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INTRODUCTION
This addendum to the report (Attachment 1) titled “Impacts on Lower American River Salmonids
and Recommendations Associated with Folsom Reservoir Operations to Meet Delta Water
Quality Objectives and Demands” (Report) (Water Forum 2005) has been developed to
document additional considerations associated with utilizing Folsom Reservoir as a “real-time,
first response facility” to meet Delta water quality objectives and demands that were not
previously examined. Similar to the Report, for the purpose of this addendum, X2 and Delta
outflow compliance is particularly emphasized.
Potential flow- and water temperature-related impacts on lower American River salmonids that
are associated with water releases from Folsom Reservoir specifically to meet Delta water
quality objectives and demands discussed in the Report include: (1) redd dewatering and
isolation; (2) fry stranding; (3) juvenile isolation; (4) depletion of Folsom Reservoir water
storage; and (5) depletion of Folsom Reservoir coldwater pool. For a detailed description of
these potential impacts, please refer to page 3 of the Report.

ADDITIONAL CONSIDERATIONS
In addition to the considerations explored in the Report, other considerations are examined in
this addendum, including the promulgation of environmental conditions that may be conducive
to an increase in salmonid: (1) disease susceptibility and transmission; and (2) predation. In
addition, reduced steelhead (Oncorhynchus mykiss) juvenile rearing habitat availability also is
briefly discussed in this addendum.

Figure 1 (courtesy of CDFG).
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As discussed in the Report (Page 13), in 2004, approximately
172,000 AF of water was released from Folsom Reservoir in order
to meet Delta water quality objectives and demands, subsequently
reducing storage. Storage reductions have the potential to reduce
the coldwater pool, which in August 2004 (i.e., 90,000 AF < 60°F),
was the lowest that it had been in recent years. Reduction in
coldwater reserves may result in elevated water temperatures, which
in turn, may increase physiological stress and subsequently,
decrease the immune system function, thereby increasing disease
susceptibility. For example, the occurrence of a bacterial-caused
inflammation of the anal vent (commonly referred to as “rosy
anus”) of the federally threatened Central Valley steelhead in the
lower American River has been reported by the California
Department of Fish and Game (CDFG) to be associated with
relatively high water temperatures (Figure 1). CDFG has stated
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that anal vent inflammation observations in the lower American River were documented in 2004
during periods when water temperatures were measured between 65° Fahrenheit (F) and 68°F
(CDFG 2005) (Table 1). CDFG suggested that these observations are associated with the
debilitation of the steelhead’s immune system responses as a result of elevated water
temperatures (American River Operations Group (AROG) 2004a). Mean water temperatures at
Watt Avenue in 2004 for August, September and October were 68.6ºF, 67.6ºF and 64.4ºF,
respectively. W. Cox, CDFG fish pathologist (pers. comm. W. Cox in CDFG 2005), has stated
that the steelhead’s immune responses peak at about 60°F, and then drops sharply as water
temperature increases into the upper 60s. In fact, CDFG (AROG 2004a) has stated that the
bacterial infection that results in anal vent inflammation could “resolve on its own if
temperatures would drop to a level that the fish’s immune system would prevail.”
Table 1. Frequency of Anal Vent Inflammation Observed in Juvenile Steelhead in 2004.
Total SH Exhibiting Anal
Total SH observed
Vent Inflammation
Location
Aug.
Sept.
Oct.
Aug.
Sept.
Oct.
Sunrise
*
18
NS
*
1
NS
Rossmore
*
20
11
*
0
1
Arden Bar
29
26
35
3
11
23
Gristmill
*
2
1
*
0
1
Watt Ave.
*
5
7
*
0
1
Paradise
*
3
6
*
2
2
1
Measured at Hazel Avenue Bar
2
Measured at William B. Pond Park
3
Measured at Watt Avenue Bridge
* = Presence of bacterial infection was not checked
NS = Not sampled
Source: CDFG 2004 (modified)

Frequency of Anal Vent
Inflammation
Aug.
Sept.
Oct.
*
6.0%
NS
*
0.0%
9.1%
10.3%
42.3%
65.7%
*
0.0%
100%
*
0.0%
14.3%
*
66.7%
33.3%

Mean Water Temperature
(°F)
Aug.
Sept.
Oct.
1
1
1
64.8
65.2
63.8
2
2
2
71.2
66.5
64.4
2
2
2
71.2
66.5
64.4
3
3
3
68.6
67.6
64.4
3
3
3
68.6
67.6
64.4
3
3
3
68.6
67.6
64.4

By contrast to surveys conducted in 2004, CDFG’s 2005 juvenile steelhead over-summering
surveys have not observed anal vent inflammation and parasites in sampled steelhead (pers.
comm. M. Brown 2005). Mean water temperatures at Watt Avenue in 2005 for July, August and
the first half of September were 63.3°F, 63.9°F, and 63.0°F, respectively. As of September 15,
2005, releases to meet Delta water quality objectives and demands have not been documented in
2005.
In addition to possible diminished immune system responses associated with elevated water
temperatures resulting, in part, from reductions of Folsom Reservoir limited coldwater pool,
disease transmission may be exacerbated by crowding due to habitat loss from a reduction in
flow once releases to meet Delta water quality objectives and demands are no longer necessary.
If releases are relatively high early in the summer and, then, are substantially reduced during late
summer, steelhead rearing habitat that became inundated during the higher releases may become
inaccessible or unsuitable during the lower releases. This manipulation of flows occurred in the
summer of 2004 as a result of releases that were made to meet Delta water quality objectives and
demands. Nimbus Dam releases were increased on June 7, 2004 from approximately 1,750 cfs
up to approximately 3,500 cfs on July 10, 2004, releases were subsequently decreased on July
25, 2005 to 3,000 cfs, and additional reductions occurred, resulting in Nimbus Dam releases of
1,500 cfs on August 19, 2004. Nimbus Dam releases were further reduced for water
conservation purposes from 1,500 cfs, to 1,000 cfs on September 30, 2004, and remained at this
level until October 8, 2004. Habitat reduction and potential crowding of juvenile steelhead in the
lower American River may have resulted in disease transmission conditions more commonly
associated with hatchery, rather than “wild”, populations (AROG 2004b).
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Disease transmission and susceptibility are not the only considerations associated with flow
reductions following a release made to meet Delta water quality objectives and demands.
Maintaining habitat availability to address steelhead juvenile rearing site fidelity is of concern
because limited mark and recapture evaluations of juvenile steelhead collected by seining in the
lower American River since 1996 indicate that juveniles tend to occupy specific habitats
throughout the summer. Yearling steelhead are found in bar complex and side channel areas
characterized by habitat complexity in the form of velocity shelters, hydraulic roughness
elements, and other forms of cover (SWRI 2001). These preferences in habitat may be
compromised if releases are relatively high early in the summer and, then, are substantially
reduced during the late summer because steelhead rearing habitat that became inundated or
suitable during the higher releases may become inaccessible or unsuitable during the lower
releases, potentially resulting in reduced food availability and increased exposure to predation.
Finally, utilizing Folsom Reservoir as a “real-time, first response facility” to meet Delta water
quality objectives and demands may contribute to a reduced coldwater pool, thereby influencing
habitat conditions (i.e., elevated water temperatures) in the lower American River for predator
species that feed on juvenile salmonids, potentially altering predation pressure and possibly
resulting in enhanced predation rates on juvenile rearing steelhead. Please refer to previous
discussions in this addendum and in the Report regarding releases made in 2004 that may have
contributed to a reduction in the coldwater pool. According to CDFG, water temperatures above
65°F are associated with a large (i.e., 30-40 species) complex warmwater fish community,
including highly piscivorous fishes such as striped bass (Morone saxatilis), largemouth bass
(Micropterus salmoides) and Sacramento pikeminnow (Ptychocheilus grandis) (CDFG 2005).
For example, striped bass are opportunistic feeders, and almost any fish or invertebrate
occupying the same habitat eventually appears in their diet (Moyle 2002). Therefore, juvenile
rearing steelhead may be exposed to increased predation due to reduced habitat availability and
increased digestion and consumption rates of predators associated with higher water temperature
(Steigenberger and Larkin 1974; Bayer et al. 1988; Vigg and Burley 1991; Vigg et al. 1991).

DELTA WATER QUALITY COMPLIANCE RECOMMENDATIONS
In order minimize impacts on lower American River salmonids associated with the
considerations discussed above and in the Report, two general procedural recommendations for
Delta water quality compliance were developed and presented in the Report (i.e., Adaptive
Management Recommendation and Integrated Operational Approach Recommendation). These
procedural recommendations are summarized below.
For additional detail on these
recommendations, please refer to pages 14 through 17 of the Report.

Adaptive Management Recommendation
The Adaptive Management Recommendation specifically addresses the February through June
Delta outflow requirement as stated by the State Water Resource Control Board (SWRCB) in
Water Right Decision 1641 (D-1641). In an effort to better protect lower American River
salmonids that may be adversely affected by changes in water management intended to achieve
compliance with the Delta outflow requirement, modifications to the current implementation of
this requirement should be considered. If upstream reservoir releases are anticipated to be
DRAFT
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increased solely to meet the D-1641 February through June outflow requirement, then the
following three-step procedure should be implemented.
1. If increased releases from Nimbus Dam are anticipated, then the management agencies (i.e.,
National Marine Fisheries Service (NMFS), U.S. Fish and Wildlife Service (USFWS), and
CDFG) should determine whether:
• lower American River salmonids will be at risk in consideration of hydrologic,
operational, and biologic conditions; and
• EWA or CVP Improvement Act (CVPIA) Section 3406 (b)(2) water assets can be used to
avoid anticipated impacts to lower American River salmonids.
2. CVP/SWP operators should then determine if alternative compliance strategies are feasible,
such as the alternatives described below.
• The use of EWA or (b)(2) water assets to mitigate for water foregone by CVP/SWP
contractors as a result of the increased uncertainty in forecasting compliance
requirements related to the longer travel times from Shasta (5 days) and Oroville (3 days)
reservoirs relative to Folsom Reservoir (1 day).
• Minimize the potential need for greater total volumes of water released from upstream
reservoirs later in the month to achieve outflow compliance if the hydrograph continues
to decline throughout the month.
Reduce Delta exports after a runoff event, as soon as necessary, to continue
meeting outflow compliance during the descending limb of the hydrograph to
achieve the required number of compliance days within a given month, or
Increase Delta inflow from Folsom Reservoir releases after a runoff event, during
the descending limb of the hydrograph, to achieve the required number of
compliance days within a given month. Another potential advantage of this
approach is the provision of more stable flows throughout a given month during
the February through June period.
3. If alternative compliance strategies are deemed infeasible and actions anticipated to
adversely affect lower American River salmonids cannot be avoided, then the Data
Assessment Team (DAT) and Operations and Fish Forum (OFF) should convene to develop
operational recommendations. Joint DAT and OFF operational recommendations would be
considered by the Water Operations Management Team (WOMT) and could consist of
modifying Delta outflow compliance by changing the magnitude of total Delta outflow,
and/or the number of compliance days required. If alternative Delta outflow compliance
strategies are proposed by the WOMT, then those alternative compliance strategies would be
effective immediately and would be presented to the Executive Director of the SWRCB. If
the Executive Director does not object to the alternative compliance strategies within 10
days, these strategies would remain in effect for the remainder of the given month.

Integrated Operational Approach Recommendation
The integrated operational approach recommendation addresses the need for an integrated
CVP/SWP operational approach to meet Delta water quality objectives and demands, in order to
reduce Folsom Reservoir's role as a "real-time, first response facility,” and thereby minimize
impacts on anadromous salmonids in the lower American River.
DRAFT
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•

Considering the modifications described in the Adaptive Management Recommendations, an
integrated approach to meeting Delta water quality objectives and demands that relies more
equitably upon releases from Shasta, Oroville, and Folsom reservoirs should be developed
and implemented.

Because there is a reservoir-specific lag time for releases to reach the Delta (i.e., approximately 5
days from Shasta Reservoir, 3 days from Oroville Reservoir, and 1 day from Folsom Reservoir),
the effectiveness of an integrated approach is limited by the ability of operators to accurately
anticipate Delta water quality objectives and demands. Nevertheless, the feasibility of
developing and implementing a system-wide program that results in the most efficient utilization
of Folsom Reservoir should be evaluated.
LOWER AMERICAN RIVER FLOW FLUCTUATION INTERIM OBJECTIVES
Described below are specific lower American River flow fluctuation interim objectives that, to
the extent possible, should not be compromised because of Delta-related changes in Nimbus
Dam releases. For additional details regarding the considerations examined to develop these
interim objectives, please refer to pages 17, B-1, and B-2 of the Report.
1. At flow levels ≤ 5,000 cfs, flow reductions should not exceed more than 500 cfs/day, and not
more than 100 cfs/hour. Consistent with NMFS’ Biological Opinion on the Effects of the
Proposed Long-Term Operations, Criteria and Plan for the Central Valley Project in
Coordination with Operations of the State Water Project (2004), each year from January 1
through April 31, Reclamation should coordinate with NMFS, CDFG, and USFWS to
implement and fund monitoring in order to estimate the incidental take of salmonids
associated with reductions in Nimbus Dam releases; and
2. Minimize occurrences of flow increases to 4,000 cfs or more, year-round, to minimize losses
of juvenile Chinook salmon (O. tshawytscha) and steelhead due to isolation.
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ATTACHMENT 1

IMPACTS ON LOWER AMERICAN RIVER SALMONIDS AND
RECOMMENDATIONS ASSOCIATED WITH FOLSOM RESERVOIR
OPERATIONS TO MEET DELTA WATER QUALITY OBJECTIVES AND
DEMANDS
1.0

BACKGROUND

Releases from Folsom, Oroville, and Shasta reservoirs, are made, in part, to meet in-Delta and
export demands, water quality objectives such as electrical conductivity levels and chloride
concentrations at multiple compliance points, and X2 and Delta outflow. Of the three reservoirs,
the shortest travel time to the Sacramento-San Joaquin Delta (Delta) is from Folsom Reservoir
(one day vs. three days from Oroville and five days from Shasta). Folsom Reservoir also has the
highest potential to refill (United States Bureau of Reclamation (Reclamation) 1992). In the
Long-term Central Valley Project Operations Criteria and Plan, Reclamation states (Page 89):
“It is therefore logical to assume that in the absence of other constraints, Folsom would always
be the likely source when more then (sic) one water source is available because of its high refill
potential (Reclamation 1992).” Therefore, Folsom Reservoir is often used as a “real-time, first
response facility” to meet Delta water quality objectives because of unanticipated events,
reluctance to conduct export reductions (refer to Section 4.0 Delta Water Quality Compliance
Recommendations), or a combination thereof. Use of Folsom Reservoir as a “real-time, first
response facility” may potentially impact salmonids in the lower American River by affecting
river flows and water temperatures during several life stages of fall-run Chinook salmon
(Oncorhynchus tshawytscha) and steelhead (O. mykiss). Potential effects (e.g., fluctuating river
flows, and reduced reservoir water storage and coldwater pool) associated with Folsom
Reservoir operations to meet Delta water quality objectives and demands are described below.
For the purpose of this document, X2 and Delta outflow compliance is particularly emphasized
when references are made to Delta water quality objectives and demands.
Effects of flow fluctuations on lower American River salmonids have been examined by the
California Department of Fish and Game (CDFG) and Reclamation (CDFG 2001; Reclamation
2002). Through these studies, reservoir operations that cause river flows to exceed, then
decrease below certain water surface elevations have been identified as a source of mortality to
lower American River salmonids because of redd dewatering, fry stranding and juvenile
isolation. Redd dewatering is reported to occur when flows are decreased from commonly
observed spawning flow levels (e.g., 1,000 to 4,000 cubic feet per second (cfs)) (CDFG 2001).
Rapid flow decreases from flow levels that inundated low and medium sloping gravel bars when
salmonid fry are present in the lower American River (i.e., late-December through May)
reportedly can result in fry stranding (CDFG 2001). Also, as flows in the lower American River
approach and exceed 4,000 cfs, many areas in the lower American River channel reportedly
become inundated and subsequently are newly available to rearing fish (CDFG 2001). Thus,
reductions in flow, once flows reach 4,000 cfs, have the potential to isolate juvenile salmonids
(CDFG 2001).
High water temperatures also adversely impact lower American River salmonids. Water
temperatures identified by the National Oceanic and Atmospheric Administration, National
Marine Fisheries Service (NOAA Fisheries) to protect steelhead juvenile rearing (e.g., ≤ 65°F)
(NOAA Fisheries 2002) and fall-run Chinook salmon spawning and embryo incubation (e.g., ≤
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56°F) (NOAA Fisheries 1997) are difficult to achieve in the lower American River, and utilizing
Folsom Reservoir as a “real-time, first response facility” to meet Delta water quality objectives
and demands exacerbates the problem. Folsom Reservoir storage reductions potentially decrease
the coldwater pool available for management of water temperatures for steelhead over-summer
juvenile rearing and fall-run Chinook salmon spawning and embryo incubation.
Another consequence of using Folsom Reservoir as a "real-time, first response facility" to meet
Delta water quality objectives and demands is that hydropower generation may be foregone
because of the need to bypass water in the fall, in order to provide cold water to the lower
American River for fall-run Chinook salmon spawning and embryo incubation. In general,
beginning in April, Folsom Reservoir thermally stratifies into a warm top layer (i.e., epilimnion)
and a cold bottom layer (i.e., hypolimnion). This stratification occurs because the denser cold
water remains in the deeper zones of the reservoir. Once thermal stratification occurs, the
volume of cold water decreases as water is withdrawn from the cold water strata, and as the
reservoir warms throughout the summer. The coldwater pool in Folsom Reservoir reaches its
lowest volume during the fall. In order to provide cold water to the lower American River
during the fall, when cold water only resides below the penstock inlet ports used for hydropower
generation, the low level river outlets must be utilized, resulting in foregone hydropower
generation. The lower reservoir outlets were used and hydropower generation was foregone
during 2001 and 2002. Hence, in addition to biological concerns associated with Folsom
Reservoir operations to meet Delta water quality objectives and demands, power generation and
economic considerations also exist.
The intent of this document is to: (1) describe potential impacts that may occur to anadromous
salmonids in the lower American River associated with current Folsom Reservoir operations to
meet Delta water quality objectives and demands; (2) document reported impacts to anadromous
salmonids in the lower American River that have occurred due to meeting Delta water quality
objectives and demands; (3) provide Delta water quality compliance recommendations in order
to minimize impacts on lower American River anadromous salmonids; and (4) recommend
interim flow fluctuation objectives for Folsom Reservoir operations that would better protect
anadromous salmonids in the lower American River from impacts associated with Delta-related
changes in Nimbus Dam releases.
In an effort to document reported impacts on lower American River anadromous salmonids
resulting from Folsom Reservoir operations to meet Delta water quality objectives and demands,
Reclamation’s Nimbus Dam release logs, resource agency reports, and American River
Operations Group (AROG) notes were examined. AROG is an interagency group including
Reclamation, the U.S. Fish and Wildlife Service (USFWS), NOAA Fisheries, CDFG, and
stakeholders such as Save the American River Association. Concurrent Nimbus Dam release
logs, agency reports, and AROG notes were available for the period extending from January
2001 through July 2004. In addition to the impacts on lower American River salmonids that are
presented in this document, other unreported impacts also may have occurred during this period
because monitoring was not conducted during many release events and, consequently, impacts
were not documented. Moreover, juvenile isolation events have been documented prior to the
time period included in this analysis. For example, CDFG (2001) reported relatively large
numbers of isolated juvenile salmonids on numerous occasions from 1997 through 2000.
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2.0

POTENTIAL IMPACTS

The following discussion specifically identifies and describes potential flow and water
temperature impacts on lower American River salmonids that are associated with increased water
releases from Folsom Reservoir to meet Delta water quality objectives and demands.
1. Redd Dewatering and Isolation – The dewatering of redds in the main channel, or
isolation of redds in river side channels, can result from flow reductions from levels at
which spawning initially occurred. Redd dewatering can affect salmonid embryos and
alevins by impairing development and causing direct mortality due to desiccation,
insufficient oxygen levels, waste metabolite toxicity, and thermal stress (Becker and
Neitzel 1985; Reiser and Whitney 1983). Isolation of redds in side channels can result in
direct mortalities due to these factors, as well as starvation and predation of emergent fry.
The primary period of concern for redd dewatering and isolation extends from about mid
October through May, corresponding to fall-run Chinook salmon and steelhead spawning
and incubation period in the lower American River.
2. Fry Stranding – Salmonid fry can become stranded on dewatered gravel bars as flows,
that once inundated the gravel bar, recede. Stranding has been reported to occur under
both natural and regulated flow fluctuations, but most large stranding events have
generally been attributed to rapid flow fluctuations caused by reservoir and hydropower
operations (Hunter 1992). The vulnerability of fry to stranding is a function of their
behavioral response to changing flows, which depends on species, water temperature,
time of year, and time of day (Bradford et al. 1995; Bradford 1997). Newly emerged fry
appear to be most vulnerable to stranding because of their limited swimming ability, their
tendency to use the substrate as cover, and their preference for shallow river margins
(Cannon and Kennedy 2003; Jackson 1992). As fry grow into larger juveniles, they tend
to inhabit deeper, higher-velocity areas associated with main channel habitats where they
are less susceptible to stranding (Cannon and Kennedy 2003; Jackson 1992; DWR 2003).
Most fall-run Chinook salmon fry emigrate shortly after emergence in winter and early
spring, and have left the lower American River by late April (SWRI 2001). Most
steelhead fry emerge from the substrate from March through May and rear in the lower
American River year-round (SWRI 2001). Slow, gradual flow ramping rates may be
important in minimizing salmonid fry stranding in the lower American River from lateDecember through May.
3. Juvenile Isolation – Chinook salmon and steelhead juvenile isolation (i.e., trapping of
juveniles in side channels, potholes, depressions, etc. within and outside the active
channel, with no access to the free-flowing river) occurs when flows increase to levels
that inundate side-channel or off-channel depressions and subsequently recede, trapping
the fish in unconnected pockets of water.
Some juvenile fall-run Chinook salmon do not emigrate shortly after emergence, and may
rear in the lower American River through May and into June, whereas juvenile steelhead
may rear in the lower American River year-round. Decreasing the rate of flow reductions
following a release from Folsom Reservoir to meet Delta water quality objectives and
demands may not minimize salmonid losses due to juvenile isolation. Juvenile isolation
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in off-channel habitats may occur regardless of the rate of flow reductions, because of
favorable rearing conditions, the distance of these habitats from the main river, and an
apparent reluctance of juveniles to move away from protective cover (Bradford et al.
1995; Higgins and Bradford 1996; Bradford 1997; JSA 1999).
4. Depletion of Folsom Reservoir Water Storage – The use of Folsom Reservoir as a
"real-time, first response facility" to meet Delta water quality objectives and demands
may result in reduced storage and, consequently, may reduce water availability for
instream flows during the Chinook salmon adult immigration and spawning period
(September through December). Reductions in Folsom Reservoir storage resulting from
compliance with Delta water quality objectives and demands in one year can be carried
through a series of years, particularly during drought conditions.
5. Depletion of Folsom Reservoir Coldwater Pool – The coldwater pool at Folsom
Reservoir is limited and, thus, has to be carefully managed to provide cool water for
juvenile steelhead over-summer rearing, and Chinook salmon spawning in the fall. In
many years, careful and efficient use of the temperature control devices at Folsom
Reservoir (at the penstock inlet port and at the intake for local municipal supply) still
results in less than desirable water temperature conditions in the lower American River
for juvenile steelhead over summer rearing, and fall-run Chinook salmon spawning.
Using Folsom Reservoir as a "real-time, first response facility" to meet Delta water
quality objectives and demands can result in additionally depleting an already limited
coldwater supply.

3.0

DOCUMENTED IMPACTS

The following series of figures (Figures 1 through 4) illustrate the reliance on Folsom Reservoir
to meet Delta water quality objectives and demands and the associated documented impacts to
lower American River anadromous salmonids. Documented impacts include impacts that were
either reported in agency reports or documented by AROG. The figures display the mean daily
Nimbus Dam release rates from January 2001 through July 2004, the temporal distribution of the
appropriate life stage for Chinook salmon or steelhead, and each reported release event
associated with meeting Delta water quality objectives and demands. The reasons for flow
changes indicated in the figures are those taken directly from Reclamation’s Nimbus Dam
release logs. Specific details of each sequentially numbered release event (i.e., release events
associated with meeting Delta water quality objectives and demands) are described below the
figure, as well as whether effects to lower American River resources were documented.
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A. Fall-run Chinook salmon - 2001
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B. Steelhead - 2001
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Figure 1. Mean daily release rates from Nimbus Dam in 2001. The life stage timings for fall-run
Chinook salmon (A) and steelhead (B) are displayed. Sequential red numbers indicate release
events attributed to either Delta water quality objectives or Delta demands in Reclamation’s
Nimbus Dam release logs.
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DESCRIPTION OF RELEASE EVENTS - 2001
Details of each individual release event are described below, including whether effects to lower
American River resources were documented.
1

On January 8, 2001, releases from Nimbus Dam were increased from approximately
2,000 cfs to approximately 3,000 cfs in order to meet Delta water quality objectives, and
were subsequently reduced to approximately 1,500 cfs by mid-January. No effects to
lower American River resources were documented by resource agency reports or AROG
notes as a result of either the release rate increase or the subsequent release rate decrease.
However, a flow decrease from approximately 3,000 cfs to 1,500 cfs by mid-January
would result in a water surface elevation decrease of about 1.4 feet at the U.S. Geological
Survey Fair Oaks gage. A water surface elevation reduction of this magnitude has the
potential to dewater steelhead redds that may have been constructed at the higher flow
level.

2

On April 3, 2001, releases from Nimbus Dam were increased from approximately 1,500
cfs to approximately 2,000 cfs in order to meet Delta water quality objectives and export
demands. No effects to lower American River resources were documented by resource
agency reports or AROG notes as a result of either the release rate increase or the
subsequent release rate decrease.

3

On April 20, 2001, releases from Nimbus Dam were increased from approximately 1,500
cfs to approximately 2,500 cfs in order to meet Delta outflow requirements. No effects to
lower American River resources were documented by resource agency reports or AROG
notes as a result of either the release rate increase or the subsequent release rate decrease.

4

Starting on May 12, 2001, releases from Nimbus Dam were increased from
approximately 1,500 cfs up to approximately 3,000 cfs on June 2, 2001 in order to meet
Delta water quality objectives. No effects to lower American River resources were
documented by resource agency reports or AROG notes as a result of either the release
rate increase or the subsequent release rate decrease. However, refer to Additional
Impact Considerations, below, for additional discussion.

5

On June 20, 2001, releases from Nimbus Dam were increased from approximately 2,000
cfs to approximately 2,600 cfs in order to meet Delta requirements. No effects to lower
American River resources were documented by resource agency reports or AROG notes
as a result of either the release rate increase or the subsequent release rate decrease.
However, refer to Additional Impact Considerations, below, for additional discussion.

ADDITIONAL IMPACT CONSIDERATIONS - 2001
From May 12, 2001 through July 2001, Folsom Reservoir storage was reduced by approximately
183,000 acre-feet (af) in order to meet Delta water quality objectives and demands (Reclamation
unpublished data [b]; Reclamation Website). This reduction in Folsom Reservoir storage may
have reduced the coldwater pool available for management of water temperatures for steelhead
over-summer juvenile rearing and fall-run Chinook salmon spawning and embryo incubation.
The estimated volume of cold water remaining in Folsom Reservoir in August was considerably
lower in 2001 (i.e., 95,000 af < 60°F) than in either 2002 (i.e., 155,000 af < 60°F) or 2003 (i.e.,
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270,00 af < 60°F) (Reclamation unpublished data [a]). Because the coldwater pool was low in
2001, the flexibility of cold water management may have been diminished during portions of the
periods of fall-run Chinook salmon adult immigration (i.e., September through December) and
fall-run Chinook salmon adult spawning and embryo incubation (i.e., October through March)
(SWRI 2001). In November 2001, the average daily water temperature at Watt Avenue in the
lower American River was 61°F (California Department of Water Resources (DWR) Website).
Pronounced pre-spawning adult mortality as well as increased latent mortality to incubating
embryos reportedly can result when ripe adult female Chinook salmon are exposed to water
temperatures beyond the 56°F to 60°F range (McCullough 1999). Pre-spawning mortality of
fall-run Chinook salmon was reported by CDFG to be approximately 67 percent during the 2001
adult immigration and adult spawning season, presumably because of high water temperatures
(Healy 2004 in Lamb 2004).
In the fall of 2001, hydropower generation had to be foregone because water needed to be
bypassed in order to provide cold water to the lower American River for fall-run Chinook
salmon spawning and embryo incubation. The cost of foregoing hydropower generation was
approximately 4,293 megawatt hours (Van Tran 2004 pers. comm.).
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A. Fall-run Chinook salmon - 2002
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B. Steelhead - 2002
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Figure 2. Mean daily release rates from Nimbus Dam in 2002. The life stage timings for fall-run
Chinook salmon (A) and steelhead (B) are displayed. Sequential red numbers indicate release
events attributed to either Delta water quality objectives or Delta demands in Reclamation’s
Nimbus Dam release logs.
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DESCRIPTION OF RELEASE EVENTS - 2002
Details of each individual release event are described below, including whether effects to lower
American River resources were documented.
1

On March 2, 2002, releases from Nimbus Dam were increased from approximately 1,500
to approximately 2,000 cfs in order to meet Delta demands. No effects to lower
American River resources were documented by resource agency reports or AROG notes
as a result of either the release rate increase or the subsequent release rate decrease.

2

On June 13, 2002, releases from Nimbus Dam were increased from approximately 2,200
cfs to approximately 3,000 cfs in order to meet Delta demands. No effects to lower
American River resources were documented by resource agency reports or AROG notes
as a result of either the release rate increase or the subsequent release rate decrease.
However, refer to Additional Impact Considerations, below, for additional discussion.

3

Starting on July 5, 2002, releases from Nimbus Dam were increased from approximately
2,500 cfs up to approximately 4,000 cfs on July 23, 2002 in order to meet Delta demands.
No effects to lower American River resources were documented by resource agency
reports or AROG notes as a result of either the release rate increase or the subsequent
release rate decrease. However, refer to Additional Impact Considerations, below, for
additional discussion.

ADDITIONAL IMPACT CONSIDERATIONS - 2002
The release rate increases that occurred on June 13, 2002 and July 5, 2002 to meet Delta
demands contributed to reduced carryover storage and potentially contributed to reduced flow
release rate and Folsom Reservoir coldwater pool that otherwise could have been available for
release during the fall-run Chinook salmon spawning and incubation period.
In the fall of 2002, hydropower generation had to be foregone because water needed to be
bypassed in order to provide cold water to the lower American River for fall-run Chinook
salmon spawning and embryo incubation. The cost of foregoing hydropower generation was
approximately 6,520 megawatt hours, at a replacement cost of approximately $173,291, which
was paid to the Western Area Power Administration through the Environmental Water Account
(EWA) (Van Tran pers. comm. 2004). Because the EWA has limited assets (largely based on
available funding and asset prices), using EWA assets to reimburse foregone hydropower
generation may translate in a lost opportunity to use these assets for other fishery protection or
enhancement actions. Therefore, using Folsom Reservoir as a "real-time, first response facility"
to meet Delta water quality objectives and demands may ultimately result in commitments of
EWA assets that otherwise could have been used for other direct fishery protection or
enhancement actions in the Sacramento-San Joaquin Delta and/or in Central Valley Project
(CVP) rivers, including the lower American River.
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A. Fall-run Chinook salmon - 2003
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Figure 3. Mean daily release rates from Nimbus Dam in 2003. The life stage timings for fall-run
Chinook salmon (A) and steelhead (B) are displayed. Sequential red numbers indicate release
events attributed to either Delta water quality objectives or Delta demands in Reclamation’s
Nimbus Dam release logs.
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DESCRIPTION OF RELEASE EVENTS - 2003
Details of each individual release event are described below, including whether effects to lower
American River resources were documented.
1

On February 10, 2003, releases from Nimbus Dam were increased from approximately
4,000 cfs to approximately 5,500 cfs in order to meet Delta water quality objectives. As
the Nimbus Dam release rate decreased from approximately 5,500 cfs on February 18,
2003 to approximately 1,800 cfs on March 25, 2003, several impacts on anadromous
salmonids in the lower American River were reported. On February 20, 2003, CDFG
reported that steelhead were spawning in some side channels that became inundated when
releases increased above 4,000 cfs, and that some salmon stranding occurred as releases
were decreased from 5,000 cfs to 4,500 cfs (AROG unpublished data). On February 24,
2003, NOAA Fisheries reported that some steelhead fry were isolated near the Sunrise
area, and that 60 percent of steelhead redds were constructed when flows were greater
than 4,000 cfs (AROG unpublished data). On February 25, 2003, CDFG reported that
some salmon fry were being stranded, and that approximately 10 steelhead redds at the
lower Sunrise side channel were at risk if Nimbus Dam releases were reduced further
(AROG unpublished data). Hannon et al. (2003) reported that five steelhead redds were
dewatered and ten steelhead redds were isolated in a backwater pool at the lower Sunrise
side channel when flows decreased below approximately 3,000 cfs on February 27, 2003.
On March 4, 2003, CDFG reported that by the end of February, juvenile Chinook salmon
had been stranded near the upper and lower Sunrise areas, and that three steelhead redds
near the lower Sunrise area had been dewatered (AROG unpublished data). CDFG
reported that up to 10,000 Chinook salmon fry had been stranded on the island near the
lower Sunrise area (Healey 2004 pers. comm.). On March 17, 2003, NOAA Fisheries
reported that as releases were reduced from 5,500 cfs, seven steelhead redds were
dewatered and five additional steelhead redds were isolated from flowing water at the
lower Sunrise side channel (AROG unpublished data). On April 10, 2003, CDFG
reported that the lower Sunrise side channel had become isolated from flowing water
(AROG unpublished data).

2

Starting on July 8, 2003, releases from Nimbus Dam were increased from approximately
2,500 cfs up to approximately 4,500 cfs on July 26, 2003 in order to meet Delta demands.
No effects to lower American River resources were documented by resource agency
reports or AROG notes as a result of either the release rate increase or the subsequent
release rate decrease. However, refer to Additional Impact Considerations, below, for
additional discussion.

3

On October 31, 2003, releases from Nimbus Dam were increased from approximately
2,000 cfs to approximately 2,500 cfs in order to meet Delta demands. No effects to lower
American River resources were documented by resource agency reports or AROG notes
as a result of either the release rate increase or the subsequent release rate decrease.

ADDITIONAL IMPACT CONSIDERATIONS – 2003
The release rate increases that occurred starting on July 8, 2003 to meet Delta demands
contributed to reduced carryover storage and potentially contributed to reduced flow release rate
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and Folsom Reservoir coldwater pool that otherwise could have been available for release during
the fall-run Chinook salmon spawning and incubation period.
A. Fall-run Chinook salmon - 2004
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Figure 4. Mean daily release rates from Nimbus Dam in 2004. The life stage timings for fall-run
Chinook salmon (A) and steelhead (B) are displayed. Sequential red numbers indicate release
events attributed to either Delta water quality objectives or Delta demands in Reclamation’s
Nimbus Dam release logs.
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DESCRIPTION OF RELEASE EVENTS - 2004
Details of each individual release event are described below, including whether effects to lower
American River resources were documented.
1

On April 6, 2004, releases from Nimbus Dam were increased from approximately 3,000
cfs to approximately 8,000 cfs in order to meet Delta water quality objectives. No effects
to lower American River salmonids were documented by resource agency reports or
AROG notes as a result of either the release rate increase or the subsequent release rate
decrease.

2

Starting on April 13, 2004, releases from Nimbus Dam were increased from
approximately 4,200 cfs up to approximately 5,500 cfs on April 14, 2004 in order to meet
Delta water quality objectives. By the end of April 2004, releases from Nimbus Dam
were reduced to 2,500 cfs. On April 28, 2004, CDFG reported that seining surveys
within the isolation areas along the lower Sunrise side channel indicated that more than
2,000 juvenile Chinook salmon/seine haul and 40 juvenile steelhead/seine haul had been
isolated from the main channel (CDFG unpublished data). CDFG seining surveys also
collected more than 300 juvenile Chinook salmon/seine haul from an isolated area near
Sunrise Boulevard (not the lower Sunrise side channel) and from an area near Watt
Avenue (CDFG unpublished data). CDFG also reported that many of the steelhead redds
near the lower Sunrise area were isolated (AROG unpublished data). CDFG reported that
by keeping release rates above 2,500 cfs from the end of April until May 15, 2004, most
steelhead redds vulnerable to dewatering were protected through emergence; five
steelhead redds were dewatered near the lower Sunrise area (AROG unpublished data).

3

Starting on June 7, 2004, releases from Nimbus Dam were increased from approximately
1,750 cfs up to approximately 3,500 cfs on July 10, 2004 in order to meet Delta demands.
No effects to lower American River salmonids were documented by resource agency
reports or AROG notes as a result of either the release rate increase or the subsequent
release rate decrease. However, refer to Additional Impact Considerations, below, for
additional discussion.

ADDITIONAL IMPACT CONSIDERATIONS - 2004
In 2004, approximately 172,000 af of water was released from Folsom Reservoir in order to meet
Delta water quality objectives and demands, subsequently reducing reservoir storage
(Reclamation unpublished data [b]; Reclamation Website). Storage reductions have the potential
to reduce the coldwater pool. The estimated volume of cold water remaining in Folsom
Reservoir in August 2004 (i.e., 90,000 af < 60°F) was the lowest that it has been in August in
recent years, including the volume remaining in August 2001 (i.e., 95,000 af < 60°F)
(Reclamation unpublished data [a]). Because the estimated volume of cold water remaining in
Folsom Reservoir in August 2004 (i.e., 90,000 af < 60°F) was lower than the volume remaining
in August 2001 (i.e., 95,000 af < 60°F), CDFG reportedly expected that the level of prespawning mortality of fall-run Chinook salmon in 2004 would be similar to the level that
occurred in 2001 (i.e., 67% pre-spawning mortality) (Healy 2004 in Lamb 2004). However, a
combination of milder air temperatures and precipitation during the fall caused Folsom Reservoir
water temperatures to decrease, allowing relatively large volumes of cold water to become
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available for fall-run Chinook salmon spawning in the lower American River. For example, the
estimated volume of cold water available in Folsom Reservoir by mid-November (i.e., 340,000
af < 60°F) was ten times greater than the estimated volume that was available in mid-October
(i.e., 30,000 af < 60°F) (Reclamation unpublished data [a]). As a result, by early November, the
anticipated high level of pre-spawning mortality of fall-run Chinook salmon, reportedly was no
longer a concern for CDFG (Titus 2004 in Leavenworth 2004).
According to Hannon and Deason (2004), steelhead spawning habitat is available at the lower
Sunrise side channel at flows greater than approximately 4,000 cfs. Prior to February 19th,
during the 2004 steelhead spawning season, flows in the lower American River reached a
maximum of approximately 3,500 cfs and, thus, steelhead spawning habitat was not available at
the lower Sunrise side channel. Hannon and Deason (2004) reported that 11 steelhead redds
were constructed at the lower Sunrise side channel between February 19, 2004 and February 28,
2004, when a flood control release from Nimbus Dam increased flows in the lower American
River from approximately 2,200 cfs on February 18, 2004 up to a maximum of approximately
7,000 cfs on February 20, 2004 (Reclamation unpublished data [b]). Flow levels remained above
4,000 cfs from February 19, 2004 through February 28, 2004 (Reclamation Website). From
February 24, 2004 through March 1, 2004, daily flow decreases were made and consequently
five steelhead redds were observed to be dewatered at the lower Sunrise side channel (Hannon
and Deason 2004). Thus, inundating the lower Sunrise side channel for 11 days (i.e., February
19th through February 28th) during the steelhead spawning period and, then, decreasing flows
such that the side channel becomes isolated from free flowing surface water, has been shown to
result in steelhead redd dewatering (Hannon and Deason 2004) and also may result in redd
isolation.

4.0

DELTA WATER QUALITY COMPLIANCE RECOMMENDATIONS

In order to minimize impacts on lower American River salmonids associated with Folsom
Reservoir operations to meet Delta water quality objectives and demands, two general procedural
recommendations (i.e., Adaptive Management Recommendation and Integrated CVP/SWP
Operational Approach Recommendation) for Delta water quality compliance have been
developed and are described below. Also, these recommendations should be considered to more
readily achieve the lower American River flow fluctuation interim objectives that are described
in the next section.
ADAPTIVE MANAGEMENT RECOMMENDATION
The first recommendation specifically addresses the February through June Delta outflow
requirement as stated by the State Water Resources Control Board (SWRCB) in Water Right
Decision 1641 (D-1641). This requirement is met if: (1) the minimum daily Delta outflow,
calculated as a three-day running average, is 7,100 cfs; (2) the daily average electrical
conductivity (EC) at the confluence of the Sacramento and the San Joaquin rivers is less than or
equal to 2.64 mmhos/cm; or (3) the 14-day running average EC at the confluence of the
Sacramento and the San Joaquin rivers is less than or equal to 2.64 mmhos/cm. In an effort to
better protect lower American River salmonids that may be adversely affected by changes in
water management intended to achieve compliance with the Delta outflow requirement,
modifications to the current implementation of this requirement should be considered.
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One potential modification is to implement an adaptive water management approach that,
through increased interagency coordination, considers the habitat requirements of upstream
salmonids and achieves required hydrologic conditions in the Delta. For example, if upstream
reservoir releases are anticipated to be increased solely to meet the D-1641 February through
June outflow requirement, then the following three-step procedure should be implemented. This
three-step procedure was based upon, and modified from, information provided by Contra Costa
Water District (Denton 2004 pers. comm.) and the SWRCB (SWRCB 2004).
1. If increased releases from Nimbus Dam are anticipated, then the management agencies
(i.e., NOAA Fisheries, USFWS, and CDFG) should determine whether:
• lower American River salmonids will be at risk in consideration of hydrologic,
operational, and biologic conditions (Appendix A); and
• EWA or CVP Improvement Act (CVPIA) Section 3406 (b)(2) water assets can be
used to avoid anticipated impacts to lower American River salmonids by:
using previously acquired EWA water upstream of the Delta;
using EWA assets to purchase additional water upstream of the Delta to
compensate for foregone water used for export reductions;
making available EWA water assets south of the Delta to Project water
contractors; or
using CVPIA 3406 (b)(2) assets dedicated to the Delta (e.g., export reductions).
2. CVP/SWP operators should then determine if alternative compliance strategies are
feasible, such as the alternatives described below. These alternatives should be
considered separately or in combination, as appropriate.
• The use of EWA or (b)(2) water assets to mitigate for water foregone by CVP/SWP
contractors as a result of the increased uncertainty in forecasting compliance
requirements related to the longer travel times from Shasta (5 days) and Oroville (3
days) reservoirs relative to Folsom Reservoir (1 day).
•

The reduction of Delta exports after a runoff event, as soon as necessary, to continue
meeting outflow compliance during the descending limb of the hydrograph to achieve
the required number of compliance days within a given month. This approach takes
advantage of relatively higher flows into the Delta immediately following the peak of
a runoff event, and thereby minimizes the potential need for greater total volumes of
water released from upstream reservoirs later in the month to achieve outflow
compliance if the hydrograph continued to decline throughout the month.
However, a risk associated with early reduction of Delta exports is that total monthly
CVP exports may be limited by the physical capacity of the Tracy facilities, thereby
potentially reducing total monthly exports and annual CVP deliveries.

•
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As an alternative to reducing Delta exports, increase Delta inflow from Folsom
Reservoir releases after a runoff event, during the descending limb of the hydrograph,
to achieve the required number of compliance days within a given month. This
approach also minimizes the potential need for greater total volumes of water released
from upstream reservoirs later in the month to achieve outflow compliance if the
hydrograph continued to decline throughout the month. Another potential advantage
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of this approach is provision of more stable flows throughout a given month during
the February through June period.
A risk associated with this approach is that Folsom Reservoir storage could be
reduced unnecessarily if: (1) a natural runoff event in the American River Basin
occurred later in the month, which would have provided Delta inflow from Folsom
Reservoir sufficient for compliance without the need of additional inflow; and/or (2)
runoff occurred in the Sacramento River or San Joaquin River basins sufficient to
provide for the needed additional outflow.
3. If alternative compliance strategies are deemed infeasible and actions anticipated to
adversely affect lower American River salmonids cannot be avoided, then the Data
Assessment Team (DAT) and Operations and Fish Forum (OFF) should convene to
develop operational recommendations. Disputes within the joint DAT and OFF group
would be resolved by the Water Operations Management Team (WOMT). Joint DAT
and OFF operational recommendations would be considered by WOMT as alternatives to
historically employed operations (i.e., increased releases from Nimbus Dam) to achieve
compliance with the D-1641 February through June Delta outflow requirement. These
alternatives could consist of modifying Delta outflow compliance by changing the
magnitude of total Delta outflow and/or the number of compliance days required.
Temporary modifications of Delta outflow compliance requirements would be contingent
upon the following approval process (SWRCB 2004). If alternative Delta outflow
compliance strategies are proposed by WOMT, then those alternative compliance
strategies would be effective immediately and would be presented to the Executive
Director of the SWRCB. If the Executive Director does not object to the alternative
compliance strategies within 10 days, these strategies would remain in effect for the
remainder of the given month. Presently, neither the WOMT or the executive director
possess the authority to implement alternative compliance strategies to meet delta water
quality objectives and demands. These recommendations, therefore, promote that this
authority is formally introduced through an amendment to D-1641.
INTEGRATED CVP/SWP OPERATIONAL APPROACH RECOMMENDATION
The second recommendation addresses the need for an integrated CVP/SWP operational
approach to meet Delta water quality objectives and demands, in order to reduce Folsom
Reservoir's role as a "real-time, first response facility,” and thereby minimize impacts on
anadromous salmonids in the lower American River. Utilizing Folsom Reservoir as a "real-time,
first response facility" to meet Delta water quality objectives and demands may result in: (1)
reduced storage and instream flows, particularly during the Chinook salmon adult immigration
and spawning period; (2) reduced interannual carryover storage; and (3) a depleted coldwater
pool, which may limit the ability to manage water temperatures in the lower American River for
juvenile steelhead over summer rearing, and fall-run Chinook salmon spawning.
•
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It is recognized that difficulties are associated with implementing a program that utilizes
releases from Shasta, Oroville, and Folsom reservoirs in order to meet Delta water quality
objectives and demands. Because there is a reservoir-specific lag time for releases to
reach the Delta (i.e., approximately 5 days from Shasta Reservoir, 3 days from Oroville
Reservoir, and 1 day from Folsom Reservoir), the effectiveness of an integrated approach
is limited by the ability of operators to accurately anticipate Delta water quality
objectives and demands. Variable meteorological and tidal conditions influence the
ability to predict the magnitude and timing of releases required to meet water quality
objectives. Nevertheless, the feasibility of developing and implementing a system-wide
program that results in the most efficient utilization of Folsom Reservoir should be
evaluated.

5.0

LOWER AMERICAN RIVER FLOW FLUCTUATION INTERIM
OBJECTIVES

Described below are specific lower American River flow fluctuation interim objectives that, to
the extent possible, should not be compromised because of Delta-related changes in Nimbus
Dam releases.
As previously described, meeting Delta water quality objectives and demands has resulted in
flow fluctuations and potential impacts on anadromous salmonids in the lower American River.
In an effort to minimize potential flow fluctuation impacts associated with meeting Delta water
quality objectives and demands, interim flow fluctuation objectives were developed for the lower
American River. To develop these interim objectives, several documents were reviewed
including Evaluation of Effects of Flow Fluctuations on the Anadromous Fish Populations in the
Lower American River (CDFG 2001) and Biological Opinion on the Effects of the Proposed
Long-Term Operations, Criteria and Plan for the Central Valley Project in Coordination with
Operations of the State Water Project (NOAA Fisheries 2004a). Upon considering: (1) the
separate ramping recommendations stated in CDFG (2001) and NOAA Fisheries (2004a), which
are intended to minimize salmonid fry stranding; and (2) the flow threshold recommendation
stated in CDFG (2001), which is intended to minimize salmonid juvenile isolation, the interim
objectives described below are recommended. The bases for these interim objectives are
presented in Appendix B. To the extent possible, Delta water quality objectives and demands
should not affect release operations from Nimbus Dam in a manner that would compromise these
lower American River flow fluctuation interim objectives.
1. At flow levels ≤ 5,000 cfs, flow reductions should not exceed more than 500 cfs/day, and
not more than 100 cfs/hour. Consistent with NOAA Fisheries (2004a), each year from
January 1 through April 31, Reclamation should coordinate with NOAA Fisheries,
CDFG, and USFWS to implement and fund monitoring in order to estimate the incidental
take of salmonids associated with reductions in Nimbus Dam releases; and
2. Minimize occurrences of flow increases to 4,000 cfs or more, year-round, to minimize
losses of juvenile Chinook salmon and steelhead due to isolation.

DRAFT

PAGE 17

JANUARY 2005

ATTACHMENT 1

6.0

REFERENCES

American River Operations Group (AROG). No date. Summary of Documented Effects to
Lower American River Salmonids Resulting from Nimbus Dam Release Changes
Associated with Meeting Various Delta Demands.
Becker, C. D. and D. A. Neitzel. 1985. Assessment of Intergravel Conditions Influencing Egg
and Alevin Survival During Salmonid Redd Dewatering. Environmental Biology of
Fishes 12:33-46.
Bradford, M.J. 1997. An Experimental Study of Stranding of Juvenile Salmonids on Gravel
Bars and in Sidechannels During Rapid Flow Decreases. Regulated Rivers: Research &
Management 13:395-401.
Bradford, M.J., G.C. Taylor, J.A. Allan, and P.S. Higgins. 1995. An Experimental Study of the
Stranding of Juvenile Coho Salmon and Rainbow Trout During Rapid Flow Decreases
Under Winter Conditions. North American Journal of Fisheries Management 15:473479.
CDFG. No date. Juvenile Chinook Salmon and Steelhead Monitoring Update, Lower American
River, AROG Meeting, April 28, 2004. Data presented by Rob Titus.
CDFG. 2001. Evaluation of Effects of Flow Fluctuations on the Anadromous Fish Populations
in the Lower American River. Stream Evaluation Program Technical Report No. 01-2.
Prepared for U.S. Bureau of Reclamation. November 2001.
Cannon, T.C. and T. Kennedy. 2003. Snorkel Survey of the Lower American River 2003 Draft
Report. Prepared by Fishery Foundation of California. September 2003.
DWR. 2003. Distribution and Habitat Use of Steelhead and Other Fishes in the Lower Feather
River, 1999-2001. Interim Report SP-F10 Task 3a.
Hannon, J., M. Healey, and B. Deason. 2003. American River Steelhead Spawning 2001 – 2003.
December 2003.
Higgins, P.S. and M.J. Bradford. 1996. Evaluation of a Large-scale Fish Salvage to Reduce the
Impacts of Controlled Flow Reduction in a Regulated River. North American Journal of
Fisheries Management 16:666-673.
Hunter, M.A. 1992. Hydropower Flow Fluctuations and Salmonids: A Review of the
Biological Effects, Mechanical Causes, and Options for Mitigation. Washington
Department of Fisheries. Technical Report No. 119. 46 pp.
Jackson, T.A. 1992. Microhabitat Utilization by juvenile Chinook Salmon (Oncorhynchus
tshawytscha) in Relation to Stream Discharges in the Lower American River of
California. Master’s thesis, Oregon State University. July 28, 1992.

DRAFT

PAGE 18

JANUARY 2005

ATTACHMENT 1

Jones & Stokes. 1998. An Evaluation of Stranding and Entrapment on the Lower Yuba River
During a Controlled, Short-term Flow Reduction. Sacramento, CA. Prepared for Yuba
County Water Agency, Marysville, CA.
Lamb, C. 2004. Water Forum, Feds Vie Over River Flow. Sacramento Business Journal.
September 3, 2004.
Leavenworth, S. 2004. Area storms will aid salmon spawn fears of huge fish kills ease as
Folsom Lake water rises and cools in time for annual fall run. Sacramento Bee.
November 7, 2004.
McCullough, D. A. 1999. A Review and Synthesis of Effects of Alterations to the Water
Temperature Regime on Freshwater Life Stages of Salmonids, With Special Reference to
Chinook Salmon. Report No. EPA 910-R-99-010. Seattle, WA: EPA, Region 10.
NOAA Fisheries. 1997. Proposed Recovery Plan for the Sacramento River Winter-Run
Chinook Salmon. Long Beach, CA: National Marine Fisheries Service, Southwest
Region.
NOAA Fisheries. 2000. Draft Biological Opinion for the proposed operation of the CVP and
SWP during the period between December 1999 and March 2000 re: Federally threatened
Central Valley steelhead and threatened Central Valley spring-run Chinook salmon.
January 12, 2000.
NOAA Fisheries. 2001. Biological Opinion on Interim Operations of the Central Valley Projects
and State Water Project Between January 1, 2001, and March 31, 2002. Report No.
SWR-01-SA-5667:BFO. Long Beach: National Marine Fisheries Service, Southwest
Region.
NOAA Fisheries. 2002. Biological Opinion on Interim Operations of the Central Valley Project
and State Water Project Between April 1, 2002 and March 31, 2004. Long Beach:
National Marine Fisheries Service, Southwest Region.
NOAA Fisheries 2004a. Biological Opinion on the Effects of the Proposed Long-Term
Operations, Criteria and Plan for the Central Valley Project in Coordination with
Operations of the State Water Project. Long Beach: National Marine Fisheries Service,
Southwest Region.
NOAA Fisheries 2004b. Supplemental Biological Opinion to the Biological Opinion on Interim
Operations of the Central Valley Project and State Water Project Between April 1, 2002
and March 31, 2004. Long Beach: National Marine Fisheries Service, Southwest Region.
Reclamation. 2002. Lower American River Flow Fluctuation Study Report. Function Analysis
Workshop August 12-16, 2002. November 2002.
Reclamation. No date [a]. Folsom Reservoir Storage and Cold Water Volume 4-year
Comparison (August 9, 2004). Data obtained from R. Yaworsky.

DRAFT

PAGE 19

JANUARY 2005

ATTACHMENT 1

Reclamation. No date [b]. Folsom Reservoir Operations- Nimbus Release Log.
Reiser, D. W. and R. R. Whitney. 1983. Effects of Complete Redd Dewatering on Salmonid
Egg-Hatching Success and Development of Juveniles. Transactions of the American
Fisheries Society 112:532-540.
Surface Water Resources, Inc. (SWRI) 2001. Aquatic Resources of the Lower American River:
Baseline Report. Draft. Prepared for Lower American River Fisheries and Instream
Habitat (FISH) Working Group. February 2001.
State Water Resources Control Board. 2004. Periodic Review of the 1995 Water Quality
Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary.
California Environmental Protection Agency.

Personal Communications
Denton, R. 2004. Contra Costa Water District. Facsimile communication with Leo Winternitz,
Water Forum November 2004.
Healey, M. 2004. California Department of Fish and Game. Email communication with Brian
Ellrott, Environmental Scientist, Surface Water Resources, Inc. October 5, 2004.
Oppenheim, B. 2004.
NOAA Fisheries.
Email communication with Brian Ellrott,
Environmental Scientist, Surface Water Resources, Inc. October 7, 2004.
Van Tran, H. 2004. Western Area Power Administration. Telephone conversation with Brian
Ellrott, Environmental Scientist, Surface Water Resources, Inc. October 5, 2004.
Internet Citations
DWR. Lower American River Water Temperature Data Obtained from the California Data
Exchange Center website. Site last accessed on October 4, 2004: http://cdec.
water.ca.gov/.
Reclamation. Folsom Reservoir Daily Operations Data obtained from Reclamation’s Central
Valley Operations website. Site last accessed October 4, 2004: http://www.usbr/mp/cvo.

DRAFT

PAGE 20

JANUARY 2005

ATTACHMENT 1

Appendix A: Risk Assessment Considerations for Lower American River Water Management during February through June
Risk
Assessment
Hydrologic
Considerations

Fish Protection
Considerations

System
Operation
Considerations

February

March

May

June

1. Precipitation to date
2. Runoff to date
3. Runoff forecast probability (e.g.,
90%, 50%)
4. Degree of confidence in risk
assessment
1. Chinook salmon and steelhead redd
dewatering and redd isolation
2. Chinook salmon and steelhead fry
stranding
3. Steelhead juvenile isolation

1. Precipitation to date
2. Runoff to date
3. Runoff forecast probability (e.g., 90%,
50%)
4. Degree
of
confidence
in
risk
assessment
1. Chinook salmon and steelhead redd
dewatering and redd isolation
2. Chinook salmon and steelhead fry
stranding
3. Steelhead juvenile isolation

1.
2.
3.
4.

Precipitation to date
Runoff to date
Runoff forecast probability (e.g., 90%, 50%)
Degree of confidence in risk assessment

April

1. Precipitation to date
2. Runoff to date
3. Runoff forecast probability (e.g., 90%,
50%)
4. Degree of confidence in risk assessment

1. Precipitation to date
2. Runoff to date
3. Runoff forecast probability (e.g., 90%,
50%)
4. Degree of confidence in risk assessment

1.
2.
3.
4.

Steelhead redd dewatering and redd isolation
Chinook salmon and steelhead fry stranding
Chinook salmon and steelhead juvenile isolation
Coldwater pool availability for steelhead juvenile
over-summer rearing and Chinook salmon adult
fall spawning

1. Steelhead fry stranding
2. Chinook salmon and steelhead juvenile
isolation
3. Coldwater pool availability for steelhead
juvenile over-summer rearing and
Chinook salmon adult fall spawning

1. Flood control
2. Storage
a. Upstream of Folsom Reservoir
b. Folsom Reservoir
c. North CVP
d. Oroville Reservoir
3. Delta water quality objectives at
multiple compliance pointsa
4. Low
hydrologic,
tidal,
and
meteorological forecast certainty
5. Reservoir refill potential (e.g., Folsom
Reservoir has a 50% chance of refill
at
300
TAF
end-of-September
storage)
6. Release lag time to reach Delta (e.g.,
5d from Shasta, 3d from Oroville, 1d
from Folsom)

1. Flood Control
2. Storage
a. Upstream of Folsom Reservoir
b. Folsom Reservoir
c. North CVP
d. Oroville Reservoir
3. Delta water quality objectives at
a
multiple compliance points
4. Moderate hydrologic forecast certainty;
low tidal and meteorological forecast
certainty
5. Reservoir refill potential (e.g., Folsom
Reservoir has a 50% chance of refill at
300 TAF end-of-September storage)
6. Release lag time to reach Delta (e.g.,
5d from Shasta, 3d from Oroville, 1d
from Folsom)

1. Flood Control
2. Storage
a. Upstream of Folsom Reservoir
b. Folsom Reservoir
c. North CVP
d. Oroville Reservoir
3. Delta water quality objectives at multiple
a
compliance points
4. Moderate hydrologic forecast certainty; low tidal
and meteorological forecast certainty
5. Folsom Reservoir release vs. cold water
conservation
6. Reservoir refill potential (e.g., Folsom Reservoir
has a 50% chance of refill at 300 TAF end-ofSeptember storage)
7. Release lag time to reach Delta (e.g., 5d from
Shasta, 3d from Oroville, 1d from Folsom)

1. Steelhead redd dewatering and redd
isolation
2. Steelhead fry stranding
3. Chinook salmon and steelhead juvenile
isolation
4. Coldwater pool availability for steelhead
juvenile over-summer rearing and
Chinook salmon adult fall spawning
1. Flood Control
2. Storage
a. Upstream of Folsom Reservoir
b. Folsom Reservoir
end-of-September carryover
coldwater pool
c. North CVP
d. Oroville Reservoir
3. Delta water quality objectives at multiple
a
compliance points
4. High hydrologic forecast certainty; low
tidal
and
meteorological
forecast
certainty
5. Folsom Reservoir release vs. cold water
conservation
6. Release lag time to reach Delta (e.g., 5d
from Shasta, 3d from Oroville, 1d from
Folsom)

1. Storage
a. Folsom Reservoir
end-of-September carryover
end-of-September
coldwater
pool
b. North CVP
c. Oroville Reservoir
2. Delta water quality objectives at multiple
a
compliance points
3. High hydrologic forecast certainty; low
tidal
and
meteorological
forecast
certainty
4. Folsom Reservoir release vs. cold water
conservation
5. Releases upstream of Folsom Reservoir
6. Release lag time to reach Delta (e.g., 5d
from Shasta, 3d from Oroville, 1d from
Folsom)

List of Acronyms and Abbreviations:
CVP = Central Valley Project; d = day; TAF = Thousand Acre Feet
a
Please refer to State Water Resources Control Board Water Right Decision 1641 for specific water quality objectives.
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APPENDIX B: BASES FOR LOWER AMERICAN RIVER FLOW
FLUCTUATION INTERIM OBJECTIVES
Information from CDFG (2001) and NOAA Fisheries (2004a) was reviewed to develop the
lower American River flow fluctuation interim objectives.
CDFG (2001) stated the following recommendations for the operation of Folsom Reservoir:
1. Ramping rates should not exceed 100 cfs per hour when flows are ≤ 4,000 cfs;
2. Flow increases to 4,000 cfs or more should be avoided during critical rearing periods
(January-July for YOY salmon and steelhead and October-March for yearling steelhead
and non-natal rearing winter-run Chinook salmon) unless they can be maintained
throughout the entire period; and,
3. Flow fluctuations that decrease flow below 2,500 cfs during critical spawning periods
should be precluded: October-December for chinook (sic) salmon and December-May
for steelhead.
Although CDFG (2001) contained much descriptive information, development of the 4,000 cfs
flow threshold recommendation was not fully described. Further studies may be required in
order to more completely understand how salmonids may be affected by flow fluctuations in the
lower American River. Concurrent with providing flow recommendations intended to protect
salmonids in the lower American River, CDFG (2001) also acknowledges that their
recommendations should be further validated (Page 48): “A high resolution survey of the
morphology of the lower American River should be conducted and integrated with hydrology to
enable specific siting of locations controlling inundation of potential isolation areas as a
function of flow.”
In NOAA Fisheries (2004a), flow ramping criteria for the lower American River are stated
(Table 1).
Table 1. Lower American River flow ramping criteria, as presented in NOAA Fisheries
(2004a), titled Biological Opinion on the Effects of the Proposed Long-Term Operations,
Criteria and Plan for the Central Valley Project in Coordination with Operations of the State
Water Project (SWP).
Lower American River Daily
Rate of Flow Change (cfs)
20,000 to 16,000
16,000 to 13,000
13,000 to 11,000
11,000 to 9,500
9,500 to 8,300
8,300 to 7,300
7,300 to 6,400
6,400 to 5,650
5,650 to 5,000
< 5,000
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Amount of Flow Decrease in
24 hrs (cfs)
4,000
3,000
2,000
1,500
1,200
1,000
900
750
650
500
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Maximum Flow Change Per
Step (cfs)
1,350
1,000
700
500
400
350
300
250
250
100
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The ramping criteria presented in Table 1 apply (Page 223) … “During periods outside of flood
control operations and to the extent controllable during flood control operations.” NOAA
Fisheries (2004a) provides further detail by stating (Page 224):
From January 1 through April 31 each year, Reclamation must coordinate with
NOAA Fisheries, DFG, and FWS to implement and fund monitoring of steelhead
egg and juvenile stranding or dewatering events in order to estimate the
incidental take associated with flow reductions in this time period from Nimbus
Dam to the American River. All efforts shall be made to minimize dewatering of
steelhead redds or adverse effects to incubating eggs, fry or juveniles.
Supporting documentation or rationale for the ramping criteria described above was not included
in NOAA Fisheries (2004a) or in preceding OCAP biological opinions (NOAA Fisheries 2000,
2001, 2002, 2004b). However, communications with NOAA Fisheries indicate that the ramp
down rates were based on consultations with Reclamation, and were intended to minimize the
stranding and isolation of steelhead fry (Oppenheim 2004 pers. comm.).
Operating Nimbus Dam releases to the lower American River according to the ramping criteria
in NOAA Fisheries (2004a) would require nine days to decrease releases from 20,000 cfs to
5,000 cfs. Such extended periods of ramp down from high releases could potentially affect water
storage and coldwater pool availability subsequent to the ramp down event. These potential
effects to water storage and coldwater pool availability in Folsom Reservoir could impact the
flexibility and management of water temperatures in the lower American River in the summer
and fall, potentially causing adverse impacts, in the form of thermal stress, to juvenile steelhead
rearing during the summer and Chinook salmon spawning during the fall.
The ramping criteria stated in NOAA Fisheries (2004a) for flow levels below 5,000 cfs are more
rigorous than the ramping criteria proposed by CDFG (2001). NOAA Fisheries (2004a) limits
ramp down rates to no more than 100 cfs/hour and no more than 500 cfs/day, whereas CDFG
(2001) recommends flow reductions of no more than 100 cfs/hour with no specific daily
maximum. Because CDFG (2001) does not specify a daily maximum reduction in flows, lower
American River flows could be decreased by up to 2,400 cfs/day. Therefore, the more restrictive
ramping criteria presented in NOAA Fisheries (2004a) were selected as interim objectives for
flows ≤ 5,000 cfs (Section 5.0).
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