall agricultural use of diazinon and chlorpyrifos has been significantly 
reduced, and new label restrictions have been adopted to reduce the amount of these 
pesticides that enter waterways from agricultural operations. 

The generation of pesticides prior to the organophosphates included organochlorine compounds 
such as DDT and toxaphene, which are non-polar and poorly soluble in water, and may persist 
in the environment for long periods. Non-polar compounds allow bio-accumulation in animal 
tissues over time, posing a direct threat to fishery and other aquatic resources, and human 
health. For salmonids, chemical interference with olfactory functions (and therefore homing), 
and other chronic toxic effects, are potential problems due to pesticides (and herbicides). Many 
of these compounds were banned several decades ago, but due to their chemical 
characteristics are still detected by water quality sampling programs in the SJR basin 
(Domagalski 1998).  

3.8 Previous Flow Recommendations  
The following section describes some of the previous SJR flow recommendations that have 
been made to improve the survival and abundance of SJR Chinook salmon based on modeling 
and statistical relationships between flow and survival. 

3.8.1 Delta Flow Criteria – Public Informational Proceeding 
In March of 2010 the State Water Board conducted a public informational proceeding to develop 
flow criteria for the Delta ecosystem necessary to protect public trust resources. The following 
are summaries of recommendations received from various entities regarding SJR inflows. 

In 2005, DFG identified several statistical relationships between flow at Vernalis and Chinook 
salmon abundance (DFG 2005a). DFG analyses indicate that the most important parameters 
influencing escapement are spring flow magnitude, duration, and frequency, and that non-flow 
parameters have little or no relationship to escapement. DFG found that the most highly 
significant relationship between flow at Vernalis and juvenile production occurs at Mossdale. 
The relationship between flow and Delta survival to Chipps Island is less significant yet remains 
positive, suggesting that there are other factors also responsible for through Delta survival. 
Finally, the relationship between smolts at Chipps Island and returning adults to Chipps Island 
was not significant, suggesting that perhaps ocean conditions or other factors are responsible 
for mortality during the adult ocean phase. DFG combined these statistical relationships into a 
model allowing them to develop flow recommendations (Table 3.15) for the SJR during the 
March 15 through June 15 time period that will achieve doubling of salmon smolts. DFG’s flow 
recommendations at Vernalis range from 7,000 cfs to 15,000 cfs and are recommended to be 
apportioned between the tributaries based on the average annual runoff for each tributary (DFG 
2010a).  

Table 3.15. Recommended Vernalis Flows Needed to Double Smolt Production at Chipps 
Island 

 

 
Flow Type Critical Dry Below Normal Above Normal Wet
Base (cfs) 1,500 2,125 2,258 4,339 6,315
Pulse (cfs) 5,500 4,875 6,242 5,661 8,685
Pulse Duration (days) 30 40 50 60 70
Total Flow (cfs) 7,000 7,000 8,500 10,000 15,000
Total (acre-feet) 614,885 778,772 1,035,573 1,474,111 2,370,768

Water Year Type
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The 2005 Recommended Streamflow Schedules to Meet the AFRP Doubling Goal in the San 
Joaquin River Basin includes similar recommendations for achieving doubling of Chinook 
salmon. The AFRP recommendations are based on salmon production models for each of the 
three major SJR tributaries (Stanislaus, Tuolumne, and Merced Rivers) that are based on 
regression analyses of recruits per spawner, and April through May Vernalis flows. Adjusted R2 
values range from 0.53 to 0.65 for statistically significant positive relationships between 
production and flow for each tributary. These relationships suggest that increased flows during 
the spring outmigration period would enhance salmon production. The model combines the 
above individual recruitment equations to estimate the flows needed at Vernalis during the 
February through May period to double salmon production in the SJR basin. The flows 
recommended at Vernalis range from 1,744 cfs in February of Critically Dry years to a maximum 
of 17,369 cfs in May of Wet years and generally increase from February through May to mimic 
the shape of the unimpaired hydrograph (peak flow in May) (Table 3.16). Estimates of flows 
needed on each tributary to double salmon production range from 51% to 97% of unimpaired 
flow; with a greater percentage of unimpaired flow needed in drier years than wet years (AFRP 
2005).  

Table 3.16. Recommended Streamflow Schedules to Meet the AFRP Doubling Goal in the 
San Joaquin River Basin 

Water Year 
Type 

February March April May 

Stanislaus River 
Critical 500 785 1,385 1,438 
Dry 500 927 1,811 1,950 
Below Normal 514 1,028 1,998 2,738 
Above Normal 787 1,573 2,636 3,676 
Wet 1,280 2,560 3,117 4,827 

Tuolumne River 
Critical 744 1,487 2,415 2,895 
Dry 784 1,568 2,696 4,072 
Below Normal 794 1,589 3,225 4,763 
Above Normal 1,212 2,424 3,574 6,850 
Wet 2,013 4,027 4,811 8,139 

Merced River 
Critical 500 559 1,112 1,332 
Dry 500 651 1,375 1,766 
Below Normal 500 864 1,498 2,410 
Above Normal 582 1,165 1,941 3,205 
Wet 1,140 2,279 2,559 4,402 

Total (Vernalis) 
Critical 1,744 2,832 4,912 5,665 
Dry 1,784 3,146 5,883 7,787 
Below Normal 1,809 3,481 6,721 9,912 
Above Normal 2,581 5,162 8,151 13,732 
Wet 4,433 8,866 10,487 17,369 
Source: AFRP 2005 
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To inform the State Water Board’s 2010 proceeding to develop flow criteria necessary to protect 
public trust resources in the Delta, The Bay Institute and Natural Resources Defense Council 
(TBI/NRDC) conducted a logit analysis to examine the relationship between Vernalis flow and 
adult return ratios of SJR Chinook salmon (Cohort Return Ratio; CRR). A logit analysis 
describes the probability distribution of an independent variable to a dependent variable when 
there are two different possible results. In this case, the independent variable is Vernalis Flow 
(log transformed) and the dependent variable is positive or negative population growth, 
measured as the CRR. Where the logit regression-line crosses 0.5 on the y-axis represents the 
flow level at which positive and negative growth are equally "likely". Based on historical data, 
flows above that level are more likely to produce positive population growth and flows below that 
level are less likely to correspond to positive population growth. TBI/NRDC indicates that the 
advantage of turning CRR into a binary variable (populations increase or decrease) is that it 
removes any effect of initial absolute population size on the outcome. If you analyze the results 
with "real" population values or cohort return ratios, small populations behave erratically 
because small changes in the population size look very big. Conversely, when populations are 
large, substantial changes in population size can appear relatively small (TBI/NRDC 2010b). 

In their logit analysis, TBI/NRDC found that Vernalis average March through June flows of 
approximately 4,600 cfs corresponded to an equal probability for positive population growth or 
negative population growth. TBI/NRDC found that average March through June flows of 5,000 
cfs or greater resulted in positive population growth in 84% of years and flows less than 5,000 
cfs resulted in population decline in 66% of years. TBI/NRDC found that flows of 6,000 cfs 
produced a similar response to the 5,000 cfs or greater flows, and flows of 4,000 cfs or lower 
resulted in significantly reduced population growth in only 37% of years. The TBI/NRDC 
analysis suggests that 5,000 cfs may represent an important minimum flow threshold for salmon 
survival on the SJR. Based on abundance to prior flow relationships, TBI/NRDC estimates that 
average March through June inflows of 10,000 cfs are likely to achieve the salmon doubling 
goal (TBI/NRDC 2010c). A summary of the SJR inflow recommendations developed by 
TBI/NRCD is provided in Table 3.17. 

Table 3.17. San Joaquin River Inflow Recommendations  

 July -
Feb 

March April May June 

100% of 
years 

(all yrs) 
2,000 2,000 5,000 5,000 2,000 

80% 
(D yrs) 

2,000 2,000 5,000 10,000 7,000 5,000 2,000 

60% 
(BN yrs) 

2,000 2,000 20,000 10,000 7,000 5,000 2,000 

40% 
(AN yrs) 

2,000 2,000 5,000 20,000 7,000 2,000 

20% 
(W yrs) 

2,000 2,000 5,000 20,000 20,000 7,000 7,000 2,000 

Source: TBI/NRDC 2010b 

The California Sportfishing Protection Alliance (CSPA) and California Water Impact Network 
(CWIN) also developed recommendations for flows on the SJR and major SJR tributaries. 
CSPA and CWIN recommended that the State Water Board apply two general flow regimes to 
the Delta to protect and recover public trust resources: one regime would be based on the close 
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linkages between riverine inflows to the Delta, the position of X23, and Delta outflows and the 
life histories of estuarine fish species; and a second regime would be based on pulse flows that 
match and facilitate the early life stages of salmonid larvae, juvenile rearing, and smoltification 
(CSPA/CWIN 2010). The recommended pulse flow regime (Table 3.16) focuses on late winter 
through spring flow periods along with a 10-day pulse flow in late October intended to attract 
adult spawning salmonids to the SJR basin. CSPA and CWIN’s San Joaquin Valley outflows 
(Table 3.18) are derived from recommended flow releases for the Stanislaus, Tuolumne, and 
Merced Rivers developed by Mesick (2010a) plus flow from the SJR below Millerton Lake 
reflecting that river’s unimpaired flow, as well as accretions and other inflows. 

Table 3.18. Recommended Inflows at Vernalis with Tributary Contributions (in cfs) 

Water Year

C 4,500 6,700 8,900 5,400

D 4,500 6,700 8,900 5,400

BN 4,500 6,700 8,900 11,200 5,400

AN 4,500 6,700 8,900 11,200 5,400

W 5,400

13,400 (17 
days), 26800 

(5 days) 13,400 14,900

Oct

13,400 (16 
days), 26800 

(2 days) 1,200
13,400 (13 

days), 26800 
(5 days) 1,200

Jun
13,400
(2 days) 1,200
13,400
(2 days) 1,200

Feb Mar Apr May

 
Source: CSPA/CWIN 2010 

In its 2010 report on Development of Flow Criteria for the Sacramento-San Joaquin Delta 
Ecosystem (Delta Flow Criteria Report), the State Water Board determined that approximately 
60% of unimpaired flow during the February through June period would be protective of fish and 
wildlife beneficial uses in the SJR. It should be noted that the State Water Board acknowledged 
that these flow criteria are not exact, but instead represent the general timing and magnitude of 
flow conditions that were found to be protective of fish and wildlife beneficial uses when 
considering flow alone. In addition, these flow criteria do not consider other competing uses of 
water or tributary specific flow needs for cold water and other purposes (State Water Board 
2010).  

In order to achieve the attributes of a natural hydrograph the criteria developed in the Delta Flow 
Criteria Report were advanced as a percentage of unimpaired flow (14-day average) to be 
achieved on a proportional basis from the tributaries to the SJR. The unimpaired flow estimates 
from which the 60% criterion is calculated are monthly estimates. To determine the percentage 
of unimpaired flow needed to protect Chinook salmon, the State Water Board reviewed flow 
exceedance information to determine what percentage of flow would be needed to achieve 
various flows. The State Water Board analysis indicated that if 60% of unimpaired flow at 
Vernalis were provided, average February through June flows would meet or exceed 5,000 cfs 
in over 85% of years and flows of 10,000 cfs in approximately 45% of years. The frequency of 
exceeding these flows would vary by month (Figures 3.15 to 3.19). Both the AFRP and DFG 
modeling analyses presented above seem to support the 60% recommendation of the Delta 

                                                 
3 X2 refers to the horizontal distance in kilometers up the axis of the estuary from the Golden Gate Bridge to where 
the tidally averaged near-bottom salinity is 2 practical salinity units.  
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Flow Criteria Report. However, the time periods for the AFRP recommended flows is from 
February through May and the time period for the DFG recommended flows 
is from March 15 through June 15. AFRP, DFG, and TBI/NRDC provide different 
recommendations for how to distribute flows during the spring period in different years, 
with increasing flows in increasingly wet years. All are generally consistent with an 
approach that mimics the natural flow regime to which these fish were adapted. 

3.8.2 Anadromous Fish Restoration Program (AFRP) 
Several restoration actions, with regard to managing flows, were proposed by the AFRP Core 
Group as part of Section 3406(b)(1) for implementation in the SJR basin. These restoration 
actions were developed by eight technical teams that were composed of experts who 
possessed specific technical and biological knowledge of Central Valley drainages and 
anadromous fish stocks. The restoration flow targets have never been implemented. A 
restoration action (Table 3.19) was proposed to manage flows (in cfs) to benefit all life stages of 
fall-run Chinook salmon on the lower SJR (at Stevinson). 

Table 3.19. AFRP Instream Flow Proposals for the SJR at Stevinson 

 

Month Wet Above Normal Below Normal Dry Critical
April 5,150 2,650 2,050 1,750 1,250
May 7,000 4,450 3,050 2,300 1,600
June 6,800 3,450 2,600 1,700 1,050  

 
A second restoration action designed to increase white and green sturgeon production was 
proposed to provide mean monthly flows of at least 7,000 cfs (at Newman) between February 
and May in wet and above normal years. A third restoration action (Table 3.20) was proposed to 
manage flows (in cfs) to benefit all life stages of Chinook salmon, American Shad, and white 
and green sturgeon on the lower SJR at Vernalis. 

Table 3.20. AFRP Instream Flow Proposals for the SJR at Vernalis 

Month Wet Above Normal Below Normal Dry Critical
October 1,450 950 900 700 650
November 2,000 1,500 950 900 650
December 2,850 2,250 950 950 700
January 3,950 2,550 1,100 1,000 750
February 14,000 14,000 2,150 1,450 1,050
March 14,000 14,000 2,750 2,100 1,850
April 28,400 21,800 18,900 13,500 7,800
May 28,400 21,800 18,900 13,500 7,800
June 17,300 9,750 7,650 4,600 2,950
July 4,200 1,700 1,250 650 650
August 1,150 800 600 500 450
September 1,050 750 650 500 450  
 
A restoration action (Table 3.21) was proposed to manage flows (in cfs) to benefit all life stages 
of fall-run Chinook salmon on the Stanislaus River from Goodwin Dam to the confluence with 
the SJR. 
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Table 3.21. AFRP Instream Flow Proposals for the Stanislaus River 

Month Wet
Above 
Normal

Below 
Normal Dry Critical

October 350 350 300 250 250
November 400 350 300 300 250
December 850 650 300 300 250
January 1,150 800 300 300 250
February 1,450 1,150 700 450 300
March 1,550 1,150 850 650 550
April 5,600 4,300 3,800 2,700 1,500
May 5,600 4,300 3,800 2,700 1,500
June 2,650 1,600 1,300 700 450
July 900 400 350 200 250
August 350 300 250 200 200
September 350 300 250 200 200  
 
A restoration action (Table 3.22) was proposed to manage flows (in cfs) to benefit all life stages 
of fall-run Chinook salmon on the Tuolumne River from LaGrange Dam to the confluence with 
the SJR. 

Table 3.22. AFRP Instream Flow Proposals for the Tuolumne River 

Month Wet Above Normal Below Normal Dry Critical
October 750 300 300 200 150
November 1250 800 350 300 150
December 1,400 1,050 350 350 200
January 1,700 1,150 500 400 250
February 2,100 1,700 950 700 500
March 2,300 1,700 1,300 1,000 900
April 2,950 2,450 2,350 1,900 1,500
May 5,150 4,200 3,350 2,500 1,800
June 5,000 3,250 2,600 1,550 1,000
July 2,150 900 650 250 200
August 450 200 100 100 50
September 350 150 150 100 50  
 
A restoration action (Table 3.23) was proposed to manage flows (in cfs) to benefit all life stages 
of fall-run Chinook salmon on the Merced River from Crocker-Huffman Diversion downstream to 
the confluence with the SJR. 
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Table 3.23. AFRP Instream Flow Proposals for the Merced River 

Month Wet Above Normal Below Normal Dry Critical
October 350 300 300 250 250
November 350 350 300 300 250
December 600 550 300 300 250
January 1,100 600 300 300 250
February 1,450 1,050 500 300 250
March 1,500 1,050 600 450 400
April 1,800 1,350 1,150 950 750
May 2,950 2,300 1,750 1,200 850
June 2,850 1,450 1,150 650 450
July 1,150 400 250 200 200
August 350 300 25 200 200
September 350 300 25 200 200  
 

3.9 Conclusions 
3.9.1 Description of Draft SJR Flow Objectives and Program of Implementation  

 Based on the information discussed above, the State Water Board developed draft changes to 
the SJR flow objectives and program of implementation that were included as an appendix to 
the October 2011 draft of the Technical Report. Those draft objectives and program of 
implementation are also included in Appendix A of this report. The draft objectives and program 
of implementation may be modified to some degree prior to release of the SED, but the draft 
objectives and program of implementation represent the conceptual framework the State Water 
Board is considering for any changes to the objectives and program of implementation. The 
draft changes include the following narrative flow objective: 

 
Maintain flow conditions from the SJR Watershed to the Delta at Vernalis, together with other 
reasonably controllable measures in the SJR Watershed sufficient to support and maintain the 
natural production of viable native SJR watershed fish populations migrating through the Delta. 
Specifically, flow conditions shall be maintained, together with other reasonably controllable 
measures in the SJR watershed, sufficient to support a doubling of natural production of 
Chinook salmon from the average production of 1967-1991, consistent with the provisions of 
State and federal law. Flow conditions that reasonably contribute toward maintaining viable 
native migratory SJR fish populations include, but may not be limited to, flows that more closely 
mimic the hydrographic conditions to which native fish species are adapted, including the 
relative magnitude, duration, timing, and spatial extent of flows as they would naturally occur. 
Indicators of viability include abundance, spatial extent or distribution, genetic and life history 
diversity, migratory pathways, and productivity. 
 
Draft changes to the program of implementation for the narrative SJR flow objective call for the 
flow objective to be implemented by providing a percentage of unimpaired flow ranging from 
20% to 60% from February through June from the Stanislaus, Tuolumne, and Merced Rivers, in 
addition to base flow requirements. To develop precise requirements for implementation, the 
draft program of implementation calls for establishing a workgroup consisting of parties with 
expertise in fisheries management, unimpaired flows, and operations on the Stanislaus, 
Tuolumne, and Merced Rivers to develop recommendations for consideration by the State 
Water Board in the implementation proceedings for the flow objective that will follow adoption of 
any changes to the Bay-Delta Plan.  
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The draft program of implementation allows for refinement of the percent of unimpaired flow 
requirement by allowing for adaptive management based on specific information concerning 
flow needs to protect fish and wildlife beneficial uses. In addition, the draft program of 
implementation calls for the development of monitoring and special studies programs to develop 
further information concerning SJR flow needs for the protection of fish and wildlife beneficial 
uses in order to inform the adaptive management process, implementation actions, and future 
changes to the Bay-Delta Plan, including potential changes to the October pulse flow 
requirements and addition of flow requirements for the periods outside of the February through 
June and October period. The final program of implementation will also include 
recommendations to other agencies to take additional actions outside of the State Water 
Board’s purview to protect SJR fish and wildlife beneficial uses. Those actions will include non-
flow activities that should take place potentially including, but not limited to: habitat restoration 
(floodplain restoration, gravel enhancement, riparian vegetation management, passage, etc.), 
hatchery management, predator control, water quality measures, ocean/riverine harvest 
measures, recommendations for changes to flood control curves, and barrier operations. 
 
3.9.2 Summary of Basis for Alternative SJR Flow Objectives and Program of 
Implementation Language 

The scientific information discussed in this chapter supports the draft narrative SJR flow 
objective discussed above and the conclusion that a higher and more variable flow regime in 
salmon-bearing SJR tributaries to the Delta during the spring period (February through June) is 
needed to protect fish and wildlife beneficial uses (including SJR basin fall-run Chinook salmon) 
and other important ecosystem processes. For example, numerous studies have reported that 
the primary limiting factor for tributary abundances of Chinook salmon are reduced spring flow, 
and that populations on the tributaries are highly correlated with tributary, Vernalis, and Delta 
flows (Kjelson et al. 1981; Kjelson and Brandes 1989; USFWS 1995; Baker and Mohardt 2001; 
Brandes and McLain 2001; Mesick 2001b; Mesick and Marston 2007; Mesick 2009; Mesick 
2010 a-d).  
 
As a result of construction and operation of the rim dams, flows within the SJR basin have been 
substantially altered from the flow regime to which SJR basin fish and wildlife are adapted. As 
outlined in the hydrology section of this report, water development in the SJR basin has resulted 
in: reduced annual flows; fewer peak flows; reduced and shifted spring and early summer flows; 
reduced frequency of peak flows from winter rainfall events; shifted fall and winter flows; and a 
general decline in hydrologic variability over multiple spatial and temporal scales (McBain and 
Trush 2002; Cain et al. 2003; Richter and Thomas 2007; Brown and Bauer 2009; NMFS 2009a). 
At the same time, naturally produced fall-run Chinook salmon and other native SJR basin fish 
and wildlife have also experienced significant population declines, and as a result may be at a 
high risk of extinction.  

While there are many other factors that contribute to impairments of fish and wildlife beneficial 
uses in the SJR basin, flows remain a critical component in the protection of these beneficial 
uses. These other factors do not obviate the need for improved SJR inflow conditions to the 
Delta to protect fish and wildlife beneficial uses. In fact, many of the other habitat factors that 
affect community structure (e.g., temperature, water chemistry, physical habitat complexity), are 
to some extent determined by flow (Moyle et al. 2011). There is the need to comprehensively 
address the various impairments to fish and wildlife beneficial uses in the SJR basin and the 
Delta. The flow regime has been described as the “master variable” that regulates the ecological 
integrity of rivers (Resh et al. 1988; Power et al. 1995; Poff et al. 1997; Poff et al. 2010). 
Improved flow conditions will serve to underpin restoration activities and efforts to address other 
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stressors. As discussed above, the State Water Board will address the need for other measures 
needed to protect SJR basin fish and wildlife beneficial uses in the program of implementation 
for the revised Bay-Delta Plan. 

Given the extremely flattened hydrograph of SJR flows and the various competing demands for 
water on the SJR, it merits noting that the State Water Board must ensure the reasonable 
protection of fish and wildlife beneficial uses, which may entail consideration of competing 
beneficial uses of water, including municipal and industrial uses, agricultural uses, and other 
environmental uses. Estimates of flow needs to protect fish and wildlife beneficial uses are 
imprecise given the various complicating factors affecting survival and abundance of Chinook 
salmon, steelhead, and other SJR basin fish and wildlife. Given the dynamic and variable 
environment to which SJR basin fish and wildlife adapted, and imperfect human understanding 
of these factors, developing precise flow objectives that will provide certainty with regard to 
protection of fish and wildlife beneficial uses is likely not possible. Nevertheless, the weight of 
the scientific evidence indicates that increased and more variable flows are needed to protect 
fish and wildlife beneficial uses. While there is uncertainty regarding specific numeric criteria 
and how the SJR ecosystem will respond to an alternative flow regime, scientific certainty is not 
the standard for agency decision making.  

To assist the State Water Board in determining the amount of water that should be provided to 
reasonably protect fish and wildlife beneficial uses in the SJR basin, a range of alternative SJR 
flows will be analyzed. Based on the information discussed above, retaining the spatial and 
temporal attributes of the natural flow regime appears to be important in protecting a wide 
variety of ecosystem processes. The historic practice of developing fixed monthly flow 
objectives to be met from limited sources has been shown to be less than optimal in protecting 
fish and wildlife beneficial uses in the SJR basin. Accordingly, to preserve the attributes of the 
flow regime to which native SJR basin fish and wildlife have adapted, and that are believed to 
be generally protective of the beneficial uses, each of the alternatives is expressed as a 
percentage of unimpaired flow, and will consider volumes of water reflective of flow at Vernalis 
such that flows will come from the major salmon-bearing SJR tributaries (i.e., Stanislaus, 
Tuolumne, and Merced Rivers). It is important to provide flows from the major SJR tributaries to 
meet alternative flows at Vernalis because ddiminishing the water resource disproportionately 
(e.g., from any one tributary) would be deleterious to fish and wildlife beneficial uses within that 
tributary. The SJR Management Plan of 1995 recognized the importance of coordinating flows 
from the tributaries to facilitate migration and increase the survival of Chinook salmon. The 
highly coordinated fashion in which flows from all three major SJR tributaries are released to 
meet the VAMP flows (SJRGA 2010) also demonstrates the acknowledged importance of 
coordinated flows. 

In a recent report describing methods for deriving flows needed to protect the Bay-Delta and 
watershed, Fleenor et al. (2010) suggest that while using unimpaired flows may not indicate 
precise, or optimum, flow requirements for fish under current conditions, it would, however, 
provide the general seasonality, magnitude, and duration of flows important for native species 
(see also Lund et al. 2008). Accordingly, as discussed above, the draft program of 
implementation for the narrative SJR flow objective provides for development of specific 
implementation provisions through a multidisciplinary workgroup and allows for adaptive 
management of the unimpaired flow requirement in order to respond to new information and 
changing circumstances.  

The following water supply impacts analysis, evaluates alternative flows of 20%, 40%, and 60% 
of unimpaired flows from February through June (Figures 3.15 – 3.20) to demonstrate the ability 
of the analysis to appropriately evaluate the water supply effects of the range of potential 
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alternative SJR flow objectives that will be analyzed in the SED. Any additional alternatives that 
may be included in the SED will fall within this range.  

In its 2010 report on Development of Flow Criteria for the Sacramento-San Joaquin Delta 
Ecosystem, the State Water Board determined that approximately 60% of unimpaired flow at 
Vernalis from February through June would be protective of fish and wildlife beneficial uses in 
the SJR basin when considering flow alone. It should be noted that those criteria did not 
consider other competing uses of water or tributary specific needs for cold water and other 
purposes that will need to be considered when making changes to the Bay-Delta Plan (State 
Water Board 2010). The 60% recommendation is imprecise; it provides an upper end for the 
range of unimpaired flow alternatives that will be evaluated in the SED. The 20% alternative 
provides a lower end for this range and the 40% alternative provides an intermediate value for 
evaluation in the SED. In comparison to the alternatives, February through June flows on the 
Stanislaus, Tuolumne, Merced and lower SJR at Vernalis from water years 1986 through 2009 
have median unimpaired flow values of 40%, 21%, 26%, and 29% respectively.  

The SED will include an analysis of the 20%, 40%, and 60% of unimpaired flow alternatives and 
potentially other alternative flow levels within this range to determine the potential 
environmental, water supply, economic, and hydroelectric power production impacts of the 
various alternatives. The State Water Board will then use the information from the various 
effects analyses included in the SED, along with information included in this report, and other 
information presented to the State Water Board to make a decision on what changes should be 
made to the SJR flow objectives and program of implementation to provide for the reasonable 
protection of fish and wildlife beneficial uses. Flow needed for the protection of fish and wildlife 
beneficial uses will be balanced against flow needs for other beneficial uses of water including: 
agriculture and hydropower production. 

As indicated above, the State Water Board’s current review of SJR flow requirements is focused 
on the February through June time frame, as flows (magnitude, duration, frequency) during this 
period are a dominant factor affecting salmon abundance in the basin. The fall pulse flow 
objective contained in 2006 Bay-Delta Plan is not the subject of this review. However, the draft 
program of implementation states that the State Water Board will reevaluate the implementation 
of the October pulse flow and flows during other times of the year after monitoring and special 
studies during the water rights and FERC processes have been conducted to determine what, if 
any, changes should be made to these flow requirements and their implementation to achieve 
the narrative San Joaquin River flow objective.  

Figures 3.15 through 3.19 below present exceedance plots of San Joaquin River at Vernalis 
monthly unimpaired flows (for 1922 to 2003) and observed flows (for 1986 to 2009), along with 
20%, 40%, and 60% of unimpaired monthly flows for the months of February through June, 
respectively. Figure 3.20 provides the same for all February through June monthly flows 
together over the same time periods. These flows are presented as average monthly flow rates 
(in cfs), rather than total monthly volumes (in TAF), for better comparison with various flow 
recommendations and values in the literature. The 20%, 40%, and 60% of unimpaired flow plots 
in these figures are simple proportions of unimpaired flow for reference purposes only. They do 
not necessarily represent, but are similar to, flows that would result from implementation of the 
20%, 40%, or 60% unimpaired flow alternatives (as described further in Chapter 5). For 
instance, releases to meet other flow requirements, flood control releases, and other inflows and 
accretions would increase the flows that would actually occur under the 20%, 40%, and 60% of 
unimpaired flow alternatives.  
 
As described in Chapter 2, observed monthly flows are less than the median value 50% of the 
time, with many instances of very low percentages of unimpaired flow, particularly on the 
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Tuolumne and Merced Rivers. Applying minimum unimpaired flow requirements, however, 
would eliminate the very low percentage of unimpaired flows seen in the observed flows. In the 
figures below, this will tend to increase the percentage of time with higher flow levels and 
provide a similar distribution of flows for a given overall percentage of unimpaired flow.  
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Figure 3.15. Exceedance Plot of February Monthly Average SJR Unimpaired and 
Observed Flows (cfs) at Vernalis 

 



February 2012 SJR Flow and Southern Delta Salinity Technical Report 
 

 
3-61 

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

0% 20% 40% 60% 80% 100%

Percent of Time Equaled or Exceeded

A
ve

ra
ge

 F
lo

w
 (
cf

s)

Mar. unimpaired flow  (1922-2003)
60% of unimpaired

40% of unimpaired
20% of unimpaired
Mar. observed f low  (1986-2009)

 

Figure 3.16. Exceedance Plot of March Monthly Average SJR Unimpaired and Observed 
Flows (cfs) at Vernalis 
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Figure 3.17. Exceedance Plot of April Monthly Average SJR Unimpaired and Observed 
Flows (cfs) at Vernalis 
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Figure 3.18. Exceedance Plot of May Monthly Average SJR Unimpaired and Observed 
Flows (cfs) at Vernalis 
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Figure 3.19. Exceedance Plot of June Monthly Average SJR Unimpaired and Observed 
Flows (cfs) at Vernalis 
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Figure 3.20. Exceedance Plot Of Monthly Average SJR Unimpaired and Observed Flows 
(cfs) at Vernalis—February thru June 
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4 Southern Delta Salinity 
Evaluation of the LSJR flow and southern Delta water quality alternatives in the SED will 
consider their potential effects on various environmental resources and any associated 
economic impacts. This section describes the technical information and analytical methods that 
will be used to evaluate the potential salinity-related impacts of these objective alternatives in 
the SED. 

4.1 Background 
The State Water Board established salinity compliance stations within the south Delta at the 
San Joaquin River near Vernalis (station C-10) (Vernalis); the San Joaquin River at Brandt 
Bridge (station C-6); Old River at Middle River/Union Island (station C-8); and Old River at Tracy 
Road Bridge (station P-12) as shown in Figure 4.1. The salinity objective at each station is 0.7 
millimhos per centimeter (mmhos/cm) electrical conductivity (EC) during the summer irrigation 
season (April through August) and 1.0 mmhos/cm EC during the winter irrigation season 
(September through March). Also shown for reference are the boundaries of the legal Delta and 
the South Delta Water Agency. Salinity objectives at these stations were first established in the 
1978 Sacramento-San Joaquin Delta and Suisun Marsh Water Quality Control Plan (State 
Water Board 1978).  
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Figure 4.1. Map of Southern Delta Showing State Water Board Salinity Compliance 
Stations and Boundaries of the Legal Delta and South Delta Water Agency 
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As stated in the 2010 Hoffman Report, salt stress can damage crops in three different ways. 
First, and of major concern in the southern Delta, is season-long crop response to salinity. The 
most common whole-plant response to salt stress is a general stunting of growth. As soil salinity 
increases beyond a threshold level both the growth rate and ultimate size of crop plants 
progressively decreases. However, the threshold and the rate of growth reduction vary widely 
among different crop species. Second, crop sensitivity to soil salinity continually changes during 
the growing season. Many crops are most sensitive to soil salinity during emergence and early 
seedling development. Third, when crops are irrigated with sprinkler systems, foliar damage can 
occur when the leaves are wet with saline water. Sprinkler foliar damage is most likely to occur 
under hot, dry, and windy weather conditions. For more information on the effects of salinity on 
crops grown in the southern Delta, refer to the 2010 Hoffman Report which is included as an 
attachment to this Technical Report. 

The approach to developing the objectives involved a determination of the water quality needs 
of significant crops grown in the area, the predominant soil type, and irrigation practices in the 
area. The State Water Board based the southern Delta EC objectives on the calculated 
maximum salinity of applied water which sustains 100% yields of two important salt sensitive 
crops grown in the southern Delta (beans and alfalfa) in conditions typical of the southern Delta. 

In keeping with the literature on crop response to salinity, numerical values for EC are given in 
units of deciSiemens per meter (dS/m) wherever possible. This is also numerically equal to 
mmhos/cm, a now-outmoded unit of measure that was used for decades in agriculture to 
quantify salinity. EC values are sometimes also presented as microSiemens per centimeter 
(μS/cm) or micromhos per centimeter (μmhos/cm), which are both 1,000 times larger than 
numerical values in units of dS/m. 

4.2 Salinity Model for the San Joaquin River Near Vernalis 
An Excel spreadsheet model, created by State Water Board staff, was used to estimate how EC 
at Vernalis might be affected by changing flows from the Stanislaus, Tuolumne, and Merced 
Rivers in response to LSJR flow alternatives. The spreadsheet model uses flow and EC input 
from the CALSIM II model.  

The ionic composition of the tributaries with headwaters in the Sierra Nevada Mountains is 
different from the ionic composition of the SJR as it flows through the valley floor. These 
different ionic compositions could lead to a combined EC that differs from a simple mass 
balance, but this difference is generally observed to be small in waters with the ranges of EC 
observed in the project area. Also, for consistency with CALSIM II, EC from each tributary is 
calculated as a simple mass balance. 

Flow and EC downriver of the confluence of a tributary with the SJR are calculated proportional 
to the inflow and EC entering the confluence. Following the law of conservation of mass, the 
model’s governing equation is described in Equation 4.1. 

RiverTributaryDownstream ECFlowECFlowFlowEC )*()*()*(    (Eqn. 4.1) 

 

The model sums Merced River and upstream SJR flow, and calculates the flow-weighted mixed 
Merced River and SJR EC. The calculated flow and EC are used as the upstream inputs for the 
SJR at the confluence of the Tuolumne River. Inflows and salinity loads (i.e., Flow x EC) to the 
SJR between the Merced and the Tuolumne are held constant. This calculation is repeated 
through the confluence of the Stanislaus River, yielding a calculated flow and EC at Vernalis 
that would occur as a result of modifying flows in the major tributaries.  
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4.2.1 Baseline Salinity Conditions 
Average monthly flow and EC estimates are extracted from CALSIM II model output files for 
water years 1922 through 2003. Table 4.1 shows the CALSIM II channels used in this model. 

Table 4.1. CALSIM Channels Used in the Flow-Salinity Model 

Location  CALSIM II ID Description 
Vernalis C639 Flow into Vernalis from the confluence of 

the Stanislaus River with SJR 
Confluence of Stanislaus River with SJR C528 Flow from the Stanislaus River into the 

SJR 
Confluence of Tuolumne River with SJR C545 Flow from the Tuolumne River into SJR 
Confluence of Merced River with SJR C566 Flow from the Merced River into SJR 

 
 
Modeled flows and corresponding salinity from the SJR (above the Merced River confluence) 
and other sources into the mainstem SJR are lumped together as described below.  

CALSIM II has a water quality module, which provides estimates of salinity at Vernalis. This 
module uses a “link-node” approach that assigns salinity values to major inflows to the SJR 
between Lander Avenue and Vernalis and calculates the resulting salinity at Vernalis using a 
salt mass balance equation. Inflows from the west side of the SJR are also broken out and 
calculated as the return flows associated with various surface water diversions and groundwater 
pumping (MWH 2004). 

In Figure 4.2, monthly average observed salinity data from the California Data Exchange Center 
(CDEC) at Vernalis (DWR 2010a) is plotted together with the CALSIM II estimates of salinity at 
Vernalis for water years 1994 through September 2003. This represents a period commencing 
shortly after temporary agricultural flow barriers in the southern Delta were regularly installed 
through to the end of the overlapping CALSIM II period of simulation. 
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Figure 4.2. Comparison of CALSIM II Salinity (dS/m) Output at Vernalis to Monthly 
Average Observed Data at the Same Location for Water Years 1994 through 2003  
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4.2.2 Tributary EC Calculations 
Output from the CALSIM II model is used to create an EC to flow relationship for each tributary 
at the confluence with the SJR. CALSIM II calculated EC at low flow conditions follows an 
exponential trend while EC at higher flow conditions approaches a constant value. The general 
form of the exponential equation is Equation 4.2.  

 
b

s FKEC *          (Eqn. 4.2) 
 
In Equation 4.2, EC and F represent electrical conductivity and flow respectively. Table 4.2 
shows the coefficients used in Equation 4.2 to calculate EC and the coefficient of determination 
for each exponential equation. 

Table 4.2. Coefficients Used to Approximate EC for Each Tributary  

Tributary Ks b R2 

Stanislaus 214.2 -0.16 0.18 
Tuolumne 461.72 -0.337 0.94 
Merced 448.3 -0.368 0.86 
 
At the beginning of the exponential approximation (flows less than 6 TAF), some EC values 
were not valid, so an upper bound on EC was used. Invalid data were values more than 2 
standard deviations from the mean EC. Toward the end of the exponential approximation 
equation, the EC stops decreasing as flow increases. For this reason, a reasonable threshold 
value was selected to approximate EC at high flows. By inspection, these threshold values were 
selected to yield results similar to CALSIM II calculations. Flows below the threshold used the 
exponential equation, while flows above the threshold used values summarized in Table 4.3. 

Table 4.3. Threshold Values for EC Approximations on Each Tributary 

Tributary Threshold Flow [TAF] 
High Flow Constant 
[μS/cm] 

Maximum EC  
[μS/cm] 

Stanislaus 200 95 300 
Tuolumne 145 85 None 
Merced 100 85 500 
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EC to Flow Relationship - Stanislaus River
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Figure 4.3. Estimated EC from CALSIM II Data on the Stanislaus River 

 

EC to Flow Relationship - Tuolumne River 
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Figure 4.4. Estimated EC from CALSIM II Data on the Tuolumne River 
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EC to Flow Relationship - Merced River 
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Figure 4.5. Estimated EC from CALSIM II Data on the Merced River 

In June 2004 the United States Bureau of Reclamation (USBR) issued a technical 
memorandum entitled Development of Water Quality Module, which calculated EC to flow 
relationships for the Tuolumne and Merced Rivers (USBR 2004). USBR EC to flow relationships 
were compared to the EC to flow relationships generated with CALSIM II output and were 
determined to be approximately equal; thus the CALSIM II EC to flow relationships are used in 
the model for these two rivers. 

4.2.3 Calculating EC at Vernalis 
The modeled salt load at Vernalis must equal the sum of the salt loads of the tributaries and all 
other additional upstream sources. Only the flow on the tributaries varies as a result of 
evaluating flow alternatives, leaving all other salt load sources as a constant value. The 
constant value of salt loads from SJR non-tributary sources, LSJR, is found by subtracting the 
salt loads from the tributaries from the salt load at Vernalis: 

sTributarieVernalisSJR ECFlowECFlowL )*()*(      (Eqn. 4.3) 
 
Once the EC to flow relationships are established, unimpaired flow data replace the CALSIM II 
model flows. These new flows for the months of February through June are used with the EC to 
flow relationships to calculate new EC values associated with the new flows in each tributary. 
The new EC at Vernalis is the mass balance equation (Equation 4.1) for the salt load at Vernalis 
divided by the new flow balance at Vernalis, where the new flow and EC values are designated 
with the prime symbol (‘). 

sTributarieVernalis

SJRsTributarie
Vernalis FlowFlowFlow

LECFlow
EC

)'(

)''*(
'




     (Eqn. 4.4) 
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Figure 4.6 shows the calculated EC at Vernalis for water years1994-2003 at 40% and 60% of 
unimpaired flow.  

Calculated EC at Vernalis
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Figure 4.6. Calculated EC at Vernalis for the 40% and 60% Unimpaired Flow Example 
Compared to CALSIM II Results for Water Years 1994–2003  

4.3 Factors Affecting Salinity in the Southern Delta 
Salinity levels in the southern Delta are affected primarily by the salinity of water flowing into the 
southern Delta from the SJR near Vernalis and evapo-concentration of salt in water that is 
diverted from and discharged back into southern Delta channels for agricultural purposes. Point 
sources of salt in the southern Delta have a small overall salinity effect. This section discusses 
the methods used in the SED to evaluate the effect of these sources and processes. 

4.3.1 Estimating Southern Delta Salinity Degradation 
This section describes the regression analyses used to establish a relationship between salinity 
at the three interior southern Delta salinity stations and the upstream SJR near Vernalis station. 
These relationships will be used to estimate the assimilative capacity needed at Vernalis to 
comply with a particular salinity objective alternative in the southern Delta. This type of planning 
analysis provides a conservative general estimate of this relationship. This type of analysis does 
not provide, nor does it require, the dynamic and higher resolution modeling provided by the 
California DWR Delta simulation model (DSM2) or other hydrodynamic and water quality 
models of the south Delta. Such simulation models are appropriate for more detailed modeling 
studies of south Delta barrier operations or changes to CVP and SWP operating conditions. In 
addition, DWR has found that DSM2 underestimates salinity at Old River near Tracy (an 
important location for this analysis), and has recommended that regression analysis would be 
appropriate for this type of analysis (DWR, 2007b). 

To estimate salinity degradation between Vernalis and the three southern Delta compliance 
stations, regression analyses were conducted using salinity data from the DWR CDEC (DWR, 
2010a). Figure 4.7, Figure 4.8, and Figure 4.9 present the monthly average salinity data for all 
months from January 1993 to December 2009 for Old River at Tracy (CDEC station = OLD), Old 
River at Middle River/Union Island (CDEC station = UNI), and SJR at Brandt Bridge (CDEC 
station = BDT). Each station is plotted against corresponding salinity data at Vernalis (CDEC 
station = VER). The least squares linear regression line for each plot is shown on each plot 
giving the slope, y-intercept and associated correlation coefficient. The 1:1 line, where salinity at 
the two locations would be equal, is also shown for reference. 

In general the increase in salinity downstream of Vernalis is greatest at Old River at Tracy. As 
such, the regression equation from this location represents a reasonable worst-case estimate of 
salinity degradation in the south Delta for planning purposes. Two separate regressions were 
further developed, one for the months of April through August in Figure 4.10 and the other for 
September through March in Figure 4.11; the former period corresponding to the main growing 
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season. Each figure shows the best-fit regression line and equation for the estimate of the EC at 
Old River at Tracy as a function of EC at Vernalis. Also shown is the line representing the 
equation that will provide an estimate of EC at Old River at Tracy which is at or above the actual 
EC at Old River at Tracy, 85% of the time (85% prediction line).  
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Figure 4.7. Monthly Average Salinity Data from January 1993 to December 2009 for Old 
River at Tracy (OLD) Plotted Against Corresponding Salinity Data at SJR Near Vernalis 
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Figure 4.8. Monthly Average Salinity Data from January 1993 to December 2009 for Old 
River at Middle River/Union Island (UNI) Plotted Against Corresponding Salinity Data at 
SJR Near Vernalis 
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Figure 4.9. Monthly Average Salinity Data from January 1993 to December 2009 for SJR 
at Brandt Bridge (BDT) Plotted Against Corresponding Salinity Data at SJR Near Vernalis 
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Figure 4.10. Monthly Average Salinity Data for April through August from 1993 through 
2009 for Old River at Tracy (OLD) Plotted Against Corresponding Salinity Data at SJR 
Near Vernalis, with Best Fit Regression and 85% Prediction Lines 
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Monthly Average Data - September through March
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Figure 4.11. Monthly Average Salinity Data for September through March from 1993 
through 2009 for Old River at Tracy (OLD) Plotted Against Corresponding Salinity Data at 
SJR near Vernalis, with Best Fit Regression and 85% Prediction Lines 

4.3.2 Salt Loading from NPDES Discharges in Southern Delta 
Two methods of analysis were used to understand the relative contribution of salt loading to the 
southern Delta from local NPDES point sources. 

DWR Modeling Study of NPDES Discharges 
DSM2 modeling was conducted by a stakeholder group including DWR in 2007 to better 
understand the salinity impacts of the new and expanded discharges from the City of Tracy and 
Mountain House Community Services District wastewater treatment plants. The model analysis 
concluded that the City of Tracy discharge under reasonable worst-case conditions has limited 
impacts on the salinity problem in the southern Delta as compared to other sources of salinity in 
the area defined as ambient salinity entering from the San Joaquin River, agricultural activities, 
and groundwater accretions. Under the assumed ambient EC of 700 µS/cm in August, the affect 
of the Tracy discharge at 16 million gallons per day (mgd) would increase EC by 11 and 3 
µS/cm in August, under high and low export pumping scenarios respectively (Central Valley 
Water Board 2007).  
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Mass Balance Analysis 
A simple mass-balance analysis was conducted to evaluate the relative effect of NPDES point 
sources. This analysis used a combination of observed flow and EC data, and assumptions 
regarding discharges from the NPDES permitted facilities. As beneficial uses are affected more 
by longer term salinity averages, this analysis is based on monthly averages to understand the 
relative importance of major contributing factors. This analysis does not account for dynamic 
mechanisms that affect short-term and localized fluctuations in EC concentrations. 

The analysis compares the permitted maximum salinity loads from the City of Tracy, Deuel 
Vocational Facility, and Mountain House Community Services District wastewater treatment 
plants to the salinity load entering at the HOR. Figure 4.12 presents the salt load from HOR in 
tons/month and the total load from these three point sources as a percentage of the total HOR 
load for each month from January 1993 to December 2009. The results demonstrate that the 
salt load from point sources in this part of the southern Delta is a small percentage of the salt 
load entering from upstream.  

Salt loads from point sources were derived using the NPDES permitted discharge rates and 
water quality limits. Permitted discharges for the City of Tracy, Deuel Vocational Facility, and 
Mountain House Community Services District wastewater treatment plants are 16.0, 0.62, and 
0.54 mgd, respectively. The respective water quality limits for the permitted dischargers are 
1,755, 2,604, and 1,054 µS/cm (Central Valley Regional Water Quality Control Board Order 
Numbers R5-2007-0036, R5-2008-0164, and R5-2007-0039). Salinity inputs at HOR were 
derived by assuming the same salinity concentrations as those measured at the SJR near 
Vernalis, and by calculating flow as the difference in the measured flow at the SJR near Vernalis 
and the measured flow at the HOR (as measured at USGS station #11304810 at the 
Garwood/Highway 4 bridge immediately upstream of the City of Stockton wastewater treatment 
plant). 
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Figure 4.12. Theoretical Salinity Loading from the City of Tracy, Deuel Vocational Facility 
and Mountain House Wastewater Treatment Plants Stated as Total Load (tons/month) 
and as a Percent of the Load Entering the Head of Old River 
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4.4 Effects of Salinity in the Southern Delta 
Salinity primarily affects agricultural supply (AGR) and MUN beneficial uses in the southern 
Delta. This section discusses the latest technical information and modeling methodologies 
relevant to evaluating potential impacts of different salinity objective alternatives on these 
beneficial uses in the SED. 

4.4.1 Effects on Agricultural Supply Beneficial Use 
The SED will need to evaluate the impact of different salinity objective alternatives on AGR 
beneficial uses in the southern Delta. This evaluation will rely in large part on the conclusions 
and the modeling methodologies presented in a January, 2010 report by Dr. Glenn Hoffman 
entitled Salt Tolerance of Crops in the Southern Sacramento-San Joaquin Delta (Hoffman 
2010).  

As part of the Bay-Delta Plan the State Water Board committed to re-evaluate the salinity 
objectives in the southern Delta. With input from stakeholders, a contract was established with 
Dr. Glenn Hoffman to develop the above report, which reviewed the current scientific literature 
regarding crop salt tolerance and to assess current conditions in the southern Delta. After 
presenting background and a description of soils and crops in the southern Delta, this report 
provides an overview of several factors affecting crop response to salinity, including a 
discussion of the general state of knowledge and the specific southern Delta situation. The 
factors considered were:  

 Season-long salt tolerance 

 Salt tolerance at various growth stages 

 Saline-sodic soils 

 Bypass flows in shrink-swell soils 

 Effective rainfall 

 Irrigation methods 

 Sprinkling with saline water 

 Irrigation efficiency and uniformity 

 Crop water uptake distribution 

 Climate 

 Salt precipitation or dissolution 

 Shallow groundwater 

 Leaching fraction 

In addition to these factors, the report describes and compares the different models that are 
currently available for estimating soil water salinity in the crop root zone. The report then uses a 
basic steady-state model to estimate the soil water salinity concentrations and associated effect 
on the relative yield for three important crops grown in the southern Delta (dry bean, alfalfa, and 
almond). This modeling methodology uses local historical meteorological conditions and can be 
applied over a range of irrigation water supply salinity concentrations (i.e., salinity objective 
alternatives). 
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This report incorporated considerable input from public and agency stakeholders. In July 2009 
Dr. Hoffman issued a draft version of the subject report, which was followed by a presentation of 
his preliminary findings at a State Water Board public workshop in August 2009. Written 
comments and other input were solicited from stakeholders regarding the draft report, and Dr. 
Hoffman gave a follow-up presentation in November 2009 to summarize and address the 
comments received. Based on feedback from these presentations, Dr. Hoffman finalized the 
subject report, including a comment response appendix. 

The main conclusions and recommendations of this report are as follows (in no particular order):  

a) Salt sensitive crops of significance in the southern Delta include almond, apricot, dry 
bean, and walnut, with dry bean being the most sensitive. 

b) Based on the last nine years of data, the current level of salinity in the surface waters of 
the southern Delta appears suitable for all agricultural crops. 

c) Neither sodicity nor toxicity should be a concern for irrigated crops; however, based on 
limited data and known crop tolerances, boron may be a concern. 

d) Depth to the water table in much of the southern Delta is at an acceptable depth for crop 
production. 

e) Relatively high leaching fractions are associated with an overall irrigation efficiency of 
75% for furrow and border irrigation methods predominant in the southern Delta. 

f) Data from drains in the western part of the southern Delta suggest leaching fractions are 
between 0.21 and 0.27, with minimums ranged from 0.11 to 0.22 (stated as unitless 
fractions). 

g) The field study data supporting the salt tolerance of bean is sparse and over 30 years 
old. There is also no information on the salt sensitivity of bean and many other crops in 
early growth stages. 

h) Because the steady-state model doesn’t account for it, salt dissolution from the soil 
profile may cause the actual salinity in the root zone to be about 5% higher than 
estimated by the model. 

i) Steady-state modeling presented in the report, and the results from other transient 
model studies suggest the water quality standard could be increased up to 0.9 to 1.1 
dS/m and be protective of all crops normally grown in the southern Delta under current 
irrigation practices. During low rainfall years, however, this might lead to yield loss of 
about 5% under certain conditions. 

j) Effective rainfall should be included in any modeling of soil water salinity in the southern 
Delta. Also, the exponential crop water uptake model is recommended as it better 
matches laboratory data. The model methodology used previously for the development 
of the existing objectives in the 1978 Bay-Delta Plan was more conservative and did not 
include consideration of rainfall, which lead to higher estimates of soil water salinity. 

k) In addition to the conclusions above, a number of recommendations were made for 
further studies in the southern Delta regarding: i) the crop salt tolerance of bean, ii) 
transient soil salinity modeling, iii) potential for boron toxicity to crops, and iv) leaching 
fractions associated with current irrigation practices. 
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4.4.2 Effects on Municipal and Domestic Supply Beneficial Use 
The SED will also evaluate the impact of different salinity objective alternatives on other 
beneficial uses in the southern Delta, including MUN. 

Maximum Contaminant Levels (MCL) are components of drinking water standards adopted by 
either the United States Environmental Protection Agency (USEPA) under the federal Safe 
Drinking Water Act or by the California Department of Public Health (DPH) under the California 
Safe Drinking Water Act. California MCLs may be found in Cal. Code Regs., tit. 22, chapter 15, 
division 4. Primary MCLs are derived from health-based criteria. The MCL related to salinity is 
specific conductance, but because specific conductance does not cause health problems, there 
are no Primary MCLs for specific conductance. However, Secondary MCLs are established on 
the basis of human welfare considerations (e.g., taste, color, and odor).  

Drinking water has a Recommended Secondary MCL for specific conductance of 900 μS/cm, 
with an Upper MCL of 1,600 μS/cm and a Short Term MCL of 2,200 μS/cm. Specific 
conductance concentrations lower than the Secondary MCL are more desirable to a higher 
degree of consumers, however, it can be exceeded and is deemed acceptable to approach the 
Upper MCL if it is neither reasonable nor feasible to provide more suitable waters. In addition, 
concentrations ranging up to the Short Term MCL are acceptable only for existing community 
water systems on a temporary basis. (Note: specific conductance is electrical conductivity 
normalized to a temperature of 25O C).  
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5 Water Supply Effects Analysis 

5.1 Purpose and Approach 
This section describes the water supply effects (WSE) model and the approach used in the SED 
to quantify the potential effects that the LSJR flow alternatives could have on water supplies in 
the SED project area. These include the potential effects on the amount and timing of river 
flows, surface water diversions, and reservoir levels on the Stanislaus, Tuolumne, and Merced 
rivers. The output from the WSE model is used in the SED to evaluate the potential impacts of 
these changes on various environmental resources, agricultural revenues, hydropower 
generation, and the associated local economy.  

Much of the input to the WSE model comes from a CALSIM II San Joaquin River Water Quality 
Module (CALSIM II) run representative of current hydrology and reservoir operations in the San 
Joaquin watershed. A description of the CALSIM II model is presented in the next section, 
followed by an explanation of the calculations performed by the WSE model. This model is then 
applied to a range of illustrative flow objective alternatives and demonstrates the applicability of 
the methodology across this range of flow objectives. The actual alternatives evaluated in the 
SED may differ from the general flow objectives described in this chapter. 

The WSE model provides a general flow balance for hypothetical surface water diversion 
reductions and major reservoir re-operation scenarios on the Stanislaus, Tuolumne, and Merced 
rivers to meet different LSJR flow alternatives. These scenarios do not, however, identify 
specifically from where within each watershed additional flows will be provided. The model 
allows re-operation of the reservoirs, constrained by minimum storage and flood control levels, 
to minimize impacts to surface water diversions.  

5.2 CALSIM II San Joaquin River Model 
CALSIM II is a computer model developed by the USBR to simulate flow, storage, and use of 
water in the SJR basin. It is a planning model that imposes a specified level of water resources 
infrastructure development, land use, water supply contracts, and regulatory requirements over 
the range of historical meteorological and hydrologic conditions experienced from 1922 to 2003. 
Use of the model as a planning tool for future operations assumes that future meteorological 
and hydrologic conditions will be similar to historical. The model estimates the amount of water 
available for diversions, allocates this water based on various priorities, estimates demand and 
calculates associated return flows. The model calculates annual diversions using an index 
based on each year’s end-of-February storage plus perfect foresight of March to September 
reservoir inflow. This allows the model to calculate each year’s diversions dependent on the 
storage level of the major rim dams and expected inflow. The model uses regression analysis to 
calculate flow accretions, depletions and salinity at key locations. It also relies upon historical 
runoff information and standardized reservoir operating rules for determining carryover storage. 
Demands not met by surface water diversions can be supplemented with groundwater pumping, 
although CALSIM II does not model changing groundwater levels. The CALSIM II model runs on 
a monthly time step, with monthly average inputs and outputs (USBR 2005). 

CALSIM II model output provides, among other things, monthly average estimates of diversion 
delivery, reservoir releases and storage, and river flows in the SJR watershed over the 82 years 
of simulated hydrology. All the CALSIM II model nodes and associated diversions and return 
flows in this portion of the SJR watershed within the SED project area are listed in Table 5.1. 
This list of diversions, channel flows, reservoir storage, and return flows was obtained from the 
flow balance equations for each of the nodes contained in the CALSIM II input files for this 
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portion of the SJR watershed. The diversions and return flows were verified by creating a flow 
balance for each node, including all diversions, return flows, inflows and changes in reservoir 
storage. 

The basis for the water supply impact analysis described in this section is the CALSIM II 
“Current (2009) Conditions” model run from the DWR’s State Water Project Delivery Reliability 
Report 2009. A detailed description of the hydrology, facilities, regulatory, and operations 
assumptions are provided in Appendix A of that report (DWR, 2010b). This CALSIM II model run 
includes representation of both the December 2008 U.S. Fish & Wildlife Service and the June 
2009 National Marine Fisheries Service biological opinions on the Central Valley Project and the 
State Water Project. The WSE model described in the next section can be updated if a more 
applicable or updated CALSIM II model run becomes available during the SED analysis.  

 

Table 5.1. List of Diversions and Return Flows from all CALSIM II Nodes in the Portion of 
the SJR Basin including the Stanislaus, Tuolumne, and Merced Rivers  

River 
CALSIM II 
Node No. 

CALSIM II 
Diversion No. 

CALSIM II 
Flow No. Description 

Stanislaus 10 None None New Melones Reservoir 
76 None None Tulloch Reservoir 

520 D520A 
D520A1 
D520B 
D2520C 

None  

528 D528 R528A 
R528B 
R528C 

 

     
Tuolumne 81 None None New Don Pedro Reservoir 

540 D540A 
D540B 

None  

545 D545 R545A 
R545B 
R545C 

 

     
Merced 20 None None Lake McCLure 

561 D561 None  
562 D562 None  
564 None R564A 

R546B 
 

566 D566 R566  
 

A simple comparison of CALSIM II calculated flows and observed monthly average flow data 
from the USGS gage #11303500 on the SJR at Vernalis (USGS 2010) shows that CALSIM II 
provides a reasonable estimate of flow for the SJR at Vernalis. Figure 5.1 shows actual flow 
data from water years 1984 to 2003 and output from the CALSIM II representation of current 
conditions assuming hydrology for the same time period. This covers a period during which 
actual operations in the watershed were relatively similar (correlation coefficient of 0.912) to 
those modeled in the CALSIM II representation of current conditions. After 1984 all major 
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eastside dams were completed and filled and their combined effect on flows at Vernalis should 
be present in the actual data. CALSIM II model output ends with water year 2003.  
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Figure 5.1. Observed Monthly Average Flow from USGS Gage #11303500 (SJR Near 
Vernalis) Compared to CALSIM II Model Output for SJR Flow at Vernalis 

5.3 Water Supply Effects Model 
This section describes the WSE model that was developed to estimate additional flows needed 
for, and the water supply effects of, different LSJR flow alternatives. The methods to calculate 
the flow targets for the flow objective alternatives and the resulting water supply effects are 
discussed, followed by a comparison with CALSIM II output data to validate the approach. Flow 
objective is the user-defined percent of unimpaired flow. Target flow is the variable monthly 
calculated flow that is needed to achieve the flow objective. 

The WSE model is a monthly water balance spreadsheet model that calculates reductions in 
water supply in each tributary that would occur based upon user-defined inputs, output from 
CALSIM II, and flood storage rules. User defined inputs to the model include:  

 Months for which flow objectives are to be set 

 Monthly flow objectives as a percentage of unimpaired flow and caps for maximum or 
minimum monthly flows,  

 Maximum annual diversion (based on CALSIM II maximum diversion) 

 Diversion delivery rule curves which set annual diversions based on January storage 
behind rim dams (New Melones, New Don Pedro, and New Exchequer),  

 Minimum annual end-of-September storage (no calculations based on this input; 
provides only a reference line). 
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Other inputs not defined by the user include: 

 Baseline CALSIM II flows at the confluence with the SJR for calculating effects to river 
flows due to alternatives, 

 Baseline CALSIM II monthly surface water diversions 

 CALSIM II inflows to each rim reservoir 

 CALSIM II evaporation from each rim reservoir 

 CALSIM II accretions downstream from each rim reservoir 

 CALSIM II monthly diversion patterns used to distribute the annual diversions 

 Flood storage rule curves 
 
Output from the WSE model, including annual and monthly diversions, river flows, and reservoir 
storage, are compared to CALSIM II baseline conditions to assess the effects of alternative flow 
objectives.  

5.3.1 Calculation of Flow Targets to Meet Desired Flow Objectives  
The WSE model first calculates flow targets for each tributary based on the user-defined 
percent of unimpaired flow. Flow objectives on the Stanislaus, Tuolumne, and Merced rivers, at 
their confluences with the SJR, are defined as a percentage of monthly unimpaired flow on each 
tributary for February through June. As described in Section 2.2.2, unimpaired flow is an 
estimate of the flow that would have existed in the rivers as currently configured if there were no 
diversions or storage. The monthly unimpaired flow for water years 1922 to 2003 available from 
DWR (2007a) are estimates of flow that would have entered each of the major upstream 
reservoirs. There are no estimates of the unimpaired flow for the tributaries at their confluence 
with the SJR, where the flow objectives are being established. However, the entire valley floor 
component of unimpaired flow is roughly three percent of the unimpaired flows of the major 
LSJR tributaries. The component of unimpaired flow that would otherwise be associated with 
accretions and other inputs downstream of the major reservoirs is therefore not expected to 
significantly alter the amount or timing of these flows. The unimpaired flows at the rim dams are 
therefore considered adequate for the purpose of establishing flow objectives. 

The model user may also adjust the default minimum and maximum monthly flows. Minimum 
flows may be selected to limit what could be adverse fishery effects that could occur with 
otherwise unbounded minimum target flows. Maximum flows may be selected to limit the water 
supply effects that would occur to meet otherwise unbounded target flows. The default minimum 
monthly flows specified in the model are: 150 cfs for the Stanislaus River; 200 cfs for the 
Tuolumne River; and 150 cfs for the Merced River. These minimum flows generally reflect the 
existing regulatory requirements for minimum flows discussed in Section 3.1.3. The default 
maximum monthly target flows specified in the model are: 2,500 cfs for the Stanislaus River; 
3,500 cfs for the Tuolumne River; and 2,000 cfs for the Merced River. These maximum flows 
generally reflect the median unimpaired flows in these three rivers during the February through 
June period (See Tables 2.10, 2.11, and 2.12). The minimum and maximum flows can be 
adjusted in the WSE model as needed. The model calculates and adds additional flow when 
required to maintain reservoirs below flood control storage requirements. Because of these 
adjustments, the overall percentage of unimpaired flow calculated by the WSE model might be 
slightly different than the user-defined percent of unimpaired flow. For months outside of the 
February through June period, the target flows for the model are set to the CALSIM II monthly 
flow. 
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5.3.2 Calculation of Water Supply Effects  
After the WSE model calculates target flows in each of the three rivers, it calculates the surface 
water diversions and the reservoir releases needed to: 1) meet these target flows; 2) satisfy 
surface water diversions; and 3) maintain storage levels within minimum pool and flood control 
limits. The rim reservoir storage level is then calculated using a flow balance equation to 
determine resulting changes in storage. These calculations are performed monthly using 
hydrologic conditions for water years 1922 to 2003. The elements of the water balance 
calculations are described in more detail below. 

Flow Target 
As described in Section 5.3.1, the flow target at the mouth of each tributary, QFt, for a particular 
month is calculated as:  
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    (Eqn. 5.1) 

 
where: 

UFt is the DWR (2007a) unimpaired flow at time t; 
Fa is the target percentage of unimpaired flow defined by the user; and  
Qmxt and Qmnt are the user defined caps for maximum and minimum monthly flows 
respectively at time t. 

Surface Water Diversions 
The surface water diversions, Dt, for a particular month are calculated using: 

KbKaDD tt  max       (Eqn. 5.2) 

where: 

Dmax is the maximum annual diversion for each tributary defined by the user and based 
upon CALSIM II data; default values are 750 TAF on the Stanislaus; 1,100 TAF on the 
Tuolumne; and 625 TAF on the Merced).  

Kat is the monthly diversion pattern used to distribute the annual diversions for each 
month at period t (derived from CALSIM II output using the median monthly sum of 
diversions).  

Kb is the percent of maximum diversions for each year, set by a user-defined diversion 
delivery rule curve of January storage level in the rim reservoir of the associated river. 
The storage at time t is input to the rule curve and the corresponding percent of 
maximum diversions (Kb) to be delivered over the following 12 months is interpolated as 
a straight line between points defined by the user on the rule curve. This curve generally 
allows for greater percentage of diversions at higher storage levels and requires 
diversions to be reduced at lower storage levels. For increasing percentage of 
unimpaired flow objectives a more restrictive diversion delivery rule curve will be needed 
to meet the objectives. 
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Reservoir Releases 
The reservoir release needed to satisfy the target flow and diversions is determined on each 
tributary as: 

 

ttttt QACRSDQFR    (Eqn. 5.3) 

 
where: 

RSt is the additional reservoir spill release required to stay below flood stage (as defined 
by the USACE flood storage curves); and  

QACt is the sum of CALSIM II accretions (including return flows) and depletions 
downstream of the rim dam in month t. Accretions and return flows are assumed 
unchanged with respect to CALSIM II.  

 

Reservoir Storage Levels 
Storage levels behind the rim dams are initially set to CALSIM II levels at the end of December 
1921. The reservoir storage at the end of the following month, and each subsequent month, St, 
is calculated with a water balance equation on each tributary using: 

 

ttttt EVRQINFSS  1   (Eqn. 5.4) 

 
where: 

St-1 is the storage of the previous month; 
QINFt is the CALSIM II inflow to each reservoir; and 
EVt is the CALSIM II evaporation from the rim reservoir at time t.  

 

River Flows 
The flow achieved by the WSE model at the confluence of each tributary with the SJR is 
determined as follows: 

 

ttt RSQFQ         (Eqn. 5.5) 

 
Outside of the February through June period Qt is generally identical to the CALSIM II flow but 
may add additional flood spills triggered by a higher storage calculated by the WSE model 
relative to CALSIM II. For an example of the effects due to a 40% of unimpaired flow objective, 
Figure 5.2 displays a time series of CALSIM II baseline and WSE model flows and storages for 
WY 1997 to WY 2000 that would be needed to achieve the target flow.  
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Figure 5.2. Monthly Unimpaired Flow and 40% of Unimpaired Flow Objective Alternative 
Compared to CALSIM II Flow on the Tuolumne River at CALSIM II Node C545  

5.3.3 Comparison of Water Supply Effects Model 
This section describes the steps that were taken to compare the WSE model with the CALSIM II 
baseline results. First, the approximate percentage of unimpaired flow that is most similar to 
CALSIM II river flows was determined for each of the three rivers. This was done by comparing 
exceedance plots for WSE and CALSIM II modeled February through June flows. The target 
percentage of unimpaired flow for the WSE model was adjusted until its exceedance plot 
matched closely with the CALSIM II plot. As seen in Figures 5.3c, 5.4c, and 5.5c the 
exceedance plot of CALSIM II February through June flows closely matches the WSE model 
exceedance plots for the 40% of unimpaired flow target on the Stanislaus River and the 20% of 
unimpaired flow target on both the Tuolumne and Merced rivers.  

In the second step, a diversion delivery rule curve was developed that closely matched the 
relationship between January storage levels for the major reservoirs on each river against 
annual diversions as determined from CALSIM II output. The CALSIM II annual diversions were 
divided by the maximum annual diversion determined for each tributary, resulting in a percent of 
maximum annual diversion actually delivered each year. This result was then plotted against 
January storage in Figures 5.3d, 5.4d, and 5.5d. These results show that when storage is lower, 
a lower percentage of the maximum annual diversion will be delivered that year. In general, 
sharp cutbacks to diversions begin to occur when reservoir storage is less than roughly one half 
of the full capacity. Using these plots as guides, diversion delivery rule curves were developed 
that resulted in annual diversion exceedance curves that matched those of CALSIM II. The 
annual diversion exceedance curves for CALSIM II and the WSE model are shown in Figures 
5.3a, 5.4a, and 5.5a.  
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The final step in the comparison process was to iteratively refine the diversion delivery rule 
curves such that end-of-September storages (carryover storage) from the WSE model matched 
CALSIM II end-of September storages as closely as possible. Figures 5.3b, 5.4b, and 5.5b 
show exceedance plots of CALSIM II and the WSE model end-of-September storage, and the 
target minimum end-of-September storage as a reference line. Minimum storage levels were set 
for each reservoir, and the number of times storages fell below this level were tabulated. The 
diversion delivery rule curves were further adjusted so the number of times storages dropped 
below the minimum level were nearly the same between the two models. 

The comparison of results in Figures 5.3, 5.4, and 5.5 demonstrate that the WSE model 
generates similar results to CALSIM II using similar input data and operating assumptions. 
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 a) Diversion Delivery on the Stanislaus River
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c) Flows on the Stanislaus River (Feb. - June)

0

100

200

300

400

500

600

700

800

900

1000

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percent of Time Equaled or Exceeded

F
eb

. -
 J

u
n

e 
F

lo
w

 (
ta

f)

Minimum Flow
Maximum Flow
Validation @ 40%UF
CALSIM II

d) Diversion Delivery Curve for New Melones
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Figure 5.3. Validation of WSE Model Against CALSIM II Output on the Stanislaus River for A) Annual Diversion Delivery, B) 
End-of-September Storage, C) Flow at CALSIM II Node 528, D) Diversion Delivery Rule Curve Based on January Storage 
Level 
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a) Diversion Delivery on the Tuolumne River
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b) Carryover Storage in New Don Pedro
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c) Flows on the Tuolumne River (Feb. - June)
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d) Diversion Delivery Curve for NewDon Pedro
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Figure 5.4. Validation Of WSE Model Against CALSIM II Output on the Tuolumne River for A) Annual Diversion Delivery, B) 
End-of-September Storage, C) Flow at CALSIM II Node 528, D) Diversion Delivery Rule Curve Based on January Storage 
Level 
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a) Diversion Delivery on the Merced River
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b) Carryover Storage in New Exchequer
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c) Flows on the Merced River (Feb. - June)
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d) Diversion Delivery Curve for New Exchequer 
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Figure 5.5. Validation of WSE Model Against CALSIM II Output on the Merced River for A) Annual Diversion Delivery, B) 
End-of-September Storage, C) Flow at CALSIM II Node 528, D) Diversion Delivery Rule Curve Based on January Storage 
Level  
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5.4 Summary of Annual Water Supply Effects  
Tables 5.2, 5.3 and 5.4 present statistics for estimated water supply effects using the WSE 
model for the 20%, 40%, and 60% of unimpaired flow targets. The tables show the total annual 
and February through June unimpaired flow, and total annual CALSIM II diversion volumes for 
reference. These tables can be used to compare the effect that various flow targets would have 
on annual diversions and annual flow volumes relative to baseline CALSIM II diversions and 
flows. These tables also provide the maximum annual diversions for each tributary, as defined 
by the user (based upon CALSIM II data). For the Stanislaus River, the maximum annual 
diversion was set at 750 TAF rather than the 680 TAF maximum set in CALSIM II baseline. This 
additional amount includes the full Stockton East Water District diversion amount, not fully 
incorporated in the CALSIM II scenario. The maximum Tuolumne diversion was set to 1,100 
TAF and the maximum Merced diversion was set at 625 TAF. 

The results of the 20%, 40%, and 60% of unimpaired flow targets calculated using the WSE 
model, along with the CALSIM II representation of baseline for reference, are also presented in 
exceedance plots for the 82 years of CALSIM II hydrology for Figures 5.6, 5.7, and 5.8 are 
exceedance plots for: a) total annual diversion deliveries, b) carryover storage, and c) on total 
annual flow volumes for each river. These figures also show the diversion delivery rule curves 
(as a function of January reservoir storage) for each of the rivers. The diversion delivery rule 
curves are roughly linear. As expected, it can be seen that increasing LSJR flow alternatives 
reduces the volume of annual diversions and increases the total annual volume of flow at the 
confluence with the SJR in each river.  

Table 5.2. Estimated Water Supply Effects (TAF) on the Stanislaus River Associated with 
Meeting a Range of LSJR Flow Alternatives in Comparison to CALSIM II Annual Diversion 
Volumes and Unimpaired February to June flow volumes 

 
Unimpaired  
Flow (TAF) 

Annual Diversions by  
Percent Unimpaired Flow (TAF) 

Feb. - Jun. Flows by Percent 
Unimpaired Flow (TAF) 

 Annual 
Feb.-
Jun. 

CALSIM II 
Baseline 

20% 40% 60% 
CALSIM II 
Baseline 

20% 40% 60% 

Average 1118 874 577 672 580 461 355 228 348 465 

Minimum 155 136 368 439 333 247 131 45 64 87 

90%tile 456 381 455 534 407 308 167 83 152 228 

80%tile 591 497 537 567 471 367 193 105 199 298 

75%tile 636 550 545 619 484 389 217 113 220 330 

70%tile 679 563 568 644 503 401 241 122 225 338 

60%tile 891 739 589 691 563 445 270 162 302 435 

50%tile 1092 817 593 719 614 486 325 188 340 490 

40%tile 1260 997 603 733 636 508 377 212 404 529 

30%tile 1362 1078 615 743 672 532 416 238 434 569 

25%tile 1472 1130 627 745 683 544 454 254 454 576 

20%tile 1560 1182 634 746 693 562 474 298 467 597 

10%tile 1916 1461 656 748 716 572 531 411 523 653 

Maximum 2950 2005 678 750 742 594 1196 1025 919 1057 
Maximum 

Annual 
Diversion 

  750 750 750 750     
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Table 5.3. Estimated Water Supply Effects (TAF) on the Tuolumne River Associated with 
Meeting a Range of LSJR Flow Alternatives in Comparison to CALSIM II Annual Diversion 
Volumes and unimpaired February to June flow volumes 

 
Unimpaired  
Flow (TAF) 

Annual Diversions by Percent 
Unimpaired Flow (TAF) 

Feb. – Jun Flows by Percent 
Unimpaired Flow (TAF) 

 Annual 
Feb.-
Jun. 

CALSIM II 
Baseline 

20% 40% 60% 
CALSIM II 
Baseline 

20% 40% 60% 

Average 1849 1409 885 853 682 527 540 496 670 814 

Minimum 384 330 542 422 317 172 93 81 139 199 

90%tile 835 674 762 572 456 281 137 137 270 405 
80%tile 1052 894 814 688 519 356 170 193 384 536 
75%tile 1106 961 839 767 548 396 178 198 390 582 
70%tile 1165 982 858 792 600 432 204 214 411 598 
60%tile 1413 1186 877 844 666 496 257 245 486 672 
50%tile 1776 1299 906 911 724 565 304 333 625 763 
40%tile 2031 1585 920 953 763 606 449 447 678 865 
30%tile 2197 1709 935 987 807 666 648 608 771 923 
25%tile 2367 1756 959 992 824 680 757 686 830 970 
20%tile 2486 1857 978 1001 848 698 878 749 912 1006 
10%tile 3099 2194 1042 1026 868 709 1189 1011 1127 1214 

Maximum 4632 2904 1132 1045 880 715 2408 1975 2115 2209 
Maximum  

Annual  
Diversion 

  1100 1100 1100 1100     

 
Table 5.4. Estimated Water Supply Effects (TAF/year) on the Merced River Associated 
with Meeting a Range of LSJR Flow Alternatives in Comparison to CALSIM II Annual 
Diversion Volumes and Unimpaired February to June Flow Volumes  

 
Unimpaired  
Flow (TAF) 

Annual Diversions by Percent 
Unimpaired Flow (TAF) 

Feb. – Jun. Flows by Percent 
Unimpaired Flow (TAF) 

 Annual 
Feb.-
Jun. 

CALSIM II 
Baseline 

20% 40% 60% 
CALSIM II 
Baseline 

20% 40% 60% 

Avg 956 745 527 517 440 364 270 264 344 419 
Minimum 151 128 134 260 203 130 57 45 64 87 
90%tile 408 326 421 368 292 209 74 69 130 196 

80%tile 489 431 499 446 359 274 93 94 179 258 
75%tile 524 458 511 474 374 283 99 99 184 275 
70%tile 561 470 525 489 408 325 104 110 191 283 
60%tile 668 568 545 539 442 354 141 127 231 335 
50%tile 895 646 552 567 477 385 154 155 281 382 
40%tile 1080 824 561 573 491 413 176 196 346 442 
30%tile 1165 924 578 582 504 439 292 309 385 484 
25%tile 1223 978 584 585 517 448 350 343 409 501 
20%tile 1399 1033 588 589 523 458 402 373 459 523 

10%tile 1712 1223 593 592 529 465 678 593 605 621 
Maximum 2786 1837 624 594 531 469 1320 1231 1274 1305 
Maximum 

Annual 
Diversion 

  625 625 625 625     
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 a) Impact to Diversion Delivery on the Stanislaus River
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c) Impact to Flows on the Stanislaus River (Feb. - June)
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Figure 5.6. Results of Impacts for Illustrative Flow Objective Alternatives of 20%, 40% and 60% of Unimpaired Flow on the 
Stanislaus River 
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a) Impact to Diversion Delivery on the Tuolumne River
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b) Impact to Carryover Storage in New Don Pedro
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c) Impact to Flows on the Tuolumne River (Feb. - June)
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Figure 5.7. Results of Impacts for Illustrative Flow Objective Alternatives of 20%, 40% and 60% of Unimpaired Flow on the 
Tuolumne River 
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a) Impact to Diversion Delivery on the Merced River
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b) Impact to Carryover Storage in Lake McClure
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c) Impact to Flows on the Merced River (Feb. - June)
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Figure 5.8. Results of Impacts for Illustrative Flow Objective Alternatives of 20%, 40% and 60% of Unimpaired Flow on the 
Merced River 
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Appendix A:  Draft Objectives and Program of 
Implementation 

A.1. Modifications to the San Joaquin River Fish and Wildlife Flow 
Objectives, and the Program of Implementation 

The following is a description of potential draft modifications to SJR flow objectives for the 
protection of fish and wildlife beneficial uses, the program of implementation for those 
objectives, and the monitoring and special studies program included in the 2006 Bay-Delta Plan.  
The exact language of alternative changes may change and will be provided in the draft 
Substitute Environmental Document prepared for this project. 

A.1.1 San Joaquin River Fish and Wildlife Flow Objectives  
The existing numeric SJR flow objectives at Vernalis during the February through June time 
frame contained within Table 3 of the 2006 Bay-Delta Plan would be replaced with a narrative 
SJR flow objective (refer to Table A-1).  Draft language for the narrative SJR flow objective is 
included below: 

 
Maintain flow conditions from the SJR Watershed to the Delta at Vernalis, together with 
other reasonably controllable measures in the SJR Watershed sufficient to support and 
maintain the natural production of viable native SJR watershed fish populations migrating 
through the Delta. Specifically, flow conditions shall be maintained, together with other 
reasonably controllable measures in the SJR watershed, sufficient to support a doubling of 
natural production of Chinook salmon from the average production of 1967-1991, 
consistent with the provisions of State and federal law. Flow conditions that reasonably 
contribute toward maintaining viable native migratory SJR fish populations include, but 
may not be limited to, flows that more closely mimic the hydrographic conditions to which 
native fish species are adapted, including the relative magnitude, duration, timing, and 
spatial extent of flows as they would naturally occur. Indicators of viability include 
abundance, spatial extent or distribution, genetic and life history diversity, migratory 
pathways, and productivity.  

A.1.2 Program of Implementation 
Delete existing text in Chapter IV. Program of Implementation, A. Implementation Measures 
within State Water Board Authority, 3. River Flows: SJR at Airport Way Bridge, Vernalis, and 
add the following new text to Section B. Measures Requiring a Combination of State Water 
Board Authorities and Actions by Other Agencies: 

River Flows: San Joaquin River at Airport Way Bridge, Vernalis 
The narrative SJR flow objective is to be implemented through water right actions, water quality 
actions, and actions by other agencies in an adaptive management framework informed by 
required monitoring, special studies, and reporting.  The purpose of the implementation 
framework is to achieve the narrative SJR flow objective by providing a flow regime that more 
closely mimics the shape of the unimpaired hydrograph, including more flow of a more natural 
spatial and temporal pattern; providing for adaptive management in order to respond to 
changing information on flow needs and to minimize water supply costs; and allowing for and 
encouraging coordination and integration of existing and future regulatory processes. 
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Implementation of Flows February through June 
The State Water Board has determined that more flow of a more natural pattern is needed from 
February through June from the SJR watershed to Vernalis to achieve the narrative SJR flow 
objective.  Specifically, more flow is needed from the existing salmon and steelhead bearing 
tributaries in the SJR watershed down to Vernalis in order to provide for connectivity with the 
Delta and more closely mimic the flow regime to which native migratory fish are adapted.  
Salmon bearing tributaries to the San Joaquin River currently include the Stanislaus, Tuolumne, 
and Merced Rivers1. 

Thus, the State Water Board has determined that approximately X percent (e.g., 20-60 percent)2
 

of unimpaired flow is required from February through June from the Stanislaus, Tuolumne, and 
Merced Rivers on a X-day average (e.g., 14-day)2 to a maximum of X cubic-feet per second 
(cfs) (e.g., 20,000 cfs)2

 at Vernalis, unless otherwise approved by the State Water Board as 
described below.  This flow is in addition to flows in the SJR from sources other than the 
Stanislaus, Tuolumne, and Merced Rivers.  In addition, the State Water Board has determined 
that base flows of X cfs (e.g., 1,000 cfs)2

 on a X-day average (e.g., 14-day)2 is required at 
Vernalis at all times during the February through June period.  Water needed to achieve the 
base flows at Vernalis should be provided on a generally proportional basis from the Stanislaus, 
Tuolumne, and Merced Rivers.  The actions necessary to meet the above requirements are 
described below. 

Assignment of Responsibility for Actions to Achieve the Objective 
The State Water Board will require implementation of the narrative objective through water 
rights actions, FERC hydropower licensing processes, or other processes.  In order to assure 
that the water rights and FERC processes are fully coordinated, implementation of the narrative 
flow objective may be phased, in order to achieve full compliance with the narrative objective by 
the completion of the FERC proceedings on the Merced and Tuolumne Rivers, or no later than 
2020, whichever occurs first.  

To inform the implementation process for the narrative flow objective, the State Water Board will 
establish a workgroup consisting of State, federal, and local agency staff, stakeholders, and 
other interested persons with expertise in fisheries management, unimpaired flows, and 
operations on the Stanislaus, Tuolumne, and Merced Rivers to develop recommendations for 
establishing water right, FERC, and other related requirements to implement the narrative flow 
objective in a manner that best achieves the narrative flow objective while minimizing water 
supply costs.  Any recommendation developed by the workgroup shall be submitted to the State 
Water Board within six months (placeholder date pending additional review) from the date of the 
State Water Board’s approval of this amendment to the Bay-Delta Plan in order to be 
considered in future State Water Board water right and FERC licensing proceedings.  

 

                                                 
1 Currently, the San Joaquin River does not support salmon runs upstream of the Merced River confluence.  
However, pursuant to the San Joaquin River Restoration Program (SJRRP), spring-run Chinook salmon are planned 
to be reintroduced to this reach no later than December 31, 2012.  Flows needed to support the reintroduction are 
being determined and provided through the SJRRP.  During the next review of the Bay-Delta Plan, the State Water 
Board will consider information made available through the SJRRP process, and any other pertinent sources of 
information, in evaluating the need for any additional flows from the upper San Joaquin River Basin to contribute to 
the narrative San Joaquin River flow objective. 
 
2 A placeholder “X” value with examples are shown for several parameters in this draft.  The final program of 
implementation will have a value based on subsequent analyses. 
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Although the most downstream compliance location for the SJR flow objective is at Vernalis, the 
objective is intended to protect migratory fish in a larger area, including areas within the Delta 
where fish that migrate to or from the SJR watershed depend on adequate flows from the SJR 
and its tributaries.  To assure that flows required to meet the SJR narrative flow objective are 
not rediverted downstream for other purposes, the State Water Board may take water right and 
other actions to assure that those flows are used for their intended purpose.  In addition, the 
State Water Board may take actions to assure that provision of flows to meet the narrative SJR 
flow objective do not result in redirected impacts to groundwater resources, potentially including 
requiring groundwater management plans, conducting a reasonable use proceeding, or other 
appropriate actions. 

Adaptive Management of Flows during the February through June Period 
Implementation of the narrative SJR flow objective will include the adaptive management of 
flows during the February through June period in order to achieve the narrative flow objective 
and minimize water supply impacts.  Any adaptive management of flows must not result in flows 
of less than approximately X percent (e.g., 10 percent)2

 of unimpaired flow from each of the 
Stanislaus, Tuolumne, and Merced Rivers over the entire February through June period, up to a 
maximum of X cfs (e.g., 20,000 cfs)2

 at Vernalis. This flow is in addition to flows in the SJR from 
sources other than the Stanislaus, Tuolumne, and Merced Rivers.  

The State Water Board or other responsible entity will establish a coordinated operations group 
(COG), which will be comprised of the DFG; NMFS; USFWS; representatives of water users on 
the Stanislaus, Tuolumne, and Merced Rivers, and any other representatives deemed 
appropriate by the State Water Board.  The COG must agree to any adaptive management of 
flows, subject to final approval by the Executive Director of the State Water Board.  Other 
interested persons may provide information to inform the COG process and the Executive 
Director’s approval of any adaptive management. In order to inform implementation actions, 
State Water Board staff will work with the COG and other interested persons to develop 
recommendations for an adaptive management process, to be submitted for approval by the 
Executive Director of the State Water Board within 12 months (placeholder date pending 
additional review) following the board’s approval of this amendment to the Bay-Delta Plan.  By 
January 1 of each year, the COG also must prepare an adaptive management plan for the 
coming February through June season of that year for approval by the Executive Director.  

In addition, based on future monitoring and evaluation to determine flow needs to achieve the 
narrative SJR flow objective, the State Water Board may approve modifications to the required 
percentage of unimpaired flows, base flows, and upper end of flows at which a percentage of 
unimpaired flows are no longer required.  Specifically, FERC licensing proceedings on the 
Merced and Tuolumne Rivers are expected to yield specific information on flow needs for those 
tributaries.  The State Water Board expects this information to inform specific measures needed 
to implement the narrative SJR flow objective.  To obtain similar information for the Stanislaus 
River, the State Water Board will require the development of any additional information needed 
to inform specific flow needs on the Stanislaus River.  The State Water Board will use the 
specific in-stream flow information developed for each of the tributaries to determine how to 
adaptively manage flows on the SJR to meet the narrative SJR flow objective and integrate Bay-
Delta Plan flow requirements with FERC licensing requirements.  

Any modifications to the required percentage of unimpaired flows, base flows, and upper end of 
flows at which a percentage of unimpaired flows are no longer required shall not result in a 
change of more than: X percent (e.g., 10 percent)2

 of unimpaired flow from any one tributary 
over the entire February through June period; more than plus or minus X cfs (e.g., 200 cfs)2

 at 
Vernalis for the base flow requirement; and plus or minus X cfs (e.g., 5,000 cfs)2

 for the upper 
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end of the flow requirement at Vernalis without modification to this program of implementation in 
accordance with applicable water quality control planning processes.  Additional specific 
exceptions for drought considerations or unforeseen disaster circumstances may also be 
approved by the State Water Board. 

Implementation of Flows during October 
The State Water Board will reevaluate the assignment of responsibility for meeting the October 
pulse flow requirement during the water right proceeding or FERC licensing proceeding 
following adoption of this plan amendment in order to optimize protection for fish and wildlife 
beneficial uses and minimize impacts to water supplies.  

The State Water Board will require persons responsible for meeting the October pulse flow 
requirement to conduct monitoring and special studies (discussed below) to determine what, if 
any, changes should be made to the October pulse flow requirement and its implementation to 
achieve the narrative SJR flow objective.  Based on this information, the State Water Board will 
evaluate the need to modify the October pulse flow requirement during the next review of the 
Bay-Delta Plan. 

Implementation During Other Times of Year (July through September and 
November through January) 
The State Water Board has not established flow requirements for the July through September 
and November through January time frames that are necessary to implement the narrative SJR 
flow objective.  The State Water Board will require monitoring and special studies (discussed 
below) during the water rights and FERC processes to be conducted to determine what, if any, 
flow requirements should be established for this time period to achieve the narrative SJR flow 
objective.  Results from the monitoring and special studies program shall be used to inform the 
FERC proceedings on the Merced and Tuolumne Rivers and to inform the next review of the 
SJR flow objectives in the Bay-Delta Plan. 

Actions by Other Agencies 
To be developed.  This may include, but is not limited to, actions such as: habitat restoration 
(floodplain restoration, gravel enhancement, riparian vegetation management, passage, etc.), 
hatchery management, predator control, water quality measures, ocean/riverine harvest 
measures, recommendations for changes to flood control curves, and barrier operations. 

A.1.3 New Special Studies, Monitoring, and Reporting Requirements 
Add new section with the text below to the end of Chapter IV. Program of Implementation, 
Section D. Monitoring and Special Studies Program: 

San Joaquin River Fish and Wildlife Flow Objectives 
In order to inform real time adaptive management and long-term management of flows on the 
SJR for the protection of fish and wildlife beneficial uses, the State Water Board will require the 
development of a comprehensive monitoring, special studies, evaluation, and reporting program, 
referred to as the SJR Monitoring and Evaluation Program (SJRMEP).  During the water right 
and FERC proceedings to implement the narrative SJR flow objective, the State Water Board 
will establish responsibility for development and implementation of the SJRMEP.  The SJRMEP 
shall be developed with input from the COG and shall be subject to approval by the Executive 
Director of the State Water Board.  The SJRMEP shall at a minimum include monitoring, special 
studies, and evaluations of flow related factors on the viability of native SJR watershed fish 
populations, including abundance, spatial extent (or distribution), diversity (both genetic and life 
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history), and productivity.  The SJRMEP shall include regular reporting and evaluation of 
monitoring and special studies data.  Evaluations of monitoring and special studies data shall be 
subject to regular outside scientific review.  The Executive Director of the State Water Board 
may direct or approve changes to the SJRMEP based on monitoring and evaluation needs.  The 
SJRMEP shall be integrated and coordinated with existing monitoring and special studies 
programs on the SJR, including monitoring and special studies being conducted pursuant to 
federal biological opinion requirements and as part of the FERC licensing proceedings for the 
Merced and Tuolumne Rivers.  

Specifically, the SJRMEP shall evaluate the effect of flow conditions at various times of year, 
including spring (February through June), fall (including October), summer, and winter months 
on the abundance, spatial extent, diversity, and productivity of native SJR Basin fish species in 
order to inform adaptive management and future changes to the SJR flow objectives and their 
implementation 

A.2. Modifications to the Southern Delta Agricultural Water Quality 
Objectives, and the Program of Implementation 

The following is a description of potential draft modifications to southern Delta water quality 
objectives for the protection of agricultural beneficial uses, the program of implementation for 
those objectives, and the monitoring and special studies program included in the 2006 Bay-
Delta Plan.  The exact language of alternative changes may change and will be provided in the 
draft Substitute Environmental Document prepared for this project. 

A.2.1 Southern Delta Agricultural Water Quality Objectives 
The existing water quality objectives for agricultural beneficial uses are contained within Table 
A-2 of the 2006 Bay-Delta Plan.  Draft revisions to the numeric objectives and the addition of a 
narrative water level and circulation objective are presented in Table A-2. 

A.2.2 Program of Implementation 
Replace entirely Chapter IV. Program of Implementation, B. Measures Requiring a Combination 
of State Water Board Authorities and Actions by Other Agencies, 1. Southern Delta Agricultural 
Salinity Objectives with the following:  

Southern Delta Agricultural Water Quality Objectives  
Elevated salinity in the southern Delta is caused by various factors, including low flows; salts 
imported to the San Joaquin Basin in irrigation water; municipal discharges; subsurface 
accretions from groundwater; tidal actions; diversions of water by the SWP, CVP, and local 
water users; channel capacity; and discharges from land-derived salts, primarily from 
agricultural drainage. Salinity in the southern Delta is also affected by evapo-concentration of 
salts due to local agricultural operations and to a lesser extent by local municipal wastewater 
treatment plant discharges. Poor flow/circulation patterns in the southern Delta waterways also 
cause localized increases in salinity concentrations.  

The numeric salinity objectives and narrative water level and circulation objectives for the 
southern Delta listed in Table A-2 of the Bay-Delta Plan address salinity, water levels, and 
circulation to provide reasonable protection of the agricultural beneficial use in the southern 
Delta.  

State Water Board Regulatory Actions  
The southern Delta water quality objectives for protection of agricultural beneficial uses listed in 
Table A-2 will be implemented as follows:  
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i. Numeric salinity objectives for the San Joaquin River at Vernalis will continue to be 

implemented by conditioning the water rights of USBR on compliance with this 
objective.  

ii. Narrative water level and circulation objectives for the southern Delta will be 
implemented by conditioning the water rights of the USBR and DWR on compliance 
with this objective through the following measures: 

a. Continued operation of the agricultural barriers at Grant Line Canal, Middle River, 
and Old River at Tracy, or other reasonable measures, for the purpose of 
improving surface water levels and circulation in the southern Delta that would 
otherwise be impacted by operations of the CVP and SWP. This shall include 
modified design and/or operations as determined by the Comprehensive 
Operations Plan described below.  

b. Completion of the Monitoring Special Study, Modeling Improvement Plan, and 
Monitoring and Reporting Protocol described in Section D of the Program of 
Implementation: ‘Monitoring and Special Studies Program’ under a new part 
2: ’Southern Delta Water Quality’.  

c. Development and implementation of a Comprehensive Operations Plan to 
maximize circulation (i.e. minimize null zones) in order to avoid localized 
concentration of salts associated with agricultural water use and municipal 
discharges. The plan shall also address water level issues, and once approved, 
will supersede the water level and quality response plans required under D-1641. 
This plan shall include detailed information regarding the configuration and 
operations of any facilities relied upon in the plan, and shall identify specific water 
level and circulation performance goals. The plan shall also identify a method to 
conduct ongoing assessment of the performance and potential improvements to 
the facilities or their operation. The criteria for assessing compliance with the 
performance goals should be coordinated with the Monitoring and Reporting 
Protocol. DWR and USBR shall work together with the South Delta Water 
Agency (SDWA), State Water Board staff, other state and federal resource 
agencies, and local stakeholders as appropriate to develop this plan, and hold 
periodic coordination meetings throughout implementation of the plan.  
The State Water Board will request DWR and USBR to submit the 
Comprehensive Operations Plan to the Executive Director for approval within six 
months from the date of State Water Board approval of this amendment to the 
Bay-Delta Plan. Notwithstanding voluntary compliance with this measure, at a 
minimum, the State Water Board will require DWR and USBR to submit the plan 
within six months after the water rights are amended to require compliance with 
this measure. Once approved, the plan shall be reviewed annually, and updated 
as needed, with a corresponding report to the Executive Director.  
 

iii. Numeric salinity objectives for the three interior southern Delta waterways will be 
implemented through: 

a. Provision of assimilative capacity by maintaining salinity objectives upstream at 
Vernalis.  

b. Increased inflow of low salinity water into the southern Delta at Vernalis by 
implementing the SJR flow objectives during February through June. 
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c. Benefits to local salinity conditions accrued from USBR and DWR 
implementation of the narrative water level and circulation objectives as 
described above.  

 
Compliance with the salinity objectives for the interior southern Delta waterways will be 
measured at stations C-6, C-8, and P-12. The monitoring requirements at these stations will be 
re-evaluated and possibly modified as part of the Monitoring and Reporting Protocol. 
Compliance with the salinity objectives for the San Joaquin River at Vernalis will be determined 
at station C-10. Monitoring requirements to assess compliance with the narrative water level 
and circulation objective will be established as part of the Monitoring and Reporting Protocol.  

The interior southern Delta salinity objectives will be implemented no later than December 2020 
in coordination with implementation of San Joaquin River flow objectives. The narrative water 
level and circulation objectives will be implemented by completion and ongoing execution of the 
Comprehensive Operations Plan. The salinity objectives at Vernalis will continue to be 
implemented by conditioning USBR water rights on compliance with this objective. To the extent 
necessary, the State Water Board may take other water right actions and water quality actions, 
in concert with actions by other agencies, to implement the objectives.  

Central Valley Regional Water Quality Control Board (CVRWQCB) Regulatory Actions  
Implementation of the Vernalis and interior southern Delta salinity objectives will also benefit 
from the following CVRWQCB regulatory actions:  

i. Central Valley Salinity Alternatives for Long-Term Sustainability (CV-SALTS): CV-
SALTS is a stakeholder-led effort initiated by the State Water Board and the 
CVRWQCB in 2006 to develop a basin plan amendment and implementation actions 
to address salinity and nitrate problems in California’s Central Valley.  

ii. Discharge Regulation: Using its NPDES and other permitting authorities, the 
CVRWQCB regulates salt discharges upstream and within the southern Delta in 
coordination with the ongoing CV-SALTS process. The CVRWQCB, in coordination 
with various Central Valley stakeholders, is also exploring a region-wide variance 
policy and interim program to provide variances from water quality standards for salt 
while CV-SALTS is in progress. This variance policy and interim program is anticipated 
to be considered by the CVRWQCB before the fall of 2011.  

iii. Upstream of Vernalis San Joaquin River Salinity Objectives: CV-SALTS has 
established a committee to develop a Basin Plan amendment containing numerical 
salinity objectives and the associated control program for the lower San Joaquin River.  

iv. San Joaquin River at Vernalis Salt and Boron TMDL: The CVRWQCB is implementing 
the salinity and boron TMDL at Vernalis. This effort includes a Management Agency 
Agreement with the US Bureau of Reclamation addressing salt imported into the San 
Joaquin River basin via the Delta-Mendota Canal.  

 
Actions by Other Agencies  
Implementation of the Vernalis and interior southern Delta salinity objectives will also benefit 
from the following actions being taken by other agencies:  

i. Grasslands Bypass Project: Implementation of the Grasslands Bypass Project and the 
associated West Side Regional Drainage Plan will continue to reduce salt loads to the 
San Joaquin River upstream of Vernalis.  
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ii. San Luis Unit Feature Re-evaluation Project: The purpose of this project is to provide 
agricultural drainage service to the Central Valley Project San Luis Unit with the goal of 
long-term sustainable salt and water balance for the associated irrigated lands.  

iii. Central Valley Project Improvement Act (CVPIA) Land Retirement Program: The goal 
of this program is to reduce agricultural drainage by retiring drainage impaired 
farmland and changing the land use from irrigated agriculture to restored upland 
habitat.  

State Funding of Programs 

i. Implementation of the Vernalis and interior southern Delta salinity objectives will also 
benefit from State Water Board funding assistance for salinity related projects through 
the State Revolving Fund Loan Program, the Agricultural Drainage Loan Program, the 
Agricultural Drainage Management Loan Program, Proposition 13, 40, 50, and grant 
funding through the Non-point Source Pollution Control Programs and Watershed 
Protection Programs.  

A.2.3 New Special Studies, Monitoring, and Reporting Requirements  
Add new section with the text below to the end of Chapter IV. Program of Implementation, 
Section D. Monitoring and Special Studies Program:  

Southern Delta Agricultural Water Quality Objectives  
Implementation of the numeric salinity and narrative water level and circulation objectives in the 
southern Delta will require information collected through the following monitoring and special 
studies programs:  

i. Monitoring Special Study: As a condition of its water rights, DWR and USBR shall work 
with State Water Board staff, and solicit other stakeholder input to develop and implement 
a special study to characterize the spatial and temporal distribution and associated 
dynamics of water level, circulation, and salinity conditions in the southern Delta 
waterways. The extent of low/null flow conditions and any associated concentration of 
local salt discharges should be documented. The State Water Board will solicit 
participation from local agricultural water users and municipal dischargers to provide more 
detailed data regarding local diversions and return flows or discharges. 

The State Water Board will request DWR and USBR to submit the plan for this special 
study to the Executive Director for approval within six months from the date of State Water 
Board approval of this amendment to the Bay-Delta Plan. Notwithstanding voluntary 
compliance with this measure, at a minimum, the State Water Board will require DWR and 
USBR to submit the plan within six months after the water rights are amended to require 
compliance with this measure. Once approved, the monitoring contained in this plan shall 
continue to be implemented until the Monitoring and Reporting Protocol (described below) 
is approved and being implemented. 

ii. Modeling Improvement Plan:  State Water Board Order WR 2010-0002, paragraph A.3 
requires DWR and USBR to provide modeling and other technical assistance to State 
Water Board staff in association with reviewing and implementing the SJR flow and 
southern Delta salinity objectives. Plans to assess and improve hydrodynamic and water 
quality modeling of the southern Delta should be completed. Specific scope and 
deliverables are being managed as part of this ongoing process.  
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iii. Monitoring and Reporting Protocol: As a condition of its water rights, DWR and USBR 
shall work with State Water Board staff and solicit other stakeholder input to develop 
specific monitoring requirements to measure compliance with the narrative water level and 
circulation objectives, including monitoring requirements needed to assess compliance 
with the performance goals of the Comprehensive Operations Plan. DWR and USBR shall 
also use results of the monitoring special study and improved modeling capabilities 
described above to evaluate potential improvements to the compliance monitoring for the 
salinity objectives in the interior southern Delta. The State Water Board will request DWR 
and USBR to submit the plan to the Executive Director for approval within 18 months from 
the date of State Water Board approval of this amendment to the Bay-Delta Plan. 
Notwithstanding voluntary compliance with this measure, at a minimum, the State Water 
Board will require DWR and USBR to submit the plan within 18 months after the water 
rights are amended to require compliance with this measure.  
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Table A-1. Water Quality Objectives for Fish and Wildlife Beneficial Uses 

RIVER FLOWS 
COMPLIANCE 
LOCATION 

STATION PARAMETER DESCRIPTION WATER 
YEAR 

TIME  VALUE 

SJR at Airport 
Way Bridge, 
Vernalis 

C-10 Flow Rate Narrative All February 
through 
June 

Maintain flow conditions from the SJR Watershed to the 
Delta at Vernalis, together with other reasonably 
controllable measures in the SJR Watershed sufficient to 
support and maintain the natural production of viable 
native SJR watershed fish populations migrating through 
the Delta. Specifically, flow conditions shall be maintained, 
together with other reasonably controllable measures in 
the SJR watershed, sufficient to support a doubling of 
natural production of Chinook salmon from the average 
production of 1967-1991, consistent with the provisions of 
State and federal law. Flow conditions that reasonably 
contribute toward maintaining viable native migratory SJR 
fish populations include, but may not be limited to, flows 
that more closely mimic the hydrographic conditions to 
which native fish species are adapted, including the 
relative magnitude, duration, timing, and spatial extent of 
flows as they would naturally occur. Indicators of viability 
include abundance, spatial extent or distribution, genetic 
and life history diversity, migratory pathways, and 
productivity.  
 

Confluence of 
Tuolumne 
River with the 
SJR 

TBD 

Confluence of 
Merced River 
with the SJR 

TBD 

Confluence of 
Stanislaus 
River with the 
SJR 

TBD 

 
SJR at Airport 
Way Bridge, 
Vernalis 

C-10 Flow Rate Minimum 
Average 
Monthly Flow 
Rate (cfs) 

All Oct 1,000 [1] 

[1] Plus up to an additional 28 thousand acre-feet (TAF) pulse/attraction flow shall be provided during all water year types. The amount of 
additional water will be limited to that amount necessary to provide a monthly average flow of 2,000 cfs. The additional 28 TAF is not required in a 
critical year following a critical year. The pulse flow will be scheduled in consultation with USFWS, NOAA Fisheries, and DFG. 
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Table A-2.  Water Quality Objectives for Agricultural Beneficial Uses 

COMPLIANCE 
LOCATIONS 

STATION PARAMETER DESCRIPTION WATER YEAR TIME VALUE 

SOUTHERN DELTA SALINITY 

San Joaquin River at 
Airport Way Bridge, 
Vernalis 

C-10 
(RSAN112) 

Electrical 
Conductivity (EC) 

Maximum 30-day 
running average of 
mean daily EC 
(mmhos/cm) 

All Apr-Aug 
Sep-Mar 

0.7 
1.0 

 
San Joaquin River from 
Vernalis to Brandt Bridge 
       - and - 

C-6 [1] 
(RSAN073) 

Electrical 
Conductivity (EC) 

Maximum 30-day 
running average of 
mean daily EC 
(mmhos/cm) 

All Apr-Aug 
(Sep-Mar)* 

1.0 
(1.0 to 1.4)* 

Middle River from Old 
River to Victoria Canal 
       - and - 

C-8 [1]  
(ROLD69) 

Old River/Grant Line Canal 
from head of Old River to 
West Canal 

P-12 [1] 
(ROLD59) 

SOUTHERN DELTA WATER LEVELS AND CIRCULATION 

San Joaquin River from 
Vernalis to Brandt Bridge 
       - and - 

[2] Water Level & 
Circulation 

Narrative Water level and circulation conditions shall be 
maintained sufficient to provide reasonable protection 
of agricultural beneficial uses. 

Middle River from Old 
River to Victoria Canal 
       - and - 

[2] 

Old River/Grant Line Canal 
from head of Old River to 
West Canal 

[2] 

[1] Compliance monitoring will be re-evaluated and possibly modified as part of the Monitoring and Reporting Protocol described in the implementation plan. 
Unless modified, compliance with these salinity objectives will be determined at the indicated locations.  
[2] Monitoring requirements to assess compliance with this narrative objective will be established as part of the Monitoring and Reporting Protocol described in the 
implementation plan.  
 
* Note: The salinity objective “value” parameter for September through March above is stated as a range of values that will be evaluated in the SED. Additional 
breakdown of applicable months for the “Time” parameter may also be evaluated in the SED. 
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Appendix B: Tabular Summary of Estimated 
Escapement of Adult Fall-run Chinook Salmon for the 
Major SJR Tributaries from 1952 to 2010  
 

Year Stanislaus Tuolumne 
Merced 

(In River) 
Merced (Hatchery) 

Total 3+ years old 2 years old 
1952 10000 10000     
1953 35000 45000     
1954 22000 4000 4000    
1955 7000 2000     
1956 5000 5500     
1957 4090 8170 380    
1958 5700 32500 500    
1959 4300 45900 400    
1960 8300 4500 350    
1961 1900 500 50    
1962 315 250 60    
1963 200 100 20    
1964 3700 2100 35    
1965 2231 3200 90    
1966 2872 5100 45    
1967 1185 6800 600    
1968 6385 8600 550    
1969 12327 32200 600    
1970 9297 18400 4700 100 100 0 
1971 13261 21885 3451 200 200 0 
1972 4298 5100 2528 120 120 0 
1973 1234 1989 797 375 281 94 
1974 750 1150 1000 1000 1,000 0 
1975 1200 1600 1700 700 700 0 
1976 600 1700 1200 700 700 0 
1977 0 450 350 661 661 0 
1978 50 1300 525 100 100 0 
1979 110 1183 1920 227 114 114 
1980 100 559 2849 157 157 0 
1981 1000 14253 9491 924 616 308 
1982  7126 3074 189 157 32 
1983 500 14836 16453 1795 199 1,596 
1984 11439 13689 27640 2109 1,888 221 
1985 13473 40322 14841 1211 1,124 87 
1986 6497 7404 6789 650 488 162 
1987 6292 14751 3168 958 491 467 
1988 10212 5779 4135 457 418 39 
1989 1510 1275 345 82 66 16 
1990 480 96 36 46 29 17 
1991 394 77 78 41 32 9 
1992 255 132 618 368 123 245 
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Year Stanislaus Tuolumne 
Merced 

(In River) 
Merced (Hatchery) 

Total 3+ years old 2 years old 
1993 677 471 1269 409 234 175 
1994 1031 506 2646 943 497 446 
1995 619 827 2320 602 311 291 
1996 168 4362 3291 1141 395 746 
1997 5588 7146 2714 946 838 108 
1998 3087 8910 3292 799 347 452 
1999 4349 8232 3129 1637 650 987 
2000 8498 17873 11130 1946 1,615 331 
2001 7033 8782 9181 1663 1,137 523 
2002 7787 7173 8866 1840 1,250 588 
2003 5902 2163 2530 549 392 157 
2004 4015 1984 3270 1050 456 594 
2005 3315 719 1942 421 346 75 
2006 1923 625 1429 150 136 15 
[2007] 443 224 495 79 70 9 
[2008] 1305 455 389 76 39 37 
[2009] 595 124 358 246 112 137 
[2010] 1086 540 651 146   

 
Note: Data for those years in brackets (2007 – 2010) are preliminary. 
Source: DFG 2011 Grandtab Report and PFMC 2011 
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