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Section 1
Introduction

The Upper San Joaquin River Basin Storage Investigation
(Investigation) is a joint feasibility study by the U.S.
Department of the Interior, Bureau of Reclamation
(Reclamation), and the California Department of Water
Resources (DWR). The purpose of the Investigation is to
determine the type and extent of Federal, State, and regional
interests in a potential project(s) in the upper San Joaquin River
watershed to expand water storage capacity; improve water
supply reliability and flexibility of the water management
system for agricultural, urban, and environmental uses; and
enhance San Joaquin River water temperature and flow
conditions to support anadromous fish restoration efforts.

The Investigation is one of five surface water storage studies
recommended in the CALFED Bay-Delta Program (CALFED)
Programmatic Environmental Impact Statement/Environmental
Impact Report (EIS/EIR) Record of Decision (ROD) of August
2000 (CALFED, 2000a). Previous studies in support of the
CALFED Programmatic EIS/EIR considered more than 50
surface water storage sites throughout California and
recommended more detailed study of the five identified in the
ROD (CALFED, 2000b).

Progress and results of the Investigation are being documented
in a series of interim reports that will culminate in a Feasibility
Report and an EIS/EIR, consistent with the Economic and
Environmental Principles and Guidelines for Water and
Related Land Resources Implementation Studies (P&G)
(WRC, 1983), Reclamation directives and standards, DWR
guidance, and applicable environmental laws. In 2008,
Reclamation and DWR completed a Plan Formulation Report
(PFR) for the Investigation that describes the alternative
formulation, evaluation, and comparison activities that led to
selection of the dam site at San Joaquin River Mile (RM) 274,
Temperance Flat RM 274 Reservoir, for detailed feasibility-
level evaluation (Reclamation, 2008).

Construction of a new dam at Temperance Flat RM 274 would
modify water quality in the San Joaquin River between
Kerckhoff Dam and Millerton Lake. This report presents the
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results of water quality monitoring conducted during 2010 and
2011to assess existing water quality conditions that may be
affected by Temperance Flat RM 274 Reservoir alternative

plans.
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Section 2 Water Quality
Sampling Methodology and
Conditions

The primary study area of the Investigation encompasses the
San Joaquin River watershed from Kerckhoff Dam to Friant
Dam, including Millerton Lake, and the areas that would be
directly affected by construction-related activities, including
the footprint of reservoir alternatives and related facilities
upstream from Friant Dam. Water quality was sampled at four
locations within the Primary Study Area, as shown in Figure 2-
1 and as follows:

e San Joaquin River near Auberry — Located on the
San Joaquin River approximately 1 mile downstream
from Kerckhoff Dam and 5 miles north of Auberry,
California, at U.S. Geological Survey (USGS) Station
11246700, and California Data Exchange Center
(CDEC) Station SJA. The San Joaquin River at this
location is incised in a narrow canyon of
metamorphosed granite. The San Joaquin River below
Kerckhoff Dam was sampled to capture water quality
conditions in the upstream portion of the San Joaquin
River that would be inundated with construction of a
new dam at Temperance Flat RM 274. This sample
location is abbreviated in figures and tables throughout
this technical memorandum, and in Attachment 1, as
SJR near Auberry. In Attachment 2, this sample
location is mislabeled as SJR below Kerchoff
Powerhouse #2.

e San Joaquin River below Kerckhoff Powerhouse No.
2 — Located approximately 1,000 feet downstream from
the Kerckhoff Powerhouse No. 2 discharge to the San
Joaquin River. The shoreline of the San Joaquin River
at this location is gently sloping, with shallow soils and
exposed granite bedrock. The San Joaquin River below
Kerckhoff Powerhouse No. 2 was sampled to capture
the water quality conditions in the San Joaquin River
downstream from the Kerckhoff and Kerckhoff No. 2
powerhouses, before the river enters Millerton Lake.
This sampling location is abbreviated in figures and
tables throughout this technical memorandum, and in

Draft — January 2013 — 2-1
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Attachment 1, as SJR below Kerckhoff Powerhouse No.
2. In Attachment 2, this sample location is mislabeled
as SJR near Auberry.

Boat-In Campground — Located approximately within
the main channel near the Temperance Flat Boat-In
Campground in the Millerton Lake State Recreation
Area. The San Joaquin River at the Boat-In
Campground was sampled in 2011 only (2010
conditions prevented access to this location) for a
subset of water quality conditions. This sampling
location is abbreviated in figures and tables throughout
this technical memorandum as Boat-in Campground.

Millerton Lake below Temperance Flat — Located in
the uppermost portion of Millerton Lake, also referred
to as the Big-Bend area, approximately 1 mile
downstream from Temperance Flat. Millerton Lake at
this location has a steep and rocky shoreline, with many
granite outcrops. Millerton Lake below Temperance
Flat was sampled to capture the contribution of the San
Joaquin River to water quality conditions within
Millerton Lake. This sampling location is abbreviated
in figures and tables throughout this technical
memorandum as Millerton Lake below Temperance
Flat.

Millerton Lake at Fine Gold Bay — Located at the
mouth of an arm of Millerton Lake formed by a former
canyon originally incised by Fine Gold Creek,
approximately 5 miles upstream from Friant Dam.
Millerton Lake at Fine Gold Bay was sampled to
capture the contribution of Fine Gold Creek, the largest
drainage feature entering Millerton Lake aside from the
San Joaquin River, to water quality conditions within
Millerton Lake. This sampling location is abbreviated
in figures and tables throughout this technical
memorandum as Millerton Lake at Fine Gold Bay.
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Legend

O\Naler Quality Sampling Location
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Figure 2-1. Water Quality Sampling Locations on November 3, 2010, and July 26, 2011
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Water Quality Sampling Methodology

Each location was sampled at two time periods (with the
exception of the Boat-In Campground, as previously noted).
The first sampling event took place November 3, 2010,
approximately 1 week after the first rain event of the 2011
Water Year (the 2011 Water Year began October 1, 2010, and
ended September 30, 2011), and was timed to capture the first
flush event. The first flush is a qualitatively defined event that
may occur during the initial period of runoff occurring after a
dry period, during which the concentration of various water
quality constituents is substantially higher than subsequent
continued wet periods. The second sampling event took place
July 26, 2011, and was timed to capture water quality
conditions during low-flow, prolonged dry periods. Data
regarding flow, precipitation, and daily air temperatures
preceding each sampling event are discussed in the following
subsection.

Water quality data were collected at each location during
sampling using a Horiba U-22 water quality monitoring
system. Data collected in situ include pH, dissolved oxygen,
conductivity, total dissolved solids (TDS), water temperature,
turbidity, depth, and oxidation reduction potential. All
parameters were measured at a depth of 3 feet. Samples were
collected at a depth of 3 feet for further laboratory analysis
(with the exception of the Boat-In Campground, where only in
situ data were collected). Parameters analyzed in collected
samples include pH, TDS, hardness, alkalinity, and specific
conductance (conductivity at 25 degrees Celsius (°C)), and the
concentrations of constituents, including fluoride, chlorophyll-
a, mercury, and metals. Results are reported in Section 3 of this
technical memorandum.

Conditions Preceding Water Quality
Sampling Events

Flow data were acquired for the 2 weeks preceding each
sampling event from the CDEC station located at the San
Joaquin River near Auberry sampling location (CDEC Station
SJA). Station information is provided in Table 2-1. Flow data
provided from CDEC are preliminary and subject to revision.



Section 2 — Water Quality Sampling

Table 2-1. California Data Exchange Center Station
Information

Identification and Operation

SJA

San Joaquin River near Auberry

Station Identification

Station Name

Operator Pacific Gas & Electric
Data Collection Satellite

Location
River Basin San Joaquin River
Hydrologic Area San Joaquin River
Latitude 37.1320°N
Longitude 119.5310°W
Elevation 870 feet
County Fresno
Nearby City Auberry

Flow data from October 20, 2010, through November 3, 2010,
are continuous over 15-minute increments, as shown in Figure
2-2. The average flow during this period was about 1,137 cubic
feet per second (cfs). As shown in Figure 2-3, flow data from
July 12, 2011, through July 26, 2011, are also continuous, but
include periods of relatively high flows (up to 4,613 cfs) during
an otherwise low-flow period on the San Joaquin River, when
flows averaged less than 60 cfs. Relatively high flows during
this period reflect releases from Kerckhoff Dam, when less or
no water is diverted from the river to the Kerckhoff and
Kerckhoff No. 2 powerhouses.

Methodology and Conditions
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Figure 2-2.San Joaquin River near Auberry, California, Flow and Precipitation
in the Upper San Joaquin River Watershed — 2010
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Figure 2-3. San Joaquin River near Auberry, California, Flow and Precipitation
in the Upper San Joaquin River Watershed — 2011
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Precipitation data were acquired for the 2 weeks preceding
each sampling event from the California Irrigation Management
Information System (CIMIS), managed by DWR, in Fresno.
Additional precipitation data were acquired from the California
Nevada River Forecast Center (CNRFC), managed by the
National Weather Service, for locations in Fresno and at Friant
Dam. Additional precipitation data were acquired from
CNREFC for three meteorological stations in the upper San
Joaquin River watershed. Meteorological station information is



Section 2 — Water Quality Sampling
Methodology and Conditions

provided in Table 2-2. Precipitation data provided by CIMIS
and CNFRC are preliminary and subject to revision.

Table 2-2. California Irrigation Management Information System and California
Nevada River Forecast Center Station Information

Station Approximate Location Count Elevation |Latitude |Longitude
Name/ldentifier PP Y| Gtmsl) | (°N) W)

California Irrigation Management Information System

Fresno State/

Station No. 80 Fresno State University Fresno 339 36.82 119.74

California Nevada River Forecast Center

Fresno/FAT In the city of Fresno Fresno 372 36.78 119.72
Eg?gtlDam/ At Friant Dam Fresno 660 36.99  [119.69
Egﬂ‘gfam JEC‘?‘:;S:SER?J;?E North Fork San \\padera 5,150 37.25  |119.46
g{f‘\‘(’g{ard Meadow/ gﬁ/rgr‘ rf'edaer gfqtﬂz nggr‘]]q‘;aq”'” Madera  |6,900 37.47  |119.27
Key:

°N = degrees North
°W = degrees West
ft msl = feet above mean sea level

Precipitation from October 20, 2010, through November 3,
2010, in Fresno was between 0.30 inch (CNRFC) and 0.38 inch
(CIMIS), and about 0.44 inch at Friant Dam. In the upper San
Joaquin River watershed, total precipitation during the same
period ranged from 3.08 inches at Graveyard Meadow to 3.72
inches at Peckinpah. Maximum and minimum daily
precipitation amounts across the three upper San Joaquin River
watershed stations (Green Mountain, Graveyard Meadow, and
Peckinpah) are shown in Figure 2-2. No precipitation was
recorded at any of the stations shown in Table 2-2 from July
12, 2011, through July 26, 2011, as reflected in Figure 2-3.
CDEC stations in the San Joaquin River Basin indicated an
accumulation of snowfall within the basin on or during the 2
weeks preceding both sampling events.

Air temperature data were acquired for the two weeks
preceding each sampling event from CIMIS (identifying station
information is provided in Table 2-2). The range of daily air
temperatures from October 20, 2010, through November 3,
2010, in Fresno are shown in Figure 2-4. The range of daily air
temperatures from July 12, 2011, through July 26, 2011, in
Fresno are shown in Figure 2-5.
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Figure 2-5. Air Temperatures in Fresno, California, Preceding the 2011

Water Quality Sampling Event
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Section 3
Water Quality Monitoring
Results

This section discusses water quality monitoring results as they
pertain to characterizing the conditions present during a first
flush event (November 3, 2010) and a low-flow period (July
26, 2011). Additional results not discussed in this section,
including complete results for all measured parameters, are
provided in Attachments 1 and 2. Parameters measured in situ
include water temperature, pH, dissolved oxygen, conductivity,
TDS, turbidity, and oxidation reduction potential. All
parameters were measured at a depth of 3 feet. Samples were
also collected at a depth of 3 feet for further laboratory
analysis. Parameters analyzed in collected samples include
hardness, alkalinity, and the concentrations of constituents,
including chlorophyll-a, metals/metalloids, and nutrients.
Results of both field and laboratory measurements are shown
in Table 3-1 for those analytes with at least one reading above
the minimum reporting level. Some analytes, such as nitrogen
and potassium, were below minimum reporting levels in all
samples. These analytes are reported in Table 3-2.
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Table 3-1. Water Quality Conditions in Upper San Joaquin River Basin on November 3, 2010, and July 26, 2011

s)nsay Buuoyuo Auend Jarem TT0Z PUe 0T0Z

rluIo)eD ‘uonebnsanu| abelols uiseqg JIanly uinbeor ues Jaddn

| ‘ San Joaquin River ‘ Millerton Lake
Near Auberry | 20U KerCKToft | Boatin | Below TEmerance |y i Goia say

Analyte 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
\Water temperature (°C) 13.6 14.4 14.2 15 - 27.5 17.6 27.8 19.3 27.3
pH 5.2 5.1 5.5 4.9 - 5.6 5.9 6.0 6.2 5.8
Dissolved Oxygen (mg/L) 114 10.2 12.0 12.6 - 9.6 10.8 8.6 10.4 9.3
Conductivity (mS/cm) 0.04 0.02 0.04 0.02 - 0.03 0.04 0.03 0.04 0.03
Turbidity (NTU) 3.6 51.1 44.3 94.3 - -2 15.0 -2 22.4 -2
Total Dissolved Solids (mg/L) [24.0 20.0 31.0 18.0 - -2 32.0 27.0 25.0 34.0
Alkalinity (mg/L) 12.0 13.0 12.0 6.9 - - 13.0 11.0 7.1 10.0
Aluminum (ug/L) 44 47 36 a7 - - 26 75 <20° 32
Arsenic (ug/L) 3.2 <1® 3.2 <1® - - 2.2 <1® 1.7 <1®
Barium (ug/L) 6.3 3.4 6.4 37 - - 7.0 8.2 7.1 7.0
Calcium (mg/L) 2.9 1.5 2.9 1.6 - - 2.8 2.4 2.6 2.3
Chloride (mg/L) 1.9 <1® 2.0 <1® - - 1.6 <1® 1.4 <1®
Iron (mg/L) 0.14 0.05 0.14 0.06 - - 0.06 0.10 <0.02® |0.03
Magnesium (mg/L) 0.6 0.3 0.6 0.3 - - 0.6 0.6 0.5 0.5
Manganese (ug/L) 28 6 24 6 - u 11 6 7 3
Mercury (ug/L) 0.0090 0.0008 0.0090 0.0008 [~ - 0.0005 0.0006 <0.0005° |0.0005
Sodium (mg/L) 3 1 3 1 - - 3 2 3 2
Sulfate (mg/L) 0.8 <53 0.8 <5° - - 0.7 <53 0.7 <5°
Chlorophyll-a (mg/m?) 1.1 <1.1® 1.1 <113 - - 1.1 2.1 1.1 <1.1?
Notes:

! Boat-In Campground was not accessible by boat for sampling in 2010. Only in situ measurements were obtained at this site in 2011.

?Reading not obtained or considered unreliable.

% Concentrations of analytes below the minimum reporting level shown as less than the minimum reporting level specific to the method of analysis used for that analyte.
Key: mg/L = milligrams per liter mS/cm = milliSiemens per centimeter

°C = degrees Celsius mg/m3 = milligrams per cubic meter NTU = Nephelometric Turbidity Units

Mg/L = micrograms per liter



Table 3-2. Analytes Analyzed but not Detected on

November 3, 2010, and July 26, 2011

Analyte Minimum Reporting Level
Antimony 1 pg/L
Beryllium 1 pg/L
Cadmium 0.5 pg/L
Chromium 1 pg/L
Copper 2 pg/L
Fluoride 1 mg/L
Lead 0.05 mg/L
Nickel 5 pg/L
Nitrate, Total 0.1 mg/L
Potassium 1 mg/L
Selenium 5 pg/L
Silver 0.5 pg/L
Surfactants 0.05 mg/L
Thallium 1 pg/L
Zinc 20 pg/L

Key:
mg/L = milligrams per liter
Ug/L = micrograms per liter

Water Temperature

Section 3 — Water Quality Monitoring Results

Most of Millerton Lake weakly to moderately thermally
stratifies during spring and summer months, with temperatures
ranging from 6°C to 25°C, depending on water depth and
season (FERC, 2009). Measurements taken at multiple depths
in Millerton Lake at Fine Gold Bay on November 3, 2010, as
shown in Figure 3-1, ranged from 16.2°C to 19.3°C, and
decreased with depth. Complete mixing of the water column
likely occurs during winter months (Reclamation, 2008).
Regardless of season, temperatures remain fairly constant in
the San Joaquin River between Kerckhoff Powerhouse No. 2
and Millerton Lake, and increase within Millerton Lake, as
shown in Figure 3-2. Water temperatures in the San Joaquin
River on both sampling dates differed by less than 1°C, while
water temperatures in Millerton Lake were significantly
warmer on July 26, 2011, than on November 3, 2010, reflecting
consistently warmer air temperatures during the preceding
weeks (see Figures 2-4 and 2-5). Temperatures in the San
Joaquin River upstream from Millerton Lake were lower than

in Millerton Reservoir on both sampling dates.
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Figure 3-1. Water Temperatures and Dissolved Oxygen by Depth in
Millerton Lake at Fine Gold Bay on November 3, 2010
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2. Water Surface Temperatures on November 3, 2010, and July 26,

Historical water temperature data from the CDEC station
located about 1 mile above the Kerckhoff Powerhouse No. 1,
Station ID SJK, were acquired for the period from May 6,
2008, through December 19, 2012. This station is closest to the
San Joaquin River near Auberry sampling site. While
temperatures recorded at Station SJK on the sampling dates
were missing or are considered unreliable, seasonal variation in
water temperatures are apparent within the record.
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Average monthly water temperatures recorded at Station SIK
peak in June, July, August, and September, reaching 22°C to
23°C. Monthly average temperatures in July range from 22°C
to 26°C, significantly higher than temperatures measured
within the river on July 26, 2011, but lower than temperatures
measured within Millerton Lake on the same date. In
November, the average monthly water temperature recorded at
Station SJK is 14°C, consistent with temperatures measured
within the river on November 3, 2010, but also with those
measured on July 26, 2011. Minimum average monthly water
temperatures at Station SJIK occur in January, reaching 6.4°C.

pH, Hardness, and Alkalinity

As measured in situ on November 3, 2010, and July 26, 2011,
pH in the San Joaquin River and Millerton Lake ranged from
5.17 to0 6.18, relatively low (acidic) compared to most surface
waters. The pH values measured in the San Joaquin River and
Millerton Lake are within the range of measured pH values of
precipitation in the region, as summarized in Table 3-3, and
related to the low alkalinity conditions observed in the
watershed, as described below. Surface water typically has a
pH of between 6.5 and 8.5 (Michaud, 1991). The U.S.
Environmental Protection Agency (EPA) issues National
Recommended Water Quality Criteria for the protection of
aquatic life, and these recommendations include a pH range of
6.5 to 9 for chronic exposure (exposure of an indefinite
duration) (EPA, 2012). While pH between 5 and 9 is not
directly lethal to fish, changes in pH below 6.5 may cause
adverse physiological effects (EPA, 1976).

Alkalinity, a measure of the acid-neutralizing capacity of a
body of water, ranged from 7 milligrams per liter (mg/L) to 13
mg/L in calcium carbonate (CaCOs3) units, indicating moderate
sensitivity to acidification (Boyd, 2000). 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 a measure of the concentration of divalent cations
in water, mainly calcium and magnesium. Hardness is also
relatively low in the watershed, ranging from 8.6 to 9.5 mg/L
CaCOj3 on November 3, 2010, and from 4.9 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
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consistent with the insolubility of the granitic soils within the
upper San Joaquin River watershed. 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.

Table 3-3. Annual and Seasonal Precipitation pH Data Summary
for Sites near the Upper San Joaquin River Watershed

Precipitation-Weighted EngS. Rlverl YoPserlln"E'e glagonal
Mean Concentrations xperimenta ark-rioggdon
Watershed (CA 28) Meadow (CA 99)
Year — 2010 pH (lab) pH (lab)
Annual 1
(12/29/2009 to 12/28/2010) 562 553
Winter 1 1
(12/01/2009 to 03/02/2010) 545 551
Spring 1
(03/02/2010 to 06/01/2010) 5.86 572
Summer 1 1
(06/01/2010 to 08/31/2010)
Fall 1
(08/31/2010 to 11/30/2010) 5.7 561
Minimum 4.68 4.67
Maximum 6.44 5.71
Arithmetic mean 5.55 5.4
Year — 2011 pH (lab) pH (lab)
Annual 1 1
(12/28/2010 to 01/03/2012) 558 56
Winter 1
(11/30/2010 to 03/01/2011) 543 543
Spring 1
(03/01/2011 to 05/31/2011) 572 564
Summer
(05/31/2011 to 08/30/2011) 565 5.99
Fall 1
(08/30/2011 to 11/29/2011) 553 561
Minimum 4.69 4.55
Maximum 6.19 6.27
Arithmetic mean 5.44 5.29

Sources: NADP/NTN 2011a, 2011b, 2012a, and 2012b

Notes:

! Data do not meet National Atmospheric Deposition Program/National Trends Network
Completeness Criteria for this period.
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Dissolved Oxygen and Oxidation
Reduction Potential

Dissolved oxygen in the San Joaquin River upstream from
Millerton Lake was higher than in Millerton Reservoir on both
sampling dates. Measurements taken November 3, 2011, in
Millerton Lake at Fine Gold Bay include temperature and
dissolved oxygen measurements taken at depths of 3, 10, 15,
20, 30, 40, 50, 60, and 65 feet below the water surface, as
shown in Figure 3-1. These measurements indicate decreasing
dissolved oxygen with depth. These results are consistent with
unpublished data collected by Reclamation during December
2004 through November 2005, which 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.

Oxidation reduction potential, measured in situ, ranged from
181 millivolts (mV) to 195 mV in November 2010 and from
111 mV to 135 mV in July 2011. This is indicative of
oxygenated water, and consistent with the dissolved oxygen
levels described above.

Conductivity, Total Dissolved Solids, and
Turbidity

Conductivity, along with TDS, provides a measure of the
salinity, or the amount of dissolved particles and ions, in water.
Conductivity was similar at each site between sampling dates,
ranging between 0.02 milliSiemens per centimeter (mS/cm)
and 0.04 mS/cm within the river, and between 0.03 and 0.04
mS/cm in Millerton Lake. TDS ranged from 24 mg/L to 32
mg/L in November 2010, and from 18 to 34 mg/L in July 2011.
TDS concentrations in this range are considered typical of
“pristine” freshwater lakes and rivers, and are well below the
California drinking water limit of 1,000 mg/L (SWRCB, 2010).
Similarly, California drinking water limits recommend an
electrical conductivity of less than 0.9 mS/cm, well above
values measured in 2010 and 2011.

Turbidity, measured in situ, ranges broadly in natural waters,
from less than 1 Nephelometric Turbidity Unit (NTU) to as
much as 1,000 NTU (SWRCB, 2004). In 2010, measured
turbidity ranged from 3.6 to 44.3 NTU within river, and from
15 to 22.4 NTU within Millerton Lake. In 2011, turbidity
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ranged from 51.1 to 94.3 NTU in the river (due to equipment
malfunction, turbidity measurements were not obtained in
Millerton Lake on July 26, 2011). Water bodies with turbidity
less than 50 NTU (as measured during November 2010), are
typical of water bodies with moderate to enriched levels of
nutrients. Higher values are more typical of runoff periods in
creeks and rivers (SWRCB, 2004).

The relatively low conductivity, TDS, and turbidity measured
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 further 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).

Chlorophyll-a

Concentrations of chlorophyll-a, which provides an estimate of
the algal biomass present in a body of water, were at or below
the minimum reporting limit (1.1 milligram per cubic meter
(mg/m3)) in most cases. Only one sample, Millerton Lake
below Temperance Flat when sampled in 2011, was above the
minimum reporting limit, at 2.1 mg/m3. This sample also
reflected the highest water temperature of all samples.

Metals/Metalloids and Nutrients

The concentration of most constituents sampled was lower in
Millerton Lake than in the San Joaquin River, reflecting a high
rate of mixing within the river as compared with the reservoir
(excluding constituents not detected and listed in Table 3-2).
Exceptions include barium on both November 3, 2010, and
July 26, 2011, and aluminum, calcium, iron, magnesium, and
sodium, which had higher concentrations in one or both
Millerton Lake sample locations on July 26, 2011.

Millerton Lake is listed for mercury in the 2010 Clean Water
Act Section 303(d) List of impaired waters requiring Total
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Maximum Daily Loads (TMDL) (SWRCB, 2011). 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 when
consuming (Davis et al., 2009). Water quality conditions
detected on November 3, 2010, and July 26, 2011, indicate
mercury concentrations within the water column of less than
0.0005 to 0.0006 pg/L. Mercury concentrations were higher on
November 3, 2010 (0.009 micorgrams per liter (ug/L) within
the river, decreasing in Millerton Lake), and likely reflect
elevated concentrations of mercury in runoff occurring in the
upper San Joaquin River watershed. Mercury concentrations
decreased in Millerton Lake, as shown in Figure 3-3 and as
observed for most constituents.

+2010 m2011
0.01
0.009 4 &
__ 0.008
= 0.007
=2 0.006
£ 0.005
3 0.004
2 0.003
= 0.002
D.Dﬂé ] B ] =
SIR near Auberry SIR below Millerton Lake  Millerton Lake at
Kerckhoff below Temperance Fine Gold Bay
Powerhouse No.2 Flat

Key: SJR = San Joaquin River

Figure 3-3. Mercury Concentrations on November 3, 2010, and July 26,
2011

One possible source of mercury contamination within the
watershed is resource extraction (SWRCB, 2011). 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 historical two sand and
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gravel mines (USGS, 2005). A second likely source of mercury
within the watershed is atmospheric deposition. Atmospheric
deposition of mercury in the high Sierra Nevadas 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.

Similarly, arsenic concentrations were higher on November 3,
2010, than on July 26, 2011. These concentrations likely reflect
runoff occurring in the upper San Joaquin River watershed
before this sampling event (arsenic occurs naturally in many
geologic deposits found in the upper San Joaquin River
watershed). Arsenic concentrations decreased in Millerton
Lake as compared to the San Joaquin River, as shown in Figure
3-4.

¢2010 m2011

b b

Arsenic (pg/fL)
= L e W
L B L L I L S ¥y B #% By oy |

SIR near Auberry SIR below Kerckhoff  Millerton Lake Millerton Lake at

Powerhouse No.2 below Temperance  Fine Gold Bay
Flat

Key: SJR = San Joaquin River

Figure 3-4. Arsenic Concentration on November 3, 2010, and July 26, 2011
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In addition to mercury and arsenic, concentrations of other
metals and metalloids measured on November 3, 2010, and
July 26, 2011, are generally low, as shown in Tables 3-1 and
3-2.

Concentrations of primary plant nutrients analyzed, including
nitrogen and potassium, were below the minimum reporting
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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) on July 26, 2011. The
other secondary nutrients, calcium and magnesium, were
detected in all samples at low levels, as shown in Figures 3-5
and 3-6, respectively. 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 (the California
Department of Transportation applies deicing agents, including
sodium and chloride, to roads in the upper San Joaquin River
watershed). Concentrations of the micronutrient chloride
decreased in Millerton Lake as compared to the San Joaquin
River. Sodium was lower in Millerton Lake on November 3,
2010, but higher on July 26, 2011.

— Water Quality Monitoring Results
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Figure 3-5. Calcium Concentration on November 3, 2010, and July 26, 2011

Draft — January 2013 — 3-11



Upper San Joaquin River Basin Storage Investigation, California
2010 and 2011 Water Quality Monitoring Results

42010 m2011
0.6
L 4 2 £
- 0.5 |
o
Eo04
E
303 | u
€ 0.2
& O
Z 01
D T T T 1
SIR near Auberry SIR below Kerckhoff  Millerton Lake Millerton Lake at
Powerhouse No.2 below Temperance  Fine Gold Bay
Flat

Key: SJR = San Joaquin River

Figure 3-6. Magnesium Concentration on November 3, 2010, and July 26,
2011
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Section 4 Conclusions

Water upstream from Friant Dam is generally soft with low
mineral and nutrient concentrations, likely due to the
insolubility of granitic soils in the watershed and the river’s
granite substrate (FERC, 2009). Water quality within the San
Joaquin River upstream from Millerton Lake and 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.
In the reaches above Millerton Lake, water quality is generally
suitable for most designated beneficial uses. As previously
mentioned, Millerton Lake itself is listed for mercury in the
2010 Clean Water Act Section 303(d) list of impaired waters
requiring TMDLs (SWRCB, 2011).

Comparison of water quality conditions between November 3,
2010, and July 26, 2011, indicates that during a first flush
event, concentrations of mercury, arsenic, and most
constituents may increase, but remain low. Comparison of
water quality conditions between the upper San Joaquin River
sampling sites and Millerton Lake sampling sites 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.
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