Chapter 13
Hydrology — Groundwater

This chapter describes the affected environment for
groundwater, as well as potential environmental consequences
and associated mitigation measures, as they pertain to
implementing the alternatives. It focuses primarily on
identified groundwater basins that occur in the extended study
area (San Joaquin River from Friant Dam to the Merced River,
the San Joaquin River from the Merced River to the Delta, the
Delta, and the CVP and SWP water service areas).

Affected Environment

This section describes the affected environment related to
groundwater resources in the San Joaquin River and Tulare
Lake hydrologic regions (see Figure 13-1). Both of these
regions have historically relied greatly on groundwater
extracted from the San Joaquin Valley Groundwater Basin.

The San Joaquin River Hydrologic Region consists of surface
water basins draining into the San Joaquin River system, from
the Cosumnes River Basin on the north through the southern
boundary of the San Joaquin River Basin (DWR 2009). In
addition to the San Joaquin Valley Groundwater Basin, the San
Joaquin River Hydrologic Region also includes Yosemite
Valley, Los Banos, and Creek Valley groundwater basins
(DWR 2009). The Yosemite, Los Banos, and Creek Valley
groundwater basins are discrete, peripheral basins, unconnected
to the San Joaquin Valley Groundwater Basin, and will not be
further discussed in this chapter.

The Tulare Lake Hydrologic Region is a closed drainage basin
at the southern end of the San Joaquin Valley, south of the San
Joaquin River Basin, encompassing surface water basins
draining to the Kern Lake bed, Tulare Lake bed, and Buena
Vista Lake bed (DWR 2009). The Tulare Lake Hydrologic
Region includes 12 distinct groundwater basins and 7
subbasins of the San Joaquin Valley Groundwater Basin
Groundwater use in this hydrologic region has historically
accounted for 41 percent of the total annual water supply in the
region and represents 35 percent of all groundwater use in the
State (DWR 2009).
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The primary study area, including the area of project features,
the Temperance Flat Reservoir Area, and Millerton Lake, are
all outside of mapped alluvial groundwater basins as defined
by DWR. Groundwater in those areas occurs primarily in
fractured bedrock, and in-depth understanding of the resource
(e.g., from detailed field studies) does not exist (Millerton Area
Watershed Coalition 2003). It is expected that any groundwater
wells that do exist in the primary study area are used for
domestic purposes.

The focus of this chapter is the San Joaquin Valley
Groundwater Basin, whose subbasins encompass most of the
extended study area, including the San Joaquin River
downstream from Friant Dam, the San Joaquin River from the
Merced River confluence to the Delta, the Delta, and much of
the CVP/SWP water service areas. The San Joaquin Valley
Groundwater Basin is the primary groundwater basin in the
San Joaquin River and Tulare Lake hydrologic regions and
makes up the southern two-thirds of the 400-mile-long,
northwest trending asymmetric trough of the Central Valley
regional aquifer system in the southern extent of the Great
Valley Geomorphic Province (Page 1986). The San Joaquin
Valley Groundwater Basin is bounded to the west by the Coast
Ranges, to the south by the San Emigidio and Tehachapi
mountains, to the east by the Sierra Nevada, and to the north by
the Delta and Sacramento Valley (DWR 2003).

Nine subbasins of the San Joaquin Valley Groundwater basin
are located in the San Joaquin River Hydrologic Region
(including Eastern San Joaquin, Modesto, Turlock, Merced,
Chowchilla, Madera, Delta-Mendota, Tracy, and Cosumnes)
and seven subbasins (including Kings, Westside, Pleasant
Valley, Kaweah, Tulare Lake, Tule, and Kern County) are in
the Tulare Lake Hydrologic Region (DWR 2003). Detailed
site-specific information on all groundwater subbasins in the
extended study area is limited and is not uniformly available or
always current; but where available, such information is
included in this chapter.
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Figure 13-1. Subbasins of the San Joaquin Valley Groundwater Basin
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Groundwater Resources of the San Joaquin River
Hydrologic Region

This section describes regional and subbasin hydrogeology,
groundwater storage and production, groundwater levels, land
subsidence, groundwater quality, agriculture subsurface
drainage, and seepage and water-logging in the portion of the
San Joaquin Valley Groundwater Basin within the San Joaquin
River Hydrologic Region.

Hydrogeology

The following sections describe regional hydrogeology and
subbasin hydrogeology in the San Joaquin River Hydrologic
Region.

Regional Hydrogeology As reported in the Draft CVPIA
Programmatic EIS (Reclamation 1997), groundwater in the San
Joaquin River Hydrologic Region historically flowed from the
valley flanks to the axis of the valley during predevelopment
conditions, then north toward the Delta. In the 1920s,
development of deep-well turbine pumps and increased
availability of electricity led to expansion of agriculture which
ultimately led to declining groundwater levels between 1920
and 1950 (DWR 2003).

Groundwater pumping and recharge from imported irrigation
water have resulted in a change in regional flow patterns. Flow
largely occurs from areas of recharge toward areas of lower
groundwater levels because of groundwater pumping (Bertoldi
et al. 1991). Vertical movement of water in the aquifer has
been altered in this region as a result of thousands of wells
constructed with perforations above and below the confining
unit (Corcoran Clay) where present, providing a direct
hydraulic connection (Bertoldi et al. 1991).

The San Joaquin Valley is located in an asymmetric structural
trough in the Central Valley, and it has accumulated up to 6
vertical miles of sediment, including marine and continental
rocks and deposits (Page 1986). The eastern side of the valley
is underlain by granitic and metamorphic rocks that slope
gently from the outcrops of the Sierra Nevada. The western
side and part of the eastern side of the valley are underlain by a
mafic and ultramafic (high in mafic minerals including those
containing high concentrations of magnesium and iron)
complex that is also part of the Sierra Nevada. The continental
and marine rocks deposited in the San Joaquin Valley range in
thickness from tens of feet to more than 2,000 feet (Page
1986).
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The aquifer system of the San Joaquin Valley Groundwater
Basin is divided into two major aquifers: an unconfined-to-
semiconfined aquifer above the Corcoran Clay (E-clay) and a
confined aquifer beneath the Corcoran (Mitten et al. 1970,
Williamson et al. 1989). The unconfined-to-semiconfined
aquifer can generally be divided into three hydrogeologic units
based on the source of the sediment: Coast Ranges alluvium,
Sierra Nevada sediments, and flood-basin deposits (see Figure
13-2 and Figure 13-3). The Tulare Lake Hydrologic Region
also contains Tulare Lake sediments, which demonstrate the
presence of several dry lakebeds in the region.
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Source: Modified from Page 1986 and Reclamation et al. 1990a

Figure 13-2. Approximate Boundary of Corcoran Clay and Transect Lines for
Hydrogeologic Cross Sections
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San Joaquin River Hydrologic Region

NOT TO SCALE
Tulare Lake Hydrologic Region

NOT TO SCALE
Source: Reclamation et al. 1990a

Figure 13-3. Generalized Hydrogeologic Cross Sections in San Joaquin River and Tulare
Lake Hydrologic Regions

The alluvial deposits from the Coast Ranges are derived largely
from the erosion of marine rocks from the Coast Ranges. These
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deposits are up to 850 feet thick along the western edge of the
valley and taper off to the east as they approach the center of
the valley floor (Belitz and Heimes 1990). The alluvial deposits
contain a large proportion of silt and clay, are high in salts, and
also contain elevated concentrations of selenium and other
trace elements.

The Sierra Nevada sediments on the eastern side of the region
are derived primarily from granitic rock and consist of
predominantly well-sorted micaceous sand (Miller et al. 1971).
These deposits make up most of the total thickness of
sediments along the valley axis and gradually thin to the west
until pinching out near the western boundary. The Sierra
Nevada sediments are relatively permeable with hydraulic
conductivities three times the conductivities of deposits from
the Coast Ranges (Belitz and Heimes 1990).

The flood-basin deposits are relatively thin and were derived in
recent time from sediments of the Coast Ranges to the west and
from sediments of the Sierra Nevada to the east. These deposits
occur along the center of the valley floor and consist primarily
of moderately to densely compacted clays ranging between 5
and 35 feet thick (Belitz and Heimes 1990).

On a regional scale, the Corcoran Clay (E-clay) member of the
Tulare Formation divides the groundwater system. The
Corcoran Clay ranges from 0 to 160 feet thick, and is found
between 80 feet deep near Chowchilla, to 400 feet below the
land surface to the southwest (Mitten et al. 1970). The confined
aquifer is overlain by the Corcoran Clay and consists of mixed
origin sediments.

The unconfined to semiconfined aquifer system of the San
Joaquin Valley has historically been recharged by mountain
rain and snowmelt along the valley margins (McBain and
Trush 2002). Recharge has generally occurred by stream
seepage, deep percolation of rainfall, and subsurface inflow
along basin boundaries. As agricultural practices expanded in
the region, recharge was augmented with deep percolation of
applied agricultural water and seepage from the distribution
systems used to convey this water. Recharge of the lower
confined aquifer consists of subsurface inflow from the valley
floor and foothill areas to the east of the eastern boundary of
the Corcoran Clay. Present information indicates that the clay
layers, including the Corcoran Clay, are not continuous in
some areas, and some seepage from the semiconfined aquifer
above does occur through the confining layer. It has been
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reported that the hydraulic head in the semiconfined aquifer
was less than that in the confined aquifer, and the pressure
differential has led to an upward gradient (artesian condition),
allowing groundwater to discharge at the surface to the river
and valley (McBain and Trush 2002).

Subbasin Hydrogeology The primary water-bearing units of
the San Joaquin Valley Groundwater Basin subbasins in the
San Joaquin River Hydrologic Region (see Figure 13-1) are
described by DWR in California’s Groundwater — Bulletin 118
(DWR 2003). The water-bearing formations of the Tracy and
Delta-Mendota subbasins in the northwestern portion of the
San Joaquin Valley Groundwater Basin consist of continental
deposits of Late Tertiary to Quaternary age, and include the
Tulare Formation, older alluvium, flood-basin deposits, and
younger alluvium (DWR 2003). Water-bearing formations of
the Delta-Mendota Subbasin also include terrace deposits.
Deposits in the subbasins range in thickness from a few
hundred feet at the foothills of the Coast Ranges to
approximately 3,000 feet along the eastern edge of the
subbasins.

Table 13-1. Net Changes in Annual Groundwater Storage
for Water Years 1998 Through 2005

Water Year Net Change |(r_:_AA||:1)nuaI Storage
1998 -444
1999 -1,858
2000 -96
2001 -1,260
2002 -1,839
2003 -992
2004 -2,976
2005 -1,251
Source: DWR 2009

Key:
TAF = thousand acre-feet

To the east, the Cosumnes Subbasin also consists of continental
deposits of similar age and Miocene/Pliocene Volcanics of the
Mehrten Formation. The older alluvium of the Cosumnes
Subbasin consists of sediments of the Modesto, Riverbank,
Victor, and Laguna formations. South of the Cosumnes
Subbasin, the Eastern San Joaquin Subbasin consists of
alluvium and the Modesto/Riverbank formations, flood-basin
deposits, the Laguna Formation, and the Mehrten Formation
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(DWR 2003). Water-bearing deposits of the Modesto, Turlock,
and Merced subbasins consist of consolidated and
unconsolidated sedimentary deposits of the lone, Valley
Springs, and Mehrten formations. The Chowchilla and Madera
subbasins consist of unconsolidated water-bearing deposits of
Pleistocene and Holocene age. The unconsolidated deposits
consist of continental deposits of Tertiary and Quaternary age.

Groundwater Storage and Production

The following sections describe historical and existing
groundwater storage and production conditions in the San
Joaquin River Hydrologic Region.

Groundwater Storage Using the Central Valley Hydrologic
Model (CVHM), the USGS simulated historical cumulative
change in groundwater storage in the Central Valley, including
the San Joaquin River and Tulare Lake hydrologic regions (see
Figure 13-4) (Faunt 2009). Groundwater storage in the San
Joaquin Valley reached a low point in 1978 in response to the
1976-through-1977 drought. However, by the early 1980s,
groundwater storage had returned to pre-drought conditions.
Groundwater storage declined again as a result of the drought
from 1987 through 1992, which resulted in continued declines
in groundwater storage in 1991 and 1992 to levels lower than
recorded during the previous low in 1978. Results from the
USGS CVHM study of simulated annual recharge and
discharge between 1962 and 2003 indicate an estimated net
loss of 57.7 MAF from aquifer storage in the Central Valley
(Faunt 2009). Table 13-1 presents the net changes in
groundwater storage for Water Years 1998 through 2005
(DWR 2009).

Analysis of data from the Gravity Recovery and Climate
Experiment satellite mission from October 2003 to March 2010
indicates a 20.3 cubic kilometer (approximately 16.5 MAF)
loss of groundwater storage in the Central Valley (Sacramento
and San Joaquin river basins, including the Tulare Basin)
(Famiglietti et al. 2011).

For the San Joaquin River Hydrologic Region, DWR Bulletin
160-93 estimated the available groundwater storage capacity to
be 24 MAF. DWR’s definition of usable storage capacity is
based on aquifer properties (i.e., permeability), groundwater
quality, and economic considerations such as the cost of well
drilling and energy costs (DWR 1994). DWR Bulletin 160-93
defined perennial yield as “...the amount of groundwater that
can be extracted without lowering groundwater levels over the
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long-term” and determined perennial yield to be 3.3 MAF
(DWR 1994). This estimated perennial yield is directly
dependent on the amount of recharge received by the
groundwater basin, which can change over time.

Source: Faunt 2009

Figure 13-4. Simulated Cumulative Change in Groundwater Storage by
Water Year for the Central Valley and San Joaquin River and Tulare Lake
Hydrologic Regions from 1962 Through 2003
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Groundwater Production Figure 13-5 illustrates the close
correlation between increasing agricultural acreage and
increasing groundwater production in the San Joaquin River
Hydrologic Region from 1922 through 1980 using data
developed as part of the Central Valley Ground-Surface Water
Model (GSM) (Reclamation et al. 1990b). Table 13-2
highlights the timeline of events that have affected
groundwater production in the San Joaquin River Hydrologic
Region for the period shown in Figure 13-5.The data presented
in Figure 13-5 extend through 1980; however, a recent study
by USGS (Faunt 2009) reports simulated groundwater
pumping for the whole Central Valley using CVHM from 1962
through 2003, as illustrated in Figure 13-6.
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Source: Faunt 2009

Figure 13-6. Simulated Groundwater Pumping in Central Valley from 1962—-2003
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Table 13-2. Timeline of Historical Events Affecting
Groundwater Production in the San Joaquin River
Hydrologic Region

Date Historical Event
1928-1934 Drought Period
1935-1944 Wet Period

1941 Friant Dam Online

1943 Madera Canal Online

1949 Friant-Kern Canal Online

1951 Delta-Mendota Canal Online

1967 San Luis Dam/Canal Online

1967 California Aqueduct Online

1967 Oroville Dam Online
1976-1977 Drought Period
1987-1992 Drought Period

The groundwater pumping data presented in Figure 13-5 are
based on estimated pumping, water demands, and historical
surface water supplies. The agricultural acreage data used in
the analysis were based on DWR estimates developed as part
of depletion studies. Annual groundwater pumping in the San
Joaquin Hydrologic Region from 1922 through 1980 ranged
between 1.6 MAF in 1922 and 4.7 MAF in 1977. Groundwater
pumping in the San Joaquin Hydrologic Region and the whole
Central Valley rose steadily through the 1970s, but varied
greatly depending on hydrologic conditions, and reached a
peak during the 1976-through-1977 drought period. Hydrologic
conditions for the years immediately following the drought
(1978, 1979, and 1980) were relatively wet, which allowed for
a reduction in pumping following the drought period because
more surface water was available.

As illustrated in Figure 13-6, reduced surface water deliveries
and critically dry hydrologic conditions during the 1987-
through-1992 drought period also resulted in increased
pumping in the 1990s. In 1990, an estimated 3.5 MAF of
groundwater were pumped from the San Joaquin River
Hydrologic Region. The groundwater pumped from the region
in 1990 exceeded the estimated perennial yield by
approximately 200 TAF (DWR 1994). Groundwater
extractions in the San Joaquin Valley during the first 5 years of
the 1987-through-1992 drought exceeded recharge by 11 MAF,
causing land subsidence in some areas (DWR 2005b). All of
the subbasins in the San Joaquin River Hydrologic Region
experienced some overdraft (DWR 1994). Groundwater
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overdraft describes the condition of a basin in which the
amount of water withdrawn by pumping exceeds the amount of
water that recharges the basin over a period of years during
which water supply conditions approximate average conditions
(DWR 2005b). At a 1995 level of development, annual average
groundwater overdraft was estimated at about 240 TAF in the
San Joaquin River Hydrologic Region (DWR 1998).

Although a comprehensive assessment of overdraft in
California’s subbasins has not been completed since 1980, the
California Water Plan Update 2009 reports that three of the
subbasins in the San Joaquin River Hydrologic Region
(Chowchilla, Eastern San Joaquin, and Madera) are in critical
overdraft conditions (DWR 2009).

Following the 1987-through-1992 drought, USGS simulated a
reduction in groundwater pumping in the Central Valley during
a Wet hydrologic period from 1993 through 1998 (Faunt 2009).
Groundwater pumping in the Central Valley began to increase
in 1998 at the start of a variable to Dry hydrologic period, as
illustrated in Figure 13-6.

Typical production in the subbasins in the San Joaquin River
Hydrologic Region is shown in Table 13-3 (DWR 1998, 2003).
Burt developed estimates of gross irrigation well pumping for
some of the Friant Division contractors for 1987 through 2003
(Burt 2005). Gross irrigation well pumping is not equivalent to
net groundwater extraction volumes because inefficiencies
associated with pumping a groundwater well are not accounted
for with this estimation method. In the San Joaquin River
Hydrologic Region, Burt estimated gross groundwater
pumping for the Chowchilla Water District (WD), Gravelly
Ford WD, and Madera ID (2005). Information was not
available for other Friant Division contractors in the San
Joaquin River Hydrologic Region, including Fresno County
Water Works No. 18 and Hidden Lakes Estates. Table 13-4
summarizes average annual gross groundwater pumping by
some Friant Division contractors, as described above.
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Table 13-3. Typical Annual Groundwater Production in
San Joaquin River Hydrologic Region

Subbasin Extraction (TAF/year)
Chowchilla 260
Delta-Mendota 510
Madera 570
Merced 560
Modesto 230
Turlock 450
Source: DWR 1998 and 2003

Key:
TAF = thousand acre-feet

Table 13-4. Average Annual Gross Groundwater Pumping
for Friant Division Contractors in San Joaquin River
Hydrologic Region

Average Average Average
Gross Gross Gross
District Ground\(vater Groundyvater Groundyvater
Pumping Pumping Pumping
(TAFl/year) (TAFl/year) (TAFl/year)
1987-1992 1987-1999 1987-2003
Chowchilla WD 137 104 107
Gravelly Ford WD 25 20 20
Madera ID 215 157 165
Source: Burt 2005

Key:

ID = Irrigation District
TAF = thousand acre-feet
WD = Water District

Estimates of gross groundwater pumping for Friant Division
long-term contractors in Table 13-4 potentially overestimate
actual groundwater pumping, but no historical pumping records
were publicly available to validate the estimates. Because these
estimates are based on cropping patterns, changes to the crops
in production could result in changes to gross groundwater
pumping estimated in more recent years.

Groundwater Levels

Between 1920 and 1950, expansion of agricultural practices
caused declines in groundwater levels in many areas of the San
Joaquin River Hydrologic Region. Along the east side of the
region, declines have ranged between 40 and 80 feet since
predevelopment conditions (estimated conditions for 1860)
(Williamson et al. 1989). Groundwater levels declined
substantially in Chowchilla, Madera, western Kings, Pleasant
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Valley, Tule, and Kern counties, which depended heavily on
groundwater for irrigation (Williamson et al. 1989). However,
in 1950, the Friant-Kern Canal began delivering surface water
to part of the eastern side of the San Joaquin Valley and, as a
result, water-level declines reversed because of the decrease in
groundwater pumping (Williamson et al. 1989).

Beginning in the 1940s, water levels declined along the west
side of the San Joaquin River Hydrologic Region, dropping
more than 30 feet by 1960. Groundwater levels in deeper wells
drilled into the confined aquifer of northwestern Fresno County
were recorded as ranging from 200 feet below msl to sea level
in spring 1960 (reported by Reclamation 1997). Groundwater
levels in this area were recorded as ranging between 200 feet
and 100 feet below msl by spring 1970. In central San Joaquin
County, groundwater levels reached 50 feet below msl in
spring 1970, which led to saline groundwater intrusion
problems for the City of Stockton (Reclamation 1997). Pre-
drought groundwater levels in spring 1970 in the San Joaquin
River and Tulare Lake hydrologic regions are presented in
Figure 13-7.

Beginning in 1967, surface water from the California Aqueduct
became the primary source of irrigation supply to the area
south of Mendota, replacing groundwater as the primary source
(Belitz and Heimes 1990). Groundwater levels in the
unconfined-to-semiconfined aquifer were impacted by drought
conditions that occurred in 1976 and 1977, and were lower
between spring 1970 (Figure 13-7) and spring 1980, but had
recovered to near pre-drought levels by the end of 1980
(Reclamation 1997). The decrease in groundwater pumping
allowed time for the confined aquifer to recover from extensive
pumping. Between 1967 and 1984, the hydraulic head in the
confined aquifer rose between 200 and 300 feet along the
western boundary of the Study Area in Fresno County (Belitz
and Heimes 1990). The confined aquifer groundwater levels in
northwestern Fresno County and western Merced County
increased up to 100 feet by spring 1980.
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Source: DWR 2007b

Figure 13-7. Groundwater Elevations in Spring 1970, San Joaquin Valley
Groundwater Basin
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During the drought of the late 1980s and early 1990s (1987
through 1992), surface water deliveries to WDs in the San
Joaquin Valley were substantially lower than water demands ,
resulting in increased groundwater pumping of the unconfined-
to-semiconfined and confined units of the aquifer system in the
San Joaquin Valley Groundwater Basin (Groundwater
Management Technical Committee 1999, Reclamation 1997).
A regional response to the drought was evident in the basin,
with water levels in the central and eastern portions declining
by 20 to 30 feet (Westlands WD 1995). Following the drought,
groundwater depression areas were present on the east side of
the San Joaquin River Hydrologic Region in Merced and
Madera counties, where groundwater was less than 50 feet
above msl. Groundwater levels declined on the eastern side of
the San Joaquin River Hydrologic Region until 1995 (DWR
2003).

Post-drought conditions in the basin in 1995 are presented in
Figure 13-8. The groundwater contours illustrated in Figure
13-8 depict groundwater elevations in the unconfined-to-
semiconfined aquifers of the San Joaquin Valley Groundwater
Basin.

Figure 13-9 presents the most recent (spring 2010) publically
available groundwater-level conditions in the San Joaquin
River and Tulare Lake hydrologic regions, as reported by
DWR (DWR 2012). These groundwater contours illustrate
groundwater elevations in the unconfined to semiconfined
aquifers of the San Joaquin Valley. The groundwater elevations
indicate that the San Joaquin Valley Groundwater Basin had
substantially recovered from the previous drought (1987
through 1992). Table 13-5 summarizes the ranges in
groundwater elevations in the unconfined aquifer reported on
the groundwater basin contour maps available on the DWR
Web site.
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Source: DWR 2007c

Figure 13-8. Groundwater Elevations in Spring 1995, San Joaquin Valley
Groundwater Basin
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Source: DWR 2012

Figure 13-9. Groundwater Elevations in Spring 2010, San Joaquin Valley
Groundwater Basin
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Table 13-5. Spring 2010 Unconfined Aquifer Contour Map
Groundwater Elevations in Subbasins of San Joaquin
River Hydrologic Region

: Range in Groundwater Elevations
Subbasin
(feet above msl)
Chowchilla 10 130
Delta-Mendota 30 130
Madera 10 200
Merced® 0 170
Modesto? 30 120
Turlock 20 110

Source: DWR 2012

Notes:

! Elevations generally increased from west to east towards the Sierra Nevada, with
localized cones of depression.

% Elevations increased from west to east towards the Sierra Nevada.

Key:

msl = mean sea level

Land Subsidence

Four types of land subsidence occur in the San Joaquin Valley:
aquifer-system compaction due to groundwater-level decline,
near-surface hydrocompaction, subsidence due to fluid
withdrawal from oil and gas fields, and subsidence caused by
deep-seated tectonic movements (Ireland et al. 1984). The first
two types are the primary causes of subsidence in the region;
therefore, the latter two types of subsidence are not discussed
below (subsidence due to tectonic movement is discussed in
Chapter 11, “Geology and Soils™). Land subsidence contours in
the San Joaquin River and Tulare Lake hydrologic regions
from 1926 through 1970 are shown in Figure 13-10.

Aquifer-System Compaction Groundwater-level decline
resulting in compaction of aquifer sediments has been one of
the primary causes of land subsidence in the San Joaquin
Valley Groundwater Basin. In the mid-1920s, land subsidence
began to occur as a result of increased groundwater pumping
for irrigation of crops (Ireland 1986). By the mid-1970s, the
maximum land subsidence in the San Joaquin Valley
Groundwater Basin exceeded 28 feet (Poland et al. 1975). The
decline in groundwater levels in the Central Valley caused at
least 1 foot of land subsidence across more than 5,200 square
miles, affecting nearly half of the irrigated land in the San
Joaquin River and Tulare Lake hydrologic regions by 1977
(Ireland 1986). The most seriously affected areas were located
in the southern and western parts of the Central Valley.
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Source: Williamson et al. 1989

Figure 13-10. Land Subsidence in the San Joaquin River and Tulare Lake Hydrologic
Regions from 1926 to 1970
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In the late 1960s and early 1970s, surface water was imported
via canals, and the California Aqueduct began importing
supplies to the subsiding areas, reducing groundwater pumping
and reducing new land subsidence in the western and southern
portions of the San Joaquin Valley Groundwater Basin (Ireland
1986). However, drought conditions during 1976 and 1977
resulted in high groundwater pumping rates, inducing land
subsidence in areas where it had been observed previously.
Significant land subsidence was detected again in the San
Joaquin Valley Groundwater Basin due to increased
groundwater pumping during the 1987-through-1992 drought.
Land subsidence was also reported between 1984 and 1996
along the DMC. Subsidence in this area affected operations of
the Mendota Dam and Sack Dam and, consequently, the
conveyance of flows in the San Joaquin River (Sneed et al.
2013). Land subsidence measured by DWR between 1990 and
1995 of up to 2 feet was reported along the California
Aqueduct in Westlands WD (Reclamation 1997). Land
subsidence in the San Joaquin River and Tulare Lake
hydrologic regions occurred primarily in western Fresno
County, but extended from Merced County to Kings County.
Maximum land subsidence levels in the Central Valley were
recorded in this area of the San Joaquin Valley Groundwater
Basin. In parts of northwestern Fresno County, land subsidence
levels as great as 30 feet have been measured (Ireland et al.
1984).

Because of the slow drainage of fine-grained deposits,
subsidence at a particular time is typically more closely related
to past groundwater-level changes than to current change. In
the San Joaquin Valley Groundwater Basin, groundwater
extraction increased until large amounts of surface water were
imported through various canals. Although water levels in the
area started to rise, the rate of subsidence began to decrease 3
years after the groundwater levels began to recover
(Reclamation 1997).

Recent changes in groundwater use within the extended study
area are thought to have caused subsidence between the
Eastside Bypass and San Joaquin River near Sack Dam. SLCC
reported subsidence of Sack Dam at rates exceeding 0.5 feet
per year, as well as a cumulative subsidence of approximately
4.5 feet along the Eastside Bypass from 2008 to 2013 (SLCC
2013). Both CCID and SLCC are working with growers in the
western portion of Madera County to develop potential
solutions to subsidence in those areas that directly impact Sack
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Dam and other physical infrastructure (Exchange Contractors
2013 and CCID 2012).

A 2013 study by the USGS that examined the period from
2003 to 2010 found a large subsidence feature centered south
of the town of El Nido (Sneed et al. 2013). The feature, defined
by the area experiencing 0.06 feet (20 millimeters) or more of
subsidence, extended 50 miles (80 kilometers) east to west
(from Check 17 on the DMC to the town of Madera) and 25
miles (40 kilometers) north to south (from near Merced to near
Mendota). According to the study, a maximum 1.77 feet (540
millimeters) of subsidence was observed during 2008 to 2010.

Near-Surface Hydrocompaction Hydrocompaction occurs
when moisture-deficient deposits, which can be
unconsolidated, porous semiarid, or arid, lose strength after
wetting. The wetting process results in a decrease in volume
and an increase in density, which occur when dry deposits
become wet and spontaneously slump, crack, or collapse
(Prokopovich undated). A few areas, totaling about 210 square
miles, on the western and southern ends of the San Joaquin
Valley have been affected by near-surface hydrocompaction
(Williamson et al. 1989). Subsidence in these areas has been
reported to be from 5 to 15 feet (Poland and Evenson 1966).

Groundwater Quality

Groundwater quality in the San Joaquin Valley Groundwater
Basin varies considerably. In general, groundwater quality is
suitable for most urban and agricultural uses, with the
exception of localized problematic areas in the San Joaquin
River Hydrologic Region (DWR 2003). Primary constituents of
concern include total dissolved solids (TDS), boron, chloride,
nitrates, arsenic, selenium, dibromochloropropane (DBCP),
radon, and uranium, which are discussed in this section

Detailed groundwater quality studies have been conducted
sporadically on a localized scale, often as a result of regulatory
requirements, throughout the San Joaquin Valley Groundwater
Basin. USGS released groundwater quality data collected as
part of the Groundwater Ambient Monitoring Assessment
(GAMA) program for the Northern San Joaquin Basin GAMA
and the Central Eastside San Joaquin Basin GAMA study areas
(USGS 2005). The Northern San Joaquin Basin GAMA study
area includes the Tracy, Eastern San Joaquin, and Cosumnes
subbasins, and the USGS defined Uplands area including
portions of the Cosumnes and Eastern San Joaquin subbasins
(Bennett et al. 2006). The Central Eastside San Joaquin Basin
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GAMA study area includes the Modesto, Turlock, and Merced
subbasins, which are located in Stanislaus and Merced counties
(Landon and Belitz 2008). In the future, greater quantitative
and qualitative regional groundwater quality understanding is
anticipated for the remaining areas of both the San Joaquin
River Hydrologic Region and the Tulare Lake Hydrologic
Region through use of USGS GAMA data.

Total Dissolved Solids TDS concentrations vary considerably
throughout the San Joaquin River Hydrologic Region but, in
general, concentrations are highest along the west side of the
region. These higher concentrations are a result of recharged
streamflow originating from marine deposits in the west, and
the concentration of salt due to evaporation and poor drainage
in the center of the hydrologic region (DWR 2003). On the
west side of the Central Valley, TDS concentrations generally
exceed 500 mg/L, and are in excess of 2,000 mg/L along
portions of the western margin of the valley (Bertoldi et al.
1991). Figure 13-11 illustrates TDS concentrations in the entire
Central Valley Groundwater Basin. TDS concentrations above
the secondary maximum contaminant level (MCL) of 500
mg/L have been reported in the Tracy, Merced, Modesto, and
Turlock subbasins (Bennett et al. 2006, Landon and Belitz
2008).

Boron Boron is an essential micronutrient found at low
concentrations in irrigation water (Bertoldi et al. 1991).
However, boron is toxic to most crops at concentrations
exceeding 4.0 mg/L (Bertoldi et al. 1991). Boron
concentrations above the California Department of Public
Health (CDPH) notification limit (NL) of 1,000 micrograms
per liter (ug/L) have been documented in the northwestern
portion of the San Joaquin River Hydrologic Region in the
Tracy Subbasin, extending from the northernmost edge of the
valley west of the San Joaquin River to the Kings-Fresno
county line (Bertoldi et al. 1991, DWR 2003, Landon and
Belitz 2008). DWR reported that it has identified localized
areas with “high” concentrations of boron in the Delta-
Mendota, Modesto, and Turlock subbasins (DWR 2003).
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Source: Adapted from Bertoldi et al. 1991

Figure 13-11. Total Dissolved Solids Concentrations in Central Valley Groundwater Basin
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Chloride Chloride concentrations can be toxic to crops
typically at concentrations higher than 700 mg/L. However,
salinity usually is the primary toxin to plants before chloride
alone reaches toxic levels. In the northwest and north-central
portion of the San Joaquin River Hydrologic Region, along the
course of the San Joaquin River and adjacent lowlands,
chloride concentrations are typically highest. High chloride in
shallow groundwater is predominantly caused by an upward
flow of saline-concentrated groundwater (Bertoldi et al. 1991).
DWR reported that areas of elevated chloride concentrations
have been identified in localized areas of the Tracy, Modesto,
Turlock, Merced, Chowchilla, and Madera subbasins (DWR
2003). Chloride concentrations have been reported above the
secondary MCL of 250 mg/L in the Modesto and Tracy
subbasins (Landon and Belitz 2008, Bennett et al. 2006).

Nitrates Nitrates are prevalent typically in shallow, younger
groundwater throughout the San Joaquin River Hydrologic
Region as a result of disposal of human and animal waste
products and fertilizers. Higher nitrate concentrations, ranging
from 5 to 30 mg/L, may adversely affect select crops. The
MCL for nitrate in drinking water is 10 mg/L. Elevated
concentrations of nitrate have been reported in the Tracy,
Delta-Mendota, Modesto, Turlock, Merced, Chowchilla, and
Madera subbasins (DWR 2003). Nitrate concentrations have
been reported above the MCL in the Merced, Modesto, and
Turlock subbasins (Landon and Belitz 2008). One recent study
tracking historical nitrogen balances suggests that major
reductions in nitrogen loadings from California agriculture will
be required to safeguard groundwater quality (Rosenstock et al.
2014).

Arsenic Arsenic is widely detected and naturally occurring in
the San Joaquin Valley deposits (Burrow et al. 2004, Izbicki et
al. 2008). Arsenic concentrations have been reported above the
MCL of 10 pg/L in the Merced, Turlock, Modesto, Eastern San
Joaquin, and Tracy subbasins (Bennett et al. 2006, Landon and
Belitz 2008).

Selenium In the southwestern portion of the San Joaquin
River Hydrologic Region, selenium can be found as a naturally
occurring element in soils and groundwater, and is considered
nontoxic to humans and animals below the MCL of 0.05 mg/L.
However, the southwestern portion of this hydrologic region
has been the subject of extensive selenium studies because of
the high rate of waterfowl mortality and embryo malformations
in birds nesting in selenium-enriched drainage areas. A median
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concentration of 10 to 11 mg/L was highest in the central and
southern parts of the hydrologic region (south of Los Banos
and south of Mendota) (Bertoldi et al. 1991).

Dibromochloropropane The most notable agricultural
groundwater contaminant in the hydrologic region is DBCP.
DBCP is a soil fumigant and known carcinogen that is now
banned, but was extensively used on grapes and cotton (DWR
2003). The presence of this pesticide coincides with
agricultural land-use patterns and is prevalent in groundwater
at levels above 0.0005 mg/L north of Merced and Stockton.
DBCP is typically observed in shallow, younger groundwater
recharged after 1980 in areas occupied by orchards and
vineyards, where DBCP was commonly used (Bertoldi et al.
1991). DBCP has been reported above the MCL of 0.0002
mg/L in the Merced, Turlock, Cosumnes, and Eastern San
Joaquin subbasins (Bennett et al. 2006, Landon and Belitz
2008). DWR reported that elevated concentrations of DBCP
have also been found in localized areas in the Modesto and
Madera subbasins (DWR 2003).

Radon Radon, a naturally occurring radioactive element, has
received more attention in recent years because of adverse
health effects documented in human occupancy areas, such as
basements or cellars. No current water quality standards exist
for this element; however, the proposed MCL for radon-222 is
300 picocuries per liter (pCi/L). Radon concentrations have
been reported above the proposed MCL in the Merced,
Modesto, Turlock, Eastern San Joaquin, and Tracy subbasins
(Bennett et al. 2006, Landon and Belitz 2008).

Uranium Uranium is naturally occurring in the eastern San
Joaquin Valley, having been derived from granitic rocks of the
Sierra Nevada. Uranium concentrations in groundwater have
exceeded Federal and State drinking water standards in the
eastern San Joaquin Valley for the last 20 years. Uranium
concentrations have been reported above the MCL, 20
picocuries per liter, with most of the reports of exceedance of
the MCL within Modesto, Fresno, and Bakersfield (Jurgens et
al. 2009).

Agriculture Subsurface Drainage

Inadequate drainage and salt accumulation have been persistent
problems for irrigated agricultural lands along the west side
and in parts of the east side of the San Joaquin River
Hydrologic Region for more than a century. The most
extensive problems exist on the west side of the San Joaquin
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River and Tulare Lake hydrologic regions. The drainage
problems developed as a result of imported water from human-
made infrastructure, naturally occurring saline soils, and
distinctive geology that prevents natural drainage.

Soils on the west side of the San Joaquin River Hydrologic
Region are derived from marine sediments that make up the
Coast Ranges and are high in salts and trace elements.
Irrigation of these soils has mobilized salts and trace elements
and facilitated their movement into the shallow groundwater.
Much of the irrigation has been with imported water, which has
resulted in inadequate drainage, rising groundwater, and
increasing soil salinity. Where agricultural drains have been
installed to control rising water tables, drainage water
frequently contains high concentrations of salts and trace
elements (Reclamation et al. 1990a). Events affecting drainage
conditions on the west side of the San Joaquin Valley are
described in Table 13-6.

Subsurface drainage problems extend along the western side of
the San Joaquin River and Tulare Lake hydrologic regions
from the Delta on the north to the Tehachapi Mountains south
of Bakersfield. In some portions of this hydrologic region,
natural drainage conditions are inadequate to remove the
quantities of deep percolation that accrue to the water table
where the upper, semiconfined aquifer is shallow. Therefore,
groundwater levels often encroach on the root zone of
agricultural crops, and subsurface drainage must be
supplemented by constructed facilities for irrigation to be
sustained. Present problem areas were defined in the San
Joaquin Valley Drainage Program (SJVDP) (DWR 2005a) as
locations where the water table is within 5 feet of the ground
surface at any time during the year. Potential problem areas
were defined in the SJVDP at locations where the water table is
between 5 and 20 feet below the ground surface (DWR 2005a).
To better understand the problem areas, water-level data were
collected, beginning in 1991, from a network of monitoring
wells in designated study areas to establish acreage areas of
particular depth-to-water intervals (DWR 2005a).

Few wells pump from this shallow depth to groundwater zone
because of high salinity concentrations. The term “salinity” is
referred to here as the salt content of solutions containing
dissolved mineral salts. Salinity is commonly measured as
either TDS in parts per million (ppm) or electrical conductivity
(EC) in microsiemens per centimeter (uS/cm). Salinity levels
in shallow groundwater in the San Joaquin River Hydrologic
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Region range from approximately 1,500 to 48,000 pS/cm
(DWR 2005a).

Table 13-6. Events Affecting Drainage Conditions on West Side of San Joaquin Valley

Year

Event

1870s

Widespread planting of grain on the western side of the San Joaquin Valley. Crops irrigated with
water from the San Joaquin and Kings rivers. Poor natural drainage, rising groundwater, and
increasing soil salinity results in the removal or abandonment of farm land in production.

1900-1950

Heavy pumping of groundwater results in overdrafts and widespread land subsidence.

1951

CVP water transported through the Delta-Mendota Canal to irrigate 600,000 acres of land in the
northern San Joaquin Valley. This water primarily replaces and supplements San Joaquin River
water diverted at Friant Dam to the southern San Joaquin Valley.

1960

SWP authorized. San Luis Unit of the CVP authorized, which mandates construction of an
interceptor drain to collect irrigation drainage water and transport it to the Delta. Reclamation's
feasibility report for the San Luis Unit describes the drain as an earthen ditch that would drain 96,000
acres.

1962

Reclamation changes plans for the drain to a concrete-lined canal to drain 300,000 acres.

1964

Reclamation adds a regulating reservoir to the drain plans to temporarily retain drainage.

1965

Concerns raised about the potential effects of the discharge of untreated agricultural drainage water
in the Delta and San Francisco Bay. A rider added to CVP appropriations act by Congress in 1965
that requires the final point of discharge of the interceptor drain for the San Luis Unit to conform to
water quality standards set by California and EPA.

1968

CVP San Luis Unit and the SWP begin delivering water to approximately 1,000,000 acres of
agricultural lands in southern San Joaquin Valley.

Construction of San Luis Drain begins.

Kesterson Reservoir becomes part of a new National Wildlife Refuge managed jointly by
Reclamation and USFWS.

Mid-1970

Reclamation decides to use the drainage reservoir to store and evaporate drainage water until the
drainage canal to the Delta is completed.

1975

The first phase of Kesterson Reservoir, 85 miles of the main drain, and 120 miles of collector drains
completed.

Budget and environmental concerns halt work on the reservoir and drain.

Reclamation, DWR, and the State Water Board form the SJVDP to find a solution to valley drainage
problems. Group recommends completing the drain to a discharge point in the Delta near Chipps
Island.

1981

Reclamation begins a special study to fulfill requirements for a discharge permit from the State
Water Board.

1983

Selenium poisoning identified as the probable cause of deformities and mortalities of migratory
waterfowl at Kesterson Reservoir.

1984

The SJVDP is established as a joint Federal and State effort to investigate drainage and related
problems and identify possible solutions.

1985

The Secretary of the Interior halts the discharge of subsurface drainage water to Kesterson
Reservaoir.

1986

Feeder drains to the San Luis Drain and reservoir plugged.

1988

Kesterson Reservoir closed. Vegetation plowed under and low-lying areas filled.
Contamination-related problems similar to Kesterson appear in parts of the Tulare Lake Hydrologic
Region.

Wildlife deformities and mortalities observed at several agricultural drainage evaporation ponds.

1990

SJVDP submits final report.

Source: Reclamation et al. 1990a.

Key: Reclamation = U.S. Department of the Interior, Bureau of Reclamation
CVP = Central Valley Project SJVDP = San Joaquin Valley Drainage Program

Delta = Sacramento-San Joaquin Delta SWP = State Water Project

DWR = California Department of Water Resources State Water Board = State Water Resources Control Board

EPA = U.S. Environmental Protection Agency USFWS = U.S. Department of the Interior, Fish and Wildlife Service
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Toxic and potentially toxic trace elements in some soil and
shallow groundwater on the western side of the San Joaquin
River and Tulare Lake hydrologic regions are also of concern.
These trace elements greatly complicate the disposal of
subsurface drainage waters. Elements of primary concern are
selenium, boron, molybdenum, and arsenic. Selenium is of
greatest concern because of the wide distribution and known
toxicity of selenium to aquatic animals and waterfowl, and was
the only trace element sampled for in 2001 (DWR 2005a). The
three areas in the western San Joaquin Valley with the highest
concentrations of selenium are (1) alluvial fans near Panoche
and Cantua creeks in the central western valley, (2) an area
west of the town of Lost Hills, and (3) the Buena Vista Lake
bed area (DWR 2005a).

Seepage and Waterlogging

Seepage and waterlogging of crops along the lower reaches of
the San Joaquin River have historically been issues. High
periodic streamflows and local flooding combined with
shallow groundwater near the San Joaquin River, and in the
vicinity of its confluence with major tributaries, have resulted
in seepage-induced waterlogging damage to low-lying
farmland (Reclamation 1997). During flood-flow events, lateral
seepage and structural stability issues with existing project and
nonproject levees have been identified (RMC 2003, 2007).

In the western portion of the Stanislaus River watershed,
groundwater pumping has historically been used to control
high groundwater levels and seepage-induced waterlogging
conditions. The seepage-induced waterlogging places
neighboring crops and farmland at risk and prevents cultivation
of the land until summer, placing annual crop production at
risk. Concern has been raised that San Joaquin River flows in
excess of 16,000 cfs at Vernalis can result in seepage-induced
waterlogging damage of adjacent low-lying farmland in the
south Delta area (Reclamation 1997).

Conditions that generally govern whether seepage may occur
are shown schematically in Figure 13-12, Figure 13-13, and
Figure 13-14. Figure 13-12 depicts a condition under which
vertical infiltration and lateral seepage could occur into
surrounding lands. Figure 13-13, like Figure 13-12, depicts
physical characteristics for which vertical infiltration and
lateral seepage could occur if soil conditions were favorable,
because the surface water elevation in the river is greater than
the surrounding ground surface elevation. The conditions
illustrated in Figure 13-13 would require site-specific review of
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the shallow soil conditions beneath the river and along the
levees to verify that impermeable features existed that would
prevent vertical infiltration and lateral seepage from occurring.
Figure 13-14 depicts physical characteristics where lateral
seepage would not be expected to occur.

Figure 13-12. River Surface Elevation above Adjacent Land Surface Elevation

Figure 13-13. Physical Barrier to Subsurface Flow Prevents Seepage

Figure 13-14. River Surface Elevation below Adjacent Land Surface Elevation
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Reclamation currently monitors shallow groundwater within
the Restoration Area as part of its Seepage Management Plan
(SMP) for the SJRRP. The SMP describes Reclamation’s
monitoring and operating guidelines for reducing Restoration
Flows to the extent necessary to address any material adverse
impacts caused by Restoration Flows in the San Joaquin River
identified by the SJRRP groundwater monitoring program and
the prioritization of potential seepage impact areas for projects
to increase channel capacity. The SIRRP currently (as of April
9, 2014) monitors over 200 groundwater wells within the
Restoration Area; most are screened between 10 feet and 25
feet to monitor shallow groundwater conditions (K. Harrison,
personal communication, April 9, 2014). Thresholds for actions
to reduce flows are established for each well based primarily
on agricultural practices (root zone and capillary fringe) and
historical groundwater levels (SJRRP 2013).

Groundwater Resources of Tulare Lake Hydrologic
Region

This section describes regional and subbasin hydrogeology,
groundwater storage and production, groundwater levels, land
subsidence, groundwater quality, agriculture subsurface
drainage, and seepage and water-logging in the Tulare Lake
Hydrologic Region.

Hydrogeology
The following sections describe regional hydrogeology and
subbasin hydrogeology in the Tulare Lake Hydrologic Region.

Regional Hydrogeology Arid conditions and early
agricultural development (pre-1900s) in the Tulare Lake
Hydrologic Region have caused groundwater-level declines,
changes in stream-aquifer dynamics. Under predevelopment
conditions, groundwater-surface water interactions were very
dynamic and depended on hydrologic conditions. Rapid growth
in the agricultural sector in the Tulare Lake Hydrologic Region
has resulted in groundwater development with increased
groundwater pumping and subsequent groundwater-level
declines. In some areas of critical overdraft, such as in Kings
and Kern counties, a complete disconnection between
groundwater and overlying surface water systems has occurred.

The semiconfined aquifer in the Tulare Lake Hydrologic
Region contains the same hydrogeologic units as the San
Joaquin River Hydrologic Region (alluvial deposits of the
Coast Ranges, Sierra Nevada sediments, and flood-basin
deposits), but the region also contains Tulare Lake sediments in

Draft — August 2014 — 13-35



Upper San Joaquin River Basin Storage Investigation

Environmental Impact Statement

13-36 — Draft — August 2014

the axis of the valley (see Figure 13-3). The Corcoran Clay
layer occurs at depths between 300 and 900 feet below ground
surface in the Tulare Lake Hydrologic Region. The confined
aquifer is overlain by the Corcoran Clay, but consists of the
same hydrogeologic units as the unconfined-to-semiconfined
aquifer. The Tulare Lake Hydrologic Region has semiconfined
aquifer conditions to the west above the Corcoran Clay layer,
and on the east side of the region where the clay is not present.
Tulare Lake sediments present in the axis of the San Joaquin
Valley have similar characteristics to flood-basin deposits
present in the San Joaquin River Hydrologic Region (Figure
13-3).

The semiconfined aquifer in the Tulare Lake Hydrologic
Region is recharged by seepage from streams and canals,
infiltration of applied water, and subsurface inflow.
Precipitation is a source of recharge to the semiconfined
aquifer only in Wet years (Reclamation 1997). Seepage from
streams and canals is highly variable and depends on annual
hydrologic conditions. Some of the water recharged to the
semiconfined aquifer seeps through the confining clay layers,
including the Corcoran Clay, which are discontinuous in some
areas. Lateral flow from the semiconfined aquifer also
recharges the lower confined aquifer.

Subbasin Hydrogeology

The unconfined-to-semiconfined and confined groundwater
aquifer in the Kings and Westside subbasins consists of
Tertiary and Quaternary age unconsolidated continental
deposits. The Quaternary deposits consist of older alluvium,
lacustrine and marsh deposits, younger alluvium, and flood-
basin deposits. The lacustrine and marsh deposits are part of
the Corcoran Clay Member of the Tulare Formation (DWR
2003). To the south, the Kaweah Subbasin aquifers are made
up of unconsolidated deposits of Pliocene, Pleistocene, and
Holocene age. The deposits comprise arkosic sediments
derived from the Sierra Nevada on the eastern side of the
subbasin and are generally unconfined-to-semiconfined. The
arkosic sediments consist of continental deposits, older
alluvium, and younger alluvium. The unconsolidated deposits
in the western portion of the subbasin near the Tulare Lake
beds are confined below the Corcoran Clay and consist of flood
deposits and lacustrine and marsh deposits that interfinger with
the east side deposits (DWR 2003). To the south of the Kaweah
Subbasin, the Pleasant Valley Subbasin consists of unconfined
Holocene age alluvium, the Plio-Pleistocene Tulare Formation,
and possibly part of the uppermost San Joaquin Formation.
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South of the Kaweah Subbasin, the unconfined-to-
semiconfined and confined aquifers of the Tule Subbasin
comprise continental deposits of Tertiary to Quaternary age.
The continental deposits consist of flood-basin deposits,
younger alluvium, older alluvium, the Tulare Formation, and
undifferentiated continental deposits (DWR 2003). West of the
Tule Subbasin, the unconfined-to-semiconfined aquifer of the
Tulare Lake Subbasin includes younger and older alluvium,
flood-basin deposits, lacustrine and marsh deposits, and
continental deposits. The younger alluvium is a very
permeable, interstratified unit consisting of well-sorted clay,
silt, sand, and gravel that is largely above the water table. The
older alluvium is moderately permeable and consists of poorly
sorted clay, silt, sand, and gravel, and yields large quantities of
water to wells (DWR 2003). In the southernmost portion of the
Tulare Lake Hydrologic Region in the San Joaquin Valley
Groundwater Basin, the Kern County Subbasin consists
primarily of unconfined-to-semiconfined and confined
continental deposits of Tertiary and Quaternary age. The
deposits, from oldest to youngest, include the Olcese and Santa
Margarita formations, the Tulare Formation, the Kern River
Formation, older alluvium/stream deposits, younger alluvium,
and flood-basin deposits (DWR 2003).

Groundwater Storage and Production

The following sections describe historical and existing
groundwater storage and production conditions in the Tulare
Lake Hydrologic Region.

Groundwater Storage Usable groundwater storage capacity
within the Tulare Lake Hydrologic Region was estimated to be
28 MAF in 1993 (DWR 1994). The perennial yield of the
Tulare Lake Hydrologic Region was estimated by DWR to be
4.6 MAF, and was considered directly dependent on the
amount of recharge received by the groundwater basin (DWR
1994).

Figure 13-4 illustrates changes in groundwater storage from
1962 through 2003 for the Central Valley, including the San
Joaquin River and Tulare Lake hydrologic regions, as
simulated using CVHM (Faunt 2009). These groundwater
storage fluctuations represent average regional fluctuations that
likely occurred in the San Joaquin Valley Groundwater Basin.

According to DWR Bulletin 160-09, the net change in
groundwater storage for Water Years 1998 to 2005 was
predominantly negative, ranging from -4,002 TAF to 263 TAF
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(DWR 2009). According to DWR Bulletin 160-05 (DWR
2005b), five subbasins (Kings, Tulare, Kern County, Kaweah,
and Tule) in the Tulare Lake Hydrologic Region are in critical
overdraft conditions.

Groundwater Production Agricultural development in the
Tulare Lake Hydrologic Region began in the 1800s, and by
1922, more than 1.2 million acres of land were used for
agriculture. Groundwater has been the primary source of
irrigation water for the region. Figure 13-15 illustrates changes
in groundwater pumping and irrigated agricultural acreage for
the Tulare Lake Hydrologic Region from 1922 to 1980 (the
source for the data was discussed in the San Joaquin River
Hydrologic Region, Groundwater Storage and Production
section). Annual groundwater pumping ranged from 2 MAF in
the 1920s and 1930s to 8 MAF in the 1960s. Groundwater
pumping increased from the 1920s through 1949, when surface
water deliveries began via the Friant-Kern Canal to the east
side of the region. Groundwater pumping continued to increase
through the early 1960s until local surface water facilities,
import of CVP water from the San Luis Division, and SWP
water from the California Aqueduct resulted in a reduction in
regional groundwater pumping. In the mid-1970s following
construction of the Cross Valley Canal, additional CVP
supplies were imported to the southern half of the Tulare Lake
Hydrologic Region. This reduction in groundwater pumping
worked to reduce overdraft conditions in the region. However,
an increase in groundwater pumping occurred in the late 1980s
and early 1990s in response to reduced surface water deliveries
during the drought period of 1987 to 1992. Table 13-7
highlights the timeline of events that have affected
groundwater production in the Tulare Lake Hydrologic Region
for the period shown in Figure 13-15. Figure 13-6 illustrates
simulated groundwater pumping for the entire Central Valley,
including the San Joaquin River and Tulare Lake hydrologic
regions, from 1962 to 2003.
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Table 13-7. Timeline of Historical Events Affecting
Groundwater Production in Tulare Lake Hydrologic
Region

Date Historical Event
1928-1934 Drought Period
1935-1944 Wet Period

1943 Friant Dam Online

1949 Friant-Kern Canal Online

1954 Isabella Dam Online

1956 Madera Canal Online
1959-1961 Dry Period

1962 Success Dam Online, Terminus Dam Online

1967 San Luis Dam/Canal Online

1967 California Aqueduct Online

1967 Oroville Dam Online

1975 Cross Valley Canal Online
1976-1977 Drought Period
1987-1992 Drought Period

Groundwater pumped in the Tulare Lake Hydrologic Region
accounts for about 33 percent of the total annual water supply
in the region, represents 35 percent of all groundwater use in
the State, and 10 percent off all agricultural and urban water
use in the State (DWR 2005a).

In 1990, an estimated 5.2 MAF of groundwater was pumped
from the Tulare Lake Hydrologic Region (DWR 1994). This
was approximately 630 TAF greater than the estimated
perennial yield of the region (DWR 1994).

Typical groundwater production within the subbasins in the
Tulare Lake Hydrologic Region is presented in Table 13-8
(DWR 1998). As discussed in the San Joaquin River
Hydrologic Region section, Burt estimated gross irrigation well
pumping for some of the Friant Division contractors between
1987 and 2003 (Burt 2005). The estimated gross groundwater
pumping for numerous WDs and IDs in the Tulare Lake
Hydrologic Region is shown in Table 13-9 (Burt 2005). Gross
pumping estimates for Friant Division M&lI users, including
the City of Fresno, City of Orange Cove, City of Lindsay, and
Fresno County Water Works District Number 18, were not
available (Burt 2005). The City of Fresno reports that using
250 wells, the Water Division of the City of Fresno pumps
approximately 146 million gallons or 448 acre-feet of water per



day, which is roughly equivalent to 164 TAF/year (City of

Fresno 2009).

Table 13-8. Average Annual Groundwater Production in
Tulare Lake Hydrologic Region

Subbasin Extraction (TAF/year)

Kings 1,790

Kern 1,400
Kaweah 760
Tulare Lake 670
Tule 660
Westside 210
Pleasant Valley 100

Source: DWR 1998, 2003
Key:

TAF/year = thousand acre-feet per year

Table 13-9. Average Annual Gross Groundwater Pumping
for Friant Division Contractors in Tulare Lake Hydrologic

Region

Average Gross Groundwater Pumping

District (TAFlyear)

1987-1992 1987-1999 | 1987-2003
Arvin-Edison WSD 207 184 190
Delano-Earlimart ID 53 35 33
Exeter ID 27 22 22
Fresno ID 224 135 123
Garfield ID 0.3 0.3 0.3
International ID 1 0.6 0.6
Ivanhoe 1D 21 17 17
Lewis Creek WD 1 0.9 1
Lindmore ID 44 36 36
Lindsay-Strathmore 1D 13 12 13
Lower Tule River ID 203 131 137
Orange Cove ID 44 41 42
Porterville ID 31 26 26
Saucelito ID 25 18 17
Shafter-Wasco ID 74 62 60
Southern San Joaquin MUD 93 72 66
Stone Corral ID
Tea Pot Dome WD
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Table 13-9. Average Annual Gross Groundwater Pumping
for Friant Division Contractors in Tulare Lake Hydrologic
Region (contd.)

Average Gross Groundwater Pumping
District (TAFlyear)
1987-1992 | 1987-1999 | 1987-2003
Terra Bella ID 14 13 13
Tulare ID 181 102 98
Source: Burt 2005

Key:

ID = Irrigation District

MUD = Municipal Utilities District
TAF/year = thousand acre-feet per year
WD = Water District

WSD = Water Storage District

Groundwater Levels

Groundwater-level declines in shallow wells in central Fresno
County have been substantial, beginning in the early 1940s and
decreasing approximately 50 to 100 feet through the 1980s
(Williamson et al. 1989). Large groundwater-level declines
occurred in the southwestern corner of the Westside Subbasin
until the late 1960s. Beginning in 1967, groundwater levels
declined more than 100 feet but made a near full recovery
because of decreases in pumping in response to surface water
supplies imported through the San Luis Canal (Williamson et
al. 1989).

Groundwater levels in the lower confined aquifer in the west
side of the Tulare Lake Hydrologic Region declined as much as
400 feet from predevelopment to the 1960s (Williamson et al.
1989). Groundwater levels measured in the Tulare Lake
Subbasin fluctuated and, in general, increased by more than 24
feet in some areas during the 10-year period of spring 1978 to
spring 1988 (DWR 2003). The Tulare Lake bed area has
experienced the greatest groundwater-level fluctuations,
including both increases and decreases (DWR 2003).

Figure 13-7 presents groundwater contours of the semiconfined
aquifer in spring 1970, adapted from DWR’s spring 1970 map
(DWR 2007b). Groundwater levels in the semiconfined aquifer
of the Tulare Lake Hydrologic Region generally decreased
during the 10-year period of spring 1970 to spring 1980. The
semiconfined groundwater aquifer levels decreased as much as
50 feet in the same 10-year period in portions of Fresno, Kings,
Kern, and Tulare counties.
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The 1987-through-1992 drought resulted in increased
groundwater pumping due to deficiencies in surface water
deliveries. Water levels declined by 20 to 30 feet throughout
most of the central and eastern parts of the San Joaquin Valley
(Westlands WD 1995).

Groundwater conditions in the semiconfined aquifer for spring
1995 are shown in Figure 13-8. Following the 1987-through-
1992 drought, groundwater levels in the San Joaquin Valley
continued to decline. In spring 1993, a groundwater-level
contour map of the San Joaquin Valley showed depression
areas resulting from groundwater withdrawals in the mid-
valley area near the center of Fresno County, near the City of
Fresno, along the county border between Tulare and Kings
counties, in southwestern Kings County, and in parts of Kern
County. Groundwater conditions in spring 1995 indicate that
groundwater levels in the unconfined-to-semiconfined aquifer
were beginning to recover.

Groundwater conditions in the unconfined aquifers of the San
Joaquin Valley Groundwater Basin for spring 2010 are
illustrated in Figure 13-9. The groundwater elevation contours
in Figure 13-9 were adapted from the spring 2010 contour map
of the unconfined aquifers available on the DWR Web site
(DWR 2012). The groundwater elevation contours indicate that
groundwater levels had nearly recovered to pre-drought
conditions in the basin. Table 13-10 summarizes the ranges in
groundwater elevations reported on the groundwater subbasin
contour maps of the unconfined-to-semiconfined aquifer in the
Tulare Lake Hydrologic Region for spring 2010.
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Table 13-10. Spring 2010 Unconfined Aquifer Contour Map
Groundwater Elevations in Subbasins of Tulare Lake
Hydrologic Region

Subbasin Range in Groundwater Elevations
(feet above msl)
Kaweah" 50 400
Kern County 0 230
Kings* 0 450
Pleasant Valley® 250 400
Tulare Lake* 100 220
Tule® 30 500
Westside? 40 300

Source: DWR 2012

Notes:

Elevations increased from west to east towards the Sierra Nevada
Last map available in 1996

Last map available in 2004

Only available in northern part of subbasin

Elevations increased from west to east

Key:

msl = mean sea level

1
2
3
4
5

Land Subsidence

Figure 13-10 shows land subsidence contours from 1926
through 1970 for the San Joaquin River and Tulare Lake
hydrologic regions. The Arvin-Maricopa area is 700 square
miles, and is located 20 miles south of Bakersfield, mostly in
Kern County. Two confining beds, the A-clay and the C-clay,
underlie the area; the C-clay is the more extensive of the two
beds. Maximum land subsidence in the Arvin-Maricopa area
exceeds 9 feet. Land subsidence in parts of the Arvin-Maricopa
area has also been influenced by oil and gas withdrawal and
near-surface hydrocompaction. The Tulare-Wasco area
between Fresno and Bakersfield in the Tulare Lake Hydrologic
Region experienced land subsidence that exceeded 12 feet
between 1926 and 1970 (Williamson et al. 1989). Additional
information on land subsidence is available in the Groundwater
Resources of San Joaquin River Hydrologic Region section on
land subsidence.

Groundwater Quality

Similar to the San Joaquin River Hydrologic Region,
groundwater quality in the Tulare Lake Hydrologic Region
varies considerably throughout the area, but in general, is
suitable for most urban and agricultural uses (DWR 2003).
Primary constituents of concern on a regional level include
TDS, boron, nitrates, arsenic, selenium, DBCP, radon, and
uranium. USGS GAMA program data are currently available
for the Southeast San Joaquin Valley and the Kern County
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Subbasin study areas in the Tulare Lake Hydrologic Region
(Burton and Belitz 2008, Shelton et al. 2008). The Southeast
San Joaquin Valley study area, as defined by the GAMA study,
includes portions of Fresno, Tulare, and King counties, which
in turn include the Kings, Kaweah, Tulare Lake, and Tule
subbasins (Burton and Belitz 2008).

Total Dissolved Solids TDS concentrations vary considerably
in the Tulare Lake Hydrologic Region and depend on the depth
to groundwater. In general, TDS concentrations exceeding the
secondary MCL of 500 mg/L are primarily found along the
west side and trough portions of this hydrologic region. Along
the west side, these higher concentrations are a result of
recharged streamflow originating from marine deposits. In the
trough, or center portions, the concentrations are a result of the
buildup of salt because of evaporation and poor drainage
(DWR 2003). These higher concentrations above the Corcoran
Clay layer limit groundwater use as an agricultural water
supply in the western portion of Fresno and Kings counties.
TDS concentrations have been reported above the MCL of 500
mg/L in the Kaweah, Kings, and Kern County subbasins
(Burton and Belitz 2008, Shelton et al. 2008). Elevated
concentrations of TDS have been reported in the Westside,
Pleasant Valley, and Kern County subbasins (DWR 2003).

TDS concentrations for the entire Central Valley are discussed
in the San Joaquin River Hydrologic Region groundwater
quality section, and are shown in Figure 13-11 (this figure does
not show vertical variations in TDS).

Boron High concentrations of boron have been reported in
the southern portion of the Tulare Lake Hydrologic Region and
in the northernmost edge of the greater San Joaquin Valley
west of the San Joaquin River to the Kings-Fresno county line
(Bertoldi et al. 1991). Elevated concentrations of boron have
been reported in the Kings and Westside subbasins (DWR
2003). Boron concentrations above the CDPH NL of 1,000
Mg/L have been reported in Tulare Lake Subbasin (Burton and
Belitz 2008).

Nitrates Nitrates are prevalent typically in shallow younger
groundwater throughout the Tulare Lake Hydrologic Region as
a result of disposal of human and animal waste products and
the applications of fertilizers. Higher nitrate concentrations,
ranging from 5 to 30 mg/L, may adversely affect select crops.
The MCL for nitrate (as nitrogen) in drinking water is 10 mg/L.
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Avreas of higher nitrate concentrations have been observed near
the town of Shafter, and concentrations exceeding the MCL of
10 mg/L have been documented in areas south of Bakersfield
and the greater Fresno metropolitan area, indicating surface
contamination (DWR 2003). Elevated concentrations of nitrate
have also been found in the Kings, Kaweah, Tule, and Kern
County subbasins (DWR 2003). Recently, nitrate
concentrations were reported above the MCL of 10 mg/L in
groundwater in the Kings and Kern County subbasins (Burton
and Belitz 2008, Shelton et al. 2008). As previously mentioned,
one recent study tracking historical nitrogen balances suggests
that major reductions in nitrogen loadings from California
agriculture will be required to safeguard groundwater quality
(Rosenstock et al. 2014).

Arsenic Arsenic concentrations have been reported above the
MCL of 10 pg/L in groundwater in the southwestern corner of
the Tulare Lake Hydrologic Region, particularly in the Kern
Subbasin near Bakersfield (State Water Board 1991). Arsenic
levels above the MCL have also been reported in the Kings,
Tulare Lake, and Tule subbasins (Burton and Belitz
2008).These high-level areas of arsenic often occur locally and
appear to be associated with lake bed deposits.

Selenium In the western portion of the Tulare Lake
Hydrologic Region, selenium can be found as a naturally
occurring element where soils are formed from marine
sediments of the Coast Ranges (DWR 2007a). Selenium
concentrations reported from a location on the Kern Lake bed
are above the MCL of 50 pg/L (DWR 2007a).

Dibromochloropropane The most notable agricultural
groundwater contaminant in the Tulare Lake Hydrologic
Region is DBCP. The presence of this pesticide coincides with
land-use patterns and is prevalent in groundwater at levels
above 0.0005 mg/L near Bakersfield and Fresno. DBCP is
typically observed in shallow, younger groundwater recharged
after 1980 in areas occupied by orchards and vineyards, where
DBCP was commonly used (Bertoldi et al. 1991). DBCP has
been reported above the MCL of 0.2 pg/L in the Kings, Tule,
and Kern County subbasins (Burton and Belitz 2008, Shelton et
al. 2008).

Radon No current water quality standards exist for radon, a
naturally occurring radioactive element; however, the proposed
MCL for radon-222 is 300 pCi/L. Radon has been reported
above the MCL, but below the alternative MCL of 4,000
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pCi/L, in the Kings, Kaweah, Tule, Tulare Lake, and Kern
County subbasins (Burton and Belitz 2008, Shelton et al.
2008). The alternative MCL would be applicable if the State
were to develop a multimedia program to address radon risks in
indoor air program to address radon risks in indoor air.

Uranium Uranium is naturally occurring in the eastern San
Joaquin Valley, and is derived from granitic rocks of the Sierra
Nevada. Uranium concentrations in groundwater have been
reported above the MCL in Bakersfield (Jurgens et al. 2009).

Agricultural Subsurface Drainage

As described for the San Joaquin River Hydrologic Region,
salinity and trace elements in some soil and shallow
groundwater on the western side of the Tulare Lake Hydrologic
Region are also of concern. In the Tulare Lake Hydrologic
Region, the San Joaquin Valley Groundwater Basin is an
internally drained and closed basin. It has no appreciable
surface or subsurface outflow, except in extremely wet years.
Salts (generally measured as TDS) are introduced into the
basin with imported water supplies. In addition, many of the
naturally occurring geologic deposits along the western portion
of the region are of marine origin and, therefore, have high salt
content. A number of regulated point sources discharge treated
wastewater into the region’s surface waters, including
municipal sewage treatment plants and food processing,
manufacturing, and oil and gas facilities (DWR 2009).

Seepage and Waterlogging

The northern boundary of the Tulare Lake Hydrologic Region
is defined by the San Joaquin River. Seepage problems
identified influence local groundwater conditions in the Kings
Subbasin in the Tulare Lake Hydrologic Region (see Figure
13-12 through Figure 13-14). See the Groundwater Resources
of San Joaquin River Hydrologic Region section, above, for
additional discussion on seepage and waterlogging along the
San Joaquin River.
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Environmental Consequences and
Mitigation Measures

This section describes environmental consequences on
groundwater resources associated with implementing the
alternatives. It also describes potential mitigation measures
associated with impacts on groundwater resources that are
significant or potentially significant. The potential direct and
indirect effects to groundwater and associated mitigation
measures are summarized in Table 13-11.
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Table 13-11. Summary of Impacts and Mitigation Measures for Groundwater

Impact Study Area Alternative Level of Signific_ance Mitigation Level of Si_g_nifipance
Before Mitigation Measure After Mitigation
No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
Alternative Plan 4 NI NI
GRW-1: Change Alternative Plan 5 NI NI
in Groundwater Levels No Action Alternative PS PSU
Extended Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS and Beneficial None LTS and Beneficial
Area Alternative Plan 3 LTS and Beneficial Required LTS and Beneficial
Alternative Plan 4 LTS and Beneficial LTS and Beneficial
Alternative Plan 5 LTS LTS
No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
Alternative Plan 4 NI NI
GRW-2: Change Alternative Plan 5 NI NI
in Groundwater Quality No Action Alternative PS PSU
Extended Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS and Benéeficial None LTS and Beneficial
Area Alternative Plan 3 LTS and Benéeficial Required LTS and Beneficial

Alternative Plan 4

LTS and Beneficial

Alternative Plan 5

LTS

LTS and Beneficial

LTS

Key:

B = beneficial

LTS = less than significant
NI = no impact

PS = potentially significant

PSU = potentially significant and unavoidable
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Methods and Assumptions

The analysis presented in this section is qualitative and based
on the premise that increased surface water deliveries would
result in reduced groundwater pumping and, similarly, that
reductions in surface water deliveries would be offset by
increased groundwater pumping. Quantitative relationships
between groundwater pumping and groundwater-level change
were developed by Dr. Ken Schmidt (2005) and are discussed
in the Modeling Appendix. However, these relationships,
known as the Schmidt Tool, have only been developed for
portions of the Friant Division of the CVP and cannot be
applied to the entire extended study area.

Criteria for Determining Significance of Impacts

An environmental document prepared to comply with NEPA
must consider the context and intensity of the environmental
impacts that would be caused by, or result from, implementing
the No Action Alternative and other alternatives. Under NEPA,
the severity and context of an impact must be characterized. An
environmental document prepared to comply with CEQA must
identify the potentially significant environmental impacts of a
proposed project. A “[s]ignificant effect on the environment”
means “a substantial, or potentially substantial, adverse change
in any of the physical conditions within the area affected by the
project” (State CEQA Guidelines, Section 15382). CEQA also
requires that the environmental document propose feasible
measures to avoid or substantially reduce significant
environmental impacts (State CEQA Guidelines, Section
15126.4(a)).

The following significance criteria were developed based on
guidance provided by the State CEQA Guidelines, and
consider the context and intensity of the environmental impacts
as required under NEPA. Impacts of an alternative on
groundwater would be significant if project implementation
would result in a change in groundwater level or quality that
would adversely affect users, as indicated by the following:

e A change in groundwater level resulting in long-term
overdraft conditions for the groundwater basin.

e A change groundwater quality resulting in substantially
adverse impacts to designated beneficial uses of
groundwater.

Significance statements are relative to both existing conditions
(2005) and future conditions (2030), unless stated otherwise.
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Topics Eliminated from Further Consideration
Groundwater resources in the primary study area, to the extent
they exist, are not well documented or well understood. The
primary study area is outside of the mapped groundwater
basins defined by DWR in Bulletin 118 (2003). Groundwater
present in the primary study area is expected to occur in
fractured rock. As such, any impacts in that area would be
highly dependent on the fracture properties (e.g., aperture,
interconnectedness) and would be highly variable in space due
to the discontinuous nature of fracture networks. Because of
the speculative nature of impacts to groundwater resources in
the primary study area, these impacts are not considered in the
impact assessment below.

Potential for seepage along the San Joaquin River as result of
the implantation of the No Action Alternative or action
alternatives is also not considered in the impact assessment
below. Impacts from potential seepage along the San Joaquin
River are discussed in Chapter 12, “Hydrology — Flood
Management.”

Direct and Indirect Effects
The following section describes potential environmental
consequences of the alternatives.

Impact GRW-1: Change in Groundwater Levels

Extended Study Area

No Action Alternative Under the No Action Alternative, the
current state of overdraft and declining groundwater levels in
portions of the extended study area would continue.

Simulated deliveries of surface water to various users would
change, as shown in Table 13-12. While simulated deliveries to
some groups increased (e.g., total SWP SOD), simulated
deliveries in other areas decreased. Averaged over all years,
simulated deliveries to Friant Division agricultural users
decreased by 56 TAF/year and simulated deliveries to CVP
SOD users decreased by 35 TAF/year. While the simulated
reductions represent only a small fraction of estimated average
future deliveries (1,055 and 2,323 TAF/year, respectively, for
Friant Division agricultural and CVP SOD contractors), they
indicate a potential for increased groundwater extraction,
contributing to the current state of overdraft and declining
water levels in portions of the extended study area.
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This impact would be potentially significant under the No
Action Alternative.

Alternative Plan 1 As documented in the Modeling Appendix,
Alternative Plan 1 would result in a reduction in average
simulated CVVP SOD deliveries of 11 TAF per year relative to
the No Action Alternative. Reduction of surface water
deliveries may be offset by groundwater pumping, although
other options (e.g., land fallowing or obtaining water on the
transfer market) would also be available. The simulated
reduction of 11 TAF/year would be less than 0.5 percent of the
total deliveries to CVP SOD users. The impact of reduced
surface water deliveries on groundwater levels would not likely
be measurable.

As described in Chapter 14, “Hydrology — Surface Water
Supplies and Facilities Operations,” changes in San Joaquin
River flow volumes and timing would be within typical
historical ranges for the action alternatives. Flows in Wet years
would be reduced when Temperance Flat RM 274 Reservoir
captures flood flows, but flows in other year types would
generally increase. The overall impact of these flow changes is
not likely to adversely impact groundwater levels for near-river
users.

This impact would be less than significant under Alternative
Plan 1. Mitigation for this impact is not needed, and thus not
proposed.
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Table 13-12. Long-Term Average Annual Change in Deliveries (TAF) for No Action Alternative as Compared with Existing
Conditions®

WY Type Cst‘)‘;"s”tgefn'_” FTr ci’;i't Section | Total | SWP | Swp | Total | CvP | CVP
San Joaqzum wide Division Class1 | Class 2 215 SWP Ag Mé&l CVP2 Ag Mé&l
Index . SOD SOD | SOD | SOD SOD SOD
Delivery Ag
Wet 493 (54) (1) (6) (47) 552 43 510 (5) ()] 0
Above Normal 111 (82) (0) (31) (51) 213 12 201 (20) ()] (0)
Below Normal 89 (60) (10) (41) (9 140 2 139 9 24 (0)
Dry (25) (40) (20) (14) (6) 81 (8) 89 (66) (48) ()]
Critical (132) (46) (43) 0) (3) 17 (10) 27 | (104) (77) (5)
All Years 151 (56) (13) (16) (27) 243 12 231 (35) (23) (1)
Note:

! Changes in deliveries as simulated with CalSim Il March 2012 Benchmark with future (2030) level of development and 82 year hydrologic period of
record from October 1921 to September 2003.

2 san Joaquin Year Type or 60-20-20 Year Type —This water year classification system is based on the historical and forecasted unimpaired inflows
of the Stanislaus, Tuolumne, Merced, and San Joaquin rivers to the San Joaquin River Basin, as defined in State Water Board Decision 1641. The
classification consists of five year types: Wet, Above Normal, Below Normal, Dry, and Critical. Average for all years is weighted average based on
proportion of each year type out of 82-year period of record.

Key:

Ag = agricultural

CVP = Central Valley Project

M&I = municipal and industrial

RM = river mile

SOD = south-of-Delta

SWP = State Water Project

TAF = thousand acre-feet

WY = water year

Jayempunols — ABojoIpAH

£T Ja1deyd



Upper San Joaquin River Basin Storage Investigation

Environmental Impact Statement

13-54 — Draft — August 2014

Alternative Plans 2 through 4 As documented in the
Modeling Appendix, Alternative Plans 2 through 4 resulted in
increased average simulated surface water deliveries to Friant
agricultural, SWP SOD, and CVP SOD users. Increased
surface water deliveries would reduce the need to pump
groundwater relative to the No Action Alternative.

As described in Chapter 14, “Hydrology — Surface Water
Supplies and Facilities Operations,” changes in San Joaquin
River flow volumes and timing would be within typical
historical ranges for the action alternatives. Flows in Wet years
would be reduced when Temperance Flat RM 274 Reservoir
captures flood flows, but flows in other year types would
generally increase. The overall impact of these flow changes is
not likely to adversely impact groundwater levels for near-river
users.

This impact would be less than significant and beneficial
under Alternative Plans 2 through 4. Mitigation for this impact
is not needed, and thus not proposed.

Alternative Plan 5 As documented in the Modeling Appendix,
Alternative Plan 5 would result in a reduction in average
simulated total SWP SOD deliveries of 10 TAF per year
relative to the No Action Alternative. Reduction of surface
water deliveries may be offset by groundwater pumping,
although other options (e.g., land fallowing or obtaining water
on the transfer market) would also be available. The simulated
reduction of 10 TAF/year would be less than 0.4 percent of the
total deliveries to SWP SOD users. The impact of reduced
surface water deliveries on groundwater levels would not likely
be measurable.

As described in Chapter 14, “Hydrology — Surface Water
Supplies and Facilities Operations,” changes in San Joaquin
River flow volumes and timing would be within typical
historical ranges for the action alternatives. Flows in Wet years
would be reduced when Temperance Flat RM 274 Reservoir
captures flood flows, but flows in other year types would
generally increase. The overall impact of these flow changes is
not likely to adversely impact groundwater levels for near-river
users.

This impact would be less than significant under Alternative
Plan 5. Mitigation for this impact is not needed, and thus not
proposed.
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Impact GRW-2: Change in Groundwater Quality

Extended Study Area

No Action Alternative Under the No Action Alternative, the
current state of overdraft declining groundwater levels in
portions of the extended study area would continue. This in
turn could lead to upwelling of poorer quality groundwater.

This impact would be potentially significant under the No
Action Alternative.

Alternative Plan 1 As described for Impact GRW-1,
Alternative Plan 1 would result in reduced CVP SOD
deliveries and could result in increased groundwater pumping.
However, the simulated reduction in surface water deliveries is
less than 0.5 percent of the total deliveries to CVP SOD users.
Changes to groundwater quality from this small change would
not likely be measureable.

This impact would be less than significant under Alternative
Plan 1. Mitigation for this impact is not needed, and thus not
proposed.

Alternative Plans 2 Through 4 As described for Impact GRW-
1, Alternative Plans 2 through 4 would reduce the need to
pump groundwater relative to the No Action Alternative.
Reduced groundwater pumping could reduce upwelling of poor
quality groundwater and could slow or reverse the historical
degradation of groundwater quality.

This impact would be less than significant and beneficial
under Alternative Plans 2 through 4. Mitigation for this impact
is not needed, and thus not proposed.

Alternative Plan 5 As described for Impact GRW-1,
Alternative Plan 5 would result in reduced total SWP SOD
deliveries and could result in increased groundwater pumping.
However, the simulated reduction in surface water deliveries is
less than 0.4 percent of the total deliveries to SWP SOD users.
Changes to groundwater quality from this small change would
not likely be measureable.

This impact would be less than significant under Alternative
Plan 5. Mitigation for this impact is not needed, and thus not
proposed.
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Mitigation Measures

This section discusses mitigation measures for each significant
impact described in the environmental consequences section, as
presented in Table 13-11

No mitigation is required for Impacts GRW-1 or GRW-2
within the extended study area under the action alternatives, as
these impacts would be less than significant or less than
significant and beneficial.



Chapter 14
Surface Water Supplies and
Facilities Operations

This chapter describes the affected environment for surface
water supplies and facilities operations, as well as potential
environmental consequences and associated mitigation
measures, as they pertain to implementing the alternatives. This
chapter presents both information on the primary study area
(area of project features, the Temperance Flat Reservoir Area,
and Millerton Lake below RM 274) and the extended study
area (San Joaquin River from Friant Dam to the Merced River,
the San Joaquin River from the Merced River to the Delta, the
Delta, and the CVP and SWP water service areas).

Affected Environment

The affected environment for surface water supplies and
facilities operations encompasses the entire study area,
including the San Joaquin River, the Delta, and CVVP and SWP
water service areas. Implementing the action alternatives would
change surface water supplies and facilities operations of the
San Joaquin River from Friant Dam to the Delta, in the Delta,
and in CVP and SWP water service areas.

Flows in the San Joaquin River downstream from Friant Dam
are affected by water projects operating on the river’s
tributaries, imports to the river from other regions, diversions
out of the river, return flows, and Friant Dam operations. Flows
have most recently been affected by release of Interim Flows,
which began in 2009, and Restoration Flows, which began in
2014. This section includes historical San Joaquin River flow
information from the last several decades, as well as
information on flows beginning with the 2009 water year. Post-
2009 flows are most representative of the affected
environment.

Primary Study Area

The following is a description of surface water supplies and
facilities operations in the primary study area. The primary
study area includes surface water supplies and facilities in the
area of project features (Temperance Flat RM 274 Reservoir
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Area) and Millerton Lake, which are discussed in the
respective sections below.

Temperance Flat Reservoir Area

The San Joaquin River upstream from and including Millerton
Lake above RM 274 drains approximately 1,675 square miles
and has an annual average unimpaired runoff of 1,818 TAF
(Water Year 1901-2011), with a range of 362 to 4,642 TAF.
Upstream from RM 274, Kerckhoff Dam is located at RM
292.5. The San Joaquin River flows through the gorge from
Kerckhoff Dam to Kerckhoff No.2 Powerhouse, and then
becomes Millerton Lake. Several reservoirs exist in the upper
San Joaquin River watershed, used primarily for hydropower
generation. Operation of these reservoirs affects the timing of
inflow to the Temperance Flat Reservoir Area and Millerton
Lake, but would not substantially affect Temperance Flat RM
274 Dam operations. Table 14-1 lists the Reclamation water
rights on the San Joaquin River at Friant Dam.
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Table 14-1. U.S. Department of the Interior, Bureau of Reclamation Water Rights on the San Joaquin River at Friant Dam

Application A000023 A000234 A001465 A005638 Co m_blned
Maximum
Application Date 3/27/1915 1/19/1916 9/26/1919 7/30/1927 --
Permit 000273 011885 011886 011887 --
Permit Date 5/3/1917 6/29/1959 6/29/1959 6/29/1959 --
License 001986 - - - -
License Date 10/17/1939 - -- -- --
i R
Maximum Storage (AF/year) - 500,000 500,000 1,210,000 2,210,000
Maximum Use (AF/year) 44,340 2,124,487 2,124,487 3,917,478 --
Direct Diversion Season 4/1-7/1 2/1 -10/31 2/1 -10/31 2/1 -10/31 --
Storage Season -- 11/1 -8/1 11/1 -8/1 11/1 -8/1 --

Purposes of Use

Municipal, Domestic,
Irrigation, Incidental
Domestic,
Stockwatering,
Preservation and
Enhancement of Fish
and Wildlife,
Recreational

Municipal, Domestic,
Irrigation, Incidental
Domestic,
Stockwatering,
Preservation and
Enhancement of Fish
and Wildlife,
Recreational

Municipal, Domestic,
Irrigation, Incidental
Domestic,
Stockwatering,
Preservation and
Enhancement of Fish
and Wildlife,
Recreational

Municipal, Domestic,
Irrigation, Incidental
Domestic,
Stockwatering,
Preservation and
Enhancement of Fish
and Wildlife,
Recreational

suonesadQ sanijioe pue salddns isyepn aoseuns
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Table 14-1. U.S. Department of the Interior, Bureau of Reclamation Water Rights on the San Joaquin River at Friant Dam

(contd.)

Application

A000023

A000234

A001465

A005638

Combined
Maximum

Places of Use

Gross area of
5,431,000 acres as
shown on Maps 214-
212-37, 214-208-
3331, 1785-202-14,
and 1785-202-50 (all
authorized purposes);

San Joaquin River
and designated
bypass system from
Friant Dam to the
Sacramento-San
Joaquin River Delta
(Delta) and through
the Delta Channels to
the Jones and Banks
Pumping Plants, as
shown on Map 1785-
202-50 (Recreational,
Fish and Wildlife).

Gross area of
5,431,000 acres as
shown on Maps 214-
212-37,214-208-3331,
1785-202-14, and
1785-202-50 (all
authorized purposes);

San Joaquin River
and designated
bypass system from
Friant Dam to the
Sacramento-San
Joaquin River Delta
(Delta) and through
the Delta Channels to
the Jones and Banks
Pumping Plants, as
shown on Map 1785-
202-50 (Recreational,
Fish and Wildlife);

Millerton Reservoir
(Stockwatering,
Recreational)

Gross area of
5,431,000 acres as
shown on Maps 214-
212-37, 214-208-
3331,1785-202-14,
and 1785-202-50 (all
authorized purposes);

San Joaquin River
and designated
bypass system from
Friant Dam to the
Sacramento-San
Joaquin River Delta
(Delta) and through
the Delta Channels to
the Jones and Banks
Pumping Plants, as
shown on Map 1785-
202-50 (Recreational,
Fish and Wildlife);

Millerton Reservoir
(Stockwatering,
Recreational)

Gross area of
5,431,000 acres as
shown on Maps 214-
212-37, 214-208-
3331,1785-202-14,
and 1785-202-50 (all
authorized purposes);

San Joaquin River
and designated
bypass system from
Friant Dam to the
Sacramento-San
Joaquin River Delta
(Delta) and through
the Delta Channels to
the Jones and Banks
Pumping Plants, as
shown on Map 1785-
202-50 (Recreational,
Fish and Wildlife);

Millerton Reservoir
(Stockwatering,
Recreational)

Source: State Water Board 2014

Key:
-- = not applicable
AF = acre-feet

State Water Board = California State Water Resources Control Board
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Millerton Lake

Millerton Lake was formed by Friant Dam in 1942. It is the
largest reservoir, by volume and surface area, on the San
Joaquin River. Big Sandy Creek, Fine Gold Creek, and several
ephemeral streams flow directly into Millerton Lake. Friant
Dam is a 319-foot-high concrete gravity dam. Outlets to the
Madera Canal (elevation 448.6) are located on the right
abutment; outlets to the Friant-Kern Canal (elevation 466.6)
are located on the left abutment. The spillway consists of an
ogee overflow section, chute, and stilling basin at the center of
the dam. The spillway is controlled by one 18-foot-high by
100-foot-wide drum gate, and two comparably sized
Obermeyer gates. A river outlet works (elevation 382.6) is
located to the left of the spillway within the lower portion of
the dam. Information regarding power features on Friant Dam
is found in Chapter 20, “Power and Energy.”

When full, the reservoir extends 16 miles up into the river
canyon from Friant Dam, located at RM 267.6, and has more
than 41 miles of shoreline. Millerton Lake has a volume of 524
TAF, a surface area of 4,905 acres, and an elevation of 580.6
feet above msl (NAVD 1988 datum) at top of active storage. At
top of active storage, the reservoir has a maximum depth of
287 feet. Figure 14-1 shows a conceptual representation of an
active conservation space of 390 TAF during April through
September, when there is little risk of rain floods. Inactive
storage is 130 TAF. During the rainy season of October
through March, up to 170 TAF of space in Millerton Lake is
maintained for rain flood management (USACE 1980). Under
present operating rules, up to 85 TAF of the flood management
storage required in Millerton Lake may be provided by an
equal amount of space in Mammoth Pool, located on the San
Joaquin River upstream from Millerton Lake. Chapter 12,
“Hydrology — Flood Management,” discusses water releases
made for flood management purposes at Friant Dam in detail.

Figure 14-2 shows the historical annual unimpaired runoff for
the gage directly below Friant Dam.
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Key:
TAF = thousand acre-feet
Note: Reservoir volumes are approximate

Figure 14-1. Conceptual Representation of Millerton Lake Storage
Requirements
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Figure 14-2. Historical Annual Unimpaired Runoff Below Friant Dam, by
Water Year
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Millerton Lake is operated as an annual reservoir, in that most
water supplies available in a given year are allocated with the
expectation of delivery. Stored water carried over from a
previous year usually occurs when water users request it, but is
done so at Reclamation’s discretion. Median reservoir water-
level ranges from elevation 564 in late spring to elevation 497
in late summer. Figure 14-3 shows historical end-of-month
storage of Millerton Lake.
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Source: DWR 2013a, Gage ID MIL
Key:

EOM = End-of-Month

TAF = thousand acre-feet

Figure 14-3. Historical Millerton Lake End-of-Month Storage, Water Years 1941—
2012

Water deliveries, principally for irrigation, are made through
outlet works to the Friant-Kern and Madera canals, completed
in 1949 and 1944, respectively. A river outlet works is located
within the dam’s lower portion. Additional physical data
pertaining to Friant Dam and Millerton Lake are presented in
Table 14-2. River releases are made to comply with Holding
Contract requirements, which are contracts between
Reclamation and riparian water right holders between Friant
Dam and Gravelly Ford. Consistent with the Holding
Contracts, Reclamation makes river releases to maintain
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streamflow of at least 5 cfs past each Holding Contract control
point, with the last being near Gravelly Ford. Contract water
deliveries are further described below, for the CVP and SWP
water service areas. Under current conditions, San Joaquin
River releases are also made downstream from Friant Dam in
accordance with the Settlement and the Act.

Table 14-2. Pertinent Physical Data — Millerton Lake and Friant Dam

Millerton Lake

Elevation®

Unimpaired Flows of Friant Dam

468.7 feet above msl
580.6 feet above msl

587.6 feet above msl

Minimum operating level®
Top of active storage

Spillway flood pool

Area
Minimum operating level® 2,108 acres
Top of active storage 4,905 acres
Spillway flood pool 5,085 acres

Drainage area 1,675 square miles

Storage Capacity

130,740 acre-feet
524,250 acre-feet
559,300 acre-feet

Minimum operating level®
Top of active storage
Spillway flood pool

Average annual runoff 1,800,530 acre-feet
(1901-2012)

Average flow 2,491 cfs

Minimum average daily inflow O cfs

(October 10, 1977)

Maximum average daily inflow 61,700 cfs
(December 23, 1955)

Maximum instantaneous inflow 97,000 cfs
(December 23, 1955)

Maximum average daily outflow 12,400 cfs
(June 6, 1969)

Minimum average daily outflow 5.5 cfs

(October 20, 1940)

Friant Dam (concrete gravity) and Outlet Works

Elevation'/ Height

River Outlets

Elevation, top of parapet 587.6 feet above msl

Freeboard above spillway flood pool 3.25 feet
Elevation, crown of roadway 583.8 feet above msl
Max height, foundation to 319 feet

crown of roadway
Total concrete in dam and
appurtenances

2,135,000 cubic yards

Number and elevation® 4 at 382.6 feet above msl

Size 110-inch diameter with
96-inch hollow jet valves

Capacity at minimum pool 12,400 cfs

Capacity at top of active storage 16,400 cfs

Dam Crest Length

Madera Outlets and Canal

Left abutment, non-overflow section 1,478 feet
Overflow river section 332 feet
Right abutment, non-overflow section 1,678 feet
Total length 3,488 feet
Width of crest at elevation 581.25 20.0 feet

Crest Gates (1 drum and |2 Obermeyer)

Number and size 3 at 100 feet by 18 feet
Top elevation when lowered* 562.6 feet above msl
Top elevation when raised* 580.6 feet above msl

Outlet number and elevation® 2 at 448.6 feet above msl

Size 91-inch diameter with
86-inch needle valve

Canal length 35.9 miles

Canal operating capacity below 1,000 cfs

Friant Dam

Canal operating capacity at 625 cfs

terminus of canal

Friant-Kern Outlets [and Canal

Spillway (gated |ogee)

Gross length 332 feet

Net length 300 feet

Crest elevation® 562.6 feet above msl|
Discharge capacity 83,160 cfs

(height = 18.0 feet)

Design flood peak inflow 197,000 cfs

Design flood peak outflow 158,500 cfs

Outlet number and elevation® 4 at 466.6 feet above msl

Size 110-inch diameter w/ 96-
inch hollow jet valve

Canal length 151.8 miles

Canal operating capacity below 5,000 cfs

Friant Dam

Canal operating capacity at
terminus of canal

2,000 cfs

Source: USACE 1980, with elevations revised to NAVD 1988
Notes:

! Elevations are given in North American Vertical Datum (NAVD) 1988.
2 Minimum operating level generally corresponds with elevation of Friant-Kern Canal outlets.

Key:
cfs = cubic feet per second
msl = mean sea level
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Extended Study Area

This section describes surface water supply and facility
operations in the extended study area, which includes the San
Joaquin River from Friant Dam to Merced River and from
Merced River to the Delta, the Delta, and the CVVP and SWP
water service areas.

San Joaquin River from Friant Dam to Merced River
This section describes water operations within the extended
study area for five distinct river reaches (including seven
subreaches), and several flood bypasses. A map of the river
reaches and flood bypass system is provided in Chapter 5,
"Biological Resources — Fisheries and Aquatic Resources.”
Flood bypasses are discussed in further detail in Chapter 12,
“Hydrology — Flood Management.”

Reach 1 Reach 1 conveys continuous flows through an
incised, gravel-bedded channel to Gravelly Ford, forming part
of the boundary between Fresno and Madera counties. Releases
are made at Friant Dam (Figure 14-4) to comply with Holding
Contract requirements along Reach 1 and to meet the
requirements of the SJRRP. Streamflow of at least 5 cfs for
Holding Contracts is maintained past the last diversion near
Gravelly Ford, with no Holding Contract requirements for
streamflow into Reach 2.

The objective release from Friant Dam into Reach 1 is 8,000
cfs. Reach 1 of the San Joaquin River is hydraulically
connected to 190 acres of sand and aggregate mining pits, with
an additional 1,170 acres of pits in the surrounding floodplain
(McBain and Trush 2002). These pits can attenuate flow and
increase evaporation through ponding. There are no storage
facilities in Reach 1. Ten major road crossings in this reach can
affect flow stage (McBain and Trush 2002). Agricultural return
flows in Reach 1 are minor, but have reached up to 300 cfs on
occasion (EPA 2007). Stormwater runoff from the Fresno
metropolitan area is managed by the Fresno Metropolitan
Flood Control District. All but 5 of the District’s 161 drainage
basins route stormwater to retention and detention facilities,
limiting the urban surface runoff into Reach 1.

Reach 1 is subdivided into two subreaches, 1A and 1B, at State
Route (SR) 99. These subreaches are described below.

Reach 1A Flows within Reach 1A are predominantly
influenced by releases from Friant Dam, along with diversions
and seepage losses. Mining pits in Reach 1 are primarily
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located in Reach 1A. Eighty-four water diversions are located
along this reach, some of which are active on a regular basis.
Cottonwood Creek and Little Dry Creek, two intermittent
streams, join the San Joaquin River in Reach 1A. Cottonwood
Creek, draining 35.6 square miles, flows in from the north near
the base of Friant Dam. Little Dry Creek, draining 57.9 square
miles, joins the San Joaquin River from the south
approximately 8 miles downstream from Friant Dam. Flows in
Little Dry Creek can be augmented from Big Dry Creek Dam
and Reservoir, a 30 TAF flood control reservoir operated by
the Fresno Metropolitan Flood Control District (McBain and
Trush 2002). Flows from these two creeks must be included in
the 8,000 cfs Reach 1A objective release when determining
releases from Friant Dam.

Since 1949, Reclamation has made average annual releases of
approximately 117 TAF from Friant Dam to the San Joaquin
River to comply with Holding Contract requirements upstream
from Gravelly Ford. Since 2009, Reclamation has also made
releases for the SJIRRP, which has increased average annual
releases. Additional river flows occur during years when
releases are made to the San Joaquin River for flood
management purposes which can range up to 25,000 cfs (see
Chapter 12, “Hydrology — Flood Management”). Releases
made from Friant Dam for water diversions typically range
from 40 cfs to 250 cfs (McBain and Trush 2002). Table 14-3
lists the streamflow gages located in or near this reach
segment, their period of record, average streamflow, and
maximum daily average flow. Figure 14-4, Figure 14-5, Figure
14-6, and Figure 14-7 show monthly average flows at the
gages.
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Table 14-3. Streamflow Gages in San Joaquin River Reach 1A

USGS . : .
Drainage Maximum Daily
Gage : Average
Gage ; . Area Period of Average
Station Milepost 1 Streamflow
Name No. or (square Record (cfs)2 Streamflow (cfs)
CDEC ID miles) (date measured)
San Joaquin
River 25,556
release from MIL 267.6 1,675 1975-2012 926 (January 4, 1997)
Friant Dam
San Joaquin 36.800
River below 11251000 266.0 1,676 1975-2011° 1,241 ’
X (January 3, 1997)
Friant Dam
Cottonwood 783
Creek near CTK NA 35.6 1975-2012 9
. (January 27, 1983)
Friant Dam
Little Dry 2 457
Creek near LDC NA 57.9 1975-2012 26 '
. (March 11, 1995)
Friant Dam

Source: DWR 2013a; USGS 2013; SJRRP 2013

Notes:

! Period of record is expressed by Water Year.

2 Average streamflow data is reported for the referenced period of record, including Interim Flows, which began in Water Year

20009.

® Difference between Friant Dam releases and gage flow below dam caused by minor inflows and depletions between the two

locations, and by difference in extent of period of record through Water Year 2011 or Water Year 2012.

Key:

CDEC = California Data Exchange Center
cfs = cubic feet per second

ID = identification

NA = not applicable

No. = number

USGS = U.S. Geological Survey
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Figure 14-4. Monthly Average Friant Dam Releases (Post-Interim Flows)
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Figure 14-5. Monthly Average Flows for San Joaquin River Below Friant Dam
(Post-Interim Flows)
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Figure 14-6. Monthly Average Flows for Cottonwood Creek Near Friant Dam (Post-
Interim Flows)
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Figure 14-7. Monthly Average Flows for Little Dry Creek Near Friant Dam (Post-
Interim Flows)
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Reach 1B Flows within Reach 1B are predominantly
influenced by inflow from Reach 1A, diversions, and seepage
losses. Fifteen water diversions are located along this reach,
some of which are regularly active. Table 14-4 lists the gages
located in or near this reach segment, their periods of record,
and average and maximum daily average streamflows. Figure
14-8 and Figure 14-9 show monthly average flows at the gages.
Note that the Donny Bridge gage has several missing monthly
of flow data that can be seen in the Skaggs Bridge gage figure.

Table 14-4. Streamflow Gages in San Joaquin River Reach 1B

USGS Gage Drzlrr(]ezge Period of Average MaXAI\r\]/q:rI: za”y
Gage Name | Station No. | Milepost qt Streamflow fl 9 f
or CDEC ID (square Recor (cfs)? Streamflow (cfs)
miles) (date measured)
San Joaquin 7900
River at DNB 240.7 NA 1989-2012 336 ' 3
Donny Bridge (December 30, 1996)
San Joaquin
River at 4 7,900
Skaggs Skaggs 232.1 NA 1975-2012 855 (December 30, 1996)3
Bridge

Source: SJIRRP 2013

Notes:

! Period of record is expressed by Water Year.
2 Average streamflow data is reported for the referenced period of record including Interim Flows, which began in Water Year

2009.

3 This maximum daily average streamflow was exceeded in the January 1997 flood event.

4 san Joaquin River Restoration Program gage ID.

Key:

CDEC = California Data Exchange Center
cfs = cubic feet per second

ID = identification

NA = not applicable/not available

No. = number

USGS = U.S. Geological Survey
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Figure 14-8. Monthly Average Flows for San Joaquin River
at Donny Bridge (Post-Interim Flows)
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Figure 14-9. Monthly Average Flows for San Joaquin River
at Skaggs Bridge (Post-Interim Flows)

Draft — August 2014 — 14-15



Upper San Joaquin River Basin Storage Investigation

Environmental Impact Statement

14-16 — Draft — August 2014

Reach 2 Reach 2 of the San Joaquin River marks the end of
the incised channel, and is characterized by a meandering
channel of low gradient. Reach 2 ends at Mendota Dam, and
the Mendota Pool backwater extends upstream along a portion
of this reach.

Before the release of Interim and Restoration flows began,
Reach 2 was typically dry and flows only reached Mendota
Pool from Reach 2B or from the Fresno Slough during periods
of flood management releases. Flood flows most recently
reached Mendota Pool from the San Joaquin and/or Kings
rivers in 1997, 2001, 2005, 2006, and 2011. Restoration Flows
will continue to flow through this reach and be recaptured at
Mendota Pool while channel capacity constraints exist
downstream.

In addition to Restoration Flows, Mendota Pool regularly
receives water from the DMC, delivering water to the
Exchange Contractors, other CVP contractors, and wildlife
refuges and management areas. Mendota Pool provides no
long-term storage for water supply operations or flood
management.

The Mendota Pool averages about 400 feet wide, is generally
less than 10 feet deep, and has a total capacity of about 8,500
acre-feet (Reclamation 2004). Mendota Dam, built in 1917, is
owned and operated by the Central California ID. Mendota
Dam is a flashboard-and-buttress dam, 23 feet high and 485
feet long; the crest elevation is 168.5 feet. Mendota Pool
distributes water from the DMC and San Joaquin River to local
diversion points. Manual gates and flashboards on the dam are
opened or removed during periods of high flow to reduce
seepage impacts on land surrounding Mendota Pool.

The reach is subdivided into two subreaches, 2A and 2B, at the
Chowchilla Bypass Bifurcation Structure. These subreaches are
described below.

Reach 2A Reach 2A is typified by the accumulation of sand,
caused in part by backwater effects of the Chowchilla Bypass
Bifurcation Structure and by a lower gradient relative to Reach
1. Reach 2A has high percolation losses; under steady-state
conditions (i.e., losses are calculated under extended periods of
steady flow), flow does not reach the Chowchilla Bypass
Bifurcation Structure when flow at Gravelly Ford is less than
75 cfs (McBain and Trush 2002). Reach 2A has a design
channel capacity of 8,000 cfs to accommodate controlled
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releases from Friant Dam. Agricultural return flows within this
reach are minor. Ten water diversions are located along this
reach. Table 14-5 lists the gage located in this reach segment,
the period of record, and average and maximum daily average
streamflow. Figure 14-10 shows monthly average flows at the

gage.

Table 14-5. Streamflow Gage in San Joaquin River Reach 2A

USGS . Maximum
Drainage . Daily Average
Gage Period Average
Gage . . Area Streamflow
Station Milepost of Streamflow
Name (square 1 2 (cfs)
No. or miles) Record (cfs) (date
CDEC ID
measured)
San Joaquin
River at 1975— 37,843
Gravelly GRF 236.9 NA 2012 798 (January 4, 1997)
Ford
Source: SJRRP 2013
Notes:

! Period of record is expressed by Water Year.

2 Average streamflow data is reported for the referenced period of record including Interim Flows, which began in
Water Year 2009.

Key:

CDEC = California Data Exchange Center

cfs = cubic feet per second

ID = identification

NA = not available

No. = number

USGS = U.S. Geological Survey
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Key: cfs = cubic feet per second

Figure 14-10. Monthly Average Flows for San Joaquin River at Gravelly Ford

(Post-Interim Flows)
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Reach 2B Reach 2B is a sandy channel extending into
Mendota Pool, bordered by levees. The design conveyance
capacity of this subreach is 2,500 cfs, but significant levee
seepage has been observed at flows above 1,300 cfs (RMC
2007). Agricultural return flows within this reach are minor. A
set of gates and flashboards at Mendota Dam may be manually
opened or removed in advance of high-flow conditions. This
process lowers the water level in the pool and reduces seepage
impacts to adjacent lands, but hinders distribution of flows into
canals diverting from Mendota Pool. Twenty-nine water
diversions are located along this reach. One major road
crossing in this reach can affect flow stage. The DMC typically
conveys 2,500 to 3,000 cfs to Mendota Pool, and is the major
source of pool inflow during the irrigation season. Table 14-6
shows the gage located in this reach segment, its period of
record, and average and maximum daily average streamflow.
Figure 14-11 shows monthly average flows at the gage and
demonstrates the dry conditions within Reach 2B.

Channel capacity limitations below Mendota Pool have
required recapture of most of the Interim and Restoration flows
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at Mendota Pool. As the capacity of the San Joaquin River
downstream from Mendota Pool is gradually increased,
Restoration Flows will increase downstream from Mendota
Pool, and recapture at Mendota Pool would only occur as
needed (e.g., during scheduled construction activities
downstream from Mendota Dam, such as in Reach 4B).

Table 14-6. Streamflow Gage in San Joaquin River Reach 2B

Maximum
USGS . Daily
Drainage
Gage . Average Average
Gage > . Area Period of
Station Milepost 1 Streamflow | Streamflow
Name N (square Record 2
0.o0r miles) (cfs) (cfs)
CDEC ID (date
measured)
San Joaquin
River below
Chowchilla 1975-1986, 2,660
SJB 217.8 NA 1989-1997, 277
Bypass 2006-2012 (May 23, 1978)
Bifurcation
Structure
Source: SJRRP 2013
Notes:

! Period of record is expressed by Water Years.

2 Average streamflow data is reported for the referenced period of record including Interim Flows, which began in
Water Year 2009.

Key:

CDEC = California Data Exchange Center

cfs = cubic feet per second

ID = identification

NA = not available

No. = number

USGS = U.S. Geological Survey
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Figure 14-11. Monthly Average Flows for San Joaquin River Below Chowchilla
Bypass Bifurcation Structure (Post-Interim Flows)
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Reach 3 Reach 3 of the San Joaquin River flows 23 miles
along a sandy channel from Mendota Dam to Sack Dam. The
design capacity of Reach 3 is 4,500 cfs; however, observations
suggests that seepage and associated flooding may begin in this
reach at sustained flows above 800 cfs (RMC 2007). The
estimated existing capacity of Reach 3 is 2,760 cfs without any
flows on the levees (SJRRP 2014). Flows within this reach
predominantly consist of water conveyed from the Delta by the
DMC and released into the Mendota Pool for subsequent
diversion at Arroyo Canal.

Sack Dam is a 5-foot-high concrete and wood diversion
structure delivering water to the Arroyo Canal on the west side
of the river (RMC 2003). During the last decade changes in
groundwater use within this reach are thought to be causing
subsidence between the Eastside Bypass and Reach 3. SLCC
reports recent subsidence of Sack Dam at rates exceeding 0.5
feet per year (SLCC 2013). Both CCID and SLCC are working
with growers in the western portion of Madera County to
develop potential solutions to subsidence in those areas that
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directly impact Sack Dam and other physical infrastructure
(Exchange Contractors 2013, CCID 2012).

Flows of 500 to 600 cfs are typically released from the
Mendota Pool for downstream diversions at Sack Dam. Flows
greater than required for diversions (such as during flood
events) spill over Sack Dam and into the San Joaquin River
downstream into Reach 4A. The existing fish passage facility
at Sack Dam is inoperable. Seven water diversions are located
in this reach. One major road crossing in this reach can affect
flow stage.

Table 14-7 lists the gage located in this reach segment, its
period of record, and average and maximum daily average
streamflow. Figure 14-12 shows monthly average flows at the

gage.

Table 14-7. Streamflow Gage in San Joaquin River Reach 3

USGS Drainage Maximum Daily
. Average
Gage Gage Milenost Area Period of Streamflow Average
Name | Station No. P (square Record* (cfs)® Streamflow (cfs)
or CDEC ID miles) (date measured)
San Joaquin
. 1951-1954, 8,770
River near 11254000 217.8 3,940 1975-20112 617 (May 29, 1952)
Mendota
Source: USGS 2013
Notes:

! Period of record is expressed in Water Years.

2 period of record coincides with the start of diversions from Friant Dam (1950).

® Average streamflow data is reported for the referenced period of record including Interim Flows, which began in
Water Year 2009.

Key:

CDEC = California Data Exchange Center

cfs = cubic feet per second

ID = identification

No. = number

USGS = U.S. Geological Survey
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Figure 14-12. Monthly Average Flows for San Joaquin River near Mendota (Post-

Interim Flows)
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Reach 4 Reach 4 of the San Joaquin River runs
approximately 46 miles from Sack Dam to the confluence of
the Eastside Bypass. Flows within much of this reach are
predominantly agricultural return flows, although large
sections of this reach are dry. Reach 4 is subdivided into three
subreaches: Reach 4A, Reach 4B1, and Reach 4B2 (see
Chapter 5, “Biological Resources — Fisheries and Aquatic
Resources” for a map of these reaches) Reach 4A begins at
Sack Dam and extends to the Sand Slough Control Structure;
Reach 4B1 extends from the Sand Slough Control Structure to
the Mariposa Bypass confluence; and Reach 4B2 begins at the
confluence of the Mariposa Bypass and extends to the
confluence of the Eastside Bypass.

Reach 4 subreaches have different characteristics and design
capacities, as discussed below. Several road crossings exist in
Reach 4; however, the dry conditions in this reach minimize
their effect on stage and flow under current flow regimes.

Reach 4A The design channel capacity in this subreach is
approximately 4,500 cfs, beginning at Sack Dam and extending
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to the Sand Slough Control Structure. The channel below Sack
Dam has flow during the agricultural season (agricultural
return flows) and during times of upstream flood releases. Four

water diversions are located along this subreach. Table 14-8

lists the gage located in this reach segment, its period of record,

and average and maximum daily average streamflow. Figure

14-13 shows monthly average flows at the gage.

Table 14-8. Streamflow Gage in San Joaquin River Reach 4A

Drainage

Maximum Daily

USGS Gage : Period Average
Gage Name Station No. Mile Area of Streamflow Average Streamflow
or CDEC D | POSt | (square | o ord (cfs)? (cfs)
miles) (date measured)
San Joaquin
River at Sack SDP NA NA NA 294 2,660 (May 23, 1978)

Dam near Dos
Palos

Source: SJRRP 2013
Notes:
! Water year.

2 Average streamflow data is reported for the referenced period of record including Interim Flows, which began in Water Year 2009.

Key:

CDEC = California Data Exchange Center

cfs = cubic feet per second

ID = identification

NA = not applicable/not available

No. = number

USGS = U.S. Geological Survey
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Figure 14-13. Monthly Average Flows for San Joaquin River at Sack Dam near Dos Palos

(Post-Interim Flows)
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Reach 4B1 This subreach has a design capacity of 1,500 cfs,
and the Sand Slough Control Structure, which controls the flow
split between the main stem of the San Joaquin River and
Eastside Bypass, is designed to maintain this design discharge.
Current practice, however, keeps the San Joaquin River
headgates closed at the Sand Slough Control Structure,
diverting all flow from Reach 4B1 to the Eastside Bypass
(McBain and Trush 2002). Reach 4B1, therefore, is dry until
downstream agricultural return flows contribute a baseflow,
although this flow is often pumped and reused for irrigation.
No streamflow gages are located in this subreach.

Reach 4B2 The design channel capacity of Reach 4B2 is
10,000 cfs. The channel carries tributary and flood flows from
the Mariposa Bypass. No operational storage for water supply
exists within this reach. Two water diversions are located along
this reach. No streamflow gages are located in this subreach.
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Reach 5 Reach 5 of the San Joaquin River extends from the
confluence of the Eastside Bypass downstream to the Merced
River confluence. The design capacity of Reach 5 is 26,000
cfs; no significant capacity constraints have been identified in
this reach. Reach 5 receives flow from Reach 4B2 and the
Eastside Bypass. Agricultural and wildlife management area
return flows also enter Reach 5 via Mud and Salt sloughs,
which drain the west side of the San Joaquin Valley. Three
major road crossings within this reach can affect flow stage.

Table 14-9 lists the gages located in or near this reach segment,
their periods of record, and average and maximum daily
average streamflows. Figure 14-14, Figure 14-15, Figure
14-16, and Figure 14-17 show monthly average flows since
Interim Flows began in 20009.

Table 14-9. Streamflow Gages in San Joaquin River Reach 5

USGS Drainage Maximum Daily
. Average
Gage Name G_age Milepost Area Period Olf Streamflow Average
Station No. (square Record (cfs) 2 Streamflow (cfs)
or CDEC ID miles) (date measured)
Sa_n Joaquin 23,900
River near SJS 118.2 NA 1982-2011 740
Stevi (January 28, 1997)
tevinson
Salt Slough at 810
HW 165 near | 11261100 NA NA 1986-2012 181
Stevi (February 20, 1986)
tevinson
priwserd 1951-1974, 22,500
11261500 118.2 7,615 1986-1989, 1025 o
Fremont Ford 3 (April 8, 2006)
. 2002-2011
Bridge
Mud Slough 1,060
near Gustine 11262900 NA NA 1986-2012 101 (February 9, 1998)

Source: DWR 2013a; USGS 2013

Notes:

! Water year.

2 Average streamflow data is reported for the referenced period of record including Interim Flows, which began in Water
Year 2009.

% Period of record coincides with start of diversions from Friant Dam (1950).

Key:

CDEC = California Data Exchange Center

cfs = cubic feet per second

HW = highway

ID = identification

NA = not applicable/not available

No. = number

USGS = U.S. Geological Survey
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Figure 14-14. Monthly Average Flows for San Joaquin River near Stevinson
(Post-Interim Flows)
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Figure 14-15. Monthly Average Flows for Salt Slough at Highway 165 near
Stevinson (Post-Interim Flows)
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Figure 14-16. Monthly Average Flows for San Joaquin River at Fremont Ford
Bridge (Post-Interim Flows)
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Figure 14-17. Monthly Average Flows for Mud Slough near Gustine (Post-
Interim Flows)
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Fresno Slough/James Bypass The Fresno Slough/James
Bypass conveys Kings River flood flows into the San Joaquin
River from the south, via the Mendota Pool. Flows from the
Kings River are regulated by Pine Flat Dam and the Crescent
Weir, which are operated by the Kings River Conservation
District. More details regarding Fresno Slough/James Bypass
effects on San Joaquin River flood operations can be found in
Chapter 12, “Hydrology — Flood Management.” Reclamation
supplements natural flow from the Fresno Slough/James
Bypass and San Joaquin River into the Mendota Pool with
deliveries from the DMC to satisfy water supply contracts. The
CVP and SWP Water Service Areas section below describes
the effects of Fresno Slough/James Bypass flows on water
deliveries at the Mendota Pool.

Chowchilla Bypass and Tributaries The Chowchilla Bypass
extends from the Chowchilla Bypass Bifurcation Structure to
the Eastside Bypass at the confluence of the Fresno River.
More details regarding flood control operations of the
Chowchilla Bypass are discussed in Chapter 12, “Hydrology —
Flood Management.” The design channel capacity of the
bypass is 5,500 cfs. The bypass was constructed in highly
permeable soils, and much of the initial flood flows infiltrate
and recharge groundwater.

Eastside Bypass, Mariposa Bypass, and Tributaries The
Eastside Bypass is divided into three reaches with design
channel capacities of 17,000 cfs, 16,500 cfs, and 13,500 cfs,
respectively. The channel capacity in Eastside Bypass Reach 3
increases to 18,500 cfs at the confluence of Bear Creek. Flow
within Eastside Bypass Reach 3 is controlled by the Eastside
Bypass Control Structure. The Mariposa Bypass has a design
channel capacity of 8,500 cfs. Flow within the Mariposa
Bypass is controlled by the Mariposa Bypass Control Structure,
which diverts water from the Eastside Bypass back to Reach 4
of the San Joaquin River. Channel capacities in both bypasses
may be less than design capacities because of subsidence of the
Eastside Bypass levees, including a cumulative subsidence of
approximately 4.5 feet along the Eastside Bypass over the last
5 years due to changes in groundwater use (SLCC 2013). Flood
control operations of the Eastside Bypass and Mariposa Bypass
are discussed in Chapter 12, “Hydrology — Flood
Management.”

Storage on Eastside Bypass tributaries (e.g., Buchanan Dam,
Hidden Dam) can be coordinated with CVP Friant Division
operations to meet contract deliveries on the Madera Canal
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(Reclamation 1997). Hidden Dam forms Hensley Lake on the
Fresno River upstream from the Eastside Bypass. USACE
operates Hidden Dam for flood control; the total storage of
Hensley Lake is 90,600 acre-feet. Buchanan Dam forms
Eastman Lake on the Chowchilla River upstream from the
Eastside Bypass. USACE operates Buchanan Dam for flood
control; the total storage of Eastman Lake is 150,600 acre-feet.

San Joaquin River from Merced River to the Delta

Flows in the San Joaquin River below the Merced River
confluence to the Delta are controlled in large part by releases
from reservoirs located on tributary systems, including the
Merced, Tuolumne, and Stanislaus rivers, to satisfy contract
deliveries and instream flow requirements, as well as
operational agreements, such as the Vernalis Adaptive
Management Program (VAMP) up through 2011.

VAMP was a 12-year experimental management program
initiated in 2000, which the State Water Board accepted as the
implementation of the San Joaquin River flow standard
pursuant to D-1641. It was initiated to protect juvenile Chinook
salmon emigrating through the San Joaquin River and Delta,
and to evaluate how Chinook salmon survival rates change in
response to alterations in San Joaquin River flows and exports
at CVP and SWP facilities in the south Delta when the Head of
Old River Barrier is installed (see Chapter 27, “Cumulative
Effects,” for more details on VAMP).

The expiration of VAMP in 2011 introduced uncertainty
regarding responsibility for meeting San Joaquin River flow
standards set forth in the 1995 Bay Delta Plan in the interim
until new San Joaquin River flow standards are identified.
Merced Irrigation District has and will continue to meet its
pulse flow requirements and commitments. Reclamation
entered into a two-year agreement with Merced Irrigation
District to continue to provide VAMP-like spring pulse flows
in the San Joaquin River at Vernalis. However, that agreement
expired on December 31, 2013. It is unclear whether
Reclamation will be able to continue to acquire water from
willing sellers to meet VAMP-like spring pulse flow targets in
the San Joaquin River. Concurrently, Reclamation is
participating in the San Joaquin Tributary Settlement Process
(SJTSP). The goal of the SJITSP is to collaboratively develop
an implementation plan for San Joaquin River flow objectives
that satisfies all requirements set by regulatory agencies and
their ongoing regulatory processes, including the State Water
Board’s Bay-Delta Plan update and ongoing FERC processes

Draft — August 2014 — 14-29
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on the Merced and Tuolumne rivers while minimizing impacts
to water supply and other beneficial uses. Although VAMP
expired in 2011, a VAMP-like operating condition is included
in both the Existing Condition and Future No Action Condition
of the Reclamation March 2012 Benchmark CalSim Il model,
as described in the Modeling Appendix.

The hydrology and hydraulics of the San Joaquin River
downstream from the Merced River return to a more natural
state because there is no extensive flood bypass system, and
there is continuous tributary flow from the Merced, Tuolumne,
and Stanislaus rivers. Table 14-10 lists gages in or near the San
Joaquin River downstream from the Merced River, their
periods of record, and average and maximum daily average
streamflows. Figure 14-18, Figure 14-19, and Figure 14-20
show historical annual average flows at the gages. Table 14-11,
Table 14-12, and Table 14-13 show historical average monthly
flows at the gages.

Table 14-10. San Joaquin River Streamflow Gages Downstream from the Merced

River
Maximum
USGS Drainage Daily
. Average Average
Gage Gage : Area Period of
- Milepost 1 Streamflow | Streamflow
Name Station (square Record
. (cfs) (cfs)
Number miles)
(date
measured)
San
Joaquin 37,600
River near 11274550 118.2 9,694 1996-2012 2,132 (January 28,
Crows 1997)
Landing
Joiarllin 70,000
Ri q 11303500 NA 13,536 1951-20122 4,401 (December 9-
iver near
- 10, 1950)
Vernalis
Stanislaus 47,000
River at 11303000 NA 1,075 1941-2012 956 (December 24,
Ripon 1955)

Source: USGS 2013

Notes:

! Water year.

2 Period of record coincides with start of diversions from Friant Dam (1950).

Key:

cfs = cubic feet per second
NA = not available
USGS = U.S. Geological Survey
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Figure 14-18. Historical Annual Average Flow for San Joaquin River near Crows Landing
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Figure 14-19. Historical Annual Average Flow for San Joaquin River near Vernalis
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Table 14-11. Historical Average Monthly Flows for San Joaquin River near Crows

Landing
Average Monthly Flow (cfs)*

Year g y (cfs)
Type’ | Oct | Nov | Dec | Jan | Feb | Mar Apr | May | Jun | Jul | Aug | Sep
YeAgrs 1,042 913 1,168 | 3,187 | 4,170 | 3,138 | 3,859 | 3,164 | 2,321 | 1,370 717 691
Wet 1,102 891 1,752 | 7,184 | 9,272 | 6,082 | 8,931 | 6,951 | 5,455 | 3,034 | 1,191 | 1,133
Above-
Normal 1,219 | 908 940 | 1,213 | 2,564 | 2,724 | 1,816 | 1,438 | 874 619 610 729
Below-

543 677 804 755 833 973 728 769 447 357 334 289
Normal
Dry 1,040 | 1,004 795 914 917 1,163 885 1,031 513 440 436 361
Critical | 1,097 | 1,043 | 869 | 1,136 | 1,224 | 1,035 | 789 | 1,058 | 574 379 404 368
Source: USGS 2013, Gage Station No. 11274550

Notes:

! Period of record Water Years 1996—2012; some years may be missing data.
2 San Joaquin Valley Water Year Types as defined in Modeling Appendix.

Key:

cfs = cubic feet per second
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Table 14-12. Historical Average Monthly Flows for San Joaquin River near Vernalis

Average Monthly Flow (cfs)*

Year g y (cfs)

Type® | Oct | Nov | Dec | Jan | Feb | Mar Apr | May | Jun Jul Aug | Sep
YeAz;lrs 2,509 | 2,383 | 3,709 | 5,515| 6,778 | 6,975 | 7,096 | 6,788 | 5,134 | 2,513 | 1,627 | 1,967
Wet 2,349 | 2,128 | 4,364 | 9,479 |12,878|14,126| 16,278 {15,080| 11,591 | 5,384 | 2,869 | 3,517

Above-

Normal 4,045 | 4,178 | 7,039 | 7,433 | 8,431 | 7,187 | 4,518 | 4,710 | 3,291 | 1,585 | 1,447 | 1,812
ﬁg'r‘r’n""al 1,657 | 1,850 | 2,879 | 2,977 | 3,170 | 2,841 | 2,140 | 2,803 | 2,435 | 914 | 753 | 1,008
Dry 2,843 2,571 |2,698 |2,751| 2,506 | 2,312 | 1,893 | 1,844 | 1,187 968 982 1,139
Critical | 1,945 (1,719 | 1,709 (1,684 | 1,666 | 1,765 | 1,503 | 1,469 981 811 827 863

Source: USGS 2013, Gage Station No. 11303500
Notes:
! Period of record Water Years 1951-2012; some years may be missing data.

2 san Joaquin Valley Water Year Types as defined in Modeling Appendix.
Key:
cfs = cubic feet per second

Table 14-13. Historical Average Monthly Flows for Stanislaus River at Ripon

Average Monthly Flow (cfs)l

Year
Type” | Oct | Nov Dec Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep
Y:L!llrs 454 462 830 1,152 | 1,189 | 1,324 | 1,487 | 1,926 | 1,344 | 542 402 378

Wet 369 357 972 1,836 | 1,988 | 2,317 | 2,690 | 3,285 | 2,358 | 954 651 625

ﬁgfr\r/gl 649 995 1,702 1,845 | 1,960 | 1,694 | 1,471 | 2,150 | 1,172 | 332 288 316
Below-
Normal 272 338 521 623 613 672 937 1,723 | 1,327 | 275 194 210

Dry 608 413 579 585 432 438 649 690 474 371 | 316 227

Critical | 472 363 345 314 303 595 559 553 437 365 | 308 266

Source: USGS 2013, Gage Station No. 11303000
Notes:
! Period of record Water Years 1941-2012; some years may be missing data; New Melones Dam constructed by 1978.

2 San Joaquin Valley Water Year Types as defined in Modeling Appendix.
Key:
cfs = cubic feet per second

Merced River The Merced River flows west out of the Sierra
Nevada to its confluence with the San Joaquin River at the end
of Reach 5. Merced River streamflows are regulated primarily
by New Exchequer and McSwain dams, which form Lake
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McClure and Lake McSwain, respectively. The Crocker-
Hoffman Diversion Dam is located downstream from New
Exchequer and McSwain dams. Lake McClure is a water
supply, hydropower, and flood control reservoir. Lake
McSwain is a regulating reservoir approximately 6 miles
downstream from Lake McClure. Both reservoirs are owned
and operated by the Merced ID. Minimum flow standards were
established in 1964 (Project No. 2179) by a FERC license and
the Davis-Grunsky Contract No. D-GGR17 between Merced
ID and DWR. During high-flow events, a portion of Merced
River flows are conveyed to the San Joaquin River through
Merced Slough.

Tuolumne River The Tuolumne River enters the San Joaquin
River downstream from the Merced River. The largest
reservoir on the Tuolumne River is New Don Pedro Lake,
owned and operated by the Turlock 1D and Modesto ID for
water supply, hydropower, and flood control purposes. La
Grange Reservoir below New Don Pedro Lake is also jointly
owned by the two irrigation districts and is operated as a
diversion dam. The 1995 New Don Pedro Settlement
Agreement contains instream flow requirements on the
Tuolumne River for the anadromous fishery downstream from
the project (CDFW et al. 1995).

Stanislaus River The Stanislaus River flows into the San
Joaquin River just upstream from Vernalis. New Melones
Reservoir is the largest reservoir on the Stanislaus River,
operated as part of the CVP for water supply, hydropower,
flood control, water quality, and environmental purposes.
Downstream from New Melones Reservoir is Tulloch
Reservoir, operated as part of the Tri-Dam Project, and
Goodwin Reservoir. Both dams are operated by Oakdale
Irrigation District and the South San Joaquin Irrigation District.

A 1987 study agreement between CDFW and Reclamation
contains Stanislaus River instream flow standards (CDFW and
Reclamation 1987). The agreement specifies interim annual
water allocations of 98,300 — 302,000 acre-feet, depending on
New Melones Reservoir carryover storage and inflow. Annual
flow schedules are determined by CDFW. State Water Board
Decision 1422 (D-1422) required New Melones storage to be
used for meeting a TDS objective of 500 ppm at Vernalis on
the San Joaquin River. D-1422 also states water quality goals
for DO in the Stanislaus River. A subsequent State Water
Board decision, D-1641, revised water quality standards at
Vernalis (via the 1995 Bay-Delta Plan) to an average monthly
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conductivity of 0.7 uS/cm from April through August, and 1
puS/cm from September through March (State Water Board
2000).

Sacramento-San Joaquin Delta

The hydraulics of the Delta are complicated by tidal influences,
a multitude of agricultural and M&aI diversions for use within
the Delta itself, and by CVP and SWP operations and exports.
Principal factors affecting Delta hydrodynamics are (1) river
inflow from the Sacramento, San Joaquin River, Mokelumne,
and Cosumnes rivers and other smaller eastside tributaries; (2)
daily tidal inflow and outflow through San Francisco Bay; and
(3) export pumping from the south Delta, primarily through the
Banks and Jones pumping plants. Historical average monthly
total Delta inflow is shown in Table 14-14 by year type.

Table 14-14. Historical Average Monthly Sacramento-San Joaquin Delta Inflow

| Year Average Monthly Inflow (cfs)*
Type’ | Oct | Nov Dec Jan Feb Mar Apr May | Jun Jul Aug | Sep
All

Years 15,974 | 18,986 | 35,174 | 55,667 | 63,789 | 57,610 | 42,701 | 32,288 | 24,846 | 19,903 | 17,986 | 18,141

Wet |[18,972| 25,159 | 61,626 | 97,084 | 106,684 | 92,290 | 77,677 | 53,943 | 39,662 | 25,702 | 21,850 | 23,621

Above-

Normal 12,717 | 15,297 | 21,482 | 65,912 | 74,084 | 74,818 | 37,090 | 33,465 | 23,817 | 19,602 | 18,647 | 18,497

Below-

Normal 16,291 | 16,045 | 20,588 | 30,082 | 44,193 | 37,739 | 24,312 | 21,703 | 18,119 | 17,263 | 16,515 | 16,043

Dry [13,652|16,370| 20,294 | 20,787 | 26,815 | 27,825 | 17,701 | 15,526 | 13,650 | 16,884 | 15,695 | 14,005

Critical | 13,750 | 13,283 | 16,409 | 17,924 | 18,340 | 17,306 | 13,158 | 10,694 | 10,654 | 12,395 | 12,249 | 11,756

Source: calculated value, DWR 2013b
Notes:
! Period of record Water Years 1956—2012.

2 sacramento Valley Water Year Types as defined in Modeling Appendix.
Key:
cfs = cubic feet per second

Average winter outflow from the Delta is about 32,000 cfs,
while the average summer outflow is 6,000 cfs. Because of
tidal factors and changing channel geometry, Delta outflow is
typically calculated rather than a directly measured. Table
14-15 shows the calculated average monthly Delta outflow by

year type.
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Table 14-15. Historical Average Monthly Sacramento-San Joaquin Delta Outflow

Year
Type®

Average Monthly Outflow (cfs)l

Oct

Nov

Dec

Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sep

All
Years

9,416

14,265

30,524

51,788 | 60,313 | 53,174 | 37,726 | 26,598 | 16,136 | 8,464 | 6,575 | 9,146

Wet

12,587

21,391

58,629

94,595 | 103,949 | 89,633 | 73,810 | 48,198 | 30,735 | 14,277 | 10,408 | 15,036

Above-
Normal

6,764

10,939

17,088

61,808 | 69,422 | 70,412 | 32,302 |27,895|13,479| 7,188 | 6,008 | 7,877

Below-
Normal

10,394

11,745

16,201

26,774 | 42,353 | 32,811 | 19,423 | 15,722 | 8,450 | 5,472 | 4,970 | 6,932

Dry

6,894

10,770

14,135

16,013 | 22,610 | 22,532 |11,215| 9,814 | 5,711 | 4,378 | 3,557 | 4,853

Critical

5,660

6,426

8,947

11,110 | 12,925 | 9,971 | 7,087 | 5,435 | 4,079 | 3,675 | 3,167 | 3,463

Source: calculated value, DWR 2013b

Notes:

! Period of record Water Years 1956-2012.
2 sacramento Valley Water Year Types as defined in Modeling Appendix.

Key:

cfs = cubic feet per second
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The San Joaquin River enters the Delta downstream from
Vernalis and splits into several channels including the main
river channel, Middle River, and Old River. In the south Delta,
CVP and SWP export pumping in Middle and Old rivers can
further reduce the minimum water levels such that sufficient
pump draft cannot be maintained, and irrigation diversions for
local agriculture can be interrupted. Historically, the Middle
River, which contains a temporary barrier to facilitate adequate
water levels and water quality for agricultural diversions, has
its highest monthly minimum stage in February and is about
0.1 foot below msl. The lowest monthly minimum stage
typically occurs in August and is about 0.8 feet below msl.
During dry and critical years, under existing conditions, the
highest minimum stage in the Middle River typically occurs in
April and is about 0.6 feet below msl.

The CVP pumping facility is the Jones Pumping Plant,
formerly called the Tracy Pumping Plant. The Jones Pumping
Plant is at the end of an earth-lined intake channel about 2.5
miles long. The Jones Pumping Plant consists of six pumps,
with a nominal and permitted pumping capacity of 4,600 cfs
during the irrigation season, and 4,200 cfs during the winter
nonirrigation season. Limitations at the Jones Pumping Plant
are the result of a DMC freeboard constriction near the O’Neill
Forebay at San Luis Reservoir, and current water demand in
the upper sections of the DMC. The SWP pumping facility is
the Banks Pumping Plant. The Banks Pumping Plant supplies
water for the South Bay Aqueduct and the California
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Aqueduct, and consists of 11 pumps that have a total combined
installed capacity of 10,300 cfs. Under current operational
constraints, exports from the Banks Pumping Plant generally
are limited to a daily average of 6,680 cfs, except between
December 15 and March 15, when exports can be increased by
33 percent of San Joaquin River flow. The Banks Pumping
Plant exports water from the Clifton Court Forebay, a 31 TAF
reservoir that provides storage for off-peak pumping, and
moderates the effect of the pumps on the fluctuation of flow
and stage in adjacent Delta channels.

Recent historical average monthly pumping, by year type, at
the Jones and Banks pumping plants are shown in Table 14-16
and Table 14-17, respectively.

Table 14-16. Historical Average Monthly Exports from the Jones Pumping Plant

| Year | Average Monthly Exports (cfs)" |
Type® | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep

All Years | 2,943 | 2,394 | 2,120 | 2,384 | 2,769 | 2,876 | 2,544 | 2,333 | 3,040 | 3,952 | 3,952 | 3,363

Wet 2,857 | 2,110 | 1,767 | 2,135 | 2,672 | 2,713 | 2,303 | 2,491 | 3,222 | 4,005 | 4,134 | 3,182

ﬁg%‘; 2,532 | 1,697 | 1,332 | 2,407 | 2,985 | 3,062 | 2,618 | 2,262 | 3,458 | 4,287 | 4,186 | 3,695
55%’; 2,825 | 2,301 | 1,991 | 1,753 | 2,150 | 2,719 | 2,467 | 2,464 | 3,450 | 4,289 | 4,121 | 3,495

Dry 3,212 | 2,858 | 2,664 | 2,765 | 2,907 | 2,880 | 2,971 | 2,193 | 2,993 | 4,342 | 4,185 | 3,558

Critical | 3,305 | 3,227 | 3,148 | 3,286 | 3,416 | 3,334 | 2,624 | 2,010 | 1,747 | 2,564 | 2,737 | 3,118

Source: calculated value, DWR 2013b

Notes:

! Period of record Water Years 1956-2012.

2 sacramento Valley Water Year Types as defined in Modeling Appendix.
Key:

cfs = cubic feet per second
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Table 14-17. Historical Average Monthly Exports from the Banks Pumping Plant

| Year Average Monthly Exports (cfs)*
Type’ | Oct | Nov | Dec | Jan | Feb | Mar Apr | May | Jun | Jul | Aug | Sep
All Years | 2,313 | 2,284 | 2,826 | 3,029 | 2,582 | 2,369 | 1,753 | 1,233 | 1,732 | 2,953 | 3,521 | 3,093
Wet 2,331 | 2,215 | 2,643 | 2,472 | 2,102 | 1,543 | 1,522 | 1,297 | 1,938 | 2,925 | 3,357 | 2,870
Above-
Normal 2,040 | 2,636 | 3,359 | 4,781 | 4,162 | 2,443 | 1,605 | 1,287 | 3,078 | 3,635 | 4,496 | 4,183
55:%\/\;-' 1,738 | 1,564 | 2,036 | 2,463 | 1,834 | 2,170 | 1,484 | 1,199 | 1,758 | 3,022 | 3,555 | 3,296
Dry 2,077 | 2,531 | 2,926 | 2,747 | 2,513 | 2,918 | 2,177 | 1,129 | 1,052 | 3,540 | 3,992 | 3,108
Critical | 3,549 | 2,720 | 3,690 | 4,053 | 3,481 | 3,966 | 2,239 | 1,203 | 912 | 1,539 | 2,405 | 2,449

Source: calculated value, DWR 2013b

Notes:

! Period of record Water Years 1968-2012.
2 sacramento Valley Water Year Types as defined in Modeling Appendix.

Key:

cfs = cubic feet per second
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A number of agreements exist between Reclamation and DWR
regarding how the CVVP and SWP will jointly operate to meet
the goals and needs of the projects, and to meet shared
responsibilities for in-basin flow and water quality
requirements in the Delta. Both projects export water from the
Delta for use in areas to the south. This has led to issues
involving how the requirements would be met by the two
projects, and which project could export any naturally
occurring water in excess of the requirements. For example, the
Coordinated Operation Agreement (COA), signed in
November 1986, contains joint operations rules that the CVP
and SWP have agreed to follow to allow operations while
meeting in-basin flow and/or water quality standards in the
Delta (Reclamation and DWR 1986).

CVP and SWP operations are also constrained by a number of
flow and quality regulations throughout the Sacramento River
Basin that have occurred since the COA was signed. These
other operational agreements have been developed to define
how the CVP and SWP will share these responsibilities. Many
of these agreements restrict maximum allowable export from
the Delta at any time and can be impacted by changes in Delta
inflow. Typically, the CVP and SWP attempt to maximize their
export pumping from the Delta within these operational
constraints (see Modeling Appendix for a description of
operational constraints considered in this study).
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Contra Costa Water District (CCWD) supplies CVP water to
its users via several Delta intakes. At the Rock Slough
pumping plant, the water is lifted 127 feet into the Contra
Costa Canal by a series of four pumping plants. The 47.5-mile-
long canal terminates in Martinez Reservoir. The canal
capacity gradually decreases from the Rock Slough diversion
capacity of 350 cfs to 22 cfs at the terminus. Table 14-18
shows historical average monthly exports from the CCWD
Rock Slough Pumping Plant by year type.

CCWD also constructed and operates the 160,000-acre-foot
Los Vaqueros Reservoir, which has an intake and pumping
plant on the Old River for diverting surplus Delta flows to
reservoir storage, or CVP contract water to CCWD users.
CCWD constructed an alternate intake on Victoria Canal for
this diversion in 2010. CCWD also has a fourth diversion
facility in the Delta, at the southern end of a 3,000-foot-long
channel running due south of Suisun Bay, near Mallard Slough.
This facility has a capacity of 39.3 cfs.

Los Vaqueros Reservoir is refilled by diversions only when
source water chloride concentration is relatively low. Los
Vaqueros water is used for water quality blending and delivery
during low Delta outflow periods, when the chloride
concentration at Rock Slough and the Old River is greater than
65 mg/L. The Old River and Victoria Canal facilities allow
CCWD to divert up to 250 cfs to a blending facility with the
Contra Costa Canal, and to divert up to 200 cfs of CVP and
Los Vaqueros water rights water for storage in Los VVaqueros
Reservoir. The Mallard Slough facility is only used during
periods of very high Delta outflow.

Draft — August 2014 — 14-39



Upper San Joaquin River Basin Storage Investigation

Environmental Impact Statement

Table 14-18. Historical Average Monthly Exports from the Contra Costa Water
District Rock Slough Pumping Plant by Year Type

Year Average Monthly Exports (cfs)1
2
Type” | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep
All Years | 125 104 81 86 95 99 113 151 212 218 199 159
Wet 130 98 73 72 72 79 89 128 173 186 202 160
Above- 113 88 72 95 96 97 129 137 191 207 196 165
Normal
Below- | 103 | 100 | o1 | 86 | 104 | 83 | 111 | 157 | 233 | 238 | 221 | 156
Normal
Dry 126 98 72 86 91 124 131 179 270 257 175 145
Critical 147 131 113 117 152 140 136 176 222 232 199 172

Source: calculated value, DWR 2013b

Notes:

! Period of record Water Years 1956-2012.
2 Sacramento Valley Water Year Types as defined in Modeling Appendix.

Key:

cfs = cubic feet per second
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Central Valley Project Friant Division Water Service Area
and Facilities

Friant Division facilities include Friant Dam and Millerton
Lake, and the Madera and Friant-Kern canals, which convey
water north and south, respectively, to agricultural and urban
water contractors. These facilities are described in the San
Joaquin River System Upstream from Friant Dam section,
above. Historically, the Friant Division has delivered an
average of about 1,300 TAF of water annually. Figure 14-21
shows the locations and acreage of the 28 Friant Division long-
term contractors.
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Note: Includes Friant Division Long-Term Contractors as of 2013.

Figure 14-21. Central Valley Project Friant Division Long-Term Contractors
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The Friant Division was designed and is operated to support
conjunctive water management in an area that was subject to
groundwater overdraft. Chapter 13, “Hydrology —
Groundwater,” discusses the current state of groundwater use
and overdraft in the region. Reclamation employs a two-class
system of water allocation to support conjunctive water
management and take advantage of water during wetter years:

Class 1 supplies, which are based on a firm water
supply, are generally assigned to M&I and agricultural
water users who have limited access to quality
groundwater, although most Friant Division long-term
contractors have contracted for a combination of Class
1 and Class 2 supplies. During project operations, the
first 800 TAF of annual water supply are delivered as
Class 1 water.

Class 2 water is a supplemental supply and is delivered
directly for agricultural use or for groundwater
recharge, generally in areas that experience
groundwater overdraft. Larger Class 2 contractors
typically have access to good quality groundwater
supplies and can use groundwater during periods of
surface water deficiency. Many Class 2 contractors are
in areas with high groundwater recharge capability and
operate dedicated groundwater recharge facilities. Total
Class 2 contracts equal 1.4 MAF.

In addition to Class 1 and Class 2 water deliveries,
water can be provided in accordance with Section 215
of the Reclamation Reform Act of 1982, which
authorizes delivery of unstorable water that would
otherwise be released in accordance with flood
management criteria or unmanaged flood flows.
Delivery of such water has enabled San Joaquin Valley
groundwater to be replenished at levels higher than
otherwise could be supported with Class 1 and Class 2
contract deliveries.

The RWA program also makes water available, in wet
hydrologic conditions, to all Friant Division long-term
contractors who provide water to meet Restoration Flows,
at a total cost of $10 per acre-foot. The reduction in water
deliveries caused by Restoration Flows is monitored and
recorded in the RWA.
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Figure 14-22 shows the historical declared allocation of water
to Friant Division contractors. Actual historical delivery of
Class 2 water supplies may be less than but do not exceed
declared allocations. As shown, annual allocation of Class 1
and Class 2 water varies widely in response to hydrologic
conditions.

From 1957 through 2012, annual allocations of Class 1 water
were typically at or above 75 percent of contract amounts,
except in 4 extremely dry years. In this same period, full
allocation of Class 2 water supplies occurred in about 20
percent of years. During the extended drought of 1987 through
1992, no Class 2 water was available and Class 1 allocations
were below full contract amounts, except in 1 year (1991).
During this and other historical drought periods, water
contractors relied heavily on groundwater to meet water
demands.

In addition to the Class 1, Class 2, and conjunctive
management aspects of Friant Division operations, a program
of transfers between districts takes place annually. This
program provides opportunities to improve water management
within the Friant Division Water Service Area. In wet years,
water surplus to one district’s need can be transferred to other
districts with the ability to recharge groundwater. Conversely,
in dry years, water is returned to districts with little or no
groundwater supply, thereby providing an ongoing informal
groundwater banking program within the Friant Division.
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Figure 14-22. Historical Water Allocation to Friant Division Contractors

The Cross Valley Canal is a privately owned canal that was
constructed in the mid-1970s through a collaborative effort of
several water agencies. The Cross Valley Canal is operated by
the Kern County Water Agency (KCWA), which completed
the Cross Valley Canal Expansion Project in 2012, increasing
capacity to 1,422 cfs. The Cross Valley Canal allows water to
be conveyed between the California Aqueduct and the Friant
Kern Canal, for delivery to seven CVP contractors located in
the east side of the southern San Joaquin Valley. CVP water
supply from the Delta was designed to be delivered to Arvin-
Edison Water Storage District (WSD) in exchange for a portion
of their Friant Division CVP water supply available through
Millerton Lake. Recently, Pixley ID and Lower Tule River ID
have discontinued the exchange with Arvin-Edison WSD and
have transferred their CVP water to other CVP WDs and
purchased local supplies.

Other Central Valley Project Water Service Areas and
Facilities

The CVP provides water to about 273 contractors, including
Settlement Contractors in the Sacramento Valley, the Exchange
Contractors in the San Joaquin Valley, agricultural and M&l
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water service contractors in both the Sacramento and San
Joaquin valleys, and wildlife refuges both north and south of
the Delta. Several of the Federal contractors have water service
areas located south of the Delta; most of their CVP supplies
must be conveyed through the Delta before delivery.

Through an Exchange Contract, Reclamation provides a
substitute water supply to the Exchange Contractors (CCID,
Columbia Canal Company, SLCC, and the Firebaugh Canal
WD), in exchange for the use of San Joaquin River water
within the Friant Division. Each of the four Exchange
Contractor entities has separate conveyance and delivery
systems operated independently, although their combined
water supply is managed as one unit for performance under the
Exchange Contract. The Exchange Contractors, along with
eight additional water right contractors, have conveyance and
delivery systems that generally divert water from the DMC or
Mendota Pool, convey water to customer delivery turnouts, and
at times discharge to tributaries of the San Joaquin River.

Each February, and monthly thereafter, Reclamation evaluates
hydrologic conditions throughout California to forecast CVP
operations and to estimate the amount of water to be made
available to Federal water service contractors for the contract
year. Allocations vary from year to year, and are based on
unimpaired inflow to Shasta Lake. In general, allocations to
CVP water service contractors south of the Delta are lower
than allocations to service contractors in the Sacramento
Valley.

The CVP water service contracts have varying water shortage
provisions. In 2001, Reclamation developed a draft CVP M&I
Water Shortage Policy in consultation with the CVP M&l
water service contractors (Reclamation 2001). This policy
provides M&I water supplies with a 75 percent water supply
reliability based on a contractor’s historical use, as defined by
the last 3 years of water deliveries unconstrained by the
availability of CVP water. Before M&I supplies are reduced,
irrigation water supplies would be reduced below 75 percent of
contract entitlement. The policy also provides that when the
allocation of irrigation water is reduced below 25 percent of
contract entitlement, Reclamation will reassess the availability
of CVP water and CVP water demand and, because of limited
water supplies, M&I water supplies may be reduced below 75
percent of adjusted historical use. Table 14-19 shows historical
CVP annual allocations since 1997.
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Table 14-19. Historical Central Valley Project Annual Allocations

CVP Contract Allocation (%)
| Year | Year Type' Agricultural Urban Wildlife Refuges | Settlement/
North of | South of | North of | South of | North of | South of Exchange
Delta Delta Delta Delta Delta Delta
1997 Wet 90 90 90-100 | 90-100 | .. qule dl sen qule g 100
1998 Wet 100 100 100 100 100 100 100
1999 Wet 100 70 95 95 100 100 100
2000 Above-Normal 100 65 100 90 100 100 100
2001 Dry 60 49 85 77 100 100 100
2002 Dry 100 70 100 95 100 100 100
2003 Above-Normal 100 75 100 100 100 100 100
2004 Below-Normal 100 70 100 95 100 100 100
2005 Above-Normal 100 85 100 100 100 100 100
2006 Wet 100 100 100 100 100 100 100
2007 Dry 100 50 100 75 100 100 100
2008 Critical 40 40 75 75 100 100 100
2009 Dry 40 10 75-100 60 100 100 100
2010 Below-Normal 100 45 100 75 100 100 100
2011 Wet 100 80 100 100 100 100 100
2012 Below-Normal 100 40 100 75 100 100 100

Source: Reclamation 2013

Note:

! sacramento Valley Water Year Types as defined in Modeling Appendix.

Key:

CVP = Central Valley Project
Delta = Sacramento-San Joaquin Delta
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The following subsections describe major SOD CVP facilities
outside the Friant Division.

New Melones Reservoir New Melones Dam, completed in
1979, is the newest major facility of the CVP. The reservoir is
located on the Stanislaus River and has a storage capacity of
2.4 MAF. New Melones Reservoir is operated for flood control
on the lower Stanislaus River and in the Delta, irrigation and
municipal supplies, hydropower, recreation, and fish and
wildlife enhancement. Downstream from New Melones
Reservoir are the Tulloch and Goodwin reservoirs, operated by
the Oakdale and South San Joaquin irrigation districts. Table
14-20 shows recent historical average monthly storage
operations at New Melones Reservoir.
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Table 14-20. Historical Average End-of-Month New Melones Reservoir Storage

Year Average End-of-Month Storage (TAF)*
Type’ | Oct | Nov | Dec | Jan | Feb | Mar Apr | May | Jun | Jul | Aug | Sep
All

Years 1,117 | 1,133 | 1,164 | 1,208 | 1,256 | 1,301 | 1,305 | 1,326 | 1,342 | 1,282 | 1,205 | 1,164

Wet 1,041 | 1,065 | 1,123 | 1,233 | 1,333 | 1,433 | 1,485 | 1,595 | 1,721 | 1,691 | 1,594 | 1,541

Above-

Normal 1,395 | 1,411 | 1,425 | 1,418 | 1,440 | 1,465 | 1,475 | 1,523 | 1,550 | 1,482 | 1,414 | 1,373

Below-

Normal 1,196 | 1,214 | 1,252 | 1,287 | 1,317 | 1,357 | 1,349 | 1,396 | 1,373 | 1,297 | 1,231 | 1,194

Dry 1,432 | 1,453 | 1,481 | 1,500 | 1,522 | 1,557 | 1,534 | 1,477 | 1,393 | 1,291 | 1,207 | 1,169

Critical | 896 898 904 908 924 919 882 824 765 699 644 617

Source: DWR 2013a, Gage ID NML
Notes:
! Period of record Water Years 1976—2012; some years may be missing data.

2 San Joaquin River Water Year Types as defined in Modeling Appendix.
Key:
TAF = thousand acre-feet

San Luis Reservoir/O’Neill Forebay Downstream from the
Jones Pumping Plant, CVP water flows in the DMC and can be
either diverted by the O’Neill Pumping-Generating Plant into
the O’Neill Forebay, or can continue down the DMC for
delivery to CVP contractors. The O’Neill Pumping-Generating
Plant generates power from releases from the O’Neill Forebay
back to the DMC. The O’Neill Pumping-Generating Plant
consists of six pump-generating units, each with a capacity of
700 cfs.

The O’Neill Forebay is a joint CVP and SWP facility, with a
storage capacity of about 56,000 acre-feet. In addition to its
interactions with the DMC via the O’Neill Pumping-
Generating Plant, it is part of the SWP California Aqueduct.
Several WDs receive diversions directly from the O’Neill
Forebay.

The William R. Gianelli Pumping-Generating Plant (Gianelli
Pumping-Generating Plant), also a joint CVP and SWP facility,
can pump water from the O’Neill Forebay into San Luis
Reservoir, and generate power from releases from San Luis
Reservoir to the O’Neill Forebay. The Gianelli Pumping-
Generating Plant consists of eight units, each with a capacity of
1,375 cfs.

San Luis Reservoir lies at the base of foothills on the west side
of the San Joaquin Valley. The reservoir provides offstream
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storage for excess winter and spring flows diverted from the
Delta. It was sized to reregulate and match Delta pumping to
demands, with a total capacity of 2.0 MAF.

The CVP share of the storage at San Luis Reservoir is 965,660
acre-feet; the remaining 1,062,180 acre-feet is the SWP share.
During late spring, summer, and early fall, water demands and
schedules are greater than the capability of Reclamation and
DWR to pump water from the Jones and Banks pumping
plants; water stored in San Luis Reservoir is used to make up
the difference. Since San Luis Reservoir receives very little
natural inflow, water must be stored during late fall through
early spring when the two Delta pumping plants can pump
more water from the Delta than is needed to meet immediate
water demands. The CVP share of San Luis Reservoir is
typically at its lowest in August and September, and at its
maximum in April.

Reclamation and DWR have the ability to use or exchange the
diversion capacity capabilities of the CVP and SWP (i.e., Delta
pumping into San Luis Reservoir) to enhance the beneficial
uses of both projects. The Joint Point of Diversion (JPOD)
capabilities are based on a staged implementation and
conditional requirements for each stage of implementation. The
stages of the JPOD are:

e Stage 1 - For water service to Cross Valley Canal
contractors, Tracy Veterans Cemetery, and Musco
Olive, and to recover export reductions taken to benefit
fish

e Stage 2 — For any purpose authorized under the current
project water right permits

e Stage 3 - For any purpose authorized up to the physical
capacity of the diversion facilities

Each stage has regulatory terms and conditions that must be
satisfied to implement the JPOD.

The San Felipe Division of the CVP supplies water to
customers in Santa Clara and San Benito counties from San
Luis Reservoir. Operation of San Luis Reservoir has the
potential to affect the water quality and reliability of these
supplies if reservoir storage drops below 300 TAF. Low CVP
and SWP water levels can affect water quality and reliability
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by creating conditions for algae growth, or by exposing intake
structures.

Table 14-21 shows historical average monthly storage in the
CVP share of San Luis Reservoir by year type.

Table 14-21. Historical Average End-of-Month Central Valley Project San Luis
Reservoir Storage

Year | Average End-of-Month Storage (TAF)" |
Type® Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep

All Years 441 553 648 749 805 868 862 752 577 399 312 364

Wet 352 455 545 675 782 873 907 858 767 586 465 500
Above- 677 742 767 811 884 948 925 791 612 454 380 432
Normal
Below-

437 518 590 688 714 766 736 633 518 402 347 413
Normal
Dry 533 675 796 890 893 907 861 673 405 245 207 274

Critical 365 505 644 744 758 813 790 656 405 189 102 168

Source: DWR 2013a, Gage SLF

Notes:

! Period of record Water Years 1969-2012.

2 Sacramento Valley Water Year Types as defined in Modeling Appendix.

Key:

TAF = thousand acre-feet

Delta-Mendota Canal The DMC, completed in 1951, carries
water from the Jones Pumping Plant to the San Luis—O’Neil
reservoir complex and then along the west side of the San
Joaquin Valley to Mendota Pool. Water is delivered along the
DMC and at Mendota Pool to the Delta, West San Joaquin, and
San Felipe divisions of the CVP (via San Luis Reservoir); to
wildlife refuges; and to replace San Joaquin River water stored
at Friant Dam and diverted into the Friant-Kern and Madera
canals consistent with the San Joaquin River Exchange
Contracts. The canal is about 117 miles long and has an initial
diversion capacity of 4,600 cfs, which decreases to 3,211 cfs at
the terminus.

Central Valley Project Contractor Facilities Exchange
Contractors (Figure 14-23) provide water deliveries to over
240,000 acres of irrigable land on the west side of the San
Joaquin Valley, from roughly the town of Mendota in the
south, to the town of Crows Landing in the north. Deliveries
are also made to the San Luis Wildlife Refuge Complex and
the State WMA:s.
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Figure 14-23. San Joaquin River Exchange Contractors
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Although unique for each entity, operations generally consist
of diverting sufficient flow from the DMC and Mendota Pool
to the Exchange Contractors’ main distribution systems.
Depending on the particular Exchange Contractor entity, water
is either directly delivered to community ditch systems of the
customers from the main canal systems, or water is further
conveyed through entity-owned and -maintained community
ditch systems to ultimate points of delivery. Once delivered,
the entities lose control of the water until the farmers’ drainage,
if any, is intercepted by district facilities.

State Water Project Water Service Areas and Facilities
The SWP operates under long-term contracts with 29 public
water agencies throughout California. To provide water for the
SWP, DWR negotiated settlement agreements to obtain water
rights in the Feather River, and to divert that water from the
Delta. DWR administers these settlement agreements with
Feather River and Delta interests, and delivers about 900 TAF
of water each year to Feather River agencies that hold senior
water rights.

The SWP contracts between DWR and individual State water
contractors define several classifications of water available for
delivery under specific circumstances. All classifications are
considered “project water.” Table A is an exhibit to the SWP
long-term water supply contracts. Table A amounts are used to
define each contractor’s proportion of the available water
supply that DWR will allocate and deliver to that contractor.
Each year, contractors may request an amount not to exceed
their Table A amount. Table A amounts are used as a basis for
allocations to contractors, but the actual annual supply to
contractors varies, and depends on the amount of water
available.

Although Table A is given first priority, water delivery
capabilities of the SWP are frequently lower than Table A
amounts. Each SWP contactor receives a percentage of its
Table A contract amount, depending on hydrologic conditions
and available SWP water in the system. Table A amounts were
designed to increase gradually until the total combined
maximum annual Table A amount for all water contracting
agencies was achieved.

Currently, regardless of location in the SWP system, each
contractor is entitled to the same percentage of Table A water.
In September 2013, DWR released a Negative Declaration of a
settlement with four North-of-Delta (NOD) contractors that
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would modify the four NOD contractors” SWP contracts to
improve water supply and reliability that has been reduced due
to SOD export limitations. Implementation of the Settlement
would allow the NOD plaintiffs to receive higher allocations of
SWP water when SOD allocations are reduced due to
environmental restrictions on pumping. Annual Table A
allocations were initially for 4.23 MAF, assuming full SWP
development (DWR 2013c), but have been reduced to 4.17
MAF as the result of amendments to water supply contracts in
the 1990s (DWR 2013d).

The Monterey Agreement (State Water Contractors and DWR
1994), signed by 27 of the 29 SWP water contractors in 1994,
restructured the SWP contracts to allocate water based on
contractual Table A amounts instead of the amount of water
requested for a given year. In times of shortages, the water
supply to SWP agricultural and M&aI contractors are reduced
equally.

Many contractors also make frequent use of additional contract
water types for deliveries over the approved and scheduled
amount allocated to the contractors under Table A. Other
contract types of water include Article 21 Water (surplus water
available after operational requirements of SWP water
deliveries, water quality, and Delta requirements are met), turn-
back pool water (accounting of SWP supplies is used early in
the year for later purchase by other SWP contractors at a set
price), and carryover water (unused SWP allocation from the
previous year).

The SWP allocation (proportion of Table A to be delivered) for
any specific year is made based on a number of factors,
including existing storage, current regulatory constraints,
projected hydrologic conditions, and desired carryover storage.
Since 1997, annual delivery of Table A water has varied
between 1.233 MAF (in 2009) to 3.201 MAF (in 2000). Article
21 deliveries have varied between about 3 TAF (in 2008) to
731 TAF (in 2005) (DWR 2013c). Table 14-22 shows
historical SWP deliveries since 1997 by year.
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Table 14-22. Historical Annual State Water Project Deliveries

Water Rights

1 Table A Article 21 and Other F'S.h a?”d

Year Year Type Amounts 2 Wildlife
(TAF) (TAF) Contractors (TAF)
(TAF)

1997 Wet 2,326 21 1,315 4
1998 Wet 1,726 20 1,007 2
1999 Wet 2,739 158 1,194 4
2000 Above-Normal 3,201 309 1,419 4
2001 Dry 1,691 43 1,556 3
2002 Dry 2,573 37 1,440 4
2003 Above-Normal 2,901 60 322 3
2004 Below-Normal 2,600 218 1,560 3
2005 Above-Normal 2,828 731 1,172 2
2006 Wet 2,973 621 1,232 2
2007 Dry 2,081 310 1,668 3
2008 Critical 1,234 3 1,598 3
2009 Dry 1,233 6 1,675 2

Source: DWR 2013c

Note:

! Sacramento Valley Water Year Types as defined in Modeling Appendix.

2 Includes other State Water Project and non-State Water Project water contractors, and Feather River Water Service

Area diversions.

Key:

TAF = thousand acre-feet

The following subsections describe major SOD SWP facilities.

San Luis Reservoir/O’Neill Forebay Downstream from the

Banks Pumping Plant, SWP water flows in the California

Aqueduct and into the O’Neill Forebay. The O’Neill Forebay

and San Luis Reservoir are described in the Other Central

Valley Project Water Service Areas and Facilities section of

this chapter. Table 14-23 shows historical average monthly

storage in the SWP share of San Luis Reservoir by year type.
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Table 14-23. Historical Average End-of-Month State Water Project San Luis
Reservoir Storage

Year Average End-of-Month Storage (TAF)1

Type2 Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep
YeAzlilrs 639 674 753 860 936 980 963 872 741 631 581 620
Wet 586 642 743 904 995 | 1,011 | 1,005 | 954 890 819 785 850

’Iil‘tc))(r)r\#;—l 832 862 901 973 | 1,008 | 1,025 | 1,005 | 919 791 688 645 679

Eglr?n\’\; 436 470 527 665 785 872 850 739 647 642 634 619
Dry 734 760 831 908 965 | 1,029 | 989 842 655 516 464 489

Critical 588 602 680 752 826 902 889 778 573 391 304 330

Source: DWR 2013a, Gage LUS

Notes:

! Period of record Water Years 1969-2012.
2 Sacramento Valley Water Year Types as defined in Modeling Appendix.

Key:

TAF = thousand acre-feet
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California Aqueduct The California Aqueduct carries water
443 miles from the Banks Pumping Plant to areas in Southern
California. The concrete-lined canal includes several pumping
plants and branches to enable delivery to various agricultural
and urban contractors, including the South Bay Aqueduct and
coastal branch. South of the O’Neill Forebay, parallel to the
DMC, the San Luis Canal (the central portion of the California
Aqueduct) is a joint-use facility for the CVP and SWP. It
begins on the southeast edge of the O’Neill Forebay and
extends about 101.5 miles southeasterly to a point near
Kettleman City. The California Aqueduct has a capacity
ranging from 8,350 cfs to 13,100 cfs.

State Water Project Contractor Facilities The SWP
operates under long-term contracts with public water agencies
throughout California. These agencies, in turn, deliver water to
wholesalers or retailers, or deliver it directly to agricultural and
M&I water users. These deliveries are made via a variety of
entity-owned and -maintained facilities.

Environmental Consequences and
Mitigation Measures

This section discusses environmental consequences on surface
water supplies and facilities operations associated with
implementation of the alternatives. It also describes potential
mitigation measures associated with impacts on surface water
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that are significant or potentially significant. The potential
direct and indirect effects to surface water supplies and
facilities operations and associated mitigation measures are
summarized in Table 14-24.
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Table 14-24. Summary of Impacts and Mitigation Measures for Surface Water Supplies and Facilities Operations

. Level of Significance | Mitigation . _L.evel of
Impact Study Area Alternative > Significance After
Before Mitigation Measure I
Mitigation

No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
Alternative Plan 4 NI NI
SWS-1: Changes in Ability to Divert Water Alternative Plan 5 NI NI
from Friant Dam No Action Alternative NI NI
Extended Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
Alternative Plan 4 NI NI
Alternative Plan 5 NI NI
No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
Alternative Plan 4 NI NI
SWS-2: Changes in Ability to Divert Water Alternative Plan 5 NI NI
from San Joaquin River No Action Alternative NI NI
Extended Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
Alternative Plan 4 NI NI
Alternative Plan 5 NI NI
No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
SWS-3: Change in Alternative Plan 4 NI NI
Water Levels in the Old River Alternative Plan 5 NI NI

near the Tracy Road Bridge No Action Alternative LTS LTS

Extended Alternative Plan 1 LTS LTS

Study Alternative Plan 2 LTS None LTS

Area Alternative Plan 3 LTS Required LTS

Alternative Plan 4 LTS LTS

Alternative Plan 5 LTS LTS
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Table 14-24. Summary of Impacts and Mitigation Measures for Surface Water Supplies and Facilities Operations (contd.)

. Level of Significance | Mitigation . _L.evel of
Impact Study Area Alternative > Significance After
Before Mitigation Measure I
Mitigation
No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
SWS-4: Change in Alternative Plan 4 NI NI
Water Levels in the Grant Line Alternative Plan 5 NI NI
Canal Above the Grant Line Canal Barrier No Action Alternative LTS LTS
Extended Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS None LTS
Area Alternative Plan 3 LTS Required LTS
Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS
No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
SWS-5: Change in Alternative Plan 4 NI NI
Water Levels in the Middle River Alternative Plan 5 NI NI
near the Howard Road Bridge No Action Alternative LTS LTS
Extended Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS None LTS
Area Alternative Plan 3 LTS Required LTS
Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS

Key:
LTS = less than significant
NI = no impact
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Methods and Assumptions

This section describes the modeling and assumptions used to
assess potential impacts to surface water supply and facilities
operations.

A suite of modeling tools was used to evaluate the potential
effects of Temperance Flat RM 274 Dam and Reservoir on
surface water supplies and facilities operations, and to quantify
potential benefits. CalSim Il was used to simulate CVP and
SWP operations, estimating the surface water flows, storages,
and deliveries that could be expected with each alternative. The
San Joaquin River Temperature Model (SJR5Q) provides a
method to evaluate the flows and temperatures in the San
Joaquin River downstream from Millerton Lake to the Merced
River confluence. The Delta Simulation Model 2 (DSM2) was
used to simulate Delta hydrodynamics, providing the data used
to evaluate the water-level-related impacts in the Delta of each
alternative. Analysis and modeling results are summarized
below; more detailed explanations, assumptions, and results of
these models are found in the Modeling Appendix.

All action alternatives are evaluated under existing and future
conditions and compared to the No Action Alternative under
existing and future conditions. For the existing conditions
evaluation, a 2005 level of development is used as the basis for
comparison. Similarly, the future conditions evaluation uses a
2030 level of development as a basis of comparison. Each of
the alternatives is simulated using the same levels of
development so that any changes from the basis of comparison
in surface water supply and facilities operations can be
attributed to the alternative.

Each of the modeling tools used for the analysis in this chapter
(CalSim 11, SJR5Q, and DSM2) is briefly described below,
followed by a summary of the magnitude and timing of
changes San Joaquin River flows and CVP and SWP
operations under each action alternative compared to the
existing conditions and No Action Alternative.

CalSim I

CalSim 11 is the application of the Water Resources Integrated
Modeling System software to the CVP and SWP. This
application was jointly developed by Reclamation and DWR
for planning studies relating to CVP and SWP operations. The
primary purpose of CalSim Il is to evaluate the water supply
reliability of the CVP and SWP at current and/or future levels
of development (e.g., 2005, 2030), with and without various
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assumed future facilities, and with different modes of facility
operations. Geographically, the model covers the drainage
basin of the Delta, and CVVP and SWP exports to the San
Francisco Bay Area, San Joaquin Valley, Central Coast, and
Southern California.

CalSim 11 typically simulates system operations for an 82-year
period using a monthly time step. The alternatives assessed by
CalSim, including No Action, have similar model structure and
assumptions. All action alternatives include operation of
Temperance Flat RM 274 Dam and Reservoir, as defined in
Chapter 2, “Alternatives Description.”

This analysis started with the future condition in the Shasta
Lake Water Resources Investigation (SLWRI) 2012
Benchmark Version of the CalSim 1l model. This model
version was selected both for consistency with the SLWRI and
because it included the most recent set of updates to the
CalSim Il model.

As described in Chapter 3, “Considerations for Describing
Affected Environment and Environmental Consequences,” if
ongoing CVP and SWP long-term operations re-consultation
results in operational conditions that deviate substantially from
the 2008 Long-Term Operations BA (Reclamation 2008) and
the 2008/2009 BOs (USFWS 2008, NMFS 2009), these
changes may be considered in future Investigation documents.

SJR5Q

SJR5Q covers the San Joaquin River downstream from
Millerton Lake to the confluence with the Merced River. The
model was developed using the USACE HEC-5Q modeling
tool, which can be used for simulating water flow and quality
of both reservoirs and streams. SIR5Q uses the river modeling
capabilities of HEC-5Q to model both flow and temperature in
the San Joaquin River from Millerton Lake to the Merced
River confluence. The HEC-5Q user manual (USACE 1998)
describes more completely the water quality relationships
included in the model.

DSM2

DSM2 is a branched one-dimensional model used to simulate
hydrodynamics, water quality, and particle tracking in a
network of riverine or estuarine channels. The hydrodynamic
module can simulate channel stage, flow, and water velocity.
Impact analysis for planning studies of the Delta is typically
performed for an 82-year period (1922 to 2003).
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Changes to Study Area Flows and CVP and SWP
Operations

Each action alternative would affect San Joaquin River flows
and CVP and SWP operations compared to either the existing
conditions or the No Action Alternative. The magnitude and
timing of changes vary according to each action alternative.
Results are summarized below and represent changes to flows,
storages, and diversions. These results are presented in more
detail (e.g., year type tables) in the Modeling Appendix. While
these results do not directly affect the analysis of impacts in
this chapter, these results may be post-processed to meet the
needs for analysis of significant impacts of alternatives in
additional resource areas (e.g., impacts to Friant Division water
supply in Chapter 23, “Socioeconomics, Population, and
Housing”). These processes are described in corresponding
sections of this Draft EIS.

San Joaquin River Upstream from Friant Dam Under the
No Action Alternative, releases and diversions are made from
Millerton Lake to satisfy downstream Holding Contract
requirements, Friant Division demands, flood management
requirements, and Restoration Flows. The action alternatives
would affect average end-of-month storages in Millerton Lake,
as seen in Table 14-25 and Table 14-26, by changing how
water is stored between Millerton Lake and Temperance Flat
RM 274 Reservoir. Wet winter and spring months would have
less water stored in Millerton Lake compared to the existing
conditions or No Action Alternative because water above the
Millerton Lake minimum carryover storage targets would
instead be stored in Temperance Flat RM 247 Reservoir. Dry
months would have more water stored in Millerton Lake
because Temperance Flat RM 274 Reservoir water storage
would be delivered instead. Changes in reservoir levels would
remain within historical operational levels.
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Table 14-25. Average Simulated End-of-Month Millerton Lake Storage

Existing Level (2005)l

Future Level (2030)l

Month Emsgng Change from Existing Condition (TAF)? N.O Change from No Action (TAF)®
Condition Action
(TAF) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt (TAF)| Alt1l Alt 2 Alt 3 Alt 4 Alt 5

October 223 117 (52%) | 117 (52%) | 117 (52%) | 117 (52%) | -88 (-39%) 219 121 (55%) | 121 (55%) | 121 (55%) | 121 (55%) | -86 (-39%)
November 245 95 (39%) | 96 (39%) | 95 (39%) | 96 (39%) | -109 (-44%) 240 100 (42%) | 100 (42%) | 100 (42%) | 100 (42%) | -107 (-45%)
December 295 45 (15%) | 45 (15%) | 45 (15%) | 45 (15%) | -159 (-54%) 279 61 (22%) | 61 (22%) | 61 (22%) | 61 (22%) | -145 (-52%)
January 347 T(2%) | -7 (2%) | -6(2%) | -7(2%) | -206 (-59%) 325 15 (5%) 15(5%) | 15(5%) | 15(5%) | -185 (-57%)
February 377 -36 (-10%) | -36 (-10%) | -36 (-10%) | -36 (-10%) | -234 (-62%) 360 -20 (-5%) | -20 (-5%) | -20 (-5%) | -20 (-5%) | -219 (-61%)
March 384 -42 (-11%) | -42 (-11%) | -42 (-11%) | -42 (-11%) | -239 (-62%) 375 -33(-9%) | -33(-9%) | -33 (-9%) | -32 (-9%) | -231 (-61%)
April 394 -52 (-13%) | -52 (-13%) | -53 (-13%) | -52 (-13%) | -252 (-64%) 345 5(-1%) | -5(-1%) | -5(-1%) | -5(-1%) | -208 (-60%)
May 419 -74 (-18%) | -74 (-18%) | -75 (-18%) | -74 (-18%) | -272 (-65%) 390 -47 (-12%) | -48 (-12%) | -48 (-12%) | -47 (-12%) | -250 (-64%)
June 422 -73 (-17%) | -73 (-17%) | -76 (-18%) | -70 (-17%) | -258 (-61%) 403 -58 (-14%) | -58 (-14%) | -58 (-14%) | -56 (-14%) | -253 (-63%)
July 332 19 (6%) | 19(6%) | 16 (5%) | 20 (6%) | -173 (-52%) 319 28 (9%) 28 (9%) | 28 (9%) | 30 (10%) | -167 (-52%)
August 236 106 (45%) | 106 (45%) | 105 (45%) | 106 (45%) | -88 (-37%) 229 113 (49%) | 113 (49%) | 112 (49%) | 113 (49%) | -85 (-37%)
September 221 119 (54%) | 119 (54%) | 119 (54%) | 119 (54%) | -83 (-38%) 217 123 (57%) | 123 (57%) | 123 (57%) | 124 (57%) | -80 (-37%)

Source: Summarized from CalSim Il 2005 and 2030 simulations (Node S18)

Notes:

1 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of

development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a
simulation period of October 1921-September 2003.
2 (%) indicates percent change from existing conditions. Negative value represents a decrease in storage, and positive value represents an increase in storage.
3 (%) indicates percent change from No Action Alternative. Negative value represents a decrease in storage, and positive value represents an increase in storage.

Key:

Alt = Alternative
TAF = thousand acre-feet
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Table 14-26. Average Simulated End-of-Month Millerton Lake Storage in Dry and Critical Years

| Existing Level (2005)1'2 Future Level (2030)1'2
Month EX'SF'F‘Q Change from Existing Condition (TAF)® N.O Change from No Action (TAF)*
Condition Action
(TAF) Alt 1 Alt 2 Alt 3 Alt 4 Alt5 |Alt (TAF)| Alt1l Alt 2 Alt 3 Alt 4 Alt 5

October 210 130 (62%) | 130 (62%) | 130 (62%) | 130 (62%) | -80 (-38%) 205 135 (66%) | 135 (66%) | 135 (66%) | 135 (66%) | -75 (-37%)
November 224 116 (52%) | 116 (52%) | 116 (52%) | 116 (52%) | -94 (-42%) 218 122 (56%) | 122 (56%) | 122 (56%) | 122 (56%) | -88 (-40%)
December 259 81 (31%) | 81 (31%) | 81 (31%) | 81 (31%) | -129 (-50%) 241 99 (41%) | 99 (41%) | 99 (41%) | 99 (41%) | -111 (-46%)
January 297 43 (14%) | 43 (14%) | 43 (14%) | 43 (14%) | -167 (-56%) 266 74 (28%) | 74 (28%) | 74 (28%) | 74 (28%) | -136 (-51%)
February 313 27 (9%) 27 (9%) 27 (9%) 27 (9%) | -183 (-58%) 283 57 (20%) | 57 (20%) | 57 (20%) | 57 (20%) | -153 (-54%)
March 315 25 (8%) 25 (8%) 25 (8%) 25 (8%) | -185 (-59%) 287 53 (19%) | 53 (19%) | 53 (19%) | 53 (19%) | -157 (-55%)
April 359 -18 (-5%) | -18 (-5%) | -18 (-5%) | -18 (-5%) | -228 (-64%) 319 21 (T%) | 21 (7%) | 21 (7%) | 21 (7%) | -189 (-59%)
May 383 -43 (-11%) | -43 (-11%) | -43 (-11%) | -43 (-11%) | -253 (-66%) 349 9(-2%) | -9(-2%) | -9(-2%) | -9(-2%) | -219 (-63%)
June 333 7 (2%) 7 (2%) 7 (2%) 7(2%) | -203 (-61%) 310 30 (10%) | 30 (10%) | 30 (10%) | 30 (10%) | -180 (-58%)
July 229 111 (48%) | 111 (48%) | 111 (48%) | 111 (48%) | -99 (-43%) 215 125 (58%) | 125 (58%) | 125 (58%) | 125 (58%) | -85 (-40%)
August 175 175 181 181 181 181

165 (107%) | 175 (107%) | (107%) | 175 (107%) | -35 (-21%) 159 (114%) (114%) (114%) (114%) | -29 (-18%)
September 177 163 (92%) | 163 (92%) | 163 (92%) | 163 (92%) | -47 (-26%) 174 166 (95%) | 166 (95%) | 166 (95%) | 166 (95%) | -44 (-25%)

Source: Summarized from CalSim Il 2005 and 2030 simulations (Node S18)

Notes:

! values presented for dry and critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a
simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in storage, and positive value represents an increase in storage.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in storage, and positive value represents an increase in storage.

Key:
Alt = Alternative

TAF = thousand acre-feet
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San Joaquin River from Friant Dam to the Merced River
All action alternatives would reduce Reach 1 average
streamflow in wetter winter and spring months (Table 14-27
and Table 14-28). This reduced flow is primarily caused in wet
years when Temperance Flat RM 274 Reservoir would store
large runoff events that otherwise would be released from
Millerton Lake as flood flows. This storage would then be
released in drier months and years, increasing flows in those
months compared to the existing conditions or No Action
Alternative (Table 14-27 and Table 14-28). Different
beneficiaries, as outlined in Chapter 2, “Alternatives”, would
cause changes in water supply routing (Friant-Kern Canal
versus the river) and timing (agricultural water supply would
be delivered on an irrigation schedule that is different from an
M&I delivery schedule).

Flow changes in Reach 2A would be caused by similar
operations described for Reach 1 (Table 14-29 and Table
14-30). Decreases in Reach 2B flows would be less than
upstream because most flood flows bypass this reach;
consequently, Reach 2B flows would be less sensitive to flood
release changes at Friant Dam (Table 14-31 and Table 14-32).
Increases in Reach 2B flows would be caused by releases from
Temperance Flat Rm 274 storage for deliveries or exchanges at
Mendota Pool.

Draft — August 2014 — 14-63
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Table 14-27. Average Simulated Monthly Flow, San Joaquin River at Head of Reach 1

Existing Level (2005)"

Future Level (2030)"

Existing A ‘s 2 No Action . 3
Month Conditions Change from Existing Condition (cfs) Alt Change from No Action (cfs)
(cfs) Alt 1 Alt 2 Alt 3 Alt4 | Alt5 (cfs) Alt 1 Alt 2 Alt3 | Alt4 Alt5
October 349 115 (33%) | 170 (49%) | 8 (2%) 85 (24%) | 22 (6%) 350 103 (30%) | 131 (37%) | 3(1%) | 68(19%) | 21 (6%)
November 464 110 (24%) | 208 (45%) | -5(-1%) | 88 (19%) | 25 (5%) 465 99 (21%) | 156 (34%) | -7 (-1%) | 60 (13%) | 8 (2%)
December 288 15 (5%) | 49 (17%) | -76 (-26%) | -1 (0%) |-53 (-18%) 484 -9 (-2%) 11 (2%) | -95 (-20%) | -6 (-1%) | -72 (-15%)
January 474 -160 (-34%) | -164 (-35%) | -239 (-50%) | -161 (-34%) (jgf;o) 639 -122 (-19%) | -132 (-21%) |-188 (-29%) | -129 (-20%) | -162 (-25%)
February 741 -331 (-45%) | -304 (-41%) | -284 (-38%) | -289 (-39%) (_'3277;) 692 -307 (-44%) | -288 (-42%) |-275 (-40%) | -254 (-37%) | -235 (-34%)
March 1,385 | -297 (-21%) | -273 (-20%) | -246 (-18%) | -228 (-16%) (_'12610?0) 1,326 | -246 (-19%) | -229 (-17%) |-222 (-17%) | -220 (-17%) | -194 (-15%)
April 1,552 | -253 (-16%) | -223 (-14%) | -212 (-14%) | -224 (-14%) (_'123?02) 2,385 | -242 (-10%) | -225 (-9%) | -215 (-9%) | -181 (-8%) | -174 (-7%)
May 1,205 | -452 (-38%) | -419 (-35%) | -394 (-33%) | -388 (-32%) (_'g’g’%) 1,085 | -252 (-23%) | -227 (-21%) |-208 (-19%) | -204 (-19%) | -162 (-15%)
June 1,047 | -160 (-15%) | -157 (-15%) | -195 (-19%) | -95 (-9%) (_'11&02) 1,053 | -102 (-10%) | -107 (-10%) |-142 (-14%)| -75 (-7%) | -43 (-4%)
Ju 633 32 (5% 57 (9% 27 (4%) | 136 (21%) | 112 (18% 624 27 (-4%) | -19(-3%) | -43 (-7%) | 60 (10%) | 52 (8%
ly (5%) (9%) (4%) (21%) (18%) (-4%) (-3%) (-7%) (10%) (8%)
August 343 131 (38%) | 117 (34%) | 94 (27%) | 163 (47%) | 160 (47%) 343 118 (35%) | 91 (27%) | 69 (20%) | 136 (40%) | 155 (45%)
September 343 135 (39%) | 127 (37%) | 21(6%) | 103 (30%) | 35 (10%) 344 122 (36%) | 99 (29%) | 15(4%) | 84 (24%) | 34 (10%)
ﬁxﬁﬁ’e 734 92 (-12%) | -66 (-9%) |-124 (-17%) | -66 (-9%) | -87 (-12%) 814 71 (-9%) | -60 (-7%) |-108 (-13%)| -54 (-7%) | -63 (-8%)

Source: CalSim Il 2005 and 2030 simulations (Node C18)

Notes:

1 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of

development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a
simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

3 (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-28. Average Simulated Monthly Flow in Dry and Critical Years, San Joaquin River at Head of Reach 1

Existing Level (2005)"?

Future Level (2030) *?

Existing . " 3 No Action . 4
Month . Change from Existing Condition (cfs Change from No Action (cfs
Conditions 9 9 (cfs) Alt 9 (cfs)
(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 (cfs) Alt 1 Alt2 | Alt3 Alt 4 Alt 5

October 330 39 (12%) | 64 (20%) | 7 (2%) 30 (9%) 27 (8%) 317 23 (7%) | 33 (10%) | 4 (1%) 19 (6%) 24 (8%)
November 427 37 (9%) | 78 (18%) | 2 (0%) 26 (6%) 21 (5%) 404 24 (6%) | 41 (10%) | 3 (1%) 18 (4%) 17 (4%)

-33 - _70, - 3920, - 210, _ 190 -41 - ~Q0, -58 - 120, - 80,
December 192 (1706) | ¥4 (-7%) | -62 (-32%) | -40 (-21%) | -36 (-19%) 374 (1106) | 2 (-9%) (1606) | 44 (-12%) 32 (-8%)

-206 -202 -225 (- 206 (- | 10 .50 -180 -180 ET I PPN I
January 338 (61%) (60%) 679%) 619%) 179 (-53%) 506 (36%) | (36%) | (a7o6) | 70 (-35%) | -145 (-29%)

-345 -335 -329 (- -328 (- -389 -385 -380
February 727 (-47%) (-46%) 45%) asop) | 334 (-46%) 697 (56%) | (55%) | (55%) | 338 (-48%) | -336 (-48%)
March 984 0 (0%) 5 (1%) 8 (1%) 7 (1%) 44 (4%) 985 0(0%) | 5(0%) | 4(0%) 4 (0%) 38 (4%)
April 584 0 (0%) 9 (2%) 15 (3%) | 12 (2%) | 56 (10%) 735 0(0%) | 5(1%) | 9(1%) 8 (1%) 50 (7%)
May 325 0(0%) | 14 (4%) | 24 (7%) | 20(6%) | 90 (28%) 321 0 (0%) 7(2%) |15(%)| 13 (4%) 81 (25%)
June 325 40 (12%) | 50 (15%) | 42 (13%) | 61 (19%) | 158 (49%) 321 24 (1%) | 26 (8%) |26 (8%)| 39 (12%) 142 (44%)
July 332 39 (12%) | 55 (17%) | 51 (15%) | 67 (20%) | 189 (57%) 330 23 (7%) | 28(9%) |31 (9%)| 43 (13%) 169 (51%)
August 332 39 (12%) | 39 (12%) | 34 (10%) | 53 (16%) | 126 (38%) 330 23 (7%) | 21(6%) |21 (6%)| 34 (10%) 113 (34%)
September 332 40 (12%) | 42 (13%) | 7 (2%) 31 (9%) 28 (8%) 333 24 (1%) | 22 (7%) | 5 (1%) 19 (6%) 25 (8%)
ﬁ‘r’]ﬁﬁe 434 -27 (-6%) | -14 (-3%) | -34 (-8%) | -20 (-5%) | 18 (4%) 470 -37 (-8%) | -32 (-7%) (_'gf/’o ) | -2806%) 15 (3%)

Source: CalSim Il 2005 and 2030 simulations (Node C18)

Notes:

! Values presented for dry and critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-29. Average Simulated Monthly Flow, San Joaquin River at Head of Reach 2A

Existing Level (2005)"

Future Level (2030)"

Month Exis.ti_ng Change from Existing Condition (cfs)? Ac'\:ioon Change from No Action (cfs)®
Conditions
Alt

(cfs) Altl | Alt2 | Alt3 | Alt4 | Alt5 | (cfs) | Altl | Alt2 | Alt3 | Alt4 | Alt5
October 190 115 (61%) | 170 (90%) | 8 (4%) | 85 (45%) | 22 (12%) 191 | 103 (54%) | 131 (69%) | 3(2%) | 68 (35%) | 21 (11%)
November 341 110 (32%) | 208 (61%) | -5(-2%) | 88 (26%) | 25 (7%) 342 99 (29%) | 156 (46%) | -7 (-2%) | 60 (18%) | 8 (2%)
December 168 15 (9%) | 49 (29%) | -76 (-45%) | -1(-1%) |-53(-32%)| 363 -9 (-2%) | 11(3%) | -95(-26%) | -6 (-2%) | -72 (-20%)
January 375 -160 (-43%) | -164 (-44%) | -239 (-64%) |-161 (-43%)|-198 (-53%)| 540 | -122 (-23%) |-132 (-25%) | -188 (-35%) |-129 (-24%) | -162 (-30%)
February 641 -331 (-529%) | -304 (-47%) | -284 (-44%) |-289 (-45%)|-274 (-43%)| 592 | -307 (-52%) |-288 (-49%) | -275 (-46%) |-254 (-43%) | -235 (-40%)
March 1,255 -297 (-24%) | -273 (-22%) | -246 (-20%) |-228 (-18%)|-219 (-17%)| 1,196 | -246 (-21%) |-229 (-19%) | -222 (-19%) |-220 (-18%) | -194 (-16%)
April 1,403 -253 (-18%) | -223 (-16%) | -212 (-15%) |-224 (-16%)|-205 (-15%)| 2,235 | -242 (-11%) |-225 (-10%) | -215 (-10%) | -181 (-8%) | -174 (-8%)
May 1,015 -452 (-45%) | -419 (-41%) | -394 (-39%) |-388 (-38%)|-357 (-35%)| 895 | -252 (-28%) |-227 (-25%) | -208 (-23%) |-204 (-23%) | -162 (-18%)
June 857 -160 (-19%) | -157 (-18%) | -195 (-23%) | -95 (-11%) |-110 (-13%)| 863  [-102 (-12%) |-107 (-12%)|-142 (-16%) | -75 (-9%) | -43 (-5%)
July 404 32(8%) | 57 (14%) | 27 (7%) | 136 (34%) | 112 (28%) | 395 27 (-7%) | -19 (-5%) | -43 (-11%) | 60 (15%) | 52 (13%)
August 114 131 (115%) | 117 (103%) | 94 (83%) |163 (143%)|160 (140%)| 113 | 118 (104%)| 91 (80%) | 69 (61%) |136 (120%)| 155 (137%)
September 133 135 (102%) | 127 (96%) | 21 (16%) | 103 (77%) | 35 (27%) 134 | 122 (91%) | 99 (74%) | 15(11%) | 84 (63%) | 34 (26%)
ﬁxﬁrﬁ’e 573 -92 (-16%) | -66 (-12%) | -124 (-22%) | -66 (-12%) | -87 (-15%) | 653 | -71(-11%) | -60 (-9%) |-108 (-17%) | -54 (-8%) | -63 (-10%)

Source: CalSim Il 2005 and 2030 simulations (Node C18)

Notes:

1 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use

a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
3 (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-30. Average Simulated Monthly Flow in Dry and Critical Years, San Joaquin River at Head of Reach 2A

Existing Level (2005)"?

Future Level (2030)*?

_ No
Existin _ " . .
Month ting Change from Existing Condition (cfs)® Action Change from No Action (cfs)*
Conditions
Alt
(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 (cfs) Alt 1 Alt2 | Alt3 Alt 4 Alt 5
October 39 (23%) 64 (38%) 7(4%) | 30 (18%) |27 (16%) 158 23 (14%) |33 (21%)| 4(3%) |19 (12%)| 24 (15%) 39 (23%)
November 37 (12%) 78 (26%) 2 (1%) 26 (8%) | 21 (7%) 281 24 (8%) |41 (15%) | 3(1%) |18 (6%)| 17 (6%) 37 (12%)
-36 -32 -44
- - 0, - - 0, - - 0, - - 0, - - 0, - . 0, - - 0, - - 0,
December 33 (-46%) | -14 (-19%) | -62 (-87%) | -40 (55%) | (g0 254 A1(-16%) | (1305 |58 (23%) | (179q) | -32(-13%) | -33(-46%)
-179 -180 -190 -179
January -206 (-87%) |-202 (-85%) |-225 (-94%) | -206 (-86%) | | cf) 407 180 (-44%) | 100 | (a705) | (-adow) | 145 (36%) | -206 (-87%)
-334 -385 -380 -336
February -345 (-55%) |-335 (-53%) |-329 (-52%) | -328 (-52%) | (‘5304 597 389 (-65%) | (200 | (6a%) | (-56%) | 336 (56%) | -345 (-55%)
March 0 (0%) 5 (1%) 8 (1%) 7(1%) | 44 (5%) 855 0 (0%) 5(1%) | 4(1%) | 4(0%) | 38 (4%) 0 (0%)
April 0 (0%) 9 (2%) 15 (3%) 12 (3%) |56 (13%) 585 0 (0%) 5(1%) | 9(2%) | 8(1%) | 50 (9%) 0 (0%)
May 0 (0%) 14 (10%) | 24 (18%) | 20 (15%) |90 (67%) 131 0 (0%) 7 (5%) | 15 (11%) |13 (10%)| 81 (62%) 0 (0%)
June 40 (30%) 50 (37%) | 42 (31%) | 61 (45%) (11157% 131 24 (18%) | 26 (20%) | 26 (20%) |39 (30%)| 142 (108%) | 40 (30%)
July 39 (38%) 55 (54%) | 51 (49%) | 67 (65%) (1}33%@ 100 23 (23%) |28 (28%) | 31 (31%) |43 (43%)| 169 (169%) | 39 (38%)
August 39 (38%) 39 (38%) | 34(33%) | 53 (51%) (é%f@ 100 23 (23%) |21 (20%) | 21 (21%) |34 (34%)| 113 (113%) | 39 (38%)
September 40 (33%) 42 (35%) 7(6%) | 31(26%) |28 (23%) 123 24 (19%) |22 (18%)| 5(4%) |19 (16%)| 25 (20%) 40 (33%)
Average -32 -28
Annuaﬁ’ 27 (-10%) | -14 (-5%) | -34 (-12%) | -20 (-7%) | 18 (7%) 308 37 (12%) | (1005 |40 C13%)| (g0 15 (5%) -27 (-10%)

Source: CalSim Il 2005 and 2030 simulations (Node C603)

Notes:

! values presented for dry and critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-31. Average Simulated Monthly Flow, San Joaquin River at Head of Reach 2B

Existing Level (2005)"

Future Level (2030)"

Month Exis_ti.ng Change from Existing Condition (cfs)? Ac,\:ioon Change from No Action (cfs)®
Conditions
Alt
(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 (cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5
October 11 (101256% ) (151;71% ) | 9(80%) | 85(768%) | 23(203%) | 11 |104(928%) (1117331% ) 3(31%) | 68 (610%) | 21 (192%)
November 0 127 (n/a) | 223 (n/a) | 14 (n/a) 91 (nfa) | 23(n/a) 16 |101 (617%)| 158 (970%) | -4 (-27%) | 62 (381%) | 10 (63%)
December 44 73 (166%) | 101 (231%) | -18 (-41%) | 51 (117%) | -1 (-1%) 84 38 (46%) | 58(69%) | -47 (-56%) | 30 (35%) |-25 (-30%)
January 80 19 (24%) | 19 (24%) | -43 (-54%) | 14 (17%) |-14 (-17%)| 121 7 (6%) -5 (-4%) | -55(-45%) | -5(-4%) |-20 (-17%)
February 130 (1000 | 104 (80%)| -84 (-65%) | 01 (-70%) | -55 (-42%) | 215 |-191 (-89%)|-L73 (-80%)  -150 (-74%) |-142 (-66%) | oo
March 60 53 (-88%) | -31 (-52%) | -11 (-18%) | -22 (-37%) | 16 (26%) | 189 |-145 (-76%)|-127 (-67%) | -120 (-63%) | -119 (-63%) | -99 (-52%)
April 1 -1 (-73%) |23 (2315%) | 37 (3776%) | 32 (3246%) |66 (6735%)| 147  |-119 (-80%)|-102 (-69%) | -91 (-62%) | -78 (-53%) | -46 (-31%)
May 83 79 (-96%) | -49 (-59%) | -22 (-27%) | -25 (-31%) | 25 (31%) | 168 |-117 (-70%)| -93 (-55%) | -72 (-43%) | -72 (-43%) | -17 (-10%)
June 23 97 (420%) | 113 (492%) | 95 (413%) | 154 (669%) |178 (773%)| 179 | -20 (-11%) | -26 (-15%) | -42 (-24%) | 18 (10%) | 68 (38%)
July 94 83 (88%) | 116 (123%) | 100 (106%) | 179 (190%) |199 (211%)| 108 65 (60%) | 73 (68%) | 54 (50%) | 135 (124%) |175 (162%)
August 0 131 (n/a) 117 (n/a) 94 (n/a) 163 (n/a) 160 (n/a) 0 118 (n/a) 91 (n/a) 69 (n/a) 136 (n/a) 155 (n/a)
September 0 135 (n/a) 127 (n/a) 21 (n/a) 103 (n/a) 35 (n/a) 0 122 (n/a) 99 (n/a) 15 (n/a) 84 (n/a) 34 (n/a)
ﬁ‘éﬁﬁe 44 44 (101%) | 70 (160%) | 17 (38%) | 62 (142%) |55(127%) | 103 | -2(-2%) | 8(8%) | -37(-36%) | 11(11%) | 13 (12%)

Source: CalSim Il 2005 and 2030 simulations (Node C605a)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
n/a = not applicable
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Table 14-32. Average Simulated Monthly Flow in Dry and Critical Years, San Joaquin River at Head of Reach 2B

Existing Level (2005)"?

Future Level (2030)*?

Month CEE'(;%T)%S Change from Existing Condition (cfs)® No ﬁ(l:tnon Change from No Action (cfs)*
(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 (cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5
October 0 39 (n/a) 64 (n/a) 7 (n/a) 30 (n/a) 27 (n/a) 0 23 (n/a) 33 (n/a) 4 (n/a) 19 (n/a) 24 (n/a)
November 0 40 (n/a) 81 (n/a) 5 (n/a) 29 (n/a) 19 (n/a) 0 24 (n/a) 41 (n/a) 3 (n/a) 18 (n/a) 17 (n/a)
December 45 -6 (-13%) | 13 (30%) | -35 (-78%) | -12 (-28%) | -9 (-20%) 48 (-é%f/o | 16 (3a%) (_é‘éﬁm | | 28 cs8%) | 16 (-33%)
January 89 57 (-64%)| -53 (-59%) | -75 (-84%) | -57 (-64%) | -30 (-34%) 103 (_23835(’, %) | 85 (:83%) (_ég‘gﬂ) ) | 84 (-82%) | 50 (-49%)
February 132 (_i%)%i)) -124 (-94%)|-117 (-89%) (_'9102& ) -72 (-54%) 195 (_i%)%;) ) -192 (-98%) (_'913;) ) '%gf;) g -142 (-73%)
March 0 0 (0%) 5 (n/a) 8 (n/a) 7 (n/a) 44 (n/a) 0 0 (0%) 5 (n/a) 4 (n/a) 4 (n/a) 38 (n/a)
April 1 -1 (-100%)| 9 (774%) |14 (1252%) |11 (1033%)| 55 (4934%) 0 0 (0%) 5 (n/a) 9 (n/a) 8 (n/a) 50 (n/a)
May 0 0 (0%) 14 (n/a) 24 (n/a) 20 (n/a) 90 (n/a) 0 0 (0%) 7 (n/a) 15 (n/a) 13 (n/a) 81 (n/a)
June 0 40 (n/a) 50 (n/a) 42 (n/a) 61 (n/a) 158 (n/a) 0 24 (n/a) 26 (n/a) 26 (n/a) 39 (n/a) 142 (n/a)
July 0 39 (n/a) 55 (n/a) 51 (n/a) 67 (n/a) 189 (n/a) 0 23 (n/a) 28 (n/a) 31 (n/a) 43 (n/a) 169 (n/a)
August 0 39 (n/a) 39 (n/a) 34 (n/a) 53 (n/a) 126 (n/a) 0 23 (n/a) 21 (n/a) 21 (n/a) 34 (n/a) 113 (n/a)
September 0 40 (n/a) 42 (n/a) 7 (n/a) 31 (n/a) 28 (n/a) 0 24 (n/a) 22 (n/a) 5 (n/a) 19 (n/a) 25 (n/a)
ﬁ‘r’]ﬁﬁe 22 4(19%) | 17 (80%) | -2 (-10%) | 11 (51%) | 53 (245%) 28 (_Ag/o )| 8e2ew) (_‘%‘;)) -4 (-16%) | 39 (140%)

Source: CalSim Il 2005 and 2030 simulations (Node C605a)

Notes:

! Values presented for dry and critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
n/a = not applicable
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Flow changes in Reach 3 through Reach 4A would be less
sensitive to changes in flood releases from Friant Dam because
most flood flows bypass these reaches (Table 14-33 through
Table 14-36). Decreases in flow during wetter winter and
spring months, therefore, would be less than observed for
upstream reaches. Similar to upper reaches, operational
differences between the action alternatives would cause
differences in timing of Temperance Flat RM 274 storage and
releases, which would cause difference in flows between
alternatives.

Reach 4B1 would not have differences in flow because all flow
bypasses this reach (Table 4-37 and 4-38). Reach 4B2 and
Reach 5 would be sensitive to flood release changes as flood
flows can reenter the San Joaquin River from the bypass
system at these points (Table 14-39 through Table 14-42).
Flow changes would be caused by decreased flood releases
from Friant Dam and by changes in water supply routing and
timing, similar to that described for other reaches.
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Table 14-33. Average Simulated Monthly Flow, San Joaquin River at Head of Reach 3

Existing Level (2005)" Future Level (2030)"
Month CEE';%T)%S Change from Existing Condition (cfs)? No ﬁ(l:tnon Change from No Action (cfs)®

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 (cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5
October 311 0(0%) | 0(0%) | 0O(0%) 0 (0%) 0 (0%) 326 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 188 0(0%) | 0(0%) | 0O(0%) 0 (0%) 0 (0%) 215 -14 (-6%) | -13 (-6%) | -15(-7%) | -13(-6%) | -12 (-6%)
December 185 -39 (-219%)|-39 (-21%)|-39 (-21%)| -39 (-21%) | -39 (-21%) 229 -61 (-27%)| -61 (-27%) | -58 (-25%) | -44 (-19%) | -61 (-27%)
January 283 -67 (-24%)|-67 (-24%)|-67 (-24%)| -67 (-24%) | -67 (-24%) 328 -69 (-219%)| -69 (-21%) | -69 (-21%) | -69 (-21%) | -70 (-21%)
February 333 -71 (-21%)|-68 (-20%)|-69 (-21%)| -70 (-21%) | -71 (-21%) 428 (_'3123:/30 ) | 138 (-32%) | -138 (-32%) | -120 (-28%) | -139 (-32%)
March 374 -8 (-2%) | -8 (-2%) | -8 (-2%) | -8 (-2%) -8 (-2%) 492 -87 (-18%)| -86 (-18%) | -87 (-18%) | -86 (-17%) | -99 (-20%)
April 368 4(1%) | 41%) | 4(1%) 4 (1%) 4 (1%) 566 -84 (-15%)| -84 (-15%) | -84 (-15%) | -71 (-13%) | -86 (-15%)
May 526 -14 (-3%) | -14 (-3%) | -14 (-3%) | -14 (-3%) | -14 (-3%) 683 -91 (-13%)| -91 (-13%) | -91 (-13%) | -91 (-13%) | -94 (-14%)
June 448 0(0%) | 0(0%) | O(0%) 0 (0%) 0 (0%) 605 -46 (-8%) | -46 (-8%) | -47 (-8%) | -47 (-8%) | -46 (-8%)
July 434 3 (-1%) | -2 (-1%) | -1 (0%) -2 (0%) -1 (0%) 458 -13(-3%) | -13(-3%) | -17 (-4%) | -3(-1%) | -12(-3%)
August 404 0(0%) | 0(0%) | O (0%) 0 (0%) 0 (0%) 408 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 355 0(0%) | 0(0%) | O(0%) 0 (0%) 0 (0%) 366 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁxﬁﬁﬁe 351 -16 (-5%) | -16 (-5%) | -16 (-5%) | -16 (-5%) | -16 (-5%) 425 -50 (-129%)| -49 (-12%) | -50 (-12%) | -45 (-11%) | -51 (-12%)
Source: CalSim Il 2005 and 2030 simulations (Node C607)
Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

% (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty: Alternatives

cfs = cubic feet per second
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Table 14-34. Average Simulated Monthly Flow in Dry and Critical Years, San Joaquin River at Head of Reach 3

Existing Level (2005)"? Future Level (2030)*?
Month CE)rigittlir(])?]s Change from Existing Condition (cfs)® No ﬁlcttmn Change from No Action (cfs)*
(cfs) Altl | Alt2 Alt 3 Alt4 | Alts | (cfs) Alt 1 Alt 2 Alt3 | Alts4 | Alts

October 293 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 308 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
November 147 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 157 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
December 101 -36 (-36%) | -36 (-36%) | -36 (-36%) | -36 (-36%) |-36 (-36%) 109 -40 (-36%) | -40 (-36%) | -40 (-36%) |-40 (-36%)|-40 (-36%)
January 134 -71 (-53%) | -71 (-53%) | -71(-53%) | -71(-53%) |-71 (-53%) 154 -88 (-57%) | -88 (-57%) | -88 (-57%) |-88 (-57%)|-88 (-57%)
February 279 -59 (-219%) | -59 (-21%) | -59 (-21%) | -59 (-21%) |-59 (-21%) 355  |-131 (-37%)| -131 (-37%) | -131 (-37%) |-92 (-26%) (3%73;) )
March 195 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 198 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
April 215 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 219 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
May 292 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 298 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
June 395 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 403 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
July 391 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 393 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
August 388 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 391 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
September 341 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 351 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
ﬁxﬁﬁ"?ﬁe 264 14 (-5%) | -14 (-5%) | -14 (-5%) | -14 (-5%) | -14 (-5%) 277 21 (-8%) | -21(-8%) | -21(-8%) |-18 (-6%) | -21 (-8%)

Source: CalSim Il 2005 and 2030 simulations (Node C607)

Notes:

! values presented for dry and critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty= Alternatives

cfs = cubic feet per second
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Table 14-35. Average Simulated Monthly Flow, San Joaquin River at Head of Reach 4A

Existing Level (2005)*

Future Level (2030)"

Month C?r?dsittlir;%s Change from Existing Condition (cfs)? A%jt\:c%)n Change from No Action (cfs)®

(cfs) Altl | Alt2 | Alt3 | Alt4 | Alt5 | (cfs) | Altl Alt 2 Alt3 | Alt4 | Alt5
October 86 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 86 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
November 246 A0%) | -10%) | -1(0%) | -1(0%) 1 (0%) 265 -14 (-5%) | -13 (-5%) | -15(-5%) | -13 (-5%) | -12 (-5%)
December 117 -39 (-33%) | -39 (-33%) | -39 (-33%) | -39 (-33%) | -39 (-33%) | 272 | -61(-22%) | -61 (-22%) | -58 (-21%) | -44 (-16%) |-61 (-22%)
January 228 -67 (-29%) | -67 (-29%) | -67 (-29%) | -67 (-29%) | -67 (-29%) | 405 | -69 (-17%) | -69 (-17%) | -69 (-17%) | -69 (-17%) |-70 (-17%)
February 365 -71 (-19%) | -68 (-19%) | -69 (-19%) | -70 (-19%) | -71 (-19%) | 456  |-138 (-30%) | -138 (-30%) |-138 (-30%) |-120 (-26%) (_'?}g(;)
March 867 8(-1%) | -8(1%) | -8(-1%) | -8(-1%) | -8 (-1%) 1,023 | -87(-8%) | -86(-8%) | -87 (-9%) | -86 (-8%) |-99 (-10%)
April 927 5(-1%) | -4(0%) | -4(0%) | -5(-1%) | -4 (0%) 2,056 | -84 (-4%) | -84 (-4%) | -84 (-4%) | -71(-3%) | -86 (-4%)
May 386 14 (-4%) | -14 (-4%) | -14 (-4%) | -14 (-4%) | -14 (-4%) 759 | -91 (-12%) | -91 (-12%) | -91 (-12%) | -91 (-12%) |-94 (-12%)
June 318 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 572 -46 (-8%) | -46 (-8%) | -47 (-8%) | -47 (-8%) | -46 (-8%)
July 45 B(T%) | 2(5%) | -1(-1%) | -2(5%) | -1(-1%) 67 -13 (-20%) | -13 (-20%) | -17 (-25%) | -3 (-5%) |-12 (-18%)
August 18 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 18 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
September 35 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 36 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
ﬁ‘rﬁﬁl’e 302 17 (-6%) | -17 (-6%) | -17 (-6%) | -17 (-6%) | -17 (-6%) 499 -50 (-10%) | -49 (-10%) | -50 (-10%) | -45 (-9%) |-51 (-10%)

Source: CalSim Il 2005 and 2030 simulations (Node C608)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-36. Average Simulated Monthly Flow in Dry and Critical Years, San Joaquin River at Head of Reach 4A

Existing Level (2005)"?

Future Level (2030)"?

Month CEE';%T)%S Change from Existing Condition (cfs)® No ﬁlcttmn Change from No Action (cfs)*

(cfs) Altl | Alt2 Alt 3 Alt4 | AltS (cfs) Altl | Alt2 | Alt3 | Alt4 | Alt5
October 77 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 71 0(0%) | 0©O%) | 000%) | 0(QO%) | 0(O%)
November 204 3(-1%) | 3(1%) | -3(-1%) | -3(-2%) 3 (1%) 182 0(0%) | 00%) | 00%) | 0(©O%) | 0(O%)
December 36 -36 (-100%) | -36 (-100%) | -36 (-100%) | -36 (-100%) | -36 (-100%) 142 -40 (-28%) | -40 (-28%) (_'2‘& ) | 40 (-28%) | -40 (-28%)
January 82 71 (-87%) | -71 (-87%) | -71 (-87%) | -71 (-87%) | -71 (-87%) 218 -88 (-40%) | -88 (-40%) (_féfﬂ) ) | 88 (-40%) | -88 (-40%)
February 306 -59 (-19%) | -59 (-19%) | -59 (-19%) | -59 (-19%) | -59 (-19%) 372 (31;,2 ) | 131 (35%) (3}53;) ) |92 (25%) (:égolﬂ) )
March 719 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 721 0(0%) | 00%) | 00%) | 0(©O%) | 0(O%)
April 316 1 O%) | -1(0%) -1 (0%) 1 0%) | -1(0%) 471 0(0%) | 0©O%) | 00%) | 0(0%) | 0(0%)
May 46 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 43 00%) | 0©0%) | 00%) | 0(0%) | 0(0%)
June 47 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 44 0(0%) | 00O%) | 000%) | 0(0%) | 0(O%)
July 16 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15 00%) | 0©O%) | 00%) | 0(0%) | 0(0%)
August 16 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15 0(0%) | 00O%) | 000%) | 0(QO%) | 0(O%)
September 31 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 31 0(0%) | 00O%) | 000%) | 0(QO%) | 0(O%)
ﬁ‘éﬁﬁl’e 157 14 (-9%) | -14 (-9%) | -14 (-9%) | -14 (-9%) | -13 (-9%) 192 -21 (-11%)| -21 (-11%) 12110/(5) -18 (-9%) |-21 (-11%)

Source: CalSim Il 2005 and 2030 simulations (Node C608)

Notes:

! Values presented for Dry years as defined by the Restoration year type.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-37. Average Simulated Monthly Flow, San Joaquin River at Head of Reach 4B1

Existing Level (2005)*

Future Level (2030)"

Month CEE'(;%T)%S Change from Existing Condition (cfs)? No ﬁ(l:tnon Change from No Action (cfs)®

(cfs) Altl | Alt2 | Alt3 | Alt4 Alt 5 (cfs) Altl | Alt2 | Alt3 [ Alta Alt 5
October 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
November 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
December 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
January 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
February 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
March 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
April 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
May 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
June 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
July 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
August 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
September 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 00%) | 0(0%) 0 (0%)
ﬁ‘r’]ﬁﬁe 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) | 0(0%) | 0(0%) 0 (0%)

Source: CalSim Il 2005 and 2030 simulations (Node C609b)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
% (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-38. Average Simulated Monthly Flow in Dry and Critical Years, San Joaquin River at Head of Reach 4B1

Existing Level (2005)"? Future Level (2030)"?
Month CEE'(;%T)%S Change from Existing Condition (cfs)® No ﬁ(l:tnon Change from No Action (cfs)”

(cfs) Altl | Alt2 | Alt3 Altd | Alt5 (cfs) [ Altl1 | Alt2 | Alt3 | Altd4 | Alt5
October 0 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(%) 0(0%) | 0(%) 0 (0%)
November 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(%) 0(0%) | 0(©O%) 0 (0%)
December 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) 0(0%) | 0(%) 0 (0%)
January 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) 0(0%) | 0(©O%) 0 (0%)
February 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) 0(0%) | 0(%) 0 (0%)
March 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(O%) 0(0%) | 0(©O%) 0 (0%)
April 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) 0(0%) | 0(%) 0 (0%)
May 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) 0(0%) | 0(%) 0 (0%)
June 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(%) 0(0%) | 0(©O%) 0 (0%)
July 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) 0(0%) | 0(%) 0 (0%)
August 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) 0(0%) | 0(©O%) 0 (0%)
September 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) 0(0%) | 0(%) 0 (0%)
ﬁ‘r’]ﬁﬁe 0 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 00%) | 0(0%) 0(0%) | 0(%) 0 (0%)

Source: CalSim Il 2005 and 2030 simulations (Node C609b)

Notes:

! values presented for dry and critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:
Alt = Alternatives

cfs = cubic feet per second
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Table 14-39. Average Simulated Monthly Flow, San Joaquin River at Head of Reach 4B2

Existing Level (2005)"

Future Level (2030)* ‘

Existing _— - 2 No Action . 3
Month . Change from Existing Condition (cfs Change from No Action (cfs
Conditions 9 9 (cfs) Alt 9 (cfs)
(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt5 (cfs) Alt 1 Alt2 | Alt3 | Alt4 Alt 5
October 74 3(4%) | 3(4%) 3 (4%) 3 (4%) 3 (4%) 75 3(4%) | 34%) | 3(4%) | 3(4%) 2 (3%)
November 313 16 (-5%) | -15 (-5%) | -19 (6%) | -4(-1%) | 1(0%) 311 14 (-4%) | -13 (-4%) |-15 (5%) | -13 (-4%) | -12 (-4%)
December 270 (_'313;,) -97 (-36%) | -102 (-38%) | -97 (-36%) | -97 (-36%) 361 (_'3131;) (_'3131;) (_'511;)) -90 (-25%) | -118 (-33%)
175 175 133 131 131 131
January 506 (ado | (4 |L74(34%)| 175 (35%) |-174 (34%)| 583 2oy | 2oy | zowy | (2o | 149 (26%)
February 833 (_'325;) (_'3?;;)) -277 (-33%) | -270 (-32%) |-296 (-36%) 791 (_'3?;02) (_'322?‘;) (_'55‘;)) (_'2?5’;)) -253 (-32%)
240 236 166 165 1166 164
March 1,320 (Ciooy | (ie3y | 232 (18%)|-202 (-15%) 231 (-179%) 1261 (o | (i | (1o | (m | 176(14%)
April 1,405 (_'1262;)) (_'126202) -224 (-16%) | 230 (-16%) |-247 (-18%)| 2,179 |-160 (-7%) | -159 (-7%) ('_if/g) 128 (-6%) | -163 (-7%)
338 336 175 175 176 172
May 952 (6% | (ooey |-336(35%)|-329 (-35%) |-345 (:36%) 887 2o | 2o | (205 | (iogy | 190 (21%)
June 698 (_'zzgtylo) (_'3211;)) -219 (-31%) | -194 (-28%) |-230 (-33%)| 676 -97 (-14%) | -96 (-14%) (_'1150;) (_'115;)) 111 (-16%)
July 198 -84 (-22%) | -49 (-25%) | -61 (-31%) | -36 (-18%) | -75 (-38%) 199 92 (-46%) | -92 (-46%) (_Ag*;)) -66 (-33%) | -118 (-59%)
August 6 001%) | 0(1%) 0 (1%) 0 (1%) 0 (1%) 6 0(-1%) | 0(-1%) | 0(1%) | 0(1%) | 0 (-1%)
September 23 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 23 00%) | 00%) | 00%) | 0(0%) 0 (0%)
ﬁ‘r’]ﬁﬁe 547 (_'2153;‘0) (_'21::’;)) 4136 (-25%) | -127 (-23%) |-140 (-26%)| 609 (_'llg&) -99 (-16%) (_'llg%) -01 (-15%) | -107 (-17%)

Source: CalSim Il 2005 and 2030 simulations (Node C610)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

% (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-40. Average Simulated Monthly Flow in Dry and Critical Years, San Joaquin River at Head of Reach 4B2

Existing Level (2005)"?

Future Level (2030)"?

Existing - . 3 No Action . 4
Month Conditions Change from Existing Condition (cfs) Alt Change from No Action (cfs)
(cfs) Altl | Alt2 | AIt3 | Alt4 | Alt5 cfs) | Alt1 | Alt2 [ Alt3 | Ata | Alts
October 66 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 61 0(0%) | 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 193 3(-1%) | -3(1%) | -3(-1%) | -3 (-2%) 3 (1%) 171 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%)
December 76 57 (-76%) | -57 (-76%) | -57 (-76%) | -57 (-76%) (_;2;)) 163 (_ég% -53 (-33%) | -53 (-33%) | -53 (-33%) | -53 (-33%)
202 202 203 202 -181 -181 181
January 295 ooy | 202(69%) | oo (o9%) (o9%) 382 Carony [1BLCAT0)|  Toan | 182(48%) | e
-260 258 253 -305 299 299 -300
February 735 (Casop) | 258 (35%) | e (C3a%%) (C429%) 721 Cazop) |299 (429%)|  Toon | 261(36%) | Loge
March 707 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 708 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%)
April 305 10%) | -1(0%) 10%) | -1(0%) -1 (0%) 460 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%)
May 36 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 33 0(0%) | 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 36 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 34 0(0%) | 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 5 0 (2%) 0 (4%) 0 (4%) 0 (4%) 0 (2%) 6 0(-7%) | 0(7%) | 0(-7%) | 0(7%) | 0(-7%)
August 5 0 (4%) 0 (4%) 0 (4%) 0 (4%) 0 (4%) 5 0(-5%) | 0(5%) | 0(-5%) | 0(5%) | 0(-5%)
September 20 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 21 0(0%) | 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁrﬁl’e 203 42 (-21%) | -42 (-21%) | -42 (-21%) | -42 (-21%) | -45 (-22%) 227 (_i‘éfm ) | 43 (19%) | -43 (-19%) | -40 (-18%) | -43 (-19%)

Source: CalSim Il 2005 and 2030 simulations (Node C610)

Notes:

! values presented for dry and critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-41. Average Simulated Monthly Flow, San Joaquin River at Head of Reach 5

Existing Level (2005)"

Future Level (2030)"

Month CE)rigittlir(])?]s Change from Existing Condition (cfs)2 No ':fttlon Change from No Action (cfs)3

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 (cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5
October 85 3 (3%) 3 (3%) 3 (3%) 3 (3%) 3 (3%) 86 3 (4%) 3 (4%) 3 (4%) 3 (4%) 2 (3%)
November 379 -16 (-4%) | -15 (-4%) | -19 (-5%) | -4 (-1%) 1 (0%) 377 -14 (-4%) | -13(-3%) | -15(-4%) | -13 (-3%) | -12 (-3%)
December 510 -101 (-20%)| -97 (-19%) |-102 (-20%) | -97 (-19%) | -97 (-19%) 601 -118 (-20%) | -118 (-20%) |-113 (-19%) | -90 (-15%) |-118 (-20%)
January 1,071 -242 (-23%) |-246 (-23%) | -258 (-24%) | -231 (-22%) |-247 (-23%) 1,147 -212 (-18%) | -210 (-18%) | -215 (-19%) | -204 (-18%) | -223 (-19%)
February 1,604 -285 (-18%) |-280 (-17%) |-279 (-17%) | -273 (-17%) |-298 (-19%) 1,563 -256 (-16%) | -255 (-16%) | -254 (-16%) | -232 (-15%) | -254 (-16%)
March 2,073 241 (-12%)|-238 (-11%) | -233 (-11%) | -204 (-10%) |-232 (-11%) 2,012 -175 (-9%) | -174 (-9%) | -175 (-9%) | -173 (-9%) | -177 (-9%)
April 1,985 -239 (-12%) |-234 (-12%) | -236 (-12%) | -242 (-12%) |-259 (-13%) 2,785 -184 (-7%) | -183 (-7%) | -184 (-7%) | -152 (-5%) | -190 (-7%)
May 1,247 -353 (-28%) |-350 (-28%) | -350 (-28%) | -343 (-27%) |-359 (-29%) 1,190 -193 (-16%) | -193 (-16%) | -194 (-16%) | -190 (-16%) | -207 (-17%)
June 861 -221 (-26%)|-234 (-27%) | -245 (-28%) | -214 (-25%) |-250 (-29%) 824 -101 (-12%) | -100 (-12%) | -113 (-14%) | -114 (-14%) | -129 (-16%)
July 236 -44 (-19%) | -49 (-21%) | -61 (-26%) | -36 (-15%) | -75 (-32%) 236 -92 (-39%) | -92 (-39%) | -98 (-41%) | -66 (-28%) |-118 (-50%)
August 14 0 (1%) 0 (1%) 0 (1%) 0 (1%) 0 (1%) 15 0 (-1%) 0 (-1%) 0 (-1%) 0 (-1%) 0 (-1%)
September 28 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 29 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘r’]ﬁﬁe 835 -144 (-17%)|-144 (-17%) | -148 (-18%) | -136 (-16%) |-150 (-18%) 899 -111 (-12%) | -111 (-12%) | -113 (-13%) | -102 (-11%) | -118 (-13%)

Source: CalSim Il 2005 and 2030 simulations (Node C611)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a
simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

% (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-42. Average Simulated Monthly Flow in Dry and Critical Years, San Joaquin River at Head of Reach 5

Existing Level (2005)"?

Future Level (2030)"?

Month CEE';%T)%S Change from Existing Condition (cfs)® No ﬁlcttmn Change from No Action (cfs)*

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 (cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5
October 68 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 64 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 227 3(1%) | -3(-1%) | -3(-1%) | -3(-1%) 3 (1%) 204 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 290 -57 (-20%) | -57 (-20%) | -57 (-20%) (_ég;)) -57 (-20%) 377 -53 (-14%) | -53 (-14%) | -53 (-14%) | -53 (-14%) | -53 (-14%)
January 827 (_'22;);) ) (_'222(;)) -202 (-24%) (_'223;)) -202 (-24%) 914 (_'213;) (_'213;) ) -181 (-20%) |-182 (-20%) | -181 (-20%)
February 1,583 (_'122)2) ) (_—lzg,;) -258 (-16%) (_'fgti) -305 (-19%) 1,569 (_'fgi)) (_'12;; ) -299 (-19%) [-261 (-17%) | -300 (-19%)
March 903 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 904 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 459 -1(0%) | -1 (0%) -1(0%) | -1 (0%) -1 (0%) 614 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 125 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 123 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 73 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 70 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 13 0 (1%) 0 (2%) 0 (2%) 0 (2%) 0 (1%) 14 0(-3%) | 0(-3%) 0 (-3%) 0 (-3%) 0 (-3%)
August 7 0 (3%) 0 (3%) 0 (3%) 0 (3%) 0 (3%) 8 0(-3%) | 0(-3%) 0 (-3%) 0 (-3%) 0 (-3%)
September 21 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 21 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘r’]ﬁﬁe 375 -42 (-11%) | -42 (-11%) | -42 (-11%) (_ﬁf/o) -45 (-12%) 399 -43 (-11%) | -43 (-11%) | -43 (-11%) | -40 (-10%) | -43 (-11%)

Source: CalSim Il 2005 and 2030 simulations (Node C611)

Notes:

! Values presented for dry and critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.
2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of

development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Chapter 14
Surface Water Supplies and Facilities Operations

All alternatives would reduce the average streamflow in the
flood bypass system in wetter winter and spring months (Table
14-43 through Table 14-46). Temperance Flat RM 274
Reservoir would store large runoff events in wetter months and
years that otherwise would be released from Millerton Lake as
flood flows and would then be diverted into the bypasses.
Changes in flow leaving Reach 5 and the flood bypass system
would continue to reflect this capture of flood flows in
Temperance Flat RM 274 Reservoir, for later release in drier
months and years for water supply deliveries in upper reaches.

Draft — August 2014 — 14-81
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Table 14-43. Average Simulated Monthly Flow in Chowchilla Bypass Below Bifurcation Structure

Existing Level (2005)*

Future Level (2030)"

Month C?r?dsittlir;%s Change from Existing Condition (cfs)2 No ﬁ(l:tnon Change from No Action (cfs)3

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 (cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5
October 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 22 -15 (-67%) | -14 (-62%) | -17 (-77%) | -2 (-9%) 0 (2%) 3 -1(-50%) | -1(-50%) | -1(-50%) | -1(-50%) | -1 (-50%)
December 108 -A7 (-43%) | -42 (-39%) | -48 (-44%) | -42 (-39%) | -42 (-39%) 56 -41 (-74%) | -41 (-73%) | -42 (-74%) | -32 (-56%) | -41 (-74%)
January 253 -147 (-58%)|-151 (-59%) | -162 (-64%) |-142 (-56%) |-152 (-60%) 168 -119 (-70%)|-117 (-69%) | -122 (-73%) |-114 (-68%) |-131 (-78%)
February 255 -185 (-72%)|-184 (-72%)|-183 (-72%) |-181 (-71%) | -202 (-79%) 122 -99 (-81%) | -99 (-81%) | -99 (-81%) | -97 (-79%) | -99 (-81%)
March 342 -229 (-67%) |-227 (-66%) | -222 (-65%) |-193 (-56%) |-221 (-65%) 116 -89 (-77%) | -89 (-77%) | -89 (-77%) | -89 (-77%) | -82 (-71%)
April 528 -235 (-45%) |-229 (-43%) | -232 (-44%) |-238 (-45%) | -253 (-48%) 166 -112 (-67%)|-111 (-67%) | -112 (-67%) | -93 (-56%) |-116 (-70%)
May 650 -351 (-54%) |-348 (-54%) | -349 (-54%) [-341 (-52%) | -359 (-55%) 205 -122 (-60%) | -122 (-59%) | -123 (-60%) |-119 (-58%) |-132 (-64%)
June 471 -243 (-52%) | -256 (-54%) | -274 (-58%) |-236 (-50%) |-272 (-58%) 164 -71 (-43%) | -70 (-43%) | -89 (-54%) | -82 (-50%) | -99 (-60%)
July 181 -47 (-26%) | -54 (-30%) | -67 (-37%) | -41 (-22%) | -81 (-45%) 159 -85 (-53%) | -85 (-53%) | -90 (-56%) | -69 (-43%) |-114 (-72%)
August 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁxﬁrﬁe 234 -124 (-53%)|-125 (-53%) | -129 (-55%) |-117 (-50%)|-131 (-56%) 97 -61 (-64%) | -61 (-63%) | -64 (-66%) | -58 (-60%) | -68 (-70%)

Source: CalSim Il 2005 and 2030 simulations (Node C605b)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-44. Average Simulated Monthly Flow in Eastside Bypass Below Sand Slough

Existing Level (2005)" Future Level (2030)"
Month CE)rigittlir(])?]s Change from Existing Condition (cfs)? No ﬁlcttmn Change from No Action (cfs)®

(cfs) Altl | Alt2 | Alt3 | Alt4 | Alt5 (cfs) Altl | Alt2 | Alt3 | Alt4 | Alt5
October 73 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 74 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 234 A1 (0%) | -1(0%) | -1(0%) | -1(0%) 1 (0%) 253 -14 (-5%) | -13 (-5%) | -15 (-6%) | -13 (-5%) | -12 (-5%)
December 116 -38 (-33%) | -38 (-33%) | -38 (-33%) | -38 (-33%) | -38 (-33%) 260 -61 (-23%) | -61 (-23%) | -57 (-22%) | -44 (-17%) | -61 (-23%)
January 226 -66 (-29%) | -66 (-29%) | -66 (-29%) | -66 (-29%) | -66 (-29%) 393 -69 (-18%) | -69 (-18%) | -69 (-18%) | -69 (-18%) | -70 (-18%)
February 353 -71 (-20%) | -68 (-19%) | -69 (-19%) | -70 (-20%) | -71 (-20%) 444 |-138 (-31%) |-138 (-31%) |-138 (-31%)|-120 (-27%) | -138 (-31%)
March 854 8(-1%) | -8(-1%) | -8(-1%) | -8(-1%) | -8 (-1%) 1,010 -87 (-9%) | -86 (-9%) | -87 (-9%) | -86 (-9%) | -99 (-10%)
April 914 5(-1%) | -4(0%) | -40%) | -5(-1%) | -4 (0%) 2,044 -84 (-4%) | -84 (-4%) | -84 (-4%) | -71(-3%) | -86 (-4%)
May 374 14 (-4%) | -14 (-4%) | -14 (-4%) | -14 (-4%) | -14 (-4%) 747 -91 (-129%) | -91 (-12%) | -91 (-12%) | -91 (-12%) | -94 (-13%)
June 305 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 560 -46 (-8%) | -46 (-8%) | -47 (-8%) | -47 (-8%) | -46 (-8%)
July 33 3(-9%) | -2(-7%) | -1(-2%) | -2(-6%) | -1(-2%) 55 -13 (-24%) | -13 (-24%) | -17 (-30%) | -3 (-6%) | -12 (-22%)
August 6 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 6 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 23 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 23 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘r’]ﬁﬁe 201 17 (-6%) | -17 (-6%) | -17 (-6%) | -17 (-6%) | -17 (-6%) 487 -50 (-10%) | -49 (-10%) | -50 (-10%) | -45 (-9%) | -51 (-10%)
Source: CalSim Il 2005 and 2030 simulations (Node C609a)
Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

% (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives

cfs = cubic feet per second
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Table 14-45. Average Simulated Monthly Flow in Eastside Bypass Upstream from San Joaquin River Confluence

Existing Level (2005)"

Future Level (2030)"

Month CE)rildSittlirc])%s Change from Existing Condition (cfs)? No ﬁ(l:tnon Change from No Action (cfs)®

(cfs) Altl | Alt2 | Alt3 | Alt4 | Alt5 (cfs) Alt 1 Alt2 | Alt3 | Alt4 | Alt5
October 10 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 10 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 67 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 67 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 240 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 240 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
January 564 -67 (-12%) | -71 (-13%) | -84 (-15%) | -57 (-10%) | -72 (-13%) 564 -79 (-14%) | -78 (-14%) | -85 (-15%) | -73 (-13%) | -74 (-13%)
February 771 20%) | -20%) | -20%) | -20%) | -2(0%) 771 AA(0%) | -10%) | -1(0%) | -10%) | -1(0%)
March 753 20%) | -20%) | -20%) | -20%) | -2(0%) 752 9(1%) | 9(-1%) | -9(-1%) | -9(-1%) | -1(0%)
April 580 A2 (-2%) | 12 (-2%) | -12 (-2%) | -12 (-2%) | -12 (-2%) 606 24 (-4%) | -24 (-4%) | -24 (-4%) | -24 (-4%) | -27 (-4%)
May 295 -14 (-5%) | -14 (-5%) | -14 (-5%) | -14 (-5%) | -14 (-5%) 303 -18 (-6%) | -18 (-6%) | -18 (-6%) | -18 (-6%) | -17 (-6%)
June 163 -20 (-12%) | -20 (-12%) | -27 (-16%) | -20 (-12%) | -20 (-12%) 149 4(-3%) | -4(3%) | -11(-8%) | -4(-3%) |-18 (-12%)
July 38 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 38 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 9 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 9 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 5 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘éﬁ[}aje 288 210 (-3%) | -10 (-4%) | -12 (-4%) | -9 (-3%) | -10 (-4%) 290 11 (-4%) | -11 (-4%) | -12 (-4%) | -11 (-4%) | -12 (-4%)

Source: CalSim Il 2005 and 2030 simulations (Node C589)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a
simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternatives
cfs = cubic feet per second
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Table 14-46. Average Simulated Monthly Flow in Mariposa Bypass

Existing Level (2005)* Future Level (2030)"
Month CE)rigittlir(])?]s Change from Existing Condition (cfs)? No ':fttlon Change from No Action (cfs)®

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 (cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5
October 74 3 (4%) 3 (4%) 3 (4%) 3 (4%) 3 (4%) 75 3 (4%) 3 (4%) 3 (4%) 3 (4%) 2 (3%)
November 313 -16 (-5%) | -15(-5%) | -19 (-6%) | -4 (-1%) 1 (0%) 311 -14 (-4%) | -13 (-4%) | -15 (-5%) | -13 (-4%) | -12 (-4%)
December 270 -101 (-37%) | -97 (-36%) |-102 (-38%) | -97 (-36%) | -97 (-36%) 361 -118 (-33%)|-118 (-33%) | -113 (-31%) | -90 (-25%) |-118 (-33%)
January 506 -175 (-34%) | -175 (-34%) | -174 (-34%) |-175 (-35%) | -174 (-34%) 583 -133 (-23%)|-131 (-23%) | -131 (-22%) | -131 (-22%) | -149 (-26%)
February 833 -283 (-34%) | -277 (-33%) | -277 (-33%) |-270 (-32%) | -296 (-36%) 791 -256 (-32%)|-254 (-32%) | -254 (-32%) | -231 (-29%) | -253 (-32%)
March 1,320 -240 (-18%) | -236 (-18%) | -232 (-18%) |-202 (-15%) | -231 (-17%) 1,261 |-166 (-13%)|-165 (-13%)| -166 (-13%) |-164 (-13%) | -176 (-14%)
April 1,405 -227 (-16%) | -222 (-16%) | -224 (-16%) |-230 (-16%) | -247 (-18%) 2,179 -160 (-7%) | -159 (-7%) | -160 (-7%) | -128 (-6%) | -163 (-7%)
May 952 -338 (-36%) | -336 (-35%) | -336 (-35%) |-329 (-35%) | -345 (-36%) 887 -175 (-20%)|-175 (-20%) | -176 (-20%) | -172 (-19%) | -190 (-21%)
June 698 -201 (-29%) | -214 (-31%) | -219 (-31%) |-194 (-28%) | -230 (-33%) 676 97 (-14%) | -96 (-14%) |-102 (-15%) |-109 (-16%) |-111 (-16%)
July 198 -44 (-22%) | -49 (-25%) | -61 (-31%) | -36 (-18%) | -75 (-38%) 199 -92 (-46%) | -92 (-46%) | -98 (-49%) | -66 (-33%) |-118 (-59%)
August 6 0 (1%) 0 (1%) 0 (1%) 0 (1%) 0 (1%) 6 0 (-1%) 0 (-1%) 0 (-1%) 0 (-1%) 0 (-1%)
September 23 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 23 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘r’]ﬁﬁe 547 -134 (-25%) | -134 (-24%) | -136 (-25%) |-127 (-23%) | -140 (-26%) 609 -100 (-16%)| -99 (-16%) | -100 (-16%) | -91 (-15%) |-107 (-17%)

Source: CalSim Il 2005 and 2030 simulations (Node C587a)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a
simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

% (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:
Alt = Alternatives

cfs = cubic feet per second
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Upper San Joaquin River Basin Storage Investigation

Draft Feasibility Report

14-86 — Draft — August 2014

San Joaquin River from the Merced River to the Delta
Flow changes in the San Joaquin River and in its associated
tributaries below Reach 5 would be less than changes seen in
upstream reaches (Table 14-47 through Table 14-56). None of
the alternatives would change San Joaquin River tributary
streamflows. Percent changes in San Joaquin River streamflow
would be less than observed in upstream reaches because the
basis-of-comparison or magnitude of flow in the San Joaquin
River increases considerably as it nears the Delta. Similarly,
effects caused by changes in flood releases from Friant Dam
would diminish as the river nears the Delta. Most new water
supply deliveries associated with the alternatives are made
upstream from this reach and would, therefore, not increase
flows below Reach 5 in drier months and years.
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Table 14-47. Average Simulated Monthly Merced River Inflow to San Joaquin River

| Existing Level (2005)l Future Level (2030)l
Month CEer:Ztiltri](?n Change from Existing Condition (cfs)? A(i\':ioon Change from No Action (cfs)®

(cfs) Altl | Alt2 Alt 3 Alt 4 Alt5 | Alt(cfs) | Altl Alt 2 Alt 3 Alt 4 Alt 5
October 449 0(0%) | 0(0%) | O(0%) 0 (0%) 0 (0%) 461 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 437 0(0%) | 0(0%) | O (0%) 0 (0%) 0 (0%) 437 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 592 0(0%) | 0(0%) | O (0%) 0 (0%) 0 (0%) 601 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
January 908 0(0%) | 0(0%) | O(0%) 0 (0%) 0 (0%) 907 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
February 1,153 0(0%) | 0(0%) | 0 (0%) 0 (0%) 0 (0%) 1,178 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
March 849 0(0%) | 0(0%) | 0 (0%) 0 (0%) 0 (0%) 846 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 668 0(0%) | 0(0%) | 0 (0%) 0 (0%) 0 (0%) 650 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 974 2(0%) | 3(0%) | 3(0%) 2 (0%) 3 (0%) 956 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 919 0(0%) | 0(0%) | 4 (0%) 0 (0%) 0 (0%) 943 0 (0%) 0 (0%) 11 (1%) 0 (0%) 0 (0%)
July 705 -1(0%) | -1(0%) | -1(0%) | -1(0%) | -1(0%) 739 0 (0%) 0 (0%) 4 (1%) 0 (0%) 0 (0%)
August 461 0(0%) | 0(0%) | O(0%) 0 (0%) 0 (0%) 497 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 270 -1(0%) | -1(-1%) | -1(-1%) | -1(0%) | -1(-1%) 283 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁﬁl’e 696 00%) | 00%) | 0(0%) | 00%) | 0(0%) 706 0 (0%) 0 (0%) 1 (0%) 0 (0%) 0 (0%)
Source: Summarized from CalSim Il 2005 and 2030 simulations (Node C566)
Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level
of development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All
evaluations use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty: Alternative

cfs = cubic feet per second
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Table 14-48. Average Simulated Monthly Merced River Inflow in Dry and Critical Years to San Joaquin River
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| Existing Level (2005)1'2 Future Level (2030)1'2

Month CEer:Ztiltri](?n Change from Existing Condition (cfs)® No Action Change from No Action (cfs)”

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt (cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5

October 292 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 293 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 356 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 356 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 370 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 370 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
January 608 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 596 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
February 789 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 797 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
March 317 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 319 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 466 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 475 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 308 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 258 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 160 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 166 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 109 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 118 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 96 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 100 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 58 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 58 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁﬁl’e 324 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 322 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%)

Source: Summarized from CALSIM Il 2005 and 2030 simulations (Node C566)

Notes:

! Values presented for Dry and Critical years as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternative

cfs = cubic feet per second
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Table 14-49. Average Simulated Monthly Flow at San Joaquin River Below Merced River

Existing Level (2005)l

Future Level (2030)l

Month CIE()Xr:(SjEItri]c?n Change from Existing Condition (cfs)? A(i\':ioon Change from No Action (cfs)®
(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alts | Alt(cfs) [ At [ Alt2 [ Alt3 [ Alt4 | Alt5

October 696 3 (0%) 3 (0%) 3 (0%) 3 (0%) 3 (0%) 685 3(0%) | 3(0%) 3 (0%) 3 (0%) 2 (0%)
November 1,264 16 (-1%) | -15(-1%) | -19 (-1%) -4 (0%) 1 (0%) 1,237 | -14 (-1%) | -13 (-1%) | -15 (-1%) | -13 (-1%) | -12 (-1%)
December 1,490 101 (-7%) | -97 (-6%) | -102 (-7%) | -97 (-6%) | -97 (-6%) 1,561 | -118 (-8%) | -118 (-8%) | -113 (-7%) | -90 (-6%) | -118 (-8%)
January 2,285 | -242 (-11%) | -246 (-11%) | -258 (-11%) | -231 (-10%) | -247 (-11%) | 2,310 | -212 (-9%) | -210 (-9%) | -215 (-9%) | -204 (-9%) | -223 (-10%)
February 3,292 285 (-9%) | -280 (-8%) | -279 (-8%) | -273 (-8%) | -298 (-9%) | 3,217 | -256 (-8%) | -255 (-8%) | -254 (-8%) | -232 (-7%) | -254 (-8%)
March 3,203 241 (-8%) | -238 (-7%) | -233 (-7%) | -204 (-6%) | -232 (-7%) | 3,084 | -175 (-6%) | -174 (-6%) | -175 (-6%) |-173 (-6%) | -177 (-6%)
April 2,660 238 (-9%) | -233(-9%) | -235(-9%) | -241(-9%) |-258 (-10%)| 3,419 | -184 (-5%) | -183 (-5%) | -184 (-5%) |-152 (-4%) | -190 (-6%)
May 2,280 | -350 (-15%) | -347 (-15%) | -348 (-15%) | -341 (-15%) | -356 (-16%) | 2,203 | -193 (-9%) | -193 (-9%) | -194 (-9%) | -190 (-9%) | -207 (-9%)
June 1,803 | -221 (-12%) | -234 (-13%) | -242 (-13%) | -214 (-12%) | -250 (-14%) | 1,750 | -101 (-6%) | -100 (-6%) | -102 (-6%) | -114 (-6%) | -129 (-7%)
July 933 45 (-5%) | -51(-5%) | -63(-7%) | -38(-4%) | -76(-8%) 927 -92 (-10%) | -92 (-10%) | -94 (-10%) | -66 (-7%) |-118 (-13%)
August 513 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 510 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%)
September 745 -1 (0%) -1 (0%) -1 (0%) -1 (0%) -1 (0%) 734 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁrﬁ’e 1,754 144 (-8%) | -144 (-8%) | -147 (-8%) | -136 (-8%) | -150 (-9%) 1,792 |-111 (-6%) | -110 (-6%) | -111 (-6%) | -102 (-6%) | -118 (-7%)

Source: Summarized from CalSim Il 2005 and 2030 simulations (Node C620)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of development
is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a simulation period
of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternative

cfs = cubic feet per second
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Table 14-50. Average Simulated Monthly Flow in Dry and Critical Years at San Joaquin River Below Merced River

| Existing Level (2005)1'2 Future Level (2030)1'2
Month CIE()Xr:(SjEItri]c?n Change from Existing Condition (cfs)3 Ac'\:ioon Change from No Action (cfs)4

(cfs) Alt1 | Alt2 | Alt3a | Alt4 | Alts |Alt(cfs)| Alt1 Alt2 | Alt3a | Altd | Alts
October 508 0 (0%) 00%) | 00%) | 0(0%) | 0(0%) 483 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November | 1,013 30%) | 30%) | 3(0%) | 3(0%) | 30%) 967 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December | 1,033 57 (:6%) | -57 (-6%) | 57 (6%) | 57 (6%) | -57 (6%) | 1,094 | 53 (5%) | -53(5%) | -53(5%) | -53(5%) | -53 (-5%)
January 1,728 | 202 (-12%) | -202 (-12%) |-202 (-129%)|-203 (-12%) (_'12202) 1,763 | -181 (-10%) | -181 (-10%) | -181 (-10%) | -182 (-10%) (_'11502 |
February 2,888 | -260 (-9%) | -258 (-9%) | -258 (-9%) | -253 (-9%) (_'ff;)) 2,827 | -299 (-11%) | -299 (-11%) | -299 (-11%) | -261 (-9%) (_'133% |
March 1,404 0 (0%) 00%) | 0(0%) | 00%) | 0(0%) | 1,365 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 874 0 (0%) 00%) | 00%) | 00% | 0(0%) | 1,018 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 462 0 (0%) 00%) | 00%) | 0(0%) | 0(0%) 395 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 221 0 (0%) 00%) | 00%) | 0(0%) | 0(0%) 103 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 78 0 (0%) 00%) | 00%) | 0(0%) | 0(0%) 57 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 103 0 (0%) 00%) | 00%) | 0(0%) | 0(0%) 82 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 491 0 (0%) 00%) | 00%) | 0(0%) | 0(0%) 473 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘r’]ﬁ[]a;fe 887 42 (-5%) | -42 (-5%) | -42 (-5%) | -42 (-5%) | -45 (-5%) 880 43 (-5%) | -43(-5%) | -43(-5%) | -40 (-5%) | -43 (-5%)

Source: Summarized from CALSIM Il 2005 and 2030 simulations (Node C620)

Notes:

! Values presented for Dry and Critical years as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a
simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternative

cfs = cubic feet per second
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Table 14-51. Average Simulated Monthly Tuolumne River Inflow to San Joaquin River

| Existing Level (2005)l Future Level (2030)l
Month CIE()Xr:(SjEItri]c?n Change from Existing Condition (cfs)? A(i\':ioon Change from No Action (cfs)®

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt (cfs) | Alt1l Alt 2 Alt 3 Alt 4 Alt 5
October 597 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 594 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 574 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 569 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 839 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 809 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
January 1,286 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,246 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
February 1,704 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,651 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
March 2,136 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2,064 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 1,941 1 (0%) 1 (0%) 1 (0%) 1 (0%) 1 (0%) 1,947 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 1,754 -1 (0%) -1 (0%) 0 (0%) -1 (0%) 0 (0%) 1,797 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 1,451 0 (0%) 0 (0%) 6 (0%) 0 (0%) 0 (0%) 1,422 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 1,103 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,104 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 477 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 476 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 482 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 479 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁﬁl’e 1,192 0(0%) | 0(0%) 1 (0%) 0 (0%) 0 (0%) 1,177 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Source: Summarized from CalSim Il 2005 and 2030 simulations (Node C545)
Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use
a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty= Alternative

cfs = cubic feet per second
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Table 14-52. Average Simulated Monthly Tuolumne River Inflow in Dry and Critical Years to San Joaquin River

| Existing Level (2005)1'2 Future Level (2030)1'2

Month CEer:Ztiltri](?n Change from Existing Condition (cfs)® Ac'\'l[ioon Change from No Action (cfs)*

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt5 | Alt(cfs) | Alt1l Alt 2 Alt 3 Alt 4 Alt 5

October 347 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 347 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 345 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 345 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 350 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 350 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
January 794 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 723 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
February 1,135 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,101 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
March 570 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 552 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 662 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 686 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 649 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 683 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 298 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 299 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 284 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 284 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 298 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 298 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 299 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 299 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁﬁl’e 498 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 493 00%) | 0(0%) 0 (0%) 0 (0%) 0 (0%)

Source: Summarized from CalSim Il 2005 and 2030 simulations (Node 545)

Notes:

! Values presented for Dry And Critical years as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use
a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty: Alternative

cfs = cubic feet per second
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Table 14-53. Average Simulated Monthly Flow at San Joaquin River Below Tuolumne River

Existing Level (2005)l

Future Level (2030)l

Month CIE()Xr:(SjEItri]c?n Change from Existing Condition (cfs)? A(i\':ioon Change from No Action (cfs)®
cfs) [ At1 | At2 [ At3 | Alt4 | Alts |Alt(cfs)[ Alt1 Alt 2 Alt 3 Alt4 [ Alt5

October 1,389 3 (0%) 3(0%) | 30%) | 3(0%) 3 (0%) 1,377 3 (0%) 3 (0%) 3 (0%) 3 (0%) 2 (0%)
November 1,850 -16 (-1%) | -15(-1%) | -19 (-1%) | -4 (0%) | 1 (0%) 1,818 | -14(-1%) | -13(-1%) | -15(1%) | -13 (-1%) | -12(-1%)
December 2,329 | -101 (-4%) | -97 (-4%) |-102 (-4%)| -97 (-4%) | -97 (-4%) | 2,371 | -118 (-5%) | -118(-5%) | -113(-5%) | -90 (-4%) | -118 (-5%)
January 3,572 | -242 (-7%) | -246 (-7%) | -258 (-7%) | -231 (-6%) | -247 (-7%) | 3,557 | -212 (-6%) | -210 (-6%) | -215 (-6%) | -204 (-6%) | -223 (-6%)
February 5005 | -285 (-6%) | -280 (-6%) | -279 (-6%) | -273 (-5%) | -298 (-6%) | 4,876 | -256 (-5%) | -255 (-5%) | -254 (-5%) | -232 (-5%) | -254 (-5%)
March 5356 | -241 (-5%) | -238 (-4%) | -233 (-4%) | -204 (-4%) | -232 (-4%) | 5,165 | -175(-3%) | -174 (-3%) | -175(-3%) | -173 (-3%) | -177 (-3%)
April 4,672 | -236 (-5%) | -231 (-5%) | -233 (-5%) | -239 (-5%) | -257 (-5%) | 5,440 | -184 (-3%) | -183 (-3%) | -184 (-3%) | -152 (-3%) | -190 (-3%)
May 417 | -351 (-9%) | -348 (-8%) | -348 (-8%) | -341 (-8%) | -357 (-9%) | 4,076 | -193 (-5%) | -193 (-5%) | -194 (-5%) | -190 (-5%) | -207 (-5%)
June 3,288 | -221 (-7%) | -234 (-7%) | -236 (-7%) | -214 (-7%) | -250 (-8%) | 3,210 | -101(-3%) | -101(-3%) | -103 (-3%) | -114 (-4%) | -129 (-4%)
July 2,069 -46 (-2%) | -52 (-2%) | -63 (-3%) | -38 (-2%) | -77 (-4%) | 2,067 | -92(-4%) | -92(-4%) | -94(5%) | -66(-3%) | -118 (-6%)
August 1,055 0 (0%) 00%) | 00%) | 0(0%) 0 (0%) 1,054 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September | 1,314 A0%) | -10%) | -1(0%) | -1(0%) | -1(0%) 1,299 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁrﬁ’e 2,087 | -144 (-5%) | -144 (-5%) |-147 (-5%) | -136 (-5%) | -150 (-5%) | 3,011 | -111 (-4%) | -111 (-4%) | -111 (-4%) | -102 (-3%) | -118 (-4%)

Source: Summarized from CalSim Il 2005 and 2030 simulations (Node C630)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use
a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternative

cfs = cubic feet per second
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Table 14-54. Average Simulated Monthly Flow in Dry and Critical Years at San Joaquin River Below Tuolumne River

| Existing Level (2005)1'2 Future Level (2030)1'2
Month CEer:Ztiltri](?n Change from Existing Condition (cfs)® No Action Change from No Action (cfs)”

(cfs) | Alt1 | Alt2 Alt 3 Alt4 | Alt5 | Alt(cfs) | Alt1l Alt 2 Alt3 | Alt4 | Alt5
October 919 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 895 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 1,369 -3 (0%) -3 (0%) -3 (0%) -3 (0%) 3 (0%) 1,322 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 1,384 57 (-4%) | 57 (-4%) | -57 (-4%) | -57 (-4%) | -57 (-4%) 1,444 53 (-4%) | -53(-4%) | -53(-4%) | -53 (-4%) | -53 (-4%)
January 2,523 |-202 (-8%) | -202 (-8%) | -202 (-8%) |-203 (-8%) | -202 (-8%) 2,486 181 (-7%) | -181 (-7%) | -181 (-7%) | -182 (-7%) | -181 (-7%)
February 4,032 |-260 (-6%)| -258 (-6%) | -258 (-6%) |-253 (-6%) | -305 (-8%) 3,937 -299 (-8%) | -299 (-8%) | -299 (-8%) | -261 (-7%) | -300 (-8%)
March 1,985 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,930 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 1,567 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,739 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 1,140 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,111 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 516 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 491 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 358 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 338 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 432 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 413 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 844 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 827 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁﬁl’e 1,405 | -42 (-3%) | -42 (-3%) | -42 (-3%) | -42 (-3%) | -45 (-3%) 1,394 43 (-3%) | -43(3%) | -43(-3%) | -40 (-3%) | -43 (-3%)
Source: Summarized from CalSim Il 2005 and 2030 simulations (Node C630)
Notes:

! Values presented for Dry and Critical years as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use
a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty: Alternative

cfs = cubic feet per second
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Table 14-55. Average Simulated Monthly Stanislaus River Inflow to San Joaquin River

Existing Level (2005)l

Future Level (2030)l

Month CEer:Ztiltrilogn Change from Existing Condition (cfs)? No Action Change from No Action (cfs)®

(cfs) Altl [ Alt2 | AIt3 [ Alt4 [ Alts5 | Alt(cfs) [ Alt1 [ Alt2 [ Ait3 | Alt4 | Alt5
October 921 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 930 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 394 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 396 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 426 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 449 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
January 622 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 631 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
February 732 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 740 1 (0%) 1 (0%) 1 (0%) 1 (0%) 1 (0%)
March 965 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 1,028 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 1,414 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 1,462 3(0%) | -3(0%) | -30%) | -30%) | -3(0%)
May 1,225 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 1,300 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 878 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 892 1 (0%) 1 (0%) 1 (0%) 1 (0%) 1 (0%)
July 564 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 574 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 522 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 536 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 565 00%) | 00%) | 0(0%) 0 (0%) 0 (0%) 587 1 (0%) 1 (0%) 1 (0%) 1 (0%) 1 (0%)
ﬁ‘rﬁﬁl’e 769 00%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 794 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Source: Summarized from CalSim 11 2005 and 2030 simulations (Node C528)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
% (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternative

cfs = cubic feet per second
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Table 14-56. Average Simulated Monthly Stanislaus River Inflow in Dry and Critical Years to San Joaquin River
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| Existing Level (2005)1'2 Future Level (2030)1'2

Month CIE()Xr:(SjEItri]c?n Change from Existing Condition (cfs)® Ac'\:ioon Change from No Action (cfs)”

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt5 |Alt(cfs)| Alt1l Alt 2 Alt 3 Alt 4 Alt 5

October 785 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 786 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 294 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 294 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 273 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 275 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
January 342 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 340 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
February 495 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 474 2 (0%) 2 (0%) 2 (0%) 2 (0%) 2 (0%)
March 305 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 299 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 1,030 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,036 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 947 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 974 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 399 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 380 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 363 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 334 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 359 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 366 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 358 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 362 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁﬁl’e 495 00%) | 0(0%) 0 (0%) 0(0%) | 0(©O%) 493 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Source: Summarized from CalSim Il 2005 and 2030 simulations (Node C528)

Notes:

! values presented for Dry and Critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use
a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty: Alternative

cfs = cubic feet per second



Chapter 14
Surface Water Supplies and Facilities Operations

San Francisco Bay/Sacramento-San Joaquin Delta Under
the action alternatives, Delta inflows from the San Joaquin
River would decrease slightly in wetter months because of
reduced flood flows in the San Joaquin River (Table 14-57 and
Table 14-58). Percent changes would be small because the
basis-of-comparison or magnitude of flow in the San Joaquin
River increases considerably as it reaches the Delta.

Changes in Delta inflows, though small, would result in a
reoperation of CVP and SWP pumping, although changes
would be small (Table 14-59 and Table 14-60). Table 14-61
and Table 14-62 show that outflow changes from the Delta
would typically be less than 1 percent.
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Table 14-57. Average Simulated Monthly Flow at San Joaquin River Upstream from Vernalis

Existing Level (2005)l

Future Level (2030)l

Month CIE()Xr:(SjEItri]c?n Change from Existing Condition (cfs)? Ac'\:ioon Change from No Action (cfs)®

(cfs) Altl | Alt2 | Alt3 | Alt4 | Alt5 | Alt(cfs) | Altl Alt 2 Alt 3 Alt 4 Alt 5
October 2,771 3 (0%) 3 (0%) 3 (0%) 3(0%) | 3(0%) 2,768 3 (0%) 3 (0%) 3 (0%) 3 (0%) 2 (0%)
November 2,634 16 (-1%) | -15(-1%) | -19 (-1%) | -4 (0%) | 1 (0%) 2,604 14 (-1%) | -13(0%) | -15(-1%) | -13(0%) | -12 (0%)
December 3,198 -101 (-3%) | -97 (-3%) | -102 (-3%) | -97 (-3%) | -97 (-3%) | 3,263 -118 (-4%) | -118 (-4%) | -113 (-3%) | -90 (-3%) | -118 (-4%)
January 4,770 -242 (-5%) | -246 (-5%) | -258 (-5%) |-231 (-5%) |-247 (-5%)| 4,763 212 (-4%) | -210 (-4%) | -215 (-5%) | -204 (-4%) | -223 (-5%)
February 6,270 -285 (-5%) | -280 (-4%) | -279 (-4%) |-273 (-4%) |-298 (-5%)| 6,149 -256 (-4%) | -255 (-4%) | -254 (-4%) | -232 (-4%) | -253 (-4%)
March 7,150 -241 (-3%) | -238 (-3%) | -233 (-3%) |-204 (-3%) |-232 (-3%)| 7,023 175 (-2%) | -174 (-2%) | -175 (-2%) | -173 (-2%) | -177 (-3%)
April 6,763 -236 (-3%) | -231 (-3%) | -232 (-3%) |-239 (-4%) |-256 (-4%)| 7,580 -186 (-2%) | -186 (-2%) | -187 (-2%) | -155 (-2%) | -193 (-3%)
May 6,267 -351 (-6%) | -348 (-6%) | -348 (-6%) |-341 (-5%) |-357 (-6%)| 6,301 -193 (-3%) | -193 (-3%) | -194 (-3%) | -190 (-3%) | -207 (-3%)
June 4,804 -221 (-5%) | -234 (-5%) | -235 (-5%) |-214 (-4%) [-250 (-5%)| 4,739 -100 (-2%) | -99 (-2%) | -101 (-2%) | -112 (-2%) | -128 (-3%)
July 3,297 -46 (-1%) | -52 (-2%) | -63 (-2%) | -38 (-1%) | -77 (-2%) | 3,303 -02 (-3%) | -92(-3%) | -94(-3%) | -66(-2%) | -118 (-4%)
August 2,114 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%) 2,126 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 2,377 A1O%) | -2(0%) | 2(0%) | -1(0%) | -2(0%) 2,386 1 (0%) 1 (0%) 1 (0%) 1 (0%) 1 (0%)
ﬁ‘rﬁrﬁl’e 4,355 -144 (-3%) | -144 (-3%) | -147 (-3%) |-136 (-3%) |-150 (-3%)| 4,404 111 (-3%) | -111 (-3%) | -111 (-3%) | -102 (-2%) | -118 (-3%)

Source: Summarized from CalSim Il 2005 and 2030 simulations (Node C637)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a

simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternative
cfs = cubic feet per second
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Table 14-58. Average Simulated Monthly Flow in Dry Years and Critical Years at San Joaquin River Upstream from Vernalis

| Existing Level (2005)1'2 Future Level (2030)1'2
Month CEer:Ztiltri](?n Change from Existing Condition (cfs)® Ac'\:ioon Change from No Action (cfs)*

(cfs) Alt 1 Alt 2 Alt 3 Alt4 | Alt5 | Alt(cfs) | Altl Alt 2 Alt 3 Alt 4 Alt 5
October 2,083 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2,060 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 1,955 -3 (0%) -3 (0%) -3 (0%) -3 (0%) 3 (0%) 1,909 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 2,004 57 (3%) | -57(-3%) | -57(-3%) | -57 (-3%) |-57 (-3%) 2,067 53(3%) | -53(-3%) | -53(-3%) | -53(-3%) | -53(-3%)
January 3,269 202 (-6%) | -202 (-6%) | -202 (-6%) |-203 (-6%) |-202 (-6%)| 3,231 |-181 (-6%)| -181 (-6%) | -181 (-6%) | -182 (-6%) | -181 (-6%)
February 4,986 -260 (-5%) | -258 (-5%) | -258 (-5%) |-253 (-5%) |-305 (-6%)| 4,870 | -298 (-6%) | -298 (-6%) | -298 (-6%) | -260 (-5%) | -298 (-6%)
March 2,595 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2,534 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 2,962 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3,140 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 2,632 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2,529 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
June 1,376 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,331 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 1,181 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,132 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 1,265 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,253 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 1,650 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,638 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ﬁ‘rﬁﬁl’e 2,303 42 (-2%) | 42 (2%) | -42 (-2%) | -42 (-2%) |-45(2%) | 2,290 | -43 (-2%) | -43(-2%) | -43 (-2%) | -40 (-2%) | -43 (-2%)
Source: Summarized from CalSim Il 2005 and 2030 simulations (Node C637)
Notes:

! values presented for dry and critical year types as defined by the San Joaquin River Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use a
simulation period of October 1921-September 2003.

® (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty: Alternative

cfs = cubic feet per second
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Table 14-59. Average Simulated Monthly Exports through Jones and Banks Pumping Plants

Existing Level (2005)l

Future Level (2030)l

Month CEer:Ztiltri](?n Change from Existing Condition (TAF)? Ac'\:ioon Change from No Action (TAF)®

(TAF) [ At [ At2 [ At3 [ Alt4 | Alts |Alt(cfs) | Alt1 [ Alt2 Alt3 | Alt4 [ Alts
October 426 0 (0%) 0 (0%) 2 (0%) 0 (0%) -1 (0%) 414 1 (0%) | -1(0%) 1 (0%) | -1(0%) | 0(0%)
November 411 5 (1%) 4 (1%) 4 (1%) 2 (1%) 4 (1%) 409 9 (2%) 9 (2%) 8 (2%) 9(2%) | 9(2%)
December 547 1 (0%) 1 (0%) 1 (0%) 1 (0%) -1 (0%) 548 -1 (0%) 1 (0%) 1 (0%) 10%) | 1(0%)
January 417 A4(-1%) | -4(1%) | -4(1%) | -4(1%) | -4 (-1%) 417 1 (0%) | -1(0%) 0 (0%) -1 (0%) | 0(0%)
February 402 0 (0%) 0 (0%) 1 (0%) 1 (0%) 0 (0%) 402 1 (0%) | -1(0%) 1(0%) | -1(0%) | -1(0%)
March 423 2 (0%) 2 (0%) 2 (0%) 2 (0%) 2 (1%) 426 3 (1%) 3 (1%) 3 (1%) 3(1%) | 3(%)
April 128 3(-2%) | -3(2%) | -3(2%) | -3(2%) | -3(-2%) 144 2(2%) | 2(2%) | 2(2%) | 2(¢1%) | -2(2%)
May 136 12 (-9%) | 12 (-9%) | -12 (-9%) | -11(-8%) | -12 (-8%) 137 9(-7%) | -9(7%) | -10(-7%) | -10 (-7%) | -9 (-7%)
June 296 3(-1%) | -4(1%) | -4(1%) | -3(-1%) | -4 (-1%) 208 1 (0%) | -1(0%) 1 (0%) | -1(0%) | -1(0%)
July 644 4(-1%) | -4(1%) | 5(1%) | -4(-1%) 0 (0%) 629 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
August 592 2 (0%) 2 (0%) 3 (0%) 2 (0%) 0 (0%) 583 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%)
September 551 6 (1%) 6 (1%) 6 (1%) 6 (1%) 5 (1%) 557 1 (0%) 1 (0%) 1 (0%) 10%) | 1(0%)
ﬁ‘rﬁﬁl’e 4,972 -9(0%) | -10 (0%) 7(0%) | -11(0%) | -11 (0%) 4,963 -3 (0%) -2 (0%) -2 (0%) 2(0%) | -2 (0%)

Source: Summarized from CalSim 11 2005 and 2030 simulations (Node D409)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of

development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use

a simulation period of October 1921-September 2003.
2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
% (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternative

TAF = thousand acre-feet
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Table 14-60. Average Simulated Monthly Exports in Dry and Critical Years through Jones and Banks Pumping Plants

| Existing Level (2005)1'2 Future Level (2030)1'2

Month CEer:Ztiltri](?n Change from Existing Condition (TAF)® Ac'\:ioon Change from No Action (TAF)*

(TAF) Alt 1 Alt 2 Alt 3 Alt 4 Alt5 | Alt(cfs) | Alt1 Alt 2 Alt 3 Alt 4 Alt 5

October 329 0 (0%) 0 (0%) 1 (0%) 0 (0%) 0 (0%) 308 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
November 371 -1 (0%) -1 (0%) 0 (0%) -1(0%) | 0 (0%) 374 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
December 441 -2 (0%) -2 (0%) -1 (0%) 2(0%) | -2 (0%) 442 -2 (0%) 3 (1%) 3 (1%) 3 (1%) 3 (1%)
January 371 2(1%) | 2(-1%) | -2(-1%) | -2 (-1%) | -2 (-1%) 371 -2 (-1%) -2 (-1%) -2 (-1%) 2(-1%) | -2 (-1%)
February 355 2(1%) | -2(-1%) | -2 (-1%) | -2 (-1%) | -2 (-1%) 363 -2 (-1%) -2 (-1%) -2 (-1%) 2(1%) | -2 (-1%)
March 254 2(1%) | -2(-1%) | -2 (-1%) | -2 (-1%) | -2 (-1%) 251 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
April 106 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 112 1 (1%) 1 (1%) 1 (1%) 1 (1%) 1 (1%)
May 106 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 104 0 (0%) -1 (-1%) -1 (-1%) -1 (-1%) | -1 (-1%)
June 126 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 125 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 563 210 (-2%) | -9(-2%) | -13(-2%) | -9(-2%) | 0 (0%) 530 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 406 1 (0%) 0 (0%) 1 (0%) 0 (0%) 0 (0%) 382 -2 (-1%) -3 (-1%) -2 (-1%) B(-1%) | -2 (-1%)
September 450 -1 (0%) 1 (0%) -1 (0%) -1(0%) | 0 (0%) 423 2 (0%) 2 (0%) 2 (0%) 1 (0%) 2 (0%)
ﬁ‘rﬁﬁl’e 3,878 20 (-1%) | -17 (0%) | -20 (-1%) | -20 (-1%) | -9 (0%) | 3,784 -6 (0%) -1 (0%) -1 (0%) 1(0%) | -1(0%)

Source: Summarized from CalSim 11 2005 and 2030 simulations (Node D409)

Notes:

! Values presented for Dry and Critical year types as defined by the Sacramento Valley Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All
evaluations use a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty: Alternative

TAF = thousand acre-feet
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Table 14-61. Average Simulated Monthly Delta Outflow

Existing Level (2005)l

Future Level (2030)l

Month CIE()Xr:(SjEItri]c?n Change from Existing Condition (cfs)? Ac'\:ioon Change from No Action (cfs)®

cfs) | Alt1 [ A2 [ Ait3 [ Alt4 | Alts [Alt(cts) [ Alt1 | Alt2 | At3 [ Alt4 | Alt5
October 6,036 6 (0%) 6 (0%) 11 (0%) 6(0%) | 5(0%) 5,993 1 (0%) | -1(0%) 1 (0%) | -2 (0%) -1 (0%)
November 11,672 | -13(0%) | -11(0%) | -18(0%) | 8(0%) | -1(0%) 11,648 | -55(0%) | -56(0%) | -53(0%) | -56(0%) | -56 (0%)
December 21,576 | -124 (-1%) | -114 (-1%) | -118 (-1%) | -115 (-1%) | -112 (-1%) | 21,677 |-137 (-1%) | -166 (-1%) | -159 (-1%) | -137 (-1%) | -165 (-1%)
January 42,060 | -219 (-1%) | -224 (-1%) | -228 (-1%) | -198 (0%) | -210 (0%) | 42,162 | -203 (0%) | -202 (0%) | -209 (0%) | -196 (0%) | -218 (-1%)
February 51,671 | -355 (-1%) | -345 (-1%) | -401 (-1%) | -322 (-1%) | -361 (-1%) | 51,439 |-287 (-1%) | -280 (-1%) | -279 (-1%) | -256 (0%) | -289 (-1%)
March 42,733 | -279 (-1%) | -275 (-1%) | -272 (-1%) |-243 (-1%) | -272 (-1%) | 42,586 | -229 (-1%) | -229 (-1%) | -228 (-1%) | -228 (-1%) | -223 (-1%)
April 30,224 | -195 (-1%) | -191 (-1%) | -193 (-1%) |-197 (-1%) | 210 (-1%) | 30,745 | -140 (0%) | -140 (0%) | -140 (0%) | -116 (0%) | -146 (0%)
May 22,637 | -176 (-1%) | -174 (-1%) | -174 (-1%) | -169 (-1%) | -181 (-1%) | 22,286 | -46 (0%) | -46 (0%) | -47 (0%) | -41(0%) | -61 (0%)
June 12,853 | -166 (-1%) | -177 (-1%) | -177 (-1%) | -159 (-1%) | -192 (-1%) | 12,670 | -77 (-1%) | -77 (-1%) | -77 (-1%) | -89 (-1%) | -104 (-1%)
July 7,873 42 (-1%) | -49 (-1%) | -62 (-1%) | -36 (0%) | -76 (-1%) | 7,867 | -93 (-1%) | -94 (-1%) | -98 (-1%) | -69 (-1%) | -122 (-2%)
August 4,353 7 (0%) | -6 (0%) -8(0%) | -6(0%) | -4(0%) 4,330 4 (0%) 4 (0%) 4 (0%) 4 (0%) 4 (0%)
September 9,893 3 (0%) 1 (0%) 1 (0%) 2(0%) | 3(0%) 9,853 4 (0%) 4 (0%) 4 (0%) 4 (0%) 4 (0%)
ﬁ‘rﬁrﬁ’e 21,785 | -129 (-1%) | -128 (-1%) | -135 (-1%) |-118 (-1%) | -133 (-1%) | 21,758 | -104 (0%) | -106 (0%) | -106 (0%) | -97 (0%) | -114 (-1%)

Source: Summarized from CalSim Il 2005 and 2030 simulations (Node C406)

Notes:

! Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations
use a simulation period of October 1921-September 2003.

2 (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.
® (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alt = Alternative

cfs = cubic feet per second
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Table 14-62. Average Simulated Monthly Delta Outflow in Dry and Critical Years

| Existing Level (2005)1'2 Future Level (2030)1'2

Month CEer:Ztiltri](?n Change from Existing Condition (cfs)® Ac'\:ioon Change from No Action (cfs)”

(cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt (cfs) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5

October 5,047 1 (0%) 1 (0%) 6 (0%) -1 (0%) -5 (0%) 5,014 2 (0%) 2 (0%) 2 (0%) 2 (0%) 2 (0%)
November 7,551 13(0%) | 11 (0%) | 11 (0%) 17 (0%) 4 (0%) 7,520 -3 (0%) -3 (0%) -3 (0%) -3 (0%) -3 (0%)
December 7,323 -17 (0%) | -18 (0%) | -17 (0%) | -18 (0%) -8 (0%) 7,567 1 (0%) 79 ((1%) | -79 (-1%) | -80 (-1%) | -79 (-1%)
January 12,858 -7 (0%) -8 (0%) -8 (0%) -7 (0%) -5 (0%) 13,134 1 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
February 17,752 28 (0%) | -29 (0%) | -29 (0%) | -29 (0%) -27 (0%) 17,798 -3 (0%) -3 (0%) -3 (0%) -3 (0%) -3 (0%)
March 16,598 30 (0%) | 31(0%) | 30 (0%) 30 (0%) 32 (0%) 16,508 15 (0%) 15 (0%) 15 (0%) 15 (0%) 15 (0%)
April 12,245 -2 (0%) -2 (0%) -2 (0%) -2 (0%) -2 (0%) 12,294 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
May 8,771 -8 (0%) -9 (0%) -8 (0%) -9 (0%) 0 (0%) 8,505 1 (0%) 1 (0%) 1 (0%) 1 (0%) 1 (0%)
June 6,187 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 6,197 1 (0%) 1 (0%) 1 (0%) 1 (0%) 1 (0%)
July 4,622 -2 (0%) -1 (0%) -2 (0%) -2 (0%) -2 (0%) 4,663 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 3,815 20 (-1%) | -17 (0%) | -22 (-1%) | -18 (0%) -11 (0%) 3,951 9 (0%) 10 (0%) 10 (0%) 11 (0%) 10 (0%)
September 3,424 -6 (0%) -6 (0%) -6 (0%) -6 (0%) -7 (0%) 3,277 1 (0%) 1 (0%) 1 (0%) 1 (0%) 1 (0%)
ﬁ‘rﬁﬁl’e 8,793 -4(0%) | -4(0%) | -4(0%) -3 (0%) -2 (0%) 8,812 2 (0%) -5 (0%) -5 (0%) -5 (0%) -5 (0%)

Source: Summarized from CalSim 11 2005 and 2030 simulations (Node C406)

Notes:

! Values presented for Dry and Critical year types as defined by the Sacramento Valley Water Year Hydrologic Classification Indices.

2 Alternatives are evaluated under existing and future conditions and compared to existing and future baselines. For the existing conditions evaluation, a 2005 level of
development is used as the basis for comparison. Similarly, the future conditions evaluation uses a 2030 level of development as a basis of comparison. All evaluations use
a simulation period of October 1921-September 2003.

% (%) indicates percent change from existing conditions. Negative value represents a decrease in flow, and positive value represents an increase in flow.

* (%) indicates percent change from No Action Alternative. Negative value represents a decrease in flow, and positive value represents an increase in flow.

Key:

Alty: Alternative

cfs = cubic feet per second
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Central Valley Project/State Water Project Water Service
Areas As the “central hub” of California’s water supply
delivery system, minor changes in Delta operations due to
Temperance Flat RM 274 Dam operations could result in other
minor changes to operations throughout the CVP and SWP
system. Increased Friant Division water deliveries would be
due to additional storage in Temperance Flat RM 274
Reservoir. Changes in water supply deliveries and Delta
conditions could also result in changes in operations to other
CVP and SWP facilities, including increased water deliveries
due to additional storage in Temperance Flat RM 274
Reservoir. Recipients of exports through the Banks and Jones
pumping plants include the Exchange Contractors, Federal
wildlife refuges, and CVP and SWP water service contractors.
Deliveries differ by action alternative, as described in Chapter
2, “Alternatives Description.”

Changes in CVVP and SWP deliveries, including changes in
Friant Division deliveries from Millerton Lake, are shown in
the Modeling Appendix. Detailed impact analyses of the
economic effects of changes in water deliveries to CVP and
SWP water service areas are found in Chapter 23,
“Socioeconomics, Population, and Housing.” A description of
CVP and SWP operations can be found in the Affected
Environment section of this chapter and in the Modeling
Appendix.

Criteria for Determining Significance of Effects

The thresholds of significance for impacts to surface water
supplies and facilities operations are based on the
environmental checklist in Appendix G of the State CEQA
Guidelines, as amended. These thresholds also encompass the
factors taken into account under NEPA to determine the
significance of an action in terms of its context and the
intensity of its impacts. An alternative was determined to result
in a significant impact related to surface water supply if it
would adversely affect surface water supply facilities
operations, as measured by the criteria in Table 14-63. The
impact indicators are discussed in the following sections.
Significance statements are relative to both existing conditions
(2005) and future conditions (2030), unless stated otherwise.
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Table 14-63. Impact Indicators and Significance Criteria for Surface
Water Supply Facilities Operations

Impact Indicator Significance Criterion
Friant Dam diversion Reduce Millerton Lake water-level elevations below the Friant-
capacities Kern Canal or Madera Canal intakes at Friant Dam.
Reduce the ability to satisfy downstream Holding Contract
San Joaquin River diversions in Reach 1, or reduce capacity of other existing
diversion capacities operational diversion facilities in Reaches 2 through 5 in the

San Joaquin River.

Reduce water surface elevation, relative to the basis of

Water levels in the south comparison, with sufficient frequency and magnitude to

Delta’ adversely affect south Delta water users’ abilities to divert water
during the irrigation season.

Note:

! Changes in south Delta water levels are estimated using the Delta Simulation Model 2.
Key:
Delta = Sacramento-San Joaquin Delta

Friant Dam Diversion Capacities

Diversions are made at Friant Dam to the Friant-Kern and
Madera canals for CVP Friant Division water supplies.
Changes in Millerton Lake water surface elevations could
adversely affect the operation of existing diversion facilities at
the Friant Dam (see Table 14-2).

San Joaquin River Diversion Capacities

Releases are made at Friant Dam to comply with Holding
Contract requirements along Reach 1. Several other diversion
facilities exist in Reach 1 through Reach 5. Changes in
streamflow within these reaches could adversely affect the
operation of existing diversion facilities, including pumps,
pipelines, and weirs.

Water Levels in the South Delta

Water levels in the south Delta are influenced to varying
degrees by natural tidal fluctuations, San Joaquin River flows,
barrier operations, Jones and Banks export pumping, local
agricultural diversions and drainage return flows, channel
capacities, siltation, and dredging. When the Jones and Banks
pumping plants are exporting water, water levels in local
channels can be drawn down, particularly during water years
with low flow. The South Delta Water Agency (SDWA) and
local farmers in the south and central Delta are interested in
maintaining adequate water levels for their siphons and pumps,
which are installed at fixed locations in the Delta, to continue
to be used for irrigation diversions. The alternatives could
affect the ability of the SDWA to divert water if changes in
Delta flows reduce Delta channel water levels during the
irrigation season (April to October).
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The South Delta Temporary Barriers Program was initiated by
DWR in 1991 to improve water conditions in the south Delta
and to provide design data for permanent gates. Since 1991,
DWR has seasonally installed four barriers. Three barriers,
located on the Middle River, Grant Line Canal, and Old River,
facilitate adequate water levels and water quality for
agricultural diversions. The barriers are constructed from rock
fill and incorporate overflow weirs and gated culverts. These
barriers are installed in spring and removed in fall. A fourth
barrier is seasonally installed at the Head of the Old River for
fish control, but not in all years due to fisheries concerns. The
existing seasonal barriers significantly affect water levels in the
south Delta (see Chapter 27, “Cumulative Effects,” for
additional details).

To evaluate the potential water-level effects of the alternatives,
modeling results were examined for sites near three monitoring
locations near the three temporary barriers. South Delta
agricultural irrigation users are primarily concerned with the
water level at low-low tide because this is the minimum water
surface elevation they experience. The impact analysis
considers the maximum change in water elevation at the low-
low tide for each day of each month. Channel tidal levels at the
following three south Delta locations were evaluated:

e Old River at Tracy Boulevard Bridge (Road Bridge)
— This station is a tidal level and EC monitoring
location, and is upstream from the temporary barrier
and proposed permanent barrier just east (upstream)
from the DMC intake and fish facility.

e Grant Line Canal above the Grant Line Canal
Barrier — This station is upstream from the temporary
barrier on Grant Line Canal and upstream from the
proposed permanent tidal gate.

e Middle River near the Howard Road Bridge — This
station is located just upstream from the temporary
barrier near the Victoria Canal and the proposed
permanent tidal gate.

Water levels in the south Delta are considered to adversely
affect water users, as defined by DWR’s Water Level Response
Plan, if they are below 0.0 foot msl at the Old River near the
Tracy Boulevard Bridge, and at locations above the Grant Line
Canal Barrier, or 0.3 foot above msl at the Middle River near
the Howard Road Bridge (Reclamation and DWR 2004;
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Reclamation et al. 2004). A change in water level is considered
to be significant if the water level is below the identified limit,
and the water-level change between the alternative and baseline
is greater than a 0.1-foot decrease during the irrigation season
(April through October).

Topics Eliminated from Further Discussion

Operating Temperance Flat RM 274 Reservoir could impact
groundwater or socioeconomic conditions, as described in
Chapters 13, “Hydrology — Groundwater,” and 23,
“Socioeconomics, Population, and Housing,” respectively.
Potential impacts to those resource areas are therefore not
described in this chapter. Changes in surface water supplies are
not considered an impact independent of the associated
changes to groundwater and socioeconomics.

Additional water supply deliveries from operating Temperance
Flat RM 274 Reservoir would not physically impact CVP and
SWP conveyance and storage facilities downstream from
Friant Dam. Additional deliveries would be made within
existing capacity limits and operational constraints.

Direct and Indirect Effects
The following section describes the potential environmental
consequences of the alternatives.

Impact SWS-1: Changes in Ability to Divert Water from
Friant Dam

Primary Study Area

No Action Alternative Changes in Millerton Lake volumes
and surface water elevations would be within operating ranges
of the existing condition and would not constrain operations of
existing diversion facilities at Friant Dam to meet existing
authorized purposes.

There would be no impact under the No Action Alternatives.

Action Alternatives Changes in Millerton Lake volumes and
surface water elevations would be within operating ranges of
the existing conditions and would not constrain operations of
existing diversion facilities at Friant Dam.

There would be no impact under the action alternatives.
Mitigation is not required and thus not proposed.
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Impact SWS-2: Changes in Ability to Divert Water from the
San Joaquin River

Extended Study Area

No Action Alternative Changes in San Joaquin River flow
volumes and timing would be within typical historical ranges
and would not impede existing diversion facilities.
Reclamation would continue to release sufficient flow to the
San Joaquin River to satisfy Holding Contract diversions in
Reach 1 and to meet Restoration Flow requirements (SJRRP
2012).

There would be no impact under the No Action Alternative.

Action Alternatives Changes in San Joaquin River flow
volumes and timing would be within typical historical ranges
and would not impede existing diversion facilities. Flows in
Wet years would be reduced (see Attachment E in the
Modeling Appendix) when Temperance Flat RM 274
Reservoir captures flood flows, but would not impede existing
diversion facilities. Flows in other year types would generally
increase and would not impede existing diversion facilities.
Reclamation would continue to release sufficient flow to the
San Joaquin River to satisfy Holding Contract diversions in
Reach 1 and to meet Restoration Flow requirements.

There would be no impact under the action alternatives.
Mitigation for this impact is not required and thus not
proposed.

Impact SWS-3: Change in Water Levels in the Old River
near the Tracy Road Bridge

Extended Study Area

No Action Alternative Water levels in the Delta could be
lower under the No Action Alternative than existing
conditions, but water-level changes of this magnitude and
frequency would not adversely affect agricultural users’ ability
to divert irrigation water. As shown in Table 14-64, water-level
decreases greater than 0.1 foot would not occur when water
levels would be below the identified threshold in the simulated
irrigation months during the late spring. The greatest decrease
was 0.04 foot, compared to existing conditions.

This impact would be less than significant under the No
Action Alternative.
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Table 14-64. Change in Simulated Monthly Maximum 15-Minute Water Levels in Delta at
Low-Low Tide Under the No Action Alternative Compared to Existing Conditions

Old River at Tracy Grant Line Canal Above the : :
Month® Boulevard Bridge Grant Line Canal Barrier Middle River near the 2
(feet)z (feet)2 Howard Road Bridge (feet)
April -0.02 (0%) -0.02 (0%) -0.02 (0%)
May -0.02 (0%) -0.03 (0%) -0.04 (0%)
June 0 (0%) 0 (0%) 0 (0%)
July 0 (0%) 0 (0%) 0 (0%)
August 0 (0%) 0 (0%) 0 (0%)
September 0 (0%) 0 (0%) 0 (0%)
October 0 (0%) 0 (0%) 0 (0%)

Source: DSM2 simulations (Nodes 071_3116, 129 5691, and 206_5533)
Notes:
! Simulation period: October 1921-September 2003.

2 (%) indicates percent of months with a maximum decrease in the water level exceeding 0.1 foot resulting in a water level below

the identified limit.

Action Alternatives The action alternatives would not directly
change Delta operations, but instead would change Delta
conditions because of indirect effects of reducing infrequent
spring flood flows from the San Joaquin River reaching the
Delta. These changed conditions could alter the quantity and
timing of Jones and Banks pumping in the south Delta, which
could impact south Delta water levels.

As shown in Table 14-65, water-level decreases greater than
0.1 foot in the Old River near the Tracy Road Bridge that also
result in water levels below the identified threshold would not
occur in the simulated irrigation months during the late spring.
The greatest decreases were 0.02 foot and 0.02 foot, compared
to the existing conditions and No Action Alternative,
respectively, yet these maximum decreases would not
adversely affect agricultural users’ ability to divert irrigation
water.

This impact would be less than significant under the action
alternatives. Mitigation for this impact is not required and thus
not proposed.
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Table 14-65. Simulated Monthly Maximum 15-Minute Change in Water Levels at Old River
near Tracy Road Bridge at Low-Low Tide

Existing Level (2005)2 ‘

Future Level (2030)2

Month1 Alt 1 Alt 2 Alt3 | Alt4 | Alt5 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5

(ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft msl)

April -0.01 (0%)| -0.01 (0%) |-0.01 (0%)|-0.02 (0%)| 0 (0%) | -0.01 (0%) | -0.01 (0%) | -0.01 (0%) |-0.01 (0%)| -0.02 (0%)

May 0 (0%) 0 (0%) 0 (0%) |[-0.02 (0%)| 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) | -0.01 (0%)
June 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September | 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
October 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Source: DSM2 simulations (Node 071_3116)

Notes:

! Simulation period: October 1921-September 2003.
2 (%) indicates percent of months with a maximum decrease in the water level exceeding 0.1 foot resulting in a water level below
the identified limit.

Key:

Alt = Alternative
ft msl = feet mean sea level
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Impact SWS-4: Change in Water Levels in the Grant Line
Canal Above the Grant Line Canal Barrier

Extended Study Area

No Action Alternative Water levels in the Delta could be
lower under the No Action Alternative than existing
conditions, but changes in water level of this magnitude and
frequency would not adversely affect agricultural users’ ability
to divert irrigation water. As shown in Table 14-64, water-level
decreases greater than 0.1 foot would not occur and would not
decrease water levels below the identified threshold in the
simulated irrigation months during the late spring. The greatest
decreases were 0.03 foot, compared to existing conditions.

This impact would be less than significant under the No
Action Alternative.

Action Alternatives The action alternatives would not directly
change Delta operations, but instead would change Delta
conditions because of indirect effects of reducing infrequent
spring flood flows from the San Joaquin River reaching the
Delta. These changed conditions could alter the quantity and
timing of Jones and Banks pumping in the south Delta, which
could impact south Delta water levels.

As shown in Table 14-66, water-level decreases greater than
0.1 foot in the Grant Line Canal above the Grant Line Canal
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Barrier that also result in water levels below the identified limit
rarely occurred in the simulated irrigation months during the
late spring. The greatest decreases were 0.03 foot and 0.02 foot
compared to the existing conditions and No Action Alternative,
respectively, yet these maximum decreases would not
adversely affect agricultural users’ ability to divert irrigation
water.

This impact would be less than significant under the action
alternatives. Mitigation for this impact is not required and thus
not proposed.

Table 14-66. Simulated Monthly Maximum 15-Minute Change in Water Levels at Grant
Line Canal above Grant Line Canal Barrier at Low-Low Tide

Existing Level (2005)° Future Level (2030)°
Month? Altl Alt 2 Alt 3 Alt 4 Alt5 Alt 1 Alt 2 Alt 3 Alt4 Alt 5
(ftmsl) | (ftmsl) | (ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft ms]) | (ft ms]) | (ft msl) | (ft msl)

April -0.01 (0%)| -0.01 (0%) |-0.01 (0%)|-0.02 (0%)| 0 (0%) |-0.02 (0%)|-0.02 (0%)|-0.02 (0%) | -0.02 (0%) '(g'(%
May 00%) | 0(0%) | 0©O%) |-0.03(0%)| 0©0%) | 00%) | 00%) | 0©O%) | 0% '(g;%
June 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | O (0%) 0 (0%) 0 (0%) 0 (0%)
July 0 (0%) 0 (0%) 0(0%) | 0(%) | 0(0%) | 0(0%) | O (0%) 0 (0%) 0 (0%) 0 (0%)
August 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | 0(0%) | O (0%) 0 (0%) 0 (0%) 0 (0%)
September | 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | O (0%) 0 (0%) 0 (0%) 0 (0%)
October 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | O (0%) 0 (0%) 0 (0%) 0 (0%)

Source: DSM2 simulations (Node 129 5691)

Notes:

! Simulation period: October 1921-September 2003.

2 (%) indicates percent of months with a maximum decrease in the water level exceeding 0.1 foot resulting in a water level
below the identified limit.

Key:
Alt = Alternative
ft msl = feet mean sea level

Impact SWS-5: Change in Water Levels in the Middle River
near the Howard Road Bridge

Extended Study Area

No Action Alternative Water levels in the Delta could be
lower under the No Action Alternative than existing
conditions, but changes in water level of this magnitude and
frequency would not adversely affect agricultural users’ ability
to divert irrigation water.

As shown in Table 14-64, water-level decreases greater than
0.1 foot would not occur and would not decrease water levels
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below the identified threshold in the simulated irrigation
months during the late spring. The greatest decrease was 0.04
foot, compared to existing conditions.

This impact would be less than significant under the No
Action Alternative.

Action Alternatives The action alternatives would not directly
change Delta operations, but instead would change Delta
conditions because of indirect effects of reducing infrequent
spring flood flows from the San Joaquin River reaching the
Delta. These changed conditions could alter the quantity and
timing of Jones and Banks pumping in the south Delta, which
could impact south Delta water levels.

As shown in Table 14-67, water level decreases greater than
0.1 foot in the Middle River near the Howard Road Bridge that
also result in water levels below the identified limit would not
occur in the simulated irrigation months during the late spring.
The greatest decreases were 0.04 foot and 0.02 foot, compared
to the existing conditions and No Action Alternative,
respectively, yet these maximum decreases would not
adversely affect agricultural users’ ability to divert irrigation
water.

This impact would be less than significant under the action
alternatives. Mitigation for this impact is not required and thus
not proposed.
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Table 14-67. Simulated Monthly Maximum 15-Minute Change in Water Levels at Middle
River near Howard Road Bridge at Low-Low Tide

Existing Level (2005)2 Future Level (2030)2
Month? Altl Alt 2 Alt 3 Alt 4 Alt5 Altl Alt 2 Alt 3 Alt 4 Alt 5
(ftmsl) | (ft msl) | (ftmsl) | (ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft msl) | (ft msl)

April -0.01 (0%)| -0.01 (0%) |-0.01 (0%)|-0.02 (0%)| 0 (0%) |-0.01 (0%)|-0.01 (0%)|-0.01 (0%) |-0.01 (0%) | -0.02 (0%)
May -0.03 (0%)| -0.03 (0%) |-0.03 (0%)|-0.04 (0%)| -0.04 (0%) | 0 (0%) 0 (0%) 0 (0%) 0(0%) |-0.01 (0%)
June 0 (0%) 0 (0%) 0(0%) | 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
July 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
August 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
September 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
October 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Source: DSM2 simulations (Node 206_5533)

Notes:

! Simulation period: October 1921-September 2003.

2 (%) indicates percent of months with a maximum decrease in the water level exceeding 0.1 foot resulting in a water level below
the identified limit.

Key:

Alt = Alternative

ft msl = feet mean sea level

Mitigation Measures

This section discusses mitigation measures for each significant
impact described in the environmental consequences section, as
presented in Table 14-24.

No mitigation is required for Impact SWS-1 within the primary
study area, or for Impacts SWS-2, SWS-3, SWS-4, and SWS-5
within the extended study area, as these impacts would be less
than significant for all action alternatives.
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Quality

This chapter describes the environmental setting for surface
water quality, as well as potential environmental consequences
and associated mitigation measures, as they pertain to
implementing the project alternatives. This chapter presents
information on the primary study area (area of project features,
the Temperance Flat Reservoir Area, and Millerton Lake below
RM 274). 1t also discusses the extended study area (San
Joaquin River from Friant Dam to the Merced River, the San
Joaquin River from the Merced River to the Delta, the Delta,
and the CVVP and SWP water service areas).

Affected Environment

This section includes discussion of existing water quality
conditions and related conditions that directly affect water
quality, such as soils, climate, and current and historical land
uses. The discussion encompasses the primary and extended
study areas.

Primary Study Area

The following is a description of surface water quality in the
primary study area, including within the area of project
features, the Temperance Flat Reservoir Area, and in Millerton
Lake, from the Temperance Flat Dam Site to Friant Dam.

Area of Project Features

Most of the area of project features is characterized by
undeveloped land with steep slopes, granitic soils, rocky
outcrops, and ephemeral streams. Rural residences are located
along Sky Harbour Road on the south side of the San Joaquin
River, and on Millerton Lake. Roads in this area include paved
(Sky Harbor Road and associated turnoffs) and unpaved roads.
While few data are available on the water quality of runoff or
ephemeral streams within the area of project features, the water
quality conditions can be inferred to some extent from the
geologic, soils, and topographic conditions, as well as from the
quality of water in the Temperance Flat Reservoir Area and
Millerton Lake during runoff events.
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Temperance Flat Reservoir Area

Water quality within the Temperance Flat Reservoir Area is
generally of high quality, with low turbidity, high dissolved
oxygen, and low concentrations of chlorophyll-a, arsenic, and
other constituents. Water quality in this reach is generally
suitable for most designated beneficial uses.

Historical water temperature data from the CDEC station
located about 1 mile upstream from Kerckhoff Powerhouse,
Station SJK, were acquired for the period from May 6, 2008,
through December 19, 2012. This station is located within the
Temperance Flat Reservoir Area. Average monthly water
temperatures recorded at Station SJK peak in June through
September, reaching 72°F to 73°F. Monthly average
temperatures in July range from 72°F to 79°F. In November,
the average monthly water temperature recorded at Station SJIK
is 57°F. Minimum average monthly water temperatures at
Station SJK occur in January, reaching 44°F.

Measurements taken in 2004, 2005, 2010, and 2011 found that
dissolved oxygen concentrations in the Temperance Flat
Reservoir Area are generally higher than in Millerton Lake.
Dissolved oxygen measured in 2010 and 2011 ranged from
10.19 mg/L to 12.64 mg/L (see the Physical Resources
Appendix). Relatively low conductivity, TDS, and turbidity
observed in 2010 and 2011 may be due in part to the influence
of Kerckhoff Dam and other upstream dams. The construction
and operation of dams and reservoirs, including Kerckhoff
Dam and several projects located farther upstream, have altered
sediment transport and storage processes in the upper San
Joaquin River Basin. The reservoirs capture and permanently
store nearly all of the bedload sediment that is transported to
them, reducing the amount of sand and gravel that would have
naturally been available for recruitment to downstream reaches.
Dam operations also limit the release of flows to downstream
reaches, reducing the frequency of sediment-transporting flows
in most years (SCE 2007).

More than 90 percent of the precipitation in Fresno falls
between October and April, with the heaviest rainfall occurring
from December through March. Based on a comparison of
water quality conditions in the Temperance Flat Reservoir Area
and Millerton Lake between November 3, 2010, and July 26,
2011, as sampled by Reclamation, concentrations of mercury,
arsenic, and other constituents in the San Joaquin River and
Millerton Lake may increase during precipitation events after
an extended dry period, but remain low (below drinking water
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standards established by the EPA, and in some cases below
minimum detection levels) (see the Physical Resources
Appendix).

As measured in 2010 and 2011, pH in the Temperance Flat
Reservoir Area ranged from 4.92 to 5.53, relatively low
(acidic) compared to most surface waters (see the Physical
Resources Appendix). The pH values measured in the
Temperance Flat Reservoir Area are within the range of
measured pH values of precipitation in the region, and are
related to the low alkalinity conditions observed in the
watershed (ranging from 7 mg/L to 13 mg/L). Measured
alkalinity was lower than the EPA-recommended minimum
limit for the protection of aquatic wildlife (20 mg/L) (EPA
2012), with a maximum measured value of 13 mg/L in the
Temperance Flat Reservoir Area. The EPA recommends that
waters with alkalinity naturally below the 20 mg/L criteria not
be further reduced (EPA 1986). Hardness is also relatively low
in the Temperance Flat Reservoir Area, measuring 9.5 mg/L
calcium carbonate (CaCOs3) on November 3, 2010, and ranging
from 4.9 to 5.1 mg/L CaCO3 on July 26, 2011. Alkalinity and
hardness are largely controlled by the geology and soils of the
region, and these low values are consistent with the insolubility
of the granitic soils within the upper San Joaquin River
watershed. Low pH rainfall, which ranges from 5to 6 in
California (NADP/NTN 2010), may be a strong influence on
pH within the upper San Joaquin River watershed.

The Basin Plan specifies water quality objectives to protect
beneficial uses within the river basins, as required by the CWC
(Section 13240) and supported by the Federal CWA (Central
Valley Water Board 2011). The Basin Plan provides regulatory
guidance for TMDL standards at locations along the San
Joaquin River. Additionally, under Section 303(d) of the
Federal CWA, the State Water Board and Central Valley Water
Board assess water quality data for the San Joaquin River every
two years to determine if any portions do not meet the
established water quality standards. The existing and potential
beneficial uses of surface water bodies within the primary and
extended study areas, as defined by the Central Valley Water
Board in 2011, are shown in Table 15-1. Designated beneficial
uses within the Temperance Flat Reservoir Area include
municipal, agriculture, industry, recreation, freshwater habitat,
and wildlife habitat.
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Table 15-1. Existing and Potential Beneficial Uses of Surface Water Bodies in the Primary and Extended Study Areas
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Water quality conditions within the Temperance Flat Reservoir
Area measured in 2010 and 2011 indicate mercury
concentrations within the water column ranging from 0.0008 to
0.0090 pg/L. Mercury concentrations were higher in 2010
(0.009 pg/L), and likely reflect elevated concentrations of
mercury in runoff occurring in the upper San Joaquin River
watershed (see the Physical Resources Appendix). One
possible source of mercury contamination within the watershed
IS resource extraction (State Water Board 2010b). Mercury
itself is not mined within the watershed, but was historically
used in the extraction of gold throughout California. Today,
mercury is recovered as a byproduct from small-scale gold
dredging operations. Mercury and gold are also recovered as
byproducts from some gravel mining operations, especially in
areas affected by historical gold mining (Alpers et al. 2005).

Within the Millerton Lake watershed, there are 57 historical
gold mines and one active mine; and two historical sand and
gravel mines. A survey conducted in 2003 by BLM in support
of the Investigation identified three abandoned mine sites
within the Temperance Flat Reservoir Area, including the
Patterson Mine (formerly known as the Diana Mine), San
Joaquin Mine, and the Sullivan Mine Group. These mines
include multiple adits and millsites. Based on qualitative
assessment of samples taken during this survey, as well as
review of available historical literature and personal interviews,
Springer concluded that the probability of substantial toxic
contamination, both naturally occurring and imported, from
mining and related activities at these sites, is very low (Springer
2005).

A second likely source of mercury within the watershed is
atmospheric deposition. Atmospheric deposition of mercury in
the high Sierra Nevada has been shown to be high, relative to
other locations in the United States (Heyvaert et al., 2000).
While mercury concentrations in surface water may remain
low, mercury accumulates in biological tissues and tissue
concentrations tend to increase higher in the food chain
through biomagnification (Alpers et al. 2005). This is
consistent with the observations noted above of low mercury
concentrations within the water column and significantly
higher concentrations in fish tissue.

Concentrations of primary plant nutrients analyzed in 2010 and
2011, including nitrogen and potassium, were below the
minimum reporting limits (0.1 mg/L and 1 mg/L, respectively).
Sulfur, a secondary nutrient, was detected at low levels in
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2010, but was below the minimum reporting limit (0.5 mg/L)
in 2011. The other secondary nutrients, calcium and
magnesium, were detected in all samples at low levels. Low
concentrations of calcium and magnesium are consistent with
the relatively low hardness levels in these samples (as
previously described). Chloride was detected in low levels in
2010, but not detected in 2011. Similarly, sodium decreased in
concentration in July 2011 as compared to November 2010.
This pattern likely reflects runoff occurring in the upper San
Joaquin River watershed before the sampling event (California
Department of a Transportation (Caltrans) applies deicing
agents, including sodium and chloride, to roads in the upper
San Joaquin River watershed) (see the Physical Resources
Appendix).

Millerton Lake Below RM 274

As discussed for the Temperance Flat Reservoir Area, water
quality within Millerton Lake is generally of high quality, with
low temperatures, low turbidity, high dissolved oxygen, and
low concentrations of chlorophyll-a, arsenic, and other
constituents. Millerton Lake water quality is generally suitable
for most designated beneficial uses.

Historical water temperatures at Station SJK during the month
of July range from 72°F to 79°F, while the average monthly
water temperature recorded at Station SJK in November is
57°F. These temperatures are lower than the temperature
measured within Millerton Lake in July 2011 (81°F) or
November 2010 (57°F to 59°F) (see the Physical Resources
Appendix). Most of Millerton Lake becomes thermally
stratified during spring and summer months. Complete mixing
of the water column likely occurs during winter months
(Reclamation 2008).

Measurements taken in 2004, 2005, 2010, and 2011 found that
dissolved oxygen concentrations in Millerton Lake are
generally high during most of the year, with lowest
concentrations typically exhibited during November at depths
greater than 175 feet (see the Physical Resources Appendix).
Relatively low conductivity, TDS, and turbidity observed in
2010 and 2011 may be due in part to the influence of
Kerckhoff Dam and other upstream dams, as previously
described.

As described for the Temperance Flat Reservoir Area,
concentrations of mercury, arsenic, and most constituents may
increase within the primary study area during a major storm
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after an extended dry period, but overall remain low.
Comparison of water quality conditions between sampling sites
within the Temperance Flat Reservoir Area and Millerton Lake
indicates that concentrations of most constituents decrease as
water enters Millerton Lake. This is likely due to a high rate of
mixing within the river as compared with Millerton Lake,
where slower water movement allows these constituents to
settle out of the water column more easily. This interpretation
is supported by the relatively low turbidity observed within
Millerton Lake as compared to within the San Joaquin River.

As measured in 2010 and 2011, pH in Millerton Lake ranged
from 5.90 to 6.18, relatively low (acidic) compared to most
surface waters (see the Physical Resources Appendix). The pH
values measured in Millerton Lake are within the range of
measured pH values of precipitation in the region, and are
related to the low alkalinity conditions observed in the
watershed (ranging from 7 mg/L to 13 mg/L). Measured
alkalinity was lower than the EPA-recommended minimum
limit for the protection of aquatic wildlife (20 mg/L) (EPA
2012). The EPA recommends that waters with alkalinity
naturally below the 20 mg/L criteria not be further reduced
(EPA 1986). Hardness is also relatively low in the watershed,
ranging from 8.6 to 9.4 mg/L CaCO3 on November 3, 2010,
and from 7.8 to 8.3 mg/L CaCO3 on July 26, 2011. Alkalinity
and hardness are largely controlled by the geology and soils of
the region, and these low values are consistent with the
insolubility of the granitic soils within the upper San Joaquin
River watershed, as previously described. Low pH rainfall,
which ranges from 5 to 6 in California (NADP/NTN 2010),
may be a strong influence on pH within the upper San Joaquin
River watershed.

The existing and potential beneficial uses of Millerton Lake are
shown in Table 15-1, and include municipal, agriculture,
recreation, freshwater habitat, and wildlife habitat.

Millerton Lake is listed for mercury in the 2010 CWA Section
303(d) list of impaired waters requiring TMDLSs, as shown in
Table 15-2. This listing is based on a 2007 sampling of
mercury accumulation in 33 tissue samples from largemouth
bass. This study found that 18 out of 33 samples exceeded the
Office of Environmental Health Hazard Assessment (OEHHA)
Screening Value of 0.3 milligrams per kilogram to protect
human health for frequent consumers of sport fish (Brodberg
and Pollock 1999, Davis et al. 2009 and 2010, State Water
Board 2010b). The same study found lower concentrations of
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mercury in largemouth bass at a location downstream from
Friant Dam, suggesting that Millerton Lake may act as a
mercury sink for the San Joaquin River (Davis et al. 2010).
Water quality conditions detected in 2010 and 2011 indicate
mercury concentrations within the water column of less than
0.0005 to 0.0006 pg/L.

As previously described for the Temperance Flat Reservoir
Area, two possible sources of mercury contamination within
the watershed are resource extraction and atmospheric
deposition.

Table 15-2. 2010 Clean Water Act Section 303(d) List of
Water Quality Limited Segments Within the Primary and

Extended Study Areas

Affected Area/

(Reach 5%

Escherichia coli (E. coli)
Group A Pesticides
Mercury

Selenium

Unknown Toxicity

Segment Pollutant/Stressor Reach Length
Millerton Lake Mercury 4,366 acres
San Joaquin River,
Friant Dam to Mendota Pool |Invasive Species 70 miles
(Reaches 1 and 2%
Mendota Pool (Reach 2% Mercqry 3,045 acres
Selenium
Boron
San Joaquin River, glfl:})l_(ln_rpyrlfos
Mendota Pool to Bear Creek I 13 miles
(Reaches 3 and 4%) Diazinon =~
Group A Pesticides
Unknown Toxicity
Arsenic
Boron
Chlorpyrifos
San Joaquin River, DDT
Bear Creek to Mud Slough Electrical Conductivity |14 miles
(Reach 5% Escherichia coli (E. coli)
Group A Pesticides
Mercury
Unknown Toxicity
Boron
Chlorpyrifos
DDT
A Diazinon
San Joaquin River, . .
Mud Slough to Merced River Electrical Conductivity 3 miles




Table 15-2. 2010 Clean Water Act Section 303(d) List of
Water Quality Limited Segments Within the Primary and
Extended Study Areas (contd.)

Affected Area/

Segment Pollutant/Stressor Reach Length
Bear Creek, _— . .
from Bear Valley to San Escherichia CQ“. (E. coli) 43 miles
. Unknown Toxicity
Joaquin River
Boron
Electrical Conductivity
Mud Slough.(dowrllstream Pesticides 13 miles
from San Luis Drain) .
Selenium

Unknown Toxicity

Boron

Electrical Conductivity
Escherichia coli (E. coli) |22 miles
Pesticides
Unknown Toxicity

Mud Slough (upstream
from San Luis Drain)

Boron

Chlorpyrifos

Electrical Conductivity
Salt Slough Escherichia coli (E. coli) |10 miles
Mercury
Prometryn
Unknown Toxicity

Source: State Water Board 2010a.

Note:

! See Chapter 5, “Biological Resources — Fisheries and Aquatic Resources” for a map
of Reaches 1 through 5 of the San Joaquin River

Key:

DDT = dichloro-diphenyl-trichloroethane

As described for the Temperance Flat Reservoir Area,
concentrations of primary plant nutrients analyzed in 2010 and
2011, including nitrogen and potassium, were below the
minimum reporting limits (0.1 mg/L and 1 mg/L, respectively).
Sulfur, a secondary nutrient, was detected at low levels in
2010, but was below the minimum reporting limit (0.5 mg/L)
in 2011. The other secondary nutrients, calcium and
magnesium, were detected in all samples at low levels. Low
concentrations of calcium and magnesium are consistent with
the relatively low hardness levels in these samples (as
previously described). Chloride was detected in low levels in
2010, but not detected in 2011. Similarly, sodium decreased in
concentration in July 2011 as compared to November 2010.
This pattern likely reflects runoff occurring in the upper San
Joaquin River watershed before this sampling event (Caltrans
applies deicing agents, including sodium and chloride, to roads
in the upper San Joaquin River watershed). Concentrations of
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the micronutrient chloride decreased in Millerton Lake as
compared to the Temperance Flat Reservoir Area (see the
Physical Resources Appendix).

Extended Study Area

Water quality in various segments of the San Joaquin River
downstream from Friant Dam is degraded because of low flow
and lower quality discharges from agricultural areas and
wastewater treatment plants. The following sections describe
water quality in the San Joaquin River from Friant Dam to the
Merced River, in the San Joaquin River from the Merced River
to the Delta, in the Delta, and in the CVP/SWP water service
areas.

San Joaquin River from Friant Dam to Merced River

Water quality in Reach 1 is influenced by releases from Friant
Dam, with minor contributions from agricultural return flows
and storm-water runoff. Water quality data collected from the
San Joaquin River downstream from Friant Dam demonstrate
the generally high quality of water released at Friant Dam from
Millerton Lake to Reach 1. Temperatures of San Joaquin River
water releases to Reach 1 are dependent on the cold-water
volume available at Millerton Lake (see Modeling Appendix).
Since fall 2009, limited flows have reached Mendota Pool as
part of the SIRRP. As part of the SJRRP, Reclamation collects
and reports on water quality conditions from Friant Dam to the
Merced River confluence. Project data collected to date
indicate that there are few contaminants of concern in Reaches
1 and 2 (SJRRP 2012a, 2012b). Beneficial uses within Reaches
1 and 2 include municipal, agriculture, industry, recreation,
freshwater habitat, and wildlife habitat, as shown in Table
15-1.

During the irrigation season, water released at Mendota Dam to
Reach 3 generally has higher concentrations of TDS than in
reaches 1 and 2. Increased EC and concentrations of total
suspended solids demonstrate the effect of Delta contributions
to San Joaquin River flow. Water quality criteria applicable to
some beneficial uses are not currently met within Reaches 3
and 4. Beneficial uses within Reaches 3 and 4 include
municipal, agriculture, industry, recreation, freshwater habitat,
and wildlife habitat, as shown in Table 15-1.

During water quality monitoring as part of the Interim Flows
Program, several trace elements (e.g., mercury, selenium) were
measured in the San Joaquin River downstream from Mendota
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Dam, likely due in part to inflow of water from the DMC and
other tributaries.

Water temperatures downstream from Mendota Dam are
dependent on water temperatures of inflow from the DMC and,
occasionally, the Kings River system via James Bypass
(Reclamation 2007). Because water temperature is a limiting
factor for native fish, including Chinook salmon at different
life stages, water temperature data collection studies are
underway as part of the SIRRP. Water temperature data
loggers are currently placed at various locations in a
longitudinal array throughout the Restoration Area to record
data in a variety of fish habitats (SJRRP 2011).

Reach 5 typically has the poorest water quality of any reach of
the river from Friant Dam to the Merced River confluence.
Beneficial uses within Reach 5 include municipal, agriculture,
industry, recreation, freshwater habitat, and wildlife habitat, as
shown in Table 15-1. Reach 5 and its tributaries (Bear Creek,
Mud Slough, and Salt Slough) do not meet water quality
standards applicable to some designated beneficial uses, as
shown in Table 15-2. Water quality data collected at Salt
Slough, Mud Slough, and San Joaquin River sites within Reach
5 demonstrate the effects of irrigation runoff contributions
from west-side tributaries. San Joaquin River water
temperatures within Reach 5 are influenced greatly by the
water temperature of Salt Slough inflow, which contributes the
majority of streamflow in the reach (see Modeling Appendix).
As described for Reaches 3 and 4, preliminary data do not
show a measureable improvement in water quality in Reach 5
because of the arrival of Interim Flows (SJRRP 2012a, 2012b).

CWA Section 303(d) listings for Reaches 1 and 2 include
invasive species, as shown in Table 15-2. Mendota Pool is
listed for mercury and selenium (State Water Board 2010a).
The CWA Section 303(d) listings for these reaches include
boron, chlorpyrifos, diazinon, dichloro-diphenyltrichloroethane
(DDT), diazinon, Group A pesticides, and unknown toxicity, as
shown in Table 15-2. TMDL and Basin Plan amendments are
currently in place for diazinon and chlorpyrifos runoff into
Reaches 3, 4, and 5; for selenium in Reach 5; salt and boron in
Reach 3, 4, and 5; and oxygen-demanding substances in
Reaches 1 through 5 (State Water Board 2013). TMDLs and
Basin Plan amendments are currently being developed for
additional pesticides (State Water Board 2010a). The CWA
Section 303(d) listings for Reach 5 include arsenic, boron,
chlorpyrifos, DDT, EC, Escherichia coli (E. coli), Group A
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pesticides, mercury, selenium, and unknown toxicity. TMDLs
and Basin Plan amendments are currently being developed for
arsenic, boron, DDT, EC, E. coli, Group A pesticides, and
mercury (State Water Board 2010a).

Pesticides, fertilizers, and nitrate in this portion of the extended
study area are further regulated under WDRs issued by the
Central Valley Water Board for waste discharges from irrigated
lands. Within this portion of the extended study area, the
Central Valley Water Board has issued general WDRs for the
Eastern San Joaquin River Watershed and Western San Joaquin
River Watershed. WDRs are also in place for individuals not
participating in the general WDRs.

San Joaquin River from Merced River to the Delta
Downstream from its confluence with the Merced River, San
Joaquin River water quality generally improves at successive
confluences with east-side rivers draining the Sierra Nevadas,
particularly at confluences with the Merced, Tuolumne, and
Stanislaus rivers. In the relatively long reach between the
Merced and Tuolumne rivers, mineral concentrations tend to
increase because of inflows of agricultural drainage water,
other wastewaters, and effluent groundwater (DWR 1965).
TDS in the San Joaquin River near Vernalis has historically
(from 1951 to 1962) ranged from 52 mg/L (at high flows) to
1,220 mg/L (DWR 1965).

CWA Section 303(d) listings for the San Joaquin River from
the Merced River to the Delta are provided in Table 15-3 (State
Water Board 2010a). TMDL and Basin Plan amendments are
currently in place for salinity, boron, selenium, diazinon, and
chlorpyrifos in the lower San Joaquin River upstream from
Vernalis. A Basin Plan amendment is also in place for
dissolved oxygen; water quality objectives for the San Joaquin
River upstream from the Stockton Deep Water Ship Channel to
address this amendment are being developed by the stakeholder
group CV-SALTS and its Lower San Joaquin River Committee
(State Water Board 2013).



Table 15-3. Clean Water Act Section 303(d) List of Water
Quality Limited Segments, San Joaqguin River System
from Merced River to Delta

Pollutant/ . Affected
Segment Potential Source | Area/Reach
Stressor
Length
alpha-BHC Source Unknown
Boron Agriculture
Chlorpyrifos Agriculture
DDE Agriculture
San Joaquin River, |DDT Agriculture
Merced Rivgr to EIectrica] . Agricult 29 miles
Tuolumne River Conductivity gricufture
Sézltjigi(?es Agriculture
Mercury Resource Extraction
;I/'\(;:erl?gerature, Source Unknown
?Q)I:ir;ic;;vn Agriculture
Chlorpyrifos Agriculture
DDT Agriculture
Diazinon Agriculture
A EIectrica] . Agriculture
San Joaquin River, |Conductivity
Tuoll_Jmne Ri_ver to Grou_p_A Agriculture 8.4 miles
Stanislaus River Pesticides
Mercury Resource Extraction
;I/'\(;:erl?gerature, Source Unknown
_LI_JQ)Ifir;ﬁ;//vn Agriculture
Chlorpyrifos Agriculture
DDE Agriculture
DDT Agriculture
Diuron Agriculture
A EIectrica] . Agriculture
San Joaquin River, |Conductivity
Stanislaus River to Escherichia coli Source Unknown 3 miles
Delta (E. coli)
(F?ézltjigi(?es Agriculture
Mercury Resource Extraction
J\Z;rt]eprerature, Source Unknown
Toxaphene Source Unknown
_LI_JQ)Ifir;ﬁ;//vn Agriculture

Source: State Water Board 2010a.

Key:

alpha-BHC= alpha-benzene hexachloride
DDE = dichloro-diphenyl-dichloroethylene
DDT = dichloro-diphenyl-trichloroethane
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Pesticides, fertilizers, and nitrate are further regulated under
WDRs issued by the Central Valley Water Board for waste
discharges from irrigated lands. Within the extended study
area, the Central Valley Water Board has issued general WDRs
for the Eastern San Joaquin River Watershed, Western San
Joaquin River Watershed, and Tulare Lake Basin Area. WDRs
are also in place for individuals not participating in the general
WDRs.

Delta

Water quality in the Delta is highly variable, temporally and
spatially. It is a function of complex circulation patterns that
are affected by inflows, pumping for Delta agricultural
operations and exports, operation of flow control structures,
and tidal action. The existing water quality problems of the
Delta system may be categorized as the presence of toxic
materials, eutrophication and associated fluctuations in
dissolved oxygen, presence of suspended sediments and
turbidity, salinity, and presence of pathogenic bacteria (State
Water Board 1999).

Delta waterways fall within the jurisdiction of both the Central
Valley Water Board and the San Francisco Bay Water Board.
Various Delta waterways in the areas under jurisdiction of the
Central Valley Water Board are listed under CWA Section
303(d) as impaired for chlordane, chlorpyrifos, DDT, diazinon,
dieldrin, EC, Group A pesticides, invasive species, mercury,
polychlorinated biphenyls (PCB), and unknown toxicity (State
Water Board 2010a). TMDLs are currently in place for
diazinon, chlorpyrifos, and methylmercury in the Delta (State
Water Board 2013). Delta waterways in the area under
jurisdiction of the San Francisco Bay Water Board are listed
under CWA Section 303(d) as impaired for chlordane, DDT,
dieldrin, dioxin, furan compounds, invasive species, mercury,
PCBs, and selenium (State Water Board 2010a).

The north Delta tends to have better water quality primarily
because of inflow from the Sacramento River, though some
water quality parameters, such as mercury, may be more
impaired than in other portions. The quality of water in the
west Delta is strongly influenced by tidal exchange with San
Francisco Bay; during low-flow periods, seawater intrusion
results in increased salinity. In the south Delta, water quality
tends to be poorer because of the combination of inflows of
poorer water quality from the San Joaquin River, discharges
from Delta islands, and effects of diversions that can
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sometimes increase seawater intrusion from San Francisco
Bay.

The Sacramento and San Joaquin rivers contribute
approximately 61 percent and 33 percent, respectively, to
tributary inflow TDS concentrations within the Delta. TDS
concentrations are relatively low in the Sacramento River, but
because of its large volumetric contribution, the river provides
the majority of the TDS load supplied by tributary inflow to the
Delta (DWR 2001). Although actual flow from the San Joaquin
River is lower than from the Sacramento River, TDS
concentrations in San Joaquin River water average
approximately 7 times those in the Sacramento River. The
influence of this relatively poor San Joaquin River water
quality is greatest in the south Delta channels and in CVP and
SWP exports. Water temperature in the Delta is only slightly
influenced by water management activities (i.e., dam releases)
(Reclamation and DWR 2005).

Delta exports contain elevated concentrations of disinfection
byproduct precursors (e.g., dissolved organic carbon), and the
presence of bromide increases the potential for formation of
brominated compounds in treated drinking water. Organic
carbon in the Delta originates from runoff from agricultural
and urban land, drainage water pumped from Delta islands that
have soils with high organic matter, runoff and drainage from
wetlands, wastewater discharges, and primary organic carbon
production in Delta waters. Delta agricultural drainage can also
contain high levels of nutrients, suspended solids, organic
carbon, minerals (salinity), and trace chemicals such as
organophosphate, carbamate, and organochlorine pesticides.

CVP and SWP Water Service Areas

Water delivered to Friant Division contractors via the Friant-
Kern and Madera canals from Millerton Lake is representative
of water quality conditions at Millerton Lake and the upper San
Joaquin River watershed—generally soft with low mineral and
nutrient concentrations. As described in Chapter 14,
“Hydrology — Surface Water Supplies and Facilities
Operations,” water from the Delta is delivered to the Arvin-
Edison WSD via the California Aqueduct in exchange for
water delivered from Millerton Lake, when conditions permit.
Water delivered to Arvin-Edison WSD is representative of a
mixture of Delta and Millerton Lake water quality conditions.

Surface water quality in the other CVP and SWP water service
areas is affected by fluctuations of water quality in the Delta,
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which in turn are influenced by climate, water quality in the
San Joaquin and Sacramento rivers, and local agricultural
diversions and drainage water. Water quality concerns of
particular importance are those related to salinity and drinking
water quality. Salinity is an issue because excessive salinity
may adversely affect crop yields and require more water for
salt leaching, may require additional M&I treatment, may
increase salinity levels in agricultural soils and groundwater,
and is the primary water quality constraint to recycling
wastewater (CALFED 2000). Constituents that affect drinking
water quality are of more concern within the SWP water
service areas because of high demand for M&I water supplies
for SWP contractors, and include bromide, natural organic
matter, microbial pathogens, nutrients, TDS, hardness,
alkalinity, pH, organic carbon, disinfection byproducts, and
turbidity.

Pesticides, fertilizers, and nitrate in this portion of the extended
study area are further regulated under WDRs issued by the
Central Valley Water Board for waste discharges from irrigated
lands. Within this portion of the extended study area, the
Central Valley Water Board has issued general WDRs for the
Western San Joaquin River Watershed and Tulare Lake Basin
Area. WDRs are also in place for individuals not participating
in the general WDRs.

Environmental Consequences and
Mitigation Measures

This section describes environmental consequences on surface
water quality associated with implementation of the
alternatives. The potential direct and indirect impacts to surface
water quality and associated mitigation measures are
summarized in Table 15-4.
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Table 15-4. Summary of Impacts and Mitigation Measures for Surface Water Quality

. Level of Significance Mitigation .Le."_e' of
Impact Study Area Alternative AP Significance
Before Mitigation Measure L
After Mitigation
No Action Alternative NI NI
Primary Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS None LTS
Impact SWQ-1: Temporary Area Alternative Plan 3 LTS Required LTS
Construction-Related Sediment Alternative Plan 4 LTS LTS
Effects that would Violate Water Alternative Plan 5 LTS LTS
Quality Standards or Adversely No Action Alternative NI NI
Affect Beneficial Uses Extended Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS None LTS
Area Alternative Plan 3 LTS Required LTS
Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS
No Action Alternative NI NI
Primary Alternative Plan 1 LTS LTS
Impact SWQ-2: Temporary Study Alternative Plan 2 LTS None LTS
Construction-Related Water Area Alternative Plan 3 LTS Required LTS
Temperature Effects that would Alternative Plan 4 LTS LTS
Violate Water Quality Standards Alternative Plan 5 LTS LTS
or Adversely Affect Beneficial No Action Alternative NI NI
Uses Extended Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS None LTS
Area Alternative Plan 3 LTS Required LTS
Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS
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Table 15-4. Summary of Impacts and Mitigation Measures for Surface Water Quality (contd.)

Level of Level of
Impact Study Area Alternative Significance Mitigation Measure Significance
Before Mitigation After Mitigation
No Action Alternative NI NI
Primary Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS None LTS
Impact SWQ-3: Temporary Area Alternative Plan 3 LTS Required LTS
Construction-Related Water Alternative Plan 4 LTS LTS
Quality Effects that would Violate Alternative Plan 5 LTS LTS
Water Quality Standards or No Action Alternative NI NI
Adversely Affect Beneficial Uses Extended Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS None LTS
Area Alternative Plan 3 LTS Required LTS
Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS
No Action Alternative NI None Required NI
Alternative Plan 1 PS SWQ-4: Prepare and LTS
Primary Alternative Plan 2 PS Implement a Site-Specific LTS
Study Area Alternative Plan 3 PS Remediation Plan for LTS
Alternative Plan 4 PS Historic Mine Features LTS
Impact SWQ-4: Long-Term Alternative Plan 5 PS Subject to Inundation LTS
Water Quality Effects that would San Joaquin No Action Alternative LTS and Beneficial LTS and Beneficial
Violate Water Quality Standards River from Alternative Plan 1 LTS LTS
or Adversely Affect Beneficial Friant Dam Alternative Plan 2 LTS None LTS
Uses within the Primary Study to the Merced Alternative Plan 3 LTS Required LTS
Area and San Joaquin River River Confluence | Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS
San Joaquin No Action Alternative LTS LTS
River from Alternative Plan 1 LTS LTS
the Merced Alternative Plan 2 LTS None LTS
River Confluence | Alternative Plan 3 LTS Required LTS
to the Delta Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS
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Table 15-4. Summary of Impacts and Mitigation Measures for Surface Water Quality (contd.)
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. Level of Significance Mitigation .Le."_e' of
Impact Study Area Alternative AT Significance
Before Mitigation Measure L
After Mitigation
No Action Alternative LTS LTS
Primary Alternative Plan 1 LTS and Benéeficial LTS and Beneficial
Study Alternative Plan 2 LTS and Benéeficial None LTS and Beneficial
Impact SWQ-5: Long-Term Area Alternative Plan 3 LTS and Benéeficial Required LTS and Beneficial
Water Temperature Effects that Alternative Plan 4 LTS and Beneficial LTS and Beneficial
would Violate Water Quality Alternative Plan 5 LTS and Beneficial LTS and Beneficial
Standards or Adversely Affect No Action Alternative LTS LTS
Beneficial Uses Extended Alternative Plan 1 LTS and Beneficial LTS and Beneficial
Study Alternative Plan 2 LTS and Benéeficial None LTS and Beneficial
Area Alternative Plan 3 LTS and Beneficial Required LTS and Beneficial
Alternative Plan 4 LTS and Beneficial LTS and Beneficial
Alternative Plan 5 LTS and Beneficial LTS and Beneficial
No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Impact SWQ-6: Long-Term Area Alternative Plan 3 NI Required NI
Effects on Delta Salinity that Alternative Plan 4 NI NI
would Violate D-1641 Salinity Alternative Plan 5 NI NI
Objectives No Action Alternative LTS LTS
Extended Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS None LTS
Area Alternative Plan 3 LTS Required LTS
Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS
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Table 15-4. Summary of Impacts and Mitigation Measures for Surface Water Quality (contd.)

. Level of Significance Mitigation .Le."_e' of
Impact Study Area Alternative AT Significance
Before Mitigation Measure L
After Mitigation
No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Area Alternative Plan 3 NI Required NI
Impact SWQ-7: Long-Term Alternative Plan 4 NI NI
Effects on Delta Salinity that Alternative Plan 5 NI NI
would Violate the X2 Standard No Action Alternative LTS LTS
Extended Alternative Plan 1 LTS LTS
Study Alternative Plan 2 LTS None LTS
Area Alternative Plan 3 LTS Required LTS
Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS
No Action Alternative NI NI
Primary Alternative Plan 1 NI NI
Study Alternative Plan 2 NI None NI
Impact SWQ-8: Long-Term Area Alternative Plan 3 NI Required NI
Effects on Water Quality that Alternative Plan 4 NI NI
would Violate Existing Water Alternative Plan 5 NI NI
Quality Standards or Adversely No Action Alternative LTS LTS
Affect Beneficial Uses in the Extended Alternative Plan 1 LTS LTS
CVP/SWP Water Service Areas Study Alternative Plan 2 LTS None LTS
Area Alternative Plan 3 LTS Required LTS
Alternative Plan 4 LTS LTS
Alternative Plan 5 LTS LTS

Key:
NI = no impact
LTS = less than significant
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Methods and Assumptions

Water quality monitoring data and computer modeling were
used to aid in evaluating potential impacts on surface water
quality. Both temporary, construction-related effects and long-
term operational effects were considered as part of this
evaluation. Temporary construction impacts were evaluated
qualitatively based on anticipated construction practices,
materials, locations, and duration of project construction and
related activities. Long-term effects were evaluated using
computer modeling tools. Specifically, CalSim Il was used to
simulate CVP and SWP operations, determining surface water
flows, storages, and deliveries associated with each alternative.
These data were applied as inputs for computer models used
for surface water quality impact assessments.

Computer models were used to evaluate impacts for each
alternative on reservoir water temperature at Millerton Lake,
San Joaquin River water temperature from Friant Dam to the
Merced River, San Joaquin River salinity (EC) from the
Mendota Pool to the Delta, and salinity and the X2 position in
the Delta. The long-term effects analysis focuses on water
temperature and salinity. Water temperature is an important
water quality parameter for fisheries. Salinity is an important
water quality parameter for multiple beneficial uses. The
modeling tools used in this assessment are the best available
modeling tools. They were selected because they are publicly
available, have a knowledgeable user community, and are
widely accepted for use in similar systemwide analyses of
resources in the California Central Valley.

Reservoir Temperature

All the action alternatives increase the total volume of cold
water in Millerton Lake and provide for cold-water storage
(defined as water at or below 52°F for this analysis) at
Temperance Flat RM 274 Reservoir, with larger available cold-
water pools in action alternatives with planned operations for
higher carryover storage. Additionally, the SLIS included in
Alternative Plan 4 also allows for better management of the
cold-water pool, resulting in improved water temperature
conditions for anadromous fish in the San Joaquin River.

Daily water temperatures in the Temperance Flat Reservoir and
Millerton Lake were modeled using a two-dimensional model
based on the CE-QUAL-W2 (W2) modeling platform. The
model uses daily water operations data from the daily
disaggregation tool and historical meteorology to simulate
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water temperatures every 6 hours from January 1, 1980, to
September 30, 2003. This time period is shorter than the
CalSim model time period to reduce the volume of output,
allow acceptable model execution times, and still cover the full
range of water temperature operations expected over the longer
CalSim time period.

Reservoir water temperature effects on fisheries habitat are
described in Chapter 5.0, “Biological Resources — Fisheries
and Aquatic Ecosystems.”

River Temperature

Daily Millerton Lake water operations data were used in a
water temperature model to generate daily release temperatures
into the Friant-Kern Canal, Madera Canal, and San Joaquin
River. Daily water releases (flow and temperature) from
Millerton Lake to the San Joaquin River were used in a
temperature model of the San Joaquin River to route releases
through the system from Friant Dam to the Merced River, and
to compute the water temperature at various locations. The
river temperature model is based on the HEC-5Q modeling
platform. The model performs two separate functions. The
first, based on the HEC-5 model embedded in the HEC-5Q
modeling platform, routes water through the San Joaquin River
and bypass system from Millerton Lake to the confluence with
the Merced River. This portion of the model develops daily
flows throughout the San Joaquin River system by modeling
the physical diversion of water between the Chowchilla,
Eastside, and Mariposa bypasses and the San Joaquin River,
local accretions and depletions along the channels, and
hydrologic routing of water. The second function uses flows
and historical meteorology to simulate water temperatures
every 6 hours from January 1, 1980, to September 30, 2003.
Additional details on the river temperature model can be found
in the Modeling Appendix.

River water temperature effects on fisheries habitat are
described in Chapter 5.0, “Biological Resources — Fisheries
and Aquatic Ecosystems.”

San Joaquin River Salinity

The CalSim Il San Joaquin River water quality module was
used to simulate salinity (EC) on the main stem San Joaquin
River from the Mendota Pool to Vernalis. CalSim Il includes
the Link-Node approach algorithm, implemented in March
2004, to estimate San Joaquin River salinity at Vernalis by
replacing the single regression equation with a series of salt
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balances from Friant Dam to Vernalis. The salt balances
dynamically account for all inflows and outflows along a given
reach, and assume perfect mixing of different waters. Westside
inflows to the San Joaquin River are disaggregated into various
flow components and each component is assigned an EC value.
San Joaquin River salinity results simulated for alternatives
with the CalSim Il San Joaquin River water quality module
were used only for comparative analysis of alternatives.

Delta Water Quality

DSM2 was used with CalSim II results to describe Delta water
quality for each alternative, including EC values and chloride
concentrations. DSM2 is a hydrodynamic model of the Delta
developed by DWR that simulates flow and salinity changes
throughout the Delta caused by changes in Delta inflow or
CVP/SWP pumping. The model uses monthly CalSim Il results
and produces mean monthly flow and salinity values. The
analysis of potential impacts on Delta water quality evaluates
potential impacts on surface water quality for all in-Delta water
users. Parameters used in the evaluation include simulated
changes in X2 location, Delta outflow, I:E ratio, salinity,
chloride ion concentrations, dissolved organic carbon
concentrations, and flows in the Old and Middle rivers.

The water quality impact assessment focuses on salinity as EC,
expressed in micromhos per centimeter (umhos/cm), and
chloride ion concentrations in mg/L, as indicators of Delta
water quality because they are the primary water quality
constituents most likely to be affected by temporal shifts in
Delta pumping operations. Water year types used to present
results related to Delta water quality are defined according to
the Sacramento Valley Index Water Year Hydrologic
Classification unless specified otherwise.

CalSim 11 uses a statistical model, known as an artificial neural
network model (ANN), to estimate Delta salinity (measured as
EC). The ANN is trained to mimic the physically based
hydrodynamic model, DSM2. CalSim Il uses the ANN to
determine releases from upstream reservoirs to meet Delta
salinity and X2 requirements. Simulated CalSim Il mean
monthly Delta inflows and Delta exports are subsequently used
as inputs to DSM2 to generate Delta channel stage, velocity,
flow, and salinity estimates. The ANN only approximates the
Delta flow-salinity relationship as simulated by DSM2, so that
there are small salinity differences between the ANN-
determined values used in CalSim 1l to drive reservoir
operations and the final DSM2 values used for impact
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studies/effects analysis. Differences in simulated Delta salinity
between the two models may result in occasional violations of
water quality standards in the DSM2 simulation, although none
would occur under actual operations. The apparent violation of
standards in DSM2 results are therefore referred to as
“potential violations” because they occur in DSM2 but would
not occur under actual operations. While there is some loss of
accuracy in using the ANN to determine flow-salinity
relationships in CalSim 11, resulting DSM2 salinity values are
useful for comparing relative changes between alternatives.
This comparative analysis is an appropriate way of using
model results.

Sediment

Potential temporary, construction-related sediment effects that
would violate water quality standards or adversely affect
beneficial uses are evaluated qualitatively in this chapter, based
on the types and locations of potential construction activities.
The potential impacts from sediment associated with erosion
and geomorphology are analyzed in Chapter 11, “Geology and
Soils.”

Criteria for Determining Significance of Effects

An environmental document prepared to comply with NEPA
must consider the context and intensity of the environmental
impacts that would be caused by, or result from, implementing
the No Action Alternative and the range of action alternatives.
Under NEPA, the severity and context of an impact must be
characterized. An environmental document prepared to comply
with CEQA must identify the potentially significant
environmental impacts of a proposed project and a reasonable
range of alternatives, if required. A “[s]ignificant effect on the
environment” means “a substantial, or potentially substantial,
adverse change in any of the physical conditions within the
area affected by the project” (State CEQA Guidelines, Section
15382). CEQA also requires that the environmental document
propose feasible measures to avoid or substantially reduce
significant environmental impacts (State CEQA Guidelines,
Section 15126.4(a)).

Overall Impact Indicators for Water Quality

The following significance criteria were developed based on
guidance provided by the State CEQA Guidelines, and
consider the context and intensity of the environmental impacts
as required under NEPA. These significance criteria were
applied to the qualitative assessment and quantitative modeling
results and used to determine impact significance. The analysis
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of water quality impacts and benefits focuses on water
temperature, metals, and sediment because they are important
water quality constituents in both the primary and extended
study areas.

Reclamation developed the impact significance criteria for
Delta water quality variables that have regulatory objectives or
numerical standards, such as those contained in the 2006
WQCP, using the general considerations listed below (State
Water Board 2006).

Impacts of an alternative on water quality would be significant
if project implementation would do any of the following:

e Violate existing water quality standards or otherwise
substantially degrade water quality

¢ Result in substantial water quality changes that would
adversely affect beneficial uses

e Result in substantive undesirable impacts on public
health or environmental receptors

Significance statements are relative to both existing conditions
(2005) and future conditions (2030) unless stated otherwise.

Impact Indicators for Delta Salinity

If changes in salinity within the Delta during months of
increased pumping, due to any of the action alternatives, would
result in an increase in salinity, relative to the basis of
comparison, of sufficient frequency and magnitude over the
long term to adversely affect designated beneficial uses, to
increase the frequency that existing regulatory standards are
exceeded, or to substantially degrade water quality at the
locations below, then the impact would be considered
significant. Stations selected within the Delta are as follows:

e Contra Costa Canal Pumping Plant No. 1

e San Joaquin River at Antioch Water Works Intake

e West Canal at the mouth of the Clifton Court Forebay
e DMC at Jones Pumping Plant

e Barker Slough at North Bay Aqueduct Intake

e San Joaquin River at Jersey Point
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e San Joaquin River near Vernalis

e San Joaquin River at Brandt Bridge

e Old River near the Middle River

e Old River Barrier at Tracy Road Bridge
e Sacramento River at Emmaton

e Sacramento River at Collinsville

These stations were selected to provide a thorough
understanding of the changes in the San Joaquin River and
Delta. Using the assumptions discussed in the Methods and
Assumptions section, and detailed in the Modeling Appendix,
the DSM2 model calculated changes in monthly mean EC
values and chloride concentrations for the alternatives, relative
to the bases of comparison. Monthly EC values and chloride
concentrations were derived for an 82-year simulation period,
extending from 1922 through 2003.

DSM2 model output was used to evaluate potential changes in
salinity under the alternatives, relative to the bases of
comparison. Changes in salinity were evaluated in the Delta
during months of increased pumping under the alternatives,
relative to the bases of comparison. The potential to violate D-
1641 salinity objectives was considered for each alternative. D-
1641 establishes maximum salinity objectives, including EC
values and chloride concentrations, at several locations in the
Delta, as shown in Table 15-5 and including the same locations
listed above.

Figure 15-1 shows the major Delta islands, waterways, water
quality control stations, and M&I intakes within the Delta with
D-1641 salinity objectives. CVP and SWP facilities in the
Delta and upstream watersheds are operated to meet the
requirements of D-1641, and this would not change under the
alternatives.
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Table 15-5. D-1641 Salinity Objectives at Selected Compliance Locations

. . T Water Year Tir_ne 3 .
Compliance Location Parameter Description 2 Period/ | Value Unit
Type
Date
Maximum mean daily 150 mg/L chloride | Wet 240
e Contra Costa Canal Pumpina Plant No. 1 for at least the number of days shown Above Normal 190
. San J in Ri A t'p EW i W. ks Intak Chloride during the calendar year. Must be Below Normal All year 175 days
an Joaquin River at Antioch Vvater Yorks Intake provided in intervals of not less than 2 Dry 165
weeks duration. Critical 155
e Contra Costa Canal Pumping Plant No. 1
o West Canal at Mouth of Clifton Court Forebay . . . .
« Delta-Mendota Canal at Jones Pumping Plant Chloride Maximum mean daily concentration. All Oct—Sept 250 mg/L
e Barker Slough at North Bay Aqueduct Intake
o West Canal at mouth of Clinton Court_ Forebay EC Ma}xmum monthly average of mean All Oct—Sept 10 mmhos
e Delta-Mendota Canal at Jones Pumping Plant daily EC. /cm
. . Wet Aug 15 --
Maxm(t;n_]l 14-day rurlmlng averagfe of Above Normal Aug 15 _ A
e San Joaquin River at Jersey Point EC mean gaiy EC equal to 0.45 EC from Below Normal June 20 0.74 mmhos
April 1 to date shown, and EC from date ' /cm
shown to August 15 Dr.y. June 15 1.35
) Critical - 2.20
e San Joaquin River at Airport Way Bridge, Vernalis Apr-Aug 0.7 mmhos
e San Joaquin River at Brandt Bridge EC Maximum 30-day running average of Al /cm
e Old River near Middle River mean daily EC. Sept— mmbhos
e Old River at Tracy Road Bridge Mar 1.0 /cm
. . Wet Aug 15 --
Maxmum 14-day running average of Above Normal July 1 0.63
e Sacramento River at Emmaton EC mean daily EC equal to 0.45 EC from Below Normal June 20 1.14 mmhos
April 1 to date shown, and EC from date ) /cm
shown to August 15 Dr.y. June 15 167
) Critical - 2.78
Maximum monthly average of both daily Oct-Sept 19.0
. . Nov-Dec 15.5
e Sacramento River at Collinsville EC h'gh tide EC values, or demonstrate that All Jan 125 mmhos
equivalent or better protection will be : /cm
rovided at the location Feb-Mar 8.0
P : Apr—-May | 11.0

Source: State Water Resources Control Board 2000.
Notes:

! Determination of compliance with an objective expressed as a running average begins on the last day of the averaging period. The averaging period commences with the first day of
the time period for the applicable objective. If the objective is hot met on the last day of the averaging period, all days in the averaging period are considered out of compliance.

2 Year types defined by Sacramento Valley Index.
% When no date is shown, EC limit continues from April 1.
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Table 15-5. D-1641 Salinity Objectives at Selected Compliance Locations (contd.)

Key:

-- = not applicable

Apr = April

Aug = August

Dec = December

EC = electrical conductivity
Feb = February

Jan = January

Mar = March

mg/L = milligrams per liter
mmbhos/cm = millimhos per centimeter
No. = number

Oct = October

Sept = September

Nov = November
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Figure 15-1. Major Delta Islands, Waterways, Water Quality Control Stations, and Municipal
and Industrial Intakes
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Impact Indicators for X2 Position

If a change in the mean monthly position of X2, relative to the
bases of comparison, would be of sufficient frequency and
magnitude to adversely affect water quality, then it would be
considered a significant impact.

The X2 parameter represents the geographical location of the 2
ppt near-bottom salinity isohaline in the Delta, which is
measured in distance upstream from the Golden Gate Bridge in
Suisun Bay. The location of the estuarine salinity gradient is
regulated from February through June by the location of the X2
objective, and is required to be maintained at not more than 75
km (approximately 47 miles) from February through June. If
the alternatives would contribute to exceedence of this
standard, the impact is considered significant.

Topics Eliminated from Further Consideration
No topics related to surface water quality were eliminated from
further consideration.

Direct and Indirect Effects

The following section describes the potential environmental
consequences of the alternatives. Where the action alternatives
would have similar impacts regardless of which action
alternative is implemented, the action alternatives are described
together. Where impacts would differ, the action alternatives
are described separately.

Impact SWQ-1: Temporary Construction-Related Sediment
Effects that would Violate Water Quality Standards or
Adversely Affect Beneficial Uses

Primary Study Area

No Action Alternative Under the No Action Alternative, no
construction activities would occur in the primary study area
that would have the potential to affect Millerton Lake or the
San Joaquin River upstream from Millerton Lake water quality.
Therefore, there would be no short-term increases in turbidity,
suspended sediment, or nutrients in Millerton Lake or the San
Joaquin River upstream from Millerton Lake that would violate
water quality standards or adversely affect beneficial uses.

There would be no impact under the No Action Alternative.

Action Alternatives The construction-related activities
described in Chapter 2, “Alternatives,” would result in short-
term changes in the amount of exposed area that would be
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subject to erosion. Construction of Temperance Flat RM 274
Dam, powerhouse, batch plant, and transmission facilities
would require the excavation, transport, stockpiling, grading,
drilling, blasting, and use of bedrock, alluvium, and soil
obtained from the aggregate quarry. Other activities would
include the demolition and removal of existing facilities within
the inundation zone, installation of support structures,
construction of permanent access roads and temporary haul
roads, and use of staging areas. Additionally, about 3,580 acres
of vegetation in parts of the new inundation area would be
partially or completely removed. Removal of vegetation would
reduce the amount of effective ground cover (e.g., duff, large
woody debris), thereby increasing the potential for short-term
erosion and sedimentation along the shoreline. Soils disturbed
by these activities as well as materials stockpiled for use during
construction would be susceptible to erosion.

Temporary, construction-related erosion will be avoided and
minimized via implementation of the erosion and sediment
control plans and SWPPP (i.e., erosion and sediment control
plans, including site revegetation) that are a part of the
environmental commitments common to all action alternatives
(see Chapter 2, “Alternatives”). These plans will address the
necessary local jurisdiction requirements regarding erosion
control and site revegetation, and would implement BMPs for
erosion and sediment control. The plans would include site-
specific structural and operational BMPs to prevent and control
short-term and long-term erosion and sedimentation effects,
stabilize soils and vegetation in areas affected by construction
activities, and prevent and control impacts on runoff quality.
Types of BMPs to be included in the plans may include, but
would not be limited to, earth dikes and drainage swales,
stream bank stabilization, silt fencing, sediment basins, fiber
rolls, sandbag barriers, straw bale barriers, storm drain inlet
protection, hydraulic mulch, and stabilized construction
entrances.

This impact would be less than significant under the action
alternatives. Mitigation for this impact is not needed and thus
not proposed.

Extended Study Area

No Action Alternative Under the No Action Alternative,
Temperance Flat RM 274 Dam and related physical features
would not be constructed and water supplies from the proposed
Temperance Flat RM 274 Reservoir would not be conveyed in
the San Joaquin River.
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There would be no impact under the No Action Alternative.

Action Alternatives Construction under the action alternatives
IS not anticipated to affect water quality conditions in the
extended study area under any of the action alternatives.
Construction effects are anticipated to be localized within the
primary study area, and would be further minimized with
appropriate BMPs. The residual effect to waters in the
extended study area would be further minimized through
mixing and dilution. Therefore, construction is anticipated to
have little effect on water quality conditions downstream in the
extended study area.

This impact would be less than significant under the action
alternatives. Mitigation for this impact is not needed and thus
not proposed.

Impact SWQ-2: Temporary Construction-Related Water
Temperature Effects that would Violate Water Quality
Standards or Adversely Affect Beneficial Uses

Primary Study Area

No Action Alternative Under the No Action Alternative, no
construction activities would occur in the primary study area
that would have the potential to affect water temperatures in
Millerton Lake or the San Joaquin River upstream from
Millerton Lake. Therefore, there would be no changes in water
temperature conditions within Millerton Lake due to
construction activities.

There would be no impact under the No Action Alternative.

Action Alternatives Under the action alternatives, construction
activities associated with constructing Temperance Flat RM
274 Dam and other physical features would result in sizeable
areas that would be subject to surface disturbance.
Environmental commitments and BMPs for the various
construction activities have been incorporated into all action
alternatives. These activities could include removal of riparian
vegetation, thereby exposing water bodies to increased solar
radiation for various time periods. As described in Chapter 2,
“Alternatives,” a riparian revegetation program would be
implemented at all streamside construction and relocation sites
as applicable to ensure that shade is quickly reestablished after
construction is completed.

Because of the large water surface area of Millerton Lake,
coupled with the isolated and discrete nature of the



Chapter 15
Hydrology — Surface Water Quality

construction activities, temporary construction-related effects
are not expected to modify water temperature in a manner that
would have a negative effect on beneficial uses or result in a
water quality violation.

This impact would be less than significant under the action
alternatives. Mitigation for this impact is not needed and thus
not proposed.

Extended Study Area

No Action Alternative Under the No Action Alternative,
Temperance Flat RM 274 Dam would not be constructed and
water supplies from the proposed Temperance Flat RM274
Reservoir would not be conveyed in the San Joaquin River.

There would be no impact under the No Action Alternative.

Action Alternatives As previously described for the primary
study area, due to the large water surface area of Millerton
Lake, coupled with the isolated and discrete nature of the
construction activities, temporary construction-related effects
are not expected to modify water temperature in Millerton
Lake in a manner that would have a negative effect on
beneficial uses or result in a water quality violation. The action
alternatives would not modify water temperature in a manner
that would have a negative effect on beneficial uses or result in
a water quality violation in the primary study area, and no
additional construction would occur in the extended study area.

This impact would be less than significant under the action
alternatives. Mitigation for this impact is not needed and thus
not proposed.

Impact SWQ-3: Temporary Construction-Related Water
Quality Effects that would Violate Water Quality Standards
or Adversely Affect Beneficial Uses

Primary Study Area

No Action Alternative Under the No Action Alternative, no
construction activities would occur in the primary study area
that would have the potential to affect Millerton Lake or the
San Joaquin River upstream from Millerton Lake water quality.
Therefore, there would be no construction-related water quality
effects in Millerton Lake or the San Joaquin River upstream
from Millerton Lake that would violate water quality standards
or adversely affect beneficial uses.

There would be no impact under the No Action Alternative.
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Action Alternatives Construction activities in the primary
study area could accidentally discharge waste petroleum
products or other construction-related substances containing
metals that could enter waterways in runoff. In addition,
chemicals associated with operating heavy machinery would be
used, transported, and stored on site during construction
activities.

As described in Chapter 2, “Alternatives,” Reclamation would
prepare and implement a SWPPP before construction,
identifying BMPs to prevent or minimize the discharge of
sediments and other contaminants with the potential to affect
beneficial uses or lead to violations of water quality objectives
of surface waters. The SWPPP would include development of
site-specific structural and operational BMPs to prevent and
control impacts on runoff quality, and measures to be
implemented before, during, and after each storm event. As
part of the SWPPP, Reclamation would develop and implement
a spill prevention and control plan to minimize effects from
spills of hazardous, toxic, or petroleum substances for project-
related construction activities occurring in or near waterways.
The accidental release of chemicals, fuels, lubricants, and
nonstorm drainage water into water bodies would be prevented
to the greatest extent feasible. BMPs for the project could
include, but would not be limited to, silt fencing, straw bale
barriers, fiber rolls, storm drain inlet protection, hydraulic
mulch, stabilized construction entrances, double containment
of hazardous materials, and proper disposal of hazardous
materials.

The action alternatives also include permanent disposal of
waste rock from diversion tunnel and powerhouse excavation,
in an area located approximately 3,200 feet southwest of the
powerhouse within the existing inundation area of Millerton
Lake. The disposal site would be approximately 21.5 acres in
size, and would require permits under CWA, including a
NPDES permit under CWA Section 402. The Central Valley
Water Board controls the discharge of wastes to surface waters
from industrial processes or construction activities through the
NPDES permit process. WDRs are established in the permit to
protect beneficial uses. Reclamation would comply with the
terms of all permits to minimize the effects of waste rock
disposal.

This impact would be less than significant under the action
alternatives. Mitigation for this impact is not needed and thus
not proposed.
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Extended Study Area

No Action Alternative Under the No Action Alternative,
Temperance Flat RM 274 Dam and related physical features
would not be constructed and water supplies from the proposed
Temperance Flat RM 274 Reservoir would not be conveyed in
the San Joaquin River.

There would be no impact under the No Action Alternative.

Action Alternatives Construction is not anticipated to affect
water quality conditions in the extended study area under any
of the action alternatives. Construction effects are anticipated
to be localized within the primary study area, and would be
further minimized with appropriate BMPs. The residual effect
to waters in the extended study area would be further
minimized through mixing and dilution. Therefore,
construction is anticipated to have little effect on water quality
conditions downstream in the extended study area.

This impact would be less than significant under the action
alternatives. Mitigation for this impact is not needed and thus
not proposed.

Impact SWQ-4: Long-Term Water Quality Effects that
would Violate Water Quality Standards or Adversely Affect
Beneficial Uses within the Primary Study Area and San
Joaquin River

The potential impacts of the alternatives on water quality
conditions in the primary study area, within the extended study
area from Friant Dam to the Merced River confluence, and
from the Merced River confluence to the Delta are described as
part of this impact. Water temperature impacts in the primary
study area and in the San Joaquin River are described
separately under Impact SWQ-5. Impacts within the Delta
would be related to changes in salinity and are described under
Impacts SWQ-6 and SWQ-7. Impacts within the CVP and
SWP water service areas are described under Impact SWQ-8.

Primary Study Area

No Action Alternative Under the No Action Alternative,
variation in reservoir levels of Millerton Lake due to
reoperation of Friant Dam under the SJRRP would continue
within the range of historical annual reservoir water surface
elevations, as modified by climate change in the extended
future (see Chapter 8, “Climate Change”). Therefore, there
would be no long-term changes in constituent concentrations
(including turbidity, suspended sediment, nutrients
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concentrations, and metals concentrations) in Millerton Lake or
the San Joaquin River upstream from Millerton Lake that
would violate water quality standards or adversely affect
beneficial uses.

There would be no impact under the No Action Alternative.

Action Alternatives Once Temperance Flat RM 274 Dam is
constructed and the reservoir filled, shoreline erosion would
occur along the zone of reservoir-elevation fluctuation between
the top-of-active-storage capacity (elevation 985) and the top
of minimum carryover storage capacity (elevation 674 under
Alternative Plans 1, 2, and 3; elevation 734 under Alternative
Plan 4; and elevation 603 under Alternative Plan 5). As
described in Chapter 11, “Geology and Soils,” substantial soil
erosion and loss of topsoil would occur in the shoreline area,
subject to fluctuating water levels. Water surface elevations in
Temperance Flat RM 274 Reservoir theoretically could
fluctuate between the top-of-active-storage capacity and the
top-of-minimum-carryover-storage capacity within a single
year. This fluctuation comprises an area of about 4,300 acres
under Alterative Plans 1, 2, and 3; about 3,700 acres under
Alternative Plan 4; and about 5,000 acres under Alternative
Plan 5.

The actual fluctuation in any single year is a function of the
starting storage for that year, the inflow, and the operational
diversions and releases, and is limited by, but not driven by, the
maximum physical fluctuation potential. The maximum
theoretical fluctuation of Temperance Flat RM 274 Reservoir
in any action alternative occurs in Alternative Plan 5, and is
382 feet. From the CalSim Il operation modeling, Temperance
Flat RM 274 Reservoir elevation re