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Abstract

Survival of juvenile fall-run Chinook Salmon Oncorhynchus tshawytscha through the San
Joaquin River Delta of California, USA, has been low for most estimates since 2002, and has been
consistently low since 2010. From 2010 through 2015, annual estimates of the probability of

surviving through the Delta (from Mossdale to Chipps Island, approximately 92 rkm) ranged from 0
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to 0.05, based on acoustic-telemetry data from smolt-sized hatchery Chinook Salmon. River
conditions were poor in most of these years; average daily river discharge into the Delta from the
San Joaquin River was <40 m?/s in four of the six study years. In the high flow year of 2011 (average
daily river discharge = 278-308 m?/s), the juvenile survival probability through the Delta was
estimated at only 0.02 (SE < 0.01), suggesting increased flows alone may not resolve the low survival
through the Delta. The low survival in this short portion of the life history makes achieving a
minimal smolt-to-adult ratio (SAR) of 22% nearly impossible for this fish stock. Over half of the fish
surviving through the Delta during six years of study were salvaged at the Central Valley Project’s

water export facility and transported for release just upstream of Chipps Island.

<A>Introduction

Historically, the Central Valley (CV) of California (USA) hosted one of the most diverse
populations of Chinook Salmon Oncorhynchus tshawytscha, including four distinct runs, adults
returning during every month of the year, and spawning occurring in every accessible stream
(Yoshiyama et al. 1998). The winter and late-fall runs were restricted to the Sacramento River basin,
while the fall and spring runs were present throughout both the Sacramento and the San Joaquin
river basins (Yoshiyama et al. 1998). Both river basins drain into the California Delta, and eventually
into the San Francisco Bay. The largest of these runs is the fall run, which forms the basis of the
California and southern Oregon ocean salmon fishery (Williams 2006). The CV fall-run Chinook
Salmon (FRCS) population consists predominantly of hatchery-reared fish from the Sacramento River
basin (Williams 2006, Barnett-Johnson et al. 2007). However, the San Joaquin River basin has two
FRCS hatcheries on the Merced River and Mokelumne River, and both basins produce naturally
reared fish. Although naturally produced FRCS in the San Joaquin River basin have been restricted to
the tributaries since the 1940s (Fisher 1994), there is currently an effort to return a self-sustaining

population to the San Joaquin River main stem (www.restoresjr.net; accessed 7/6/17).

Central Valley FRCS have been listed as a “species of concern” by NOAA Fisheries (NOAA
2010), and in 2008 and 2009, low anticipated adult returns resulted in closure of the ocean fishery
south of Cape Falcon, Oregon (NOAA 2008, 2009). Efforts to understand the causes of low survival
of FRCS have included measuring juvenile survival through the California Delta, which forms the
tidally influenced freshwater portion of the San Francisco estuary (Figure 1). Early coded-wire-tag
(CWT) studies, 1994-2006, provided monitoring of Chinook Salmon survival through the Delta to

Jersey Point for stocks originating in the San Joaquin basin (Brandes and McLain 2001, SJRGA 2007,
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2013). Partly in response to low adult returns of FRCS in the mid-2000s, researchers switched to
acoustic telemetry (AT) because of the smaller sample sizes required and the ability to provide more
detailed spatial and temporal information on migration through the Delta. Acoustic-telemetry
studies of juvenile hatchery-reared FRCS in the San Joaquin Delta were implemented starting in 2006
as part of the multiyear Vernalis Adaptive Management Plan (VAMP), and continued after the VAMP
study ended in 2011 (SJRGA 2013). In this paper, we present survival results from six years of AT
studies from 2010 through 2015, and discuss ramifications of the consistently low Delta passage

survival.

<A>Methods
<B>Study area

The Sacramento—San Joaquin Delta is an area of nearly 3,000 square km located in the
Central Valley of California. It extends from the City of Sacramento on the Sacramento River (SR),
and the area near Mossdale Bridge on the San Joaquin River (SJR), downstream to the confluence of
the SR and SJR at the entrance to Suisun Bay at rkm 64, measured from the Golden Gate Bridge (at
the exit of the San Francisco Bay) (Figure 1). For the purpose of this paper, we use the term “Delta”
to refer to the portion of the overall Sacramento—San Joaquin estuary that is dominated by the SIR
as it approaches Suisun Bay from the east and south (Figure 1). The Delta is a complex network of
natural rivers, natural or man-made cuts, islands, and levees, and contains some of California’s most
fertile agricultural land. The SJR skirts the majority of the Delta to the east. Old River (OR) originates
(rkm 170) from the SIR downstream of Mossdale Bridge, and moves west and north near the
western Delta edge until it reconnects with the SJR (rkm 122) upstream of the confluence with the
SR. Middle River (MR) originates (rkm 158) from OR in the south and moves north until it connects

with the SJR (rkm 126) just upstream of the confluence of SIR and OR (Figure 1).

The region of focus in this paper extends from just downstream of the Mossdale Bridge
(Mossdale; rkm 174), located on the SJR approximately 3.8 rkm upstream of where OR leaves west
from the SJR (head of Old River), to Chipps Island (rkm 77), which is legally considered the
downstream boundary of the Delta and is located near the entrance to Suisun Bay (Figure 1). Within
this study area are several routes that fish may take to get from Mossdale to Chipps Island. The
simplest (approximately 92 km) is to remain in the SJR throughout the Delta, passing the City of
Stockton, MacDonald and Medford islands, and Jersey Point. An alternative is to leave the SJR at the

head of OR. Fish using the Old River route may either move through the interior Delta via OR and
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MR until they rejoin the SIR just upstream of Jersey Point, or enter one of two water export facilities
where Delta water is actively pumped for export to water users in central and southern California.
The entrances to these facilities are located in the southwestern region of the Delta off of OR. The
Central Valley Project (CVP) is located approximately 2 rkm south of the State Water Project (SWP),
which is accessed via the Clifton Court Forebay (CCFB) reservoir. Fish that enter these facilities are
captured and considered salvaged; salvaged fish are then transported by truck to the northwestern
Delta, and released in the SIR or SR approximately 20 rkm upstream of Chipps Island. Fish that
remain in the SJR past the head of OR (San Joaquin River route) may either remain in the SJR all the
way to Chipps Island, or they may leave the SIR for the interior Delta at various points downstream,
including Turner Cut, Columbia Cut, and the MR mouth. Once fish enter the interior Delta, they may
move to Chipps Island either in-river (i.e., swimming through Delta waters), or by salvage and
trucking from one of the export facilities. Survival was monitored through both the OR and SJR
routes. Additionally, survival was monitored through the region (Southern Delta) that extended
from Mossdale to the Turner Cut junction in the SIR route (37 rkm), and to the water export facilities

or Highway 4 in the OR route (29 to 38 rkm).

<B>Tagging, fish health, and release methods

Juvenile FRCS used in these annual studies came from either the Merced River Fish Hatchery
(2010-2013) or the Mokelumne River Fish Hatchery (2014, 2015) (Table 1). All fish were surgically
implanted with microacoustic tags. The 2010 and 2011 studies used the Hydroacoustic Technology,
Inc. (HTI1) Model 795 microacoustic tag (diameter = 6.7 mm, length = 16.3-16.4 mm, average weight
in air = 0.65 g); each HTI tag transmitted a pulse every 4—11 seconds, depending on the unique
settings of the tag. The 2012 and 2013 studies used the VEMCO V5-180 kHz tag (width = 5.6 mm,
length = 12.7 mm, average weight in air = 0.66—0.67 g), and the 2014 and 2015 studies used the
VEMCO V4-180 kHz tag (width = 5.7 mm, length = 11.0 mm, averaged weight in air = 0.41-0.42 g).

The VEMCO tags transmitted the tag identification codes every 25-35 seconds.

In each study year, between two and seven groups of 133—647 juvenile Chinook Salmon
were tagged and released in April, May, or June; total sample sizes each year ranged from 950 to
1,918 (Table 1). The tagging team included three to four surgeons each year; all surgeons received
either new-surgeon training or refresher training annually. The average fork length at tagging (FL)
ranged between 98 mm and 115 mm across years, and was highest for 2012 and 2013, and lowest

for 2014 and 2015 (Table 1). Tag burden (i.e., the ratio of tag weight to body weight) averaged
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between 3.7% and 4.2% each year (Table 1). Tag burdens > 5% body weight occurred in 4% to 11%
of the fish released in the 2010-2012 studies, and 0% to 1.3% of the fish released in the 2013-2015
studies. The maximum tag burden (6.5%) was observed in 2011 (Table 1); no more than 2% of fish in

any year had tag burden > 5.4%.

Tagging was performed at the Tracy Fish Collection Facility in 2010-2012, located at the CVP
approximately 40 km by truck from the primary release site (Durham Ferry), at Merced River
Hatchery in 2013, and at Mokelumne River Hatchery in 2014 and 2015. The Merced River Hatchery
and Mokelumne River Hatchery are located on the Merced and Mokelumne rivers approximately
100 km and 80 km from Durham Ferry, respectively. In 2010-2013, fish were anesthetized in a 70-
mg-L ™" tricaine methanesulfonate (MS-222) solution, buffered with sodium bicarbonate; in 2014 and
2015, a 0.03% AQUI-S 20E solution was used as an anesthetic. Tagging procedures followed those
outlined in Adams et al. (1998) and Martinelli et al. (1998) in 2010-2012, and were updated to the
standard operating procedures outlined in Liedtke et al. (2012) in 2013-2015. After surgery, fish
were transported to the release site in trucks outfitted with tanks designed for dissolved oxygen
control and structural stability during transport. A maximum temperature differential between the
transport tank and the river water of 5° C was targeted by adding non-chlorinated ice to transport

tanks or tempering fish after arrival at the release site (Wedemeyer 1996, Iwama et al. 1997).

In 2011-2014, all fish were released in the San Joaquin River at Durham Ferry (DF), located
approximately 21 rkm upstream of Mossdale, and 113 rkm from Chipps Island (Figure 1). The
release site was located upstream of the study area boundary (Mossdale) to allow fish to distribute
naturally in the river, recover from handling and release, and express any handling effects before
entering the study area. In 2010, fish were released at DF and paired with supplemental releases in
upper OR and in the SIR near Stockton (STK) (Table 2). In 2015, the April release group was released
at DF, and the May release group was split between DF and a release site in the SIR near Medford

Island (MF; 50 rkm upstream of Chipps Island).

At the release site, fish were held in the river for approximately 24 hours in 19-L perforated
garbage cans to allow them to acclimate to the river water and recover from surgery. The exception
was in 2015, when fish released at MF were held at the hatchery 24 hours after surgery, rather than
at the release site. A total of 4 tagged Chinook Salmon died during transport or during holding in the
river before release in 2010-2014 (0.06% of those transported). In 2015, 2 fish (0.15%) died during
transport, and 12 (0.92%) died during holding before release at DF. Most of those mortalities in
2015 occurred in late April and early May, when river temperatures were especially high (21.9° Cto

24.7° C at beginning of the holding period). Pre-release mortalities were removed from the release
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groups and from data analysis. An exception was in 2015, when the tag could not be recovered from
five of the pre-release mortalities; however, because the study area began approximately 21 rkm

downstream of the release site, those unknown mortalities did not bias Delta survival estimates.

Each year, between 119 and 227 fish were tagged with inactive tags (dummy tags) and
transported to the release site using identical procedures as the active-tagged fish, held for 48 hours
at the release site, and then examined for mortality and condition. In 2015, dummy-tagged fish
associated with the MF release were held for 24 hours at the tagging facility before being
transported and assessed at the release site. Of the total number of dummy-tagged fish transported
and held, 30 to 90 control fish were examined each year for pathogens, physiological condition, and
surgical complications (i.e., loose sutures, open or partially closed incisions, and minor to severe
inflammation) in a fish health study performed by the United States Fish and Wildlife Service
California/Nevada Fish Health Center; 60 to 154 additional untagged control fish were examined for
fish health at the hatchery in 2010 and 2011. The fish health assessments occurred after fish were
held 29-32 days in 2011, after 72 hours in 2015, and immediately after the 48-hour holding period in
all other years. In addition, tag retention studies in 2012—-2015 held between 39 and 75 dummy-
tagged fish for 5 to 33 days for assessment of long-term mortality and tag retention. Tag retention
fish were examined for mortality and tag loss at days 5 (in 2012) and 30-33 (2012, 2014, 2015). In
2014 and 2015, 75 untagged fish were also held for mortality controls and examined at days 31-33.
Tag retention fish and untagged fish were held in 2013 as well, but faulty mortality reporting made

results unusable.

For each study year, in-tank tag-life studies were performed to measure the failure rate of
the tags used in the study. Between 50 and 102 tags were sampled across manufacturing lots each
year using either systematic or stratified random sampling. Tag-life studies typically began several
weeks after tagged fish were released to the river. Tank water temperature was maintained with
chillers in 2010 (average = 17° C) and with river water pumped from Old River in 2011-2015, in order

to maintain temperatures similar to the Delta environment when tagged fish were migrating.
<B>Acoustic hydrophone and receiver placement

Between 38 and 166 acoustic hydrophones and their associated receivers were deployed at
22 to 43 locations throughout the SIR and Delta for the 2010-2015 studies. Each hydrophone was
connected to a receiver or data logger (receiver) that either stored data for download or connected
remotely to online data storage. HTI technology (receiver models 290 ATR, 291 ATR; data logger

models 295-X, 295-1; hydrophone model 590; operating frequency 307 kHz) was used in 2010 and
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2011. VEMCO technology (receiver models VR2W, VR2C, and HR1; 180 kHz; hydrophone was
embedded in the receiver) was used in 2012—-2015. Each receiver location was composed of 1 to 18
hydrophones to achieve complete coverage of the river channel. Hydrophone spacing across the
river channel was based on range tests; at Chipps Island, HTI hydrophone spacing was approximately

150 m to 300 m, and VEMCO receiver spacing was approximately 100 m to 150 m.

Receiver locations throughout the Delta were determined by the possible routes of juvenile
passage and the requirements of the multistate release-recapture model to distinguish and estimate
movement, survival, and detection processes, described below. Although the technology changed
from HTI to VEMCO in 2012, and additional receivers were installed in new locations in later years,
the locations of the key receivers remained constant (Figure 1, Table 2). At a minimum, to estimate
through-Delta survival from Mossdale (MOS) to Chipps Island (CHP) required receivers at Mossdale
and a dual line of receivers (dual array) at Chipps Island. Additional receiver locations provided
estimation of route selection, route-specific survival, and survival in key river reaches (e.g., past the
City of Stockton). Dual arrays were placed in both branches downstream of key river distributary
points (junctions), in particular the head of OR (SJL, ORE) and Turner Cut (MAC, TRN) off the SIR
(Figure 1, Table 2). Receivers were also installed at the trash racks and in the holding tank at the CVP
water export facility, and at the entrance to the CCFB outside the SWP. The Chipps Island receivers
were located approximately 20 rkm downstream of the post-salvage release locations for fish that
were recovered and trucked from the water export facilities, ensuring that all surviving migrants
were required to pass the CHP receivers. Starting in 2011, receivers were placed in the SIR at Jersey
Point (JPT), located 26 rkm upstream of Chipps Island; Jersey Point had been used as the
downstream survival point in 20 years of CWT studies (Brandes and McLain 2001, SIRGA 2013). In
2014 and 2015, receivers were installed at Benicia Bridge (BBR), 19 rkm downstream of Chipps

Island, to provide better estimates of detection probabilities at Chipps Island (Figure 1, Table 2).

<B>Statistical methods

The raw detection data were processed into detection events for each tag by the U.S.
Geological Survey (USGS) lab in Cook, WA, for the 2010 and 2011 studies, and by the USGS lab in
Sacramento, CA, for the 2012—-2015 studies. The processed detection event data were transferred
to the University of Washington, where the data were further processed into chronological
detection histories identifying the receivers and dates where each tag was detected. Although the

study fish were expected to be migrating and therefore to be moving consistently in a downstream
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(seaward) direction, the tidal nature of the Delta environment means that migrating fish may move
upstream temporarily on reverse flows. If such flows expose them to river junctions multiple times,
their final route selection may differ from their initial selection at the junction (Perry et al. 2010).
Thus, detection histories used the final pass of the tag past a detection site or junction, to best

represent fish fate.

The possibility of a predatory fish eating a tagged study fish and then passing a receiver with
the still active acoustic tag in its gut raised the potential for biased survival estimates. Detection
data were passed through a predator filter to identify and remove likely predator detections. The
predator filter was based on assumed behavioral differences between migrating Chinook Salmon
smolts and predators such as Striped Bass Morone saxatilis, including differences in residence time
in the vicinity of a receiver, travel rate between receivers, and movements against river flow. More
information on the predator filter can be found in Buchanan et al. (2013, 2015, 2016) and SJRGA
(2011, 2013).

The filtered detection history data were analyzed using a multinomial, multistate release—
recapture model to estimate the probabilities of detection (P), reach-specific survival (S), and route
selection (¢; i.e., “route entrainment”) (Buchanan and Skalski 2010, Perry et al. 2010, Buchanan et
al. 2013). Different model states were used to represent the different routes through the Delta.
Smolt survival was estimated for various regions in the Delta, including a) through-Delta survival (i.e.,
MOS to CHP), and b) survival through the Southern Delta (i.e., MOS to MAC/TRN in the SIR route,
and MOS to CVP/SWP/OR4/MR4 in the OR route (Figure 1, Table 2). The multistate release—
recapture model accounts for imperfect detection probabilities (i.e., efficiencies) in estimating
survival. An example of the 2010 model can be found in Buchanan et al. (2013), and a schematic of
the model common to all study years (DF releases) is presented in Figure 2. Pope (2014) includes
the likelihood equation for the 2011 study year. For MF releases, survival downstream to Chipps

Island was estimated with the single-release Cormack-Jolly—Seber model (Skalski et al. 1998).

For the 2010 study year, the multistate model was fit separately for each of seven release
groups, and averages of parameter estimates weighted by release size were reported. Sparse
detections at downstream sites in the 2011-2015 study years required pooling the data from
individual releases in those years for fitting the model. The multistate models were fit to the data
for each year using maximum likelihood estimation in the software Program USER (Lady and Skalski
2009). On occasion, the full model had to be simplified to account for sparse data through certain
routes, resulting in loss of some route-specific information but not affecting the estimate of overall

through-Delta survival. For some study years, only O or 1 tag was detected at CHP, which prevented
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estimation of survival to Chipps Island separately from the detection probability. These cases were
noted in the results, and the survival estimate was reported under the assumption of 100%
detection probability. The 95% upper bound on survival to Chipps Island in these cases was

estimated using a binomial error structure (Louis 1981) and an assumed travel time of 7 days.

Each year, potential surgeon effects on survival of tagged fish were assessed by testing for
persistent differences between surgeons in survival through multiple reaches, using the
nonparametric Kruskal-Wallis test (Sokal and Rohlf 1995). In the event that a surgeon was observed
to have consistently lower survival than the rest of the surgical team, the release-recapture model

was refit to the data without that surgeon’s tags.

Survival estimates in the SIR route and OR route were compared using a two-sized Z-test on
the log scale and significance level set at a = 0.05. Survival estimates were tested for heterogeneity
among years with an F-test (Skalski et al. 2014). The hypothesis that survival was higher in the
Southern Delta (i.e., through the upstream reaches of the Delta) than through the lower (i.e.,
downstream) reaches of the Delta was tested by comparing the estimates of through-Delta survival
to the square of Southern Delta survival: & = (survival through Southern Delta?)/(through-Delta
survival). If Southern Delta survival is comparable to survival in the downstream reaches, then the
ratio & should be approximately 1. A one-sample t-test was used to compare the ratio 6 to 1 on the

log scale. Only years with tag detections at Chipps Island were included for the regional comparison.

Tag life and travel time.—Tag life was measured as the time between tag activation and
failure time in the in-tank studies. In some cases, malfunctioning hydrophones in the tag-life studies
required right-censoring the failure-time data. Observed tag survival was modeled separately each
year using the 4-parameter vitality curve (Li and Anderson 2009). Within each study year, possible
stratification of tag survival by activation date was assessed using the Akaike information criterion
(AIC; Burnham and Anderson 2002), with the exception of the April tag-life study from 2014;
homogeneity (i.e., no stratification) of tag survival was concluded in all years except 2014. In 2014,
the earliest (i.e., mid-April) release group and April tag-life study both suffered from a manufacturing
defect that turned the tags off prematurely; the defect was corrected for later release groups,

resulting in a separate tag-survival model for the mid-April release for that year.

The fitted tag-survival models were used to adjust the estimated fish survival probabilities
for tag failure using methods adapted from Townsend et al. (2006). In this study, travel time and the
probability of tag survival to Chipps Island were estimated separately for the different routes (e.g.,

San Joaquin route and Old River route). Standard errors of the tag-life-adjusted fish survival and
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transition probabilities were estimated using the inverse Hessian matrix of the fitted joint fish-tag
survival model. The additional uncertainty introduced by variability in tag survival was not
incorporated into the estimated standard errors of the survival estimates. In previous studies,
however, variability in tag-life parameters was observed to contribute little to the overall
uncertainty in the fish survival estimates (Townsend et al. 2006); thus, the resulting bias in the
standard errors was expected to be small. Because of the high rate of premature tag failure
experienced by the mid-April release group in 2014, no attempt was made to adjust the survival
estimates for tag failure for that release group. Thus, estimates from the 2014 mid-April release

group represent minimum fish survival (Holbrook et al. 2009).

<A>Results
<B>Delta conditions

Delta inflow from the SIR is measured at the Vernalis river-gaging station, located
approximately 3 rkm upstream of the DF release site. River discharge (flow) at this station was
considerably higher in 2011 than in the other years. Average daily flows at Vernalis during 2011
ranged from 278-308 m?>/s over the course of the study, whereas average daily flows for the other
study years ranged from 11 m>/s in 2015 to 161 m>/s in 2010. Daily total water export rates from
the Delta (i.e., from CVP, SWP) varied throughout the season, especially in 2011. The average daily
export rate during the release periods ranged from 42 m*/s in 2014 to 277 m?/s in 2011. Mean daily
water temperature in the SIR near the City of Lathrop (near the head of OR) varied between years
(ANOVA; P = 0.0155) and tended to increase throughout each season. Average daily water
temperature during the release periods ranged from 15.1° Cin 2010 and 2011, to 22.2° Cin 2015;
the maximum temperature observed at the release site was 24.7° C at Durham Ferry in 2015. The
temperature differential between salmon transport tank and river water was <5° C for 96% of

transport trips of tagged fish to the release site (maximum = 6.7° C).

<B>Fish health and Tag Retention

The 24-72 h mortality rate of dummy-tagged fish ranged from 0% to 2% in all study years.
Fish condition after tagging was generally good; however, examination of control fish in the fish
health studies found surgical complications (e.g., loose sutures) in some years. Incidence of such

complications ranged from 0% to 10% per year, except in 2012 (18%). High rates of Aeromonas-
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Pseudomonas infection were found in some years (20% in 2015, and 37% in 2012), but may have
been due to environmental contamination during sampling (Nichols 2015). Health assessments for
control fish in 2010-2013 consistently found evidence of the myxozoan parasite Tetracapsuloides
bryosalmonae, the causative agent of proliferative kidney disease (PKD). Clinical incidence of PKD in
control fish ranged up to 93% (2012); no PKD was detected in sampled fish from 2014 and 2015. For
more details on fish health results, see SJRGA (2011, 2013); Foott (2012); Nichols (2014, 2015);
Buchanan et al. (2015, 2016).

Tag retention studies found no tag loss within 30-33 days except in 2015, when 1 of 75 tags
(1.3%) was found expelled upon examination on day 31. The mortality rate among dummy-tagged
fish used in the tag retention studies and held 30—33 days in 2014 and 2015 was 0% to 2.4%, and
similar mortality rates were observed among untagged control fish. In 2012, 3 of 39 (7.7%) dummy-
tagged fish died by day 5; no other dummy-tagged fish died by the study’s end on day 30, and no

untagged fish were available for comparison in 2012.
<B>Tag life and travel time

Mean tag life was approximately 12 days in the April 2014 tag-life study, which reflected a
manufacturing defect. For all other tag-life studies, mean tag life varied from 27 days in 2010 to

approximately 50 days for both the 2013 study and the May 2014 tag-life study (Figure 3).

Median travel time from Mossdale to Chipps Island was approximately 3 to 4 days in 2010,
2011, and 2013, and 5.2 days in 2012 (Table 3). The single tag detected at Chipps Island in 2014 was
detected there 4.9 days after detection at Mossdale, but came from the faulty tag group and may
not represent average travel time of the group. No tags passing Mossdale in 2015 were detected at
Chipps Island. Both the shortest (1.1 days) and the longest (12.4 days) travel times through the
study area to Chipps Island occurred in 2011. Travel time through the Delta (i.e., Mossdale to Chipps
Island) was significantly longer on average in 2012 than in the other three years with estimates (t;o =
2.937, P =0.0045). Median travel time from Mossdale through the Southern Delta to the Turner Cut
junction (i.e., to the TRN or MAC receivers) ranged from 1.3 days in 2014 (3 fish) to 3.7 days in 2013
(2 fish) (Table 3). Travel times from Mossdale through the Southern Delta to either the water export
facilities (CVP, SWP) or the Highway 4 receivers (OR4, MR4) tended to be slightly shorter, with
median travel times ranging from 0.8 days in 2011 to 1.9 days in 2012 (4 fish) and 2013 (Table 3).
Tags from the 2015 MF release were detected at Chipps Island 2.1 to 8.9 days after release (median
= 3.7 days; Table 3).
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<B>Survival estimates

Annual estimates of the total probability of surviving from Mossdale to Chipps Island
(through-Delta survival) based on acoustic-telemetry data were all £0.05 (SE < 0.01) for the six years
of study (Table 4); there was no significant difference in survival between years (F;.. = 1.668, P =
0.1542). Considering the length of the primary SIR route through the Delta, 92 km, a total survival
probability of 0.05 translates to a survival probability of 0.97 per km (i.e., 0.03 probability of
mortality per km). Nearly half (7 of 17) of the release groups yielded through-Delta survival
estimates < 0.01, although two 2010 release groups had estimates of 0.10 (SE = 0.03) (Figure 4).
During the drought years of 2014 and 2015, only one fish was detected at Chipps Island out of 2,719
released at Mossdale; that single fish came from the April 2014 release group that had defective
tags, and represents the joint probability of fish and tag survival and detection. Under the
assumption of 100% detection probability at Chipps Island, survival from Mossdale to Chipps Island
was 0 for fish released with non-defective tags in 2014 and 2015. Also assuming a binomial error
structure, the 95% upper bound on survival was 0.01 in 2014, and 0.13 in 2015; the relatively high
upper bound in 2015 reflects the low survival from the DF release site to Mossdale that year (0.03;
Table 5). In the extreme drought year of 2015, survival from the MF release site to Chipps Island was
estimated at 0.08 (SE = 0.01); only one fish released at DF was detected as far downstream as MF
that year. No persistent surgeon effects were detected through multiple reaches in any year (P 2

0.3679 each year).

Of the acoustic tags released at DF and detected at CHP since 2010, the majority of the fish
passed through the CVP en route to Chipps Island; the exception was in 2012, when a temporary
rock barrier blocked most access to OR and the direct route to the CVP was closed (Table 4). The
barrier was also installed at the head of OR in 2014 and 2015, and the large majority of fish used the
SIR route in those years (Table 5). In years without the rock barrier, the probability of selecting the
SJR route ranged from 0.23 (SE = 0.02) in 2014, to 0.58 (SE = 0.01) in 2011 (Table 5). Survival from
Mossdale to Chipps Island was low through both the SIR route and the OR route in all years. In the
two years in which there was a statistically significant difference (P < 0.0267) in route-specific
survival, the OR route had the higher survival when combined across release groups (Table 5). When
compared on the scale of the individual release groups, only three releases showed survival
differences between routes: the OR route had the higher survival for the two June releases in 2011,
and the SJR route had the higher survival for the late April release in 2010 (SJGRA 2011, 2013).
Estimated survival through the Southern Delta (i.e., through the upstream region of the Delta)

tended to be considerably higher than through-Delta survival (Table 4). Survival was also higher in
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the Southern Delta than in the lower (i.e., downstream) reaches of the Delta (t; = 3.670, P = 0.0350).
Nevertheless, even the upstream region of the Delta had low survival in recent years. Estimated
survival to the Turner Cut junction was only 0.02 (SE = 0.01) in 2013, 0.01 (SE £ 0.01) in 2014, and
0.05 (SE = 0.05) in 2015, compared to 0.24 to 0.48 (SE = 0.02) in 2010-2012 (Table 4); the annual
differences were highly significant (Fs .. = 58.237, P < 0.0001).

<A>Discussion

The annual through-Delta survival estimates from 2010-2015 obtained from these acoustic-
tag studies were <0.05, and some were 0; release-level estimates were <0.10. These acoustic-tag
survival estimates continue a pattern of declining survival observed in CWT studies dating back to
2002 (Figure 4). However, low survival was observed in earlier years, as well (e.g., 1994; Figure 4).
Obvious questions arise in response to these low survival estimates. How do these levels of survival
compare to salmonid survival through similar environments in other river systems? What are the
possible causes and population effects of low survival? How representative and reliable are the

survival estimates, and what are the implications for managers?

Direct comparison of these survival results to other river systems is challenging because of
structural differences between the Delta environment and other riverine systems. However,
comparisons can be made using survival estimates scaled by migration distance and translated to
the length of the Delta, i.e., approximately 92 rkm along the SIR from Mossdale to Chipps Island
(Buchanan et al. 2013). Many acoustic-telemetry studies have estimated survival of yearling Chinook
Salmon in the lower river and estuary of the Columbia River, reviewed in Dietrich et al. (2016):
scaled to the length of the Delta, the Columbia River survival probability estimates averaged 0.84,
and ranged from 0.23 to 1.0 (see Dietrich et al. 2016 for data). Thus, the studies of yearling Chinook
Salmon in the Columbia River show considerably higher survival through the lower river and estuary
than is observed for subyearling fall-run Chinook Salmon (FRCS) through the Delta. For subyearling
FRCS from the Columbia River basin, lower river and estuary survival estimates are available from
2002 and 2003 (Clemens et al. 2009) and from 2009 and 2010 (McMichael et al. 2010, 2011; Harnish
et al. 2012); translated to the length of the Delta, the Columbia River subyearling FRCS estimates
ranged from 0.61 to 0.88. Welch et al. (2008) reported survival of out-migrating yearling Chinook
Salmon from 2004 to 2006 through 330 to 395 km of the Thompson—Fraser River system and estuary

which, when scaled to the length of the Delta, ranged from 0.37 to 0.74. Thus, there is evidence that
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survival of juvenile Chinook Salmon into and through estuaries from two other large river systems on
the West Coast of North America have considerably higher survival rates than FRCS from the SIR
system, despite the fact that five Chinook Salmon populations in the Columbia River basin have

warranted listing as endangered under the federal Endangered Species Act (50 CFR § 223-224).

In the Columbia River basin, a minimum smolt—adult return ratio (SAR) of 2% (0.02) has been
recommended for population sustainability (NPCC 2014). The release-specific Delta survival
estimates for the SIR FRCS had a maximum of 0.10 and averaged approximately 0.025 (Figure 4). If
SAR > 0.02 is required for population persistence, then a minimum survival probability of 0.02/0.10 =
0.2 is required through the remainder of the life history until adult return. Using a low-end Delta
juvenile survival value of 0.025, SAR of 0.02 requires post-Delta survival of 0.80. These calculations
assume juvenile survival from the tributaries to the Delta is 1.0, which is not the case (Brandes and
MclLain 2001, Zeug et al. 2014). Additionally, survival through the bays has been found to be lower
than survival through the Delta itself for late-fall-run Chinook Salmon (Michel et al. 2015), and
Lindley et al. (2009) concluded that ocean conditions contributed heavily to the fall-run salmon
fishery collapse in 2007 and 2008. Thus, Delta survival as low as 0.025 to 0.10 is likely not being
compensated by higher survival in other life stages. At current Delta survival rates, the SIR

component of the CV FRCS population may not persist.

The potential for low Delta survival of SIR FRCS to affect the persistence of the overall CV
FRCS population is also a concern. There is little or no genetic distinction among naturally spawning
populations of FRCS in the CV, or among the individuals spawned at different hatcheries (Williamson
and May 2005, Lindley et al. 2009). The common hatchery practice of trucking juveniles around the
Delta may contribute to adult straying, and eggs are sometimes moved from one hatchery to
another between basins (Williams 2006, 2012). Furthermore, most existing estimates of Delta
survival of SR FRCS are considerably higher than those for SIR FRCS: estimates of SR FRCS survival
from Freeport (on the SR) to Benicia Bridge have ranged from 0.26 to 0.39 in 2012 to 2014 and 2016,
although an estimate as low as 0.05 was observed in 2014 (A. Ammann, NOAA Fisheries; G. Singer,
UC Davis; S. Zeug, Cramer Fish Sciences; personal communication). These observations suggest that
the SIR basin may be a sink for the SR component of the overall CV population, rather than a self-
sustaining subpopulation (e.g., Johnson et al. 2012). If so, then persistently low survival of the
smolt-migrant component of the SJR population puts further strain on the CV population as a whole,

and reduces total escapement and harvest.
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The reasons behind the low Delta survival of SJR FRCS are varied and speculative.
Historically, the population decline of Chinook Salmon from the mid-1800s was caused by
overfishing, mining, damming, and water diversions (Yoshiyama et al. 1998). Since then, the Delta
environment has been heavily modified from a combination of saltwater, brackish, and freshwater
marshes to a complex system of river channels maintained by levees that protect agricultural,
industrial, and residential land (Nichols et al. 1986). Additionally, a large proportion of the fresh
water entering the Delta is extracted for municipal and agricultural use. A multiyear drought likely
contributed to the estimate of 0 survival in 2014 and the high mortality before even reaching the
Delta in 2015 (Table 5). Survival estimates from Durham Ferry to Mossdale varied significantly
between years (Fs .. = 708.563, P < 0.0001), and the point estimates for this reach declined for all
years of the study except one (Table 5), consistent with the expected drought effects. The prospects
of climate change makes such extreme drought events more likely in the future (Cvijanovic et al.

2017).

Nevertheless, high river flows alone do not guarantee high survival (e.g., Romer et al. 2013).
In particular, 2011 was a wet year, yet total through-Delta survival was low (0.02). The 2011 study
fish were released in mid-May through mid-June that year, which coincided with captures of wild
Chinook Salmon in the Mossdale trawl (SJRGA 2013), but also occurred just after the end of peak
river flow at Vernalis; thus, it is possible that the study fish in 2011 missed the period of primary
benefit of high flows for Delta survival. It is notable, however, that survival through the upstream
reaches of the Delta was higher in 2011 (e.g., 0.48 from MOS to the Turner Cut junction) than in
other years, as expected for a high flow year, whereas survival through the downstream reaches of
the Delta was <0.06 (e.g., approximately 0.05 probability of mortality per km from the Turner Cut
junction to Chipps Island). This pattern of higher mortality in the downstream vs upstream Delta
reaches was also observed for late-fall-run Chinook Salmon from the SR in 2011 (Michel et al. 2015),
and suggests spatial variability in mortality factors within the Delta. This possibility is supported by
the observation that the majority of tagged SJR FRCS detected at CHP when all routes were available
(i.e., no rock barrier at the head of Old River) came through salvage at the CVP rather than migrating
entirely through Delta waters, because it is the downstream reaches of the Delta that salvaged fish

avoid.

Fish condition may also account for some of the results observed in these studies. In
particular, the high incidence of PKD observed in the Merced River Hatchery fish used in 2010-2013
may have contributed to high mortality in those years. PKD is a progressive and potentially fatal

disease that progresses faster at higher water temperatures (Ferguson 1981), and is common in fish
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from the Merced River Fish Hatchery (Foott et al. 2007) and also prevalent among the natural-
spawning population (Nichols and Foott 2002). However, no PKD was observed in the study fish
from the Mokelumne River Hatchery in the drought years of 2014-2015, when survival was

particularly low.

The observed decline in salmon survival coincides with a well-documented decline in
populations of many Delta organisms (Sommer et al. 2007). Referred to as the Pelagic Organism
Decline (POD), this phenomenon indicates an ecosystem-wide shift in the ecological community of
the Delta. Non-native species such as Largemouth Bass Micropterus salmoides, the aquatic weed
Egeria densa, and the overbite clam Corbula amurensis have become well-established in the Delta,
and have altered the food web (Kimmerer et al. 1994, Sommer et al. 2007, Healey et al. 2008).
Striped Bass and Largemouth Bass are known predators of juvenile salmonids and also support a
popular sport fishery in the Delta (Nobriga and Feyrer 2007, Cavallo et al 2013). In the 2010-2015
studies, the predator filter identified a minimum of 20% to 64% of the tagged FRCS detected
between Mossdale and Chipps Island as being predated upon. Because the predator filter identifies
only those predation events that were followed by movement past an acoustic receiver, the actual
predation rate within this region was likely even higher. The hypothesis that faster moving fish have
reduced exposure time to predators and consequently higher survival (e.g., Anderson et al. 2005)
was not supported here on the scale of the entire Delta, where travel time varied between years
(longest in 2012) but total Delta survival did not (Table 3, 4); further investigation of a predator

exposure or travel time hypothesis is warranted on smaller spatial scales.

The extent to which the AT study results represent the SJR FRCS population depends on the
composition of the study fish, release timing, and fish condition. The fish used in the AT studies
were all smolt-sized subyearlings reared at state-run hatcheries on the Merced or Mokelumne rivers,
tributaries to the SIR. They were expected to pass quickly through the Delta to San Francisco Bay
and the near ocean, and return to the CV to spawn as adults approximately 2.5 years later. The
majority of salmon in the CV are hatchery-reared (Barnett-Johnson et al. 2007), but fish from the
state-run hatcheries are sometimes trucked around the Delta as juveniles and thus avoid within-
Delta mortality (Miller et al. 2010). The natural-spawned population from the San Joaquin basin is
not trucked, and includes fish that migrate as smolt-sized fish, as well as those that migrate from the
tributaries to the SIR or Delta as either fry- or parr-sized fish (Miller et al. 2010). Recent chemical
analysis of otoliths from returning adult wild FRCS from the Stanislaus River in the SJR basin suggest
that fish that exit the Stanislaus as parr (i.e., rear in the lower SJR or Delta) sometimes have higher

survival to adult return than fish that exit the Stanislaus as smolts, which are expected to be better
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represented by the AT study fish (Sturrock et al. 2015). However, trawl sampling at Mossdale
concurrent with the AT studies in 2010 and 2011 found Chinook Salmon of comparable length to our
study fish, suggesting that our studies effectively represented a detectable component of run-of-
river fish in timing and fish size (SJRGA 2011, 2013). Thus, the low survival estimates observed in the
AT studies may be considered to represent the Delta survival of the smolt-sized migrant component
of the natural-spawned population, to the extent to which hatchery fish may represent natural fish.
Introgression of genes from the hatchery population into the natural population may limit the actual
differences in survival between the wild and hatchery populations, but there remain questions of
surrogacy assumptions in applying results from hatchery fish to the wild population (Murphy et al.
2011). In particular, hatchery fish have been found to have different survival estimates than
naturally produced fish by a number of authors (e.g., Berejikian et al. 1999, Buchanan et al. 2010).
Even allowing for differences between study fish and the wild population, the low survival observed
for the hatchery-reared release groups suggests that Delta conditions are poor, and that a sizeable
component of the natural-spawned population from the SJR basin may also experience low Delta
survival. A loss of this population component would contribute to the loss of diversity and resilience
overall in CV FRCS, and put the population and ocean fisheries at added risk of collapse (Lindley et al.

2009, Carlson and Satterthwaite 2011).

The reliability of the low survival estimates observed here depends on detection
probabilities (efficiencies) at Chipps Island, the predator filter, and tagging and handling effects.
These survival estimates were generated using a release-recapture model that separates survival
from detection processes; in particular, the dual receiver array at Chipps Island, either alone or
combined with the Benicia Bridge receivers (if present), provided the data structure necessary to
estimate the detection probability at that site. Thus, the efficiency of the detection process does not
confound the survival probability estimates. Detection probabilities at Chipps Island were estimated
to be high (>0.90) for all years with estimates (Table 4). The lack of detections in 2014 prevented
estimation of the detection probability for that year; however, the very low survival (0.01) estimated
to the Turner Cut junction in 2014 suggests that the lack of Chipps Island detections was caused by

low survival rather than failure of the detection system.

The survival estimates reported reflect detection data after filtering for likely predator
detections. Without implementing the predator filter, the only year with a different Delta survival
estimate was 2010, when the unfiltered survival estimate was 0.11 instead of 0.05 (SE = 0.01;
Buchanan et al. 2013, 2015, 2016; SJRGA 2011, 2013). The possibility that the low survival estimated

for the high flow year of 2011 was a result of positively biased detection probabilities or inaccuracies
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in the predator filter was explored and discounted; even assuming a Chipps Island detection
probability as low as 0.75 and omitting the predator filter, the estimated survival from Mossdale to

Chipps Island in 2011 would have been 0.03 instead of 0.02.

Possible tagging and handling effects are of concern in any tagging study. In the six years of
this study, tag burden, tagging and handling procedures, and temperature controls during fish
handling were within recommended guidelines (e.g., Wedemeyer 1996, lIwama et al. 1997, Anglea et
al. 2004, Brown et al. 2006). The possibility of acute mortality effects due to surgery or transport
conditions was assessed by examining dummy-tagged fish after being held at least 48 h at the DF
release site after transport. The 48-h mortality rate of these dummy-tagged fish was <2% for all
years. Additionally, the mortality rate of active-tagged fish during transport and holding prior to
release was minimal in 2010-2014 (0.06% of all tagged fish transported). Together, these results
suggest that surgery, handling, and transport caused minimal acute mortality. There was higher
mortality during holding at the DF release site in 2015 (0.92%). However, river temperatures were
abnormally high (£24.7° C) during the holding period, and may account for the pre-release mortality
in that year even in the absence of additional stress from surgery or handling (Marine and Cech
2004). Furthermore, the 21 rkm between the primary release site at DF and the upstream boundary
of the study area (MOS) allowed any acute mortality effects of handling to be expressed outside the
study area. Survival estimates from DF to MOS ranged from 0.03 (SE < 0.01) in 2015, to 0.94 (SE =
0.01) in 2010 (Table 5). Although these estimates reflect possible handling effects, they also reflect
river conditions such as low flows and high temperatures that affect both tagged and untagged fish.
These considerations suggest that any acute mortality effects of surgery and handling were not

reflected in survival estimates in the study area.

The possibility of chronic mortality effects due to surgical errors or variation in surgeon skill
was examined by testing for differences in survival estimates among surgeons each year. Although
estimated survival was sometimes lower for a particular surgeon in a given reach and year (e.g.,
from Stockton to Turner Cut in 2012), there was no indication that any surgeon had consistently
lower survival through multiple reaches in any year. The potential impact of surgical complications
(e.g., loose sutures) on estimates of total Delta survival was investigated by adjusting observed
estimates of survival to Chipps Island (Table 4) by the rate of surgical complications identified from
dummy-tagged fish. Such adjustment depended on the conservative assumption that all fish that
had surgical complications died within the study area (i.e., neither during the 24-h holding period at
the release site nor in the 21 rkm between Durham Ferry and Mossdale), and would not have died

without the surgical complications. Even using the maximum observed rate of surgical complications

This article is protected by copyright. All rights reserved.



(18% in 2012), the adjusted annual estimates of total Delta survival increased by only 0.01, e.g., from
0.03t0 0.04 in 2012. The mortality and tag loss rates observed from the tag retention studies
produced similar results. Thus, the low survival estimates found in these six years of study are
unlikely to have been an artifact of the tagging process, and are more likely to reflect the Delta
environment. Similarly, the fact that survival estimates were <0.05 regardless of changes in tag and
acoustic receiver technology, fish source, and tagging location suggest that low survival is a

persistent and pervasive characteristic of this population under current Delta conditions.

<B>Management Implications

Given the complex host of factors contributing to low salmon survival in the Delta and the
concurrent needs of other California residents, both aquatic and terrestrial, piscine and human, the
actions required to improve survival will not be simple. Uncertainty about the minimum Delta
survival necessary for population persistence complicates assessment of management action
potential and performance; for example, a hypothetical target survival as high as 0.50 would likely
prompt different approaches than a lower hypothetical target of 0.10. A more comprehensive
understanding of the structure of the CV metapopulation generally, and specifically the SIR salmon
population structure, performance, and requirements, as well as spatially explicit knowledge of
regions and causes of high mortality, will be necessary to develop effective recommendations.
However, the removal of up to 60% of the river water either upstream or in the Delta (Nichols et al.
1986) may limit any benefits of additional management actions on salmon survival. Managers
should be careful to consider the survival both of salmon that use the Delta primarily as migrants,
and of population components that may rear in the Delta, in order to promote diversity of life
histories in the FRCS population and the buffering benefit of the “portfolio effect” (Miller et al. 2010,
Schindler et al. 2010, Carlson and Satterthwaite 2011, Sturrock et al. 2015). A priority on habitat
quality within the Delta, combined with efforts to improve survival through all portions of the

salmon life history, is likely to be required if this population is to persist.
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List of Figures

FIGURE 1.—The portion of the Sacramento-San Joaquin River delta that was studied,
including acoustic-telemetry receiver sites common to the 2010-2015 studies, and key
receiver sites added in later years. Inset map shows state of California, USA, (light shading)
and the Delta and San Francisco Bay (dark shading); detailed area is marked with rectangle.
The study area extended from Mossdale (MOS) to Chipps Island (CHP). Acoustic-tagged
salmon were released at Durham Ferry (DF), Old River (OR), and Stockton (STK) in 2010; DF
in 2011-2014, and DF and Medford Island (MF) in 2015. Key sites are DF, MOS, and CHP.
Receiver sites with alphanumeric codes (e.g., A2) are used in the model schematic in Figure
2. Site JPT was added in 2011. Site BBR (G2) was added in 2014. Water export facilities are
CVP and SWP; CCFB = Clifton Court Forebay. Highway 4 receivers are OR4 and MR4. The
CHP site used a dual array of receivers.
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FIGURE 2.—Schematic of multistate release-recapture model to estimate survival
from Mossdale (MOS) through the Delta to Chipps Island (CHP). The downstream
boundaries of the Southern Delta are: MacDonald Island (MAC) and Turner Cut (TRN) in the
San Joaquin River route, and the water export facilities (CVP, SWP) and Highway 4 receivers
(OR4, MR4) in the Old River route. Horizontal lines indicate acoustic receivers; parallel lines
indicate dual receiver array. Model parameters are probabilities of salmon reach survival
(S), detection (P), route selection (), and transition (® = yS), and the last reach parameter
A = SP. Site BBR was available only in 2014 and 2015 (dashed lines).
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FIGURE 3.— Fitted tag survival curves for each year and/or release group. The 2010
and 2011 studies used HTI tags, and the 2012-2015 studies used VEMCO tags.
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FIGURE 4.—Estimated survival of release groups of juvenile hatchery fall-run Chinook
Salmon from Mossdale (MOS) or Dos Reis Park (DRP, 3.7 rkm downstream of SIL receivers)
to either Jersey Point (JPT) or Chipps Island (CHP) from coded-wire-tag (CWT) and acoustic-
telemetry (AT) studies. Intervals are 95% confidence intervals, truncated to O if necessary.
a = estimates represent minimum survival because of premature tag failure (Holbrook et al.
2009); b = no detections at Chipps Island; Delta survival was not estimated in 2009 (SJRGA
2010). Adapted from Figure 5-1 in SJRGA 2013.
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List of Tables

TaBLE 1.—Release year, hatchery source of study fish, sample size (N), release dates, mean (range) fork length at tagging, transmitter
type (manufacturer and model), mean (range) tag burden (= tag weight/fish weight), and mean estimated tag life (SE; days) for release groups
of juvenile Chinook Salmon smolts used in the 2010—-2015 South Delta tagging studies.

Year Hatchery N Release Dates Fork length (mm) Tag type Tag burden (%) Tag life
2010 Merced 993 April 27-May 20 110 (99-121) HTI 795 Lm 4.2 (2.8-5.8) 27.3(7.8)
2011 Merced 1,895  May 17-June 19 111 (94-140) HTI 795 Lm 4.1 (2.0-6.5) 28.8 (6.7)
2012 Merced 959  May 2-May 22 113 (100-135) VEMCO V5 3.8(2.0-5.4) 41.7 (7.5)
2013 Merced 950  May 1-May 19 115 (101-135) VEMCO V5 3.8(2.4-5.2) 50.6 (8.6)
2014  Mokelumne 1,918  April 16-May 19 98 (80-119) VEMCO V4 3.8(2.0-5.4) 48.9 (10.4)"
2015  Mokelumne 1,290  April 15-May 2 98 (83-119) VEMCO V4 3.7(1.9-4.8) 40.2 (5.5)

a = Results are given for May 2014 tag-life study. Mean estimated tag life for April 2014 tag-life study was 12.4 days (SE = 4.7 days)
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TABLE 2.—Site acronyms, types, and locations in river km (rkm) measured from the
Golden Gate Bridge. Distances to sites on the San Joaquin River are measured along the
main stem of the river.

Site Site type Description River km
DF Primary release site Durham Ferry 195
STK Release site Stockton 151
OR Release site Old River 164
MF Release site Medford Island 128
MOS Receiver site Mossdale 174
SJL Receiver site San Joaquin at Lathrop 170
ORE Receiver site Old River near head 164
TRN Receiver site Turner Cut 138
MAC Receiver site MacDonald Island 134
CVP Receiver site, Water export facility Central Valley Project 144
SWP Receiver site, Water export facility State Water Project 142
OR4 Receiver site Old River at Highway 4 134
MR4 Receiver site Middle River at Highway 4 137
JPT Receiver site Jersey Point 103
CHP Receiver site Chipps Island 77
BBR Receiver site Benicia Bridge 57

This article is protected by copyright. All rights reserved.



TABLE 3.—Estimated (median, range in parentheses) travel time (days) through the
Southern Delta and to Chipps Island for study years 2010—-2015; number after semi-colon =
number of observations. Travel times are from Mossdale and are for Durham Ferry (DF)
releases unless otherwise noted (MF = Medford Island release). Turner Cut Junction = TRN
and MAC acoustic receivers (Figure 1).

Water Export Chipps Island (from  Chipps Island (from

Year Turner Cut Junction Facilities/Highway 4 Mossdale) release)
2010 2.5(1.3-3.7); 81 1.1 (0.5-5.8); 162 3.4(1.3-7.2); 29 3.8 (1.6-7.6); 29
2011 1.6 (0.7-10.2); 404 0.8 (0.3-10.3); 378 29 (1.1-12.4); 27 3.3(1.4-12.7); 33
2012 2.2(1.0-7.3); 109 1.9 (1.2-3.9); 4 5.2 (3.7-10.0); 15 5.6 (4.1-10.4); 15
2013 3.7(3.0-4.3); 2 1.9 (0.4-6.1); 95 3.6 (3.3-7.6); 3 4.0(3.8-8.1);3
2014° 1.3 (0.9-1.6); 3 1.8 (1.7-1.9); 2 NA; 0 NA; 0
2015 (DF) 2451 NA; 0 NA; 0 NA; 0
2015 (MF) NA NA NA 3.7 (2.1-8.9); 35

a = Estimates omitted mid-April release group because of tag programming error
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TABLE 4.—Estimates (standard errors in parentheses) of (1) probabilities of survival from Mossdale to the Turner Cut Junction, the
Water Export Facilities/Highway 4 receivers, through the entire Southern Delta, and through the Delta to Chipps Island, (2) detection
probability at Chipps Island (conditional on presence), and (3) the percentage of tags released at Durham Ferry (DF) and detected at Chipps
Island that came through the CVP; MF = Medford Island release. Estimates are weighted averages for 2010, and estimated from pooled
release groups for 2011-2015. When provided, n = number of tags detected at downstream boundary of reach. Turner Cut Junction = TRN
and MAC acoustic receivers (Figure 1).

Total

Turner Cut Water Export Southern Detection at CVP detection

Year Junction Facilities/Highway 4 Delta Chipps Island ~ Chipps Island  percentage (%)
2010 0.32 (0.02) 0.77 (0.05) 0.56 (0.03)  0.05(0.01) 1.00 (0.00) 65.5
2011 0.48 (0.02) 0.66 (0.02) 0.56 (0.01)  0.02 (<0.01) 0.99 (0.01) 63.6
2012 0.24 (0.02) 0.42 (0.16) 0.24 (0.02)  0.03 (0.01) 1.00 (0.00) 6.7
2013 0.02 (0.01) 0.27 (0.02) 0.21(0.02)  0.01(0.01) 1.00 (0.00) 66.7
2014* 0.01 (<0.01) 0.12 (0.05) 0.02 (0.01)  0.00 (n=0) NA NA
2015 (DF)  0.05(0.05;n=1) 0.00 (n=0) 0.05(0.05)  0.00 (n=0) NA NA
2015 (MF) NA NA NA 0.08 (0.01)° 0.93 (0.05) NA

a = Estimates omitted mid-April release group because of tag programming error

b = Survival estimate from release at Medford Island
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TABLE 5.—Estimates of the probability of survival from the Durham Ferry (DF) release
site to Mossdale (MOS), the probability of selecting the San Joaquin River (SJR) route at the

head of Old River (OR), and the probability of survival in the two major routes from

Mossdale to Chipps Island (SJR route and OR route); and P-value from the two-sided Z-test

on the log scale for the hypothesis of equal survival in the two routes. Estimates are
weighted averages for 2010, and estimated from pooled release groups for 2011-2015.

Year DF to MOS Select SJR route SJR route OR route P
2010 0.94 (0.01) 0.47 (0.02) 0.04 (0.01) 0.07 (0.01) 0.0267
2011 0.87 (0.01) 0.58 (0.01) 0.01 (<0.01) 0.04 (0.01) 0.0001
2012 0.50 (0.02) 0.98 (0.01) 0.03 (0.01) 0.11 (0.10) 0.2000
2013 0.50 (0.02) 0.23 (0.02) 0.01 (0.01) 0.01 (0.01) 0.8120
2014° 0.16 (0.01) 0.92 (0.02) 0.00 (n=0) 0.00 (n=0) NA
2015 0.03 (<0.01) 0.92 (0.08)° 0.00 (n=0) 0.00 (n=0) NA

a = Estimates omitted mid-April release group because of tag programming error

b = Assumption of 100% detection probability in Old River Route (n =1)
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ATTACHMENT 2

San Joaquin Tributaries Authority
Comment Letter — Revisions to Proposed Bay-Delta Plan Amendments
July 27, 2018



June 16, 2015

V1A COURIER

Ms. Katherine Mrowka

Enforcement Program, Manager
State Water Resources Control Board
1001 I Street, 14th Floor
Sacramento, California, 95814

Re: State Water Contractors’ complaint against unlawful diversion of State
Water Project stored water supplies.

Dear Ms. Mrowka:

This is a complaint against the unlawful diversion of stored State Water Project
(“SWP”) water. The State Water Contractors,' on behalf of itself and its member
agencies, (herein “SWC”) bring this complaint against diverters in the Delta
located south of the San Joaquin River unlawfully diverting stored water from
numerous points of diversion in excess of their water rights (herein “South-of-
San Joaquin Diverters”).> The South-of-San Joaquin Diverters are diverting
water that they have no right to divert: SWP stored water supplies. This
complaint does not challenge South-of-San Joaquin Diverters underlying water
rights, rather this complaint assumes senior water rights can be substantiated,
and the analyses contained herein informs when those with senior water rights
are unlawfully diverting stored water supplies and should be curtailed.

Collectively, these South-of-San Joaquin Diverters are pumping approximately
100,000 to 300,000 acre-feet® more than they are entitled to in summer and fall
of dry and critical years. The SWC are injured by the South-of-San Joaquin
Diverters because approximately 100,000-300,000 acre-feet of their unlawful
diversion causes the jointly operated State Water Project (“SWP”) and the
Central Valley Water Project (“CVP”) to make additional stored water releases
to satisfy Water Quality Control Plan (“WQCP”) requirements. A 100,000 to
300,000 acre-feet unlawful diversion is significant. To put in context, 200,000
acre-feet equals the total amount of water that the SWC received in 2014. A
100,000 to 300,000 acre-feet increase in upstream storage would also
significantly increase the ability of the SWP-CVP to maximize operational

! The SWC are a non-profit mutual benefit corporation representing 27 public water agencies that contract
with the State of California through the Department of Water Resources (“DWR?”) for water from the SWP.
The SWC was formed in 1982 to represent the interests of public water suppliers that hold contracts with
the State of California for the delivery of water from the SWP. Pursuant to its powers and authorities, the
SWC represents the interests of its Member Agencies in proceedings that affect the water supplies made
available from the SWP. (List of Member Agencies, Attachment 1.) Collectively, the SWC Member
Agencies serve water to more than 25 million persons, roughly two thirds of California’s population, over
a geographic area that extends from Butte County in the Sacramento Valley, through the San Francisco Bay
Area and San Joaquin Valley to the California Central Coast and Southern California. The SWC Member
Agencies also serve water to over 750,000 acres of irrigated farmland. The SWC is not required to file
statements of diversion and use. (23 CCR § 820(d)).

2 See map identifying location of South-of-San Joaquin Diverters, Attachment 2.

3 This range reflects the two different approaches to calculating unlawful diversions. Once an approach is
adonted. the oredicted range of the notential impnact will narrow.
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flexibility in managing the system in dry and critical years. If this stored water were not being
unlawfully diverted, it would be available to satisfy legally established project purposes.

The SWC are requesting that the State Water Resources Control Board (“Water Board”) issue an
order that requires the South-of-San Joaquin Diverters to cease and desist their excess diversions,
as well as set forth standards under which the South-of-San Joaquin Diverters would be subject to
an enforcement order. This request is further explained in subsequent sections of this complaint.

In this complaint, the SWC are presenting a new approach by providing information to estimate
the timing and magnitude of the unlawful diversions, taking into account inflows and outflows, as
well as antecedent conditions in the Delta. This approach is a way to move beyond historic
arguments and present an analytical means to achieve resolution. Through modeling, the SWC
have tested old assumptions and developed new modeling approaches to analyze in-Delta
diversions. This complaint describes two methods for estimating the magnitude of unlawful
diversions. The first method is an inflow criterion that is similar to what the Water Board has
developed and is an method the SWC have previously presented to the Water Board. The second
method is a salinity criterion that models water quality (salinity) without the SWP-CVP, which
accounts for antecedent conditions, or the time history of flow, which is related to tidal conditions.
The salinity criterion accounts for the relatively fresh conditions that remain in the Delta for a
period of time after inflows diminish.

l. The Water Board Must Uphold the Water Right Priority System.

The Water Board should take immediate action to prevent the unlawful diversion of water pursuant
to Water Code § 1831, and the SWC request that the Water Board use its authority to prevent
unlawful diversions, waste, and unreasonable use of water.* The SWC have the right to file this
complaint pursuant to Cal. Code of Regs. § 820, et seq.

The SWC are seeking immediate enforcement against all South-of-San Joaquin Diverters with
post-1914 appropriative, pre-1914 appropriative and riparian water rights in 2015, as well as a
standing order that describes conditions under which future enforcement is appropriate. The SWC
seek a standing order that states:

e Delta diverters located south of the San Joaquin River with pre-1914 appropriative
water rights, post-1914 appropriative water rights and/or riparian water rights have no
right to divert SWP-CVP stored water supplies pursuant to their water rights.

e Delta diverters located south of the San Joaquin River with post-1914 appropriative
water rights, pre-1914 appropriative water rights and/or riparian water rights shall be
curtailed according to water right priority once in-Delta use exceeds Delta inflows in
the without SWP-CVP scenario.

4 Cal. Water Code §§ 100, 275; California Constitution, Article X, section 2; California Farm Bureau Federation v. SWRCB (2011)
51 Cal. 4% 421, 429 [while the Water Board “...has no permitting or licensing authority over riparian or pueblo rights, or over
appropriative rights acquired before 1914. The SWRCB does have authority to prevent illegal diversions and to prevent waste or
unreasonable use of water, regardless of the basis under which the right is held]; United States v. SWRCB, 182 Cal.App3d. 82
(1986); Young v. SWRCB, 219 Cal.App.4™" 397, 404 (2013).
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e Delta diverters located south of the San Joaquin River with post-1914 appropriative
water rights, pre-1914 appropriative water rights and/or riparian water rights do not
have the right to divert when Delta salinity (measured as specific conductance) in the
without the SWP-CVP scenario is at least 2.0 mS/cm® or greater.

The findings to support this standing order should include the following:

e The WQCP, the area of origin statutes, and the Delta Protection Act did not expand the
rights of diverters with pre-1914 appropriative water rights, post-1914 appropriative
water rights and/or riparian water rights to include the right to divert SWP stored water
supplies.®

e Delta diverters with pre-1914 appropriative water rights, post-1914 appropriative water
rights and/or riparian rights cannot divert foreign water, which includes stored reservoir
releases that have not been abandoned.

e  Without SWP-CVP operations, water quality in the Delta south of the San Joaquin
River would degrade significantly and for prolonged periods of time with limited
potential for salinity flushing and drainage, which impact the ability to reasonably and
beneficially use water with elevated salinity for agricultural purposes.

e The proper modeling baseline for determining when water is available for diverters
with pre-1914 appropriative water rights, post-1914 appropriative water rights, and/or
riparian water rights is the current channel configuration without the operation of the
SWP-CVP as Delta vested water right holders are entitled to no more water supply than
without project flows and the resulting salinity conditions.’

¢ Since Delta diverters south of the San Joaquin River do not actually experience without
SWP-CVP flow and salinity conditions, it is appropriate to model without project
conditions to capture the points in time when Delta diverters would not otherwise be
able to put available supplies to reasonable and beneficial use, which is the maximum
extent of their alleged water rights.

e Physical conditions in the Delta south of the San Joaquin River impact the ability to
reasonably and beneficially use water with elevated salinity for agricultural purposes.

¢ Due to physical conditions in the Delta south of the San Joaquin River both currently
and if the SWP-CVP were not operated, diverters with pre-1914 appropriative water
rights, post-1914 appropriative water rights and/or riparian water rights cannot put

3 The justification for a 2.0 mS/cm standard is provided in section II(b), below.

¢ See e.g., Cal. Water Code §11462; El Dorado Irrigation District v. State Water Resources Control Board, 142 Cal. App.4h 937,
967, 976 (2016) Phelps v. SWRCB, 157 Cal.App.4'" 89, 110 (2007). The co-mingling rules apply only if the South-of-San Joaquin
Diverters could have otherwise diverted absent the existence of the SWP-CVP.

7 See e.g., In the Matter of Administrative Civil Liability Complaints for Violations of Licenses 13444 and 13274 of Lloyd L. Phelps,
Jr.; License 1319 of Joey P. Ratto, Jr.; License 13315 of Ronald D. Conn and Ron Silva et al. State Water Resources Control
Board. Order WRO 2004-004, p. 12 (2004 Cal. ENV.LEXIS 104); In the Matter of Permit 12720 (Application 5625) and Other
Permits of the U.S. Bureau of Reclamation for the Federal Central Valley Project and of California Department of Water Resources
for the State Water Project. State Water Resources Control Board. Order WR 78-17 at 23 (1978 Cal. ENV LEXIS 35.)
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water with salinity greater than 2.0 mS/cm to reasonable and beneficial agricultural
use.

e Based on evidence presented to the Water Board, 2.0 mS/cm is a conservative and
reasonable estimate of when a salt tolerant crop grown in the Delta would experience
decreased yield.

The standing order is necessary to protect the SWP-CVP water supplies from unlawful diversions,
thereby making those supplies unavailable to satisfy multiple legally established project purposes.

1. Evidence of Unlawful Diversions of SWP Stored Water Supplies Supports Swift
Enforcement by the Water Board.

In this complaint, the SWC present two approaches to calculating the magnitude of the unlawful
diversions: an inflow criterion and a salinity criterion. Regardless of which method is used for
the calculation (or to the extent both are used), the magnitude of the South-of-San Joaquin
Diverters’ unlawful diversion is 100,000 to 300,000 acre-feet this year, with similar losses of
stored water supplies in future years during summer and fall, particularly in drier years.

a. Unlawful diversions are occurring when in-Delta use exceeds inflows; SWP stored
water supplies require protection.

The inflow criterion takes available inflow coming into the Delta from the Sacramento and San
Joaquin River watersheds and subtracts in-Delta water use. When in-Delta use exceeds available
inflow curtailments are triggered.

As Figure A illustrates, when outflow (green) crosses zero (gray dash), the curtailment is triggered.
The magnitude of the curtailment is the extent that in-Delta use (blue) exceeds inflow (red). The
curtailment would end when outflows (green) increase and are once again above zero (gray dash)
or when inflow (red) exceeds in-Delta use (blue). Figure B further illustrates the relative
magnitude and timing of curtailments using this approach. Curtailments would begin with post-
1914 appropriators and pre-1914 appropriators according to water right priority; and after all of
the senior appropriators are curtailed, the riparian water users would be curtailed correlatively,
based on percent reductions in water use.

The SWC'’s inflow analysis shows that the curtailment pattern would be centered in the summer
(June-August). Using this approach, curtailments would occur in a large number of years,
including some normal water years. Using this approach, the in-Delta water use exceeds available
inflows from the combined Sacramento and San Joaquin River watersheds 20% of the time in
June, 50% of the time in July, and 40% of the time in August. (See Table V.2, p. 11, Attachment
3.)® These percentages reflect the percentage of years when curtailments would be triggered using

8 The assumption that water from both the Sacramento and San Joaquin River watersheds could be used in an inflow analysis may
overestimate the quantity of water available to the area of the Delta south of the San Joaquin River because this area (or portions
of this area) do not appear to be riparian to the Sacramento River, and it is therefore also unlikely that the South-of-San Joaquin
Diverters could be appropriating water from the Sacramento River under a senior water right. The area south of the San Joaquin
River does not appear to be riparian to the Sacramento River for the following reasons: 1.) the properties are located upstream of
the confluence of the Sacramento and San Joaquin Rivers, 2.) none of the properties have frontage on the Sacramento River, and
3.) it would not appear that rain water draining from these areas would drain into the Sacramento River which suggests they are
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this approach. The diverters Delta-wide are pumping approximately 600,000 acre-feet in excess
of available inflows in extreme dry years, with approximately 300,000 acre-feet of this unlawful
use attributed to the South-of-San Joaquin Diverters. (See Tables V.3-V.4, p. 12, Attachment 3.)

Figure A. Inflow Criterion. Conceptual inflow trigger illustration.

Curtailment Volume

Apr May Jun Jul Aug Sep Oct Nov

Figure B. Conceptual magnitude and timing of unlawful diversion of stored water supplies using
inflow criterion.

The inflow approach does not account for antecedent conditions, or the time history of flow, which
is related to tidal conditions in the Delta. The SWC salinity analysis is a means by which the
Water Board could trigger curtailments while accounting for both inflow and antecedent
conditions.

not in the Sacramento River watershed. The percentage of the time that in-Delta use south of the San Joaquin River exceeds
available inflow from only the San Joaquin River watershed would be even greater than the percentages identified above.
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b. Unlawful diversions are occurring when salinity is too high to support reasonable
and beneficial use; SWP stored water supplies require protection.

The salinity criterion considers the water available to the South-of-San Joaquin Diverters at their
points of diversion absent the existence of the SWP-CVP. This approach provides information
about when the South-of-San Joaquin Diverters would be able to beneficially use Delta water if
the SWP-CVP neither operated facilities in the Delta nor stored water upstream of the Delta. This
approach shows that if the SWP-CVP did not exist, the South-of-San Joaquin Diverters would
frequently be unable to divert in dry and critical years because the water quality would be too poor
for reasonable and beneficial use. When water quality without the SWP-CVP is too poor for
reasonable and beneficial use at all points of diversion within a region, the affected South-of-San
Joaquin Diverters have no water right that can be exercised, and thus would be completely
curtailed.® Using this approach, all South-of-San Joaquin Diverters would not be curtailed at the
same time. As salinity increases generally start downstream, the downstream areas would be
curtailed first. See Figure C.

As Figure C illustrates, in the without SWP-CVP scenario, salinity moves into the Delta starting
in the north and west, ultimately moving further south and east into the Delta as outflow decreases.
Based on a salinity trigger of 2.0 mS/cm, Figure C illustrates the curtailment progression.

Salinity and antecedent outflow (which accounts for the time history of flows from prior months)
have an inverse relationship, because salinity increases as antecedent outflow decreases. See
Figure D. In Figure D, the increasing size of the region subject to curtailment tracks the trajectory
of salinity (orange). A salinity trigger would result in a curtailment pattern that occurs over a
greater period of time within a year but it would not be triggered in as many years as the inflow
trigger. See Figure E.

Figure C. Conceptual illustration of salinity criterion

° Cal. Const., Art. X, Sec. 2; See e.g., Peabody v. City of Vallejo, 2 Cal.2d. 351, 383 (1935) [“The rule of reasonable use...applies
to all water rights enjoyed or asserted in this state, whether the same be grounded on the riparian right or the right, analogous to the
riparian right, of the overlying land owner, or the percolating water right, or the appropriative right.”]
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Figure D. Conceptual relationship between antecedent outflow and salinity.
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Figure E. Conceptual magnitude and timing of unlawful diversion of stored water supplies using the
salinity criterion.

The salinity criterion would likely be triggered only in dry and critical years.

Salinity in Delta channels south of the San Joaquin River is often 2.0 mS/cm or greater during the
irrigation season of dry and critical years under without project conditions, which is more than
twice the 0.7 mS/cm April-August southern Delta agricultural salinity standard. (See, Attachment
5, Figures 5-52, pp.7-56.) For example, salinity south of the San Joaquin River ranged from 2.0
mS/cm to over 10 mS/cm in August 2014 (a critically dry year) under without project conditions.
See Figure F below. This year (2015) is comparable to 2014 under without project conditions,
with salinity between 2.0 mS/cm to over 10 mS/cm throughout the area south of the San Joaquin
River. (See, Attachment 5, Figures 50-52, pp. 54-56.) In both years, salinity remains high
throughout the fall into November and December, illustrating how long seawater intrusion can
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linger in the Delta during critical years. See Figure G below. In years like 2014, the South-of-San
Joaquin Diverters should be curtailed in the summer and throughout the fall.

Figure F. Delta salinity comparison of with and without project scenario, August 2014. See
Attachment 5, p. 42, supporting documentation for salinity comparison.
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Figure G. Delta salinity comparison of with and without project scenario, November 2014. See
Attachment 5, p. 45, supporting documentation for salinity comparison.

It is reasonable to use 2.0 mS/cm as the salinity criterion, which is more than double the current
0.7 mS/cm irrigation season agricultural salinity standard for determining reasonable and
beneficial use based on water quality. The Hoffman (2010) '* report used a modeling approach
in an effort to account for the South Delta Water Agency’s (“SDWA”) ongoing criticisms about
the need to consider leaching fractions, and the inability to apply laboratory experiments to
determine salinity tolerance. Hoffman (2010)!! generally concluded that an agricultural salinity
standard around 1.0 mS/cm (0.7 - 1.4 mS/cm) was sufficiently protective. Hoffman (2010) did not
consider the issue being posed in this complaint, that being what is the maximum salinity tolerance
of the most salt tolerant crops being grown in the Delta? Even so, the South-of-San Joaquin
Diverters (through the SDWA) have argued before the Water Board on multiple occasions that the
current 0.7 mS/cm (April-August) agricultural standard is insufficiently protective, and in fact
even at 0.7 mS/cm the South-of-San Joaquin Diverters have previously testified that they
experience injury to their farming viability, arguing against raising the WQCP standard to 1.0
mS/cm.'? If the SDWA is correct and the South-of-San Joaquin Diverters would be experiencing

19 Hoffman, G., (2010) Salt Tolerance of Crops in the Southern Sacramento-San Joaquin Delta, Final Report, for the California
Environmental Protection Agency, State Water Resources Control Board.

d. at p. 98.

12 See e.g., South Delta Water Agency, Power Point titled “Water Quality Objectives for Agricultural Beneficial Uses in the
Southern Delta,” presented during public hearing on the adequacy of the substitute environmental documents (Phase I), March 20-
21, 2013 [“Hoffman Report are not supported [by] any, much less substantial evidence...Hoffman didn’t know: The amount of
salts in the soil; The amount of salt applied; The amount of water or salt that passed through the root zone; The amount of ground
water/salts in the drainage; The amount of salt remaining in the root zone; All of which prevent him [Hoffman] from calculating
the leaching fraction,” and Hoffman did not account for the salty groundwater as, “Most of the Southern Delta ag land is between



Ms. Katherine Mrowka
June 16, 2015
Page 10

crop losses at 0.7mS/cm or 1.0 mS/cm, then doubling that salinity level would be expected to cause
significant impairment and loss of agricultural viability to the extent water quality of 2.0 mS/cm
could not be put to reasonable and beneficial agricultural use.

When salinity would have been too high to support the water rights absent the SWP-CVP
operations, the South-of-San Joaquin Diverters have no right to divert and should be curtailed.
Using the conservative 2.0 mS/cm salinity trigger, the South-of-San Joaquin Diverters are
pumping approximately 100,000 — 300,000 acre-feet in excess of their alleged water rights.

IV.  Conclusion

The SWC are seeking immediate enforcement this year, and a standing order for future dry and
critical water-years. The Water Board should take immediate action to protect 100,000 to 300,000
acre-feet of stored water supplies.

Sincerely,

Stefanie D. Morris
General Counsel

Attachments

-5 to +10 feet compared to sea level. The shallow ground water in the area is directly linked to the channel water and thus rises
and falls twice daily with the tides. That shallow ground water contains the accumulation of 50+ years of CVP salts. Thus, when
the tides rise and fall, the salty ground water rises and falls entering or approaching the root zone. This means any salts which are
leached do not go anywhere!” [emph. in original).]
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The South of San Joaquin River Diverters have points of diversions at numerous locations
south of the San Joaquin River within the legal Delta (marked in yellow).
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I. Executive Summary

The State Water Contractors have undertaken several technical studies to evaluate the extent that
unauthorized diversions of stored water from the State Water Project (SWP) and Central Valley
Project (CVP) are occurring in the Delta south of the San Joaquin River. This document
provides a brief summary of these technical studies. These technical studies assume that riparian
water rights and pre-1914 appropriative water rights are senior to those of the SWP and CVP.
These technical studies also assume that those currently diverting pursuant to a claimed senior
water right would be able to prove the existence of such a right. The senior water rights are
associated with water that would have been available in the system absent the operation of SWP-
CVP upstream storage and in-Delta facilities, a hypothetical “without project” condition.

Two approaches are presented for estimating the availability of water for in-Delta agricultural
users; these approaches are applied to the study area south of the San Joaquin River under the
without project condition. The first approach, an inflow criterion, assumes at one bound that
when Delta inflow approaches zero, no water is available in the study area and curtailment of all
water use is warranted. At the other bound, the criterion assumes that if Delta outflow is
positive, i.e. Delta inflow exceeds full in-Delta water use, water is available for all in-Delta use
and no curtailment is warranted. Between these bounds, the inflow criterion assumes that study
area water use is curtailed such that it does not exceed Delta inflow. The second approach, a
salinity criterion, assumes that water is available for use within the study area provided that
water is of adequate quality for beneficial use. This approach requires the use of Delta salinity
models and specification of a salinity “trigger” to estimate water availability. Given that
extremely low outflow conditions characteristic of the “without project” hydrology are outside
the calibration range of available Delta salinity models, data collected in the 1920s and 1930s
before construction of Shasta Dam were examined to assess the validity of the proposed
modeling approach. Two key conclusions were drawn from this data examination: (1) the study
area was subject to severe seawater intrusion before construction and operation of the SWP-CVP
and (2) the use of DSM2 and DSM2-calibrated flow-salinity models allow for a reasonable and
conservative method of evaluating water supply availability in the study area as part of the
salinity criterion.

The inflow criterion analysis suggests that unauthorized diversions are taking place in the study
area, these diversions are centered in the April through August period, and excess diversions are
in the range of 300,000 acre-feet in dry and critical water years. The inflow criterion suggests
that excess diversions take place in most years, but in smaller volumes under wetter hydrologic
conditions. The salinity criterion analysis also suggests that unauthorized diversions are taking
place in the study area. However, these diversions are later in the season (typically June through
November) with lower volumes in the range of 100,000 to 200,000 acre-feet in dry and critical
water years. The salinity criterion suggests that excess diversions are of little consequence under
wetter hydrologic conditions.
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IV. Introduction

The State Water Contractors have undertaken several technical studies to evaluate the extent that
unauthorized diversions of stored water from the State Water Project (SWP) and Central Valley
Project (CVP) are occurring in the Delta south of the San Joaquin River. This document provides
a brief summary of these technical studies. Detailed findings are documented in individual
project reports; these reports are listed in the References section of this document.

These technical studies assume that riparian water rights and pre-1914 appropriative water rights
are senior to those of the SWP and CVP. These technical studies also assume that those
currently diverting pursuant to a claimed senior water right would be able to prove the existence
of such a right. The senior water rights are associated with water that would have been available
in the system absent the operation of the SWP-CVP facilities in the Delta (i.e. no pumping
facilities and no Delta cross channel with gates) and absent stored water upstream of the Delta
(referred to herein as the “without project conditions”). Therefore, many of these technical
studies define and utilize a hypothetical hydrology to represent flows and salinity that would
exist without the SWP-CVP.

Section V summarizes a simple inflow analysis that was conducted to estimate the availability of
surface water in the Delta for agricultural use. This analysis, which was conducted over the
entire Delta as well as the area south of the San Joaquin River (herein referred to as the “study
area”, identifies without project conditions when (1) monthly Delta inflow is positive and (2)
monthly Delta outflow is positive. This classification is used to assess the availability of water
for assumed senior water rights under a wide range of hydrologic conditions and is used to
estimate the extent that water use in the study area has exceeded available inflow historically
using the historical 91-year hydrologic record spanning water years 1922-2012 (October 1921
through September 2012). This analysis is referred to herein as the “inflow criterion”.

Section VI, building on the findings of Section V, summarizes an evaluation of surface water
availability in the study area under without project conditions that is of adequate quality to meet
agricultural beneficial uses. This analysis utilizes the DSM2 model to simulate water quality
under without project conditions using an 82-year hydrologic record (water years 1922-2003)
that represents current land use in the Sacramento and San Joaquin River basins. Utilizing these
modeling results, a conceptual approach to trigger water use curtailments based on available
water quality (referred to herein as the “salinity criterion”) is presented. This section also
summarizes an analysis of historical water quality measurements, prior to construction of the
SWP-CVP, to provide a quasi-validation of the modeling results.

Additional technical studies that build on the analyses contained herein were undertaken by the
State Water Contractors and are presented in separate documents. One such study utilizes the
DSM2 model to extend the without project conditions salinity analysis to water years 2012-15.
Another technical study analyzes Delta island water use, including: (1) possible water
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management scenarios that result from water curtailment on Delta islands; (2) consequences of
possible curtailment of Delta diversions in the study area, (3) the response of key water budget
components and Delta island water budgets to curtailment and alternative land and water
management strategies, (4) uncertainty in the estimation of water budget components, and (5) the
response of salinity on Delta islands to water curtailment and different land and water
management practices. A third study utilizes the C2VSim integrated groundwater surface water
model to evaluate the viability of current land use practices in the Sacramento River basin absent
the SWP-CVP.
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V. Analysis of Surface Water Availability (Inflow Criterion

The availability of surface water for agricultural use in the study area was evaluated through a
simple inflow approach or criterion. This approach estimates water availability on an average
monthly basis by removing the effects of SWP-CVP reservoirs and Delta facilities (i.e. without
project conditions) from the historical record of Delta hydrology. This hypothetical hydrology is
then used to evaluate water availability by identifying when (1) monthly Delta inflow is positive
and (2) monthly Delta outflow is positive. It is assumed that when monthly Delta inflow
approaches zero, no water is available for in-Delta agricultural use and curtailment of all water
use in the study area is warranted. Furthermore, it is assumed that if monthly Delta outflow is
positive, i.e. Delta inflow exceeds full in-Delta water use, water is available for all in-Delta use
and no curtailment is warranted. This latter assumption ignores circumstances when Delta
outflow is positive but sufficiently small such that seawater intrusion impairs the beneficial use
of water in the study area, thereby limiting water availability for diversion. These circumstances
are evaluated and discussed in Section VI. The methods and results for the surface water
availability analysis are described below.

A. Methods
The methods used to evaluate the availability of surface water for agricultural use in the study
area are described below. The data used for the analysis are identified and the calculation
approach is defined.

1. Data
Monthly average data spanning the period October 1921 through September 2012 were
assembled into an electronic spreadsheet file from a variety of sources. Data and sources are
summarized in Table V.1.

2. Delta Inflow and Outflow Calculations
Historical total Delta inflow, by definition, was calculated by summing the various Delta inflows
as follows:

Historical Total Delta Inflow = Qfreeport + Gyoto + Qeast T Quernatis «+ v ove vee - (V. 1)

where Qfreeport 1s Sacramento River inflow at Freeport; Qyolo is Yolo Bypass inflow; Qeast 1s inflow
from the Cosumnes, Mokelumne and Calaveras Rivers; and Qvemalis s San Joaquin River inflow
at Vernalis.

Historical Sacramento River inflow at Freeport was adjusted to remove the effects of upstream
SWP-CVP storage operations through the following calculation:

ereeport w.o. project — ereeport - Qtrinity + Z Qsac Sstorage ==r srr e oree ran v nnn e ws e (V- 2)

South Delta Water Use Analysis Page 8



where Quinity 1s import from the Trinity River watershed and ¥ Qsac storage 1 the flow associated
with removing storage operations at Shasta, Oroville and Folsom. Historical storage increases are
added to the without project river flows; historical storage releases are subtracted from the
without project river flows. This calculation results in a long-term balance between storage
increases and storage releases and ignores small losses associated with evaporation from the
reservoirs and local withdrawals. The adjusted Freeport inflow is constrained to always be 2 0.

Data Type Data Source Comments

Delta Inflow: October 1921 — Joint Hydrology Study -—-

September 1929 (DWR & USBR 1958)

Delta Inflow: October 1929 — DAYFLOW Database -

September 2012 (DWR 2012a)

CCWD Diversions DAYFLOW Database -—-
(DWR 2012a)

Delta Net Channel Depletions: Joint Hydrology Study -—-

October 1921 — September 1929 (DWR & USBR 1958)

Delta Net Channel Depletions: DAYFLOW Database -

October 1929 — September 2012 (DWR 2012a)

Trinity Imports USGS Website -—-

Reservoir Storage CDEC (DWR 2012b) Shasta, Oroville, Folsom, New

Melones

Millerton Lake Inflow: October Provided by Andy CalSim II input data

1921 — September 1994 Draper (MWH) 1/27/15

Millerton Lake Inflow: October Provided by Andy USACE Website

1994 — September 2012 Draper (MWH) 1/27/15

Millerton Lake Outflow Provided by Andy USGS Website
Draper (MWH) 1/27/15

SJR Exchange Contractor Provided by Sujoy Roy CalSim II input data

Diversions & Return Flows: (Tetra Tech) 1/27/15

D607B; R619H; R614J

Table V.1 Data Summary for Surface Water Availability Analysis

Similarly, historical San Joaquin River inflow was adjusted to remove the effects of upstream
CVP storage operations through the following calculation:

Qvernalis w.o.project — Qvernalis + QinM - QoutM - Qdep - Qexc + Z Qnm storage *+ v e (V- 3)

where Qinm and Qourm are Millerton Reservoir inflow and outflow, respectively; Qqep is channel
depletion to groundwater between Millerton Reservoir and Mendota Pool (assumed equal to zero
in this analysis); Qexc 1s water use by the San Joaquin River Exchange Contractors; and £ Qnm
storage 1S the flow associated with removing storage operations at New Melones. Without project
Vernalis flow was set equal to historical Vernalis flow prior to October 1941, the date of initial
Friant Dam operation. To account for periods when the full consumptive demand of the San
Joaquin River Exchange Contractors was not available in the river, the following calculation was
made:

Qexc = MIN(D607B — R619H — R614J, Qinas — Quep) wer wer wer wer wer wer wee wve wve eve eve wve wnns (V. 4)
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where D607B is Exchange Contractor diversion and R619H and R614J are Exchange Contractor
return flows as defined in CalSim II input data. The adjusted Vernalis inflow is constrained to
always be > 0.

Given the above calculations, without project total Delta inflow is calculated as follows:

Without Project Total Delta Inflow = Qfreeport woproject T @yoto + Qeast + Quernatis w.o project -+ = (V.5)
and without project Delta outflow is calculated as follows:

Without Project Delta Outflow = Without Project Total Delta Inflow — Qcewa — Qned -+ - v oer v o (V. 6)

where Qccwd 18 historical Contra Costa Water District diversion and Qned is historical agricultural
net channel depletion.

3. Estimating Full Water Use in Study Area
The following reconnaissance-level calculation was used to estimate full or unrestricted water
use in the study area:

Asouth

Full Water Use = Qpcq * e (V7))

ADelta

where Qncd Was previously defined as historical agricultural net channel depletion, Asou 1s the
irrigated area in the study area and Apeita s the irrigated area in the Delta. This analysis assumed
Asouth = 186,700 acres and Apeita = 393,400 acres (Tetra Tech Inc. 2015a). This estimate could be
refined through modeling analysis using the Delta Island Consumptive Use (DICU) model.

B. Results
Using the methods described above, Delta inflow and outflow under without project conditions
were calculated for every month over the period October 1921 through September 2012. The
availability of surface water for agricultural use in the study area was then evaluated by
identifying when (1) monthly Delta inflow is positive and (2) monthly Delta outflow is positive.
It is assumed that when monthly Delta inflow approaches zero, no water is available for in-Delta
agricultural use and curtailment of all use in the study area is warranted!. Furthermore, it is
assumed that if monthly Delta outflow is positive, i.e. Delta inflow exceeds full in-Delta water
use, water is available for all use in the study area and no curtailment is warranted. This latter
assumption ignores circumstances when Delta outflow is positive but sufficiently small such that
seawater intrusion impairs water quality to the extent that the available supply could not be put to
reasonable and beneficial use.

! As described previously under Methods, Freeport and Vernalis inflows under without project conditions are
constrained such that they are always 2 0. Therefore, by definition, without project Delta inflow is always positive.
However, for purposes of illustrating the bounds of water availability, it is assumed that without project Delta inflow
“approaches zero” when without project Freeport inflow is zero.
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Outside the typical irrigation season of April through August, without project Delta inflow was
always positive. The frequency of water not being available for use in the study area during the
irrigation season, i.e. without project Delta inflow approaches zero, is summarized in the second
column of Table V.2. Without project Delta inflow is always positive in the months of April and
May except in April 1977. The frequency of near-zero inflow in June, July and August is 10%,
25% and 5%, respectively.

Month No Availability Limited Unlimited
Availability Availability
April <1 <1 >99
May 0 1 99
June 10 10 80
July 25 25 50
August 5 40 55

Table V.2. Frequency (%) of Water Availability for In-Delta Agriculture

Similar to Delta inflow, without project Delta outflow was always positive outside the typical
irrigation season of April through August. The frequency of unlimited water availability for use
in the study area during the irrigation season, i.e. without project Delta outflow is greater than or
equal to zero, is summarized in the fourth column of Table V.2. Without project Delta outflow is
always positive in the months of April and May except in April 1977, May 1976 and May 1992.
The frequency of positive outflow in June, July and August is 80%, 50% and 55%, respectively.

The third column of Table V.2 provides an estimate of the frequency of limited water availability
in the study area. This frequency is estimated such that the sum of columns 2, 3 and 4 equal
100%. As discussed in the previous paragraph, April and May is generally characterized by
unlimited water availability. The frequency of limited availability in the months of June, July and
August is 10%, 25% and 40%, respectively.

Frequency of water availability in the month of August is shown as an exceedance probability in
Figure V.1. The top blue line shows the exceedance probability of without project Delta inflow.
This line shows that the probability of inflow exceeding 0 cfs is 95%, i.e. inflow is near zero 5%
of the time. This compares with the second column of Table V.2. Other values can be estimated
from this figure. For example, the probability of inflow exceeding 5,000 cfs is 40%, i.e. inflow is
less than 5,000 cfs 60% of the time. The bottom black line shows the exceedance probability of
without project Delta outflow. This line shows that the probability of outflow exceeding O cfs is
55%. This compares with the fourth column of Table V.2.

The difference between water use and water availability in the study area was calculated on a
monthly basis and averaged by month and 40-30-30 water year type. Results for the full period
October 1921 through September 2012 are provided in Table V.3. These values are reported as a
volume in thousand acre-ft per year and represent water use that exceeded water availability. The
full period of record does not reflect the extent of excess water use under current conditions,
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given that the early period of record is characterized by lower upstream water use and higher
without project Delta inflow. Therefore, results are also provided in Table V.4 and Figure V.2
for the more recent period October 1967 through September 2012.

WY Type April | May | June July | August | Total
Wet 0 0 0 5 0 6
Above Normal 0 0 0 48 17 65
Below Normal 0 0 18 65 45 128
Dry 0 0 36 95 65 196
Critical 4 3 54 101 83 244

Table V.3 Study Area Excess Use Using Inflow Criterion:
Water Years 1922-2012 Averages by Month and 40-30:30 Water Year Type (TAF)

WY Type April | May | June July | August Total
Wet 0 0 0 9 0 9
Above Normal 0 0 0 48 0 48
Below Normal 0 0 40 101 18 159
Dry 0 0 90 126 85 300
Critical 6 4 78 126 106 320

Table V.4 Study Area Excess Use Using Inflow Criterion:
Water Years 1968-2012 Averages by Month and 40-30:30 Water Year Type (TAF)
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Figure V.1. Without Project Delta Inflow and Outflow Frequency During August:
Water Years 1922-2012

Figure V.2. Study Area Excess Diversion Using Inflow Criterion:
Water Years 1968-2012 Averages by Month and 40-30-30 Water Year Type (TAF)
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VI. Analysis of Delta Water Quality (Salinity Criterion)

The previous section (Section V) evaluates the availability of surface water for agricultural use in
the study area (i.e. south of the San Joaquin River) through a simple inflow approach or criterion.
The evaluation assumes that when monthly Delta inflow approaches zero under a without project
scenario, no water is available for in-Delta agricultural use and curtailment of all use in the study
area is warranted. Furthermore, the evaluation assumes that if monthly Delta outflow is positive
under a without project scenario, i.e. Delta inflow exceeds full in-Delta water use, water is
available for all use in the study area and no curtailment is warranted. This latter assumption
ignores circumstances when Delta outflow is positive but sufficiently small such that seawater
intrusion impairs the beneficial use of water.

The purpose of this section is to evaluate the availability of surface water in the study area under
without project conditions that is of adequate quality to meet agricultural beneficial uses. A
water quality modeling analysis was conducted and is discussed below. An analysis of historical
water quality measurements, prior to construction of the CVP and SWP projects, is summarized
to provide a quasi-validation of the modeling results. Based on flow-salinity relationships
suggested by the water quality modeling analysis, a conceptual approach to trigger water use
curtailments as a function of hydrologic conditions is presented, i.e. the salinity criterion.

A. Water Quality Modeling Analysis

The availability of surface water in the study area under without project conditions that is of
adequate quality to meet agricultural beneficial uses was evaluated through a water quality
modeling analysis. This section summarizes the methods that were used to conduct the analysis
and presents results from the modeling studies. Details on the modeling analysis are presented
elsewhere (Tetra Tech Inc. 2015a).

1. Methods
The DSM2 model (Version 8.0.6) was used to simulate water quality in the study area under
current and without project conditions. These scenarios were compared to assess how operation
of the SWP and CVP influences salinity in the study area. Modeling assumptions associated
with the scenarios are described below.

The current conditions scenario assumes an 82-year sequence (water years 1922-2003) of
hydrology and operations provided in a recent SWP Delivery Reliability Report (DWR 2014).
The without project scenario assumes no SWP-CVP Delta facilities (i.e. no export facilities and
no Delta Cross Channel) and generally assumes the same upstream hydrology as the current
conditions scenario; however, upstream hydrology is modified to remove SWP-CVP reservoirs.
The method used to adjust upstream hydrology is similar to that described in Section V.



Note that the without project scenario assumes that upstream water use is identical to the current
conditions scenario. In other words, the modeling assumption is that irrigated agriculture in the
Sacramento Valley (and San Joaquin Valley) would have developed to the same level even if the
SWP and CVP were unavailable to provide additional surface water supplies. The validity of this
assumption is being tested through a separate C2VSim modeling study. The study will evaluate
the physical and economic viability of utilizing groundwater when surface water is unavailable
for irrigation, assuming historical development patterns absent the SWP-CVP projects.

The current conditions scenario assumes Vernalis salinity as characterized in the recent SWP
Delivery Reliability Report (DWR 2014). It is recognized that current inflow to the Delta from
the San Joaquin River is generally of higher salinity than during the era prior to construction of
Friant Dam in the 1940s. While development impacts in the San Joaquin River basin are
associated with several non-project facilities as well as CVP facilities, for purposes of this
analysis it is assumed that water quality observed during the pre-Friant period is representative of
the without project scenario. Thus, salinity in the San Joaquin River at Vernalis for this scenario
is based on the report “Effects of the CVP upon the Southern Delta Water Supply” (USBR &
SDWA 1980). Mathematical relationships developed in the 1980 report were used to (1)
calculate salt load based on Vernalis flow, (2) convert salt load to chloride concentrations, and
(3) convert chloride concentration to specific conductance or EC. These equations are provided
in Appendix A for reference. Relative to current salinity conditions at Vernalis, this
characterization results in fresher flow entering the Delta throughout the year except in the
summer months and in the late spring of drier years (see Table VI.1).

Month Monthly Average Salinity (mS/cm)
Wet Above Normal Below Normal Dry Critical
Current w/o Current w/o Current w/o Current w/o Current w/o
Projects Projects Projects Projects Projects

January 0.40 0.20 | 0.51 0.23 | 0.58 0.25 0.66 | 0.31 0.75 0.37
February 0.31 0.21 0.41 0.24 | 0.43 0.28 0.58 | 0.33 0.65 0.45

March 0.27 0.15 0.37 0.17 0.46 0.18 0.61 0.21 0.73 0.31
April 0.21 0.12 0.26 0.13 0.28 0.15 0.36 0.20 0.49 0.41
May 0.22 0.16 0.28 0.20 | 0.29 0.27 0.37 0.43 0.47 0.72
June 0.26 0.36 0.32 0.51 0.42 0.62 0.53 0.82 0.65 0.82
July 0.32 0.52 0.42 0.59 0.49 0.64 0.58 0.69 0.70 0.75

August 0.38 0.50 0.46 0.53 0.49 0.54 0.56 0.56 0.68 0.58
September | 0.37 0.43 0.42 0.46 | 0.45 0.46 0.48 0.51 0.57 0.57
October 0.54 0.36 0.64 | 0.40 | 0.58 0.39 0.59 0.40 0.66 0.42
November | 0.60 0.32 0.68 0.37 0.64 0.36 0.65 0.39 0.69 0.42
December | 0.52 0.22 0.65 0.25 0.61 0.28 0.66 0.32 0.74 | 0.35

Table VI.1 Comparison of Vernalis Salinity under Current and Without Project Scenarios
by Month and Water Year Type: Water Years 1922-2002

South Delta Water Use Analysis Page 15



2. Results
The Delta cannot be treated uniformly when evaluating responses to different impulses such as
seawater intrusion, SWP-CVP project operations and Vernalis salinity boundary conditions. For
example, water quality in the Old and Middle River corridors downstream of Clifton Court
Forebay and Jones Pumping Plant are strongly influenced by project operations. In contrast,
water quality in the remaining parts of the south Delta is primarily influenced by water quality at
Vernalis and local groundwater and agricultural drainage (DWR 2005). Furthermore, the effect
of seawater intrusion is not uniform throughout the Delta but is dictated to a large degree by a
location’s distance from Golden Gate.

Three stations in the study area were selected to illustrate salinity differences between the current
condition and without project scenarios: (1) Old River (@ Bacon Island (ROLD024), San Joaquin
River @ Stockton (RSAC063), and Grant Line Canal @ Tracy Road Bridge. The Old River
station, located along the Old and Middle River corridor, is strongly influenced by project
operations. Of the three stations, the Old River location is closest to Golden Gate and is therefore
most susceptible to seawater intrusion. The other stations are outside of the Old and Middle
River corridor and are thus more strongly influenced by Vernalis water quality and local
drainage conditions. Also, these locations are further from Golden Gate and therefore less
susceptible to seawater intrusion.

Table VI.2 provides a broad qualitative interpretation of salinity differences between the current
condition and without project scenarios for each location under wet and dry hydrologic
conditions. Appendix B compares the two scenarios by location and month through frequency
distribution charts. Table V1.2 denotes current conditions being more saline and less saline than
the without project scenario by an “up” arrow (‘1) and “down” arrow (), respectively.
Similarity between the two scenarios is depicted by a dash (---). Non-irrigation season months
are grayed out in the table. A rigorous numerical criterion was not followed to fill in the table;
rather the comparison was accomplished through a visual inspection and should be interpreted in
broad terms only. The frequency distribution charts in Appendix B provide a more precise
quantitative comparison of the scenarios.

Old River @ Bacon Island shows a strong positive influence of the projects on water quality
under most conditions. The projects, by maintaining higher Delta outflow, protect this station
from severe seawater intrusion throughout the late spring thru fall under drier hydrologic
conditions. Project operations result in minor salinity degradation during the winter (December-
January) of drier years and the spring (April-May) of wetter years. However, this degradation is
minor and does not impair beneficial uses of the water.

San Joaquin River @ Stockton shows a much weaker influence of the projects on water quality.
Given this station’s further distance from Golden Gate, the projects’ maintenance of higher
outflow has less influence on its water quality. However, benefits are observed in the summer
(June-August) of drier years. This station typically shows salinity degradation under current
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conditions, relative to the without project scenario, during the non-irrigation season and in the
early spring. As the Stockton station is highly sensitive to conditions in the San Joaquin River
entering the Delta, most of this degradation is associated with higher Vernalis salinity. Vernalis
salinity under current conditions is regulated to protect agricultural beneficial uses; therefore,
degradation at this station does not result in beneficial use impairment.

Month Old River @ San Joaquin River | Grant Line Canal @
Bacon Island @ Stockton Tracy Rd. Bridge
Wet Dry Wet Dry Wet Dry
January ™ T ™ ™ T
February - - 4P T T T
March --- --- P ™ ™ "
April T T ™ ™ T
May D ) T
June - J --- J -— -
July v v v
August --- N2 - d d -
September - J -—- - -—- -—-
October - & N S N T~
November --- --- 1 N N 9
December --- ™ M» ™ ™ 0N

Table VI.2. Change in Study Area Salinity under Current Conditions Relative to Without Project Scenario: Three
Locations for Wet and Dry Hydrologic Conditions. The table denotes current conditions being more saline and less
saline than the without projects scenario by an “up” arrow (1) and “down” arrow (|), respectively. Similarity
between the two scenarios is depicted by a dash (---).

In broad terms, Grant Line Canal @ Tracy Road Bridge exhibits a similar water quality response
as seen at Stockton. This station is also strongly influenced by water quality conditions at
Vernalis. Given this station’s distance from Golden Gate, seawater intrusion would rarely be
experienced and therefore, project operations during dry years do not provide a noticeable water
quality benefit at this station.

B. Observed Water Quality Analysis

The DSM2 hydrodynamic and water quality modeling analysis discussed in the previous section
shows periods of dramatic salinity intrusion into the central and southern Delta. Such conditions
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have not been observed in recent history due to the operation of the SWP-CVP upstream
reservoirs and Delta facilities. Although the modeled conditions were hypothetical in that the
specific without project hydrology did not occur historically, periods of dramatic salinity
intrusion into the central and southern Delta are not without precedent. This section summarizes
work that was conducted to evaluate salinity data that were collected in the study area in the
1920s through 1940s prior to the construction of Shasta Dam and other upstream project
reservoirs (Tetra Tech Inc. 2015b). These data show that the study area was subject to severe
seawater intrusion, even during this early period before agriculture in the Sacramento River
basin was fully developed.

1. Methods
This analysis of historical interior Delta salinity builds on an analysis of salinity trends in the
western Delta (Hutton et al. 2015, Tetra Tech Inc. 2014). The western Delta salinity trend
analysis was based on all available data from water years 1922-2012, collected by various state
and federal entities. As part of this earlier effort, salinity data in scanned paper reports from
DWR and its predecessor entity, Department of Public Works were digitized and integrated with
modern data from the California Data Exchange Center (CDEC) into a single database. Because
the focus of this earlier effort was on the western Delta, CDEC data were compiled only from
relevant stations. However, all salinity data (both western Delta and interior Delta stations) were
scanned and digitized as part of the effort.

Similar to the earlier western Delta effort, appropriate data cleaning methodologies were applied
to the historical interior Delta data to develop a monthly data set to evaluate salinity changes
over the past nine decades. Maps were developed for specific hydrologic conditions and time
periods, by developing averages and other statistical metrics of the available data, and by
interpolating across the Delta channels. Statistical analyses of trends at key locations were
performed to support interpretation of the maps.

Data are presented as maps over different time intervals (1922-1944; 1945-1967; and 1968-
2012), given similar ranges in the position of the X2 isohaline and San Joaquin River flows.
Maps are presented for salinity aggregated as the mean, 25" percentile, median (50" percentile),
and the 75™ percentile. In general the maps show the intrusion of salinity into the central and
southern Delta when X2 values are high and especially when San Joaquin River flows are low.
For the cases where salinity intrusion occurs, and given similar hydrology, the 1922-1944
salinities are often different from 1945-1967 and 1968-2012 periods.

Box plots were used to summarize the data shown in maps. As expected, summer specific
conductance values are higher than spring values, although the magnitude of the difference
varies by region. There are also differences of specific conductance over the time intervals
considered: areas typically in the western portion of the study domain show decreases over the
period, and in the south, show small increases.
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Observed salinity data were averaged in preparation for presentation on maps and were classified
into different groups that were characteristic of the season and hydrology. A monthly average
specific conductance was calculated for each station and month. For the grab sample-based data,
this was simply the average of all the observations in a given month. For the continuous CDEC
data, hourly and 15-minute data were averaged to the daily level. In this averaging process, if at
least 50% of the possible values in a day (12 observations for hourly data or 48 observations for
15-minute data) were missing, the daily average was also identified as missing. On each date the
non-missing value with the largest original time resolution (daily > hourly > 15 minute) is kept
for monthly averaging. The monthly average is also undefined if more than 50% of the days in
the month are missing. Once the monthly averages were calculated, they were split into subsets
based on four categories:

e Monthly San Joaquin River X2 position. Three San Joaquin River X2 categories were
defined: (1) < 54 km, (2) 54-82 km, and (3) > 82 km. Gaps in the time series, as
calculated in the 2014 report, were generally filled through linear interpolation.

e Season. Two seasonal categories were defined: (1) Spring (April-June) and Summer
(July-September).

e Vernalis flow. Two Vernalis flow categories were defined: (1) above or (2) below the
median flow (to the nearest 1,000 cfs) within each season.

e Time period. Three time periods were defined: (1) WYs 1922-1944, (2) WY's 1945-
1967, and (3) WYs 1968-2012. The mean as well as the 25, 50%, and 75" percentiles of
the monthly averages were evaluated for each subset.

2. Results

Maps were compiled in Tetra Tech Inc. (2015b) by method of data aggregation (mean, 25™
percentile, 50 percentile, and 75" percentile). In general the maps show intrusion of salinity
into the central and southern Delta when X2 values are high and especially when San Joaquin
River flows are low. The analysis clearly shows how the distribution of interior Delta salinity in
the summer months has changed following the construction and operation of Shasta Dam.

Three maps (Figures VI.1 thru VI.3) are illustrative of the suite of maps provided in the 2015
report. The maps clearly show that salinity intrusion into the study area was severe prior to the
operation of upstream project reservoirs and resulted in conditions that were unfavorable to
agricultural beneficial uses. While not an exact match, the salinity distribution resembles that
provided in the without project DSM2 simulation.

Box and whisker plots (Figures V1.4 and V1.5) illustrate additional analyses provided in the 2015
report. These sample figures demonstrate that, although the without project conditions were
characterized by more severe seawater intrusion events, the seawater intrusion was not universal
throughout the entire study area. In particular, locations that were strongly influenced by
conditions along the San Joaquin River at Vernalis were typically less salty under without project
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conditions than under current conditions. As noted previously in this document, under similar
hydrologic conditions, Vernalis salinity was lower prior to development of CVP projects
upstream of Vernalis. Again, while not an exact match, these findings are in line with those
provided in the without project DSM2 simulation.

C. Water Availability Analysis Using the Salinity Criterion

Section V evaluated the availability of surface water for agricultural use in the study area
utilizing the inflow criterion. The approach effectively used Delta inflow as a “trigger” for
imposing curtailments by assuming that water was available for diversion in the study area only
when Delta inflows was positive. As noted previously, the inflow criterion does not account for
circumstances when seawater intrusion is sufficiently severe to impair beneficial use of available
water. The purpose of this section is to evaluate the availability of surface water in the study area
under without project conditions that is of adequate quality to meet agricultural beneficial uses.
This salinity criterion provides an approach to trigger water use curtailments as a function of
hydrologic conditions. It is envisioned that the following methodology will be refined to
develop a real time approach for informing decisions on water use curtailment in the study area.
Methods and results based on the proposed methodology are provided below.

1. Methods
The proposed salinity criterion methodology is summarized below in four steps. The
methodology requires the specification of a salinity “trigger”; this trigger is a salinity value that
is defined as the maximum salinity that can be put to beneficial use. Given the study area’s
assumed response to seawater intrusion, the methodology identifies irrigated lands that are
subject to salinity impairment for a given hydrologic condition.

The methodology was applied using two separate approaches. One approach (Approach 1)
assumes that water quality simulation results are available from DSM?2 or another water quality
model. The second approach (Approach 2) assumes that water quality simulation results are not
available and utilizes flow-salinity relationships to estimate the extent of salinity intrusion in the
study area. Both approaches are discussed below.

a) Antecedent Outflow
Seawater intrusion is influenced by hydrologic conditions in general and the time history of
Delta outflow in particular. This time history was mathematically defined by Denton (1993) and
termed antecedent outflow. Antecedent outflow, G, is defined by the following routing function
similar to a relationship used by Harder (1977):

G (Q—G)*G

ot B
where Q is Delta outflow and £ is an empirically determined constant. As Denton (1993) points
out, the term B/G governs the rate at which G approaches steady state.
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Approach 1 utilizes salinity estimates produced by DSM2 simulations and therefore does not rely
on antecedent outflow estimates. Approach 2, on the other hand, requires antecedent outflow
estimates. This analysis calculated an end-of-month (rather than average month) antecedent
outflow assuming monthly average outflow from the DSM2 without project scenario and a
nominal B value of 5710 cfs-months. Possible analysis refinements include (1) calibrating the
constant to provide a better fit to DSM2 salinity data in the study area and (2) conducting the
analysis on a daily time step.

b) Delta Salinity Gradient
Approach 1 utilized DSM2 salinity data to directly characterize the salinity gradient in the study
area. Approach 2 adopted the Delta Salinity Gradient (DSG) modeling approach (Hutton et al.
2015, Hutton 2014) to mathematically describe how far upstream a salinity isohaline travels into
the study area as a function of antecedent outflow. DSG model equations (Equations V1.2 and
VI.3) were calibrated with DSM2 data from the without project scenario for three river reaches
in the study area. The calibration assumed an index salinity distance (X2) defined by a 2.0
mS/cm surface isohaline? (Tetra Tech 2015a). The three river reaches — Old, Middle and San
Joaquin — are shown in Figure VI.6. Calibrated model constants are provided for each river reach
in Table VI1.3.

in (=32

T

X =X2+*

e (VI 2)

D T e R 4 )

where:
X = distance of salinity isohaline (S) from Golden Gate in km

X2 = distance of index salinity isohaline (2.0 mS/cm surface) from Golden Gate in km; this
definition differs from the conventional definition of X2

S = salinity isohaline in mS/cm, defined as the salinity “trigger” or the maximum salinity that
can be put to beneficial use

G = antecedent outflow in cfs

So, Sb, @1 and O, = calibrated model constants

2 The assumed 2.0 mS/cm index differs from the conventional 2.64 mS/cm surface isohaline associated with a 2 ppt
bottom salinity.
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River Reach 01 (O] So (mS/cm) | Sp (mS/cm)
Old River 696 -0.234 24.7 0.38
Middle River 624 -0.221 24.6 0.44
San Joaquin River 465 -0.187 24.7 0.34

Table VI.3. DSG Model Constants for Study Area River Reaches

c) Curtailment Area & Volume
Relationships between channel distance and cumulative downstream area were developed for the
three river reaches — Old, Middle and San Joaquin — within the study area (Tetra Tech 2015a);
the same relationships were employed by Approaches 1 and 2. These relationships allow for the
estimation of isohaline location and total area downstream of a prescribed salinity trigger, i.e. the
curtailment area. These relationships are provided as a map in Figure V1.7 and as lookup tables
in Appendix C. Thus, by defining a salinity trigger, the curtailment area can be calculated for
any hydrologic condition.

Once the curtailment area is estimated, the curtailment volume can be estimated over a given
time interval:

A ik
Curtailment Volume = —=l Cnea R VRRIRSRRRIN (4 I Y

Adelta

where Acurail 18 the curtailment area in acres, Qned Was previously defined as Delta net channel
depletions in acre-feet, and Ageita Was previously defined as the total irrigated area of the Delta =
393,400 acres. This calculation step is only defined when Qned > 0. This estimate could be
refined through modeling analysis using the Delta Island Consumptive Use (DICU) model.

2. Results
Following the methodology outlined above and assuming a salinity trigger of 2.0 mS/cm,
curtailment area and volume were calculated for every month over the period October 1921
through September 2012 utilizing the hydrology developed in Section V.

The curtailment volume was calculated on a monthly basis and averaged by month and 40-30-30
water year type. Results are provided for Approach 1 (DSM2 estimates) in Table V1.4 and for
Approach 2 (DSG estimates) in Table VI.5. These values, reported as a volume in thousand
acre-ft per year, represent water use that occurred when salinity exceeded the assumed salinity
trigger. The full period of record does not reflect the extent of potential curtailment, given that
the early period of record is characterized by lower upstream water use and higher without
project antecedent outflow. Therefore, results are also provided in Table V1.6 and Figure V1.8
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(Approach 1) and Table V1.7 and Figure V1.9 (Approach 2) for a more recent period following
October 1967.

WY Type June | July | August | September | October | November | Total
Wet 0 0 0 0 0 0 1
Above Normal 0 2 5 2 0 0 9
Below Normal 0 4 17 6 1 0 28
Dry 1 15 37 16 5 0 74
Critical 9 41 50 25 13 2 141

Table V1.4 Study Area Excess Use Using 2.0 mS/cm Salinity Criterion (Approach 1):
Water Years 1922-2002 Averages by Month and 40-30:30 Water Year Type (TAF)

WY Type June | July | August | September | October | November | Total
Wet 0 0 0 0 0 0 1
Above Normal 0 1 3 0 0 0 5
Below Normal 1 7 17 3 0 0 28
Dry 1 18 36 8 1 0 64
Critical 5 34 53 22 7 0 122

Table VL.5 Study Area Excess Use Using 2.0 mS/cm Salinity Criterion (Approach 2):
Water Years 1922-2012 Averages by Month and 40-30:30 Water Year Type (TAF)

WY Type June | July | August | September | October | November | Total
Wet 0 0 0 0 0 0 1
Above Normal 0 1 2 0 0 0 3
Below Normal 0 8 31 12 0 0 51
Dry 3 25 54 20 3 0 104
Critical 9 43 58 30 16 3 160

Table V1.6 Study Area Excess Use Using 2.0 mS/cm Salinity Criterion (Approach 1):
Water Years 1968-2002 Averages by Month and 40-30:30 Water Year Type (TAF)

WY Type June | July | August | September | October | November | Total
Wet 0 1 0 0 0 0 1
Above Normal 0 1 1 0 0 0 2
Below Normal 1 14 25 5 0 0 45
Dry 3 41 64 13 1 0 122
Critical 8 52 78 32 10 0 179

Table V1.7 Study Area Excess Use Using 2.0 mS/cm Salinity Criterion (Approach 2):
Water Years 1968-2012 Averages by Month and 40-30:30 Water Year Type (TAF)

The curtailment volume estimates differ from those provided in Section V because these
estimates are based on a salinity trigger, whereas the previous estimates are based on a Delta
inflow trigger. It is worthwhile to note the seasonal lag associated with the curtailment volumes
estimated from the salinity criterion. Curtailments based on the inflow criterion are limited to
the spring and summer months (April — August) whereas curtailments based on the salinity
criterion are limited to the summer and fall months (typically June — November). This difference
is reasonable given that salinity intrusion is affected by the time history of Delta outflow.
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D. Quasi-Validation of Water Quality Modeling
It is recognized that the extremely low Delta outflow conditions associated with the without
project scenario are outside the calibration range of the DSM2 model. To assess model validity
under these conditions, the historical salinity data were compared with simulation results. This
comparison is not purported to be a true model validation, as no attempt was made to model the
actual hydrologic, hydrodynamic, topographic and bathymetric conditions that existed during the
period when data were collected. A true model validation is complicated by the spatial and
temporal sparseness of historical observations in the study area.

Figure VI.10 provides graphical comparisons of salinity observations and model predictions at
two locations in the study area. The first three graphs (a)-(c) show results along Middle River at
or near a location currently identified by the RKI RMIDO015. The final graph (d) shows results
along Old River at or near a location currently identified by the RKI ROLD024. All graphs
compare observed data (black squares) with the DSM2 without project simulation results
described previously (blue line), the applicable DSM2-calibrated DSG model predictions (red
line) utilizing historical (DAYFLOW) hydrology, and a DSM2 simulation utilizing historical
hydrology (black line). These comparisons suggest that although the DSM2 historical
simulation does not demonstrate a consistent prediction bias, the DSM2-calibrated DSG model is
likely under-representing seawater intrusion into the study area under extremely low outflow
conditions. Furthermore, these comparisons demonstrate that the without project hydrology
results in much greater seawater intrusion than experienced in the 1920s and 1930s due to
greater water use upstream of the Delta.

Figure VI.10 (a) compares observed and modeled salinity during the summer and fall of 1924,
one of the driest periods on record for the Central Valley. If a “perfect” DSM2 simulation was
produced and a “perfect” DSG fit to the simulation results were performed, we would expect the
red line to match the time trajectory of the observed data. The DSG model clearly under-
estimates salinity intrusion into Middle River during this period. Furthermore, the observed data
suggests that the peak salinity occurs in October rather than in September, as suggested by the
DSG predictions and the DSM2 without project simulation. Similar observations are made at the
Middle River location during the summer and fall of 1931and 1934 (graphs (b) and (c)) as well
as the Old River location during the summer and fall of 1931 (graph (d)).

Figure VI.11 compares observed and modeled salinity gradients in the study area under a range
of low antecedent outflow conditions. The figure shows the salinity gradient relative to distance
from Golden Gate in units of kilometers. The top left chart shows the salinity gradients for an
outflow range of 500-1000 cfs; the bottom right chart shows the salinity gradients for an outflow
range of 4000-4500 cfs. Observed data span water years 1922-44 and are shown as box and
whisker plots. Modeled data are represented by the DSM2-calibrated DSG models for the San
Joaquin, Old and Middle River reaches in the study area. The figure demonstrates that the model
captures the approximate shape of the observed salinity gradient and is consistent with the
observations associated with Figure VI.10, i.e. the DSG models appear to under-estimates
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salinity intrusion into the study area. Based on these consistent observations, this analysis
concludes that the use of DSM2 and the DSM2-calibrated DSG models as part of the proposed
salinity criterion methodology allows for a reasonable and conservative method of evaluating
water supply availability in the study area.
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Figure VI.1 Mean Salinity Distribution in the Study Area for Water Years 1922-44: X2 > 82 km; Summer Season;
Vernalis Flow < 1000 cfs (from Tetra Tech Inc. 2015b)
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Figure VI.2 Mean Salinity Distribution in the Study Area for Water Years 1945-67: X2 > 82 km; Summer Season;
Vernalis Flow < 1000 cfs (from Tetra Tech Inc. 2015b)
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Figure VI.3 Mean Salinity Distribution in the Study Area for Water Years 1968-2012: X2 > 82 km; Summer
Season; Vernalis Flow < 1000 cfs (from Tetra Tech Inc. 2015b)
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Figure V1.4. Box and Whisker Plots Comparing Monthly Average Salinity in the Vicinity of Franks Tract and Old
River Downstream of Bacon Island for Three Time Periods (from Tetra Tech Inc. 2015b)
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Figure VL.5. Box and Whisker Plots Comparing Monthly Average Salinity along the San Joaquin River between
Vernalis and Stockton for Three Time Periods (from Tetra Tech Inc. 2015b)
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Figure V1.6 Study Area River Channels Utilized in Salinity Criterion Analysis

Figure V1.7 Assumed Relationship Between Study Area Diversions and River Reach
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Figure VI.8 Study Area Excess Diversion Using 2.0 mS/cm Salinity Criterion (Approach 1): Water Years 1968-
2003 Averages by Month and 40-30-30 Water Year Type (TAF)

Figure V1.9 Study Area Excess Diversion Using 2.0 mS/cm Salinity Criterion (Approach 2): Water Years 1968-
2012 Averages by Month and 40-30-30 Water Year Type (TAF)

South Delta Water Use Analysis Page 32



Figure VI.10 Comparison of Salinity Observations & Predictions

(a)

(b)
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(©)

(d)
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Figure VI.11
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VII. Summary & Conclusions

This report presents two approaches for estimating the availability of water for in-Delta
agricultural users south of the San Joaquin River. Both approaches assume that a “without
project” hydrology is the appropriate baseline for measuring water availability for in-Delta water
users located in the study area. This “without project” hydrology is a hypothetical hydrology
that removes SWP-CVP upstream storage and in-Delta facility operations from the hydrologic
record. As this hydrologic condition (and its associated water quality) cannot be measured in the
field, both approaches rely on modeling frameworks as described in this report.

The first approach, an inflow criterion, assumes that when monthly Delta inflow approaches
zero, no water is available for in-Delta agricultural use and curtailment of all water use in the
study area is warranted. Furthermore, the criterion assumes that if monthly Delta outflow is
positive, i.e. Delta inflow exceeds full in-Delta water use, water is available for all in-Delta use
and no curtailment is warranted. This latter assumption ignores circumstances when Delta
outflow is positive but sufficiently small such that seawater intrusion impairs the beneficial use
of water in the study area, thereby limiting water availability for diversion.

The second approach, a salinity criterion, assumes that water is available for in-Delta agricultural
use within the study area provided that water is of adequate quality to be put to beneficial use. As
described in the report, the salinity criterion requires the use of hydrodynamic model simulations
or mathematical representations of in-Delta flow-salinity relationships and specification of a
salinity “trigger” to estimate water availability in the study area. Given that the low outflow
conditions characteristic of the without project hydrology are outside the calibration range of the
DSM2 model (which was used in the salinity criterion analysis), Delta salinity data collected in
the 1920s and 1930s before construction of Shasta Dam were examined in detail. Two key
conclusions were drawn from this data examination: (1) the study area was subject to severe
seawater intrusion before construction and operation of the SWP-CVP and (2) the use of DSM2
and the DSM2-calibrated flow-salinity models allow for a reasonable and conservative method
of evaluating water supply availability in the study area as part of the salinity criterion.

The inflow criterion analysis suggests that excess diversions are taking place in the study area,
these diversions are centered in the April through August period, and the excess diversions are in
the range of 300,000 acre-feet in dry and critical water years. The inflow criterion suggests that
excess diversions take place in most years, but in smaller volumes under wetter hydrologic
conditions.

The salinity criterion analysis also suggests that excess diversions are taking place in the study
area. However, this analysis shows the diversions later in the season (typically June through
November) with volumes in the range of 100,000 to 200,000 acre-feet in dry and critical water
years. The salinity criterion suggests that excess diversions are of little consequence under
wetter hydrologic conditions.
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IX. Appendix A: Methodology to Estimate Vernalis Salinity Under

Without Project Conditions (from USBR & SDWA 1980)

This appendix presents a methodology to estimate salinity at the San Joaquin River at Vernalis in
units of specific conductance (mS/cm). The methodology was developed in the report “Effects
of the CVP upon the Southern Delta Water Supply: Sacramento — San Joaquin Delta, California”

(USBR & SDWA 1980).

A. Calculate Salt Load Based on Flow (Table VI-7, page 89)

TABLE VI - 7

CHLORIDE LOAD VS, FLOW COEFFICIENTS AT VERNALIS

1930 - 1950
# OF
MONTH cl c2 PAIRS™ R
OCTCBER .3416451758E+03 .7238303788 7 .993
NOVEMBER .3393044927E+03 .6880766404 6 .987
DECEMBER .3639052910E+03 .6787756342 7 .972
JANUARY .3928349175E+03 .62313583178 10 .365
FEBRUARY .5368474514E+03 .5675747831 9 .914
MARCH .4968879101E+03 .6035477710 10 951
APRIL .3866605718E+03 .5624873484 9 .942
MAY .3805863844E+03 .5399998219 9 .920
JUNE .6355065225E+03 .5175446121 9 .849
JULY .6038658134E+03 .5219848451 8 .900
AUGUST .3874538954E+03 .7410226741 8 .991
SEPTEMBER .3500905302E+03 .7524035817 8 .289

* §# OF PAIRS DOES NOT INCLUDE RESTRICTION POINT (.5,200)

y = C1*(X) c2
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B. Convert Salt Load to Chloride Concentration (page 110)

p/m = Load
Flow x 1.36

where,

p/m = parts per million C17
Load = chloride load in tons
Flow = 1,000's of acre-feet

C. Calculate Specific Conductance EC from Chloride Concentration
(page 86)
Cl” = 0.15 EC = 5.0 (2a)

0 < EC < 500

c1” = 0.202 EC - 31.0 (2b)
500 < EC < 2000

Rearranging the equations to solve for EC yields:
EC = (Cl-+5.0)/0.15 0 <EC <500

EC =(Cl-+31.0)/0.202 500 < EC <2000
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X. Appendix B: DSM2 Salinity Frequency Charts

The charts provided in this appendix compare salinity exceedance probabilities associated with
two DSM2 scenarios: an existing conditions scenario (blue line) and a without project conditions
scenario (red line). Charts are provided for every month at three locations in the study area: Old
River at Bacon Island (ROLD024), San Joaquin River at Stockton (RSAN063), and Grant Line
Canal at Tracy Road Bridge. Salinity data are in units of uS/cm (mS/cm x 1000) and are
monthly averaged and shown on a log scale in the charts. A simple interpretation of the charts is
as follows: (1) a 0.2 exceedance probability means that the salinity is higher than that value 20%
of the time and lower than that value 80% of the time, (b) periods when the red line is above the
blue line are indicative of periods when SWP-CVP operations improve water quality conditions,
and (c) periods when the blue line is above the red line are indicative of periods when SWP-CVP
operations degrade water quality conditions.
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Figure B.1 Salinity Comparison between Current & Without Projects Scenarios: Old River @ Bacon Island
(ROLDO024); January, February & March
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Figure B.2 Salinity Comparison between Current & Without Projects Scenarios: Old River @ Bacon Island
(ROLDO024); April, May & June
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Figure B.3 Salinity Comparison Between Current & Without Projects Scenarios: Old River @ Bacon Island
(ROLD024); July, August & September
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Figure B.4 Salinity Comparison Between Current & Without Projects Scenarios: Old River @ Bacon Island
(ROLDO024); October, November & December
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Figure B.5 Salinity Comparison Between Current & Without Projects Scenarios: San Joaquin River @ Stockton
(RSANO063); January, February & March
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Figure B.6 Salinity Comparison Between Current & Without Projects Scenarios: San Joaquin River @ Stockton
(RSANO063); April, May & June
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Figure B.7 Salinity Comparison Between Current & Without Projects Scenarios: San Joaquin River @ Stockton
(RSANO063); July, August & September
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Figure B.8 Salinity Comparison Between Current & Without Projects Scenarios: San Joaquin River @ Stockton
(RSANO063); October, November & December
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Figure B.9 Salinity Comparison Between Current & Without Projects Scenarios: Grant Line Canal at Tracy Road
Bridge; January, February & March
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Figure B.10 Salinity Comparison Between Current & Without Projects Scenarios: Grant Line Canal at Tracy Road
Bridge; April, May & June
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Figure B.11 Salinity Comparison Between Current & Without Projects Scenarios: Grant Line Canal at Tracy Road
Bridge; July, August & September
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Figure B.12 Salinity Comparison Between Current & Without Projects Scenarios: Grant Line Canal at Tracy Road
Bridge; October, November & December
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Appendix C: Study Area Channel Distance - Area Lookup Tables

Relationships between channel distance and cumulative downstream area were developed for the
three river reaches — Old, Middle and San Joaquin — within the study area (Tetra Tech 2015a).
Such relationships provide a method to estimate the location and total area downstream of a
prescribed salinity trigger, i.e. the curtailment area. These relationships are provided as lookup

tables (Tables C.1, C.2 and C.3) in this appendix. Thus, by defining a salinity trigger, the

downstream curtailment area can be calculated for any hydrologic condition defined by the

antecedent outflow G.

DSM2 Distance Cumulative DSM2 Distance Cumulative
Node | from Golden Area Node | from Golden Area
No. Gate (km) (acres) No. Gate (km) (acres)
45 94.0 0 21 136.9 27460
469 97.9 2166 20 138.0 28153
44 99.8 3066 19 139.3 28153
43 102.3 3140 18 140.4 28157
42 105.8 4758 16 141.8 29896
41 108.8 5683 15 143.2 30018
40 112.0 5802 14 144.3 30736
39 113.6 6257 13 145.3 31170
38 114.5 6400 12 148.7 34307
37 117.0 6400 11 151.5 36573
35 118.5 6411 10 153.7 38453
34 120.0 6411 9 156.1 39316
33 122.2 6534 8 158.4 39664
32 1229 6713 7 160.5 39947
30 1249 8542 6 162.6 41542
29 127.0 11212 5 165.2 46789
26 128.9 13437 4 168.4 58958
25 130.1 17114 3 170.7 62019
24 131.3 19868 2 1719 65712
23 133.0 23503 1 175.1 70536
22 134.8 25924 17 177.3 72761
Table C.1 San Joaquin River Distance-Area Lookup Table
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DSM2 | Distance from | Cumulative DSM2 | Distance from | Cumulative
Node Golden Gate Area Node Golden Gate Area
No. (km) (acres) No. (km) (acres)
38 114.5 0 183 147.7 35143
103 116.6 927 182 149.0 36257
101 118.6 1649 72 150.1 36452
100 121.6 2423 71 150.8 36685
98 122.5 3002 70 151.5 38696
97 124.1 3308 69 152.6 39885
97 125.2 3614 68 153.9 40856
94 126.8 4586 67 155.3 41819
93 127.7 6642 66 156.5 43448
92 128.9 7124 65 158.1 46482
91 129.8 7455 64 159.2 48720
90 130.7 11535 63 160.2 49684
89 131.8 11901 62 161.3 50676
88 132.5 12509 61 162.2 53684
86 133.7 12699 60 163.9 54455
85 1344 13312 59 164.7 58363
84 1354 13960 57 166.3 58747
82 136.5 15130 56 167.0 61133
81 138.0 18269 55 168.1 63407
80 139.2 19749 54 169.7 66222
79 140.3 23254 53 170.7 66681
78 142.2 28466 52 171.6 66934
77 143.0 29462 51 173.1 68215
75 144.4 29632 50 174.1 68898
192 145.4 31079 49 174.8 69471
187 146.0 31432 48 175.9 71657
185 147.1 32264 8 176.8 72005
Table C.2 Old River Distance-Area Lookup Table
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DSM?2 | Distance from | Cumulative DSM?2 | Distance from | Cumulative
Node Golden Gate Area Node Golden Gate Area
No. (km) (acres) No. (km) (acres)
35 118.5 0 117 136.7 12226
134 119.9 425 116 137.9 13501
133 122.5 849 115 138.9 16208
132 123.7 1083 114 139.9 17192
130 124.8 2527 113 140.7 18943
129 125.6 2656 112 142.7 22210
128 126.2 2905 111 144.2 24891
127 127.1 3433 110 146.0 29094
126 128.3 4212 108 147.7 32089
125 129.5 4558 109 149.8 34926
124 130.5 6920 107 151.6 36954
122 132.1 7326 106 153.3 38884
121 132.7 7997 105 155.2 40701
120 133.7 9000 104 156.8 41634
119 134.7 9483 52 157.7 41887
118 136.1 11505
Table C.3 Middle River Distance-Area Lookup Table
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1.

INTRODUCTION

The Sacramento — San Joaquin Deltais a source of water supply for water users located in
the Ddlta and for the users south-of-Delta. The Delta receives flow primarily from the
Sacramento and San Joaguin Rivers, as well as from othe smaller rivers such as the
Mokelumne, Cosumnes and Calaveras on the eastside of the Delta (Eastside Streams), as
well as tidal flow from San Francisco Bay. Delta inflow from the Sacramento and Sen
Joaquin Rivers are partidly a result of the stored water releases from the upstream
reservoirs operated by the Central Valley Project (CVP) and State Water Project (SWP).
The water released from these reservoirs is diverted from the Delta for the water supply
needs of the south-of-Delta CVP and SWP contractors, in addition to meeting the existing
regulatory requirements. This study examined the contribution of Sacramento and San
Joaquin River flows to water users in the Delta under current conditions, as well as
conditions that were simulated to represent freshwater inflows that would occur in the
absence of the projects.

The primary tool used for this work was the California Department of Water Resources
DSM2 model. The model was run for different inflow scenarios and the resulting
simulation of volumetric contributions of flow and salinity were used to describe behavior
under project and without project conditions. The following inflow scenarios were used to
simulate 82-year (water years 1922-2003) Delta hydrodynamics, electrical conductivity
(EC) and volumetric fingerprinting using DSM2 for the following four scenarios:

Scenario A: Current conditions with hydrology based on the DWR’s 2013 Delivery
Reliability Report (DRR)

Scenario B: Scenario A without in-Delta agricultura diversions

Scenario C2': “Without Project” conditions. This hydrology development removed
the impairment caused by the upstream CVP and SWP reservoirs on the Sacramento

I Thiswasoriginaly referred to as Scenario C, but wasrelabeled to C2 after adifferent EC boundary condition was
utilized, as described in the following chapter.
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and San Joaguin Rivers, and the CVP and SWPdiversionsin the Delta. Using impaired
and unimpaired flow time series information downstream of the following SWP/CVP
reservoirs, we estimate changes to flow volumes from the following reservoirs:
Oroville, Friant (Millerton), New Melones, Shasta (and Trinity River inflows), and
Folsom. The changes to flows downstream of the reservoir locations (increase or
decrease, depending on month and year) were represented as changes to stream flows
a the following locations. Sacramento River at Freeport, Yolo Bypass, and San
Joaquin River at Vernalis. The Without Project hydrology was estimated on a monthly
basis. The Without Project scenario excludes south Delta CVP-SWP export facilities,
the Ddlta Cross Channd (DCC), south Delta temporary barriers and Montezuma
Salinity Control Gate. It includes Contra Costa Water District (CCWD) and North Bay
Aqueduct (NBA) diversions, and the BBID diversion was moved to the Old River.

Scenario D: Scenario C2 without in-Delta agricultural diversions. This scenario aso
excludes NBA and CCWD diversions

Scenario E: Flows assuming actual (DAY FLOW) hydrology from water year 1922-
1944.

The following chapters describe the DSM2 runs utilized, the development of asimplified
modeling framework using DSM2 output, i.e., a Delta Salinity Gradient model gpplied to
channels in the South Delta, the validation of the DSM2 output data using South Delta
observed sdlinity from the pre-Project period, and the development of a relationship
between irrigated area and distance from Golden Gate Bridge aong the major river
channdlsin the South Delta. Becausethe DSM2 results are voluminous, this memorandum
is accompanied by electronic results for flow, EC, and volumetric fingerprint values, and
only afew key aspects of the output are highlighted in the document and appendices.

10
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2. DSM2 ANALYSIS

The DSM2 analysis used input files developed by DWR to represent current conditions
(i.e., the existence of projects, reservoir operations, and exports from the Delta) driven by
an 82-year hydrology representing WY 1922-2003. Thus, Scenaio A, as defined in
Chapter 1 was based on DWR inputs, and these inputs were modified to represent other
scenarios. The most important changes related to the development of the without project
hydrology boundary and the without project EC boundary condition at Vernalis on the San
Joaquin River that are described below.

2.1 WiTHOUT PROJECT HYDROLOGY BOUNDARY

The “Without Project” Delta hydrology boundary conditions were used to represent the
conditionswithout the CVP and the SWP project. The Without Project hydrology removed
the impairment caused by upstream CVP and SWP reservoirs and CVP and SWP
diversions in the Delta but maintained impairments caused by upstream agricultura and
municipal project diversions.

The Without Project boundary was developed by modifying the Delta inflow using the
difference between inflow and releases for the upstream reservoirs operated by CVP and
SWP simulated by CALSIM 11.2 The inflow to the Delta from Sacramento River and Yolo
Bypass was modified by the difference between inflow and releases to the Oroville, Shasta
and Folsom reservoirs. For the Without Project scenario, the inflow from Trinity River
was aso subtracted. The total of Sacramento River and Y olo Bypass flow from CALSIM
Il current conditions represents the original flow from the Sacramento Valley to the Delta
It was then modified by the difference between the release and inflow to the three
reservoirs, and minus inflow from the Trinity River to obtain the Without project flow, as
follows:

SAC_mod = C169 + C157 + (14 +16 + 1300) — (C4 + C6+ C8) — 11 )

Each component as defined in CALSIM 11 for the current conditionsis:
C169: Sacramento River flow

2 Thisinformation was obtained from previous DWR work.

State Water Contractors/Metropolitan Water District of Southern Califomia

June 2015

11
Technical Analysis in Support of South Delta Diversion Curtailment in Dry Years



DSG Model

Tetra Tech, Inc.

C157: Yolo Bypass flow

|4 Sacramento River Inflow to Shasta Lake

|6: Feather River Inflow to Lake Oroville

1300: American River upstream Inflow to Folsom
C4: Release from Shasta Lake

C6: Feather River downstream of Oroville

C8: American River below Folsom Dam

|1: Trinity River Inflow

The calculated modified inflow from the Sacramento Valley was then split into Sacramento
River flow and Yolo Bypass flow based on the operation rulesfrom CALSIM I1. The gate
from Sacramento River to Yolo is assumed to open at aflow of 21,000 cfs. The maximum
flow in the Sacramento River is assumed to be 62,000 cfs. Flows above 62,000 cfs are
assumed to spill into Yolo Bypass. Thisisbased on existing CALSIM operating rules for
the bypass. The estimated Without Project flow at Sacramento River and Yolo Bypass,
compared to current conditions from CALSIM 11 is shown in Figure 1 and Figure 2.
Inflowsat Freeport were set to zero when the calculated inflowsresulted in negative values.

The San Joaguin River inflow for the Without Project boundary was developed by
modifying the inflow from Vernalis and the difference between releases and inflow to the
New Melones and Millerton (Friant) Reservoirs. For the Without Project boundary (for
the C2 scenario), both the New Melones and Millerton Reservoirs were unimpaired. The
return flow from the Exchange Contractor flows into San Joaquin River at Salt Slough and
Merced.

The equation used to calculate modified inflow from the San Joaquin River for the C2
scenario (SJR_modc?) is:

SJR_modc2 = C639 + (110-C10) + (118-C18) + R614J+ R619H —
D607B_Mod- 400 cfs 2
Where,
C639: San Joaguin River below Vernalis
110: Inflow to New Melones
118: inflow to Millerton
C10: Release from New Melones
C18: Release from Millerton
D607B: Mendota pool/Exchange DIV
D607B_mod: Mendota pool/Exchange DIV capped using SJR flow below
Mendota Pool (C607) C607: SIR below Mendota Pool
R614j: pool exchange contractors return flows to SJIR at Salt Slough
R619h: pool exchange contractors return flows to SJR at Merced

12
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The assumed 400 cfs term is groundwater 1oss from the San Joaquin River channel. When
the above equation resulted in negative flows, a minimum flow of 150 cfswas used. When
using the minimum flow of 150 cfs, DSM2 occasionally resulted in dry channels. When
this occurred, ahigher flow of 300 cfs was used. The estimated Without Project flow at
San Joaquin River at Vernalis, compared to current conditions from CALSIM 11 is shown
in Figure 3.

2.2 EC AT SAN JOAQUIN RIVER

For the EC boundary conditions at Vernadlis, the equations documented in a previous
analysis by the Water and Power Resources Service and the South Delta Water Agency
were used.® The approach first calculated salt load based on the San Joaguin River flow
(Figure 4). The estimated salt load was then converted to concentrations of chloride (Cl).
The st load was converted to concentrations based on equationson page 110 in the Water
and Power Resources Service and the South Delta Water Agency (1980) report:

p/m = Load / (flow x 1.36) (©)]
where,

p/m = parts per million CI-

load = chloride load in tons

flow = 1000’'s of acre-feet

The calculated CI- concentrationswere then converted to EC using the following equations
(page 86 in 1980 report):

Cl-=0.15EC- 5.0 0<EC < 500 4
Cl-=0.202EC - 31.0 500 < EC < 2000 (5)
Then:

EC=(Cl"+5.0)/0.15 0<EC < 500 (6)
EC = (CI' + 31.0) / 0.202 500 < EC < 2000 @)

Estimated EC at the Vernalis boundary is shown in Figure 5.

2.3 DSM2 RUNS FOR SCENARIOS A, C2, D, AND E

The DSM2 modd, version 8.0.6, was run for the 82-year hydrology using the planning
mode. The tide file used is the 82-year planning tide records at Martinez (planning-2-SL).
The gate file used is the 82-year planning gate at Clifton Court. The operation rules used

3 Effects of the CVP upon the Southern DeltaWater Supply, Sacramento-San Joaguin River Delta, California,
prepared jointly by the Water and Power Resources Service and the South Delta Water Agency, June 1980; Scanned
copy available online at:

http://www.waterboards.cagov/waterrights/water_issues/programs/bay _delta/docs/cmnt081712/cwin/cwinappendix

_fpdf
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for Montezuma Slough and South Delta temporary barriers are the planning rules for these
locations.

Scenario E is run using DAY FLOW records as the hydrological boundary, including the
Sacramento River at Freeport, San Joaquin River near Vernalis, Y olo Bypass, Mokelumne,
Calaveras, and Cosumnes River for thetime period of 1922-1944. For Scenario E, thetide
at Martinez was developed by subtracting 0.55 ft from the current 82-year planning tide,
based on the difference between the basdline and 1920's sealeve at Golden Gate, in order
to represent tide levelsin the 1920s.

The modd simulated EC concentrations for the A and C2 scenarios are shown for
illustration at two locations in Figure 6 and Figure 7. Model results for al scenarios are
provided eectronically.

2.4 COMPARISON OF VOLUMETRIC FINGERPRINTS ACROSS SELECTED STATIONS
IN THE SOUTH DELTA FOR SCENARIOS C2 AND D

In this section, we compare model simulated percent volumetric contribution from source
waters from two scenarios; scenario C2 and D, at 14 locations listed in Table 1. Simulated
volumetric contributions from four major source waters were compared: Ag (agricultura
/DICU flow), East (esstside streams), Sac (Sacramento River at Freeport), and SIR (Sen
Joaquin River flow at Vernalis). The comparisons were made for each month from January
to December. For each station, atotal of 12 plots (representing January to December) were
created (Appendix A).

The comparison of Scenarios C2 and D showed the effects of DICU flow on simulated
volumetric contributions on monthly basis. The results suggest that without DICU flow,
SJR contribution is 100% at many locations. With the contribution from DICU flow
(Scenario C2), SJIR flow contribution is lower. The contribution of DICU flow at some
Deltalocations appears to be significant.

The relationship between the San Joaquin River flow and the percent volumetric
contribution from the Sacramento River was also evaluated for the 14 stations (individual
plots not shown). The results generally suggested a negative relationship between
volumetric contribution from the Sacramento River and San Joaguin River flow. The
contribution from the Sacramento River decreased exponentially with San Joaquin River
flow and isonly evident at very low San Joaquin River flow. For locations proximal to the
head of therivers(e.g., Old River) the contribution from the Sacramento River isminimal.

14
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Table 1
Selected output locations in the south Delta
Station Name
Old River @ Holland Rold014
Old River @ Bacon Island Rold024
Old River @ Hwy 4 Rold034
Just outside of CCF intake chswp003
Old River @ Tracy Rd Bridge Rold059
Old River @ Union Island (Old R @ Middle R) oldr_midr
Old River @ Head Rold074
Grant Line Canal @ Tracy Rd Bridge CHGRLO09
Middle River @ Holt Rmid005
Middle River @ Bacon Island Rmid015
Middle River @ Victoria Canal Rmid027
SIR @ Turner Cut RSANO046
SIR @ Stockton RSANO63
SIJR @ Brandt Bridge RSANO72
Metropolitan Water District of Southem Califomia
June 2015 15
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Figure 1 Comparison of Sacramento River inflow to the Delta for the current conditions (blue) and
the Without Project C2 scenatrio (red)

Figure 2 Comparison of Yolo Bypass inflow to the Delta for the current conditions (blue) and the
Without Project C2 scenario (red)
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Figure 3 Comparison of San Joaquin River inflow to the Delta for current conditions (Scenario A,
blue) and the Without project C2 scenario (red)
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TABLE VI - 7
CHLORIDE LOAD VS. FLOW COEFFICIENTS AT VERNALIS
1930 - 1950
4 oF

MONTH c1 c2 PATRS* R
OCTOBER .3416451758E+03 .7238303788 7 .993
NOVEMBER .3393044927E+03 .6880766404 6 .987
DECEMBER .3639052910E+03 .6787756342 7 .972
JANUARY .3928349175E+03 6231583178 10 .965
FEBRUARY .5368474514E+03 5675747831 9 .914
MARCH .4968879101E+03 6035477710 10 .951
APRIL .3866605718E+03 .5624873484 9 .942
MAY .3805863844E+03 .5399998219 9 .920
JUNE .6355065225E+03 .5175446121 9 .849
JULY .6038658134E+03 .6219848451 8 .900
AUGUST .3874538954E+03 .7410226741 8 .991
SEPTEMBER .3500905302E+03 .7524035817 8 .989

* # OF PAIRS DOES NOT INCLUDE RESTRICTION POINT (.5,200)

y = c1*(x)C2

Figure 4

Coefficients relating salt load and flow, estimated for each month. Source: Effects of the
CVP upon the Southern Delta Water Supply, Sacramento-San Joaquin River Delta,
California, prepared jointly by the Water and Power Resources Service and the South

Delta Water Agency, June 1980.
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Figure 5. Estimated EC at Vernalis current conditions (Scenario A, blue) and without Project
(Scenario C2, red).
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Figure 6 DSM2 simulated EC at Middle River @ Holt (Rmid005) under the C2 scenario (red), and
comparison to Scenario A (blue).
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Figure 7 DSM2 simulated EC at Old River at Bacon Island (Rold024) under the C2 scenatrio (red),
and comparison to Scenario A (blue).
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3. USING THE DELTA SALINITY GRADIENT

(DSG) MODEL TO FIT DSM2 DATA IN THE
SOUTH DELTA

The Delta Salinity Gradient (DSG) model has been developed to represent sdinity in the
Western Delta as a function of the time history of freshwater inflow.* The DSG modd,
however, has not been focused on salinity in the southern Delta. In the present analysis,
DSM2 output in the South Delta was used to calibrate DSG models for Scenario C2, as
described in Chapters 1 and 2. A DSG model for Scenario A was performed in a similar
manner; those reaults are presented in Appendix B.

Starting with the daily electrical conductivity outputs from DSM2, we made severa
refinements to narrow the scope of the dataset such that it is primarily relevant to (1) the
Southern Delta alone, and (2) to the intrusion of seawater rather than other sources of
salinity, e.g., agricultural runoff from the San Joaquin valley. Based on coordinates of the
DSM2 nodes, distances from Golden Gate were computed along theriver channels (Figure
8). DSM2 nodes aong the San Joagquin (SJ), Middle (MID), and Old (OLD) rivers further
than 85km inland were retained for analysis with the DSG model. The DSG model was
fitted separately for the three river channels, and al data were considered from 85 km
inland to the defined end of the corresponding channel (for the San Joaquin River 184.4
km; for the Old River 176.8 km; and for the Middle River 157.7 km). Asshown in Figure
8, aportion of the distance for the Old and Middle River channels overlaps with the San
Joaquin river channel. Thus, datafrom 85 km to 118.5 km on San Joaquin River channel
wereincluded in thefitting process for the Middle River DSG moddl. Similarly, datafrom
85 km to 114.5 km on the San Joaquin River channel were used in the fitting for the Old
River DSG modd.

4 Hutton, P.H., J. S. Rath, L. Chen, M. J. Ungs, and S. B. Roy (in review) Nine Decades of Salinity Observationsin
the San Francisco Bay and Delta: Modeling and Trend Evaluation. ASCE Journal of Water Resources Planning and

Management.

State Water Contractors/Metropolitan Water District of Southern Califomia

June 2015

21
Technical Analysis in Support of South Delta Diversion Curtailment in Dry Years



DSG Model

Tetra Tech, Inc.

Theinput flows (actual flow and antecedent G-flow) for the C2 Scenario are shown in time
seriesform in Figure 9, and as adistribution in Figure 10.

The DSM2 output often displayed a non-monotonic salinity gradient, with salinity
decreasing from the western model boundary through portions of the Delta and then
increasing again further inland. Thisis hypothesized to be due to elevated salinity in San
Joaquin inflows. To mitigate this phenomenon’s effects on estimation of DSG model
parameters, we only trained the DSG model using data from nodes west of the node with
the minimum salinity on a given day, reach, and scenario. It is acknowledged that this
rather simple filter is imperfect and perhgps merits further refinement, in light of the
extreme hydrology associated with scenario C2, but appears to give reasonably good
results.

The DSG model wasfitted using the actual flows at Martinez based on daily DSM2 output,
which display atidal influencerather than the monthly NDOI values computed from DSM2
input. The monthly NDOI vaues were found to be insufficient to explain the daily EC
values.

An antecedent flow, G, dataset was calculated using the each scenario’s flow (Q) time
series, in this case the flow at Martinez. The 8 parameter related to this calculation is the
same as for the current calibration of the DSG model to EC datain the western Delta. As
the primary flow regime of interest for this analysis is lower flows with higher salt
intrusion, we are not using the variable ocean boundary salinity that was introduced to the
DSG modéd to deal with suppression of near-ocean ECs under high outflows. In other
words, the parameter y is left fixed at positive infinity. Also, recognizing that the region
of interest has generadly lower sdinities than the western Delta, we centered the
representation of the gradient in the model around the isohaline X corresponding to the
adjustable EC value S.. Currently, this parameter is not statistically estimated but instead
left at an illustrative value of 2 mS/cm.

The first attempt at fitting tried to only estimate the parameters ¢, and ¢, leaving the
boundary sdinities at the valuesin the current calibration of the DSG model for the western
Delta—S, = 0.2 mS/cm and $ = 53 mS/cm, but this resulted in unsatisfactory fits.
Allowing them to be estimated freely resulted in less biased fits, athough the theoretical
appeal of aprescribed, apriori boundary valueislost. Two different estimation procedures
were tried: numerical non-linear least squares (nls) and maximum aposteriori (map) fit of
a Bayesian student’s t model. The fitting procedures give slightly different results (Table
2). A fully Bayesian estimate of S for the San Joaquin C2 model (only performed for one
scenario due to computational intensity) allows for compaison with the estimated
“boundary salinity” with the range of DSM2 values. Figure 11 confirms the estimate is
near the maximum EC; therare cases where the training data are above the S estimate seem
okay in the context of the Bayesian model being an estimate of the center of EC distribution
conditional on agiven antecedent flow.
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Contents

Figure 12 shows the calculated values of salinity from the fitted DSG models for the OId,
Middle, and San Joaguin River for an illustrative range of G-glows. Figure 13 through
Figure 16 illustrate the spatial and flow variability of the fitted model in various ways and
compare it to DSM2 data used in training. Figure 17 is a direct comparison of model
predictionswith training data.

Metropolitan Water District of Southem Califomia

June 2015
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Table 2

Diagnostics of DSG predictions of DSM2-simulated EC for Scenario C2 in terms of a linear model ECpgy = a + b - ECps¢ and best fit DSG
parameters for two different estimation procedures: non-linear least squares (nls) and maximum a posteriori (map) fit of a Bayesian
student’s t model. Columns in gray are not estimated in model training.

Model Diagnostics DSG Parameters (EC units: mS/cm, flow units: cfs)

Scenario Reach Fit r2 Std. Error a b b1 b, S, S Sc y 8 B x10710
Cc2 MID map 0.91 1.25 0.20 0.98 679 -0.230 0.377 25.9 2.00 (o] 1.00 1.5
Cc2 MID nls 0.91 1.24 0.00 1.00 691 -0.230 0.527 25.0 2.00 (o] 1.00 1.5
Cc2 OLD map 0.93 1.08 0.12 0.99 766 -0.244 0.351 26.0 2.00 (o] 1.00 1.5
Cc2 OLD nls 0.94 1.08 0.00 1.00 734 -0.238 0.435 253 2.00 (o] 1.00 1.5
Cc2 SJ map 0.93 1.10 0.12 0.98 537 -0.203 0.325 26.2 2.00 (o] 1.00 1.5
Cc2 SJ nls 0.93 1.10 0.00 1.00 511 -0.195 0.408 251 2.00 (o] 1.00 1.5
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Figure 8 Distances for DSM2 nodes from Golden Gate Bridge for the Old, Middle and San Joaquin Rivers, estimated along the channels
used in DSM2.
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DSG Model

Figure 9
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Time series plots of net Delta outflow, Q, approximated as modeled flow past Martinez, and corresponding antecedent flows, G, for Scenario C2.
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Scenario C2
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Figure 10 Scenario C2 smoothed frequency distribution of G-flow
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Statistically estimated S (red) vs. EC density estimate
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Figure 11 lllustrating the estimation of § as a free parameter—the posterior mean with a 95%
interval (shown in red) is close to the maximum DSM2 simulated EC.
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Scenario C2
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Figure 12 lllustration of spatial variation in DSG predictions using the median G-flow in seven evenly spaced (in terms of G-flow percentiles) flow bins.

State Water Contractors/Metropolitan Water District of Southern Califomia

June 2015 31
Technical Analysis in Support of South Delta Diversion Curtailment in Dry Years



DSG Model Tetra Tech, Inc.

Scenario C2, MID
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Figure 13 As in Figure 12, except with box plots showing the distribution of DSM2 data at each distance. Scenario C2, Middle River.
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DSG Model

Scenario C2, OLD
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Figure 14 As in Figure 12, except with box plots showing the distribution of DSM2 data at each distance.
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Figure 15 As in Figure 12, except with box plots showing the distribution of DSM2 data at each distance. Scenario C2, San Joaquin River
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Figure 16 Flow response of DSM2 simulations and DSG predictions of EC at each DSM 2 location, Scenario C2. Log scale on both axes.
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Figure 17 DSG predictions vs training data and 1:1 line (red).
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4. VALIDATION OF DSM2 AND DSG MODEL

RESULTS

The DSM2 model has not been calibrated for flow and salinity conditions that occurred in
the early decades of the 20" century, which include some extremely dry conditionsin the
1920s and early 1930s. To build confidence in the application of DSM2 to low flow
conditions observed in the without Project scenario, we performed a limited validation
using observed salinity data from the South Delta,® and using the DSG model that was
calibrated to the Without project C2 Scenario.

To compare the model and data, we related EC and distance, where individual plots were
developed for arange of G-flow values from 500 to 4,500 cfs in increments of 500 cfs.
Each plot contained observed data points from either WY 1922-1944 or WY 1922-1968, as
long as the observed data fell in the identified G-flow range. Each plot shows the DSG
mode linefor thethreeriver channels, calculated using the mid-point G-flow value. Thus
the plot for 500-1,000 cfs shows DSG plots for 750 cfs. Overal, this exercise shows that
the DSG model is areasonable representation of the data, even at some of the most extreme
low flow conditions observed in the 20" century. This provides support for the use of the
re-calibrated DSG model and the DSM2 model in applications where Delta water quality
behavior is to be modeled under conditions of very low flows.

5 Tetra Tech (2015) Mapping and Trend Evaluation of Interior Delta Salinity, Final report prepared for the
Metropolitan Water District of Southern Cdifornia.
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Figure 18 Comparion of observed salinity data (1922-1944) and DSG model salinity for specified G-
flow ranges.
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Figure 19 Comparion of observed salinity data (1922-1968) and DSG model salinity for specified G-
flow ranges.
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5. ESTIMATION OF AGRICULTURAL AREA BY
DISTANCE FROM GOLDEN GATE

As part of thistask, we computed the irrigated agricultural area by distance aong the Old,
Middle, and San Joaguin River channels south of the San Joaguin River. Data on
agricultural land usein the Delta region was obtained from DWR.® The data consisted of
discrete polygons or parcels of land acrossthe entire Delta.

The agricultural land use parcels were divided up asfollows. First, abuffer around each of
thethreeriversof interest was created. Thebuffer extended out 5 miles, except where there
is less than 10 mile distance between neighboring rivers (including the Sacramento River,
which was taken into consideration when assigning the land use, but not included in the
analysisitself). Only areas south of the San Joaquin River were considered in thisanalysis,
and some small, isolated pockets of land distant from the river channel were excluded.
Where the Old, Middle, and San Joaquin Rivers are close together, the land was divided
up goproximately so that the land use polygons are assigned to thenearer river. The nearest
DSM2 node was calculated for each land use polygon within each river stretch, and then
assigned to it. Thiswas accomplished using the simple nearest distance from polygon edge
to node point. The acreage of agricultura land use was summed for each node, and
accumulated as one moves upstream. This method is approximate where the rivers come
together (some polygons assigned to one node might be better attributed to adifferent one
on a different river), but everywhere else this approach works well at assigning polygons
to the correct node.

A map showing the channels and the agricultura areasis presented in Figure 20. Thetotal
agricultural areain the Delta is 393,400 acres, of which 73,500 acres was associated with

6 Jane Schafer-Kramer (2015) Personal Communication, April 3.
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the San Joaguin River, 42,000 acres was associated with the Middle River, and 72,000
acres was associated with the Old River.
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Figure 20 Agricultural area by river river channel.
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APPENDIX A VOLUMETRIC FINGERPRINTS FOR
WITHOUT PROJECT SCENARIOS WITH AND
WITHOUT DELTA ISLAND CONSUMPTIVE USE
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Figure 21 Map showing 14 stations used for plotting volumetric fingerprints in the following pages
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Grant Line Canal, May , Scenario D
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Grant Line Canal, September , Scenario D
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CCF Intake, March , Scenario D
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Mid R @ Holt, January, Scenario D

Mid R @ Holt, January, Scenario C2
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Tetra Tech, Inc.

Mid R @ Holt, September , Scenario D

Mid R @ Holt, September, Scenario C2
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Mid R@Bacon, May, Scenario D

Mid R@Bacon, May , Scenario C2
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Mid R@VC, September, Scenario D

Mid R@VC, September , Scenario C2
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Tetra Tech, Inc.

Old R. @ Holland, January , Scenario D

Old R. @ Holland, January, Scenario C2
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Tetra Tech, Inc.

Old R. @ Holland, May , Scenario D

Old R. @ Holland, May , Scenario C2

Appendix A

z00e
66T
66T
66T
86T
[a]
o o 2861 °
] o =
R = N -2 w6 g
K = £ P 61 2 ]
) g S 9] ) Q
3 o 6T %]
%] A -
= e, < ~ 96T %
3 3
[] < u W. zo61 W o
. 2 y |32 oy 3
) - n T [] ~
= c S 6T -
5 c
2 R 2 = 1 B S
w o w o wi =
[} T u T v6r W )
(L) (L)
s ® : © w8 T
L o < 1 ¥ .
T ° €61 M
o o T
€61 o
261
14433
§88R82IR[/R "7 §88R8RII[/LS° §88R8BITARS° g§&88RrR83SAR2°
191/ 304N0S JO % 191B/\ 924N0S JO % 19}/ 924N0S JO % 1938 \\ 924N0S JO %
8]
N o~
o &) o
o le) =
. = N -z _ ©
g 2 £ g 2 @
o m [} g o 3
= s « v « o
% 7] = 3 %]
u 2 [] > [} >
o S o 3 9 =]
21| = 5 = 3 <
[ = [ kel [ N
c ]
— c © c
2| = g =2 g s
B 3 “ o [l 5
. T o - - £
2 2 ® <
= @ " . n ®
o &= o
T ] s
(@) S} o)
§RIRIRBIRRAS" §88R883882° geag888%8R88° 88888838882 °
49318/ 304N 0S JO % J21B/\\ 92JN0S JO % 191\ 32JN0S JO % J31B/W 32JN0S JO %

June 2015

mSAC mSJR  Other

Metropolitan Water District of Southem California

Other

Old River @ Holland

BAG mEAST mSAC mSR

Rold014
Technical Analysis in Support of South Delta Diversion Curtailment in Dry Years

Figure 41

68




Appendix A

Tetra Tech, Inc.

Old R. @ Holland, September , Scenario D

Old R. @ Holland, September , Scenario C2
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Tetra Tech, Inc.

Old R. @ Bacon, September , Scenario D

Old R. @ Bacon, September, Scenario C2
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Tetra Tech, Inc.

SJR@Turner Cut, May , Scenario D

SIR@Turner Cut, May , Scenario C2
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Tetra Tech, Inc.
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SJR @ Brandt Bridge, January, Scenario D
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Old R. Tracy, May , Scenario D

Old R. Tracy, May , Scenario C2

§88R8R8ARR

1918\ 24N0S JO %

cooooooo
dO®NO;LT O

J2)/W\ 92IN0S JO %

100

o
-

S

o

o

ESAC mSIR  Other

BAG mEAST

Other

WAG MEAST mSAC mSIR

Old R. Tracy, June , Scenario D

Old R. Tracy, June , Scenario C2

§88R8388R

1918 \\ 224N0S 4O %

ocooo0oo0oooo
SO NON T MmN

J21e\\ @24N0S JO %

S

=)
-

o

o

Other

BAG MEAST ESAC mSIR

Other

WAG WEAST mSAC mSIR

Old R. Tracy, July, Scenario D

o
S

Old R. Tracy, July , Scenario C2

o
=Y

o
®

© oo o oo
N ©ons oA

1318\ 924N0S JO %

J93B/W\ 924N0S JO %

o
=

o

8]B8R8ILIIRS°

-

Other

mAG mEAST mSAC mSIR

Other

WAG MEAST mSAC mSR

Old R. Tracy, August , Scenario D

Old R. Tracy, August, Scenario C2

§88RB8388R

1918\ 924N0S 4O %

ocoocooocoooo
SN ONI MmN

J21B/\\ @24N0S JO %

mSAC mSJR  Other

mAG mEAST

Other

mAG mEAST mSAC mSIR

Old River @ Tracy

Rold059

Figure 59

Metropolitan Water District of Southem California

June 2015

86

Technical Analysis in Support of South Delta Diversion Curtailment in Dry Years



Appendix A

87

ifomia

[a]
o [a]
i) e o o
] . 2 k= =
53 £ o] 2 2 g c B
o <] < 8 9 5 3 5
8 8 S S 8 s}
5 s N = o = o g
2 N 5 [] 2 = 2 [
IS g Q 9 I Q € 2
[ Pl o B 3 3
= u = Il [ [ 3
o m L] Wv n “ L]
@ % - = -
9 RS 2 = g S g
W = % L] W. L} o L]
© © — © ©
[ 2 = Q ° 2 i 2
= | RS i]5 :
o - o o
h=) o kel i)
[e] o o
R
888R813388Ra° g8 ’R838”3R%¢8° g88R8288R¢s-° g88R88¢888s°
4318/\\ 24N0S 40 % 1338 W\ 924N0S JO % 1938/, 21N0S JO % J3}B/\\ 21N0S JO %
(o]
(o] (o)
rmv_ Q o o
= iel o
© - Re] = =
—_ o 5 =
g 8 g £ g £ g 3
o c o [7) o ) <]
a g 3 &
o m [%] o« ~ o« ~ o«
~ (%] —_ w A
M u o [ ] [} L] [9] =
[®) e 2 o
[ < Q g £ 2 IS E:
9] 2 <] 3 ] 3
2 L] 3 [] W [] 9 ‘]
] W o = o m 9] =
..)1 [ ] = m N: w D: m
3 g =g R i
c 2 IS ¢ e E c 2
L = o [ = . = H
< o o
e
=} > o T
o (@] o
o
SR8R8ILARR 888RBRgRRE° 8§88R8R8RRI° Wmmmmmmmmmm
1318/W\ 824N0S 40 % 1918\ 224N 0S JO % 191B/\\ 224N0S JO % 191B/\\ 224N0S JO %

Tetra Tech, Inc.

Old River @ Tracy

Technical Analysis in Support of South Delta Diversion Curtailment in Dry Years

Rold059

State Water Contractors/Metropolitan Water District of Southern Cal

Figure 60
June 2015




Tetra Tech, Inc.

Appendix A

Old R.@ Head, January, Scenario D

8S8R88RBRLRR

=

1918\ 204N0S JO %

Other

BAG mEAST mSAC mSIR

Old R.@ Head, February, Scenario D

888RB8B88R

1918\ 924N0S JO %

Other

mAG mEAST mSAC mSIR

Old R.@ Head, March , Scenario D

8E8R88RBRLRR

=

1918\ 924N0S JO %

ESAC mSIR  Other

HAG mEAST

Old R.@ Head, April , Scenario D

8§88R8ILBR
1918\ 224N0S 4O %

Other

BAG mEAST mSAC mSIR

Old R.@ Head, January , Scenario C2

8E8R88RBRLRR

=

1918\ 204N0S JO %

Other

BAG mEAST mSAC mSIR

Old R.@ Head, February, Scenario C2

88 8RB8RIALRR

=
1918\ 924N0S JO %

Other

BWAG HEAST ESAC mSR

Old R.@ Head, March, Scenario C2

8R88RB8RALAIR

=

1918\ 924N0S JO %

Other

BAG mEAST mSAC mSIR

Old R.@ Head, April, Scenario C2

8§88R 8IS IR
1918\ 924N0S JO %

Other

mAG mEAST mSAC mSIR

Old River @ Head

Rold074

Figure 61

Metropolitan Water District of Southem California

June 2015

88

Technical Analysis in Support of South Delta Diversion Curtailment in Dry Years



Appendix A

Tetra Tech, Inc.

Other

Other

Other

Other

o
o 9 S 2
= = 2 s
© © © c
c c < g
g 3 g 3
Q
a & a = a & > =
N = N = - = 7] i
> [ > S
@© O c o = 9} a0 Q
= b = 3 Ed 3 Ej 3
~ [] < [] > [] << [}
w - w = w = - =
9] 2 ) 2 @ 2 ®© 2
b = | T = T R ]
® e © e @ e ® 9
o = 4 n « = : "
2 o o =
o o o 3
mwwmwmwmw mwwmwmwmw mwwmwmwmw mmmmwmwmwmo
131\ 92UN0S JO % 191\ 92UN0S JO % 131\ 92UN0S JO % 131\ 92UN0S JO %
8}
~ N o~
O ﬂ O kel
o _ . _ = _
2 1= P02 1|8 :
2 [ c <] s 5 g S
[7) 3 [7) \a
o « A « Q « - 3
K A - A v a - ﬂ
> - [ - ~ = %
© o c g 5 9 % 2
= il 3 F i 2 K
o _ - . . - =
(o] el
3 2 3 2 ] 2 © 2
= ] = = I - nn_ﬂnu [
® o ® g ® ¢ © g
< [ ] o L] o = h= [
] T 2 -
[s} s} S °

o o oo o oo
® N O nm T oA

1918\ 204N0S JO %

S8R 8RBRIALRR

=
1918\ 924N0S JO %

S8R 8RBRIALRR

=

1918 \\ 224N0S 4O %

1918\ 924N0S JO %

888R8BSBR

S

o

Old River @ Head

Rold074

Figure 62

ifomia

State Water Contractors/Metropolitan Water District of Southern Cal

June 2015

89

Technical Analysis in Support of South Delta Diversion Curtailment in Dry Years



Tetra Tech, Inc.

Appendix A

Other

Other

Other

Other

o oo oooooo
SO0 ~N©wn I mA

1918\, 924N0S JO %

100

88 R8I3SRIR
1918 \\ 224N0S 4O %

€61
€€6T
76T
ST6T
6T

8 &88RB8RIALRBR

1918\ 924N0S JO %

g

EEB555888¢8

R A

1918\ 924N0S JO %

@ &

o [a] [a]
o o o o
‘= o = =
© = © ©
: : : :
(53
A g [ &
o “ - <
o £ - = o z 9] =
2 i ] 4 2 2 38 7
£ o 8 . E o £ .
]
= 3 © 3 > 3 <] 3
S [} o [} o = o] []
n = = - =z m o —
< g 3 i < g © 2
© [l ) = © u © [
g o I ¢ -
o LRRRS ‘e CR :
© o . .
5 2 5 5
Ee ) ] )
o o o
858888988 858288 98R grReg82822% EREEEREERES
J31B/\\ 204N0S JO % J91B/\\ 2JN0S JO % 49318/\\ 924N0S 4O % J91B/\\ 2JN0S JO %
00z
66T
£66T
86T
~
~ S86T ~
o ~ o 8}
° o 86T o 2
= 2 61 = ©
o . 5 < © < c ]
o} 2 c €61 m S £ 2 £
Q 8 o
@ © m 96T ) °© Nl
o « < G967 = o « 5 =
] ] - A3 o A 2 4
.m [ M 91 W .m L] c
[}
5 AR w 3§ ;8 3
.W = o €s61 W W = % .
- =4 .
3 2 w g 2 - 2
2 . ] SveT B @ u I u
o) T © (9] © T o}
T 2 ® ver T 2 2
u ) u ® = ®
® o g o
o« kel e -
o) o e} )
o S} ©

Old River @ Head

Rold074

Figure 63

Metropolitan Water District of Southem California

June 2015

90

Technical Analysis in Support of South Delta Diversion Curtailment in Dry Years



APPENDIX B SCENARIO A DSG FITTING
RESULTS

This appendix contains the parameter estimates and diagnostic plots from fitting the DSG
model to DSM2 simulations of South Delta electrical conductivity data for Scenario A.
See the results for Scenario C2 presented in Section 3 of the South Delta Diversion
Curtailment Analysis document for more details.

Note that although theflows displayed in Figure 64 and Figure 65 are based on the DSM2
flow output at Martinez (MTZ), the DSG estimates are estimated using a G flow derived
from the Net Delta Outflow Index, NDOI.

State Water Contractors/Metropolitan Water District of Southern Califomia

June 2015
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Table 3

Diagnostics of DSG predictions of DSM2-simulated EC for Scenario A in terms of a linear model ECpgy = a + b - ECpg; and best fit DSG
parameters for two different estimation procedures: non-linear least squares (nls) and maximum a posteriori (map) fit of a Bayesian

student’s t model. Columns in gray are not estimated in model training.

Model Diagnostics

DSG Parameters (EC units: mS/cm, flow units: cfs)

Scenario Reach Fit r? Std. Error a b ¢, b, S, K S¢ ) g 1010
A MID map 0.91 0.39 0.02 1.03 758 -0.241 0.274 221 2.00 1.00 1.5
A MID nis 0.91 0.39 0.00 1.00 693 -0.230 0.312 22.2 2.00 1.00 1.5
A OLD map 0.90 0.40 0.03 1.02 749 -0.239 0.323 23.2 2.00 1.00 1.5
A OLD nis 0.90 0.40 0.00 1.00 692 -0.230 0.365 23.1 2.00 1.00 1.5
A SJ map 0.91 0.38 0.02 1.03 764 -0.242 0.267 21.9 2.00 1.00 1.5
A SJ nis 0.91 0.38 0.00 1.00 695 -0.230 0.304 221 2.00 1.00 1.5
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Scenario A
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Figure 64

Time series plots of net Delta outflow, Q, approximated as modeled flow past Martinez, and corresponding antecedent flows, G, for Scenario A.
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Figure 65 Scenario A smoothed frequency distribution of G-flow.
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Figure 66 lllustration of spatial variation in DSG predictions using the median G-flow in seven evenly spaced (in terms of G-flow percentiles)
flow bins.
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Scenario A, MID
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Figure 67 As in Figure 66, except with box plots showing the distribution of DSM2 data at each distance. Scenario A, Middle River.
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Figure 68 As in Figure 66, except with box plots showing the distribution of DSM2 data at each distance. Scenario A, Old River.
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Figure 69 As in Figure 66, except with box plots showing the distribution of DSM2 data at each distance. Scenario A, San Joaquin River.
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Figure 70 Flow response of DSM2 simulations and DSG predictions of EC at each DSM 2 location, Scenario A. Log scale on both axes.
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Figure 71 DSG predictions vs training data and 1:1 line (red).
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DRAFT TECHNICAL MEMORANDUM

2012 - 2015 Delta Salinity Conditions under a Without Project
Scenario

PREPARED FOR: Terry Erlewine/SWC

PREPARED BY: Tyler Hatch/CH2M HILL
Chandra Chilmakuri/CH2M HILL

DATE: June 5, 2015

Study Objective

The purpose of this study is to analyze salinity conditions in the south Delta channels under a Without Project scenario
using the January 1, 2012 to August 31, 2015 Central Valley rim inflows. 2012 - 2015 historic and projected Sacramento
River and San Joaquin River inflows to the Delta were modified to remove the impairments related to the upstream CVP
— SWP reservoirs under the Without Project Scenario in addition to zeroing out the Delta exports at the Banks and Jones
Pumping Plants and closing the Delta Cross Channel. The 2012 — 2015 study is an extension of a previous study of
Without Project conditions for the year 2014. The multi-year timeframe allows understanding Delta salinity conditions
under a sequence of differing hydrologic conditions.

Approach

A DSM2 model capable of simulating 2012-2015 historical Delta hydrodynamics and salinity conditions obtained from
the DWR was used for representing the With Project scenario in this task. DWR used 2012 — 2015 Delta inflows, exports
and salinity as the boundary conditions for the DSM2 model.

For the 2012-2015 Without Project DSM2 model, adjusted daily Delta inflow data at Vernalis and Freeport provided by
the SWC were used as boundary conditions. As shown in Figures 1 and 2, Sacramento and San Joaquin Without Project
inflows to the Delta are significantly lower (in some cases negative) in the summer and fall months compared to the
historical conditions primarily due to the lack of contributions from project reservoir storage. The Without Project
Scenario also assumed zero Delta exports from Banks and Jones Pumping Plants. The Without Project DSM2 model also
uses historical electrical conductivity estimates for salinity boundary conditions at Freeport consistent with the historical
DSM2 model. However, for the San Joaquin River at Vernalis modified electrical conductivity estimates were used to
account for the unimpaired conditions under the Without Project scenario. The modified Vernalis EC estimates for the
Without Project scenario were computed based on a methodology provided by the SWC, which is outlined in the
Appendix A of this memo. For the Without Project conditions, the Delta Cross Channel gates were assumed to be closed
for the entire length of the simulation.

Clifton Court Forebay (CCF) gate operations under the historical and Without Project DSM2 simulations were modified
to represent Priority 3 gate operations. Under the Without Project simulation, instead of relocating BBID’s existing DICU
diversion from inside the CCF and closing the CCF gates, the With Project CCF gate operations were assumed to allow for
the BBID diversion to continue. Even though the CCF gates are operational under the Without Project scenario, resulting
Clifton Court inflow (Figure 3) confirms that inflow to CCF occurs only during the months with BBID diversion.

Sacramento River at Freeport timeseries input into the Without Project DSM2 model used only the positive flows
provided. All negative flows were set to zero. Figure 1 below shows a comparison of the historical record, the Without
Project timeseries with negative values from SWC, and the timeseries input into DSM2. In the summer months, the
demands upstream of the Delta exceed the supply when there is no storage available to supplement the river flows into
the Delta.

For the San Joaquin River at Vernalis, the Without Project DSM2 simulation used a 20 cfs base flow, when the Without
Project flows from SWC are negative in order to achieve model stability in the channels near the San Joaquin River
boundary in the DSM2 model. This base flow was used to keep water in the few channels downstream of Vernalis and
was diverted upstream of the Old River (model node 4). Figure 2 shows a comparison between the historical Vernalis
flows, the Without Project flows from SWC, and the Without Project flows used in the DSM2 simulation. In addition, the

ATTACHMENT 5_TM_SWC_PROJECTEFFECTS_06052015.DOCX 1


LStandlee
Typewritten Text
Attachment 5


2012 — 2015 DELTA SALINITY CONDITIONS UNDER A WITHOUT PROJECT SCENARIO

diversion component of the Delta Island Consumptive Use (DICU) in the channels near the San Joaquin River boundary
(at node 1 and 3) were set to zero when the base flow was the only flow assumed in the model at Vernalis. Without
curtailing the DICU diversions at model nodes 1 and 3, the base flow would have to be large enough to meet the DICU
demand and keep water in the channel.

Based on the modified electrical conductivity at Vernalis under the Without Project conditions, zero or negative flows
have zero electrical conductivity. This assumption of zero EC was continued even though 20 cfs base flow was assumed
under the Without Project scenario. However, the artificial base flow of 20 cfs with zero EC could therefore dilute
salinity in the San Joaquin River near the Vernalis boundary that would otherwise exist in higher concentrations. A
sensitivity analysis using the same model and assuming 2014 historical salinity for the 20 cfs base flows shows that the
resulting salinity in the San Joaquin River near the Vernalis boundary is somewhat sensitive, but the differences are
minimal beyond model node 4. In addition, while the DICU diversion values are set to zero at nodes 1 and 3, the DICU
drain flow is continued in the model, which continues to add salt to the Delta channels.

For conditions projected from May 2, 2015 to August 31, 2015, stage and electrical conductivity at the downstream
boundary was assumed at 2014 values for both the With Project and Without Project scenarios. For the With Project
conditions, 2014 conditions were assumed for May 2, 2015 to August 31, 2015 for all inflows and outflows with the
exception of inflows at Freeport and Vernalis and outflows for SWP and DMC. Projected 2015 with project flows at
Vernalis were calculated as the sum of New Melones monthly outflows and San Joaquin River above the Stanislaus River
flows after removing any contractor deliveries from the forecasted operations provided by the U.S. Bureau of
Reclamation to the SWRCB in support of the 2015 TUC petition

(http://www.waterboards.ca.gov/waterrights/water _issues/programs/drought/docs/tucp/2015/inputsheet april90 ups
tream_ops.pdf). Projected 2015 With Project flows at Freeport were estimated as the balance of Delta monthly inflows
and outflows, and assuming SWP and CVP Delta exports to be zero for May through August 2015. The Without Project
simulation used the same boundary inflows and diversions as the With Project simulation for May 2, 2015 to August 31,
2015 period with the exception of Sacramento River at Freeport and San Joaquin River at Vernalis inflows, which were
assumed to be zero. Figures 1 and 2 show the assumed inflow boundary conditions for 2015 projected conditions.

Results

Due to a lack of inflow at both Freeport and Vernalis during the summer and fall months under the Without
Project scenario, salinity is much higher in the Delta compared to the historical conditions. During these months
there is no fresh water to dilute the higher salinity intrusion, and as a result, the tide brings saltier water further
into the Delta. In figures 5 to 52, the saltwater-freshwater interface has moved much further inland by the end
of June in the Without Project Scenario than the With Project conditions. The Sacramento River inflows tend to
be much higher than the San Joaquin River inflows and cause the salt to be in higher concentrations in the south
Delta. However, low flows in the Sacramento River allow the salt concentrations to be relatively high in the north
Delta as well. By September the flows in the Sacramento River are high enough to push the saltwater interface
further to the south. The area around Frank Tract tends to hold higher salinity water late into the year even after
the Sacramento and San Joaquin Delta inflows have flushed much of the saltwater back out of the Delta. The
contribution of New Melones Reservoir to flows at Vernalis appears to be a major component of the historical
flows during the summer and fall months. Contour plots of weekly EC conditions for 2012 - 2015 are provided as
electronic attachments to this memorandum.

Martinez EC Sensitivity Simulations

To consider the potential effect of modified NDOI on the Martinez EC boundary condition, a sensitivity analysis
was performed of the modeled salinity under the With Project and Without Project cases by using the Martinez
salinity boundary condition estimated using the DWR’s G-Model, instead of the historical Martinez EC values.
Figure 4 compares the daily-average Martinez EC values for the historical conditions, G-model estimates using
With Project NDOI, and G-model estimates using Without Project NDOI. The G-Model salinity values are higher
on average than the historical salinity used. DSM2 model for both With Project and Without Project cases were
simulated with G-model based EC values specified at Martinez. DSM2 results showed that the higher salinity
conditions extended further into the Delta under both the With Project and Without Project cases. Since the
Martinez tide and the hydrology used remained unchanged under the sensitivity runs, the resulting
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hydrodynamics remained consistent with the original simulations. Therefore, using the G-model based EC values
resulted in similar durations of salinity as compared to the simulations using historical Martinez EC.

Summary

The results in this memorandum show that without the CVP-SWP project reservoir storage, salinity would be
much higher in the Delta during dry years than under the historical (With Project) conditions. There appears to
be some pockets of higher salinity that persist late into the fall months in the central/south Delta channels over
the multiple dry years simulated. However, due to the higher storm flows into the delta in the Without Project
scenario, the driest years still have most of the salinity flushed east of Antioch in the spring months. The high
salinity in the summer and fall months would further limit the beneficial use of water from the Delta during years
like 2012 through 2015 under the Without Project scenario.

Limitations

Simulation of Delta salinity under With Project conditions and Without Project conditions using DSM2 are subject to
limitations of the model and the approach used. DSM2 limitations and uncertainties are well documented in the DWR
Annual Reports (http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/annualreports.cfm).

Salinity in San Joaquin River upstream of Head of Old River is likely not accurate due to artificial base flows assumed for
model stability, and curtailing of the DICU diversions upstream of Head of Old River (at model nodes 1 and 3), under the
Without Project scenario. Projections of Delta inflows and exports for May — Aug 2015 are also subject to change.

The salinity contour plots presented in this memorandum were created from point data in the model using kriging. As a
result, the zones where the contours are calculated may be influenced by a neighboring channel without direct access to
comingled salinity. An example of this is the Sacramento Deep Water Ship Channel and the Sacramento River on
September 6, 2014.
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FIGURE 1: SACRAMENTO RIVER AT FREEPORT DSM2 MODEL INFLOW FOR 2012 TO 2015
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FIGURE 2: SAN JOAQUIN RIVER AT VERNALIS DSM2 MODEL INFLOW FOR 2012 TO 2015
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FIGURE 3: ASSUMED BBID DICU DIVERSION, AND DSM2 RESULT OF CLIFTON COURT FOREBAY INFLOW
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FIGURE 4: DAILY AVERAGED EC AT MARTINEZ FOR 2012 TO 2015
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FIGURES 5 TO 52
Contour plots of DSM2 electrical conductivity in the Delta on a 4 week timestep for 2011-2015 for With Project conditions (left) and Without Project
conditions (right)
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Appendix A: Methodology to Estimate Vernalis Salinity Under Without Project

Conditions (from USBR & SDWA 1980) - provided by SWC

Calculate Salt Load Based on Flow (Table VI-7, page 89)

TABLE VI - 7
CHLORIDE LOAD VS. FLOW COEFFICIENTS AT VERNALIS

1930 = 1950
# OF

HMONTH cl o2 PAIRS™ R
QCTCBER + 3416451 7T58E+D3 « 7238303788 7 +993
NOVEMBER . 3393044927E+03 .6BB07E6404 -] .387
DECEMBER . J630052910E+03 LBTRTTEE342 7 972
JANUARY .3928342175E+03 .6221582178 10 .265
FEBRUARY . 52684 T4514E+03 5875747831 9 914
MARCH . 4968872 L01E+03 6035477710 10 .951
APRIL .IBEBEOSTIAESD] .53624873484 9 .942
MAY » 3J805863844E+03 .5399598219 9 .220
JUNE .8355065225E+03 53175448121 2 843
JULY LB03BESBLI4E+D3 LB219848451 8 200
AUGUST » 3B874538954E+03 «TA1l0226741 -] 221
SEFTEMBER + 3500905302E+03 . 7524035817 8 288

* § OF PAIRS DOES NOT INCLUDE RESTRICTION POINT (.5,204)

y = c1=(x) 2

Convert Salt Load to Chloride Concentration (page 110)

Load

P/m = eTow x 1.36

where,

p/m = parts per million C1~
Lead = chloride leoad in tons
Flow = 1,000's of acre-feet

Calculate Specific Conductance EC from Chloride Concentration (page 86)
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Rearranging the equations to solve for EC yields:
EC = (Cl-+5.0)/0.15 0 <EC <500

EC = (CI-+31.0)/0.202 500 < EC <2000
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ATTACHMENT 3

San Joaquin Tributaries Authority
Comment Letter — Revisions to Proposed Bay-Delta Plan Amendments
July 27, 2018



To: Michael Patrick George, Delta Watermaster

From: Micah Green, Water Rights Analyst

Re: Issues Related to Overlap between Pre-1914 and Riparian Water Right Claims in the Delta
Date: December 15,2017

Pursuant to your request, | have researched an issue raised in the course of my review of responses to
the Division of Water Rights’ 2015 Information Order submitted by water right claimants within the

Legal Delta.
I. Question Presented

Under California water law and within the Legal Delta, are there any circumstances under which riparian
and appropriative rights can “overlap” becoming indistinguishable or inseparable such that either or

both may be lawfully exercised at the election of the holder?
Il. Short Answer

It is possible to perfect both riparian and appropriative water rights for beneficial use on the same
parcel. However, riparian and appropriative rights are distinct property interests that must be separately
established. There is no California precedent recognizing “overlapping” or “intertwined” water rights,
and water laws against hoarding and non-use operate to preclude the duplicative exercise of water

rights.
lll. Factual and Legal Background

On February 4, 2015, the State Water Resources Control Board (the “Board”), Division of Water Rights
issued an Order for Additional Information (“Information Order”) to 445 different parties claiming
riparian and pre-1914 appropriative rights in the Delta and the Sacramento and San Joaquin River

watersheds.’ The claimants subject to the Information Order represent 90 percent, by volume, of

! State Water Resources Control Board Order WR 2015-0002-DWR at p. 1, available at:
http://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/docs/2015sacsjinfoorder.pdf
(hereinafter “Information Order”).



-2-

reported water use by water right claimants in the Delta, and 90 percent, by volume, of the remaining

reported diversions from the Sacramento and San Joaquin River watersheds.?

The Information Order, issued pursuant to drought emergency authority, called for these claimants to
submit “all documentation” supporting the basis for their claimed rights, and requested a “separate”
accounting of water diverted under each claimed right.> To support riparian claims, the Information

"% For pre-1914 appropriative claims, the

Order sought “the property patent date and patent map.
Information Order sought “a copy of notice filed with the county, copy of property deed, and all other
information...pertaining to initial diversion and continued beneficial use of water.”> The deadline for

submitting this information was March 6, 2015.°

In the Delta, a unique history of land acquisition and use dating back to California’s statehood serves as
the backdrop for many claimed water rights. Most of the lands in the Delta were passed from federal
ownership to the State of California by the Swamp and Overflowed Lands Act of 1850.” In turn,
California offered land patents to individuals and associations willing to develop these inundated areas
into cultivatable farmland.® Upon payment, purchasers were issued a receipt known as a Certificate of

9 With a Certificate of Purchase in hand,

Purchase, which counted as “prima facie evidence of legal title.
individuals and associations formed for the purpose of reclamation could legally occupy and cultivate
the lands described in their Certificates of Purchase. However, until the State of California issued a
patent signed by the Governor, purchasers did not hold actual legal title to such lands. Prior to acquiring
title via patent, many of these early purchasers diverted water from the streams and rivers running
through or adjacent to the subject lands for agricultural and domestic use. Rights to this water were
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based on the “possessory rights” acquired by settlers as “occupants on the public lands.”™ Upon the

issuance of a patent, these settlers acquired fully vested riparian rights with priority dates that were

? Ibid.

*Id. at p. 2; see also Cal. Code Regs., tit. 23, § 879, subd. (c).

* Ibid.

> Ibid.

® Ibid.

743 U.5.C. § 982.

¥ See generally Cal. Statutes, Ch. 151 (1855); Cal. Statutes, Ch. 235 (1858); Cal. Statutes, Ch. 314 (1859); Cal.
Statutes, Ch. 352 (1861); Cal. Statutes, Ch. 356 (1861); Cal. Statutes, Ch. 397 (1863); Cal. Statutes, Ch. 415 (1868);
Cal. Statutes, Ch. 573 (1870); Cal. Statutes, Ch. 425 (1872); Cal. Statutes, Ch. 157 (1891); Cal. Statutes, Ch. 444
(1909).

% Cal. Statutes, Ch. 397, § 17 (1863).

1% L ux v. Haggin (1886) 69 Cal. 255, 376-379; see also Crandall v. Woods (1857) 8 Cal. 136, 143 (under the law of
riparian rights, one without title who “locates upon and appropriates public lands belonging to the United States’
has a right to irrigate the lands through which the water naturally flows).

’



-3-

deemed to “relate back” to the date of settlement, under either a Certificate of Purchase'’ or an

equitable claim of title based on settlement.*

In light of this factual and legal history, many of the materials submitted in response to the Information
Order are accompanied by the assertion that certain riparian and pre-1914 appropriative rights in the
Delta are “overlapping” and in some cases cannot be legally separated absent adjudication.” In turn,
many in-Delta water users subject to the Information Order claim both riparian and pre-1914 rights, but
maintain that it is impossible to determine the amount of water diverted under each individual claimed
right. Moreover, when certain pre-1914 appropriative rights were threatened with curtailment during
the drought in 2015, some Delta diverters claiming dual rights asserted that they would continue to

divert at the same rate under their riparian rights if their appropriative rights were curtailed.*
IV. Discussion

A. Riparian and appropriative rights are separate and distinct property interests. California courts have

established fact-specific requirements that must be met in order to separately perfect each type of right.

Water diversion and use in California is governed by a “dual system” of property interests, which

recognizes both riparian and appropriative water rights.”

" Haight v. Costanich (1920) 184 Cal. 426, 430.

2 pabst v. Finmand (1922) 190 Cal. 124, 130-131 (the “date of first lawful entry” controls. There are at least two
types of “lawful entry:” entry under a Certificate of Purchase, and entry under an equitable claim of title. If a land
acquirer received a Certificate of Purchase from the U.S. Land Office, the date of entry relates back to at least the
date of entry under the Certificate (see Haight v. Costanich (1920) 184 Cal. 426, 430). If land had been settled
before filing for a Certificate of Purchase, the settlers would have an equitable claim of title against all parties
other than the United States, and the date of entry under the equitable claim controls (see Pabst v. Finmand,
(1922) 184 Cal. 426, 430; see also Crandall v. Woods (1857) 8 Cal. 136, 143).

B3 See, e.g., Dante Nomellini Jr., Explanatory Attachment at p. 2, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_b.pdf;

John Herrick, Explanatory Attachment at p. 2, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_c.pdf;

Central Delta Water Agency, Public Comment Letter Re: February 17, 2015, Informational Item 4, available at:
http://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/docs/infomational_order/cdwafeb?2
015.pdf;

Jennifer Spaletta, Response to 2015 Drought Information Order Re Pre-1914 Rights at p. 1-2, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_e.pdf.

" See Testimony of Brian Coats, Byron-Bethany Irrigation District Administrative Civil Liability Hearing/West Side
Irrigation District Cease and Desist Order Hearing at p. 16, available at:
http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/byron_bethany/docs/exhibits/pt/
wr9.pdf.

> El Dorado Irrigation District v. State Water Resources Control Board (2006) 142 Cal.App.4th 937, 961 (hereinafter
“El Dorado”).



Riparian Rights

Riparian rights support the diversion of water flowing in a natural watercourse for beneficial use on
contiguous lands.”® The foundational principle of the riparian doctrine is that water rights may be
obtained and exercised as an incident of property ownership."” If water naturally flows past or through a
parcel of privately owned land, such a parcel is known as “riparian” or “contiguous” land.*® The amount
of water available under a riparian right is non-quantifiable, because riparian landowners may divert and
reasonably use as much of the natural flow in the adjacent watercourse as necessary to meet the
beneficial uses of the riparian parcel.” Riparian rights are correlative with the rights of other riparians
on the watercourse,’® but the limit of the right is the amount of water that can be put to reasonable and
beneficial use on the riparian parcel.”* Moreover, only the smallest parcel maintaining contiguity to a
natural watercourse retains riparian diversion and use rights.?* This rule eliminates riparian rights from
formerly riparian parcels when riparian land is subdivided and sold as smaller parcels, unless there is
sufficient evidence of the contemporaneous intent to preserve riparian rights for use on any newly non-
contiguous lands.? If evidence of such intent is not sufficient, riparian rights to divert and use water on

all non-contiguous parcels terminate by operation of law.**

Based on these principles, a riparian water right contains at least the following two elements: (1)
ownership of land; and (2) a riparian connection between the subject land and a natural watercourse,
either physically or through preservation. Moreover, lawful exercise of a riparian right is subject to five
general limitations. First, water diverted under a riparian right must be put to reasonable and beneficial
use.” Second, riparian rights generally attach to natural watercourses and the waters flowing naturally

therein, with some limited exceptions.” Third, the place of use for a riparian right is limited to the

16 People v. Shirokow (1980) 26 Cal.3d 301, 307 (hereinafter “Shirokow”).

Y7 United States v. State Water Resources Control Board (1986) 182 Cal.App.3d 82, 101.

*® Ibid.

' pabst v. Finmand (1922) 190 Cal. 124, 129.

2% Southern California Inv. Co. v. Wilshire (1904) 144 Cal. 68, 70.

*! prather v. Hoberg (1944) 24 Cal.2d 549, 560; see also Pabst v. Finmand (1922) 190 Cal. 124, 129.

*2 Rancho Santa Margarita v. Vail (1938) 11 Cal.2d 501, 529.

> Hudson v. Dailey (1909) 156 Cal. 617, 624-625.

** Ibid.

%> Cal. Const. Art. X, § 2.

*® Chowchilla Farms Inc. v. Martin (1933) 219 Cal. 1, 19-26 (note that a channel not created by natural forces can
be deemed legally “natural” and give rise to riparian rights if the circumstances indicate that the channel has
effectively become part of the natural watershed over time. Factors that point toward a natural channel include
the length of time that the channel has been in use and the degree to which the flow in the channel is controlled
by natural or artificial forces).
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riparian parcel, unless the right was preserved for use on non-riparian land when it was severed from
the residual riparian parcel.”’ Even if the right has been preserved for use on a non-riparian parcel,
water diverted under a riparian right cannot be used on a parcel outside of the watershed from which it
was originally diverted.” Fourth, water diverted under a riparian right cannot be transferred (sold or
otherwise conveyed to a third party) separately from the riparian property.?® Fifth, water diverted under

a riparian right cannot be held in storage for use at a later time.*

Appropriative Rights

Unlike riparian rights, appropriative rights are not established by the settlement or ownership of riparian
real property.®! Instead, appropriative rights arise from and are limited to the actual diversion of a
quantifiable amount of water for a beneficial use at a designated location.*” As a general principle,
“[t]he appropriation doctrine...applies to ‘any taking of water for other than riparian or overlying

uses 133

In 1855, the California Supreme Court recognized that the right to divert water could be acquired based
on actual diversion and use; in so doing, the Court adopted a legal framework prioritizing appropriative
rights based on the sequence in which they were acquired.* Based on that 1855 recognition of the prior
appropriation doctrine in California, diverters could acquire rights to water by actually diverting water
and putting such water to beneficial use.* Until 1872, there was no statutory or administrative process
for providing notice of such a claim to other parties; however, posting a notice at the point of diversion

was a commonly accepted method for doing so.>®

%7 pleasant Valley Canal Co. v. Borror (1998) 61 Cal.App.4th 742, 753, 772 (hereinafter Pleasant Valley, citing
Holmes v. Nay (1921) 186 Cal. 231, 235 and stating that “a riparian right may be exercised only on the owner’s
riparian land,” then applying the rule that contemporaneous evidence of intent is required to preserve riparian
rights for non-contiguous land).

?® Rancho Santa Margarita v. Vail (1938) 11 Cal.2d 501, 528-529.

*® Spring Valley Water Co. v. County of Alameda (1927) 88 Cal.App. 157, 168.

% Shirokow, supra, 26 Cal.3d 301, 307.

*! pleasant Valley, supra, 61 Cal.App.4th 742, 753.

32 Arizona v. California (1931) 283 U.S. 423, 459; Crane v. Stevinson (1936) 5 Cal.2d 387, 398 (hereinafter “Crane”);
El Dorado, supra, 142 Cal.App.4th 937, 961.

** Shirokow, supra, 26 Cal.3d 301, 307 (quoting City of Pasadena v. City of Alhambra (1949) 33 Cal.2d 908, 925); see
also Cal. Water Code, § 1201 (codifying this principle).

** Irwin v. Phillips (1855) 5 Cal. 140, 147.

* Ibid.

%% Wells A. Hutchins, Water Rights Laws in the Nineteen Western States at p. 293-294.
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In 1872, the California legislature enacted standard procedures for making and recording appropriative
claims.®” Under the 1872 statutory scheme, an appropriative claim could be asserted by posting a notice
at the point of intended diversion stating the amount of water to be diverted and listing the intended
purpose and place of use.* Claimants taking advantage of the new scheme were required to record this
notice with the Recorder’s Office for the county in which the point of diversion was located.*® Because
participation in the 1872 framework was voluntary, registration with the county is not an essential
element to establish an appropriative right. However, compliance with the registration protocol is a
persuasive piece of evidence of the underlying water right; compliance also offered claimants a date of

priority relating back to the first steps taken toward initial diversion of water.*

The legislature enacted the Water Commission Act of 1913, which became effective, following
referendum validation, on December 19, 1914.*" This act created the Water Commission, the
predecessor to the Board, and established that the exclusive procedure for acquiring appropriative
water rights in California would thenceforth be through an administrative process before the Water
Commission.* To appropriate water that is surplus to the water required to serve the beneficial uses of
riparians and earlier appropriators, prospective diverters apply for a permit from the Water Commission
(or its successor, the Board).*”® Application for such a permit requires (1) notice of intent to divert water
(providing an opportunity for protest) and (2) a timetable for development of the physical facilities
necessary to divert, convey, and apply the subject water to a beneficial use.** After the Water
Commission (now the Board) determines that granting the permit would not injure another legal user of
water and the permittee has put the water to beneficial use, the Water Commission issues a license

confirming the water right.*

The relevant statutes and case law identify five elements that must be met in order to perfect a pre-

1914 appropriative water right. First, an appropriation must be properly noticed.* Notice may be

%7 Civil Code of 1872, §§ 1410-1422, available at:
http://digitalcommons.csumb.edu/cgi/viewcontent.cgi?article=1000&context=hornbeck usa 3 h.
% Civil Code of 1872, § 1415.

* Ibid.

* Civil Code of 1872, § 1418.

*! Stats. 2013, ch 586.

2 cal. Water Code, § 1225.

* cal. Water Code, §§ 1250 et seq.

* Cal. Water Code, §§ 1250 et seq.; Cal. Water Code §§ 1375 et seq.
* Cal. Water Code, §§ 1600 et seq.

*® Haight v. Costanich (1920) 184 Cal. 426, 431-433.
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formal, such as a notice recorded with the county or posted at the point of diversion,*’ or informal,
through an outward manifestation of intent to divert water by constructing a channel or diversion
structure at the point of diversion.*® Second, the claim must be based on an actual diversion, as opposed
to a prospective or purely speculative one.* Third, the claimant must have actually diverted and used
water prior to 1914, because appropriations beginning after 1914 must be approved by the Water
Commission (or its successor, the Board).” Fourth, the water diverted must be applied to a beneficial
purpose.”* Fifth, the claimant must establish a specific amount of water actually diverted.>” Supported

by sufficient evidence, these five elements establish a prima facie pre-1914 appropriative water right.

B. Riparian and appropriative rights may be perfected for use on the same parcel of land. However,

appropriative rights may only be perfected by demonstrating the essential elements of appropriation.

It is possible to perfect both riparian and appropriative water rights to support beneficial use on the
same parcel.”® However, a claimant must establish the essential elements of each type of right in order
to independently support each claim. And, for each type of water right, the claimant must observe the
specific limitations on the right claimed. For instance, as noted above, a riparian water right will not
support storage or transfer of water to a non-riparian parcel, because water diverted pursuant to a
riparian right is limited to direct application to beneficial use on the riparian land.>* Similarly, a riparian

right is limited to diversion and use of the natural flow of water in the watercourse, while an

Y Millview County Water District v. State Water Resources Control Board (2014) 229 Cal.App.4th 879, 905
(hereinafter “Millview”) (citing Civil Code of 1872, § 1415).

*® Nevada County and Sacramento Canal Co. v. Kidd (1869) 37 Cal. 282, 311-312; Haight v. Costanich (1920) 184
Cal. 426, 431-433.

* McDonald v. Bear River and Auburn Water and Mining Co. (1859) 13 Cal. 220, 232-233; Haight v. Costanich
(1920) 184 Cal. 426, 431-433; Turlock Irrigation District v. Zanker (2006) 140 Cal.App.4th 1047, 1054.

*® Fall River Valley Irrigation District v. Mt. Shasta Power Corp. (1927) 202 Cal. 56, 66 (citing the statutory provision
that became Cal. Water Code, § 1225); Temescal Water Company v. Department of Public Works (1955) 44 Cal.2d
90, 95-97.

>* McDonald v. Bear River and Auburn Water and Mining Co. (1859) 13 Cal. 220, 232-233; Nevada County and
Sacramento Canal Co. v. Kidd (1869) 37 Cal. 282, 311-312; Crane, supra, 5 Cal.2d 387, 398; Haight v. Costanich
(1920) 184 Cal. 426, 431-433; Arizona v. California (1931) 283 U.S. 423, 459; El Dorado, supra, 142 Cal.App.4th 937,
961; Millview, supra, 229 Cal.App.4th 879, 905.

> See, e.g., Crane, supra, 5 Cal.2d 387, 398; Arizona v. California (1931) 283 U.S. 423, 459; Millview, supra, 229
Cal.App.4th 879, 905 (this element alone precludes an assertion of “overlapping” and collectively “unquantifiable”
water rights, because claimants must independently establish the amount diverted under the appropriative claim
in order to affirmatively establish the priority of the appropriative right).

>3 Rindge v. Crags Land Co. (1922) 56 Cal.App. 247, 252 (hereinafter “Rindge”).

> City of Lodi v. East Bay Municipal Utilities District (1937) 7 Cal.2d 316; Moore v. California Oregon Power Co.
(1943) 22 Cal.2d 725, 731; City of Pasadena v. City of Alhambra (1949) 33 Cal.2d 908, 925-926; but see Cal. Water
Code, § 1707 (allowing dedication of water arising under riparian rights for instream beneficial uses).
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appropriator is entitled to divert non-natural flows that have been abandoned.>® Appropriative rights
can also be perfected through applying water to riparian land if the water was diverted from a non-

contiguous source and conveyed through a controlled system to the riparian parcel.>®

In summary, each
claim must be supported by the essential elements of the right claimed, and must also observe the

limitations attributable to the right claimed.

The decisions of the Board apply this principle to conclude that the exercise of each right remains
distinguishable from the other, based on both the elements and the limitations that apply differently to
each right. In 2011, the Board faced a claim of indistinguishable overlapping riparian and pre-1914 water
rights In the Matter of Draft Cease and Desist Order Against Unauthorized Diversions by Woods
Irrigation Company.®’ In that proceeding, the Board’s Division of Water Rights issued a draft Cease and
Desist Order (“CDO”) that aimed to limit the amount of water that Woods could divert and distribute in
its Delta water service area.”® In response, Woods asserted “overlapping” pre-1914 and riparian rights
that entitled it to divert more water than indicated in its service agreements.*® In its Order adopting the
CDO, the Board rejected the theory of overlapping rights, because to accept the theory “would mean
assuming that water was diverted under an appropriative right on riparian lands, and that the riparian
owners can then switch to diverting under riparian rights, and ‘double-count’ the water.”® After
reviewing the authorities cited by Woods in support of its overlapping rights theory,®* the Board
concluded that “none of these authorities hold [sic] that a riparian right holder may use the available

natural supply of water on riparian land for a riparian purpose, and then claim that the use was under an

> Bloss v. Rahilly (1940) 16 Cal.2d 70, 76 (as opposed to “natural flow,” “foreign water” is water that did not
originate in the watershed from which the claimant diverts water (“foreign in origin”) or which has been diverted
to storage from and later released to the watershed (“foreign in time”). (See E. Clemens Horst Co. v. New Blue
Point Mining Co. (1918) 177 Cal. 631, 637-640.) “Abandoned” water is that which has been lawfully diverted and
released by a diverter who intends to relinquish dominion and control over such water. (See Utt v. Frey (1895) 106
Cal. 392, 396-397.) Water that is appropriated or used and subsequently flows back into a stream is subject to
appropriation. (Cal. Water Code, §§ 1201-1202.) The right to divert abandoned water only applies to water that
has already been abandoned; it does not include a right to compel the continued abandonment of water in the
future. (See Lindblom v. Round Valley Water Co. (1918) 178 Cal. 450, 454; Stevens v. Oakdale Irr. Dist. (1939) 13
Cal.2d 343, 348.).

*® See, e.g., Pleasant Valley, supra, 61 Cal.App.4th 742.

>’ State Water Resources Control Board Order WR-2011-005; State Water Resources Control Board Order WR-
2012-0012.

>% State Water Resources Control Board Order WR-2011-005 at 5-6.

% Id. at p. 34-35.

d. at p. 35.

® See Rindge, supra, 56 Cal.App 247; Porters Bar Dredging Co. v. Beaudry (1911) 15 Cal.App. 751; Pleasant Valley,
supra, 61 Cal.App.4th 742; State Water Resources Control Board Board Decision D-1282 (1967).
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appropriative right which developed while its riparian rights lay dormant.”®

The Board recognized the
possibility that appropriative rights may “wrap around” riparian rights, but also noted that the
appropriative right is distinct in operation and “is not in addition to available riparian rights, such that
the right holder can divert two times as much, or transfer the appropriative right while continuing to

divert under the riparian one.”®

After the Woods CDO was adopted, the parties reached a settlement that was subsequently approved
by the Board.** The Order adopting the CDO, although superseded by the approved settlement of the
case, nonetheless illustrates the Board’s position that riparian and appropriative rights are not
intertwined so as to be indistinguishable under California water law. This position is consistent with the
long-standing differentiation among the elements of and limitations on appropriative as compared to

riparian water rights.65

Also in 2011, the Millview County Water District asserted “overlap” of a riparian and a pre-1914
appropriative right to divert water from the same source for use on riparian land. In addressing this
claimed “overlap,” the Board noted that the appropriative right might not have been perfected, because
there was no evidence that water had been put to a “wrap around” use, within the meaning of that
term as used in the Woods Order.®® On review of the Superior Court’s grant of a writ of mandate, the
Court of Appeal recognized that “a [Board] finding to this effect would have precluded any
appropriation,” and agreed with the Board’s conclusion that the Water District “could not perfect
the...claim as an appropriative water right without actually using the diverted water on non-contiguous

|and 67

Regardless of whether the place of use is a riparian parcel, an appropriative claimant must meet the
essential elements for perfection of an appropriative right discussed above (in Section IV.A) to obtain a

valid appropriative water right. To perfect a pre-1914 appropriative right, claimants must meet the

%2 State Water Resources Control Board Order WR-2011-005 at p. 37.

®d. at p. 35.

* See State Water Resources Control Board Order WR-2016-0006-Exec.

& City of Lodi v. East Bay Municipal Utility District (1937) 7 Cal.2d 316, 335; Shirokow, supra, 26 Cal.3d 301, 307; E/
Dorado, supra, 142 Cal.App.4th 937, 961; Millview, supra, 229 Cal.App.4th 879, 887.

% State Water Resources Control Board Order WR-2011-0016 at p. 24.

& Millview, supra, 229 Cal.App.4th 879 at 887, 905 (some might be tempted to describe the Court of Appeal’s
finding as mere dicta, because the Court did not expressly rely on the lack of evidence of a “wrap around” use to
decide the merits of the case. However, in making this finding, the Court was providing guidance for the
proceeding on remand. Therefore, the Court of Appeal’s determination on this point has binding effect. (See
Garfield Medical Center v. Belshe (1998) 68 Cal.App.4th 798, 806.).
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elements of (1) notice, (2) actual diversion, (3) evidence of actual diversion and use of water prior to

1914, (4) beneficial use, and (5) a specific amount of water.®®

C. The constitution, statutes, court decisions, regulations, and policies of the State of California require
beneficial use and preclude the duplicative exercise of water rights. There is no California authority

supporting the concept of “overlapping” or “indistinguishable” riparian and appropriative water rights.

The assertion of “overlapping” water rights contained in many of the Information Order responses
appears to be based on the premise that pre-patent water use on riparian land is appropriative in
nature.® Assuming that appropriative rights were perfected through diversion and use on riparian land
prior to the date of patent, these responses assert that “overlapping” riparian rights vested on top of

pre-patent appropriative rights when title was transferred from public to private ownership.”

The cases cited in support of this argument do not reference “overlapping” water rights. Both Pleasant
Valley Canal Co. v. Borror and Rindge v. Crags Land Co. recognize that riparian and appropriative water
rights could be perfected through water use that began prior to acquisition of a patent and continued
after the patent date.”* However, neither case holds that a pre-patent diversion of water for use on
adjacent public land constitutes an appropriation. Instead, the court in Pleasant Valley held that the
claimant’s acquisition of a riparian right did not deprive him of his pre-existing rights to appropriate
water via a shared ditch from upriver land.”* Similarly, Rindge recognized that the right to appropriate
water to physically separate riparian property would survive the acquisition of title and riparian rights in

the downstream riparian property. "> However, neither case holds that pre-patent water use was

% see supra, Part IV.A (many Information Order responses support pre-1914 appropriative claims by relying solely
on the patent(s) and Certificate(s) of Purchase tied to a riparian parcel. (See, e.g., Response of Bettencourt Farming
LLC supporting S016492, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_i.pdf;

Response of Kurt and Sandra Kautz Family Trust supporting S016909, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_k.pdf.) Such
evidence, standing alone, falls short of meeting the essential elements of an appropriative right.).

& See, e.g., Jennifer Spaletta, Response to 2015 Drought Information Order Re Pre-1914 Rights at p. 1-2, available
at: http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_e.pdf.

% Ibid. (citing Rindge, supra, 56 Cal.App. 247, 252; Pleasant Valley, supra, 61 Cal.App.4th 742, 774).

" Rindge, supra, 56 Cal.App. 247, 252; Pleasant Valley, supra, 61 Cal.App.4th 742, 774.

72 pleasant Valley, supra, 61 Cal.App.4th 742, 774.

73 Rindge, supra, 56 Cal.App. 247, 252.
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necessarily appropriative in nature, nor that “overlapping” rights were created upon the issuance of a

patent.”

Rather than creating an “overlapping” right, the vesting of a riparian right upon acquisition of title
operates to change a conditional riparian right, based on land occupation, into an unconditional riparian
right, based on land ownership.”” As discussed above (in Section IV.B), appropriative rights can be
acquired separately from riparian rights and applied to the same parcel.”® However, there is no support
in the law for a riparian right “overlapping” with a previously perfected appropriative right upon the

issuance of a patent.

Water diverted in California must be “put to beneficial use to the fullest extent” possible.”’ This principle
operates to prohibit diversion of more water than is reasonably necessary to meet the purposes for
which water was diverted.”® In Senior v. Anderson, the California Supreme Court applied the beneficial
use limitation specifically to the exercise of appropriative rights on riparian land.”® There, the claimant
had appropriated water for use on riparian land prior to the acquisition of a patent; the quantity of the
claimed appropriation exceeded the amount that could be put to beneficial use on the riparian parcel.®
The Court held that, upon acquiring a patent, the claimant did not obtain a right to any additional
quantity of water by virtue of the newly vested riparian right.®* This holding illustrates that the exercise
of appropriative and riparian rights is limited to the amount needed for beneficial use on the land, even

when both rights are asserted for use on the same parcel.

" Even assuming arguendo that pre-patent water use on a riparian parcel gave rise to an appropriative right, such
rights may be subject to forfeiture for non-use. In a forfeiture action before the Board, diversions are attributed to
the highest priority right held by the claimant. (See State Water Resources Control Board Order WR 2016-0001.) In
the context of a claim of “overlapping” rights, the higher priority right is likely the riparian right, so long as natural
flow is available, because the priority date of the riparian right relates back to the first possessory steps taken by
the claimant’s predecessor. (See Haight v. Costanich (1920) 184 Cal. 426, 430; Pabst v. Finmand (1922) 190 Cal.
124, 130-131.) If all diversions to a riparian parcel are attributed to the riparian right, and there is no further
evidence of appropriation, the appropriative right will have been un-exercised for a long period of time. In a
forfeiture action, the party asserting forfeiture has the burden of identifying (1) five consecutive years of non-use
and (2) the presence of a contemporaneous and conflicting claim to the un-used water. (Cal. Water Code, § 1241;
Millview, supra, 229 Cal.App.4th 879, 891-905.)

7> Lux v. Haggin (1886) 69 Cal. 255, 350-387.

’® Rindge, supra, 56 Cal.App. 247, 252.

7 Cal. Const. Art. X, § 2.

78 California Pastoral and Agricultural Co. v. Madera Canal and Irrigation Co. (1914) 167 Cal. 78 (although this case
predates by 14 years the adoption of Article X, section 2, the doctrine of reasonable and beneficial use is a
common law principle that pre-dates the constitutional provision).

7 Senior v. Anderson (1900) 130 Cal. 290.

8 1d. at p. 296.

! Ibid.



-12 -

The limitation that beneficial use imposes on water rights is well-settled pursuant to Article X, section 2
of the California Constitution. As the Supreme Court explained in California Pastoral and Agricultural Co.
v. Madera Canal and Irrigation Co., “[t]he state has limited the right to appropriate waters of a stream
to such waters as are reasonably necessary for the purpose for which the water is in fact

d 782

appropriate Because of this principle, a diversion that exceeds the reasonably necessary amount “is

contrary to the policy of our law and unauthorized...[such diversions] confer no right, no matter for how

long continued.”®

D. A riparian right for use of water on a parcel that does not maintain contiguity with a natural
watercourse must be supported by evidence of intent to preserve the riparian right at the time of
subdivision. As illustrated by recent cases in the Delta, severance without contemporaneous evidence of

intent to preserve a riparian right precludes retention and exercise of the vestigial riparian claim.

Upon completion of the patent process, large swaths of riparian land in the Delta were subdivided and
sold as individual parcels.®* Many of these parcels did not maintain contiguity with a natural
watercourse after subdivision and conveyance. Many Delta responses to the Information Order claim
riparian rights but reference points of diversion and/or places of use on property that does not appear

to be contiguous to a natural watercourse.®

Of course, where riparian rights are terminated due to severance, owners of severed land could
thereupon perfect an appropriative right to divert and use water on formerly riparian lands.® Such a
right would need to be supported by evidence of appropriation in accordance with the law at the time

of the appropriation. If such evidence indicates that the lawful appropriation occurred after severance

8 California Pastoral and Agricultural Co. v. Madera Canal and Irrigation Co. (1914) 167 Cal. 78, 85.

 Ibid.; see also Mt. Shasta Power Corp. v. McArthur (1930) 109 Cal.App. 171, 191 (“An appropriator obtains title
to the extent only of his use of the water for beneficial purposes.”).

8 See, e.g., John Thompson, Early Reclamation and Abandonment of the Central Sacramento-San Joaquin Delta
(2006) at p. 49-58, available at: http://ccrm.berkeley.edu/resin/pdfs_and_other_docs/background-
lit/EarlyReclamationandAbandomentofDelta.pdf (discussing large-scale reclamation and subdivision projects on
Sherman and Twitchell Islands.).

¥ See, e.g., Response of Joy and Robert Augusto Trust supporting S016918, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_f.pdf;

Response of Everett Luiz and Sons Dairy supporting S016530 and S016937, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_g.pdf;

Response of Honker Lake Ranch supporting S016906, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_h.pdf.

¥ See Cal. Water Code, § 1201 (allowing for appropriative use of water on non-riparian lands.).



-13 -

but prior to 1914, the appropriative right would not be subject to the Board’s permitting authority.®’
Even if severance took place after 1914, a formerly riparian owner would still have the opportunity to
petition for an appropriative right through the permit and licensing process administered by the Board

and its predecessors dating back to the Water Commission Act of 1913.%

In Phelps v. State Water Resources Control Board, the Court of Appeal recognized the evidentiary
standard applicable to Delta claimants asserting dual rights.?® There, the claimants conceded that their
properties were non-contiguous to any natural watercourse, and the Court noted that “there was no
language in the deeds to show they retained riparian rights in parcels that no longer abut natural

watercourses.”®

However, in support of their riparian claims, the claimants argued that surface waters
and groundwater were sufficiently connected to establish a riparian connection, and that their
predecessors in interest intended to retain riparian rights when acquiring the non-contiguous parcels.”*
The Court of Appeal affirmed the trial court’s rejection of these arguments, concluding that the record
supported invalidation of the riparian claims.’” Turning to the claimants’ pre-1914 appropriative claims,
the Court also affirmed the trial court’s finding that the claimants “failed to establish actual
appropriation of water for irrigation before 1914,” in light of conflicting evidence about the extent of
general irrigation practices in the area surrounding their properties.”® In so holding, the Court essentially
demonstrated that water right claims may be rejected where: (1) a claimant’s parcel is not contiguous to
any natural watercourse, (2) there is no evidence to support a finding of contemporaneous intent to

preserve riparian rights for the severed parcel, and (3) there is no evidence to support a finding of actual

appropriative use prior to 1914.%

In Modesto Irrigation District v. Tanaka, the Sacramento Superior Court issued a decision that further

illustrates the evidentiary challenges facing Delta claimants.’ Tanaka, a landowner in the Delta, claimed

¥ Temescal Water Company v. Department of Public Works (1955) 44 Cal.2d 90, 95-97.

* Ibid.

% phelps v. State Water Resources Control Board (2007) 157 CaI.App.4th 89 (hereinafter “Phelps”).

% d. at p. 116-117.

*L Ibid.

2 1d. at p. 117-118.

2 d. at p. 118-119.

*Id. at p. 116-119.

> Modesto Irrigation District v. Tanaka (May 26, 2016) Sacramento Sup. Ct., Case No. 34-2011-00112886, available
at:
http://www.waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/midv_tanaka_final160526.pdf
(hereinafter “Tanaka”).
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both riparian and pre-1914 rights to divert water for irrigation.’® Because Tanaka’s property was not

contiguous to a natural watercourse, the Court considered proffered evidence of contemporaneous

intent to preserve a riparian right when the subject parcel was severed from the larger riparian parcel.”’

The claimant submitted evidence of language in the deed transferring interest in the property along

with all “tenements, hereditaments and appurtenances thereunto belonging.”*®

Finding this language to
be “patently silent” as to riparian rights under existing case law,” the Superior Court held that the
general language in the transfer documents was not sufficient evidence of intent to preserve riparian

100
l.

rights for Tanaka’s non-contiguous parce Next, in evaluating the alternative pre-1914 claim, the

101 Because the claimant relied

Court looked for evidence of actual appropriative use since prior to 1914.
on general irrigation practices by her predecessors in interest, and because the evidence indicated that
the diversion facilities serving the property had been constructed without a permit after 1914, the Court
found no evidence to support either a pre-1914 water right or a permitted or licensed appropriation.**
It is important to note that the Tanaka decision is currently under appeal,’® and the legal conclusions of
the Superior Court are not precedential unless and until affirmed on appeal in a published opinion.
However, Tanaka is illustrative of the burdens Delta claimants encounter in developing and presenting
evidence in support of water right claims on non-contiguous parcels.

Many of the responses to the Information Order by in-Delta water users claiming dual rights appear to

104

mirror the basis of dual claims that was asserted and rejected in Woods, Phelps, and Tanaka.”" Because

* Ibid.
7 1d. at p. 4-8.
% 1d. at p. 6.
% See Tanaka, supra, at p. 7 (quoting Murphy Slough Association v. Avila (1972) 27 Cal.App.3d 649, 655). Note that,
while Murphy Slough finds that general “tenements, hereditaments and appurtenances” deed language is
“patently silent” as to riparian rights, it acknowledges that the circumstances surrounding a conveyance may
demonstrate an intent to preserve riparian rights, even when the transfer documents are silent. The Court in
Tanaka did not address this basis for proving intent, apparently because no such circumstances were persuasively
advanced by the claimant.
100 Tanaka, supra, at p. 8.
Id. at p. 14-15.
2 1bid.
103 see California Courts, Third Appellate District, Docket for Case No. C083430, available at:
http://appellatecases.courtinfo.ca.gov/search/case/dockets.cfm?dist=3&doc_id=2169957&doc_no=C083430
(stating notice of appeal lodged 11/15/2016.).
104 See, e.g., Response of Joy and Robert Augusto Trust supporting S016918, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_f.pdf;
Response of Everett Luiz and Sons Dairy supporting S016530 and S016937, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_g.pdf;

(footnote continued on next page)

101
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these responses were required to be submitted under relatively short time constraints, many of the
responses explicitly reserve the right to provide additional evidence to support their water right claims if
their claims are legally challenged. Nonetheless, several of the responses relate to properties that
appear to be non-contiguous to natural watercourses assert riparian claims, but submit no evidence
demonstrating a contemporaneous intent to preserve riparian rights for non-contiguous parcels.105
Moreover, like the claimants in Phelps and Tanaka, many responses rely on long-standing general

irrigation practices to support pre-1914 claims instead of documenting specific appropriative use.'*

E. In times of severe drought, diversions under riparian rights in the Delta could be limited by the
availability of natural flow in the Delta channels.

"1 However, application of the “natural flow”

Riparian rights only authorize diversions of “natural flow.
rule is complicated by the unique physical circumstances in the Delta. First, the Delta is hydrologically
connected to the salty water of San Francisco Bay, and beyond that, the Pacific Ocean. In addition, the
State Water Project and the Central Valley Project (the “Projects”) store and release water that
intermingles with water from other sources in natural watercourses throughout the Delta. Therefore, as
you and | have observed in the course of recent investigations in the Delta, it is difficult for individual

diverters to determine whether the water flowing past their properties is “natural flow” or previously

stored water released by the Projects to serve a defined purpose.

(footnote continued from previous page)

Response of Honker Lake Ranch supporting S016906, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_h.pdf; Response of
Bettencourt Farming LLC supporting S016492, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_i.pdf;

Response of Kurt and Sandra Kautz Family Trust supporting S016909, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_k.pdf.

105 See, e.g., Response of Joy and Robert Augusto Trust supporting S016918, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_f.pdf;

Response of Everett Luiz and Sons Dairy supporting S016530 and S016937, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_g.pdf;

Response of Honker Lake Ranch supporting S016906, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_h.pdf.

106 See, e.g., Response of Bettencourt Farming LLC supporting S016492, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_i.pdf;

Response of Kurt and Sandra Kautz Family Trust supporting S016909, available at:
http://waterboards.ca.gov/water_issues/programs/delta_watermaster/docs/reports/attach_k.pdf.

7 Turner v. James Canal Co. (1909) 155 Cal. 82, 91; Chowchilla Farms Inc. v. Martin (1933) 219 Cal. 1, 19; see also
Cal. Water Code, § 1201.
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Coupling this difficulty with the language of the Delta Protection Act and the Area of Origin statutes
enacted in concert with the development and implementation of the Projects, in-Delta diverters have
argued that they are entitled to divert water from the “Delta pool” for agricultural use, without regard
to whether “natural flow” is intermingled with previously stored Project water and without regard to
whether salty water would invade the “Delta pool” but for Project operations designed to repel salt

108

intrusion.™ In State Water Resources Control Board Cases, the Court of Appeal held that the Projects

have the paramount right to reservoir releases of lawfully stored water, notwithstanding the protections

provided by the Area of Origin statutes and the Delta Protection Act.'®

Therefore, the “natural flow”
available to in-Delta riparians does not extend to any water stored and released by the Projects (water
that is “foreign in time”), unless delivery of such water is specifically contracted from the paramount

right holder.'*°
V. Conclusion

It is possible to hold both riparian and appropriative rights to use water on a single parcel of riparian
land. However, riparian and appropriative rights are validated according to different legal requirements.
The exercise of any surface water right in California is subject to the reasonable and beneficial use
provisions of the California constitution. As a result, bona fide water right claims require evidence of
both the elements of the claimed right and the observation of the limitations inherent in the nature of

the claimed right.

108

See, e.g., State Water Resources Control Board Cases (2006) 39 Cal.Rptr.3d 189, 239-244.
Id. at p. 255-267.
Ibid.; see also El Dorado, supra, 142 Cal.App.4th 937 at 967, 976; Phelps, supra, 157 Cal.App.4th 89, 105-111.
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Day

01
02
03
04
05
06
07
08

http://cdec.water.ca.gov/cgi-progs/snowsurvey_ro/FNF

329
33
-250
121

195
117
134

201
405

29
372
57
21
365
88
189

5,558

147

724

20

712
548
833
132
487
531
462
452
382
436
625
419
386
379
386
309
482
389

TRINITY AT
CLAIR ENGLE

(CLE)

STANISLAUS
AT GOODWIN

(GDW)

LAKE SHASTA
TOTAL INFLOW

1,836
2,815
3,443
3,360
3,139
3,099
3,157
3,191
2,598
3,227
3,040
2,858
3,661
3,131
3,185
2,668
3,210
2,886
2,764

113,591

3,014

3,994

1,310
600
1,044
373
1,067
306
918
262
494
249
872
414
352
890
614
489
448
361
798

TUOLUMNE AT
DON PEDRO
(TLG)

California Cooperative Snow Surveys

Daily Full Natural Flows for July 2018

Daily Full Natural Flows for July 2018

SACTO AT FEATHER AT YUBA AT AMERICAN COSUMNES AT
BEND BRIDGE OROVILLE SMARTVILLE AT FOLSOM MICH BAR
(BND) (ORO) (YRS) (FOL) (MHB)

3,382 1,916 489 922 60

5616 2,410 480 1,228 58

4,828 1,728 586 640 56

3,853 1,286 456 306 54

5,006 2,160 479 386 53

2,904 1,634 510 435 53

4,537 1,444 455 385 52

3,928 1,821 436 433 48

4,344 1,291 436 358 47

4,221 1,445 397 358 46

4,602 973 507 588 44

4,272 1,469 524 418 43

3,765 1,503 347 373 42

3,011 1,387 464 992 42

4,862 1,043 510 471 41

3,722 1,153 417 199 41

4,587 1,452 448 840 39

4,622 1,160 190 37

3,172 411 35

Total To Date (in AC-FT)
157,161 54,100 15,751 19,702 1,767
Daily Average (in CFS)
4,170 1,515 467 523 47
Historic Monthly Average (in CFS)
5,090 2,465 946 1,097 75
% of Historic Average
82 61 49 48 63
Daily Full Natural Flows for July 2018
MERCED AT SAN JOAQUIN KINGS AT KAWEAH AT TULE AT
MCCLURE AT MILLERTON PINE FLAT TERMINUS SUCCESS
(MRC) (MIL) (PNF) (TRM) (scc)
465 1,439 1,326 225 13
344 1,440 705 122 16
355 1,254 1,283 144 4
352 1,302 1,234 126 27
221 1,321 1,135 53 25
363 832 1,104 248 24
306 1,015 1,717 116 17
207 1,587 1,064 104 25
233 595 1,025 130 21
221 826 1,022 150 32
269 998 908 147 28
217 1,195 1,143 -11 21
268 1,746 1,444 236 37
256 1,717 1,513 123 42
372 1,530 1,301 195 39
257 1,226 1,155 42 42
198 871 1,206 127 46
264 968 580 142 44
1,312 121 51

MOKELUMNE

AT PARDEE

92
170
145
92
108
152
90
154
30
42
123
120
77
154
36
101
103

3,548

105

544

522
515
550
492
493
467
449
419
405
453
474
557
574
700
611
638
515
562
497

(MKM)

KERN AT
ISABELLA
(1sB)
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30
31
16,562
464
912
51

« Full Natural Flow" o "Umimpaired Runoff” represents the natural water production of  river basin, unaltered by upstream diversions, storage, or by export or import of water to or from other watersheds.

23,526

10,251

287

1,057

27

California Cooperative Snow Surveys

Total To Date (in AC-FT)

43,363 43,986
Daily Average (in CFS)

1,215 1,167

Historic Monthly Average (in CFS)

3,023 2,930
% of Historic Average

40 40

Notes

5,038

134

570

1,099

29

78

37

19,623

521

1,198

43

Gauged flows at the given measurement points are increased or decreased to account for these upstream operations. The flows reported here are based on calculations done by project operators on the

respective rivers, the US Army Corps of Engineers and/or Snow Surveys.

« Daily Full Natural Flow (FNF) calculations are based on less data than is available at the completion of each month. The sum of daily FNF reported here will not exactly match the calculated monthly FNF
reported on the seasonal and water year reports. Due to the lag between the effect of upstream operations and downstream flow measurements, calculated daily FNF will fluctuate from day to day.
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Instream Flow Studies for the Protection of Public Trust
Resources:

A Prioritized Schedule and Estimate of Costs
Executive Summary

Chapter 5 of the 2009-10 Seventh Extraordinary Session (SB X7 1, Simitian) directs the
State Water Resources Control Board (State Water Board) to submit to the Legislature,
by December 31, 2010, a prioritized schedule and estimate of costs to complete
instream flow studies for two categories of rivers and streams, by two specific
deadlines:

1) high priority rivers and streams in the Delta watershed that were not covered in
the Board’s “Final Report on Development of Flow Criteria for the Sacramento-
San Joaquin Delta Ecosystem” by 2012; and

2) all major rivers and streams outside the Sacramento River watershed by 2018.

The definition of the two stream categories is ambiguous. There are a number of
tributaries that are both in the Delta watershed and outside the Sacramento River
watershed, including the San Joaquin, Calaveras, Cosumnes, and Mokelumne Rivers.
The State Water Board interprets the first category to mean all Delta and Sacramento
River tributaries not covered under the Board’s “Final Report on Development of Flow
Criteria for the Sacramento-San Joaquin Delta Ecosystem.” Two additional schedules
are prioritized for “all major rivers and streams outside the Sacramento River

watershed.”

This report identifies 138 rivers and streams for instream flow studies. The total
estimated cost to conduct scientific instream flow studies for the high priority rivers and
streams tributary to the Delta is $32.46 million. The total estimated cost to conduct
scientific instream flow studies for the high priority rivers and streams outside the Delta
watershed is $107.25 million. The detailed schedules and costs are preceded with a
few short discussions on the timelines given in the directive, the organization of
schedules, the cost estimates for instream flow studies, and cost estimates for the next
logical step: setting instream flow objectives.

I. Timelines for Instream Flow Studies

To comply with requirements of Chapter 5/X7 2009, the Board provides three schedules
in this report:

Schedule 1 is for High Priority Rivers and Streams Tributary to the Sacramento River
and Delta. Schedules 2 and 3 are for High Priority Rivers and Streams Outside the
Sacramento River and Delta Watershed that Support Anadromous Species and
Nonanadromous species respectively. Although the Chapter 5/X7 2009 calls for a



completion date for Schedule 1 waterbodies in 2012 and a completion date for
Schedule 2 and Schedule 3 waterbodies in 2018, the State Water Board notes, that
these deadlines are unrealistic. An instream flow study rooted in sound science
requires at least three years of sampling and monitoring. The 2012 deadline would
allow for a maximum of one and a half years of study. Realistically, completing
instream flow studies and preparing flow recommendations for all rivers and streams
listed in this report is a project that will take substantial time to complete.

[I. Organization of Schedules and Prioritization Criteria

In developing these schedules, the State Water Board has coordinated with the
Department of Fish and Game (as required by Water Code Section 85087) as well as
the Regional Water Resources Control Boards (Regional Water Boards). To prioritize
the schedules, the State Water Board determined that those streams which serve as
habitat for threatened and endangered California anadromous fish, such as coho and
chinook salmon and steelhead trout, should be prioritized for instream flow studies.
Some of the rivers and streams listed may no longer support anadromous populations.
These water bodies are included in the list as candidates for restoration of anadromous
populations. Inland streams that do not generally support anadromous populations are
prioritized in a separate schedule. Rivers and streams which are located within the
habitat range of declining native amphibian and reptile populations, such as the
California Red-Legged Frog and Western Pond Turtle, are noted. The presence of
these species across all three schedules demonstrates a shared ecological concern
between different regions of the state.

= Schedule 1 — High Priority Rivers and Streams Tributary to the Sacramento
River and Delta. There are two priority groups in this schedule. Priority 1 includes
rivers and streams that serve as habitat for spring-run chinook salmon. Spring-run
Chinook are more adversely affected by lack of flow than fall-run Chinook because
they enter fresh waterways as the dry season begins.

= Schedule 2 — High Priority Rivers and Streams Outside the Sacramento River
and Delta Watershed that Support Anadromous Species. There are two priority
groups in this schedule. Priority 1 includes rivers and streams that serve as habitat
for either Coho Salmon, or Southern California Steelhead. Coho salmon are more
sensitive than Chinook or Steelhead. Their range is limited to the North Coast,
where they are federally listed as threatened, and the Central Coast where they are
federally listed as endangered. Southern California Steelhead are federally listed as
endangered.

= Schedule 3 — High Priority Rivers and Streams Outside the Sacramento River
and Delta Watershed that Support Non-Anadromous Species. The rivers and
streams in this schedule do not generally serve as habitat for the anadromous
species used to prioritize the rest of the schedules. There are two priority groups in
this schedule. Priority 1 includes rivers and streams that serve as habitat for the
Lahontan Cutthroat Trout, a federally listed threatened species, as well as the Lost



River, which is the sole habitat of the Lost River Sucker, a federally listed
endangered species. All other rivers and streams in Schedule 3 list species that are
endemic to the Lahontan region and are sensitive according to the California Natural
Diversity Database.

Table A summarizes the total estimated costs to conduct these instream flow studies.
The specific rivers and streams identified for study are listed in alphabetical order within
Table B, C and D.

lll. Cost Estimates for Contracted Instream Flow Studies

Given the ecological diversity of the watersheds represented in this list, a generic cost
estimate to complete instream flow studies state-wide is difficult to determine. The
studies required for any given stream would need to be tailored on a case-by-case basis
after the stream has been physically examined. Scientific studies would need to be
accomplished through contracted consultants. This means that there are two distinct
costs associated with this endeavor: (1) staffing costs to manage the contracts and
coordinate the studies, and (2) costs associated with the actual contracted activities
themselves. Contracted activities that may need to occur in an instream flow study are
flow/habitat modeling, spawning gravel studies, fish passage studies, water temperature
monitoring/modeling, developing timing of pulse flows, and compilation of hydrology.
The length of study also factors into the cost. Some streams may require longer study
periods than others, depending on the complexities of the habitat.

The staffing required to oversee the consultants and manage the contracts also
depends on the complexity of the studies required. Out of necessity, the cost estimates
included in this report are highly generalized. Each stream is rated on an estimated
range of costs:

= High Cost Range: the contract cost estimate of instream flow studies is in a range
of $800,000 - $2 million. For this category, the State Water Board would require one
staff position, costing $150,000 annually to manage the studies for two rivers. Using
one individual, over an average three year study period, amounts to $450,000 in
staffing costs to manage the study contracts for two rivers or streams.

= Mid Cost Range: the contract cost estimate of instream flow studies is in a range of
$400,000 — $800,000. For this category, the State Water Board would require one
staff position, costing $150,000 annually to manage the contracts for studies of three
rivers or streams. Over an average three year study period, consequently, one
position and $450,000 would be needed, for three rivers or streams.

= Low Cost Range: the contract cost estimate of instream flow studies is in a range
of $150,000 - $400,000. For this category, the State Water Board would require one
staff position, costing $150,000 annually to manage the studies of four rivers or
streams. Over an average three year, study period, consequently, the State Water



Board would need $450,000 to fund a staff position to manage the study contracts
for four rivers or streams.

The dollar amount in each schedule summary is based on the high end of each cost
estimate range. Staffing and staff cost estimates are prorated to the number of rivers
and streams in each priority grouping as described above.

Potential Cost Savings and Existing Studies

The cost estimates included in this report do not reflect studies that already may be in
existence for certain streams that would reduce the costs of conducting the instream
flow studies. Significant cost savings would be achieved by partnering with
organizations already undertaking studies and relying upon existing studies and
information that has already been collected and, in some cases, also analyzed. For
example, information on instream flow needs in the American River is available in a
Surface Water Resources, Inc. report prepared for the Water Forum: A Draft Policy
Document for the Lower American River Flow Management Standard. The cost for
instream flow studies in the American River may, therefore, be far less than the high
cost estimate of $800,000 to $2 million, if the State Water Board can rely upon the
information summarized in this report. Contacting stakeholders and reviewing existing
information are, therefore, necessary first steps prior to initiating any new studies.

IV. Cost Estimates for Setting Instream Flow Objectives

Streamflow studies do not result in additional streamflow. [f existing streamflows are
insufficient to meet environmental needs, voluntary or regulatory actions are necessary
to ensure that the flows are made available. After conducting instream flow studies, the
next logical step' would be to set instream flow objectives as part of the regulatory
framework needed to prevent further ecological damage to the Delta or other California
rivers and streams. Streamflow objectives can be set administratively either as part of
the State Water Board’s planning processes, which would then require subsequent
implementation actions, or directly as the result of a regulatory water rights action taken
to amend specific water right permits and licenses. In either case, the activity would
require compliance with: (1) the California Environmental Quality Act (CEQA), (2) the
Water Code, and (3) the Administrative Procedures Act, as well as other regulatory
requirements. A wide range of costs could occur as a result of these processes. A
simple case with a smaller watershed and limited water use would cost approximately
$600,000. A larger watershed with more complex water use issues would cost several
million dollars.

! The Board notes that partnering with other agencies and organizations may open opportunities for
potential solutions that have not been tried before. The point of this section is that further steps beyond
the completion of studies will likely be required to protect flows.



Summary of Cost Estimates (Table A)

Contract Oversight Contracted Scientific Total Cost
Staffing Estimate Studies Estimate Estimate for
Studies and
Study Oversight

Schedule 1 (Table B)
High-priority Rivers and Streams Tributary to the Sacramento River and Delta

Priority Group 1 $4.16 million $26.4 million $30.56 million

Priority Group 2 $300,000 $1.6 million $1.9 million

Total Estimated Costs for Schedule 1 $32.46 million

Schedule 2 (Table C)
High Priority Rivers and Streams that Support Anadromous Species

Priority Group 1 $10.39 million $60.8 million $71.19 million

Priority Group 2 $2.36 million $13.2 million $15.56 million

Total Estimated Costs for Schedule 2 $86.75 million

Schedule 3 (Table D)
High Priority Rivers and Streams that Support Only Non-Anadromous Species

Priority Group 1 $1.12 million $4.8 million $5.92 million

Priority Group 2 $2.17 million $12.4 million $14.57 million

Total Estimated Costs for Schedule 3 $20.5 million




V. Detailed Stream Lists with Instream Flow Studies Cost Estimate Range
Schedule 1 (Table B) High Priority Rivers and Streams Tributary to the Sacramento River and Delta

Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range
for Contracted Studies and

Potential Cost Savings1

American River

1

Central Valley Spring Chinook Salmon, Fall Chinook
Salmon, Central Valley Steelhead Trout, Sierra Nevada
Yellow-Legged Frog, Foothill Yellow Legged-Frog,
California Red-Legged Frog, Western Pond Turtle
Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

High ($800,000 - $2,000,000)
As noted in the text of this
report, there are studies
underway for lower American
River by the Water Forum.
Anticipated release of a Draft
EIR in summer 2011.

Antelope Creek (Tributary to
Sacramento River near Red
Bluff)

Central Valley Spring Chinook Salmon, Central Valley
Steelhead Trout, Foothill Yellow-Legged Frog, California
Red-Legged Frog, Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Mid ($400,000 - $800,000)

Battle Creek (Tributary to
Sacramento River)

Sacramento River Winter Chinook Salmon, Central Valley
Spring Chinook Salmon, Central Valley Steelhead Trout,
Green Sturgeon, Foothill Yellow-Legged Frog, California
Red-Legged Frog, Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Mid ($400,000 - $800,000)

Bear River (Tributary to
Feather River)

Central Valley Spring Chinook Salmon, Central Valley
Steelhead Trout, Sierra Nevada Yellow-Legged Frog,
Foothill Yellow-Legged Frog, Western Pond Turtle
Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by DFG in 2008 Priority Streams List

Low ($150,000 - $400,000)

Big Chico Creek

Sacramento River Winter Chinook Salmon, Central Valley
Spring Chinook Salmon, Central Valley Steelhead Trout,
Foothill Yellow-Legged Frog, California Red-Legged Frog,
Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Low ($150,000 - $400,000)

! Note: until all stakeholders for each stream are contacted, and an evaluation of existing information is complete, a true picture of potential cost savings will not be

possible.




Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range
for Contracted Studies and

Potential Cost Savings1

Lower Butte Creek

1

Central Valley Spring Chinook Salmon, Central Valley
Steelhead Trout, Foothill Yellow-Legged Frog, California
Red-Legged Frog, Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan
Stream identified by DFG in 2008 Priority Streams List

Mid ($400,000 - $800,000)

Calaveras River

Fall Chinook Salmon, Central Valley Steelhead Trout,
Sierra Nevada Yellow-Legged Frog, Foothill Yellow-Legged
Frog, California Red-Legged Frog, Western Pond Turtle
Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Mid ($400,000 - $800,000)

Clear Creek

Central Valley Spring Chinook Salmon, Central Valley
Steelhead Trout

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Low ($150,000 - $800,000)

Cosumnes River

Fall Chinook Salmon, Central Valley Steelhead Trout,
Foothill Yellow-Legged Frog, California Red-Legged Frog,
Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Mid ($400,000 - $800,000)

Cottonwood Creek (two
forks, tributary to
Sacramento River)

Central Valley Spring Chinook Salmon, Central Valley
Steelhead Trout, Foothill Yellow-Legged Frog, California
Red-Legged Frog, Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Low ($150,000 - $400,000)

Cow Creek (Tributary to
Sacramento River)

Fall Chinook Salmon, Central Valley Spring Chinook
Salmon, Central Valley Steelhead Trout, Foothill Yellow-
Legged Frog, California Red-Legged Frog, Western Pond
Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Mid ($400,000 - $800,000)

Deer Creek (Tributary to
Sacramento River)

Central Valley Spring Chinook Salmon, Central Valley
Steelhead Trout, Foothill Yellow-Legged Frog, California
Red-Legged Frog, Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Mid ($400,000 - $800,000)




Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range
for Contracted Studies and

Potential Cost Savings1

Fall River

1

Sacramento River Winter Chinook Salmon, Central Valley
Spring Chinook Salmon, Central Valley Steelhead Trout
Stream identified by NMFS in 2009 Draft Recovery Plan

Low ($150,000 - $400,000)

Lower Feather River

Central Valley Spring Chinook Salmon, Central Valley
Steelhead Trout

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Low ($150,000 - $800,000)

Hat Creek

Sacramento River Winter Chinook Salmon, Central Valley
Spring Chinook Salmon, Central Valley Steelhead Trout
Stream identified by NMFS in 2009 Draft Recovery Plan

Low ($150,000 - $400,000)

Little Sacramento -
Above Shasta

Sacramento River Winter Chinook Salmon, Central Valley
Spring Chinook Salmon, Central Valley Steelhead Trout
Stream identified by NMFS in 2009 Draft Recovery Plan

Mid ($400,000 - $800,000)

McCloud River

Sacramento River Winter Chinook Salmon, Central Valley
Spring Chinook, Central Valley Steelhead Trout
Stream identified by NMFS in 2009 Draft Recovery Plan

Mid ($400,000 - $800,000)

Merced River

Central Valley Spring Chinook, Fall Chinook Salmon,
Central Valley Steelhead Trout, Yosemite Toad, Sierra
Nevada Yellow-Legged Frog, Foothill Yellow-Legged Frog,
California Red-Legged Frog, Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan
Stream identified by DFG in 2008 Priority Streams List

High ($800,000 - $2,000,000)

Mill Creek (Tributary to
Sacramento River)

Central Valley Spring Chinook Salmon, Central Valley
Steelhead Trout, Foothill Yellow-Legged Frog, California
Red-Legged Frog, Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

High ($800,000 - $2,000,000)

Mokelumne River

Central Valley Spring Chinook Salmon, Fall Chinook
Salmon, Central Valley Steelhead Trout, Sierra Nevada
Yellow-Legged Frog, California Red-Legged Frog, Western
Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Mid ($400,000 - $800,000)

Pit River

Sacramento River Winter Chinook Salmon, Central Valley
Spring Chinook, Central Valley Steelhead Trout
Stream identified by NMFS in 2009 Draft Recovery Plan

Mid ($400,000 - $800,000)




Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range
for Contracted Studies and

Potential Cost Savings1

Interdam Sacramento —
Shasta to Keswick

1

Sacramento River ESU Winter Chinook Salmon, Central
Valley Spring Chinook, Central Valley Steelhead Trout
Stream identified by NMFS in 2009 Draft Recovery Plan

Mid ($400,000 - $800,000)

Upper Sacramento - -
Keswick to Red Bluff

Sacramento River Winter Chinook Salmon, Central Valley
Spring Chinook Salmon, Central Valley Steelhead Trout
Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Mid ($400,000 - $800,000)

Lower San Joaquin (below
Merced River)

Central Valley Spring Chinook Salmon, Fall Chinook
Salmon, Central Valley Steelhead Trout, Green Sturgeon,
Foothill Yellow-Legged Frog, California Red-Legged Frog,
Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

High ($800,000 - $2,000,000)

Upper San Joaquin River

Central Valley Spring Chinook Salmon, Fall Chinook
Salmon, Central Valley Steelhead Trout, Green Sturgeon,

Sierra Nevada Yellow-Legged Frog, Foothill Yellow-Legged

Frog, California Red-Legged Frog, Western Pond Turtle
Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

High ($800,000 - $2,000,000)

Stanislaus River

Central Valley Spring Chinook Salmon, Fall Chinook
Salmon, Central Valley Steelhead Trout, Yosemite Toad,

Sierra Nevada Yellow-Legged Frog, California Red-Legged

Frog, Western Pond Turtle
Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

High ($800,000 - $2,000,000)

Tuolumne River

Central Valley Spring Chinook Salmon, Fall Chinook
Salmon, Central Valley Steelhead Trout, Steelhead Trout,
Yosemite Toad, Sierra Nevada Yellow-Legged Frog,
Foothill Yellow-Legged Frog, California Red Legged Frog,
Western Pond Turtle

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan
Stream identified by DFG in 2008 Priority Streams List

High ($800,000 - $2,000,000)

Yuba River

Central Valley Spring Chinook Salmon, Central Valley
Steelhead Trout

Stream identified by NMFS in 2009 Draft Recovery Plan
Stream identified by USFWS in 2001 Restoration Plan

Mid ($400,000 - $800,000)
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Schedule 2 (Table C) High Priority Rivers and Streams that Support Anadromous Species

Water Body Priority Threatened, Endangered, and Sensitive Aquatic Species Estimated Cost Range for
Group Present (or Historically Present) and Other Rationale for Contracted Studies and
Inclusion Potential Cost Savings?
Alameda Creek 2 =  Winter Steelhead Trout, Foothill Yellow-Legged Frog, = Low ($150,000 - $400,000)

California Red-Legged Frog, Western Pond Turtle
= Stream identified by CEMAR in 2007 Watershed Evaluation

Albion River 1 = Coho Salmon, Winter Steelhead Trout, Foothill Yellow- = Mid ($400,000 - $800,000)
Legged Frog, California Red-Legged Frog, Western Pond
Turtle

» Stream identified by DFG in 2004 Recovery Plan

= Stream identified by NMFS in 2010 Recovery Plan

Aptos Creek 1 = Coho Salmon, Winter Steelhead Trout, Foothill Yellow- = Mid ($400,000 - $800,000)
Legged Frog, California Red-Legged Frog, Western Pond
Turtle
= Stream identified by DFG in 2004 Recovery Plan
= Stream identified by NMFS in 2010 Recovery Plan
= Low water levels in summer months
Arroyo de la Cruz (San Luis 2 =  Winter Steelhead Trout, Foothill Yellow-Legged Frog, = Low ($150,000 - $400,000)
Obispo County) California Red-Legged Frog, Western Pond Turtle
= Watershed may be developed in the near future
Arroyo Siquit 1 = Southern Steelhead Trout, California Red-Legged Frog = Low ($150,000 - $400,000)
= Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan
Bear Creek (Tributary to 1 = Southern Steelhead Trout, Western Pond Turtle = Low ($150,000 - $400,000)
West Fork San Gabriel) = Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan
Bear River (Humboldt 1 = Coho Salmon, Chinook Salmon, Steelhead Trout, Foothill = Low ($150,000 - $400,000)
County) Yellow-Legged Frog, Northwestern Salamander, Western
Pond Turtle
= Stream identified by DFG in 2004 Recovery Plan
Big River (Two Forks) 1 = Coho Salmon, Winter Steelhead Trout, Foothill Yellow- = High ($800,000 - $2,000,000)
Legged Frog, California Red-Legged Frog, Western Pond
Turtle

= Stream identified by DFG in 2004 Recovery Plan

% Note: until all stakeholders for each stream are contacted, and an evaluation of existing information is complete, a true picture of potential cost savings will not be
possible.
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Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range for
Contracted Studies and

Potential Cost Savings2

Stream identified by NMFS in 2010 Recovery Plan

Big Sur River

Winter Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle
Stream identified by DFG in 2008 Priority Streams List

High ($800,000 - $2,000,000)

Carmel River

Winter Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle
Stream identified by DFG in 2008 Priority Streams List

Mid ($400,000 - $800,000)

Carpinteria Creek

Southern Steelhead Trout, Foothill Yellow-Legged Frog,
California Red-Legged Frog, Western Pond Turtle
Stream identified by DFG in 2008 Priority Streams List
Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Conejo Creek

Southern Steelhead Trout, California Red-Legged Frog
Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Coyote Creek (Marin
County)

Winter Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle
Stream identified by CEMAR in 2007 Watershed Evaluation

Low ($150,000 - $400,000)

Dos Pueblos Canyon Creek

Southern Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle

Stream identified by DFG in 2008 Priority Streams List
Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Dume Creek (Zuma
Canyon, Los Angeles
County)

Southern Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

South Fork Eel River

Coho Salmon, Fall Chinook Salmon, Steelhead Trout,
Foothill Yellow-Legged Frog, Northwestern, Salamander,
Western Pond Turtle

Stream identified by DFG in 2004 Recovery Plan

High ($800,000 - $2,000,000)

Middle Fork Eel River

Coho Salmon, Chinook Salmon, Winter and Summer
Steelhead Trout, Foothill Yellow-Legged Frog,
Northwestern Salamander, Western Pond Turtle
Stream identified by DFG in 2004 Recovery Plan

High ($800,000 - $2,000,000)
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Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range for
Contracted Studies and

Potential Cost Savings2

Lower Eel River

Coho Salmon, Chinook Salmon, Steelhead Trout, Green
Sturgeon, Foothill Yellow-Legged Frog, Northwestern
Salamander, Western Pond Turtle

Stream identified by DFG in 2004 Recovery Plan

Mid ($400,000 - $800,000)

Middle Main Eel River

Coho Salmon, Chinook Salmon, Steelhead Trout, Foothill
Yellow-Legged Frog, Northwestern Salamander, Western
Pond Turtle

Stream identified by DFG in 2004 Recovery Plan

Mid ($400,000 - $800,000)

North Fork Eel River

Chinook Salmon, Steelhead Trout, Foothill Yellow-Legged
Frog, Northwestern Salamander, Western Pond Turtle

Mid ($400,000 - $800,000)

Upper Main Eel River

Coho Salmon, Chinook Salmon, Steelhead Trout, Foothill
Yellow-Legged Frog, Northwestern Salamander, Western
Pond Turtle

Stream identified by DFG in 2004 Recovery Plan

Low ($150,000 - $400,000)

Escondido Canyon Creek
(Los Angeles County)

Southern Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Fish Fork (Tributary to San
Gabriel)

Southern Steelhead Trout, Western Pond Turtle

Low ($150,000 - $400,000)

Garcia River

Coho Salmon, Pink Salmon, Winter Steelhead Trout,
California Red-Legged Frog, Northwestern Salamander,
Western Pond Turtle

Stream identified by DFG in 2004 Recovery Plan
Stream identified by NMFS in 2010 Recovery Plan

Mid ($400,000 - $800,000)

Gazos Creek

Coho Salmon, Winter Steelhead Trout, Foothill Yellow-
Legged Frog, California Red-Legged Frog, Western Pond
Turtle

Stream identified by DFG in 2004 Recovery Plan

Stream identified by NMFS in 2010 Recovery Plan

Low ($150,000 - $400,000)

Guadalupe River

Winter Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle
Stream identified by CEMAR in 2007 Watershed Evaluation

Mid ($400,000 - $800,000)

Gualala River

Coho Salmon, Winter Steelhead Trout, California Red-
Legged Frog, Foothill Yellow-Legged Frog, Western Pond

Mid ($400,000 - $800,000)
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Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range for
Contracted Studies and

Potential Cost Savings2

Turtle
Stream identified by DFG in 2004 Recovery Plan
Stream identified by NMFS in 2010 Recovery Plan

Hopper Canyon Creek

Southern Steelhead Trout, California Red-Legged Frog,
Foothill Yellow-Legged Frog, Arroyo Toad, Western Pond
Turtle

Low ($150,000 - $400,000)

Middle Klamath River

Coho Salmon, Winter and Summer Steelhead Trout, Green
Sturgeon, Foothill Yellow-Legged Frog, Western Pond
Turtle

Stream identified by DFG in 2004 Recovery Plan

High ($800,000 - $2,000,000)

Lower Klamath River

Coho Salmon, Winter and Summer Steelhead Trout, Green
Sturgeon, Shortnose Sucker, Foothill Yellow-Legged Frog,
Western Pond Turtle

Stream identified by DFG in 2004 Recovery Plan

Mid ($400,000 - $800,000)

Lagunitas Creek

Coho Salmon, Winter Steelhead Trout, Foothill Yellow-
Legged Frog, California Red-Legged Frog, Western Pond
Turtle

Stream identified by DFG in 2004 Recovery Plan

Stream identified by NMFS in 2010 Recovery Plan

Mid ($400,000 - $800,000)

Lake Casitas Tributaries

Southern Steelhead Trout, California Red-Legged Frog,
Yellow-Legged Frog, Western Pond Turtle

Mid ($400,000 - $800,000)

Little River

Coho Salmon, Chinook Salmon, Steelhead Trout, California
Red-Legged Frog, Foothills Yellow-Legged Frog,
Northwestern Salamander, Western Pond Turtle
Stream identified by DFG in 2004 Recovery Plan

Mid ($400,000 - $800,000)

Los Alisos Canyon Creek

Southern Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle

Low ($150,000 - $400,000)

Malibu Creek

Southern Steelhead Trout, Tidewater Goby, California Red-
Legged Frog, Western Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Matilija Creek (Two Forks)

Southern Steelhead Trout, Foothill Yellow-Legged Frog,
California Red-Legged Frog, Western Pond Turtle, Arroyo
Toad

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Mid ($400,000 - $800,000)
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Water Body Priority Threatened, Endangered, and Sensitive Aquatic Species Estimated Cost Range for
Group Present (or Historically Present) and Other Rationale for Contracted Studies and
Inclusion Potential Cost Savings>
Mattole River 1 = Coho Salmon, Chinook Salmon, Steelhead Trout, Foothill High ($800,000 - $2,000,000)
Yellow-Legged Frog, Northwestern Salamander, Western Streamflow enhancement
Pond Turtle projects in the Mattole
» Stream identified by DFG in 2004 Recovery Plan Headwaters are in progress by
= Stream identified by DFG in 2008 Priority Streams List Trout Unlimited.
Murietta Canyon Creek 1 =  Southern Steelhead Trout, California Red-Legged Frog, Low ($150,000 - $400,000)
Yellow-Legged Frog, Western Pond Turtle, Arroyo Toad
= Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan
Napa River 2 =  Winter Steelhead Trout, Chinook Salmon, Foothill Yellow- High ($800,000 - $2,000,000)

Legged Frog, California Red-Legged Frog, Western Pond
Turtle
Stream identified by CEMAR in 2007 Watershed Evaluation

Navarro River

Coho Salmon, Winter Steelhead Trout, Foothill Yellow-
Legged Frog, Western Pond Turtle

Stream identified by DFG in 2004 Recovery Plan
Stream identified by NMFS in 2010 Recovery Plan
Stream identified by DFG in 2008 Priority Streams List

High ($800,000 - $2,000,000)

Noyo River

Coho Salmon, Steelhead Trout, Foothill Yellow-Legged
Frog, California Red-Legged Frog, Northwestern
Salamander, Western Pond Turtle

Stream identified by DFG in 2004 Recovery Plan
Stream identified by NMFS in 2010 Recovery Plan

Low ($150,000 - $400,000)

Otay River

Southern Steelhead Trout, Arroyo Toad, Western Pond
Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Mid ($400,000 - $800,000)

Piru Creek (Incl. Lockwood
Creek)

Southern Steelhead Trout, California Red-Legged Frog,
Foothill Yellow-Legged Frog, Arroyo Toad, Western Pond
Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Redwood Creek (Marin
County)

Coho Salmon, Winter Steelhead Trout, California Red-
Legged Frog, Foothill Yellow-Legged Frog, Western Pond
Turtle

Stream identified by DFG in 2004 Recovery Plan

Stream identified by NMFS in 2010 Recovery Plan

Low ($150,000 - $400,000)
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Water Body Priority Threatened, Endangered, and Sensitive Aquatic Species Estimated Cost Range for
Group Present (or Historically Present) and Other Rationale for Contracted Studies and
Inclusion Potential Cost Savings>
Stream identified by CEMAR in 2007 Watershed Evaluation
Stream identified by DFG in 2008 Priority Streams List
Russian River 1 Coho Salmon, Fall Chinook Salmon, Steelhead Trout, High ($800,000 - $2,000,000)
(Lower, Middle, and Upper) Foothill Yellow-Legged Frog, California Red-Legged Frog, Streamflow enhancement
Western Pond Turtle projects are in progress by
Stream identified by DFG in 2004 Recovery Plan Trout Unlimited for Lower
Stream identified by NMFS in 2010 Recovery Plan Russian River Tributaries:
Grape Creek, Mill Creek, Dutch
Bill Creek, Green Valley Creek,
Mark West Creek.
Salinas River 2 Winter Steelhead Trout, Foothill Yellow-Legged Frog, Mid ($400,000 - $800,000)
California Red-Legged Frog, Western Pond Turtle
Watershed significant to both habitat and economy, but with
no instream flow requirements
Salmon River 2 Coho Salmon, Chinook Salmon, Steelhead Trout, Foothill Mid ($400,000 - $800,000)
Yellow-Legged Frog, Western Pond Turtle
Stream identified by DFG in 2004 Recovery Plan
San Antonio Creek (Santa 1 Southern Steelhead Trout, Foothill Yellow-Legged Frog, Low ($150,000 - $400,000)
Barbara County) California Red-Legged Frog, Western Pond Turtle
San Benito River 2 Winter Steelhead Trout, Foothill Yellow-Legged Frog, Mid ($400,000 - $800,000)
California Red-Legged Frog, Western Pond Turtle
San Dieguito Creek 1 Southern Steelhead Trout, Western Pond Turtle Low ($150,000 - $400,000)
Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan
San Francisquito Creek 2 Winter Steelhead Trout, California Red-Legged Trout, Low ($150,000 - $400,000)

Western Pond Turtle
Stream identified by CEMAR in 2007 Watershed Evaluation

San Gabriel River (Main
Stem, North Fork, West
Fork, East Fork)

Southern Steelhead Trout, Western Pond Turtle
Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

High ($800,000 - $2,000,000)

San Geronimo Creek

Coho Salmon, Winter Steelhead Trout, Foothill Yellow-
Legged Frog, California Red-Legged Frog, Western Pond
Turtle

Stream identified by DFG in 2004 Recovery Plan

Low ($150,000 - $400,000)

San Gregorio Creek

Coho Salmon, California Red-Legged Frog, Western Pond

Low ($150,000 - $400,000)
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Water Body Priority Threatened, Endangered, and Sensitive Aquatic Species Estimated Cost Range for
Group Present (or Historically Present) and Other Rationale for Contracted Studies and
Inclusion Potential Cost Savings>
Turtle Studies underway by American
Stream identified by NMFS in 2010 Recovery Plan Rivers and Stillwater.
Stream identified by DFG in 2008 Priority Streams List
San Juan Creek (Incl. 1 Southern Steelhead Trout, California Red-Legged Frog, Mid ($400,000 - $800,000)
Arroyo Trabuco) Arroyo Toad, Western Pond Turtle
Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan
San Lorenzo River 2 Coho Salmon, Winter Steelhead Trout, Foothill Yellow- Mid ($400,000 - $800,000)

Legged Frog, California Red-Legged Frog, Western Pond
Turtle

Stream identified by DFG in 2004 Recovery Plan

Stream identified by NMFS in 2010 Recovery Plan

San Luis Rey River

Southern Steelhead Trout, California Red-Legged Frog,
Arroyo Toad, Western Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Mid ($400,000 - $800,000)

San Mateo Creek

Southern Steelhead Trout, Arroyo Toad, Western Pond
Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Mid ($400,000 - $800,000)

San Onofre Creek

Southern Steelhead Trout, Arroyo Toad, Western Pond
Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

San Vicente Creek (Santa
Cruz)

Coho Salmon, Winter Steelhead Trout, Foothill Yellow-
Legged Frog, California Red-Legged Frog, Western Pond
Turtle

Stream identified by DFG in 2004 Recovery Plan

Stream identified by NMFS in 2010 Recovery Plan

Low ($150,000 - $400,000)

Santa Anita Canyon Creek

Southern Steelhead, California Red-Legged Frog, Western
Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Santa Clara River

Southern Steelhead Trout, California Red-Legged Frog,
Foothill Yellow-Legged Frog, Arroyo Toad, Western Pond
Turtle

Stream identified by NMFS in 2009 Public Review Draft

High ($800,000 - $2,000,000)

17




Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range for
Contracted Studies and

Potential Cost Savings2

Recovery Plan

Santa Margarita River

Southern Steelhead Trout, Arroyo Toad, Western Pond
Turtle

Stream identified by DFG in 2008 Priority Streams List
Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Mid ($400,000 - $800,000)

Santa Maria River

Southern Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle

Stream identified by DFG in 2008 Priority Streams List
Stream provides steelhead migratory access to Sisquoc
River

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Mid ($400,000 - $800,000)

Santa Paula Creek

Southern Steelhead Trout, California Red-Legged Frog,
Foothill Yellow-Legged Frog, Arroyo Toad, Western Pond
Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Santa Rosa Creek

Winter Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle
Creek often dry in lower reaches

Mid ($400,000 - $800,000)

Santa Ynez River

Southern Steelhead Trout, Tidewater Goby, Foothill Yellow-
Legged Frog, California Red-Legged Frog, Arroyo Toad,
Western Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Mid ($400,000 - $800,000)

Scott River

Coho Salmon, Chinook Salmon, Steelhead Trout, Scott Bar
Salamander, Long-toed Salamander, Foothill Yellow-
Legged Frog

Stream identified by DFG in 2004 Recovery Plan

Stream identified by DFG in 2008 Priority Streams List
Recent stream de-watering events

High ($800,000 - $2,000,000)

Sespe Creek (Incl.
tributaries)

Southern Steelhead Trout, California Red-Legged Frog,
Foothill Yellow-Legged Frog, Arroyo Toad, Western Pond
Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

High ($800,000 - $2,000,000)
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Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range for
Contracted Studies and

Potential Cost Savings2

Shasta River

1

Coho Salmon, Chinook Salmon, Steelhead Trout, Shasta
Salamander, Long-toed Salamander

Stream identified by DFG in 2004 Recovery Plan

Stream identified by DFG in 2008 Priority Streams List

High ($800,000 - $2,000,000)

Sisar Creek

Southern Steelhead Trout, California Red-Legged Frog,
Foothill Yellow-Legged Frog, Arroyo Toad, Western Pond
Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Sisquoc River (Incl. La Brea
Creek (Two Forks))

Southern Steelhead Trout, Foothill Yellow-Legged Frog,
California Red-Legged Frog, Western Pond Turtle
Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Mid ($400,000 - $800,000)

Smith River

Coho Salmon, Winter and Summer Steelhead Trout, Green
Sturgeon, Chinook Salmon, Foothill Yellow-Legged Frog,
Northwestern Salamander, Western Pond Turtle

Stream identified by DFG in 2004 Recovery Plan

High ($800,000 - $2,000,000)

Solstice Creek

Southern Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Sonoma Creek

Winter Steelhead Trout, Foothill Yellow-Legged Frog,
California Red-Legged Frog, Western Pond Turtle

Mid ($400,000 - $800,000)

Soquel Creek

Coho Salmon, Steelhead Trout, Foothill Yellow-Legged
Frog, California Red-Legged Frog, Western Pond Turtle
Stream identified by NMFS in 2010 Recovery Plan
Watershed adjudicated but without instream flow
requirements

Low ($150,000 - $400,000)

Suisun Creek

Winter Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle
Stream identified by CEMAR in 2007 Watershed Evaluation

Low ($150,000 - $400,000)

Sweetwater Creek (San
Diego County)

Southern Steelhead Trout, California Red-Legged Frog,
Arroyo Toad, Western Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Topanga Canyon Creek

Southern Steelhead Trout, California Red-Legged Frog,

Low ($150,000 - $400,000)
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Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range for
Contracted Studies and

Potential Cost Savings2

Western Pond Turtle
Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Trancas Canyon

Southern Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle

Low ($150,000 - $400,000)

Sweetwater Creek (San
Diego County)

Southern Steelhead Trout, California Red-Legged Frog,
Arroyo Toad, Western Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Topanga Canyon Creek

Southern Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

Low ($150,000 - $400,000)

Trancas Canyon

Southern Steelhead Trout, California Red-Legged Frog,
Western Pond Turtle

Low ($150,000 - $400,000)

Trinity River (Lower, Middle
and Upper)

Coho Salmon, Winter and Summer Steelhead Trout, Fall
and Spring Chinook Salmon, Foothill Yellow-Legged Frog,
Long-toed Salamander, Western Pond Turtle

Stream identified by DFG in 2004 Recovery Plan

High ($800,000 - $2,000,000)

South Fork Trinity River

Coho Salmon, Winter and Summer Steelhead Trout, Fall
and Spring Chinook Salmon, Foothill Yellow-Legged Frog,
Western Pond Turtle

Stream identified by DFG in 2004 Recovery Plan

Mid ($400,000 - $800,000)

Van Duzen River

Coho Salmon, Chinook Salmon, Steelhead Trout, Foothill
Yellow-Legged Frog, Northwestern Salamander, Western
Pond Turtle

Stream identified by DFG in 2004 Recovery Plan

Mid ($400,000 - $800,000)

Ventura River

Southern Steelhead Trout California Red-Legged Frog,
Foothill Yellow-Legged Frog, Arroyo Toad, Western Pond
Turtle

Stream identified by NMFS in 2009 Public Review Draft
Recovery Plan

High ($800,000 - $2,000,000)

Waddell Creek

Coho Salmon, Winter Steelhead Trout, Foothill Yellow-
Legged Frog, California Red-Legged Frog, Western Pond
Turtle

Stream identified by DFG in 2004 Recovery Plan

Low ($150,000 - $400,000)
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Water Body

Priority
Group

Threatened, Endangered, and Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for
Inclusion

Estimated Cost Range for
Contracted Studies and

Potential Cost Savings2

= Stream identified by NMFS in 2010 Recovery Plan

Winchuck River

=  Coho Salmon, Winter Steelhead Trout, Chinook Salmon,

Cutthroat Trout, Foothill Yellow-Legged Frog, Northwestern
Salamander, Western Pond Turtle

» Stream identified by DFG in 2004 Recovery Plan

Mid ($400,000 - $800,000)

Schedule 3 (Table D)

High Priority Rivers and Streams that Support Only Non-Anadromous Species

Water Body Priority Threatened, Endangered, or Sensitive Aquatic Species Estimated Cost Range for
Group Present (or Historically Present) and Other Rationale for Contracted Studies and
Inclusion Potential Cost Savings®
Buckeye Creek 1 = Lahontan Cutthroat Trout, Sierra Nevada Yellow-Legged Low ($150,000 - $400,000)
Frog, Yosemite Toad
= East Walker River watershed identified by USFWS in 1994
Recover Plan
Cow Head Slough 2 = Cow Head Lake Tui Chub Low ($150,000 - $400,000)
=  Stream identified by USFWS in 1998 Recovery Plan
Deep Creek 2 = Mojave Tui Chub, California Red-Legged Frog, Sierra Low ($150,000 - $400,000)
Madre Yellow-Legged Frog, Arroyo Toad, Western Pond
Turtle
= Stream identified by NPS in 2004 Workshop to Revisit
Recovery Plan
= Mojave River watershed identified by USFWS in 1984
Recovery plan.
Escondido Creek (San 2 =  Western Pond Turtle Low ($150,000 - $400,000)
Diego County) = Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database
Green Creek 1 = Lahontan Cutthroat Trout, Sierra Nevada Yellow-Legged Low ($150,000 - $400,000)
Frog, Yosemite Toad
= East Walker River watershed identified by USFWS in 1994
Recover Plan
Hot Creek 2 = Owens Sucker, California Floater Freshwater Mussel Low ($150,000 - $400,000)

= Stream provides habitat for species classified as sensitive

* Note: until all stakeholders for each stream are contacted, and an evaluation of existing information is complete, a true picture of potential cost savings will not be

possible.
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Water Body

Priority
Group

Threatened, Endangered, or Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for

Inclusion

Estimated Cost Range for
Contracted Studies and

Potential Cost Savings3

per the California Natural Diversity Database

Independence Creek

Lahontan Cutthroat Trout, Sierra Nevada Yellow-Legged
Frog

Little Truckee River watershed identified by USFWS in
1994 Recovery Plan

Low ($150,000 - $400,000)
Flow studies in progress by the
Department of Water
Resources.

Lee Vining Creek

Sierra Nevada Yellow-Legged Frog, Yosemite Toad, Mount
Lyell Salamander

Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

Mid ($400,000 - $800,000)

Little Rock (Littlerock) Creek
(Eastern LA County)

Sierra Madre Yellow-Legged Frog, Arroyo Toad
Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

Mid ($400,000 - $800,000)

Little Truckee River

Lahontan Cutthroat Trout, Sierra Nevada Yellow-Legged
Frog

Little Truckee River Watershed identified by USFWS in
1994 Recovery Plan

Mid ($400,000 - $800,000)

Los Pefiasquitos Canyon
Creek

Arroyo Toad, Western Pond Turtle
Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

Low ($150,000 - $400,000)

Lost River

Shortnose Sucker, Lost River Sucker, Western Pond Turtle
Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

Mid ($400,000 - $800,000)

Mammoth Creek

Owens Sucker, California Floater Freshwater Mussel
Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

Low ($150,000 - $400,000)

Mill Creek (Mono Basin)

Sierra Nevada Yellow-Legged Frog, Yosemite Toad, Mount
Lyell Salamander

Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

Low ($150,000 - $400,000)

Mojave River and
Tributaries

Mojave Tui Chub, California Red-Legged Frog, Sierra
Madre Yellow-Legged Frog, Arroyo Toad, Western Pond
Turtle

Mojave River watershed identified by USFWS in 1984
Recovery plan.

High ($800,000 - $2,000,000)

West Fork Mojave River

Mojave Tui Chub, California Red-Legged Frog, Sierra
Madre Yellow-Legged Frog, Arroyo Toad, Western Pond

High ($800,000 - $2,000,000)

22




Water Body

Priority
Group

Threatened, Endangered, or Sensitive Aquatic Species
Present (or Historically Present) and Other Rationale for

Inclusion

Estimated Cost Range for
Contracted Studies and

Potential Cost Savings3

Turtle
Mojave River watershed identified by USFWS in 1984
Recovery plan.

Owens River and
Tributaries

Owens Tui Chub, Owens Speckled Dace, Owens Sucker,
Owens Pupfish, Northern Leopard Frog, Sierra Nevada
Yellow-Legged Frog

Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

High ($800,000 - $2,000,000)

Pine Creek (Tributary to
Eagle Lake, Lassen County)

Eagle Lake Rainbow Trout
Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

Mid ($400,000 - $800,000)

Reverse Creek

Sierra Nevada Yellow-Legged Frog, Yosemite Toad, Mount
Lyell Salamander

Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

Low ($150,000 - $400,000)

Rush Creek

Sierra Nevada Yellow-Legged Frog, Yosemite Toad, Mount
Lyell Salamander

Stream provides habitat for species classified as sensitive
per the California Natural Diversity Database

Mid ($400,000 - $800,000)

Robinson Creek

Lahontan Cutthroat Trout, Sierra Nevada Yellow-Legged
Frog, Yosemite Toad

East Walker River watershed identified by USFWS in 1994
Recover Plan

Low ($150,000 - $400,000)

Sagehen Creek

Lahontan Cutthroat Trout, Sierra Nevada Yellow-Legged
Frog

Little Truckee River Watershed identified by USFWS in
1994 Recovery Plan

Low ($150,000 - $400,000)
Flow studies in progress by the
Department of Water
Resources.

Virginia Creek

Lahontan Cutthroat Trout, Sierra Nevada Yellow-Legged
Frog, Yosemite Toad

East Walker River watershed identified by USFWS in 1994
Recover Plan

Low ($150,000 - $400,000)

East Walker River

Lahontan Cutthroat Trout, Sierra Nevada Yellow-Legged
Frog, Yosemite Toad

East Walker River watershed identified by USFWS in 1994
Recover Plan

Mid ($400,000 - $800,000)
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VI. Public Workshop and Possible Next Steps

On November 2, 2010, the State Water Board issued a Notice of Opportunity for Public
Comment and Notice of Public Workshop regarding an earlier draft version of this
report. The notice for the workshop requested information on:
(1) Whether there are streams that should be added to the list;
(2) Whether there are existing and adequate streamflow studies for streams that
are on the list; and
(3) Whether there is other information available on likely costs that will help
inform the State Water Board.

The State Water Board received 12 comment letters by the November 10" deadline, all
of which are posted and available for viewing on the State Water Board’s website at:
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/ .

On November 16, 2010, the State Water Board held the public workshop. Three
individuals provided verbal comments before a quorum to the State Water Board.
Additional changes made to this report as a result of the comments received include:

= The addition of San Gregorio Creek in San Mateo County. This creek was
recommended as an addition by The Nature Conservancy and noted in the
Trout Unlimited (TU) comment letter as having instream flow studies in
progress. It was identified as a priority stream in the 2008 DFG list for
instream flow studies and the 2010 NMFS Coho Recovery Plan.

= Streamflow enhancement projects in process for lower Russian River
tributaries were added to the cost estimate column of Schedule 2. The
organizations working on these enhancement projects may have study
information that can defray our initial cost estimate, though a detailed
examination would be needed.

= The rationale for including the specific rivers and streams under each
Schedule was expanded.

The most effective way for the state to use limited resources towards improving
instream flows is to partner with stakeholders and other organizations to avoid
duplicative studies and supplement work already being done. For each water body, the
following six steps are recommended before the initiation of any new studies:

A review and analysis of existing studies and literature.

A physical site visit to specific locations.

The identification and inclusion of stakeholders.

An analysis of known fisheries impacts and/or water quality impairments.
The development of an initial list of scientific studies that may be required.
The development of a list of water right users and water rights.

2B

VIl. Conclusions
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In accordance with Chapter 5 of the 2009-10 Seventh Extraordinary Session, the State
Water Board developed a prioritized schedule and estimate of costs to complete
instream flow studies for:

(1)  high priority rivers and streams in the Delta watershed that were not
covered in the Board’s “Final Report on Development of Flow Criteria for
the Sacramento-San Joaquin Delta Ecosystem” by 2012; and

(2) all major rivers and streams outside the Sacramento River watershed by
2018.

The purpose of this report is to inform the Legislature as to the complexities and
resources involved in completing instream flow studies and to identify waterbodies that
serve as habitat for threatened and endangered species that may benefit from instream
flow studies. Most of the rivers and streams identified in this report were previously
identified in recovery strategies by other state and federal agencies and third party non-
governmental organizations. More research is required before this report can serve as
an official plan, and even then it will need to be continually updated as new information
is discovered and priorit