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observations of a few hundred adults returning to spawn in the American River each year.
Limited observations made in 2003, 2004, 2005, and 2007 of whether in-river spawners were
adipose fin-clipped or not indicate that some in-river spawners are of wild origin (Hannon and
Deason 2008). This suggests that the listed stock has some ability to survive habitat conditions
in the American River, Delta, and Ocean, even in their degraded state as described in preceding
sections of this Opinion.

The in-river population is likely entirely made up of Nimbus Fish Hatchery steelhead or their
descendents. Early Nimbus Fish Hatchery broodstock included naturally produced fish from the
American River and stocks from the Washougal (Washington), Siletz (Oregon), Mad, Eel,
Sacramento and Russian rivers, with the Eel River stock being the most heavily used (Staley
1976, McEwan and Jackson 1996).

Even though the American River steelhead population is small and is entirely influenced by
hatchery fish with out-of-basin genetics, NMFS views the population as being important to the
survival and recovery of the species. CV TRT shares this view by recommending that, “every
extant population be viewed as necessary for the recovery of the ESU” (Lindley et al., 2007). In
addition, the steelhead population has presumably become somewhat locally adapted to the
American River, and it has potential to substantially contribute to the viability of the DPS if
water, habitat, and hatchery management efforts are coordinated and directed at achieving such a
goal.

Key proposed project-related stressors include: (1) the provision of water temperatures warmer
than steelhead life stage-specific requirements; (2) flow fluctuations that dewater redds, strand
fry, and isolate fry and juveniles in off-channel pools where they are vulnerable to both predation
and exposure to lethal and sub-lethal water temperatures; and (3) low flows limiting the
availability of quality rearing habitat including predator refuge habitat.

The most influential baseline stressor to steelhead within the American River Division is the
presence of Nimbus and Folsom dams, which block steelhead from all of their historic spawning
and rearing habitat. This Opinion concludes that both increased water demands and effects of
climate change will lead to further deterioration of suitable habitat conditions, including
increased temperatures and decreased flows. Therefore, a passage program to expand the range
of the American River steelhead population above Folsom Dam is necessary. If feasible,
American River steelhead should be provided access to their full historic range. Given the long-
term duration associated with the fish passage actions (see Fish Passage Program below, in
Action V), it is necessary to plan and implement actions targeted at improving steelhead habitat
below Nimbus Dam. NMFS concludes that coordinated management in four realms - water
operations and associated structures, American River habitat, Nimbus Fish Hatchery operations,
and in-river harvest — will substantially lower the extinction risk of American River steelhead

Action I1.1. Lower American River Flow Management

Objective: To provide minimum flows for all steelhead life stages.

612



Action: Implement the flow schedule specified in the Water Forum’s2® Flow Management
Standard (FMS), which is summarized in Appendix 2-D of this Opinion. The FMS flow
schedule has been developed by the Water Forum, Reclamation, USFWS, NMFS, and CDFG
in order to establish required minimum flows for anadromous salmonids in the lower
American River. The flow schedule specifies minimum flows and does not preclude
Reclamation from making higher releases at Nimbus Dam.

Reclamation shall ensure that flow, water temperature, steelhead spawning, and steelhead
rearing monitoring is conducted annually in order to help inform the ARG process and to
evaluate take associated with flow fluctuations and warm water temperatures. Steelhead
monitoring surveys should follow the objectives and protocols specified in the FMS
Monitoring and Evaluation Program relating to steelhead spawning and rearing.

Implementation procedures: Reclamation shall convene the American River Group
(ARG), comprised of representatives from Reclamation, NMFS, USFWS, CDFG and the
Water Forum, to make recommendations for management within the constraints of the FMS.
If there is a lack of consensus, ARG shall advise NMFS, and NMFS will make a
recommendation to the WOMT for a decision.

Rationale: Reclamation operates Folsom Dam and Reservoir to provide water for irrigation,
municipal and industrial uses, hydroelectric power, recreation, water quality, flood control,
and fish protection. Reclamation operates Folsom Dam and Reservoir under a state water
right permit and fish protection requirements that were adopted in 1958 as SWRCB Decision
893 (D-893). This decision allows flows at the mouth of the American River to fall as low as
250 cfs from January through mid-September, with a minimum of 500 cfs required between
September 15 and December 31.

Biological, socioeconomic, legal, and institutional conditions have changed substantially
since the SWRCB adopted D-893 in 1958. For example, D-893 does not address
requirements of the CVPIA, the 1995 Bay Delta Plan, or previous Opinions to protect Central
Valley anadromous salmonids. The SWRCB, Reclamation and many diverse stakeholders
(e.g., Water Forum) involved in various American River actions have agreed that the
conditions specified in D-893 are not sufficiently protective of the fishery resources within
the lower American River.

The flow schedule specified in Appendix 2-D was developed to require more protective
minimum flows in the lower American River in consideration of the river’s aquatic
resources, particularly steelhead and fall-run.

The monitoring called for in this RPA action including flow, water temperature, steelhead
spawning, and steelhead rearing monitoring is necessary for the ARG to responsibly carry

29 1n September 1993, the Water Forum, a diverse group of business and agricultural leaders, citizens groups, environmentalists,
water managers, and local governments in the Sacramento Region, was formed to evaluate water resources and future water
supply needs of the Sacramento metropolitan region.
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out this mission. In addition, this monitoring is necessary to evaluate take associated with
American River Division operations.

Action 11.2. Lower American River Temperature Management

Objective: Maintain suitable temperatures to support over-summer rearing of juvenile
steelhead in the lower American River.

Action: Each year, Reclamation shall prepare a draft Operations Forecast and Temperature
Management Plan based on forecasted conditions and submit the draft Plan to NMFS for
review by May 1 of each year. The information provided in the Operations Forecast will be
used in the development of the Temperature Plan. The draft plan shall contain: (1) forecasts
of hydrology and storage; (2) a modeling run or runs, using these forecasts, demonstrating
that the temperature compliance point can be attained (see Coldwater Management Pool
Model approach in Appendix 2-D); (3) a plan of operation based on this modeling run that
demonstrates that all other non-discretionary requirements are met; and (4) allocations for
discretionary deliveries that conform to the plan of operation. Reclamation shall use an
iterative approach, varying proposed operations, with the objective to attain the temperature
compliance point at Watt Avenue Bridge. Within ten calendar days of receiving the draft
Temperature Plan, NMFS will provide a written review of this plan for the purpose of
determining whether requirements in this Opinion are likely to be met. Reclamation shall
produce a final plan prior to May 15 deliveries and implement the plan upon finalization.
Reclamation may update the plan every month based on hydrology and must seek NMFS’
concurrence on proposed deviations from the plan that may reduce the likelihood that the
temperature objective will be met.

Temperature Requirement: Reclamation shall manage the Folsom/Nimbus Dam complex
and the water temperature control shutters at Folsom Dam to maintain a daily average water
temperature of 65°F or lower at Watt Avenue Bridge from May 15 through October 31, to
provide suitable conditions for juvenile steelhead rearing in the lower American River. If
this temperature is exceeded for three consecutive days, or is exceeded by more than 3°F for
a single day, Reclamation shall notify NMFS in writing and will convene the ARG to make
recommendations regarding potential cold water management alternatives to improve water
temperature conditions for fish, including potential power bypasses. If there is a lack of
consensus on actions to be taken, the ARG shall advise NMFS and be elevated through the
WOMT standard operating procedures.

Exception: When preparing the Operations Forecast and Temperature Management Plan,
Reclamation may submit to NMFS a written determination that, after taking all actions
within its authorities, it is unlikely to meet the above temperature requirement. This
determination must be supported by specific iterative modeling techniques that vary
allocations and delivery schedules such as application of the Coldwater Management Pool
model (see Appendix 2-D). In the event that Reclamation determines that other
nondiscretionary requirements (e.g., D-1641 or requirements of the USFWS’ Delta smelt
biological opinion) conflict with attainment of the temperature requirement, Reclamation will
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convene the ARG to obtain recommendations. If consensus cannot be achieved within the
ARG, the ARG shall advise NMFS, and NMFS will make a recommendation to the WOMT,
per standard operating procedures.

During the May 15 to October 31 period, when the 65°F temperature requirement cannot be
met because of limited cold water availability in Folsom Reservoir, then the target daily
average water temperature at Watt Avenue may be increased incrementally (i.e., no more
than one degree Fahrenheit every 12 hours) to as high as 68°F.

The priority for use of the lowest water temperature control shutters at Folsom Dam shall be
to achieve the water temperature requirement for steelhead, and thereafter may also be used
to provide cold water for fall-run spawning.

Rationale: As demonstrated in section 6.4 of this Opinion, steelhead are frequently exposed
to water temperatures warmer than required for juvenile rearing, resulting in reduced fitness
as is evident through the expression of visible thermal stress symptoms (i.e., bacterial
inflammations). This thermal stress decreases steelhead immune system function and
increases steelhead vulnerability to other sources of sub-lethal and lethal effects such as
disease and predation. Monitoring of juvenile steelhead conducted by CDFG showed that
bacterial inflammation was prevalent in steelhead throughout the river and the frequency of
its occurrence increased as the duration of exposure to water temperatures over 65°F
increased. The 65°F or lower daily average water temperature target was identified based on
CDFG’s monitoring as well as published scientific literature. Based on past convention of
the ARG, the temperature compliance point is maintained at Watt Avenue Bridge, even
though suitable rearing habitat is between Watt Avenue and Nimbus Dam.

Action 11.3. Structural Improvements

Objective: Improve the ability to manage the cold water pool to provide suitable
temperatures for listed fish through physical and structural improvements at the dams.

Action: Reclamation shall evaluate physical and structural modifications that may improve
temperature management capability, as detailed below. Upon completion of the evaluation,
Reclamation shall select the most promising projects and shall submit, by June 30" 2010, a
proposed plan to NMFS to implement selected projects. Reclamation shall seek NMFS’
concurrence that the proposed projects are likely to be effective in reducing adverse effects of
warm water temperatures on listed fish. With NMFS’ concurrence, Reclamation shall
implement selected projects by December 15, 2012.

Modifying the following structures may substantially improve the ability to manage
temperature in the Lower American River to reduce adverse effects of unsuitably warm water
on listed species. The comparative benefits and costs of alternative modifications that will
achieve objectives have not been fully analyzed. Reclamation shall analyze alternatives for
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APPENDIX 2-D - SUMMARY OF AMERICAN RIVER FLOW
MANAGEMENT STANDARD

SUMMARY OF THE FLOW MANAGEMENT STANDARD PROGRAM

FOR THE LOWER AMERICAN RIVER

1.0 FLOW MANAGEMENT STANDARD DESCRIPTION

The Flow Management Standard (FMS) for the Lower American River includes provisions for: (1)
minimum flow and water temperature requirements; (2) the lower American River Group (ARG) to play a
consultative role in operational decisions; and (3) monitoring and evaluation to ascertain the biological
and ecological status of the river, and to provide input into the river management process.

1.1 MINIMUM FLOW REQUIREMENTS

The Minimum Flow Requirements prescribe the minimum flows to be released from Nimbus Dam, and
are the cornerstone of the FMS. The Minimum Flow Requirements do not preclude Reclamation from
making higher releases at Nimbus Dam, and can vary throughout the year in response to the hydrology of
the Sacramento and American river basins.

Minimum Release Requirements

The Minimum Release Requirements (MRR) range from 800 to 2,000 cfs based on a sequence of
seasonal indices and adjustments. The minimum Nimbus Dam release requirement is determined by
applying the appropriate water availability index (Index Flow). Three water availability indices (i.e., Four
Reservoir Index (FRI), Sacramento River Index (SRI), and the Impaired Folsom Inflow Index (IFII)) are
applied during different times of the year, which provides adaptive flexibility in response to changing
hydrological and operational conditions.

During some months, Prescriptive Adjustments may be applied to the Index Flow, resulting in the MRR.
If there is no Prescriptive Adjustment, the MRR is equal to the Index Flow.

Discretionary Adjustments for water conservation or fish protection may be applied during the period
extending from June through October. If Discretionary Adjustments are applied, then the resultant flows
are referred to as the Adjusted Minimum Release Requirement (Adjusted MRR).

The MRR and Adjusted MRR may be suspended in the event of extremely dry conditions, represented by
“conference years” or “off-ramp criteria”. Conference years are defined when the projected March
through November unimpaired inflow into Folsom Reservoir is less than 400,000 acre-feet. Off-ramp
criteria are triggered if forecasted Folsom Reservoir storage at any time during the next twelve months is
less than 200,000 acre-feet.

Water availability indices, Index Flows, Prescriptive Adjustments, MRRs, Discretionary Adjustments,
and Adjusted MRRs are presented in Table 1.

APPENDIX 2-D - Lower American River 1
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Table 1. Flow Management Standard Indices and Flow Requirements
Adjusted
Minimum Minimum
Release Release
Index Flows Requirements Discretionary Requirements
Month Index (cfs) Prescriptive Adjustments (cfs) Adjustments (cfs)
October FRI 800-1,500 NA 800-1,500 Fish Protection 1,250- 1,499
Adjustment
November FRI 800-2,000 Spawning Flow Progression 800-2,000 NA
December FRI 800-2,000 NA 800-2,000 NA
SRI
If Above Normal or Wet Year (SRI 1,750 . NA
>15.7 MAF) then release 1,750 cfs December End-of-Month Storage Adjustment
If Dry or Below SI\II{;rmal Year (102 When End-Of-December Storage is < 300 TAF,
' - the MRR is 85% of D ber MRR -
January < SRI < 15.7 MAF) then maintain 800-1,750 en January is 85% of December 800-1,750 NA
December MRR up to 1,750 cfs
If Critical Year (SRI <102 MAF) |, —o o ¢ NA NA
then red MRR MRR, but not
eh reduce less than 800
SRI
If Above Normal or Wet Year (SRI 1,750 January End-of-Month Storage Adjustment NA
>15.7 MAF) then release 1,750 cfs
SRI When End-Of-January Storage is < 350 TAF,
If Dry or Below Normal Year (10.2 then February MRR is 85% of January MRR
February < SRI < 15.7 MAF) then maintain 800-1,750 800-1,750 NA
January MRR up to 1,750 cfs
SRI ]am?aSrA) Ic\)/fIRR
If Critical Year (SRI <10.2 MAF) Y ! NA NA
then reduce MRR but not less
en reduee than 800
May End-of-Month Storage Adjustment
March When Calculated End-Of-May storage is <700
through May IFII 800-1,750 TAF, 800-1,750 NA
then IFII Index Flow or February MRR,
whichever is less
September End-of-Month Storage Adjustment
June though Water Conservation or
l]ialejor g;g IFII 800-1,750 When Calculated End-Of-September storage is 800-1,750 Fish Protection 1,500-1,749
y < 300 TAF, then IFII Index Flow or Calculated Adjustment
Storage-Based Flow, whichever is less
Post-Labor ]lir;ebg;rlgzgh Fish Protection
Day through IFII Y NA 800-1,500 . 1,250-1,499
MRR, but not Adjustment
September 30
more than
Lower American River 2
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Table 1.

Flow Management Standard Indices and Flow Requirements

Adjusted
Minimum Minimum
Release Release
Index Flows Requirements Discretionary Requirements
Month Index (cfs) Prescriptive Adjustments (cfs) Adjustments (cfs)
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Water Availability Indices and Other Definitions

Four Reservoir Index

The FRI is an index of the end-of-September combined carryover storage in Folsom, French
Meadows, Hell Hole, and Union Valley reservoirs and is used to calculate the Index Flow for
October through December.

Sacramento River Index

The SRI is an index of forecasted water year runoff for the Sacramento River Basin, and is used
to calculate the Index Flow for the months of January and February.

Impaired Folsom Inflow Index

The IFIl is an index of the forecasted volume of flow into Folsom Reservoir from May through
September, and is used to calculate the Index Flow from March through September.

Index Flows

Index Flows are the initial flows (nominal flows) identified by application of the various water
availability indices, and are subject to Prescriptive and Discretionary Adjustments, which result in
Minimum Release Requirements (defined below). Year-round water availability indices and
corresponding Index Flows are presented in Figure 2. The October 1 through December 31
Index Flows range between 800 and 2,000 cfs. The January 1 through Labor Day Index Flows
range between 800 and 1,750 cfs. The post-Labor Day through September 30 Index Flows range
between 800 and 1,500 cfs.

Lower American River 4
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Figure 2. Index Flow Requirements
Prescriptive Adjustments

The FMS includes five Prescriptive (non-discretionary) Adjustments to the Index Flows in
consideration of Folsom Reservoir storage and water conservation.

e Chinook Salmon Spawning Flow Progression Adjustment
e December End-of-Month Storage Adjustment

e January End-of-Month Storage Adjustment

e May End-of-Month Storage Adjustment

e September End-of-Month Storage Adjustment

When Prescriptive Adjustments are applicable, the MRR is equal to the value that results from
applying the given adjustment to the Index Flow. When Prescriptive Adjustments are not
applicable, the MRR is equal to the Index Flow.

Discretionary Adjustments

Two types of discretionary adjustments are possible: (1) water conservation; and (2) fish
protection. A water conservation Discretionary Adjustment may be implemented in consideration
of Folsom Reservoir storage, but will not be permitted if it would be likely to cause or exacerbate
harmful water temperature-related impacts to rearing juvenile steelhead or spawning fall-run
Chinook salmon. Fish protection includes conservation of remaining cold water reserves, taking
into account effects of the Discretionary Adjustment on in-river water temperature and habitat.

Overview of the Coldwater Pool Management Model and the
Automated Temperature Selection Procedure

Coldwater Pool Management Model

Flexibility to meet the Flow Management Standard (FMS) water temperature objectives may be
promoted by using the Coldwater Pool Management Model (CPMM) in the development and
updating of the Annual Water Temperature Management Plan. The CPMM may be used to select
the most beneficial seasonal target temperature objectives for the lower American River during a
given year. Selection of seasonal water temperatures is:

O Characterized by the rate and duration with which available cold water will be released
from Folsom Reservoir to control water temperatures

U Based on the biological benefit expected from controlling lower American River water
temperatures

O Limited by the amount of cold water available in Folsom Reservoir.

The CPMM requires:

Lower American River 5
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Initial reservoir conditions (i.e., profiles of water temperature, total dissolved solids, and
suspended solids)

Hydrologic time series data of projected North and South Forks of the American River
inflow to Folsom Reservoir

Reservoir evaporation and river heat gain

Meteorological data

Folsom Reservoir operation data (Folsom Dam releases and Folsom Pumping Plant
diversion)

oo O O

Automated Temperature Selection Procedure

The Folsom Reservoir and lower American River water temperature models are utilized in an
iterative manner referred to as the Automated Temperature Selection Procedure (ATSP). The
ATSP operates the reservoir and river water temperature models with the objective of achieving
monthly target water temperatures in the lower American River at Watt Avenue, and is designed
to aid in the planning and achievement of general management objectives for the lower American
River.

Seasonal Priorities/Automated Temperature Selection Procedure Schedules

The ATSP involves the use of multiple target water temperature schedules for the lower
American River at Watt Avenue. The “schedule” approach was developed with the purpose of
balancing the seasonal use of Folsom Reservoir’s coldwater availability, which varies from year
to year. The prioritization order of the target temperature schedules for the FMS reflects the
desire to protect juvenile steelhead over-summer rearing while balancing the needs of fall-run
Chinook salmon spawning, given the constraints of coldwater pool availability at Folsom
Reservoir.

A schedule of water temperatures, for May through November, is specified as the preferred
schedule of monthly water temperature targets. Because Folsom Reservoir water temperatures are
not isothermal during the May through November period, ATSP water temperature targets are
achieved through choice of reservoir level from which releases are drawn. If the preferred
schedule cannot be achieved with the available release level choices, the procedure cycles to a
second, slightly less preferred schedule of water temperatures. If the second schedule cannot be
met, the procedure continues through a series of schedules, arranged by declining preference,
until a schedule of targets is met for that year.

Table 1 presents the ATSP schedule developed with the purpose of balancing the seasonal use of
Folsom Reservoir’s coldwater availability prioritized to protect juvenile steelhead over-summer
rearing while balancing the needs of fall-run Chinook salmon spawning. If desirable, an
alternative schedule could be developed. Schedule #1 has the most beneficial application of
coldwater for conditions when sufficient coldwater is available for Folsom Reservoir releases
during the May though November period. Schedule #78 has the least desirable application for
fisheries benefits relative to other schedules, but may be the only achievable schedule during
years of extremely limited coldwater pool availability in Folsom Reservoir. The monthly May
through November targets are varied incrementally, to reduce and shift the amount of coldwater
released during the summer months, to achieve the balanced management objectives for steelhead
and fall-run Chinook salmon. In Table 1, the cells highlighted in yellow indicate changes in water
temperature targets for a given month and schedule, as compared to the previous schedule.
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There are no water temperature targets for the months of December through April. During these
months of the year, Folsom Reservoir is typically well-mixed and the water column is nearly
isothermal with depth. For this reason and because ambient air temperatures are sufficient to
maintain suitable water temperatures for steelhead and fall-run Chinook salmon in the lower
American River, water temperature targets are not identified for the December through April

period.

Table 1. Automated Temperature Selection Procedure Schedules.

Lower American River Water Temperature Targets at Watt Avenue (°F)

Schedule May Jun Jul Aug Sep Oct Nov
1 63 63 63 63 63 56 56
2 63 63 63 63 63 57 56
3 63 63 63 63 63 58 56
4 63 63 63 63 63 59 56
5 63 63 63 63 63 60 56
6 63 63 63 63 63 60 57
7 63 63 63 63 63 60 58
8 63 63 64 63 63 60 58
9 63 63 64 64 63 60 58
10 63 63 64 64 64 60 58
11 63 64 64 64 64 60 58
12 64 64 64 64 64 60 58
13 64 64 65 64 64 60 58
14 64 64 65 65 64 60 58
15 64 64 65 65 65 60 58
16 64 65 65 65 65 60 58
17 65 65 65 65 65 60 58
18 65 65 65 65 65 61 58

Lower American River
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Lower American River Water Temperature Targets at Watt Avenue (°F)

Schedule May Jun Jul Aug Sep Oct Nov
19 65 65 65 65 65 62 58
20 65 65 65 65 65 63 58
21 65 65 65 65 65 64 58
22 65 65 65 65 65 65 58
23 65 65 65 65 65 65 59
24 65 65 66 65 65 65 59
25 65 65 66 66 65 65 59
26 65 65 66 66 66 65 59
27 65 66 66 66 66 65 59
28 66 66 66 66 66 65 59
29 66 66 67 66 66 65 59
30 66 66 67 67 66 65 59
31 66 66 67 67 67 65 59
32 66 67 67 67 67 65 59
33 67 67 67 67 67 65 59
34 67 67 68 67 67 65 59
35 67 67 68 68 67 65 59
36 67 67 68 68 68 65 59
37 67 68 68 68 68 65 59
38 68 68 68 68 68 65 59
39 68 68 68 68 68 66 59
40 68 68 68 68 68 67 59
41 68 68 68 68 68 68 59
42 68 68 69 68 68 68 59

Lower American River
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Lower American River Water Temperature Targets at Watt Avenue (°F)

Schedule May Jun Jul Aug Sep Oct Nov
43 68 68 69 69 68 68 59
44 68 68 69 69 69 68 59
45 68 69 69 69 69 68 59
46 69 69 69 69 69 68 59
47 69 69 69 69 69 69 59
48 69 69 69 69 69 69 60
49 69 69 70 69 69 69 60
50 69 69 70 70 69 69 60
51 69 69 70 70 70 69 60
52 69 70 70 70 70 69 60
53 70 70 70 70 70 69 60
54 70 70 70 70 70 70 60
55 70 70 70 70 70 70 61
56 70 70 71 70 70 70 61
57 70 70 71 71 70 70 61
58 70 70 71 71 71 70 61
59 70 71 71 71 71 70 61
60 71 71 71 71 71 70 61
61 71 71 71 71 71 71 61
62 71 71 71 71 71 71 62
63 71 71 72 71 71 71 62
64 71 71 72 72 71 71 62
65 71 71 72 72 72 71 62
66 71 72 72 72 72 71 62
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Lower American River Water Temperature Targets at Watt Avenue (°F)
Schedule May Jun Jul Aug Sep Oct Nov
67 72 72 72 72 72 71 62
68 72 72 72 72 72 72 62
69 72 72 72 72 72 72 63
70 72 72 72 72 72 72 64
71 72 72 72 72 72 72 65
72 72 72 72 72 72 72 66
73 72 72 72 72 72 72 67
74 72 72 72 72 72 72 68
75 72 72 72 72 72 72 69
76 72 72 72 72 72 72 70
77 72 72 72 72 72 72 71
78 72 72 72 72 72 72 72
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