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40 WATER USE

This section describes water uses in the Middle Fork American River Watershed
(Watershed), as they relate to Placer County Water Agency’'s (PCWA'’s) Middle Fork
American River Project (MFP or Project). The Federal Energy Regulatory
Commission’s (FERC or Commission) content requirements for this section are
specified in Title 18 of the Code of Federal Regulations (CFR) Chapter | § 5.6(d)(3)(iii).

The FERC regulations require information on both water quantity and water quality for
all waters affected by the Project. This section presents information on water use and
quantity. The topic of water quality is addressed in Supporting Document (SD) F,
Existing Resource Information Report, Section 5.0, Water Quality.

The FERC regulations also require information on the existing instream flow uses of the
streams in the Project area that could be affected by Project construction and operation.
This pertains to information on the existing water rights and water rights applications
that could potentially affect or be affected by the Project and information on existing and
proposed uses of Project waters for irrigation, domestic water supply, industrial, and
other purposes, including upstream or downstream requirements or constraints to
accommodate those purposes. This information is included in a description of how the
MFP is operated, which is provided in SD B, Detailed Existing Project Description. The
minimum pool and minimum stream maintenance flow requirements for PCWA are
summarized in Table 4-1.

4.1 INFORMATION SOURCES

The hydrology information presented in this section was developed using existing
gaging data and information available from the United States Geological Survey
(USGS) and the California Data Exchange Center (CDEC), augmented by new data
developed by PCWA. Data developed by the Sacramento Municipal Utility District
(SMUD) in association with the relicensing of the Upper American River Project (UARP)
(FERC Project Number 2101) was also compiled and evaluated, including calculations
of unimpaired flows and accretions.

In 2005, PCWA began compiling and assembling hydrology data in preparation for the
relicensing of the MFP. The existing data set was limited and constrained the
characterization of the existing and unimpaired hydrology in the river and stream
reaches associated with the MFP. Accordingly, PCWA began consulting with the
resource agencies regarding various approaches that could be used to augment the
existing data set. Using agreed upon methods, PCWA calculated accretion flows, filled
in data gaps, and developed both impaired and unimpaired hydrology at numerous
locations throughout the Watershed. The methods used to augment the existing
hydrologic record and to develop the impaired and unimpaired hydrology are presented
in detail in PCWA'’s 2005-2006 Hydrology Study Status Report (PCWA 2007), which is
included in SD G, 2005/2006 Technical Study Plans and Reports.
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4.2 DESCRIPTION OF THE WATERSHED

The MFP is situated in the foothills and mountainous uplands of the western slope of
the central Sierra Nevada mountain range. The MFP is located in central California
primarily within Placer County. The Project is almost entirely in the Tahoe and Eldorado
National Forests, with a small portion on PCWA-owned property. The MFP facilities are
located on the Middle Fork American River, the Rubicon River, Duncan Creek, and the
North and South Forks of Long Canyon Creek, within an area referred to in this report
as the Middle Fork American River Watershed (Watershed). A detailed description of
the existing MFP facilities is included in SD B, Detailed Existing Project Description.

As shown on Map 4-1, the Middle Fork American River Watershed is situated in the
American River Basin. The American River Basin is comprised of three primary forks of
the American River referred to as the North Fork, the Middle Fork, and the South Fork.
It also includes an area surrounding Folsom Reservoir referred to as the Foothill Drain
Watershed. Combined, the American River Basin drains a 2,051 square-mile area. Of
this, the North Fork American River drains a 349 square-mile area, the South Fork
American River drains an 801 square-mile area, and the Middle Fork American River
drains a 616 square-mile area. The Foothill Drain Watershed drains a 285 square-mile
area. Elevations in the American River Watershed range from a high of over 10,000
feet above mean sea level (msl) to 343 feet above msl at the Folsom Reservoir, which
is located east of Sacramento, California.

The Middle Fork American River Watershed begins at the headwaters located along the
crest of the Sierra Nevada west of Lake Tahoe and extends generally in a westerly
direction to Folsom Reservoir. The Middle Fork American River flows for approximately
62-miles from its headwaters in the Granite Chief Wilderness to its confluence with the
North Fork American River, which is located approximately 21 miles above Folsom
Dam. The major tributaries to the Middle Fork American River include Duncan Creek,
the Rubicon River, and the North Fork of the Middle Fork American River. Table 4-2
summarizes information on the streams and rivers associated with the MFP including
drainage area, stream lengths, and stream gradients.

4.2.1 Climate and Precipitation

The Watershed is characterized by hot, dry summers and mild, wet winters, with most of
the precipitation falling between October and March. Precipitation falls as rain in the
lower elevations and snow at elevations greater than 5,000 feet above msl. Elevations
higher than about 6,000 feet above msl, typically are covered with snow until May.
Mean annual precipitation in the Watershed ranges from approximately 35 inches in dry
years to 94 inches in wet years.

Precipitation and snowfall accumulation are recorded in the vicinity of the MFP through
a network of monitoring and recording stations operated by the National Weather
Service, the California Department of Forestry (CDF), the United States Department of
Agriculture Forest Service (USDA-FS), the United States Bureau of Reclamation
(USBR), and PCWA. Measurements are collected at higher elevations near Duncan
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Creek (elevation 7,100 feet) down to the lower elevations near Folsom Dam (350 feet).
Real-time and historical rainfall and snowfall data are available on the California Data
Exchange Center website (http://cdec.water.ca.gov).

Runoff

The amount of runoff derived from rainfall and snowmelt can vary greatly. Occasionally,
very intense and localized winter rainstorms result in substantial runoff. The typical
snowmelt period, when runoff and stream flows are high is April through mid-June.
Snowmelt runoff occurs earlier in drier years and lasts longer during wetter years.

Total MFP inflow (combined flows from Duncan Creek, Middle Fork American River,
Rubicon River, and Long Canyon Creek) was evaluated for the period 1967 to 2003.
During this period, total inflow has average approximately 375,000 acre-feet (ac-ft) and
ranged from approximately 62,000 ac-ft to more than 783,000 ac-ft per year. Annual
inflow into the Project reservoirs and diversions is also discussed in SD B, Detailed
Existing Project Description.

Air Temperature

Air temperatures range from over 100 degrees Fahrenheit (°F) during the summer
months to below freezing during the winter in the higher elevations. In the lower
elevations, summer high temperatures can reach 100°F or more, and typically range
between 87°F and 94°F. During the winter, high temperatures range between 46°F and
54°F. Temperatures decrease about 3°F and precipitation increases by about 10-
inches for every 1,000-foot increase in elevation (USBR 1992). Summer temperatures
in the Watershed are moderated by winds from the south or southwest, originating in
the Sacramento/San Joaquin Delta. These winds can cool temperatures by 10°F to
20°F.

4.3 OVERVIEW OF THE MFP

The MFP is owned and operated by PCWA and is a multi-purpose water supply and
hydroelectric generation project designed to control and conserve waters of the Middle
Fork American River, Duncan Creek, Rubicon River, Long Canyon Creek, and their
respective upstream tributaries. The Project is operated with respect to four primary
objectives: (1) meet FERC license requirements that protect environmental resources
and provide for recreation; (2) meet the consumptive demands of western Placer
County; (3) generate power to help meet California’s energy demand and provide
valuable support services required to maintain the overall quality and reliability of the
state’s electrical supply system, and (4) maintain Project facilities to ensure their
availability and reliability. Construction of MFP facilities began in 1963 following
issuance of the FERC License and the operations began in 1967 upon completion of
construction activities.

The MFP includes two large dams and principal water storage reservoirs, French
Meadows and Hell Hole, which have a combined gross storage of 342,583 ac-ft. In
addition, the MFP includes two medium dams and reservoirs, Middle Fork Interbay
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(gross storage of 175 ac-ft) and Ralston Afterbay (gross storage of 2,782 ac-ft); and
three small dams and diversion pools, Duncan Creek, and North Fork and South Fork
Long Canyon creeks. These Project features are shown schematically on Map 4-2 and
geographically on Map 4-3. The Project facilities are located at elevations ranging from
approximately 5,300 feet msl at Duncan Creek Diversion to approximately 1,100 feet
msl| at Ralston Afterbay. An elevation profile of the Project facilities as well as
information on the MFP diversion facilities in the Watershed is provided in SD B,
Detailed Existing Project Description.

4.4 HYDROLOGY
44.1 Existing Stream Flow and Storage Gages

PCWA currently maintains an extensive network of stream, powerhouse, and reservoir
gaging stations in the Watershed to monitor and record the storage and flow of water.
This network consists of fifteen stations that measure flow in rivers, streams, and
powerhouses, and six stations that measure reservoir elevation and storage on Project
reservoirs. The locations of the gaging stations are shown on Map 4-4. In addition to
the gages maintained by PCWA, a number of other U.S. Geological Survey (USGS)
stream and reservoir gages are present in the Middle Fork and North Fork American
River watersheds including those associated with the Georgetown Divide Public Utility
District's (GDPUD’s) Stumpy Meadows Reservoir and with SMUD’s UARP. These
gages and those maintained by PCWA are identified in SD B, Detailed Existing Project
Description and in the 2005-2006 Hydrology Study Status Report provided in SD G,
2005/2006 Technical Study Plans and Reports.

Data from USGS gages in the Middle Fork American River Watershed were collected
and compiled into a database. PCWA has also obtained pertinent flow data from
SMUD, including existing flow records, estimates of unimpaired flows at a number of
locations and calculated accretion flows. A central database containing all of the
available flow data is publicly accessible on the internet at http://www.pcwamfpdata.net.
The internet site includes gage numbers, locations, drainage area elevations, and
period of record. Because multiple data sets are available in some locations, the PCWA
data website includes the data in which PCWA is most confident (generally USGS
data). In addition, maps and downloadable data reports are available. This database
will be updated through 2010 as data becomes available from the USGS.

As the data were utilized to develop unimpaired hydrology and accretion flows, errors,
data gaps, and inaccurate data were identified. These data were discussed during
meetings with interested resource agencies and stakeholders and are described in the
2005-2006 Hydrology Study Status Report contained in SD G, 2005/2006 Technical
Study Plans and Reports. Questionable and incomplete data were identified at a
number of gaging station locations on the study streams, including Duncan Creek
downstream of the diversion (USGS gaging station 11427750), North Fork Long
Canyon Creek (USGS gaging station 11433080), South Fork Long Canyon Creek
(USGS gaging station 11433060), Rubicon River below Hell Hole Dam (USGS gaging
station 11428800), and Middle Fork American River below Interbay Dam (USGS gaging
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station 11427770). Records from the gaging stations at these locations were not used
to develop the unimpaired hydrology. Rather, impaired and unimpaired flows were
calculated.

Hydrology data are also incomplete at Middle Fork Powerhouse (USGS gaging station
11428600), Oxbow Powerhouse (USGS gaging station 11433212), and French
Meadows Powerhouse (USGS gaging station 11427200). The gaps and
inconsistencies in the gaging station data records are discussed in the 2005-2006
Hydrology Study Status Report contained in SD G, 2005/2006 Technical Study Plans
and Reports.

4.4.2 Period of Record

The period of record used to develop hydrology data for the MFP extends from water
year 1975 through water year 2003. This time period best represents the recent
operation of the MFP since the issuance of the original FERC license. Records of
diversions and stream flows are more complete after 1975. In addition, this period of
record is consistent with the period of record used by SMUD during the relicensing of
the UARP Project. Some of the hydrology developed for the UARP is used as part of
PCWA's relicensing because SMUD'’s operations of the UARP upstream of the MFP on
the Rubicon and South Fork Rubicon rivers affects water flows within the MFP. This
time period is of sufficient duration to complete relevant hydrologic statistical analyses,
such as Indicators of Hydrologic Alteration (IHA) and flood frequency analyses
proposed in the 2005-2006 Existing Environment Study Plan Package contained in SD
G, 2005/2006 Technical Study Plans and Reports.

4.4.3 Water Year Types

The proposed water year type classification is based on the predicted unimpaired inflow
(runoff) to Folsom Reservoir from the spring forecast information provided by the
California Department of Water Resources Bulletin 120. Bulletin 120 is published each
month from February through May (DWR 2007). The final forecast (May) determines
the water year type until February of the following year. Five different water year types
are proposed for the MFP:

1) Wet (W) - greater than or equal to 3.5 million acre feet (MAF)

2) Above Normal (AN) - greater than or equal to 2.6 MAF but less than 3.5 MAF
3) Below Normal (BN) - greater than or equal to 1.7 MAF but less than 2.6 MAF
4) Dry (D) - greater than or equal to 0.9 MAF but less than 1.7 MAF

5) Critically Dry (CD) - less than 0.9 MAF

The proposed water year type classifications are based on review of the existing and
unimpaired hydrologic record and are consistent with water year type classification used
for the UARP. The proposed water year types for each year in the period for the
hydrologic analyses for the MFP relicensing (WY 1975-2003) are shown in Table 4-3.
During the period of record, based on inflow into Folsom Reservoir (Figure 4-1), 31% of
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the years are classified as wet, 17% are above normal, 14% are below normal, 21% are
dry, and 17% are critically dry.

4.4.4 Hydrology for Calculation of MFP Dependable Capacity

The stream flow that was used to determine MFP dependable capacity was the
hydrologic period that occurred during the Critically Dry year of 1977 coincident with the
period of peak summer power load, which historically occurs in July and August. The
dependable capacity information for the MFP is provided in Table SD B-3.

4.4.5 Calculated Impaired and Unimpaired Hydrology

Flow data were calculated for a number of the sub-watersheds to account for accretion
flows. These locations, as well as other locations on the MFP streams and rivers where
flow data have been calculated are shown on Map 4-5. The locations are identified by a
‘node’ or ‘arc’ number. Data in the appendices and summary figures and tables are
identified by USGS gage number and/or by the arc (beginning and ending node
numbers) in Maps 4-4 and 4-5, respectively. The details of generating the impaired and
unimpaired hydrology are discussed in the 2005-2006 Hydrology Study Status Report
contained in SD G, 2005/2006 Technical Study Plans and Reports.

4.4.6 Hydrologic Analysis

A detailed summary of the impaired and unimpaired hydrology associated with the MFP
is provided in six appendices, as follows:

e Appendix 4-A - This appendix includes tables of monthly summary statistics
(maximum, minimum, and average discharge) and exceedances (80%, 50%, and
20%) for gaging stations and other locations in waters associated with the Middle
Fork American River Project.

e Appendix 4-B - This appendix includes plots showing monthly exceedance curves
(80%, 50%, and 20%) for selected locations in waters associated with the Middle
Fork American River Project.

e Appendix 4-C - This appendix includes tables summarizing mean monthly flows by
water year for gaging stations and other locations in waters associated with the
Middle Fork American River Project.

e Appendix 4-D - This appendix includes tables summarizing annual peak discharges
recorded at Middle Fork American River Project gaging stations, by year.

e Appendix 4-E - This appendix includes graphs showing daily impaired and
unimpaired flow at various locations in waters associated with the Middle Fork
American River Project.

e Appendix 4-F - This appendix includes tables summarizing hourly flows measured at
the Middle Fork American River near Oxbow Powerhouse gage (November 1997
through May 31, 2006). In addition, it includes graphs showing hourly flows for
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Middle Fork American River near Oxbow Powerhouse (October 1, 2002 to
September 30, 2003) for Wet (1998), Below Normal (2003), to Dry (2001).

The following presents a brief overview of the river and stream hydrology downstream
of the Middle Fork American River Project diversions.

Overview of River and Stream Hydrology

The MFP diverts water from the Middle Fork American River, Rubicon River, Duncan
Creek and North and South Fork Long Canyon creeks for power generation and water
supply. These diversions alter natural flows in the rivers and streams downstream of
MFP facilities. Two categories of river reaches result from the operation of the MFP-
bypass and peaking reaches. A bypass reach is a segment of a river or stream
downstream of a diversion facility or reservoir where Project operations result in the
diversion of a portion of the water from that reach. Bypass reaches associated with the
MFP include: the Middle Fork American River between French Meadows Dam and
Ralston Afterbay; the Rubicon River between Hell Hole Dam and Ralston Afterbay;
Duncan Creek between the diversion dam and its confluence with the Middle Fork
American River; and the North and South Forks of Long Canyon Creek and the
mainstem of Long Canyon Creek from the diversion dams to the confluence with the
Rubicon River.

In the bypass reaches, operations of the MFP produce two general patterns of flow
alteration from unimpaired (natural) patterns, depending on the size of the streams. In
the large river bypass reaches (Middle Fork American River and Rubicon River) flows
are altered all year long. Flows are typically reduced and more stable during the
winter/spring season as water is diverted into storage or for power generation. High
flows in the large river bypass reaches that naturally occurred during storm events and
during the spring runoff season, are typically captured in the larger reservoirs (French
Meadows and Hell Hole). Currently, high flows in these river reaches generally only
occur when the reservoirs are spilling. Under current MFP operations, these high flows
primarily occur in the wettest years and are of shorter duration and magnitude than
natural flows. However, during the summer and fall season, flows in these rivers are
typically equal to or slightly higher than under natural conditions as water is released
from storage to meet minimum instream flow requirements mandated in the FERC
License.

In the smaller stream bypass reaches (Duncan, North and South Fork Long Canyon,
and Long Canyon creeks) flows typically are altered only during the winter/spring
season. During these seasons, a portion of the flow is diverted for storage and power
generation during most water year types. Therefore, flows in the streams are typically
much lower and more stable (less variation in flow volume) than natural flows. The
exception occurs during wet water years, when high flows during winter storm events or
spring runoff often exceed the capacity of the diversion facilities, which result in a large
portion of the flow passing downstream. During the summer/fall season, the diversions
are not operated because of low inflow. Therefore, natural flow entering the diversion
facilities are passed downstream into the bypass reaches.
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The MFP has a single peaking reach, which extends from Oxbow Powerhouse to the
high-water mark of Folsom Reservoir. In this reach, flows fluctuate substantially to meet
power demands or to support whitewater recreation. Operations of the MFP result in
daily fluctuations in flow in the peaking reach between the minimum flow requirement
(75 cfs) and the capacity of the Oxbow Powerhouse (approximately 1,080 cfs). The
powerhouse is typically operated to meet daily power demand and is not operated 24-
hours per day (except in the wettest of water years), which leads to considerable daily
and within-daily flow fluctuations in the reach.

During the winter and spring seasons, flow accretion from the surrounding sub-
watersheds occurs along the length of the bypass and peaking stream reaches. The
accretions, in some cases are large enough to transform the altered flow regimes at the
top of the reaches into a flow regime, further downstream in the reaches, that has a
relatively natural seasonal flow pattern (high winter/spring flows and lower summer/fall
flows). This occurs in the lower portions of the Middle Fork American River, Rubicon
River, Duncan Creek, and Long Canyon Creek bypass reaches. In the peaking reach
this occurs for nearly the entire length of the reach during the winter/spring season.
Substantial inflow occurs just downstream of Ralston Afterbay due to the inflows from
the North Fork of the Middle Fork American River. Additional accretion occurs along the
length of the reach, including a large contribution from the North Fork American River.

Accretion flow is relatively small during the summer/fall period in the bypass and
peaking reaches and has limited effect on the summer/fall flow pattern. During the
summer/fall period, flows in the bypass reaches consist primarily of the minimum
instream flow releases. In the peaking reach, summer flows are relatively high and
variable compared to the unimpaired flows as a result of Oxbow Powerhouse releases.
Two tables (Table 4-4 and 4-5) and 12 figures (Figures 4-2 to 4-13) summarize the
hydrology data for example water years of each water year type. The data is
summarized for 12 locations on the bypass and peaking reaches associated with the
MFP.

The following example water years were selected to be representative of different water
year types.

e Wet Water Year - 1982 (extremely wet water year) and 1986 (‘typical’ wet water
year)

e Above Normal Water Year - 1999

e Below Normal Water Year - 2003

e Dry Water Year - 2001

e Critical Dry Water Year - 1977

The data summary locations associated with the MFP are listed below and can be
viewed on Map 4-5. At some locations the “unimpaired” flows include impairment by
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upstream SMUD operations. These locations are identified with an asterisk. The data
summary locations are as follows:

e Duncan Creek - Duncan Creek Diversion Dam to Middle Fork American River:
immediately below the diversion (arc 800.804) and the lower end of Duncan Creek
(arc 804.806).

e Middle Fork American River - French Meadows Dam to Middle Fork Interbay:
immediately below the dam (arc 530.802) and the lower end below the Duncan
Creek confluence (arc 806.810).

e Middle Fork American River - Middle Fork Interbay to Ralston Afterbay: immediately
below the dam (arc 810.812).

e Middle Fork American River - Below Oxbow Powerhouse*: immediately below the
North Fork of the Middle Fork American River confluence (arc 855.857) and
downstream of the Canyon Creek confluence (arc 866.868).

¢ Rubicon River - Hell Hole Dam to Ralston Afterbay*: immediately below Hell Hole
Reservoir (arc 540.832) and between the confluences with Pilot Creek and Long
Canyon Creek (arc 840.842).

e Long Canyon Creek - North Fork and South Fork Long Canyon Creeks to Rubicon
River Confluence: North Fork Long Canyon Creek below the diversion (arc 817.819),
South Fork Long Canyon Creek below the diversion (arc 820.822), and Long
Canyon Creek below the North and South Fork confluence (arc 825.828).

The hydrology data summarized in Table 4-4 includes the average daily impaired and
unimpaired flow for four seasons: winter (November through February), spring (March
through May), summer (June through August), and fall (September through October).
In addition, flows in the small bypass reaches are summarized between July and
October when the diversions are usually turned-out (no diversion occurs). Table 4-5
shows the percentage that impaired flows are of unimpaired flows (impaired flows
divided by unimpaired flow times 100). It also provides (1) the dates when the
diversions were turned out in the summer, (2) the percentage change created by the
Project in winter and spring peak flows, and (3) reaches where accretion flows and/or
fall powerhouse maintenance events affect the hydrology. The impaired and
unimpaired hydrographs for each example water year at each location are shown in
Figures 4-2 through 4-13.

4.4.7 Reservoir Storage

French Meadows and Hell Hole reservoirs have a combined gross storage of 342,583
ac-ft. Middle Fork Interbay and Ralston Afterbay on the Middle Fork American River
contribute an additional 2,957 ac-ft combined gross storage. Table 4-6 provides
information on MFP reservoirs including surface area, volume, maximum depth, mean
depth, flushing rate, shoreline length, and substrate composition. The storage capacity
curves for French Meadows Reservoir, Hell Hole Reservoir, and Ralston Afterbay are
shown in Figures 4-14, 4-15, and 4-16, respectively. Middle Fork Interbay is very small
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(175 acre-ft or less). It is typically held at full capacity and the volume changes due to
periodic sedimentation infill and subsequent cleaning. Additional details on reservoir
storage and operations are provided in the SD B, Detailed Existing Project Description.

The volume of water storage in Hell Hole and French Meadows reservoirs is more than
95% of the average annual runoff in the Watershed. Water levels in French Meadows
and Hell Hole reservoirs are lowered in the late fall and early winter to provide adequate
storage and to manage spring runoff (Figure 4-17). This drawdown must balance the
objectives of providing sufficient storage space to minimize the potential for spilling the
reservoirs if the following spring is wet, and retaining sufficient water in storage to
ensure that an adequate supply of water to meet instream flow requirements and
consumptive demands if the following spring is dry. Historically, the reservoirs have
been operated to achieve a combined storage target of 150,000 ac-ft on
December 31 of each year. However, the carryover level can be much higher following
very wet years and much lower following very dry years. Targeting a carryover level of
150,000 ac-ft provides approximately 190,000 ac-ft of operational (empty) storage
capacity that can be used to manage the winter and spring runoff. During spring runoff,
operating flows are adjusted to store as much water as possible without spilling the
reservoirs. Higher flow releases (spills) from French Meadows and Hell Hole reservoirs
have occurred eight times between October 1, 1974 and September 30, 2003. The
releases occurred both in the winter and in the spring. The spring flows were of
relatively short durations and lower magnitudes compared to unimpaired flows
conditions. After the reservoirs have reached their maximum capacity in late spring or
summer, flows are regulated first to meet instream flow requirements, then to meet
consumptive water supply requirements, and then to optimize power generation. The
flows in the Middle Fork American River and Rubicon River and storage within their
respective reservoirs are shown in Figure 4-18.

Appendices 4-A and 4-B include monthly storage duration curves and exceedance
statistics for French Meadow and Hell Hole reservoirs. Ralston Afterbay and Middle
Fork Interbay are primarily used as powerhouse forebays and afterbays, and not as
storage reservoirs. Middle Fork Interbay water surface elevations typically remain near
full pool. Ralston Afterbay water surface elevations typically remain within 12 feet of full
pool. The top 12 feet of the reservoir water surface elevation may fluctuate daily in the
summer and early fall due to peaking operations of the MFP and whitewater boating
releases. Both Middle Fork Interbay and Ralston Afterbay are lowered annually during
the fall, for approximately 4-8 weeks, for maintenance at the powerhouses. Flows are
reduced in the Middle Fork American River below Oxbow Powerhouse and slightly
higher flows than the required minimum instream flows may also be released from Hell
Hole Reservoir during this time.
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Figure 4-2. Impaired and Unimpaired Flows on Middle Fork American River
below French Meadows Reservoir, Arc 530.802.
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Figure 4-2. Impaired and Unimpaired Flows on Middle Fork American River
below French Meadows Reservoir, Arc 530.802 (continued).
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Figure 4-2. Impaired and Unimpaired Flows on Middle Fork American River
below French Meadows Reservoir, Arc 530.802 (continued).
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Figure 4-3. Impaired and Unimpaired Flows on Middle Fork American River
below Duncan Creek Confluence, Arc 806.810.
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Figure 4-3. Impaired and Unimpaired Flows on Middle Fork American River
below Duncan Creek Confluence, Arc 806.810 (continued).
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Figure 4-3. Impaired and Unimpaired Flows on Middle Fork American River

below Duncan Creek Confluence, Arc 806.810 (continued).
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Figure 4-4. Impaired and Unimpaired Flows on Middle Fork American River
below Middle Fork Interbay, Arc 810.812.
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Figure 4-4. Impaired and Unimpaired Flows on Middle Fork American River
below Middle Fork Interbay, Arc 810.812 (continued).
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Figure 4-4. Impaired and Unimpaired Flows on Middle Fork American River
below Middle Fork Interbay, Arc 810.812 (continued).
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Figure 4-5. Impaired and Unimpaired Flows on Middle Fork American River
below Oxbow Powerhouse, Arc 855.857.
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Figure 4-5. Impaired and Unimpaired Flows on Middle Fork American River
below Oxbow Powerhouse, Arc 855.857 (continued).
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Figure 4-5.

Impaired and Unimpaired Flows on Middle Fork American River
below Oxbow Powerhouse, Arc 855.857 (continued).
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Figure 4-6. Impaired and Unimpaired Flows on Middle Fork American River
below Canyon Creek Confluence, Arc 866.868.
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Figure 4-6. Impaired and Unimpaired Flows on Middle Fork American River
below Canyon Creek Confluence, Arc 866.868 (continued).
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Figure 4-6. Impaired and Unimpaired Flows on Middle Fork American River
below Canyon Creek Confluence, Arc 866.868 (continued).
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Figure 4-7.
Dam, Arc 540.832.
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Figure 4-7. Impaired and Unimpaired Flows on Rubicon River below Hell Hole
Dam, Arc 540.832 (continued).
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Figure 4-7. Impaired and Unimpaired Flows on Rubicon River below Hell Hole
Dam, Arc 540.832 (continued).
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Figure 4-8. Impaired and Unimpaired Flows on Rubicon River between Pilot
Creek and Long Canyon Creek, Arc 840.842.
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Figure 4-8. Impaired and Unimpaired Flows on Rubicon River between Pilot
Creek and Long Canyon Creek, Arc 840.842 (continued).
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Figure 4-8. Impaired and Unimpaired Flows on Rubicon River between Pilot
Creek and Long Canyon Creek, Arc 840.842 (continued).
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Figure 4-9.

Impaired and Unimpaired Flows on Duncan Creek below Diversion,
Arc 800.804.
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Figure 4-9. Impaired and Unimpaired Flows on Duncan Creek below Diversion,
Arc 800.804 (continued).
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Figure 4-9. Impaired and Unimpaired Flows on Duncan Creek below Diversion,
Arc 800.804 (continued).
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Figure 4-10. Impaired and Unimpaired Flows on Duncan Creek, lower end of
reach, Arc 804.806.
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