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Acronyms and Abbreviations

APE Area of Potential Effects

AR At Risk

ARC Aquatics Resource Committee

ACSR Aluminum Conductor Steel Reinforced

ATV all-terrain vehicles

BPA Bonneville Power Administration

BIBI Benthic Invertebrate Index of Biological Integrity
°C Degrees Celsius

cfs cubic feet per second

CFU colony-forming unit

City City of Everett

CO, Carbon dioxide

CRG Cultural Resources Group

CWA Clean Water Act

CWD Coarse Woody Debris

CZMA Coastal Zone Management Act

DAHP Washington Department of Archaeology and Historic Preservation
dbh diameter at breast height

DC direct current

District Public Utility District No. 1 of Snohomish County, Washington
DNR Washington Department of Natural Resources
DO Dissolved Oxygen

DPS Distinct Population Segment

EA Environmental Assessment

Ecology Washington Department of Ecology

EFH Essential Fish Habitat

EPA Environmental Protection Agency

ESA Endangered Species Act

ESU Evolutionarily Significant Unit

FERC Federal Energy Regulatory Commission

FLA Final License Application

FPA Forest Practices Act

FPR Forest Practices Rules

FR Forest Road

Ha Hectares

HCP Habitat Conservation Plan

HEP Habitat Evaluation Procedure

HGMP Hatchery Genetic Management Plan

HMI human-machine interface
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hp

HPMP
HSI
HSRG

Hz

I-5

IAC

IEP
IHA/RVA
ILP

Joint Agencies

kv
kW

National Register

horsepower

Historic Properties Management Plan

Habitat Suitability Index

Hatchery Scientific Review Group

hertz

Interstate 5

Interagency Committee for Outdoor Recreation

Interpretation and Education Program

Indicators of Hydrologic Alteration/Range of Variability Analysis
Integrated Licensing Process

Washington Department of Fish and Wildlife, National Marine
Fisheries Service, and Tulalip Tribes

kilovolt

Kilowatt

Kilowatt hours

Lake-successional reserve

Large Woody Debris

million gallons per day

Milligrams per Liter

Millimeters

Marbled Murrelet Habitat Protection Plan
Mapped Owl Conservation Area
Main Plant Controller
Magnuson-Stevens Act

mean sea level

megavolt amperes

Megawatt

average megawatts

Megawatt hour

National Register of Historic Places

NEPA National Environmental Policy Act
NF North Fork Sultan River

NFS National Forest System

NGO non-governmental organization
NHPA National Historic Preservation Act
NMFS National Marine Fisheries Service
NPF not properly functioning

NR National Register

NRCA Natural Resources Conservation Area
NTU nephelometric turbidity units

NWMP Noxious Weed Management Plan
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OMP Operations and Maintenance Program
OR Operational Reach

PAD Pre-Application Document

PCE Primary Constituent Element

PFMC Pacific Fisheries Management Council
PFC Properly Functioning Condition

PFR Process Flow Release

PHS Priority Habitats and Species

PK-ML Pilchuck Mainline

PLC Programmable logic controls

PLP Preliminary License Proposal
PM&E/PME Protection, mitigation and enhancement
PNCA Pacific Northwest Coordination Agreement
PR Process Reach

Project Henry M. Jackson Project

PUD Public Utility District

Qbf bankfull flow

REA Ready for environmental analysis

RM River Mile

RMAP Road Maintenance and Abandonment Plan
ROW Right-of-Way

rpm revolutions per minute

RRMP Recreation Resources Management Plan
RSP Revised Study Plan

RSUAP Recreation Sites Use Areas Program
SCADA Supervisory Control Data Acquisition
SCE side channel enhancement

SD Scoping Document

SF South Fork Sultan River

SHPO State Historic Preservation Officer
SLRFP Spada Lake Recreational Fishery Plan
SSTEMP Stream Segment Temperature Model
TCP Traditional Cultural Properties

TDG total dissolved gas

TDS total dissolved solids

TP total phosphorus

TPH total petroleum hydrocarbons

TRMP Terrestrial Resource Management Plan
TU Temperature Units

USFS United States Forest Service

USFWS United States Fish and Wildlife Service
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USGS United States Geological Survey

WAC Washington Administrative Code

WC Williamson Creek

WDFW Washington Department of Fish and Wildlife
WDG Washington Department of Game

WHMP Wildlife Habitat Management Plan

WNHP Washington’s Natural Heritage Program

WR Plan Whitewater Recreation Plan

WTC Water Temperature Conditioning

WUA Weighted Usable Area
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EXECUTIVE SUMMARY

The Henry M. Jackson Project (Project) is located on the Sultan River, approximately 24
miles east of Everett, Washington, in south central Snohomish County. The Project has
an installed capacity of 111.8 megawatts (MW). Project facilities currently include
Spada Lake (the Project reservoir), Culmback Dam, the power conduit and Powerhouse,
the Lake Chaplain pipeline, Portal 2 structure, the City of Everett’s (City’s) Diversion
Dam, the Diversion Dam tunnel and pipeline from Lake Chaplain to a new minimum
flow discharge structure, and a 1-mile-long transmission line extending from the power
plant switchyard to the Lake Chaplain Substation. The Jackson Project is operated to
provide water for municipal water supply, minimum instream flows to protect aquatic
resources, power supply, and incidental winter flood storage.

The current license for the Project expires on May 31, 2011. The Snohomish County
Public Utility District (District) and the City are co-licensees during the current license
term; however, the District will be the sole licensee during the new license term. The
District has followed the Commission’s Integrated Licensing Process (ILP). The District
filed a Pre-Application Document (PAD) on December 1, 2005, outlining existing
information about the Project and providing the basis for the scoping process. During
scoping, the District and stakeholders identified several resource issues associated with
the Project. The District consulted with the stakeholders to develop plans for 22
technical studies targeting Project operations; geomorphology; water resources; fisheries;
noxious weeds; wildlife habitat; rare, threatened, and endangered species; recreation; and
cultural resources. Studies were conducted between 2006 and 2009. The District used
the results of these studies and stakeholder consultation to develop a Preliminary
Licensing Proposal (PLP), which was filed with the Commission on December 31, 2008.
Stakeholder comments on the PLP and comments received from continuing consultation
have been incorporated into the Final License Application (FLA), including this Exhibit
E, which is being filed with the Commission on May 29, 2009.

This Exhibit E evaluates the potential natural resource benefits, environmental impacts,
and economic costs of the District’s proposed action, and compares them to the effects of
continuing to operate the Project as currently licensed (i.e., the no action alternative).

The District and stakeholders are engaged in settlement negotiations that may include
alternatives to the proposed action.

With this relicensing, the District is proposing to modify the Project boundary to include
all lands necessary to Project operation and exclude lands that are not necessary to
Project operation. As a result of this proposal, four wildlife management tracts and all
Project-related recreation sites would be incorporated into the Project boundary, while the
City’s Diversion Dam would be removed from it.

Under the proposed action, the District would implement a new Operations Plan based on
revised Spada Lake reservoir rule curves. The District moderately revised the current
license rule curves to prevent or reduce the risk of spill following Chinook fall spawning.
The rule curves will continue to provide for a reliable municipal water supply, incidental
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winter flood storage, power supply for the District and minimum instream flows to
support aquatic resources.

The proposed action would include a new Project feature related to Project operations.
The District is installing a governor control system to bypass the Pelton turbine needle
valve flow to the Sultan River in order to reduce the potential for an immediate reduction
in Sultan River flow caused by inadvertent turbine or generator shutdown.

The District’s proposed protection, mitigation and enhancement measures (PM&Es)
address the primary concerns identified during scoping. These include water quality
protection and temperature conditioning; provision of minimum instream flows, process
flows, and juvenile outmigration and adult upstream migration flow releases; large
woody debris placement; side channel enhancement; recreational fishery management;
noxious weed management; wildlife habitat management; protection of listed species;
evaluation of whitewater boating opportunities; recreation resource management; and
historic properties management.

Developmental analysis of the proposed action shows the annual net benefit of the
proposed action would be $25,824,626. The annual net benefit of the no action
alternative would be $25,705,954. While the proposed action has a higher economic cost
than continuing to operate the Project as licensed, the District believes the operational
improvements and the environmental benefits to natural resources, recreation, and
cultural values of this alternative outweigh the cost.
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E.1 APPLICATION

E.1.1 Relicensing Process

Public Utility District No. 1 of Snohomish County (District) and the City of Everett
(City) formally initiated the relicensing process for the Henry M. Jackson Hydroelectric
Project (Project) on December 1, 2005, by filing a Notice of Intent to seek a new
operating license and a Pre-Application Document (PAD) describing the existing Project
and environment. Between 2006 and 2009 the District conducted 22 studies to
investigate the potential effects of continuing operation of the Project on natural and
social resources (see Table E.1.1-1); held numerous stakeholder and resource group
meetings; and developed protection, mitigation and enhancement measures (PM&Es) to
address the potential effects of ongoing Project operation.

The District and the City entered into an agreement in 2007 in which the District would
be the sole applicant for a new license under the Federal Power Act. Both the District
and City petitioned the FERC to issue a declaratory order finding that the District has
sufficient rights to use those of the City’s properties and facilities that are necessary for
Project purposes and that the City need not be a co-applicant for a new license to operate
the Project. FERC approved this request on December 20, 2007. This Final License
Application (FLA) Exhibit E presents the District’s proposed protection, mitigation and
enhancement measures (PM&ESs) for the term of a new operating license. The District
believes that these measures adequately address the effects of the Project on the
surrounding environment. Although there are still several unresolved issues to work
through with the stakeholders, the District is committed to continuing settlement
discussions to resolve these outstanding issues. Because these discussions are on-going,
the FLA presents the District’s proposed alternative for the continued operation of the
Project under the terms of a new license.

Table E.1.1-1 Studies completed as part of Project relicensing.
Study Final Technical Report
Plan # Study Plan Title Completel
RSP 1 | Water Quality Parameter Study July 2009
RSP 2 Bypass Reach Cutthroat Trout Population Analysis June 2008
RSP 3 | Sultan River Instream Flow Study May 2009
RSP 4 | Assessment of Spada Lake Fish Entrainment December 2007
RSP 5 | Juvenile Fish Abundance, Life History and Distribution May 2009
RSP 6 | Habitat Management Methods Literature Review and Evaluation November 2007
RSP 7 | Special Status Plant Surveys February 2008
RSP 8 | Noxious Weed Inventory February 2008
RSP 9 | Wetlands Survey October 2008
RSP 10 | Amphibian Survey October 2008
RSP 11 | Marbled Murrelet Surveys October 2008
RSP 12 | Northern Spotted Owl Surveys October 2008
Final License Application Page E-1
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Study Final Technical Report
Plan # Study Plan Title Completel
RSP 13 | Recreation Needs Analysis October 2008
RSP 14 | Flow Recreation Study July 2008
RSP 15 | Historic Properties Study March 2008
RSP 16 | Spada Lake Trout Production August 2008
RSP 18 R!venne, Riparian and Wetland Habitat Assessment of the Sultan March 2008
River below Culmback Dam
. Phase 1: January 2008
RSP 20 | Fish Passage Assessment Phase 2: May 2009
RSP 21 | Flow Continuation Alternatives and Feasibility at the Powerhouse October 2008
. . . June 2008,
RSP 22 | Sultan River Physical Process Studies October 2008
Indicators of Hydrologic Alteration/Range of Variability Analysis
RSP 23 (IHA/RVA) in the Sultan River Downstream of Culmback Dam January 2008
RSP 24 Marsh Creek Slide Modification Assessment to Improve Fish May 2009
Passage

'"Technical reports were finalized after a 30-day review and comment period. Final technical reports are

posted to the relicensing web site.

E.1.2 Post-Filing Process and Schedule

Following filing of this FLA, FERC will undertake its review of the information in
accordance with the Federal Power Act, National Environmental Policy Act (NEPA), and
other federal laws relevant to the relicensing of a hydroelectric project. FERC’s
preliminary plan and schedule for the post-filing activities are shown in Table E.1.1-2.

Table E.1.1-2 Preliminary post-filing processing schedule as developed by
FERC.
Responsible FERC
Entity Post-Filing Milestone Date? Regulation Process Days

Issue Public Notice of License

FERC Application Filing (Tendering 6/13/09 5.19 14 days from filing
Notice)
Director's Determination on
Any Additional Study Requests 5.19(e); .

FERC and Notification of Any 6/29/09 5.20(a)(2) 30 days from filing
Deficiencies
Issue Public Notice Accepting 60 davs from

FERC Application and Ready for 7129/09 5.22 Ten dgrin Notice
Environmental Analysis (REA) g
Comments, Interventions,

All stakeholders 10(a) Recommendations Due 9/27/09 5.23(a) 60 days from REA
10(j) Recommendations; 4(e)

Agencies Terms and Conditions; 9/27/09 5.23(a) 60 days from REA
Fishway Prescriptions Due
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Responsible FERC
Entity Post-Filing Milestone Datel Regulation Process Days
District Request 401 Water Quality 9/27/09 523(b) | 60 days from REA
Certification from Ecology
District Reply Comments Due 11/11/09 5.23(a) 105 days from REA
Issue Single Environmental 120 days from REA
FERC Assessment (EA)? 311710 524 response due date
All stakeholders Single EA Comments Due 4/10/10 5.24(c) 30 days after EA
USFS Modified 4(e) Terms and
, Conditions Due; 60 days from EA
Agencies USFWS Modified Fishway 6/9/10 524(d) comment due date
Prescriptions Due
USFWSINMFS ﬁiﬁ d'zg)'og'ca' Opinion As 7124110 ESA | 135 days from EA
Ecology Issue water quality certification 9/27/10 5.23(b)(2) | 365 days from
request for
certification
FERC Issue License Order 8/8/10 FPA assumes 18 months

from filing

11f the due date falls on a weekend or holiday, the due date is the following business day.
2 This schedule assumes FERC will issue a “single” EA (without a draft EA). If FERC determines that a draft EA is
needed, the post-filing timeframes will be modified accordingly.

E.2 PURPOSE OF ACTION AND NEED FOR POWER

E.2.1 Purpose of Action

The goal of this relicensing process is to obtain a new 50-year federal license for the
Henry M. Jackson Hydroelectric Project that will allow the District to continue to operate
the Project in an economically feasible manner and protect the high quality public water
supply in balance with fish, wildlife, recreation, and cultural resources. To accomplish

this goal, the District identified the following objectives:

e Provide a reasonable balance of water supply, power and environmental values such
as fish, wildlife and recreation.

o Ensure that the City of Everett’s public water supply needs can be met into the future.

o Continue to manage the Project in a manner that protects the fishery resources in the

Sultan River.

o Continue to provide recreational opportunities consistent with regional demand.

o Continue to protect terrestrial resources consistent with FERC-approved plans.

Final License Application
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o Ensure that the Project provides an affordable power supply to the communities in the
District’s service territory.

e Obtain a license that allows sufficient operational flexibility and capacity to help
provide long-term economic benefit and stability for the communities served by the
District.

o Continue to generate electricity from a clean, renewable resource.

e Provide incidental flood management to reduce the magnitude and frequency of flood
events and their detrimental effects to downstream communities and aquatic
resources.

E.2.2 Need for Power

All of the power generated by the Project is used within the District’s service territory.
The current average annual Project generation (based on a 2008 City of Everett water
demand of 84 million gallons per day (mgd) and using 109 years of hydrologic data) is
421,834 megawatt hours (MWh), providing approximately 5 percent of the District’s
current power requirements — enough energy to meet the needs of approximately 35,000
homes. Continued operation of the Jackson Project will reduce the District’s reliance on
power purchased from other generating resources, offering customers the opportunity to
subscribe to a clean, renewable electrical source.

Project power is projected to decrease with time as the City of Everett’s water demand
increases. Current projections of power output at the end of a 30-year window of
economic analysis for the next license is 394,936 MWhs. Therefore, the average power
from Jackson under current operating conditions is expected to be 406,600 MWhs. The
average annual cost of power for the 30 year analysis period is $14,772,097 in 2011
dollars (please see Exhibit H.3.1). If the Jackson Project was not available to the District
for power production, the average annual cost of replacement power over the next 30
years under the current license conditions would be an estimated to be $18,752,816
(please see Exhibit H.2.2).

E.3 PROPOSED ACTION AND ALTERNATIVES
E.3.1 Proposed Action

The District proposes to continue operating the Jackson Project fundamentally the same
as it has since 1984, meeting key objectives associated with the City of Everett’s water
supply; providing reliable electric power to the District’s customers; and protecting and
enhancing aquatic, terrestrial and recreation resources. For the next license term, the
District proposes several facility and operational changes that are analyzed in this FLA.

Measures that would entail new construction include installing a new needle valve and
governor controls to allow sustained flow deflection to bypass the two Pelton turbines
during load rejection events; enhancing fish access to Sultan River side channels through

Page E-4 Final License Application
Exhibit E — May 29, 2009



Jackson Hydroelectric Project

excavation or other means, and removing barriers to fish passage in several tributaries to
Spada Lake. The District also would install up to eight large woody debris (LWD)
structures in the Sultan River to improve main channel habitat complexity.

In addition, the District will submit a request to amend the current license to contruct a
new flow discharge structure on lands located within the Project boundary, adjacent to
the City’s Diversion Dam. The discharge structure would be spliced into the existing
Diversion Dam pipeline, and would include a control system specifically designed to
ensure the District’s ability to release minimum instream flows and migration flows that
may be recommended by the Aquatic Resource Committee.

The operational modifications would allocate specified volumes of water (“water
budgets”) from Spada Lake for release in the Sultan River to benefit aquatic and
recreation resources. These include modifying the minimum instream flow requirements
below the Diversion Dam and Powerhouse, modifying the downramping rate schedule at
the Powerhouse to include downramping frequency, adding a downramping rate schedule
to the new flow discharge structure, releasing 22,000 acre-feet of water over the 50-year
license term to maintain the Sultan River channel (process flows); releasing 900 acre-feet
over a 3-year trial period to test whitewater boating opportunities and interest; managing
flows from the Project Powerhouse to benefit outmigrating juvenile salmonids and adult
salmonids migrating upstream; and modifying the Spada Lake rule curve to balance the
water demands for the municipal water supply and physical processes within the
watershed, including flood control on the Sultan River. One other modification would
include altering the upper instream flow limits in the fall to protect salmon redds from
dewatering before fry emergence.

The District proposes to implement a Recreation Resource Management Plan that
includes allowing non-motorized access across Culmback Dam and constructing a boater-
access trail down its face, developing a new picnic and parking area in the vicinity of
Culmback Dam, upgrading two boat launches on Spada Lake, converting some area roads
to trails, increasing site maintenance, and a host of other measures.

The District would implement three plans to protect terrestrial resources, including a
Noxious Weed Management Plan, a Terrestrial Resource Management Plan, and a
Marbled Murrelet Habitat Protection Plan. To protect cultural resources, the District
would implement an Historic Properties Management Plan.

E.3.1.1 Project Facilities

The following section describes existing Project facilities and two new proposed Project
features. Additional Project schematics and photographs can be found in Exhibit A.

E3.1.1.1 Spada Lake Reservoir

Table E.3-1-1 presents morphometric data for the Project reservoir, Spada Lake. The
reservoir has a gross area of 1,908 acres at elevation 1,450 feet above mean sea level
(msl) with a gross storage capacity of 153,260 acre-feet. While the maximum operating
pool is at elevation 1,450 feet msl, the normal maximum surface elevation is 1,445 feet.
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At this elevation, which typically occurs from June through mid-July, the normal
maximum surface area is 1,802 acres, with a storage capacity of 143,982 acre-feet.
Starting in late July, the pool is lowered to elevation 1,415 feet msl by mid-September to
avoid spill later in the fall. This measure provides approximately 58,500 acre-feet of
incidental flood storage prior to the onset of the October to December wet season. There
is no minimum normal operating pool elevation for the Project because operations vary
depending on the winter hydrologic conditions. To avoid vortex stresses in the power
tunnel, diversion of water into the power tunnel ceases if the pool elevation drops to
1,380 feet msl or lower.

Table E.3.1-1 Morphometric and operational data for Spada Lake.

Drainage area (square miles) 69.21
Drainage area: surface area 23.7:1
Average annual discharge (acre-feet) 526,338
Surface elevation (feet msl)
Full pool 1,450
Normal maximum surface elevation 1,445
Average annual drawdown 1,420
Maximum drawdown on record 1,395.5
(January 20, 1993)
Surface area
Full pool (acres) 1,908
Normal maximum surface area 1,802
Average days/year at full pool 6.1
Average days/year > 1445.0 feet 32.8
Average annual drawdown (acres) 1,500
Minimum operational pool (acres) 1,380
Volume (acre-feet)
Full pool 153,260
Normal maximum volume 143,982
Average annual drawdown 102,204
Minimum operational pool 52,046
Maximum length (miles)
Reservoir centerline 5.00
Old riverbed thalweg 5.25
Shoreline length (miles)
Full pool 21.98
Average annual drawdown 16.90
Depth (feet)
Maximum (full pool) 210
Mean (full pool) 180
Storage ratio (volume/average inflow) 0.29:1
Lake filling time (volume/inflow; years) 0.474
Lake flushing time (volume/outflow; years) 0.287
Source: Pfeifer et al. 1998 and District.
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The Project uses all inflow to Spada Lake to generate power except for required
minimum instream flow releases (to protect and enhance fisheries) and any spill at
Culmback Dam. Water required to meet the City’s municipal supply demands and to
supplement instream flows for fisheries below the Diversion Dam generates power
through two Francis turbine units installed at the Powerhouse, using the 700 feet of
elevation difference (head) between Spada Lake and Lake Chaplain. Water in excess of
the above requirements generates power through two Pelton units discharging directly
into the Sultan River, utilizing the 1,000 feet of head between Spada Lake and the
Powerhouse.

E.3.1.1.2 Culmback Dam

Culmback Dam is an earth and rock-filled dam, located at river mile (RM) 16.5 on the
Sultan River, with a crest elevation of 1,470 feet msl. The crest of the dam is 25 feet
wide, 640 feet long, and is 262 feet above the original streambed.

A concrete morning glory spillway is located within the reservoir approximately 250 feet
from the right bank. This spillway has a 94-foot-diameter ogee crest, a 38-foot diameter
vertical shaft and a 700-foot horizontal tunnel section. The morning glory spillway crest
elevation is at 1,450 feet msl and is designed to pass the probable maximum flood of
57,790 cubic feet per second (cfs) at elevation 1,464.6 feet msl, or 5.4 feet below the
crest of the dam.

Reservoir outlet works consist of two 48-inch-diameter conduits embedded in the
concrete plug of the diversion tunnel that join the horizontal tunnel section of the
spillway. The downstream ends of the conduits are equipped with three slide gate valves
(two 42-inch and one 48-inch) and one 48-inch Howell Bunger valve. A 16-inch
diameter pipeline runs through the right side of the dam at elevation 1,408 feet, then
along its downstream face. This pipeline provides 20 cfs minimum flow releases when
the spillway tunnel is dewatered for maintenance or safety inspections. Normal flow
releases are accomplished through a 10-inch cone valve piped upstream of the 48-inch
Howell Bunger valve that directs flow into the spillway tunnel.

A view of the Project hydraulic profile is presented in Figure E.3.1-1. A 60 kilowatt
(kW) turbine generator in the dam outlet works provides onsite electrical power and
contributes about 5 cfs to the reach below Culmback Dam. The total flow released by the
10-inch cone valve and the 60 kW turbine generator is 20 cfs.

The Powerhouse intake structure is located near the left abutment, approximately 250 feet
upstream of the dam. The 110-foot-tall concrete structure has three 20-foot moveable
panels. Positioning of these panels allows the selective withdrawal of stored water from
various depths to facilitate the control of water temperature in the Sultan River below the
Powerhouse and the Diversion Dam. A single 9-foot-wide by 14.3-foot-high fixed-wheel
gate allows for closure and maintenance of the power tunnel. The gate is operated by a
hydraulic cylinder on the access bridge. Hydraulic pressure for the gate operation is
provided by a motorized hydraulic power unit located in an enclosure adjacent to the gate
hoist.
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Jackson Project Hydraulics
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Figure E.3.1-1 Jackson Project hydraulic view.
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E.3.1.1.3 Power Conduit

An unlined power tunnel, 14 feet in diameter, extends 3.8 miles from the intake structure
through Blue Mountain. The tunnel has 3,140 feet of shotcrete-covered steel reinforcing
to protect various soft rock areas. At the end of the power tunnel is a 150-foot-long rock
trap to capture materials that fall into the tunnel. This collector prevents debris from
entering the 10-foot-diameter welded steel power pipeline that transports water for 3.7
miles to the Powerhouse located on the lower Sultan River.

E3.1.1.4 Power Plant

A semi-outdoor-type Powerhouse is located adjacent to the left river bank at RM 4.3.
The structure is reinforced concrete with the top deck at elevation 316 feet,
approximately 30 feet above peak river level for a 100-year flood. Two Pelton turbines
and two Francis turbines are housed inside on the lower generator floor of the two-story
200-foot by 71-foot structure. The two Pelton turbines discharge directly into 40-foot-
long discharge canals that transport water to the main river channel. The Pelton turbine
runners are located 16.25 feet above the floor of the canal. The actual distance between
the water surface and the Pelton turbine runners is dependent on discharge and tailrace
elevation. During an average water year at average flow the turbine runner would be
approximately 11.5 feet above the water surface. See Exhibit F for the physical
characteristics of the Powerhouse and the tailrace. Because these are Pelton units the
tailwater does not exert a back pressure. The Francis turbines re-route a portion of flow
under the river via a pipeline (the Lake Chaplain pipeline) to the City’s municipal water
supply storage, Lake Chaplain, and to the Diversion Dam to supplement and meet
minimum instream flows between the City’s Diversion Dam and the Project’s
Powerhouse.

To alleviate any concerns that at certain flows power generation might cause confusion of
adult fish migrating upstream past the Powerhouse, the District constructed and maintains
a low-head fish passage berm at the upstream end of the Powerhouse. This berm has a
passageway or slot near the Powerhouse to concentrate the river flows into an area that is
more attractive to and can be more easily detected by migrating fish. The berm has

successfully facilitated fish passage upstream of the Powerhouse since its construction in
1983.

E.3.1.15 Lake Chaplain Pipeline

The City’s water supply requirements are mainly met by diverting water from Spada
Lake through the Powerhouse’s two Francis units. Sufficient pressure is retained,
because of the 700-foot elevation difference between Spada Lake and Lake Chaplain and
the Diversion Dam, to route the water from the Powerhouse through a 72-inch-diameter
buried pipeline to the Portal 2 structure located on the shore of Lake Chaplain. The first
500 feet of the pipeline is welded steel construction and the remaining 17,886 feet is
reinforced concrete cylinder pipe. The two Francis units are sized at 170 cfs each to
provide water delivery to Lake Chaplain and the minimum instream flow requirements
below the Diversion Dam at RM 9.7.
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E.3.1.1.6 Portal 2 Structure

Under the current license the amount of water sufficient to maintain minimum instream
flows below the Diversion Dam is returned to the Sultan River via a control structure
located at the terminus of the Lake Chaplain pipeline. From the control structure the
water is forced backward through the pre-existing diversion tunnel to the Diversion Dam.
The control structure is called “Portal 2” because it was built on the lower end of the
City’s diversion tunnel that originally transported water to Lake Chaplain from the Sultan
River Diversion Dam. Within the base of the Portal 2 control structure water flowing
into Lake Chaplain is constricted by a 5-foot-square slide gate. The restricted gate
opening causes water to build up inside the tower, which then creates enough head to
cause the water to back-flow to the Diversion Dam. By adjusting the Portal 2 gate
opening, the required amount of water to be diverted to both Lake Chaplain and to the
Diversion Dam can be accurately controlled.

E.3.1.17 Diversion Dam Tunnel and Pipeline

The diversion tunnel connecting Lake Chaplain to the Sultan River is a 1.5-mile-long
horseshoe-shaped and concrete lined conveyance. A 72-inch, 2,000-foot-long concrete
cylinder pipeline connects the upstream tunnel portal to the Diversion Dam where, under
current Project operating conditions, flows are discharged back into the Sultan River to
meet the Project instream flow requirements in the reach between the Diversion Dam and
the Powerhouse. Maximum flow return capacity of the existing facilities is 189 cfs.

E.3.1.1.8 Sultan River Diversion Dam

The Sultan River Diversion Dam has been in place since 1930. It was originally used to
divert water from the Sultan River into Lake Chaplain for the City of Everett’s water
supply. It is a concrete ogee crest gravity structure 25 feet high and 120 feet wide. The
Diversion Dam creates only a small headpond measuring a few acres in size. Water from
Portal 2 flows into the forebay and is accurately measured through a weir in the main
sluice gate. All flow below 280 cfs is routed through this weir. Higher flows are passed
over the 120-foot-wide concrete spillway.

When the power conduit or the Lake Chaplain pipeline is not operational, the City’s
water requirements can also be met by supplementing Lake Chaplain storage with water
diverted from the Sultan River via the Diversion Dam and diversion tunnel to Lake
Chaplain (see Section E.3.1.1.7 above).

The District intends to amend the current license to construct a separate instream flow
discharge structure in line with the return pipeline to the Diversion Dam. The proposed
structure will be located adjacent to the City’s Diversion Dam and approximately 800
feet upstream of USGS Gaging Station No. 12137800 below the Diversion Dam. The
proposed discharge structure will allow the District to have a new facility for the
purposes of meeting the license requirements for minimum instream flows below the
Diversion Dam. This new structure will be constructed using the latest technology and
controls, providing the District with enhanced regulation over minimum flows below the
Diversion Dam. The new structure will be designed to allow the City of Everett to
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withdraw water from the Sultan River for flow into Lake Chaplain when normal
operations of the Jackson Project are suspended for maintenance or inspections.

The District is in the process of selecting a consultant to design the structure and prepare
the plans, specifications and the construction schedule for the new instream flow
discharge structure. These drawings will be included in the application to amend the
Project license that will be submitted to FERC by the end of 2009. For additional
description of this proposal and a schedule for completion, please see Exhibit C.

E.3.1.1.9 Mechanical, Electrical, and Computer Control Equipment
Turbines and Generators

The Jackson Project Powerhouse contains two 47.5 MW Pelton turbines (units 1 and 2)
and two 8.4 MW Francis turbines (units 3 and 4). Minimum unit discharge for each
Pelton unit is 80 cfs and for each Francis unit, 44 cfs. The generating units are each
equipped with a solid state static excitation and voltage regulation system. The neutral of
each generator is grounded through a single phase distribution transformer. The
generators are protected against possible winding insulation damage due to lighting or
switching surge voltages.

Pelton Units

Each Pelton unit is a vertical shaft six-nozzle impulse turbine rated at 65,000 horsepower
(hp), 257 revolutions per minute (rpm), and 1,000 feet of head. Together, the Pelton units
can discharge up to 1,438 cfs directly to the river when operating at full power. Each unit
has its own digital governor that can regulate the six nozzles each independently of the
deflector control. The digital governors operate the generator/turbine in two modes: (1)
power generation mode when on-line and synchronized to the transmission lines and (2)
water bypass mode to control river level down ramps following unit or system problems
that require the unit to quickly cease power generation mode. Each unit also has its own
turbine shutoff valve for shutdown or maintenance purposes. The tail water discharges
into the Sultan River. A work platform is provided for inspection of the buckets, needles
and deflectors inside the turbine pit. Bottom removal of the runner is by means of a
handling car and gantry crane outside of the Powerhouse through a hatch in the tailrace.

Generator units 1 and 2 are directly coupled to the Pelton turbines and are of the vertical
shaft umbrella type with a combination upper thrust and guide bearing and a lower guide
bearing below the rotor. Each is rated at 52.8 megavolt amperes (MVA), or 47,500 kW,
at a power factor of 0.9. Main leads are connected by 15 kV, 2,500 ampere, self-cooled

isolated phase buses to the generator step-up transformers.

Francis Units

The two Francis units are identical horizontal shaft units rated at 11,500 hp each, 900
rpm, and 675 feet net head. Each unit has its own governor to regulate the wicket gates
for load variation with guard valves at the inlet and discharge of the unit. During
maintenance periods, water can be diverted through pressure reducing valves before
delivery to Portal 2 on the shores of Lake Chaplain. The turbine is coupled to the
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horizontal generator through a 10 ton flywheel. These units discharge to the Lake
Chaplain water supply pipeline which returns up to 390 cfs (the maximum capacity of the
Francis units) to Portal 2 for diversion into Lake Chaplain and return to the Diversion
Dam.

Generator units 3 and 4 (Francis units) are of the horizontal shaft type and each is rated at
9.34 MVA, or 8,400 kW, at a power factor of 0.9. Main leads area connected to their
respective unit breakers by 15 kV armored cable. Connection between the unit breakers
and the step-up transformer is by a common non-segregated phase bus. Unit 3 and 4
breakers are the metal-clad switchgear type; each rated 13.8 kV, 1,200 ampere, 500
MVA.

Transmission System

Power generated within the Jackson Hydroelectric Project is delivered to the District’s
existing transmission system at a switchyard located adjacent to the Powerhouse. The
Project’s primary transmission system terminates at the three separate oil-filled circuit
breakers located within the switchyard; one circuit breaker associated with each Pelton
unit and one serving both Francis units.

From the three switchyard circuit breakers, power is transmitted to the “Jackson Loop,”
comprised of two single-circuit 115-kilovolt (kV) transmission lines with ACSR 795
conductors on wood poles. The “south transmission line” extends approximately 3.79
miles east and south from the Powerhouse switchyard and follows existing roads for most
of the distance into the community of Sultan, where it connects to the District’s Sultan
Substation. After leaving the Powerhouse switchyard, the “north transmission line,”
which has never met the standard of a primary transmission line, immediately crosses the
Sultan River and connects to the District’s Lake Chaplain Substation approximately 1
mile to the west of the Powerhouse. Together these segments of the Jackson Loop
provide dual redundancy for protection of the generation facilities from line outages.
Figure E.3.1.-2 illustrates the entire Jackson Loop. The Jackson Loop also carries power
from the Bonneville Power Administration (BPA) depending upon area demand, and it
may also carry power from neighboring systems via the Gold Bar substation in the event
of a Project shutdown or a failure in certain other parts of the District’s transmission or
supply system.
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The 3.9 mile segment of the Jackson Loop described as the “south transmission line”” was
originally a part of the Project and was included in the existing FERC Project boundary.
However, as a result of improvements to the south transmission line, it now connects to
several District substations prior to its interconnection with the BPA Snohomish
Substation. Since this line no longer meets the criteria of a primary line for the Project’,
the District submitted an application to FERC on October 25, 2005, for a license
amendment to remove the south transmission line from the Project. FERC amended the
license on May 3, 2006, to remove the line from the Project facilities and from the Project
boundary.

Computer Control System

The Project is monitored and controlled with a Supervisory Control and Data Acquisition
(SCADA) system that allows monitoring and alarming of critical Project functions. The
system is composed of several computers networked together. The main computer
system is a set of dual redundant Digital Equipment Corporation processors with remote
terminals to monitor and control functions at the Powerhouse, Culmback Dam, the
Diversion Dam, Portal 2, and the electrical transmission and distribution system. The
communication link between the master and remote stations is either by leased telephone
line or microwave system.

A Main Plant Controller (MPC) consisting of redundant programmable logic controllers
(PLCs) interfaces with the SCADA system and the plant control network. The main
function of the MPC is to monitor the river level, to schedule Powerhouse generation, and
in conjunction with the Pelton unit digital governors, to control the river level and down
ramp rates.

An independent computer system at the Powerhouse uses Wonderware HMI (human-
machine interface) software to monitor PLCs located at Portal 2, the Diversion Dam,
Culmback Dam and the Powerhouse. At the Diversion Dam and Portal 2, these PLCs are
programmed to respond to changes in Sultan River flows; thus, allowing the District to
automatically meet the instream flow requirements below the Diversion Dam. At
Culmback Dam the PLCs monitor and control the opening and closing of the 48-inch
Howell Bunger valve and the 10-inch cone valve for accurate control of instream flows
and downramping rates of Culmback Dam water releases into the Sultan River.

The computer control system is designed to allow the units to be operated manually or
semi-automatically from the main control switchboard located in the Powerhouse control
room. The main control switchboard consists of a lineup of panels containing unit
controls, indication, metering, recording, alarm, unit and line protection relays.

" Section 3(11) of the Federal Power Act, as refined by FERC, defines primary transmission lines
to be only those lines used solely to transmit power from the licensed project to the load center,
and without which there would be no way to transmit the project power to market.
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E.3.1.1.10  Other Appurtenant Equipment and Systems
Mechanical
Oil Storage and Handling System

An oil storage-oil transfer room for governor and bearing lubricating oil is located in the
Powerhouse. Separate used oil and clean oil tanks are provided. Contaminated or dirty
oil is transferred into a mobile tank outside of the Powerhouse for disposal. The
switchyard has its own oil water separator for transformer/oil circuit breaker leakage.

Cooling Water System

Cooling water for the generator heat exchangers and bearings is taken from the turbine
pits by means of vertical pumps and from the Lake Chaplain pipeline by means of a
control valve. The heat exchangers also have control valves.

Compressed Air System

There is a dual set of air compressors for the purpose of generator air brakes, instrument
air and service air. A low pressure isolation valve is provided where only the air brakes
are served when the system pressure drops below a preset level.

Fire Prevention System

High pressure bottled CO; is provided for the generators and the oil storage room. A
manual water fire suppression system is installed in each generator’s housing. In
addition, portable extinguishers, fire hose reels and hydrants are provided and
strategically located inside and outside the Powerhouse. Fire water supply is taken from
the turbine pit and Lake Chaplain pipeline.

Sanitary Disposal System

A large tank collects all sewage from the bathrooms and water washing stations.
Periodically, a sewage disposal service removes the contents for proper disposal at a local
sewage treatment facility.

Gantry Crane

A gantry crane with a main and auxiliary hoist for maintenance purposes was constructed
on the top deck of the Powerhouse. The main and auxiliary hoists are rated for 150 and
25 tons respectively. The bridge is extended beyond the face of the Powerhouse for the
purpose of runner removal and installation of bulkheads in the tailrace.

Heating, Ventilating, and Air Conditioning Systems

The Powerhouse is ventilated by means of air handling units, except the control room is
air conditioned by a packaged unit. Duct heaters and unit heaters with thermostatic
controls, and fire dampers are provided.
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System Drain

There is a pressure reducing valve provided for draining the power conduit and the Lake
Chaplain pipeline. For power conduit draining, the top portion is through the unit 3 or 4
pressure reducing valve. The residual water in the spiral case is then drained by means of
a spiral case drain valve. For the Lake Chaplain pipeline, the Francis units are shut down
and the pipeline drained to the Sultan River through the pressure reducing valve.

Power Generation at Culmback Dam

Site power for facilities at Culmback Dam is supplied by a reversed Cornell pump
attached to a 60 kW generator located in the outlet chamber below the right abutment.
Backup power is supplied by a 60 hp John Deere diesel engine driving a 60 kW Kato
light generator located in the control building upstream of the left abutment of the dam.

Electrical
Station Service Unit Substation

Station auxiliary power is provided by unit substations fed from unit 2 generator terminal
segregated phase buses and the unit 3/4 non-segregated phase bus. Each unit substation
consists of a 13.8 kilovolt (kV) fused disconnect load interrupter, three single phase step-
down transformers, and secondary main breaker. Project power (480/277 volt, 3 @, 60
Hertz [Hz]) is distributed to strategically located load centers in the Powerhouse. An
emergency source is supplied by a 480/277 volt 3 @ padmount transformer located at the
southeast corner of the top deck. The padmount transformer is connected to a dedicated
12.47 kV 3 g circuit from the Lake Chaplain Substation.

DC System

A 125-volt direct current (DC) system, consisting of a station battery, dual battery
chargers, and DC distribution centers, provides an uninterrupted source for control,
protection, and indication.

Grounding

An electrical equipment grounding system serves to protect equipment and provide safety
to personnel by reducing touch potential and controlling the potential gradients along the
surface of the facilities where high voltage lines and equipment are installed.

Lighting
The lighting system is supplied by 480/277 volt lighting panels suitably located in the
Powerhouse. Generally, fluorescent and mercury vapor fixtures are used for normal
lighting. Lighting fixture types are selected to suit the particular applications.
[llumination levels are adequate for the required visual tasks.

Switchyard

The 115 kV switchyard is located on the east side of the Powerhouse at elevation 313 feet
msl. The switchyard contains three-step-up transformers, five oil circuit breakers,
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disconnect switches, and bus potential transformers. Transformers and the two outgoing
transmission lines each have an oil circuit breaker and isolating disconnect switches. All
generation and the outgoing line terminate on a single bus. Switchyard structures
accommodate the high voltage disconnect switches, insulators, and the bus. All buses in
the switchyard are copper conductors.

Transformers

The main transformers are of the three-phase, two-winding, oil-immersed class
OA/FA/FA type suitable for outdoor operation. Units 1 and 2 each have a step-up
transformer, whereas units 3 and 4 are paralleled to a common step-up transformer.

Oil Circuit Breakers

Oil circuit breakers are rated 121 kV, 1,600 ampere, and 10,000 MV A interrupting.

Disconnect Switches

Disconnect switches are rated 121 kV, 1,600 ampere, 550 kV BIL, and 70,000 ampere
momentary.

E.3.1.1.11  Proposed New Structures and Facilities
Pelton Unit Bypass

To protect the aquatic resources of the Sultan River below the Powerhouse from rapid
dewatering when either of the Pelton units trips off line, the District proposes to remodel
the governor and needle valve controls for each unit. These modifications will allow
flow continuation through the Powerhouse into the Sultan River while either unit can be
shut down as necessary. The current configuration is set up to deflect the Pelton nozzle
flow away from the turbines and to close off the needles in a relatively short time.
Governor control modifications and upgrades will allow independent controlled operation
of the deflector blades and the needle closure. Because this is an important aquatic
protective measure, the District has offered to make the expenditures to accomplish this
goal by the end of 2009.

Sultan River Discharge Structure

To return water to the Sultan River using a new structure built with the latest technology
and controls, the District is preparing an application to amend the current license to
construct a concrete discharge structure in line with the 72-inch return line from Portal 2
of the City of Everett Lake Chaplain Tunnel to the Diversion Dam on the Sultan River.
This structure would be located on District land adjacent to the City’s Diversion Dam and
upstream of USGS Gaging Station No. 12137800. The tailrace of the new structure
would be constructed to ensure minimum flow releases are discharged at about the
present location of the downstream apron of the Diversion Dam main sluice gate.
Although not a component of the relicensing process, the effects of this new structure are
analyzed in this document and it has been found to have no adverse effects associated
with downstream resources. It would be constructed to allow either discharge of water
into the Sultan River to meet instream flow requirements or diversion of water from the
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Sultan River by the City of Everett’s Diversion Dam to flow back to Lake Chaplain when
normal flow pattern to Lake Chaplain from the Powerhouse is disrupted for long periods
of time. See Exhibit C for a more detailed description of the shape and location of this
proposed structure and a schedule for design and construction.

E.3.1.2 Project Operations and Resource Utilization

The following section provides information about Project operations and generation.
Additional information about Project operation can be found in Appendix A, the
Operations Plan and supplement.

E3.1.2.1 Project Operations
Plant Supervision

The four generators at the Project Powerhouse can be operated on-site either manually or
automatically. They may also be operated remotely from the District’s operations center
near Paine Field in south Everett or the main headquarters building in downtown Everett.
The Powerhouse, operations center, and headquarters buildings are linked by a system of
microwave communications. Information indicating the status of bearing temperature,
cooling water flow, relay operation, and other critical functions are relayed to the
Supervisory Control and Data Acquisition computers in Everett over the microwave
links. In addition to controlling the generators, operators can raise or lower gates at
Portal 2 on the east side of Lake Chaplain, or close the intake gate at Spada Lake.
Although the primary operating control resides at the main headquarters building in
Everett and the operations building in South Everett, District staff is on-site to provide
oversight 8 hours per day, 5 days per week and remain on-call during the off-hours.

Estimated Annual Plant Factor

Operations of the Jackson Project are governed by an Operating Plan which has been
modified several times since the power generation facilities were constructed in the early
1980s. The Jackson Project is not operated to provide flood storage or specific flood
regulation; however, flood control is incidental to the operation of the Project to
minimize flooding from the Sultan River into the Skykomish River at Sultan,
Washington. The rule curves were modified in November of 1989 to allow a larger State
3 area (see Section E.3.1.2.2); therefore, generation averages calculated from 1990
onward reflect current operations. Based on gross energy generation records (see Exhibit
B, Section B.2.2) and net plant capability under most favorable operating conditions as
reported on the FERC Form 1, the average annual plant factor for water years 1990
through 2007 for the Jackson Project was 42 percent. Based on computer modeling of
Project operations where the City of Everett water demands will increase over time, the
average annual plant factor over the 30 years from 2011 to 2041 for both current and
proposed operations is also expected to be 42 percent. For more explanation of Project
operations, please see the Supplemental Paper to the Proposed Operating Plan located in
Appendix A.
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Operation during Low, Mean, and High Water Years

The operation of Spada Lake is in accordance with the reservoir rule curves (see
Appendix A of this FLA and Exhibit B, Section B.2.4.2) to minimize spill and
contribution to flood conditions on the lower Sultan River. The reservoir elevations are
influenced by the inflows and volumes of water withdrawn for generation throughout the
year.

For the 1990 to 2008 water years” the minimum and maximum water elevation for each
day of the water year for this period is shown in Figure E.3.1-3. Examples of reservoir
elevations during low, mean, and high water years are shown in Figures E.3.4 through
E.3-6 respectively.
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Figure E.3.1-3 Maximum and minimum daily elevations - July 1990 to June
2008.

? Jackson Project water years run from July 1 through June 30.
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Figure E.3.1-4 Dry water year reservoir operation (2001). Rainfall =126
inches, Generation = 264,984 MWh.
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inches, Generation = 373,341 MWh.
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E.3.1.2.2 Project Capacity and Generation
Dependable Capacity

The dependable capacity is the average output that the Jackson Project can sustain to
meet peak-hour load requirements during a critical streamflow period. The daily peak-
hours are 6:00 a.m. to 10:00 a.m. and 5:00 p.m. to 9:00 p.m., except for Sunday, which is
an off-peak day. The District coordinates operation of the Jackson Project with other
generating plants operated by the parties to the Pacific Northwest Coordination
Agreement (PNCA). The District has adopted the critical period used under the PNCA
(October 1940 to September 1941) as the basis for the Jackson Project critical period
used to determine dependable capacity.

Dependable capacity of the Jackson Project under current operating conditions (with City
of Everett water demand at 84 mgd in 2008) is estimated to be 28.41 MW. By 2011
when the new license term will start, the current dependable capacity of the Jackson
Project under current operating condition is estimated to be 27.76 MW because of the
projected increase in the City of Everett water demand. See the Supplemental Paper to
the Project Operating Plan in Appendix A for a more detailed explanation of the impacts
of City water demands on Jackson Project power production.

The proposed Project operation includes a modified reservoir management regime and a
new downstream release regime consisting of modified minimum flows. Dependable
capacity with the proposed operating plan is estimated to be 27.60 MW in the year 2011,
a decrease of 0.16 MW. The dependable capacity declines as the City Water demand
increases. In approximately 2035, when the City of Everett water demand is expected to
be 144 mgd, the dependable capacity under the current and proposed operations are 24.97
MW and 23.16 MW respectively. This decrease in dependable capacity will be a result
of longer times in the power-off zone below 1,380 feet msl in Spada Lake (see the
proposed Operating Plan in Appendix A).

Average Annual Generation

As discussed in Appendix A and in Exhibit B, Section B.1.2, the period of record best
reflecting current conditions is from water year 1990 through 2008. A full range of flow
conditions was encountered during this period, and long term generation during this
period is reasonably representative of current conditions.’

Annual historical gross generation during the 18-year period from water years 1990
through 2008 averaged 408,970 MWh, and station service averaged 829.92 MWh.

As described in Exhibit C, the District has maintained and upgraded the Jackson Project
since the amending of the FERC license to add the hydroelectric facilities in 1981. A
computer model of Project operations was developed by Bechtel Corporation to simulate
and estimate average annual energy production from the Jackson Project. District staff
has continuously updated this model and have simulated operations under the current and

? The generation data are recorded on a July 1 to June 30 water year basis.
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proposed operating plans. Tables E.3.1-2 through E.3.1-4 summarizes the modeled
estimates of energy generation under the current and proposed operations under a new
license. These estimates are based on the simulated hydrology for the Sultan Basin for
the period 1900 through 2008. Please see the Supplemental Paper to the proposed
Operations Plan in Appendix A of this Final License Application for further description
of the Jackson Project simulation modeling.

Table E.3.1-2 Jackson Project dependable capacity and average annual energy
estimates (City of Everett average annual water demand = 84

mgd).
Current Proposed
Item Operation Operation
Dependable Capacity (MW) 27.76 27.60
Average annual energy (MWh) 421,834 427,155

Table E.3.1-3 Jackson Project dependable capacity and average annual energy
estimates (City of Everett average annual water demand = 144

mgd).
Current Proposed
Item Operation Operation
Dependable Capacity (MW) 24.97 23.16
Average annual energy (MWh) 398,940 398,261

Table E.3.1-4 Jackson Project dependable capacity and average annual energy
estimates (City of Everett average annual water demand = 192

mgd).
Current Proposed
Item Operation Operation
Dependable Capacity (MW) 19.54 15.48
Average annual energy (MWh) 370,910 370,231

Flow Data and Flow Duration Curves

Inflow to the Jackson Project reservoir is not measured directly, but rather calculated
using a mass balance approach. Flow data are available from USGS Gaging Station No.
12137800 located 900 feet downstream of the Diversion Dam (RM 9.7) and from USGS
Gaging Station No. 12138160 located just below the Powerhouse (RM 4.5).
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Additionally, the District maintains records of reservoir elevations, generation at the
Powerhouse, and outflows from Culmback Dam. Combining this information with
knowledge of drainage areas and local hydrology allows staff to produce reasonable
estimates of Project inflows.

Flow statistics for water years 1990 through 2008, reflecting the period of current Project
operation, are summarized in Table E.3.1-5. The average inflow to Spada Lake is
consistent with longer term inflow records. For example, the average flow for water
years 1929 through 2008 is 768.5 cfs.

Table E.3.1-5 Flow statistics for water years 1990 through 2008.

Statistic Flow (cfs)
Daily average flow 731.4
Minimum daily flow 21
Maximum daily flow 19.670

The annual flow duration curve for the Jackson Project inflows for the period of record of
water years 1935 through 2008 is shown in Figure E.3.1-7. For clarity, the curve is
truncated at 2,500 cfs. As shown above, the actual maximum is 19,670 cfs, but 2,500 cfs
represents the 96.3 percent exceedence flow. Monthly flow duration curves for the same
period (1935 — 2008 water years) are provided in Exhibit B, Appendix B-1.
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(Source: Snohomish PUD)
Figure E.3.1-7 Flow duration curve for unregulated daily average inflows to
Spada Lake (water years 1935 to 2008).

Final License Application Page E-25
Exhibit E — May 29, 2009



Jackson Hydroelectric Project

The period of critical stream flow used to determine dependable capacity is October 1,
1940 to September 30, 1941. During this period the average daily inflow to Spada Lake
was 515.3 cfs.

Reservoir Operation Curves

Area-Capacity Curves

Surface area and capacity of Spada Lake as a function of elevation are shown in Figures
E.3.1-8 and E.3.1-9. Gross storage for Spada Lake Reservoir is 153,260 acre-feet.
Useable storage for power generation is 101,218 acre-feet from the maximum height of
the spillway at 1,450 feet msl to 1,380 feet msl, the level power operations would cease
to avoid inducing coriolis forces in the power tunnel.
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Figure E.3.1-8 Elevation vs. storage curve for Spada Lake.
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Figure E.3.1-9 Elevation vs. area curve for Spada Lake.

Reservoir Rule Curves

Current Rule Curves

The Spada Lake rule curves currently governing Project operation are shown in Figure
E.3.1-10. These rule curves allow the District to provide a balance of reliable municipal
water supply to the City of Everett, instream flows for fisheries resources, incidental
winter flood storage, and higher lake levels for early summer recreation. Developed
based on the physical storage capacity of Spada Lake and the hydrology of the Sultan
Basin, the rule curves divide Spada Lake into States that shift throughout the July through
June water year, which is used to minimize the change in storage from year to year.
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SPADA LAKE RULE CURVES
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Figure E.3.1-10 Current Spada Lake operational rule curves.

State 1 — Zone of Spill. Above elevation 1,450 feet msl, Spada Lake is in a state of spill.
Therefore, the District operates the Powerhouse to withdraw at least 1,300 cfs through the
power tunnel.

State 2 — Zone of Potential Spill. The District operates the Powerhouse to withdraw at
least 1,300 cfs through the power tunnel.

State 3 — Zone of Discretionary Operation. The District may operate the Powerhouse
between the extremes of State 2 and State 4 depending on maintenance, power supply,
and prudent operation to minimize the impacts to the fishery resources.

State 4 — Zone of Water Conservation. The District operates the Powerhouse to satisfy
the requirements of its water supply obligations to the City of Everett and the instream
flow requirements in the Sultan River.

Proposed Rule Curves

The only alterations of the Project rule curves proposed for the next license term is a
minor modification to the State 3-4 line between July 1 and October 1, the clarification of
operations in state 2 and 4 to allow inflow forecasting to enhance prudent decision
making, and the designation of State 5 as described below (Figure E.3.1-11).
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Figure E.3.1-11 Proposed Spada Lake operational rule curves.

State 1 — Zone of Spill. Above elevation 1,450 feet msl, Spada Lake will be in a state of
spill. Therefore, the District will operate the Powerhouse to withdraw at least 1,300 cfs
through the power tunnel.

State 2 — Zone of Potential Spill. The District will operate the Powerhouse to withdraw
at least 1,300 cfs through the power tunnel unless inflow forecasts show that there is
minimal risk of spill.

State 3 — Zone of Discretionary Operation. The District may operate the Powerhouse
between the extremes of State 2 and State 4 depending on maintenance, power supply,
and prudent operation to minimize the impacts to the fishery resources.

State 4 — Zone of Water Conservation. The District will operate the Powerhouse to
satisfy the requirements of its water supply obligations to the City of Everett and the
instream flow requirements in the Sultan River. Generally, the Project is operated to
conserve water unless inflow forecasts and snowpack measurements indicate higher rates
of water withdrawal through power production are warranted.

State 5 — Zone of Tunnel Protection. Below elevation 1,380 feet msl the District ceases
to operate by water withdrawal through the Powerhouse at flows which would result in
vortex creation in the power tunnel. Vortexes could cause power tunnel collapse from
the negative hydraulic pressures of spiral flow. The District would release supplemental
water from the outlet valves at the base of Culmback Dam to satisfy instream flow and
water supply requirements. The Culmback Dam outlet valves are at elevation 1,220 feet
msl.
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Hydraulic Capacity

The minimum plant hydraulic capacity at the Jackson Powerhouse is 70 cfs. The
maximum plant hydraulic capacity at the Jackson Powerhouse is 1,300 cfs.

Tailwater Rating Curve

Because the turbines that discharge into the Sultan River below the Powerhouse are
Pelton units, a tailwater rating curve is not applicable.

Power Plant Capacity vs. Head Curve

Figure E.3.1-12 illustrates the relationship between the output capacity of both the
Jackson Project Pelton units and the net head. Each Pelton unit is rated at a capacity of
47.5 MW and limited by protective relays at 55 MW each. The maximum normal head
occurs when the headwater is at the normal full pool level of 1,450 feet msl. This results
in a gross head of 1,165 feet, which when adjusted for head loss results in a net head of
928 feet at 100 MW of generation (both Peltons combined). Under the median pool level
of 1,430 feet msl, the corresponding gross head would be 1,145 feet and the net head
would be 908 feet if producing 100 MW of generation. Similar computations at the
minimum generating pool of 1,380 feet msl yield a gross head of 1,095 feet. The curve
illustrates that as the generation of the Powerhouse increases the net head decreases
because of friction losses in the power tunnel.
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Figure E.3.1-12 Jackson Powerhouse capacity vs. head curve (Spada Lake
1,430 ft msl).

Figure E.3.1-13 illustrates the relationship between the output capacity of the Jackson
Project Francis units and the net head. The capacity of the Francis units is rated at 8.4
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MW with relay protection limits of 10.5 MW. The maximum normal head occurs when
the headwater is at the normal full pool level of 1,450 feet msl. This results in a gross
head of 780 feet, which when adjusted for head loss results in a net head of 685 feet at
8.4 MW of generation. Under the median pool level of 1,430 feet msl, the corresponding
gross head would be 760 feet and the net head would be 685 feet if producing 8.4 MW of
generation. Similar computations at the minimum generating pool of 1,380 feet msl yield
a gross head of 710 feet. Actual net head is determined by the actual lake level and the
operating status of the other three units, which in turn affect the power conduit flow and
resulting head loss.
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Figure E.3.1-13 Jackson Project Francis unit capacity vs. head curve.

E.3.1.2.3 Project Output Utilization

The District uses the output of the Jackson Project to meet system load. A portion of the
Project output is used to meet station service requirements as described in Section
E.3.1.2.2. The system load for the District varies from 468 average megawatts (MWa) to
1,560 MWa depending on time of day and season of use. Figure E.3.1-14 illustrates the
District’s monthly load curve. On average, the Jackson Project annually produces
approximately 5 percent of the District’s power supply needs.
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Figure E.3.1-14 Maximum, minimum, and average monthly system load (MW)
for Snohomish County PUD.

E.3.1.2.5 Future Project Development

At this time, the District is not proposing to develop any additional generation or capacity
during the term of a new license. However, in the future, if the District decides to add
additional generation or capacity, if necessary, a license amendment request will be filed
with FERC. The District will continue to look for increased electrical or mechanical
efficiencies and hydraulic improvements.

Proposed alterations to the Powerhouse include installation of Pelton unit governor
controls and use of flow deflectors to allow bypass and controlled downramping when
these units trip off-line. These alterations will allow adherence to the proposed Project
Operating Plan downramping rates at the Powerhouse.

No other development related to changes in capacity or generation is proposed at this
time.
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E.3.1.3 Environmental Measures

The District proposes to implement several environmental measures to protect, mitigate
or enhance water quality, fisheries, native plant communities, wildlife habitat, listed
species, recreation, and cultural resources. The full text describing each measure is
presented in Appendix B. Detailed discussion of the effects of each measure is presented,
by resource, in Section E.6.

Operations Plan: Implement the Operations Plan (attached as Appendix A) to operate
the Project according to modified Spada Lake Reservoir Rule Curves in order to provide
a balance of reliable municipal water supply, instream flows, incidental winter flood
storage, higher lake levels for summer recreation and prevention or reduction of risk of
spill following Chinook fall spawning and steelhead spring spawning. The Operating
Plan incorporated several of the specific protection mitigation and enhancement measures
related to Project operational impacts to aquatic habitat.

Water Quality Protection Plan: Develop and implement a plan to ensure and monitor
compliance with Washington State water quality standards in the Sultan River, including
(1) water quality protection measures related to Project construction or maintenance
activities; (2) spill prevention and containment procedures; (3) procedures for application
of herbicides, pesticides, fungicides, and disinfectants; and (4) measures for monitoring
select water quality parameters, such as stream flow, temperature, and turbidity.

Agquatic Resource Committee: Establish and convene an Aquatic Resource Committee
(ARC) to provide a mechanism for consultation regarding implementation of License
Articles pertaining to aquatic resources.

Modify Minimum Instream Flows: Modify the specified minimum instream flows in
the Sultan River below the Diversion Dam as measured at USGS Gaging Station No.
12137800 and Powerhouse as measured at USGS Gaging Station No. 12138160 to
protect, mitigate, and enhance fish and wildlife resources, riparian vegetation, aesthetic
resources, and water quality. Continue to provide 20 cfs in the bypass reach between
Culmback Dam and the Diversion Dam for resident trout.

Modify the Maximum Flow Ceiling during the Chinook and Pink Salmon Spawning
Period: Increase the maximum flow ceiling in OR-1 from 400 cfs to 550 cfs during the
September 15 to October 15 peak spawning period and monitor redd locations to protect
redds from being dewatered during the incubation period.

Process Flow Release Plan (PFR Plan): Develop and implement a plan to provide a
water budget of 22,000 acre-feet total over the 50-year license term to provide controlled
flows, supplement natural accretion flows, and support geomorphic and channel
maintenance flow (collectively referred to as process flows).

Downramping Rate Conditions: Modify and refine the Project downramping rate
schedules and formalize downramping frequency limitations to improve Project operation
and minimize the risk of fish stranding.
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Powerhouse Pelton Unit Flow Continuation System: Install a governor control system
to bypass the Pelton turbine needle valve flow to the Sultan River. This measure is
expected to greatly reduce the potential for an immediate reduction in Sultan River flow
caused by inadvertent turbine or generator shutdown.

Large Woody Debris Plan (LWD Plan): Develop and implement a plan to install up to
five LWD structures in the Sultan River to improve main channel habitat complexity and
up to three LWD structures to improve mainstem/side channel connectivity.

Side Channel Enhancement Plan (SCE Plan): Develop and implement a plan to
provide a minimum of 10,000 linear feet creating 3 acres of salmonid rearing habitat at
side channel sites in the lower Sultan River.

Monitor Salmon and Steelhead Escapement: Continue to monitor steelhead trout and
Chinook, pink, and chum salmon annual escapement in the Sultan River.

Steelhead Planting Program: Continue to fund the annual planting of 30,000 clipped
steelhead smolts in the Snohomish basin.

Spada Lake Recreational Fishery Plan (SLRF Plan): Develop and implement a plan
to improve fish access to tributary streams within the South Shore Road
decommissioning zone, improve boating access to Spada Lake, and provide informative
brochures to recreational anglers,

Juvenile Outmigration and Upstream Migration Flow Releases: Provide pulsed
flows from the Powerhouse, for juvenile outmigration and adult upstream migration.

Reservoir Elevations: Attempt to maintain a minimum impoundment elevation in
Spada Lake above 1,430 feet msl between July 1 and August 15 and above 1,420 feet msl
from August 15 to September 15 to achieve higher summer elevation targets while
assuring fall flood storage targets and providing for temperature conditioning in the
Sultan River below Culmback Dam.

Maintain River Temperature within Stage | Range: Continue to operate the Project in
a manner designed to maintain water temperatures within the pre-Stage Il range
downstream of the Diversion Dam.

Temperature Conditioning in Reach 3: Implement a program to condition the
temperature of the water released at Culmback Dam, in order to provide a seasonally
appropriate water temperature regime that will improve conditions for aquatic resources
(including resident fish and macroinvertebrates) in Reach 3 of the Sultan River.

Noxious Weed Management Plan (NWMP): Implement the NWMP (attached as
Appendix D), addressing control and containment of Washington State Class A,
Washington State Class B Designate, Snohomish County Selected noxious weeds, and
management of other selected weed species identified by the District and the adjacent
land manager, U.S. Forest Service, within the Jackson Project boundary.
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Terrestrial Resource Management Plan (TRMP): Implement the TRMP (attached as
Appendix E) to protect and manage wildlife habitat on the Lost Lake, Project Facility
Lands, Spada Lake, and Williamson Creek tracts.

Marbled Murrelet Habitat Protection Plan (MMHPP): Implement the MMHPP
(attached as Appendix G), to protect habitat for this listed species and minimize the risk
of disturbance during the breeding season.

Whitewater Recreation Plan (WR Plan): Develop and implement a 3-year trial period
plan to evaluate provision of occasional higher flows in the Sultan River below
Culmback Dam for whitewater boating, and upon completion of the trial, develop a
Whitewater Recreation Recommendation (WR Recommendation) regarding whether the
releases should be continued or modified.

Recreation Resources Management Plan (RRMP): Implement the RRMP (attached as
Appendix H), including the four primary elements: 1) Recreation Sites and Use Areas
Program (RSUAP), 2) Operations and Maintenance Program (OMP), 3) Recreation
Monitoring and Reporting Program (RMRP), and 4) Interpretation and Education
Program (IEP).

Historic Properties Management Plan (HPMP): Implement the HPMP (attached as
Appendix I), including guidelines for evaluation, monitoring, management and avoidance
of potential effects and defining specific actions to address effects on known or yet to be
discovered eligible sites in the Project area.

E.3.2 Action Alternatives

During the ILP, none of the stakeholders proposed specific action alternatives for
analysis, but several parties filed comments on the PM&Es as they were described in the
PLP. The District’s responses to these comments are provided in Appendix J. Several of
the PM&Es now included in the District’s proposal were modified based on these
comments. The District is currently engaged in settlement negotiations with the
stakeholders regarding potential alternatives to the proposed action.

E.3.3 No-Action Alternative

Under the no-action alternative, the District would continue to operate the Jackson
Project under the terms and conditions of the current license, and no new environmental
measures would be implemented. The no-action alternative serves as the baseline for
comparing the effects of the District’s proposal.

E.3.4 Alternatives Considered but Eliminated from
Detailed Study

Two action alternatives were considered, but not carried forward for analysis. These
include issuance of a non-power license and federal takeover of the Jackson Project.
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E.3.4.1 Non-Power License

A non-power license is a temporary license that provides for removal of generation
capabilities. The Commission would terminate a non-power license when it determined
that another governmental agency would assume regulatory authority and supervision of
the lands and facilities covered by the non-power license. However, no agency or other
stakeholder has indicated an interest in assuming such authority, or indicated that the
Jackson Project should not be operated to produce power. For this reason, the non-power
license alternative has not been carried forward for analysis.

E.3.4.2 Federal Takeover

Section 14 of the Federal Power Act allows for federal takeover and operation of a
hydropower Project, if FERC recommends and Congress approves such an action. To
date, there is no situation in which FERC has exercised this option. No federal agency
has indicated an interest in operating the Jackson Project, and for this reason, federal
takeover is not considered further in this document.

E.4 CONSULTATION AND COMPLIANCE

E.4.1 Consultation

The Commission’s regulations require license applicants to consult with appropriate
resource agencies and other interested parties, or stakeholders, before filing their license
applications. The following sections describe how the Commission and the District
provided for this consultation.

E.4.1.1 Scoping

Compliance with NEPA requires any public agency that will permit or fund a major
Project to evaluate the environmental and social consequences of the proposed action.
Public involvement in the environmental review process is a key element of NEPA.
Consistent with the public involvement aspect of relicensing, the Commission and the
District conducted a publicly-noticed site visit to the Jackson Project on October 17, 2005
to allow participants to develop a basic understanding of the Project facilities and
operations. The site visit was followed by the Commission’s issuance of a scoping
document (SD) on January 30, 2006 which identified preliminary resource issues and
invited agency and public participation in scoping meetings that were held on February
27 and February 28, 2006. The Commission issued a second scoping document on May
2, 2006, which addressed the comments received during the meetings and during the
subsequent comment period.

E.4.1.2 Consulting Framework

Over the course of the ILP, the District consulted with a variety of stakeholders
(agencies, tribes, non-governmental organizations [NGOs], public) to discuss the Project,
studies and PM&Es. These consultations were divided among the various resource areas
(aquatic, terrestrial, cultural and recreation). These resource groups were notified of
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significant events, periodic updates, meeting announcements, and opportunities for
written comments — for both ILP required and non-required events. As the FERC’s non-
federal representative for Endangered Species Act (ESA) Section 7 consultation and
National Historic Preservation Act Section 106 consultation, the District informally
consulted with the appropriate agencies and tribes as part of the resource groups during
study plan implementation and results reporting. Agencies, tribes and NGOs consulted
during the process are shown below in Table E.4.1-1. Their participation in various work
groups is identified in Appendix K, the Consultation Record.

Table E.4.1-1

Agencies, tribes, and NGOs consulted during the ILP.

Local Agencies

Non-governmental

Federal Agencies Tribes State Agencies | and Municipalities Organizations
Federal Energy Tulalip Tribes | Washington City of Everett American Whitewater
Regulatory Department of Fish
Commission (FERC) and Wildlife

(WDFW)
U.S. Forest Service | Snoqualmie | Washington City of Sultan Trout Unlimited
(USFS) Tribe Department of
Natural Resources
(DNR)
U.S. Fish and Stillaguamish | Washington Snohomish County | Washington
Wildlife Service Tribe Department of Surface Water Prospectors Mining
(USFWS) Health (DOH) Management Association
National Marine Washington Washington Trails
Fisheries Service Department of Association
(NMFS) Ecology (Ecology)
National Parks Washington Boeing Employees’
Service (NPS) Department of Everett Prospectors
Archaeology and Society
Historic
Preservation
(DAHP)
Recreation North Cascades
Conservation Conservation Council
Office (RCO)
Hydro Reform
Coalition
Backcountry Bicycles
Trails Club
Cascade Land
Conservancy

Everett Mountaineers

International Mountain
Bike Association
(Western WA)

Snohomish
Sportsmen Club
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E.4.2 Compliance with Applicable Laws

In issuing hydropower Project licenses, the FERC must address any federal statutory and
regulatory requirements that also apply to Project construction or operation. The major
requirements are summarized below in Table E.4.2-1. Table E.4.2-1 also indicates the
current status of the District’s compliance with applicable laws.

Table E.4.2-1
Project.

Major statutory and regulatory requirements for the Jackson

Requirement

Organization

Status

Clean Water Act, Section 401

Washington Department of
Ecology

The District will apply for Section 401
water quality certification on September
27, 2009; certification is due by
September 27, 2010.

Endangered Species Act

NMFS, USFWS

The District was designated as FERC's
non-federal representative for ESA
consultation on January 30, 2006.
Section E.6.6 of this document serves as
the District’s Biological Assessment.

Magnuson-Stevens Fishery
Conservation and Management
Act

NMFS

Section E.6.6 of this document presents
the District’s analysis of Project effects
on Essential Fish Habitat (EFH),
consistent with the requirements of the
Magnuson-Stevens Act.

National Historic Preservation
Act, Section 106

Washington SHPO, Tulalip
Tribes, Snoqualmie Tribe,
Stillaguamish Tribe

The District was designated as FERC's
non-federal representative on January
30, 2006, for informal consultation. The
District’s proposed Historic Properties
Management Plan is discussed in
Section E.6.9, and the plan is attached
as Appendix |.

Wild and Scenic Rivers and
Wilderness Acts

Forest Service, USFWS,
NPS, BLM

The Project is not located within Wild and
Scenic Rivers or Wilderness
designations and would not affect such
designations.

Coastal Zone Management Act

Washington Department of
Ecology

The Project is located within a coastal
county and the District will apply for a
determination of consistency with the
CZMA.

Pacific Northwest Electric Power
Planning and Conservation Act

Northwest Power and
Conservation Council

The Project is not located within the
Columbia Basin and would not affect
Columbia Basin fisheries.
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E.4.2.1 Clean Water Act, Section 401

Under Section 401 of the Clean Water Act of 1977 (CWA), a license applicant must
obtain certification from the appropriate state pollution control agency that verifies
compliance with the CWA. FERC regulations require that an applicant using the ILP file
its request for water quality certification or waiver with the applicable agency within 60
days of the date FERC issues the notice of acceptance and REA. Consistent with these
requirements, the District plans to file its application for water quality certification with
the Washington Department of Ecology (Ecology) on September 27, 2009.

The District has consulted with Ecology throughout the relicensing process regarding the
design and implementation of water quality studies needed to support its application for
water quality certification. Section E.6.2 summarizes the results of water quality studies,
analyzes Project effects, and discusses proposed water quality PM&Es. Appendix J
summarizes our response to comments received from Ecology and others to the District’s
PLP. Appendix K provides a timeline of consultation with Ecology and other
stakeholders regarding water quality.

E.4.2.2 Endangered Species Act

Section 7 of the Endangered Species Act of 1973 (ESA) requires federal agencies to
ensure that their actions are not likely to jeopardize the continued existence of listed
species or destroy or adversely modify critical habitat for such species. As FERC’s
designated non-federal representative, the District initiated informal consultation with
USFWS and NMFS by reviewing the agencies’ web sites (USFWS 2007a,
www.fws.gov/westwafwo/speciesmap/SNOHOMIS .html; and NMFS 1996,
www.nwr.noaa.gov/ESA-Salmon-Listings/Index.cfm) to identify listed and proposed
species and critical habitat that could occur in the Project area. Review of the USFWS
web site indicated that the District should evaluate potential Project effects on bull trout
(Salvelinus confluentus), Canada lynx (Lynx canadensis), gray wolf (Canis lupus),
grizzly bear (Ursus arctos), northern spotted owl (Strix occidentalist caurina), and
marbled murrelet (Brachyramphus marmoratus); and critical habitat for northern spotted
owl and marbled murrelet. Review of the NMFS web site showed that Chinook salmon
(Oncorhynchus tshawytscha) and steelhead trout (Oncorhynchus mykiss); and designated
critical habitat for Chinook salmon are also present in the Project area. Section E.6.6
presents our Biological Assessment of these species, and forms the basis for the effect
determinations shown in Table E.4.2-2, below. Consultation with USFWS and NMFS is
summarized in Appendix K.

Table E.4.2-2 Effect determinations for listed species and findings regarding
effects on critical habitat.

Species
Species Status Species Finding Critical Habitat Finding
Fish
Chinook salmon, Puget Sound ESU T Likely to adversely Not likely to adversely
(Oncorhynchus tshawytscha) affect affect
Steelhead trout, Puget Sound DPS T Likely to adversely Not applicable
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Species

Species Status Species Finding Critical Habitat Finding
(Oncorhynchus mykiss) affect
Bull trout, Coastal Puget Sound DPS T Likely to adversely Not applicable
(Salvelinus confluentus) affect
Wildlife
Canada lynx .

. T No effect Not applicabl
(Lynx canadensis) 0 etec ot appiicable
Gray wolf .

. E No eff N licabl
(Canis lupus) 0 effect ot applicable
Grizzly bear .
(Ursus arctos) T No effect Not applicable
Northern spotted owl T Not likely to adversely No effect
(Strix occidentalis caurina) affect
Marbled murrelet T Not likely to adversely No effect
(Brachyramphus marmoratus) affect

E.4.2.3 Magnuson-Stevens Fishery Conservation and
Management Act

The Magnuson-Stevens Act as amended by the Sustainable Fisheries Act of 1996
established procedures designed to identify, conserve, and EFH for fish species that are
regulated under a federal fisheries management plan. Under this act, EFH is defined as
the waters and substrate necessary to fish for spawning, breeding, feeding, or growth to
maturity. The consultation requirements of Section 305(b)(2) of the act specify that
federal agencies must consult with the Secretary of Commerce on any actions that may
adversely affect EFH. Section E.6.6 (Rare, Threatened and Endangered Species)
provides our analysis of Project effects on three species - Chinook, coho, and Puget
Sound pink salmon — that are protected under the act. Based on this analysis, we
conclude that the proposed action would not adversely affect designated EFH for
Chinook, coho and pink salmon in the Sultan River. Consultation with NMFS and other
stakeholders regarding Project effects on Chinook, coho, and pink salmon is summarized
in Appendix K.

E.4.2.4 National Historic Preservation Act, Section 106

Section 106 of the National Historic Preservation Act of 1966 requires the Commission
to take into account the effect of licensing a hydropower Project on historic properties,
and to allow the Advisory Council on Historic Preservation a reasonable opportunity to
comment on the proposed action. Historic properties include any district, site, building,
structure, or object that is included in or eligible for inclusion in the National Register of
Historic Places. Section E.6.9 of this document presents our analysis of Project effects
on historic properties. As FERC’s designated non-federal representative, the District
initiated informal consultation with various cultural resource representatives.
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Consultation with the State Historic Preservation Officer (SHPO), City of Everett, U.S.
Forest Service (USFS), affected Indian tribes, and other stakeholders regarding historic
properties is summarized in Appendix K.

E.4.2.5 Wild and Scenic Rivers and Wilderness Acts

Under the Wild and Scenic Rivers Act of 1968, FERC may not license hydropower
projects located on or directly affecting any river that is designated as a component of the
National Wild and Scenic Rivers System, or any river segment that Congress has
designated for study. Designation under this act is intended to protect rivers with
outstanding natural, cultural, and recreational values. The Sultan, Skykomish and
Snohomish rivers are not designated or proposed for inclusion within the system. For
this reason, relicensing the Jackson Project would not affect wild and scenic rivers.

The Wilderness Act of 1964 protects areas that are “untrammeled by man”. Under this
act, FERC may not license hydropower projects located within designated wilderness
areas. The Jackson Project is not located within a wilderness area, and for this reason,
relicensing the Project would not affect wilderness.

E.4.2.6 Coastal Zone Management Act

Section 307(c)(3) of the Coastal Zone Management Act (CZMA) of 1972 requires that
federal licenses must be consistent with approved state coastal management programs.
The Jackson Hydroelectric Project is located within a coastal county, and although
neither current nor proposed Project operations would affect a designated coastal zone,
the District will apply to Ecology for a determination of consistency with the CZMA
concurrent with the Section 401 application for water quality certification.

E.4.2.7 Pacific Northwest Electric Power Planning and
Conservation Act

Under the Pacific Northwest Electric Power Planning and Conservation Act of 1980, the
Northwest Power and Conservation Council developed a program to protect, mitigate,
and enhance fish and wildlife resources associated with development and operation of
hydroelectric projects within the Columbia River basin. The Jackson Project is not
located within, nor would it affect, the Columbia River basin.
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E.5 PROJECT AREA AND SCOPE OF CUMULATIVE
EFFECTS

E.5.1 General Description of the Sultan River Basin

E.5.1.1 Sultan River Basin

The Sultan River flows into the Skykomish River at RM 34.4. The Skykomish and
Snoqualmie rivers join at Monroe (RM 20.5) to form the Snohomish River (Figure E.5.1-
1). The Snohomish River watershed has a drainage area of 1,980 square miles and is the
second largest river basin draining to Puget Sound (Haring 2002).

The Sultan River has a watershed area of approximately 110 square miles (FERC 1981).
The basin is bounded on the east by the Cascade Mountains, on the north and south by
lateral ridges extending westward from the Cascade crest, and on the west by the Puget
Sound lowlands. Elevations in the basin range from the 6,617-foot msl summit of Del
Campo Peak to 130 feet msl at the confluence of the Sultan and Skykomish rivers.

Downstream of Culmback Dam (RM 16.5), the Sultan River flows through a deep gorge
for nearly 14 miles. The steep side slopes above the channel (Figure E.5.1-2) are densely
forested with conifer and mixed deciduous growth. The river channel in this reach is
relatively high gradient and confined, containing numerous cascades and rapids separated
by short pool-riffle stretches. Much of the streambank is sheer rock face or large rock
cuts (Williams et al. 1975). Near RM 3, the Sultan River emerges from the canyon reach
onto a broad, relatively flat valley floor containing intermittent stands or strips of
deciduous trees, underbrush and some mixed conifers. The river channel in this reach has
a moderate gradient with a number of split channel sections.

Because of the steep topography in much of the basin and intense precipitation, the
Sultan River, by nature, is a very “flashy” system, subject to extremes in maximum and
minimum flows (see the Supplemental Paper to the Project Operating Plan in Appendix
A). The Sultan Basin annually averages 163 inches of rainfall with variations as high as
214 inches and as low as 120 inches. November, December and January are the most
rainfall intense with monthly averages of 27, 21, and 23 inches respectively. Daily
precipitation in excess of 8 inches is not uncommon. The maximum measured daily
rainfall of 11.57 inches was measured on November 11, 1990.

The average annual runoff is 768.5 cfs. Sultan River flows in excess of 34,600 cfs were
measured twice in the 1950s at a gaging site just downstream of Culmback Dam. At the
other extreme, Sultan River inflows to Spada Lake are sometimes no more than
approximately 20 cfs in the months of July and August.
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Figure E.5.1-1 Jackson Project location map.
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Figure E.5.1-2 Principal tributaries of the Sultan River.
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E.5.1.2 Major Land Uses

The rugged topography of the Cascade Mountains and foothills dominates the Snohomish
River basin, and lands used for timber production or forest recreation account for 74
percent of the basin area. Agriculture comprises 5 percent of the basin area, with farms
covering the floodplains of the Snohomish River valley. These floodplains and rivers
have historically been occupied and used by non-native Americans. The second largest
land use in the basin (at 17 percent) is rural residential development which is scattered
across the foothills and valleys (Pentec and EcoLogic 1996). Cities lying downstream of
Spada Lake (the Project reservoir) along the Skykomish and Snohomish rivers include
Sultan, Monroe, Snohomish, Marysville, and Everett (see Figure E.5.1-1). The nearest
community is Sultan, approximately 16.5 miles downstream of the Project reservoir at the
confluence of the Sultan and Skykomish rivers. Further downstream, near Monroe, the
Skykomish and Snoqualmie rivers join to form the Snohomish River. The City of
Monroe is located on the Skykomish River and the City of Snohomish is located along
the Snohomish River. The largest urban development is concentrated in the cities of
Everett and Marysville at the mouth of the basin, where the Snohomish River enters
Puget Sound. The Project is located approximately 24 miles east of the City of Everett
and the Interstate 5 (I-5) corridor.

The District owns over 4,400 acres of land within the Sultan River basin. Other major
landowners in the Project area include the Washington Department of Natural Resources
(DNR), United States Department of Agriculture (Mt. Baker-Snoqualmie National
Forest), City of Everett, City of Sultan and private citizens (see the PAD for a detailed
description of land ownership).

With approximately 45,000 acres, the State of Washington is the largest basin landowner,
with its lands managed in two categories. The DNR manages approximately 18,600
acres for multiple purposes as state trust lands, with timber production being the primary
use. Approximately 26,000 acres of DNR-managed land to the north, east, and the south
of Spada Lake was added to adjacent Natural Resources Conservation Area (NRCA)
lands on January 2, 2007, to form the Morning Star NRCA.

Private ownership in the upper watershed is limited to portions of a few sections of land.
South of the Project Powerhouse, this characterization changes, and with the exception of
a few State of Washington holdings, the land is all privately held. The Project power
pipeline passes through three privately owned parcels of land beginning approximately
0.75 miles northeast of the Powerhouse.

E.5.1.3 Major Water Uses

Water stored in Spada Lake is used for the District’s hydroelectric generation, City of
Everett’s municipal water supply (serving 80 percent of Snohomish County with drinking
water), and to meet instream flow requirements in the Sultan River downstream of
Culmback Dam. Water from Spada Lake is conveyed through a tunnel and pipeline
directly to the Powerhouse at RM 4.5. Most is released to the river at this point after
generating electricity, with the remainder conveyed through a pipeline up to the shores of
Lake Chaplain, owned by the City of Everett, to the Portal 2 structure. At this point,
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flows are divided and released either into Lake Chaplin to supply the City’s municipal
and industrial customers, or through a tunnel to the new minimum flow release structure
designed to meet instream flow requirements in the reach between the Diversion Dam
and the Powerhouse.

E.5.1.4 Dams in the Basin

The only dams in the Sultan River basin are Culmback Dam and the City of Everett’s
Diversion Dam. Located at RM 16.5 on the Sultan River, Culmback Dam impounds
Spada Lake, which has a storage capacity of 153,260 acre-feet. The Diversion Dam is
located at RM 9.7, approximately 5.4 miles upstream of the Jackson Powerhouse. The
Diversion Dam creates a small impoundment measuring less than 1 acre in size. Both of
these dams are described in detail in Section E.3.1.1.

E.5.1.5 Tributary Streams

The principal tributaries to the Sultan River upstream of Culmback Dam include the
South Fork Sultan River, North Fork Sultan River, Elk Creek, and Williamson Creek.
The North Fork Sultan River, South Fork Sultan River, and Williamson Creek flow
directly into Spada Lake. Downstream from Culmback Dam, principal tributaries include
Big Four Creek, Habecker Creek, Marsh Creek, Chaplain Creek, Cascade Creek, Woods
Creek, Ames Creek, and Winters Creek (Figure E.5.1-2). Chaplain Creek drains the area
between Lake Chaplain and the Sultan River. Marsh Creek is the most significant
tributary downstream of Spada Lake, in terms of drainage area and flow contribution.

Tributaries to the Sultan River exhibit typical mountain stream characteristics: steep
gradients; narrow channels; numerous cascades and falls; and boulder and rubble
substrate (Table E.5.1-1). Only Winters and Ames creeks, entering below the
Powerhouse, have a moderate gradient over their lower reaches, good pool-riffle
conditions and gravel bottoms. Most tributaries have dense forested cover (Williams et
al. 1975).

Table E.5.1-1 Physical characteristics of major tributaries in the Sultan River

basin.
Stream | Stream Length | Average Gradient
Stream Name Tributary to: Ordera (miles)> (percent)e

South Fork Sultan River | Spada Lake 2 3.3 16.1
North Fork Sultan River | Spada Lake 3 54 5.6

North Fork Sultan River
Elk Creek upstream of Spada 3 4.9 3.2

Lake
Williamson Creek Spada Lake 3 5.4 5.7
Big Four Creek .
(intermittent and Sultgn R'.V er upstream 1 0.9 22.6
) of Diversion Dam
impassable)
Habecker Creek Sultan River upstream 1 97 6.4
(intermittent and of Powerhouse ' '
Page E-46 Final License Application

Exhibit E — May 29, 2009




Jackson Hydroelectric Project

Stream | Stream Length | Average Gradient
Stream Name Tributary to: Ordera (miles)> (percent)p
impassable)
Marsh Creek Sultan River upstream
i 2 5.4 74
(impassable) of Powerhouse
Chaplain Creek Sultan River upstream
; 1 1.2 2.8
(impassable) of Powerhouse
Sultan River
C_ascade Creek downstream of 1 14 NA
(impassable)
Powerhouse
Woods Creek (drains Sultan River
Woods Lake) downstream of 2 3.0 3.3
(impassable) Powerhouse
Sultan River
Ames Creek downstream of 1 2.75 NA
Powerhouse
Sultan River
Winters Creek downstream of 1 17 3.2
Powerhouse

a  Stream order from Strahler (1957).
b Based on USGS 7.5-minute quadrangles available for the Sultan River basin.

NA Not available

E.5.2 Cumulative Effects

According to the Council on Environmental Quality regulations for implementing NEPA,
cumulative effects are impacts on the environment that result from the incremental
impact of the action when added to other past, present, and reasonably foreseeable future
actions. Cumulative effects can result from individually minor but collectively
significant actions taking place over a period of time. FERC in the scoping process
indicated that the Project could have cumulative effects on water quantity and water
quality, anadromous fish and bull trout, and old-growth forest.

E.5.2.1 Geographic Scope of Cumulative Effects Analysis

The geographic scope of cumulative effects analysis defines the physical limits or
boundaries of the proposed actions’ effects on the resources. Because the proposed
action would affect the resource differently, the geographic scope varies for each

resource.

E.5.2.2 Temporal Scope of Cumulative Effects Analysis

The temporal scope of the cumulative effects analysis covers all past, present and
reasonably foreseeable future actions. Historic information is limited, and for this reason,
the temporal scope focuses on the present and the proposed 50-year term of the new

license.
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E.6 ENVIRONMENTAL ANALYSIS

E.6.1 Geology and Soils

E.6.1.1 Affected Environment
E.6.1.1.1 Geologic Setting

The Jackson Project lies in the extreme western part of the North Cascade subdivision of
the Cascade Mountain Physiographic Province where terrain ranges from 4,000 feet msl
to over 10,000 feet msl in elevation. The Puget Lowland Province borders the Cascade
Range to the west. In the western Cascade Physiographic Province, major rivers drain
west across the Puget Lowland into Puget Sound. Alpine and continental glaciations
have modified both the mountain valleys and the lowland topography (Snohomish
County PUD and City of Everett 1979). The most important Project-related features
produced by the continental ice are the Pilchuck plug immediately northeast of Culmback
Dam, and the diversion of the modern Sultan River. A detailed discussion of the historic
and current geologic and soil conditions in the Project area can be found in the PAD
(Snohomish County PUD and City of Everett 2005)

Three major rock groups underlie the lower Sultan basin between Spada Lake and the
Powerhouse. The oldest of these is a series of metasedimentary rocks composed largely
of greywacke (dirty, well-cemented sandstone), argillite (dark, well-lithified rock
composed of clay-sized grains), and phyllite (rock similar to argillite in which
metamorphism has produced a sheet-like, foliated texture), and is considered to be part of
the Nooksack Group of Jurassic and Cretaceous age. These sedimentary rocks have
become consolidated as a result of metamorphic processes. They are hard and
structurally competent.

Both Culmback Dam and the Powerhouse are founded in competent metasandstone and
related rocks of the Nooksack Group of Jurassic and Cretaceous age; the power tunnel
under Blue Mountain penetrates the same rock assemblage and metavolcanic rock of
similar quality. All of these rock units are strong and sound, and the structures built on
them are sound without producing any unstable slopes or potentially destructive geologic
conditions. The pipeline linking the power tunnel with the Powerhouse is buried in
unconsolidated deposits of glacial outwash and fill.

Among the primary geologic factors that influenced the design of the Project were
seismic loading of Culmback Dam, landsliding at or near the dam, and potential seepage
from Spada Lake through the glacial deposits of the Pilchuck plug. In accordance with
standard engineering practice, the dam and abutments were monitored during filling in
1983-84 and have been periodically monitored since that time. No significant indications
of seepage have been noted.
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E.6.1.1.2 Faults

Based on review of available geologic literature and surface geologic mapping, it was
concluded that there are no capable faults (movement or macroseismic activity within the
past 35,000 years) within 20 miles of the dam site. This definition is in agreement with
the current assessment of fault activity, as defined by the Corps of Engineers and cited in
the 2006 Part 12 Dam Safety Inspection Report (MWH 2006).

E.6.1.1.3 Seismicity

The seismicity of the Project area was evaluated and the Project designed to
accommodate the greatest intensity of seismic forces expected at the site on the basis of
historical records. The US Bureau of Reclamation design standards applied to Culmback
Dam recommended that a magnitude 7.0 to 7.5 event occurring at a distance of 8 miles be
considered for design purposes (Woodward-Clyde Consultants 1990). This design
earthquake would produce a median peak horizontal acceleration of 0.35 to 0.40g.
Culmback Dam was assessed for this magnitude of quake and found to withstand these
forces; therefore, it is expected to withstand the Maximum Credible Earthquake expected
to impact its location (MWH 2006).

E.6.1.14 Soails

Major soil categories in the Sultan River basin include 1) shallow to moderate residual
soils (2-5 feet deep), 2) deep residual soils, and 3) deep glacial soils (12 feet deep).
Around Spada Lake, soils originated from mixed glacial and glacial lake deposits.
Culmback Dam is situated on two soil types: shallow to moderately deep granitic, schist
and metasedimentary soils; and very deep, well drained glacial and colluvial soils. The
Powerhouse area is characterized by Everett gravelly soils and sandy loam (Snohomish
County PUD and City of Everett 1979).

E.6.1.1.5 Reservoir Shorelines

Geologic conditions around the perimeter of Spada Lake are varied. Bedrock consisting
of greywacke with interbeds of argillite is exposed in the southwest portion of the
reservoir and intermittently along the southern and eastern portions. Glacial till deposits
of various composition and density are extensive along the northern and northwestern
areas of the reservoir.

Glacial till overlain by glacio-fluvial deposits consisting primarily of sand and gravel
with varying amounts of cobbles and boulders is typical of the upper portion of the
material around the reservoir area. The deposits, however, lie well above the level of the
reservoir, as observed along road cuts. Surface drainage directed by road culverts and
discharging over lacusterine deposits created washouts that have undermined roads in
several locations.

Small landslides have also occurred on the reservoir slopes. These slides are narrow and
are the result of normal erosion processes. Several such slides are present in the steeper
banks lining the northwest corner of the reservoir and on the downstream side of the right
abutment. The disturbed areas are localized and of limited extent (Snohomish County
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PUD 1980a). Rapid landsliding capable of generating catastrophic waves in Spada Lake
is not expected to occur.

About 48 acres of riparian forest lie along the Spada Lake shoreline between elevation
1,450 feet msl (normal maximum pool level) and 1,445 feet msl (normal full operational
pool). This area was not cleared prior to filling of the reservoir in an effort to maintain a
riparian forest around the perimeter.

E.6.1.1.6 Slope Stability

Much of the erosion and mass soil movements in the Sultan basin have occurred on the
south side of the reservoir. In 1990, heavy rainfall combined with the effects of logging
of very steep lands above the road from Olney Pass to Culmback Dam lead to mass
material movement in several locations along the Culmback Dam Road (Pers. Comm.,
Bruce Meaker, Snohomish County PUD, August 9, 2005). These lands were logged by
the U.S. Forest Service (USFS) prior to a land exchange that transferred ownership to the
District in 1990. Several other road failures due to inadequate culvert sizing and poor
subsurface foundations have occurred since 1990. In 2003, a massive slide occurred on
the South Shore road between Olney Pass and the South Fork Bridge. This failure
originated on DNR land and was addressed by that agency (Sarikhan and Pringle 2005).

In the fall of 2003 and in the winter of 2006, two separate massive landslides occurred on
the south side of the Sultan River canyon below Culmback Dam. Beginning near the
crest of the ridge leading to Blue Mountain, these mass movement fans impacted a
substantial portion of the landscape, contributing a considerable volume of sediment and
wood to the Sultan River and destroying several hundred feet of the USFS 6122 access
road to the Sultan River. Another notable incident of mass soil movement in the Sultan
River was documented in December 2004 by members of American Whitewater when a
geologic fracture resulted in a large slide within the reach of the Sultan River downstream
of the mouth of Marsh Creek. The deep gorge below the Diversion Dam is very steep
and unstable, and periodically the bank will likely fail resulting in large amounts of rock,
soil, and trees falling into the Sultan River. This same phenomenon occurred in 1988.
These flow blockages are temporary and eventually washed downstream by the high
flows.

E.6.1.1.7 Mineral Resources

Historic mining of metals was prominent in the Sultan-Index area of Snohomish County.
Common ore minerals include pyrite, pyrrhotite, arsenopyrite, chalcopyrite, galena, and
sphalerite (Phipps et al. 2003).

The 69-square mile Spada Lake basin has been the site of prospecting and mineral
development for over 100 years. Prospecting in the region began after 1874, when silver
was reported in Silver Creek district. As of 1945, four mines were in commercial
production in the Williamson Creek and North Fork Sultan River drainages. All were
hampered by the difficulty accessing the upper reaches of the basin; consequently, none
of the mines had more than brief records of production (Phipps et. al 2003). Mine-to-
market roads constructed in the 1940s accelerated operations, and sites in the South Fork

Page E-50 Final License Application
Exhibit E — May 29, 2009



Jackson Hydroelectric Project

and North Fork Sultan River drainages were active from the 1950s through the 1970s.
Since then, a number of factors have combined to limit mining, including possible
impacts to water quality in Spada Lake, establishment of Natural Resources Conservation
Areas, and limited roaded access.

Prospecting and placer mining still occurs on National Forest System (NFS) lands in the
Project area, although mining activity is minimal. Known activity includes assaying
south of Culmback Dam and a 160-acre mining claim along the Sultan River below
Culmback Dam (Phipps et al. 2003). Mining claims along the Sultan River are held by
four different individuals/organizations and extend from Culmback Dam to the lower
Sultan River.

E.6.1.2 Project Effects
E6.1.2.1 Reservoir Shorelines

Reservoir fluctuations of 1.5 feet per day downward, or 20 feet per day upward are
possible given the dramatic variation in basin hydrology. However, shoreline erosion
around Spada Lake was not identified as a significant issue during study plan
development and consultation for relicensing of the Jackson Project.

The District owns all of the lands surrounding Spada Lake and manages them as the
Spada Lake Tract under their existing Wildlife Habitat Management Plan (Section
E.6.4.1.2.2). Because combustion engine watercraft are not permitted on Spada Lake in
order to protect the City of Everett’s water supply, erosion of the reservoir shoreline due
to boat wakes is not a concern. There is no commercial or residential development along
the shoreline.

E.6.1.2.2 Slope Stability

The Jackson Project does not affect the stability of the slopes in the Project area. From
RM 0 to RM 3, the Sultan River flows through a gentle sloping, low-elevation floodplain.
Between RM 3 to RM 11, the river flows through a gorge bounded by terraces which
periodically fail by deep-seated landsliding. Between RM 11 to RM 16.5, the river flows
through a gorge in a V-shaped valley reach whose steep valley walls fail by debris flow
landsliding (Stillwater Sciences and Meridian Environmental 2008a). Landslides have
occurred periodically over time and will likely continue to occur because of the steep
topography and unstable slopes in this reach.

Although the December 2004 Marsh Creek slide is not related to Project operation, the
District investigated its effect on upstream fish movement during Phase 1 of the RSP 20
Evaluation of Fish Passage at the Diversion Dam (Ruggerone 2008). An additional
investigation was conducted over the 2008-2009 winter season to identify options for
altering the slide through engineered or mechanical means to allow fish greater upstream
access without causing further slope instability. A report from this study was completed
in April of 2009.
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E.6.1.3 Proposed Environmental Measures
Issue

No issues relating to Project effects on geology or soils were identified during scoping.

Proposed PM&E

No PM&E measures are proposed specifically to address geology or soil issues.
However, several of the proposed water resource PM&E measures would address issues
that are likely to directly or indirectly affect gravel distribution and material accumulation
from landslides throughout the river system.

Environmental Analysis

The District proposes to implement a variable instream flow schedule (as discussed in
Section E.6.2.2, below), releasing flows to the river from a new discharge structure
located adjacent to the City’s Diversion Dam and from the Powerhouse. Additionally, a
water budget of 22,000 acre-feet will be used to provide process flow releases up to 2,380
cfs (full capacity release) from Culmback Dam. Additional flow would be released as
needed at the Powerhouse to achieve a process flow magnitude and duration of at least
3,300 cfs and 6 hours, respectively, as measured at USGS Gaging Station No. 12138160.
These measures are intended to provide physical process related benefits to the aquatic
habitat in the lower river (Section E.6.2.3.1.4).

E.6.2 Water Resources

E.6.2.1 Affected Environment

The Sultan River flows over 30 miles and includes at least 32 tributaries that total 123
linear stream miles in the drainage network. The watershed drains an estimated 110
square miles (FERC 1981). Major tributaries to the Sultan River above Culmback Dam
include the South Fork Sultan River, North Fork Sultan River, Elk Creek, and
Williamson Creek. Downstream of Culmback Dam, major tributaries include Marsh
Creek, Chaplain Creek, Woods Creek (drains Woods Lake), Ames Creek, and Winters
Creek (Figure E.5.1-2 and Table E.5.1-1).

Water stored in Spada Lake is used for hydroelectric generation, municipal water supply,
and to meet minimum stream flow requirements downstream of Culmback Dam. Water
is conveyed from the reservoir through a tunnel and pipeline directly to the Project's
Powerhouse at RM 4.5. Most of the water passing through the Powerhouse turbines is
discharged to the river at this point, with the remainder conveyed by the existing head
through the Lake Chaplain pipeline to a control structure (Portal 2) near Lake Chaplain.
Water flowing in the Lake Chaplain pipeline is divided at Portal 2 for municipal and
industrial use by the City and for return flow at the Diversion Dam (RM 9.7) to meet
minimum stream flow requirements (upstream of the Powerhouse). See sections E.3.1.1
and E.3.1.2 for a detailed description of Project operations, the Spada Lake reservoir and
other Project facilities.
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The following section briefly summarizes existing water resource attributes that are
affected by Project operations, including water quantity and water quality parameters. A
discussion of the effects of the Project (i.e. pre- to post-Stage II comparison) on water
resource attributes is presented in Section E.6.2.2.

E6.2.1.1 Water Quantity

Water yield in the Sultan River basin is derived from annual snow accumulation and
precipitation. Owing to the steep topography and intense precipitation, the Sultan River
by nature is a very “flashy” river system subject to rapid and extreme changes in flows.
With an average annual rainfall measured at Culmback Dam of 163.4 inches, the basin
has the highest runoff per unit area (11.0 cfs per square mile) of any gaged river system
in the Puget Sound region (Pfeifer et al. 1998). Stream flow data have been collected in
the Sultan River basin since 1911, and data are available from nine gaging stations
located throughout the basin and are described in detail in (Snohomish County PUD and
City of Everett 2005). Current Project operations affect two water quantity attributes,
reservoir levels and Sultan River flows, as described below.

E.6.2.1.1.1 Reservoir Management

The reservoir rule curves are shaped to minimize spill (uncontrolled release of water via
the spillway) and to store spring runoff for municipal water supply and minimum stream
flow augmentation during the driest months. This strategy provides significant incidental
floodwater storage. The reservoir rule curves are the key element in the Project's
operating plan and fulfill the requirements of Article 57 of the current FERC License
stipulating that the "Licensee and the Corps of Engineers shall enter into an agreement
providing a reservoir operating rule curve for flood control, if any, and power
operations." The design of the rule curves was based on two elements: (1) physical
storage capacity of Spada Lake (153,260 acre-feet at full pool, 1,450 feet msl); and (2)
upper Sultan River basin hydrology. The current rule curves (shown in Figure E.6.2-1)
divide Spada Lake into four states that shift throughout the water year (July through
June). The rule curves allow the District to provide incidental winter flood storage,
municipal water supply, minimum stream flows, and higher summer lake levels for
recreation. In States 1 and 2, the Project is required to discharge 1,300 cfs into the Sultan
River. In State 4, the Project is operated to maintain Lake Chaplain within a specified
range of elevation and to provide required minimum fishery flows below the Diversion
Dam and Powerhouse. State 3 is a “discretionary” zone where the Project may be
operated between the extremes of States 2 and 4, depending on the needs for power
generation and subject to limitations on ramping rates and frequency.

On average, the reservoir water surface elevation is within State 3, except during periodic
August and September low flows, when the Project is operated in State 4 to provide flood
storage prior to the fall heavy rainy season (Figure E.6.2-1). Although reservoir surface
elevations are generally within State 3, they vary widely seasonally and from year to
year, with large variations in the fall to spring, but much less variation during the
summer.
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Figure E.6.2-1 Spada Lake daily minimum, maximum and average water levels

observed (1990 to 2007) and operational rule curves.

During heavy storm events the Project is operated to provide incidental flood control.
Spada Lake is the only flood control storage structure on the Skykomish River system
and one of only two storage flood control structures in the Snohomish River system.
Therefore, flood control was an important aspect of Stage Il development, which raised
Culmback Dam by 62 feet and increased the reservoir by 4.5 times in volume. At the
time of Stage II development, the rigid prescription of reservoir management by the U.S.
Army Corps of Engineers (Corps) to maximize flood control was not supported by either
the licensees or the aquatic resource agencies due to the anticipated negative effects on
downstream aquatic habitat resources. Therefore, under the current license, flood control
is “incidental” to Project operations (i.e., an indirect outcome of the result of operating
the Project for the other beneficial purposes). This was agreed to by the resource
agencies and the Corps while developing the current license operating plan, which was
finalized and accepted by the FERC in 1996.

The shape of the rule curves and the guidelines for operation are specifically designed to
minimize flooding on the Sultan River. The Sultan River can constitute from 20 to 50
percent of the flood flows on the Skykomish River below the City of Sultan depending on
the concentration of storm effects on the two river systems. The City of Sultan
(population of approximately 5,000) is located at the mouth of the Sultan River where it
joins the Skykomish River. The City’s business district is located within the floodplain.
Current operations of the Jackson Project have drastically reduced the medium-size
floods on the Sultan River and reduced, to the extent reasonably possible, the effects of
larger floods.
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For example, during the Skykomish River basin flood event that occurred from January 6
to 8, 2009, the Spada Lake area received 18.32 inches of precipitation (9.5 inches in 1
day). To give perspective, the average precipitation in January is 23.3 inches. The storm
event contributed about 50,000 acre-feet of water to Spada Lake. Of the approximately
18,000 cfs entering Spada Lake, all but 1,300 cfs was retained and, incidental flood
management prevented a major flood event for the City of Sultan.

While Project operations can provide substantial flood flow reduction during single large
storm events, the Jackson Project can not contain the larger multiple storm events that
have historically occurred in the Sultan basin due to the relatively small size of the
reservoir compared to potential inflows. While Project operations can absorb most or all
of the first event, should a second event occur within two weeks, the reservoir may have
little capacity to absorb it. Such a series of events occurred in 1990 (Water Year 1991).
The first storm dropped 11.5 inches of rainfall in 24 hours on November 11. With an
average daily inflow of 14,700 cfs, Spada Lake rose 22 feet in 24 hours, resulting in a
modest spill of about 3,000 cfs. Operating at full generation, the reservoir was only
lowered to about 2.5 feet below the rim of the spillway when 2 weeks later, the second
multi-day storm arrived. Inflows to Spada Lake increased to 18,000 cfs which resulted in
the lake level rising nearly 7 feet over the top of the spillway and a peak spill flow of
nearly 17,000 cfs. Multiple storm events resulting in spill events of this magnitude are
relatively rare.

E.6.2.1.1.2 Sultan River Flows

As discussed in the previous section, Project operations largely control Sultan River
flows below Culmback Dam, except for additional flows contributed by a few minor
tributaries and during large multiple storm events that cause spill. The District holds a
water right authorizing diversion of 556 cfs and 250,200 acre-feet per year from the
Sultan River for power generation (Certificate No. S1-00732C, priority date May 3,
1946); and the District and the City jointly hold a second water right authorizing
diversion of 1,500 cfs and 506,800 acre-feet per year of water from the Sultan River for
power generation and municipal water supply purposes (Certificate No. S1-23398C,
priority date June 15, 1979). The withdrawal of water from the Sultan River basin by the
City of Everett, while affecting Sultan River flows, is not part of the hydroelectric
Project. Information about the City’s water withdrawal and projected future demand is
discussed under Cumulative Effects (Section E.6.2.4).

Based on Project water routing and minimum stream flow requirements, the Sultan River
basin downstream of Culmback Dam can be divided into three distinct operational
reaches (Figure E.6.2-2): Operational Reach 3 (OR-3) from Culmback Dam (RM 16.5) to
the Diversion Dam (RM 9.7); Operational Reach 2 (OR-2) from the Diversion Dam (RM
9.7) to the Powerhouse (RM 4.5); and Operational Reach 1 (OR-1) from the Powerhouse
(RM 4.5) to the Skykomish River (RM 0.0). Existing minimum stream flow
requirements, seasonal flows, peak flows, and Project flow ramping are summarized
below. A more detailed discussion of flows in relation to Project operations is presented
in Section E.6.2.2.
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Figure E.6.2-2 Operational Reaches 1, 2, and 3 on the Sultan River below

Culmback Dam.

Minimum Stream Flow Requirements

Flow releases from Culmback Dam to the Sultan River have been regulated since 1965
(prior to the hydroelectric Project). A Settlement Agreement in 1982 (pertaining to the
hydroelectric Project) with the Washington Department of Fish and Wildlife (WDFW),
the National Marine Fisheries Service (NMFS), and the Tulalip Tribes (the “Joint
Agencies”) established three controlled flow release points on the Sultan River:
Culmback Dam (RM 16.5), the Diversion Dam (RM 9.7) and at the Powerhouse (RM
4.5), where flows are monitored to protect, mitigate and/or enhance aquatic resources. A
constant minimum stream flow of 20 cfs is released from Culmback Dam to the Sultan
River. Between the Diversion Dam and the Jackson Powerhouse, a minimum stream
flow of 95 to 175 cfs is required to support fishery resources as determined by the Joint
Agencies. This level varies seasonally, with flows supplied primarily by return flow
using the Lake Chaplain pipeline. From the Powerhouse to the Sultan’s confluence with
the Skykomish River, minimum stream flow requirements range from 165 to 200 cfs
(Table E.6.2-1).

Table E.6.2-1 Sultan River minimum stream flow requirements.

Minimum Stream Flow
Dates Point of Discharge (cfs)
All Year Culmback Dama 20
11/1-1/15 Diversion DamP 95
1/16 - 2/28 Diversion DamP 150
Page E-56 Final License Application
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Minimum Stream Flow

Dates Point of Discharge (cfs)
3/1-6/15 Diversion Dam® 175
6/16 - 9/14 Diversion Dam® 95

9/15-9/21 Diversion DamP 145
9/22 - 10/31 Diversion DamP 155
6/16 - 9/14 PowerhouseP 165
9/15-6/15 PowerhouseP 200¢

a Cone valve discharge verified by the U.S. Geological Survey on August 28, 1990.

b Telemetry gages are installed immediately below the Diversion Dam and Powerhouse to monitor these flows.

¢ If flows exceed 400 cfs during the Chinook spawning period (September 15 to October 15), the District increases
minimum stream flows during the subsequent incubation period to protect spawning redds.

Winter Steelhead Fishery Recreational Flow

In addition to managing flows specifically for aquatic resources, the District provides
recreational opportunities for steelhead anglers by controlling flows during the winter
steelhead fishing season (December through February). This modified operating regime,
if feasible, occurs on the weekend following the 14th consecutive day of Project-created
flows exceeding 700 cfs, commencing on Saturday at 1200 hours. The discharge from
the Powerhouse is reduced in accordance with established down-ramping rates to provide
a stream flow of 700 cfs or less until 2400 hours on Sunday. The total flow reduction
period is 36 hours and allows steelhead anglers to access the river under favorable flow
conditions during the weekend of the flow reduction.

Criteria triggering this recreational flow include:
e Spada Lake water surface elevation must be below 1,435 feet msl and decreasing;

e Meteorological and hydrological forecasts for the Snohomish River basin must be
favorable; and

e The U.S. Army Corps of Engineers must not object if Spada Lake will still be in State
2 of the rule curve.

Seasonal Sultan River Flows

The combined minimum stream flow release from Culmback Dam, infrequent spill
events from Spada Lake, and contributions from a few small unnamed drainages and Big
Four Creek supply flow to the Sultan River in the 6.8-mile-long bypass reach. In
addition to the constant 20 cfs release from Culmback Dam, accretion flows in Reach
OR-3 (bypass reach) are variable and range from about 10 to 2,000 cfs, depending on
precipitation. One USGS gaging station (Sultan River near Startup gage) was located
between Culmback Dam and the Diversion Dam, but was discontinued in 1971.
Therefore, current data is not available to describe existing flow conditions in the bypass
reach under Stage II.
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Sultan River flows downstream of the Diversion Dam in Reach OR-2 are a combination
of releases from Culmback Dam, accretion flows in the bypass reach, and return flows
from the Lake Chaplain pipeline. Additional flow is contributed to this reach from Marsh
and Chaplain creeks and a few smaller drainages such as Habecker and Cascade creeks.
The Sultan River below Diversion Dam gage (USGS Gaging Station 12137800) was
installed in 1983 and is currently one of two compliance points for Sultan River
minimum stream flow requirements listed in Table E.6.2-1. Median (i.e. 50 percent
exceedence level) and minimum stream flows in this reach are generally well below 300
cfs all year long with higher flows occurring in October and November (Figure E.6.2-3).
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Figure E.6.2-3 Peak flows by water year with month of occurrence listed
(Sultan River below Powerplant gage, USGS Gaging Station
12138160).

Woods Creek (draining Woods Lake), Ames Creek, and Winters Creek are the principal
tributaries contributing flow to the Sultan River downstream of the Powerhouse in Reach
OR-1. A few unnamed tributaries also discharge to this reach. One USGS gaging station
is located downstream of the Powerhouse - the Sultan River below Powerplant gage
(USGS Gaging Station 12138160). This station was installed in 1983 and is a
compliance point for Project minimum stream flow requirements downstream of the
Powerhouse. Low flows generally occur in August and September and high flows occur
in November. Median (i.e. 50 percent exceedence level) flows are generally less than
1,000 cfs in the winter and spring and less than 300 cfs in summer, but rise to about 1,500

cfs during fall (Figure E.6.2-4).
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Peak Flows

During the past 23 years under existing Project operations, peak flows below the
Powerhouse have exceeded 10,000 cfs twice, reaching 22,300 cfs in water year 1991 and
14,000 cfs in water year 1996 (Figure E.6.2-5). Usually peak flows below the
Powerhouse occur from November through January and are less than 3,000 cfs in
magnitude.

Flow Fluctuations (Ramping)

To fulfill the requirement of the current FERC License Article 55 for fish protection and
mitigation related to Project-controlled river flow changes (referred to as “ramping”), the
District conducted field studies in 1985 and 1986 on the effects of flow decreases
(“downramping”) on young salmonids (Olson 1990). The study was developed
cooperatively with the Joint Agencies, and informed the development of a revised Project
Operating Plan, approved by FERC, that sets the downramping rates for the Project at the
Powerhouse (Table E.6.2-2). In 2004 and 2005, the District conducted an additional
assessment of Project operational effects on ESA-listed salmonids and bull trout (CH2M
Hill 2005). Following informal consultation with the Joint Agencies, further ramping
rates at the Diversion Dam were adopted as a conservation measure that range from 1 to 6
inches per hour (Table E.6.2-3).

Table E.6.2-2 Jackson Hydroelectric Project Powerhouse downramping rate
schedule # (inches/hour).

Flow Range
(cfs/day) Day Night Day Night
March 1P to May 31 June 1° to September 15
1,500 to 750 4 4 2 1
750 to 600 2 2 2° 1
600 to 300 2 4 2 1d
300 to minimum 2 2 2 1d
September 16 to October 31 November 1 to February 28
1,500 to 750 2 1 4 4
750 to 600 2 1 2 2
600 to 300 2 2 4 4
300 to minimum 2 2 4 4

a For normal operation; not for power generation equipment failures or forced outages. Values are in inches-per-hour
at the Powerhouse. Rates are tracked on a 15 minute basis by USGS for compliance. No one 15 minute
downramping value will exceed half the hourly rate shown in the table. No four consecutive downramping rates shall
exceed the hourly rates shown in the table.

b This date may be adjusted annually by determining time of fry emergence with cumulative water temperature
information. Upon notification to the District from WDFW that either salmon or steelhead trout fry are expected to
emerge from the river gravel, based on water temperature unit calculations, the District will shift to the designated
slower downramping rates.

¢ |f river flow prior to downramping has exceeded 1,000 cfs for more than 72 hours, downramping through this flow
range (750 to 600 cfs) occurs only after holding flow constant between 750 and 850 cfs for at least 6 hours of
daylight and one overnight period.

d Avoid any scheduled flow reduction.
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Figure E.6.2-5

Daily flow exceedence for the Sultan River below Powerplant gage (USGS Gaging Station 12138160),
1983-2007.
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Table E.6.2-3 Diversion Dam downramping rate schedule®.

Day | Night Day | Night
Jan. 1° to May 31 June 1to Sept. 15¢
Ramp Rate (in/hr)d 3 | 3 3 | 15
Sept. 16 to Oct. 31 Nov. 1 to Dec. 31
Ramp Rate (in/hr) 3 | 3 6 | 6

a For normal operations in the flow range between 95 cfs (minimum stream flow) and 300 cfs, not during power
generating equipment failures, forced outages, or gravel flushing/enhancement actions requiring manual operation
of the sluice gate at the Diversion Dam.

b Chinook salmon fry emergence schedule will be determined yearly in consultation with WDFW.

¢ Avoid any scheduled flow reduction.

dUnits are in inches per hour as measured at the USGS gaging station downstream from the Diversion Dam. Rates
are tracked on a 15-minute basis. No single 15-minute downramping value will exceed one half the hourly value
shown in the table. The average of four consecutive 15-minute downramping rates shall not exceed the hourly rate
shown in the table.

Most downramping occurs when the reservoir is in State 3, which is the operational
“discretionary” zone. Downramping rates are limited to the schedule presented in Table
E.6.2-2 and vary from 1 to 4 inches per hour, depending on the season, time of day, and
river stage. The point of compliance is immediately downstream of the Powerhouse. If
downramping occurs during the twilight period (1 hour before to 1 hour after sunrise or
sunset), the lower of the two stipulated day or night rates is used. This precautionary
guideline minimizes the potential for stranding during the twilight hours when the
juvenile fish are shifting their diurnal behavior patterns. Additionally, because the Project
is not operated on a “load-following basis”, Powerhouse discharges to the river do not
fluctuate frequently on a daily basis®.

E.6.2.1.2 Water Quality

The overall water quality in the Sultan River in the vicinity of the Project is very good.
The Sultan River basin is a relatively remote watershed characterized by rugged forested
terrain, and is one of the wettest watersheds in the continental United States with average
annual precipitation of about 165 inches. These conditions result in surface waters in the
basin that have dilute dissolved solids and ions content, and are free of pollutants or
contaminants. The Sultan River basin has been protected as the source of the City of
Everett’s municipal water supply since 1917. This protection restricts the range of
recreational and other activities that may occur in the Project area, which further limits
the potential for anthropogenic effects on water quality.

A two-year Water Quality Parameter Study was completed in March 2009 to obtain
information on existing water quality conditions in the vicinity of the Project. The Water
Quality Parameter Study assessed 19 parameters at 13 sampling sites in the vicinity of the
Project over the period from April 2007 through March 2009. Descriptions and analysis

* A project operated on a load-following basis would generally require frequent upramping and
downramping to respond to changing demands for energy during a given day.
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of the data obtained during the two-year study are provided in the Water Quality Final
Technical Report (CH2M HILL 2009).

The 2-year study confirms that water quality conditions in the vicinity of the Project are
very good, as previously reported by Pfeifer et al. (1998) and further documented in the
Jackson Project PAD (Snohomish County PUD and the City of Everett 2005) and the
Revised Study Plan (Snohomish County PUD and the City of Everett 2006a). Results of
the study also indicate that conditions in the vicinity of the Project conform to
Washington State water quality standards (per Chapter 173-201A of the WAC)
throughout the year with few exceptions (as summarized further in the sections that
follow).

These results will support an application to Ecology for Section 401 Certification of the
Project under the Clean Water Act. This 401 Certification is needed prior to FERC’s
issuance of new license for the continued operation of the Project, and will affirm that
waters potentially affected by the Project conform to state water quality standards and
support designated beneficial uses. The overall goal of state water quality standards is to
prevent the degradation of waters of the state and to maintain existing and designated
uses. Beneficial uses and water quality criteria applicable to waters in the vicinity of the
Project are summarized below.

E.6.2.1.2.1 Designated Uses and Water Quality Standards

Designated freshwater uses in the state standards include subcategories under aquatic life,
recreation, water supply, and miscellaneous uses. The entire Sultan River basin is
designated for domestic, industrial and agricultural water supply and stock watering;
wildlife habitat; timber harvest; commerce and navigation; boating; and aesthetics. The
entire Sultan River basin is designated as Core Summer Salmonid Habitat for which
specific numerical criteria are established for five of the water quality parameters
applicable to the Sultan River basin as summarized in Table E.6.2-4. In addition, the
Sultan River, from its mouth to the Chaplain Creek confluence, is designated for Primary
Contact recreation’, and for Extraordinary Primary Contact recreation® upstream of this
point. The state standards for contact recreation that apply to the Sultan River basin are
based on fecal coliform bacteria criteria as summarized in Table E.6.2-5.

Other state standards are in effect for lakes (or reservoirs), like Spada Lake, which are
distinguished from riverine systems as being waterbodies with a mean detention time’ of
greater than fifteen days. The state standards for a lake or reservoir are summarized in
Table E.6.2-6.

> "Primary contact" means activities where a person would have direct contact with water to the point of
complete submergence including, but not limited to, skin diving, swimming, and water skiing, although
these activities are not allowed in Spada Lake due to water supply concerns.

6 "Extraordinary primary contact”" means waters providing extraordinary protection against waterborne
disease or that serve as tributaries to extraordinary quality shellfish harvesting areas.

7 "Mean detention time" means the time obtained by dividing a reservoir's mean annual minimum total
storage by the thirty-day, ten-year low-flow from the reservoir.
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Table E.6.2-4 Summary of relevant state water quality standards for Core

Summer Salmonid Habitat.

Parameter Standard

Water Temperature Not to exceed 7-DADMax! of 16.0°C2

Total Dissolved Gas Not to exceed 110% of saturation.

Turbidity Not to exceed 5 NTU over background, or 10% over background of 50 NTU or more.
Dissolved Oxygen Must exceed 9.5 mgl/l.
pH Within 6.5 to 8.53.

1
2

7-day average of the daily maximum temperatures.

When a water body's temperature is warmer than the applicable criteria (or within 0.3°C (0.54°F) of the criteria) and
that condition is due to natural conditions, then human actions considered cumulatively may not cause the 7-
DADMax temperature of that water body to increase more than 0.3°C (0.54°F). (ii) When the background condition
of the water is cooler than the applicable criteria, the allowable rate of warming up to, but not exceeding, the numeric
criteria from human actions is restricted as follows: (A) Incremental temperature increases resulting from individual
point source activities must not, at any time, exceed 28/(T.+7) as measured at the edge of a mixing zone boundary
(where "T" represents the background temperature as measured at a point or points unaffected by the discharge and
representative of the highest ambient water temperature in the vicinity of the discharge); and (B) Incremental
temperature increases resulting from the combined effect of all non-point source activities in the water body must
not, at any time, exceed 2.8°C (5.04°F). (iii) Temperatures are not to exceed the criteria at a probability frequency
of more than once every ten years on average.

Human-caused variations must be within a range of 0.5 pH units.

Table E.6.2-5 State water quality standards for Extraordinary and Primary

Contact Recreation - fecal coliform parameter.

Parameter Extraordinary Primary Contact
Not to exceed geometric mean of 50 Not to exceed geometric mean of 100
Fecal coliform col./200 ml, less than 10% of all samples col./100 ml, less than 10% of all samples
exceeding 100 col./100 ml. exceeding 200 col./100 ml.

Table E.6.2-6 Summary of other relevant state water quality standards for

lakes (relevant to Spada Lake).

Parameter Standard

Water Temperature Not to increase 7-DADMax more than 0.3°C above natural conditions?

Dissolved Oxygen Not to decrease minimum daily DO more than 0.2 mg/L below natural conditions?.
Nutrient Criteria Establishes lake trophic state? based on ambient Total Phosphorus (TP).

1
2

“Natural conditions” means surface water quality that was present before any human-caused pollution.
"Trophic state" means a classification of the productivity of a lake ecosystem. Lake productivity depends on the
amount of biologically available nutrients in water and sediments and may be based on total phosphorus (TP).
Trophic states used in this rule include, from least to most nutrient rich, ultra-oligotrophic, oligotrophic, lower
mesotrophic, upper mesotrophic, and eutrophic..
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E.6.2.1.2.2 Project-Related Water Quality Data

This section describes water quality conditions in the vicinity of the Project for
parameters associated with state water quality standards (per Chapter 173-201A WAC),
as well as for other parameters useful to inform evaluation of aquatic resources.
Descriptions are provided of the data collected from April 2007 through March 2009
during the 2-year Water Quality Parameter Study. The Water Quality Parameter Study
sampling sites are shown in Figure E.6.2-6. The Water Quality Final Technical Report
(CH2M Hill 2009) provides further descriptions and analysis of the data obtained during
the study.

Water Temperature

Water temperature conditions upstream of the Project in the tributaries entering Spada
Lake follow a typical annual trend with maximum temperatures occurring during mid-
summer and minimum temperatures in winter. The data collected during the 2-year water
quality study indicate that maximum temperatures occurred in July and August, with the
7-DAD Max reaching 13.9 degree Centigrade (°C) at the South Fork Sultan River (SF)
site, 14.4°C at the North Fork Sultan River (NF) site, and 15.3°C at the Williamson Creek
(WC) site. Minimum temperatures at these sites during the two-year study occurred
January through March at about 1 to 2°C. As such, the 7-DAD Max values at these sites
did not exceed the designated Core Summer Salmonid Habitat temperature criterion of
16°C at any time during the study.

Spada Lake undergoes typical thermal stratification during warmer months of the year,
and is isothermal (i.e., uniformly-mixed and not stratified) during other colder months.
These conditions are evident in Figure E.6.2-7, which shows the trends during 2007 of
daily mean temperatures in various depth strata in Spada Lake as measured at the intake
tower. Thermal stratification of the lake usually begins in May and lasts until late
October. During maximum stratification in August and September, the average surface
water temperature is about 18 to 19°C and bottom temperatures average about 5 to 6°C,
with the thermocline about 40 to 60 feet from the surface. The lake’s temperatures drop
to a low of about 2 to 4°C throughout the water column in mid-winter. The water
temperature data in Spada Lake for the entire Water Quality Parameter Study are
presented in the Water Quality Final Technical Report (CH2M Hill 2009).

Water temperature conditions in the Sultan River downstream of Spada Lake (Culmback
Dam) also follow a typical annual trend with maximum temperatures in mid-summer and
minimum temperatures in winter. These trends are evident in Figure E.6.2-8, which
shows 7-DAD Max temperatures at the downstream Sultan River sites during 2007. The
water temperature data at these sites for the entire 2-year Water Quality Parameter Study
are presented in the Water Quality Final Technical Report (CH2M Hill 2009).
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Figure E.6.2-7 Daily mean temperatures (°C) in Spada Lake during 2007 as
measured at the intake tower by depth.
18.0
= =RMO0.2
16.0 —*—RM 4.4
—RM54
—e—RM 9.8
14.0 RM 16.0 ¢
RM 4.9 ?
12.0 l &
6 "' ..1’1’:"':‘ 0'”.':
< 100 o g\
3 §7¥
z ¢
= %
<
Q
N~

0.0 T T T T T T T

Jan-07 Feb-07 Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug-07 Sep-07 Oct-07 Nov-07 Dec-07 Jan-08

Figure E.6.2-8
sites below Culmback Dam.

7-DADMax temperatures (°C) in 2007 at Sultan River monitoring
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The data collected throughout the water quality study period indicate that maximum
temperatures at the downstream Sultan River sites occurred in July and August, with the
7-DAD Max reaching to approximately 6°C at the Sultan River below Culmback Dam
(RM 16), 16.6°C above the Diversion Dam (RM 9.8), 15°C above the Powerhouse (RM
5.4 and RM 4.9), 14.4°C below the Powerhouse (RM 4.4), and 16.1°C near the mouth
(RM 0.2). The relatively cool maximum temperature of about 6°C below Culmback Dam
(RM 16) is the result of cool low level releases from Culmback Dam during summer. As
described above, Spada Lake is thermally stratified in August and September, and bottom
temperatures in the lake average about 5 to 6°C. Further discussion of the effects of the
relatively cool low level releases from Culmback Dam is provided in Section E.6.2.2.2.

Water temperatures at the downstream Sultan River sites generally meet state standards.
During the 2-year water quality study, the 7-DAD Max water temperature values did not
exceed (and therefore met or complied with) the designated criterion of 16°C at all times
during the study at the downstream sites in the Sultan River below Culmback Dam (RM
16), above the Powerhouse (RM 5.4 and RM 4.9), and below the Powerhouse (RM 4.4).
At the other two downstream sampling sites — above the Diversion Dam (RM 9.8) and
near the mouth (RM 0.2) — less than 1 percent of the 7-DAD Max values exceeded the
criterion, including a 5 day period in July 2007 at the site above the Diversion Dam (RM
9.8) when the 7-DAD Max reached 16.6°C and 1 day in September 2007 at the site above
the mouth (RM 0.2) when the 7-DAD Max reached 16.1°C.

Dissolved Oxygen

During the water quality study, dissolved oxygen (DO) values upstream of the Project in
the tributaries entering Spada Lake ranged between 8.7 and 13.2 milligram per liter
(mg/L). Monthly or seasonal variation in DO values occurred, but trends were relatively
consistent in comparison to the substantial changes in water temperature over the year.

In 2007, DO in the tributaries entering Spada Lake generally was lowest in May and
June, when values reached down to 8.7 to 9.2 mg/L, and highest in December, when
values ranged from 12.5 to 13.0 mg/L. In 2008, DO generally was lowest in December,
when values approached 9.6 mg/L, and highest in June, when values reached 12.7 to 13.2
mg/L. The daily (1-day) minimum values at the upstream tributary sites were above (and
therefore met) the designated Core Summer Salmonid Habitat DO criterion of 9.5 mg/L,
except for May and June 2007, when values reached down to 8.7 to 9.2 mg/L. As
explained in Section E.6.2.2.2, these DO values less than the criterion appeared to be a
result of unusually warm conditions combined with lower-than-normal flows at the time.

Profiles of DO in Spada Lake obtained during the water quality study were generally
uniform in concentration with depth at values that ranged between about 8 and 13 mg/L
(by month). However, instances of localized variations in DO with depth were evident,
particularly in summer profiles. For example, the profiles obtained in August and
September in both 2007 and 2008 showed localized increases in DO likely associated
with primary production of phytoplankton near the surface, and localized reductions in
DO likely associated with respiration of material entrained at the thermocline (Figure
E.6.2-9). As discussed above, Spada Lake undergoes typical thermal stratification
(resulting in the presence of a stable thermocline) during summer. Localized variations
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in DO with depth are common in lakes during summer (Welch 1992), even in
oligotrophic lakes like Spada Lake that have low productivity (as discussed further below
in “Nutrients”). The DO data obtained in Spada Lake for the entire 2-year Water Quality
Parameter Study is discussed further in the Water Quality Final Technical Report (CH2M
Hill 2009).
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Figure E.6.2-9 Dissolved oxygen (DO) profiles in Spada Lake obtained in
August and September of 2007 and 2008.

During the water quality study, DO values in the Sultan River downstream of Spada Lake
(Culmback Dam) ranged between 8.1 and 14.9 mg/L. Monthly or seasonal variation in
DO values occurred, but trends were relatively consistent in comparison to the substantial
changes in water temperature over the year (as described above). DO values at the
downstream Sultan River sites were lowest during June and July, and highest in
December and January. At these downstream sites, 94 percent or more of DO values
during the study were above (and therefore met or complied with) the Core Summer
Salmonid Habitat DO criterion of 9.5 mg/L. Exceptions included a 3-week period in
June 2007, when values were between 8.1 and 9.4 mg/L at each of the downstream sites.
At the site near the mouth of the Sultan River (RM 0.2) exceptions also included an 8-day
period in September 2007 and a 2 day period in October 2007, when values were between
9.1 and 9.4 mg/L. As described above, similar DO values occurred at tributary sites
upstream of the Project area in June 2007, and were accompanied by warmer-than-usual
temperatures and lower-than-normal flows in the watershed (as explained in Section
E.6.2.2.2). On the days in September and October 2007 when the minimum DO values at
RM 0.2 were less than 9.5 mg/L, the minimum DO values at other Sultan River sampling
sites in closer proximity to the Project were all above 9.5 mg/L.
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Turbidity

During periods of low stream flow, turbidity levels in tributaries to Spada Lake and the
Sultan River generally remain low, but during and after intense rainstorms, turbidity
levels may rise. Variable and dynamic turbidity is common in Washington State rivers
and streams, which can carry high sediment loads in response to rainfall and snowmelt
run-off events, and watershed erosion processes (Bash et al. 2001, Uhrich and Bragg
2003). Uhrich and Bragg (2003) indicate that, although baseflow turbidities can be quite
low, it is not unusual to measure turbidities of 1,000 nephelometric turbidity units
(NTUs) or greater during run-off events.

Available turbidity measurements in tributaries to Spada Lake upstream of the Project
area include monthly and bi-weekly grab sampling results obtained during the 2-year
water quality study as described in the Water Quality Final Technical Report (CH2M Hill
2009). Turbidity values at the upstream South Fork Sultan River (SF), North Fork Sultan
River (NF), and Williamson Creek (WC) sites were less than 5 nephelometric turbidity
units (NTU) in 95 percent (39 of 41) of the monthly and bi-weekly grab samples obtained
during 2007 and 2008. Of these samples, the maximum turbidity was 11 NTU obtained
at the Williamson Creek (WC) site in December 2007.

In Spada Lake, turbidity grab sample values obtained during 2007 and 2008 were less
than 5 NTU in 86 percent (12 of 14) of samples taken near the surface of the lake (0—5 m
depth), 100 percent (6 of 6) of samples taken near the lake’s thermocline (6—16 m depth),
and 71 percent (10 of 14) of samples taken above the lake bottom (42—52 m depth).®
Turbidity was mostly less than 5 NTU with depth in all profiles taken during 2008 and in
the summer of 2007. In other profiles taken during 2007, turbidity was more varied with
depth, with higher turbidities observed at depth. Factors causing turbidity in Spada Lake,
including higher turbidities at depth, are discussed further in Section E.6.2.2.2.

Turbidity values at downstream Sultan River sites above the Diversion Dam (RM 9.8),
above the Powerhouse (RM 4.9), and near the mouth (RM 0.2) were less than 5 NTU in
77 percent, 92 percent, and 85 percent, respectively, of the monthly and bi-weekly grab
samples obtained during the 2-year water quality study. In addition to the monthly and
bi-weekly grab samples, hourly turbidity data was obtained from these sites using
recording DataSondes®. The hourly data from the DataSondes® show that turbidity at
these sites is dynamic and variable by season. Variation in turbidity generally
corresponded to seasonal changes in precipitation and runoff conditions as discussed in
the Water Quality Final Technical Report (CH2M Hill 2009). For example, during the
fall months, increases in precipitation and flow conditions corresponded to
contemporaneous increases in turbidity. Turbidities during winter months were
consistently relatively low despite increases in precipitation, which likely was the result
of precipitation accumulating mainly as snow at this time with relatively low turbidity-
causing runoff. During summer months, variation in turbidity appeared to be “event-
based”, with episodic increases in turbidity occurring in response to occasional rainfall
events and increased flows. Suspended algae material can sometimes affect turbidity

¥ For the water quality study, depths were recorded in meters. The equivalent depths in feet would be 0-
16.4 feet; 19.7-52.5 feet; and 137.8-170.6 feet, respectively.
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during summer in freshwater systems (Welch 1992), but is ruled out in this case as Spada
Lake and the Sultan River are low in nutrients (i.e., oligotrophic) and resultant algal
production.

Nutrients and Chlorophyll-a

During the 2-year water quality study, nutrients (consisting of six different nitrogen and
phosphorus-based parameters) and chlorophyll-a values were consistently low in Spada
Lake and at all river and tributary sites. The 2007 and 2008 nutrient and chlorophyll-a
data are described in the Water Quality Final Technical Report (CH2M Hill 2009), and
show results that are consistent with the historically available data for the Sultan River
basin (Snohomish County PUD and City of Everett 2005).

During 2007 and 2008, the mean epilimnetic total phosphorus (TP) concentration in
Spada Lake was 0.0083 mg/L based on six samples collected in the epilimnion’ of the
lake from July to September (an epilimnion was not developed in June for either year).
This indicates that Spada Lake falls into the “oligotrophic” trophic state classification (for
lakes with an epilimnetic TP of 0.004 to 0.010 mg/L) as set out in the state water quality
standards (WAC 173-201A-230). A lake is usually classified as being in one of three
possible trophic states: oligotrophic, mesotrophic or eutrophic. In general, oligotrophic
lakes have low nutrients, low algal biomass, low algal productivity, and high water clarity
(Welch 1992).

Another indicator of lake trophic status is the mean epilimnetic chlorophyll-a
concentration during summer. Welch (1992) reports that mean epilimnetic chlorophyll-a
concentrations during summer of less than 2.8 micrograms per liter (ug/L) are indicative
of oligotrophic trophic state conditions. Even the highest values of chlorophyll-a obtained
in Spada Lake — 2.7 pg/L during 2007 and 2.4 pg/L during 2008 — are less than the 2.8
ug/L threshold reported by Welch (1992). Therefore, the chlorophyll-a data also support
characterizing Spada Lake as oligotrophic.

Hydrogen (ion) Concentration (pH) and Alkalinity

During the water quality study, most pH values obtained at the sampling sites were
within (and therefore met or complied with) the designated Core Summer Salmonid
Habitat pH criterion range of 6.5 to 8.5 (WAC 173 201A 200). Instances of pH outside
this range occurred at all sites, including at tributary sites upstream of the Project area.
When outside the range, pH values were consistently on the low (i.e., slightly acidic) side
of the range. In addition, alkalinity values were consistently low at all sites throughout
the study, indicating a low buffering capacity.

These results indicate that all sampling site — including tributary sites, Spada Lake, and
the Sultan River downstream of Spada Lake — are similarly circumneutral to slightly
acidic with low buffering capacity. Such conditions are known to occur in western
Cascades streams. Hayslip et al. (2004) report that the pH of the western Cascades

? The epilimnion is the top-most layer above the thermocline (and deeper hypolimnion) in a lake that has
become thermally stratified.
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ecoregion sites ranged from 5.5 to 8.1 with a mean of 7.1. Slightly acidic rainfall occurs
in the western Cascades and alkalinity (the capacity of the solutes of water to react with
and neutralize acid) is generally low (Welch et al. 1998).

The pH measurements at the upstream South Fork Sultan River (SF), North Fork Sultan
River (NF), and Williamson Creek (WC) sites were within the range of 6.5 to 8.5 in 67
percent, 64 percent, and 75 percent, respectively, of the grab samples taken during the
two-year study. All excursions of pH values outside the criterion range of 6.5 to 8.5 at
the upstream sites occurred between April and July, and mostly consisted of values of 6.0
to 6.4. Total alkalinity at the upstream sites was measured at 16.7 mg/L or less (as
calcium carbonate, CaCO3) during the 2-year study, indicating that the tributaries above
Spada Lake have very low buffering effect on pH. Total alkalinity levels of 20 to 200
mg/L (as CaCO3) are typical of freshwater (Hem 1970).

In Spada Lake, pH and alkalinity values in the lake reflected the magnitude and range of
values at the upstream tributary sites. During 2007 and 2008, the average pH in Spada
Lake was 6.4, with a range in recorded pH values of 5.3 to 7.2. Alkalinity values in
Spada Lake generally were within the range of 5.5 to 9.5 mg CaCO3/L. The pH profiles
in Spada Lake taken during the 2-year study generally were uniform with depth during
months when the lake was not thermally stratified. During periods of stratification, the
profiles showed more noticeable gradually-declining gradients of pH with depth. The
gradual vertical gradients of pH in the lake likely reflect subtle effects on pH from
phytoplankton primary production near the surface and respiration near the bottom.

The pH values at the Sultan River above the Diversion Dam (RM 9.8) were within the
criterion range of 6.5 to 8.5 in 94 percent of grab samples and in 99 percent of hourly
DataSonde® measurements during the study. The minimum grab sample pH and
minimum hourly pH reading were both 6.4. Total alkalinity at the Sultan River above the
Diversion Dam (RM 9.8) was measured at 11 to 14 mg/L or less (as CaCO3) during the
2-year study. The alkalinity levels were consistently slightly higher than in the upstream
tributary sites and Spada Lake, which may help explain the slightly higher pH values
above the Diversion Dam (RM 9.8).

The pH and total alkalinity values and trends at the Sultan River above the Powerhouse
(RM 4.9) were very similar to those obtained above the Diversion Dam (RM 9.8). The
pH values at the Sultan River above the Powerhouse (RM 4.9) were within the criterion
range of 6.5 to 8.5 in 94 percent of grab samples and in 97 percent of hourly DataSonde®
measurements during the 2-year study. The minimum grab sample pH was 6.3 and
minimum hourly pH reading was 6.2.

The pH and total alkalinity values and trends at the Sultan River above the mouth (RM
0.2) were very similar to those obtained at the upstream Sultan River sites. The pH
values at the Sultan River above the mouth (RM 0.2) were within the criterion range of
6.5 to 8.5 in 82 percent of grab samples and in 88 percent of hourly DataSonde®
measurements during the two-year study. The minimum grab sample pH was 6.2 and
minimum hourly pH reading was 6.2. As with the other sites, the data indicate that
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conditions above the mouth (RM 0.2) are circumneutral to slightly acidic with very low
buffering capacity.

Fecal Coliform Bacteria

During the water quality study, fecal coliform bacterial levels were either not detected or
generally low at all sites. Fecal coliform at the three tributary sites upstream of the
Project area (WC, NF, and SF) were detected in 40 percent of samples taken in 2007 and
2008. Of samples with detections, the highest values were 6 colony-forming units
(CFU)/100 milliliters (ml) in 2007 and 202 CFU/100 ml in 2008 — both at the WC site.
Fecal coliform in Spada Lake were not detected during any of the sampling events in
2007 and 2008, except in one instance, when a low value of 6 CFU/100 ml was detected.

Fecal coliform at the three Sultan River sampling sites downstream of Culmback Dam
(RM 9.8, RM 4.9, and RM 0.2) were detected in 85 percent of samples taken in 2007 and
2008. Of samples with detections, the highest values were 42 CFU/100 ml in 2007 at
RM 9.8, and 26 CFU/100 ml in 2008 at the RM 4.9 and RM 0.2 sites.

Compliance with the designated water quality standard for fecal coliform is determined
based on the geometric mean of the detected values. At all sites, the geometric means of
the detected values were less than (and therefore met and complied with) the state
standard of 50 CFU/100 ml.

Total Dissolved Gas

Total dissolved gas (TDG) measurements were made during the water quality study in
the Sultan River below the Powerhouse (tailrace) at RM 4.4. This site was chosen to
determine whether TDG supersaturation (i.e., TDG saturation greater than 110 percent)
from potential turbine air entrainment is of concern. Although air entrainment through
turbines can lead to gas supersaturation, the situation is not common and increased gas
pressure from this air entrainment is usually not substantial (Ecology 2004).

TDG measurements were made during monthly sampling events at RM 4.4. During
2007, TDG measurements ranged between 86 and 104 percent saturation, and averaged
99 percent saturation. During 2008, TDG measurements ranged between 84 and 106
percent saturation, and averaged 97 percent saturation. These TDG values were less than
(and therefore met or complied with) the designated state criterion of 110 percent (WAC
173 201A-200).

TDG also was measured on a continuous hourly basis for 1 week during summer
baseflow conditions in June 2008 and 1 week during maximum generation conditions in
July 2008. TDG during the June 2008 event (summer baseflow) ranged between 102.7
and 103.9 percent saturation. TDG during the July 2008 event (maximum generation)
ranged between 101.5 and 103.1 percent saturation. All TDG values measured during
both sampling events were below the state criterion level of 110 percent saturation and
therefore met the water quality standard.
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Other Parameters

As with the parameters presented above, the results obtained during the 2-year water
quality study for other parameters also indicate very good water quality. Conductivity
and total dissolved solids (TDS) data obtained at all sites during the study indicate dilute
dissolved solids and ions content.

Total petroleum hydrocarbons (TPH) were not detected in 52 of the 53 samples obtained
during the study at Sultan River sites RM 16, RM 9.6, and RM 4.4. One sample obtained
during the June 2008 sampling event had a TPH concentration of 0.10 mg/L. It is
uncertain why TPH was detected in this one sample. However, the reported
concentration was low (at the analytical reporting limit) and the corresponding field
duplicate sample was non-detectable.

E.6.2.2 Project Effects
E.6.2.2.1 Water Quantity

Project operations involve the storage of water which inherently affects seasonal water
quantity downstream of Culmback Dam. Effects on water quantity from storing water
and metering releases from the dam to generate power can be categorized as (1) flow
alterations and (2) flow fluctuations. Project effects on pre-Project Sultan River flows are
summarized under these two categories below.

E.6.2.2.1.1 Flow Alterations

Flow alterations generally refer to major changes in the unregulated yearly hydrograph
over long periods (weeks or months), such as reduction of the total quantity of water
delivered to the stream channel through water diversion, or changes in flow derived from
seasonal storage for water supply, flood control and hydropower production. The
following is a summary of flow alterations derived from Stage II Project operations;
Stage I flows are considered "pre-Project" for this comparison. Satisfying the pre-
existing right for City of Everett municipal water withdrawals is a requirement of
hydroelectric Project operations, but is not considered a Project effect in this analysis.

Seasonal storage of water in Spada Lake has altered flow downstream of Culmback Dam.
Although the mean annual discharge for the Sultan River basin is essentially the same
when comparing Stage II to Stage I, current operations alter seasonal runoff attributes. In
general, summer flows are higher, and peak flows in fall and winter are lower, but are
longer in duration. To further quantify Project effects during relicensing, the effects of
existing Project operations on flow conditions in the Sultan River downstream of
Culmback Dam were evaluated using an IHA/RVA study as summarized below.

Indicators of Hydrologic Alteration

IHA/RVA are components of an analytical software package typically used to
characterize and compare complex river reach or river basin-scale hydrologic regimes
from two or more periods of time. The program assesses and summarizes 67 hydrology
statistics derived from daily hydrologic data (e.g., magnitude of monthly flows, timing of
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annual extreme water conditions, frequency and duration of high and low pulses). The
results of an IHA/RV A analysis can then be used to illustrate the effects of Project
operations on the pre-Project flow regime.

The District’s IHA/RV A study compared the effects of existing Project operations (July
1, 1984 to June 30, 2004) with those occurring prior to the implementation of Stage 11
(i.e. pre-July 1, 1984) (R2 Resource Consultants 2008a). Three operational reaches were
examined in the study: Reach OR-1, OR-2, and OR-3 (as previously defined and shown
in Figure E.6.2-2). The IHA/RVA assessments were performed at the upstream and
downstream ends of each study reach. A brief summary of the IHA/RVA results for
Reaches 1 through 3 of the Sultan River follows. These results are considered the
"effect" of Project operations on Sultan River seasonal flows. The following summary is
not meant to cover all of the 67 statistics generated from IHA/RVA, but rather
summarizes several important physical and biological parameters discussed in subsequent
resource sections.

OR-1 (Powerhouse to the confluence with the Skykomish River)

e Average monthly flows were increased by the Project in July, August, September,
December, and February, and were decreased by the Project in October, November,
January, March, April, May, and June.

e The magnitudes of annual minimum stream flows were increased and the magnitudes
of annual maximum flows were decreased by the Project.

e The frequency of high flow pulses has decreased and the duration of high flow pulses
has increased as a result of Project operations.

e The occurrence of extreme low flows has been eliminated by the Project.

e The recurrence interval of small magnitude floods (11,200 to 17,700 cfs) has
extended from 2 years to about 20 years and the recurrence interval of large
magnitude floods (greater than 17,700 cfs) has extended from 10 years to about 20
years.

OR-2 (Diversion Dam to the Powerhouse)
e Average monthly flows were increased by the Project in August and September, and
were decreased by the Project from October through July.

e The magnitudes of annual minimum stream flows were increased and the magnitudes
of annual maximum flows were decreased by the Project.

o The frequency and duration of high flow pulses have both decreased in OR-2 as a
result of Project operations.

e The occurrence of extreme low flows has been eliminated by the Project.

e The recurrence interval of small magnitude floods (10,300 to 16,600 cfs) has
extended from 2 years to about 20 years and the recurrence interval of large
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magnitude floods (greater than 16,600 cfs) has extended from 10 years to about 20
years.

OR-3 (Culmback Dam to the Diversion Dam)
e Average monthly flows were decreased in OR-3 by the Project for all 12 months of
the year.

e The magnitudes of annual minimum stream flows and annual maximums were both
decreased in OR-3 by the Project.

e The frequency and duration of high flow pulses have both been decreased in OR-3 as
a result of Project operations.

e The median magnitude of extreme low flows has been reduced in OR-3 by the
Project.

e The recurrence interval of small magnitude floods (9,100 to 15,500 cfs) has extended
from 2 years to about 20 years and the recurrence interval of large magnitude floods
(greater than 15,500 cfs) has extended from 10 years to about 20 years.

Reservoir Fluctuations

No specific numerical calculations were conducted to compare the frequency or
magnitude of Spada Lake water level fluctuations under Stage I or Stage II operations.
However, the height of Culmback Dam was raised by 62 feet as part of Stage II
development which increased the storage capacity by 4.5 times, and thus the reservoir
level at full pool is higher under existing conditions when compared to Stage 1.
Therefore, the reservoir can and does fluctuate in magnitude to a greater degree under
Stage II. Frequency of fluctuation was not assessed, but overall seasonal fluctuations
may be similar between Stage I and Stage II because seasonal inflow patterns are similar.
General fall drawdown strategies provided some flood storage under Stage I and have
been increased under Stage II operations to provide additional incidental flood
management by reducing the frequency and magnitude of spill events.

Minimum Stream Flow Compliance

The District is required to monitor minimum stream flow compliance with continuous
gaging. All minimum stream flow excursions must be reported to FERC and the Joint
Agencies. The District must also determine the cause of each excursion and report any
actions taken to correct or avoid recurrences. Compliance of minimum stream flows
below the Diversion Dam is determined by measurement at the USGS real-time Gaging
Station No. 12137800 at Sultan RM 9.6
(http://waterdata.usgs.gov/wa/nwis/uv?12137800). Minimum stream flow compliance
below the Powerhouse is determined by measurement at the USGS real-time Gaging
Station No. 12138160 at Sultan RM 4.4 (http://waterdata.usgs.gov/wa/nwis/
uv?12138160).
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Of the 41 incidents reported since 1988, 31 occurred at the Diversion Dam and 19
incidents were considered by FERC to constitute violations of the minimum stream flow
standards. Ten of these incidents occurred in 1990 and were associated with an alarm-
setting problem that caused only minor deviations below the required minimum stream
flow.

Of the 19 violations at the Diversion Dam, 15 averaged within 2 percent of the minimum
stream flow requirement. The most significant incident (in terms of deviation from the
required minimum stream flow below the Diversion Dam) occurred on October 30, 1988
and lasted for 45 minutes; the minimum stream flow requirement was 155 cfs, but the
recorded flow was 23 cfs. The cause of this violation was listed as "human scheduling
error". Due to tributary and bank inflows, the relatively short duration of the incident,
and attenuation of impacts with distance downstream from the Powerhouse, this incident
was determined not to have any significant impact to fish. Most other incidents occurred
because of equipment failure. Excluding the 10 alarm-setting incidents in 1990, the
Diversion Dam has had about one minimum stream flow compliance violation per year
from 1988 to 1993, typically lasting for only a few minutes. Only one lasted for more
than an hour (75 minutes, 18 cfs variance, 19 percent deviation from the minimum stream
flow requirement). The last violation at the Diversion Dam was on March 1, 1993.

Only one incident was considered a violation at the Powerhouse. It occurred on July 18,
1994 and lasted about 6 minutes. This incident consisted of an approximately 6.5 percent
deviation from the minimum stream flow standard.

In 2002, the District installed hardware and software to allow automated control of the
flows to the Diversion Dam. This gave the District a closed loop control system for
automatically responding to Sultan River flow changes that could fall below the Project
license requirements. It replaced the original system of preset alarms that notified
District staff when river flows were near or below the license requirements. District staff
responding to the alarm would manually adjust the Portal 2 sluice gate to divert more
flow to the Diversion Dam. With the automated system, the need for a human response
was eliminated and only three minor minimum stream flow incidents at the Diversion
Dam have occurred since system installation, none of which were considered violations
of the license by the FERC.

E.6.2.2.1.2 Flow Fluctuations
Ramping Compliance

Because the Project is not operated as a power "peaking" facility, downramping events
are not frequent or rapid compared to those at most hydroelectric peaking projects. Flow
changes at the Powerhouse are driven primarily by changing hydrologic conditions and
the need to maintain the Spada Lake level within prescribed elevation limits.

The greatest risk of sudden Project-induced downramping events in the lower Sultan
River occurs during unplanned and unforeseen events that force the Powerhouse to shut
down rapidly. The two most common reasons for these events have been equipment
failures and lightning storms. Several equipment modifications have been made to
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address these shortcomings. To address concerns regarding forced outages during
lightning storms, the District now requires that operators be present at the Powerhouse
during certain forecasted electrical storm conditions to help prevent outages or to restore
flow to the river quickly following such events. In addition, the Project makes use of the
“Jackson Loop” which provides redundant transmission lines leading from the
Powerhouse to the Snohomish substation. This system allows the Powerhouse to
continue operating during a fault outage on either the east or west segment of the Loop.
Until several years ago this redundant transmission line system had not always worked as
intended; however, upgrades to the equipment and its calibration have now demonstrated
that the system can perform satisfactorily. The North Loop was not included in the
Project boundary and removal of the South Loop as a Project facility was approved by
FERC on May 3, 2006.

As with minimum stream flow compliance, the District continuously monitors
downramping rates (at the same USGS gaging locations as listed for minimum stream
flow compliance) and reports all possible excursions to FERC and the Joint Agencies.
Since May 1988, 45 downramping incidents have occurred, but only two were considered
violations of FERC license requirements. Most of the incidents were the result of
equipment failures that caused immediate generation reductions at the Powerhouse. Most
incidents (27 of 35) lasted 15 minutes or less with an average decline in stage of
approximately 5 inches. The most substantial incident (in terms of total stage decrease
and rapid stage decline) occurred on December 31, 1990, when the stage declined a total
of 22.5 inches in 6 minutes (the applicable downramping limit is a maximum of 4 inches
per hour). The last incident deemed a violation by FERC occurred in 1994. The effects
of ramping on aquatic resources, such as fish, are presented in Section E.6.3.2.

Winter Steelhead Fishery Recreational Flow Downramping Frequency

As described in Section E.6.2.1.1.2, the District reduces flows for 36 hours on a weekend
under certain conditions to enhance recreational winter steelhead fishing opportunities.
The District has exercised the flow reduction program for winter steelhead fishing once
per year in 10 of the past 18 years.

E.6.2.2.2 Water Quality

This section provides an assessment of the compliance of water quality conditions in the
Project vicinity with State water quality standards and the potential causes for effects on
water quality, including effects with a nexus to Project facilities and operations.

E.6.22.2.1 Water Temperature

As described above in Section E.6.2.1.2.2, water temperature conditions throughout the
2-year water quality study were less than (and therefore met) the designated Core
Summer Salmonid Habitat temperature criterion of 16°C at all locations at nearly all
times. The times and locations when the criterion of 16°C was exceeded occurred for 5
days in July 2007 (to 16.6°C) in the Sultan River above the Diversion Dam (RM 9.8), and
for 1 day in September 2007 (to 16.1°C) near the mouth (RM 0.2). Otherwise, water
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temperatures at these two sites were less than (and therefore met) the designated 16°C
criterion on 99.1 and 99.8 percent of days, respectively, during the 2-year study.

Figure E.6.2-9 shows 7-DAD Max values during 2007 above Spada Lake at Williamson
Creek (WC), and in the Sultan River below Culmback Dam (RM 16), above the
Diversion Dam (RM 9.8), and near the mouth (RM 0.2). Figure E.6.2-9 also shows
corresponding 2007 data for water level elevation at Spada Lake (feet), and mean daily
streamflow in the Sultan River from USGS gaging stations below the Diversion Dam and
below the Powerhouse. These results indicate that water temperatures vary longitudinally
through the Project area, in part related to Project control of water temperatures at the
Diversion Dam and releases of relatively cool water below Culmback Dam when Spada
Lake is thermally stratified (from approximately May through October).

Project Control of Water Temperatures at the Diversion Dam

Figure E.6.2-10 indicates that there can be times when the 7-DAD Max temperatures in
the Sultan River in the Project area during summer are cooler than the 7-DAD Max
temperatures in the tributaries upstream of Spada Lake. This cooling reflects the
beneficial effect of the water intake control structure in Spada Lake (adjacent to
Culmback Dam) that is used to control the temperature of water withdrawn to the Jackson
Powerhouse and discharged to the river at the Diversion Dam. The water intake control
structure in Spada Lake began operation in 1984 when Stage II of Project construction
was completed. The Powerhouse intake flows are routed through the turbine units at the
Powerhouse, then through the Lake Chaplain pipeline to a control structure (Portal 2),
where flows are diverted through the diversion tunnel, and are discharged to the Sultan
River at the Diversion Dam.

The existing FERC license specifies that water temperatures (measured at the Diversion
Dam) be maintained within the recorded daily minimum-maximum range and, to the
fullest extent possible, approximate Stage I mean daily temperatures. The requirements
for water temperature control were established on the basis of a Settlement Agreement
with the Joint Agencies. The historical graph of approximate Stage I mean daily
temperatures at the Diversion Dam as specified in the Settlement Agreement was
developed from water temperature data collected from 1969 to 1979 (prior to Stage II
construction).

Control of water temperature using the water intake control structure is feasible when
Spada Lake is thermally stratified (from approximately May through October). During
the stratification period, moveable panels on the water intake control structure are used to
control the level and, hence, the temperature at which water is withdrawn from the lake to
the Powerhouse intake. The degree of temperature control possible by panel
manipulation varies seasonally with the degree of temperature stratification in the lake.
During isothermal conditions in the reservoir (i.e., when water temperature does not vary
with depth; usually November through March), changes in water temperature cannot be
achieved through moving the intake structure panels.
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Figure E.6.2-10 7-DAD Max water temperatures (in °C) during 2007 for
Williamson Creek and the Sultan River at RM 16, RM 9.8, and
RM 0.2, and corresponding data for water level elevation at
Spada Lake (feet +1400), and mean daily streamflow in the
Sultan below the Diversion Dam (USGS Gaging Station
12137800) and below the Powerhouse (USGS Gaging Station
12138160).
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Figure E.6.2-11 shows the average of maximum daily water temperatures (in °C) for the
Sultan River just below the Diversion Dam (RM 9.6) based on available data from 1969
to 1980 (following Stage I construction and prior to Stage II construction) and 1984 to
2006 (since Stage II operations began). These results indicate that maximum water
temperatures have been consistently cooler under Stage I operations compared to Stage |
operations, especially during the summer. The consistently cooler daily maximum
temperatures demonstrate the beneficial effects of the water intake control structure.
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Figure E.6.2-11 Average of maximum daily water temperatures (in °C) for the
Sultan River below the Diversion Dam (RM 9.6) from 1969 to
1980 (following Stage | construction and prior to Stage Il
construction) and 1984 to 2006 (since Stage Il operations
began).

Releases of Cool Water to the Bypass Reach from Culmback Dam

Figure E.6.2-10 shows that 7-DAD Max water temperature values at the depicted sites
during 2007 were consistently less than the designated Core Summer Salmonid Habitat
criterion of 16°C. The exception occurred at the site above the Diversion Dam (RM 9.8),
where 7-DAD Max water temperature values exceeded 16°C for a 5-day period from July
5 to July 10 with a maximum of 16.6°C on July 8. During 2008, no such exceedence was
observed above the Diversion Dam (RM 9.8), similar to all other sampling sites.

As described above in Section E.6.2.1.2.2, relatively cold water is released from
Culmback Dam at RM 16 during summer (i.e., about 5 to 6°C) to the reach from the dam
to the Diversion Dam (as indicated by the consistently lower plot line for RM 16 in
Figure E.6.2-10). This relatively cold water originates from the deeper portion of Spada
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Lake, where cold water is stored, including through the summer (as seen in Figure E.6.2-
6). Once released to this reach, the cold water temperatures are warmed relatively quickly
as the water flows to the downstream end of the reach (as indicated by the consistently
higher plot line for the site above the Diversion Dam at RM 9.8 in Figure E.6.2-10). The
water temperature at the site above the Diversion Dam thus increases towards a
temperature level that is more equilibrated to local summer meteorological conditions,
and more closely resembles the temperature trends observed at upstream sites above
Spada Lake (e.g., Williamson Creek). Example water temperature linear profiles from
July and September 2007 illustrate this effect (Figure E.6.2-12).

18.0 —
=—@—July 7, 2007
= k& September 7, 2007

16.0

‘ ~
~
~
~
~ ~
14.0 {& = T .

N
o
’
| 3
'
’
'
’
’
'
/i
| &
|

. ' N
~
~
~
10.0 >
-~
~
~
~
8.0 >

7-DADMax (°C)

£ * g |
~

@ © . ©
2 Qa )

=] LS
@ < *
6.0 < ) )

QJ S
= o &
3 z 3
(o) ¢)
4.0 — 1. 1 11T T T T T T T T T Trr T T T° T T T T 11T T T T T T T T & 1
OWMOWOoOWOWOWAOINOWOWOWOIOLWOWOoWOoWwaolwaolwolwmao
O O d d N N OO M TWOHWLM O OMMNMNMOOWOWOOOOAdANNMMSSLWLW O© O~
L I I R I B B B R B B B I I B |
River Mile

Figure E.6.2-12 Linear water temperature profiles of the Sultan River below
Culmback Dam on July 7 and September 7, 2007 (based on
data collected at six monitoring locations).

Figure E.6.2-12" indicates that the water in the bypass reach, which starts out relatively
cold, warms at a faster rate longitudinally than water released at the Diversion Dam and
Powerhouse. This faster rate of warming likely results from both the much lower starting
temperature and lower discharge (i.e., 20 cfs) of water released to the bypass reach (i.e.,
air temperature has a greater warming effect as water volume decreases). Additional

' Note that Figure E6.2-12 is a simplification of the water temperature profile in the lower Sultan River on
particular days and is based on six monitoring locations. One would expect additional warming/cooling
events to occur at tributary junctions where additional flow of various water temperatures mixes with the
mainstem Sultan River flow. Water temperatures may also change in locations with hyporheic exchange
and may be influenced by reach variations in riparian vegetation, aspect and valley form (influences on the
amount of solar radiation reaching the channel).
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factors that may contribute to the faster rate of warming in the bypass reach is the
decreased tributary inflow during summer dry periods, and the probable lack of
hyporheic exchange due to the large expanse of bedrock substrate in the reach. This may
explain why the highest water temperatures within the lower Sultan River observed
during the 2-year water quality study were recorded at the lower end of the bypass reach
above the Diversion Dam (RM 9.8), even though the lowest water temperatures recorded
in the summer were at the upstream end of the bypass reach below Culmback Dam (RM
16.0).

As part of Project relicensing studies, the District conducted an instream flow study in the
Sultan River between Culmback Dam and the Diversion Dam (OR-3) to evaluate the
effects of different flow release scenarios on water temperature and physical habitat area.
As a result of this instream flow analysis and discussions with stakeholders, a PM&E
measure titled “Water Temperature Conditioning in Operational OR-3” is proposed to
condition temperatures of water released at Culmback Dam pursuant to proposed
instantaneous minimum stream flow requirements. The objective of this PM&E measure
is to provide a seasonally appropriate water temperature regime to improve conditions for
aquatic resources (including resident fish and macroinvertebrates) and maintain
compliance with the WQ standards in OR-3. This PM&E measure is discussed further in
Section E.6.2.3.3.

E.6.2.2.2.2 Dissolved Oxygen

As described above in Section E.6.2.1.2.2, DO conditions throughout the 2-year water
quality study were greater than (and therefore met) the designated Core Summer
Salmonid Habitat DO criterion of 9.5 mg/L at all locations at nearly all times. The
primary exception occurred during June 2007, when DO was less than the criterion at all
locations. For example, a plot of DO before, during, and after the June 2007 period is
shown in Figure E.6.2-13 for six of the sampling sites, including the three sites upstream
of the Project area. Given that exceptions occurred both upstream and downstream of the
Project area, it does not appear to be a Project effect.

Changes in DO levels in freshwater systems occur mostly by changes in water
temperature (which is a factor in the solubility of oxygen in water), flow (which provides
turbulence and physical re-aeration), algae production and respiration, or oxygen demand
from organic matter in suspension or in sediments (Welch 1992). The Water Quality
Final Technical Report (CH2M Hill 2009) contains an analysis comparing minimum
daily DO values in the Sultan River above the Powerhouse (RM 4.9) during the June
2007 period with concurrent maximum daily water temperature, turbidity, and mean daily
flow for the Sultan River, along with maximum daily air temperature recorded in the
area.
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Figure E.6.2-13 Mean daily DO (in mg/L) in the Sultan River near the mouth (RM
0.2), above the Powerhouse (RM 4.9), and above the Diversion
Dam (RM 9.8), and concurrent DO in grab samples taken at the
North Fork, South Fork, and Williamson Creek sites, April 26 to

August 13, 2007.

The results of this analysis suggests that DO during the June 2007 period was affected by
unusually warm air temperatures combined with lower-than-normal flows, which may
have contributed to reduced solubility of oxygen (at saturation) during this period. Algae
production and respiration is likely not a factor in the observed changes in DO due to the
oligotrophic nature of waters in the upstream tributaries, Spada Lake, and the Sultan
River in the Project area (as supported by nutrient and chlorophyll-a data discussed above
in Section E.6.2.1.2.2). Turbidity remained relatively low, particularly during the portion
of this period when DO conditions changed, indicating that potential changes in
suspended matter were probably not a factor in the observed DO effects.

E.6.2.2.2.3 Temperature and DO in Spada Lake Related to Fish Habitat
Use

Water temperature and DO conditions in Spada Lake during the 2-year water quality
study were assessed to determine whether suitable conditions are maintained in the lake
to support the aquatic life beneficial use (i.e., habitat for trout), particularly in the summer
months. This direct assessment of beneficial use protection was performed rather than an
assessment based on the water temperature and DO standards for a lake (as defined under
WAC-173-201A-020) due to the lack of actual empirical data on “natural conditions” that
are needed for evaluations using the lake standards. Vertical profiles of water
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temperature and DO in the lake for the months of July, August, and September were
evaluated to determine whether suitable water quality is maintained to support the aquatic
life beneficial use (e.g., is available fish habitat squeezed between temperatures that are
too high and DO conditions that are too low?). During the other months of the year,
thermal stratification of the lake does not occur, and such a potential habitat “squeeze” is
not a concern.

Figures E.6.2-14 and E.6.2-15 show vertical profiles of water temperature and DO in
Spada Lake during July, August, and September of 2007 and 2008, respectively. The
temperature profiles show the thermal stratification that routinely occurs in Spada Lake
during the summer months. By comparison, vertical stratification of DO is not as
evident.

For purposes of determining water temperature and DO levels that are protective of
beneficial use by fish (particularly trout) in the lake, it is assumed that suitable trout
habitat in Spada Lake is maintained and supported at temperatures from 4 to 21°C, and
DO levels of 8.0 mg/L or greater. The range of temperatures from 4 to 21°C is based on
information from McCullough (1999) and Sullivan et al. (2000) on water temperatures
that support or maintain growth of rainbow trout (or steelhead) in the Pacific
Northwest.'' The DO threshold of 8.0 mg/L is based on the Environmental Protection
Agency (EPA) guidance (EPA 1986) on DO criteria that maintain and support growth of
trout.

An examination of the profiles in Figures E.6.2-14 and E.6.2-15 relative to the water
temperature and DO thresholds indicates that both water temperature and DO are at
levels that support and maintain suitable habitat for trout in 100 percent of the lake’s
volume over the entire water column in July, August, and September. The consistent
presence of entire portions of the water column that meet these water quality thresholds
indicates that suitable habitat for fish in Spada Lake are maintained and protected. A
similar analysis was performed and a similar conclusion was reached by Pfeifer et al.
(1998) on a sport fishery evaluation of Spada Lake in 1998.

' Sullivan et al. (2000) indicate that optimal growth within the “zone of preference” occurs between about
12 and 17°C. Between about 17 and 21°C, the tolerance to higher temperature increases with food
availability. At 21°C, Sullivan et al. (2000) predict a 10 percent reduction in maximum growth of
rainbow trout (or steelhead). However, a 10 percent reduction in maximum growth would be
statistically unmeasurable from no reduction in maximum growth given the typical range of body sizes
by age in natural populations.
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Vertical profiles of water temperature and DO in Spada Lake in
July (top plot), August (middle plot), and September (bottom
plot) 2007. Vertical hatched lines are placed at 21°C and 8 mg/L
to represent conditions to support and maintain fish (trout) in
the lake as explained in the text.
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Figures E.6.2-15 Vertical profiles of water temperature and DO in Spada Lake in
July (top plot), August (middle plot), and September (bottom
plot) 2008. Vertical hatched lines are placed at 21°C and 8 mg/L
to represent conditions to support and maintain fish (trout) in
the lake as explained in the text.

Final License Application Page E-87
Exhibit E — May 29, 2009



Jackson Hydroelectric Project

E.6.2.2.2.4 Turbidity

Turbidity values were less than 5 NTU in 95 percent or more of grab samples obtained in
the tributaries to Spada Lake during the water quality study. In Spada Lake, turbidity
values were less than 5 NTU in 86 percent of grab samples taken near surface (0—5 m),
100 percent of samples taken at mid-depth (6—16 m), and 71 percent of samples taken
near the lake bottom (42—52 m). Turbidity grab sample values in the Sultan River
downstream of Spada Lake were less than 5 NTU in 77 to 92 percent of grab samples
obtained during the study. As such, grab sample values at downstream sites were
relatively low most of the time, but generally exceeded 5 NTU more often than at the
upstream tributary sites.

The generally higher turbidity in the Sultan River downstream of Spada Lake does not
have an obvious Project-related cause, and is explainable by other non-Project-related
watershed processes and responses. In general, potential turbidity-causing aspects of
hydroelectric facilities and operations can include: potential erosion of reservoir shoreline
or exposed tributary deltas caused by fluctuations or drawdown in the level of the
reservoir; potential erosion of downstream channels due to flows from dam releases; or
potential erosion from other in-water or streamside maintenance activities (Ecology
2005). Alternately, reductions in turbidity in flows entering a hydropower reservoir can
occur from sediment settling in the reservoir.

The Water Quality Final Technical Report (CH2M Hill 2009) contains an analysis
showing that variation in turbidity generally corresponded to seasonal changes in
precipitation, the occurrence of relatively large rainfall events, and flow conditions.
During the fall months, increases in precipitation and flow conditions corresponded to
contemporaneous increases in turbidity. During winter months, turbidities were
consistently relatively low despite increases in precipitation, which likely was the result
of precipitation accumulating mainly as snow at this time with relatively low turbidity-
causing runoff. During summer months, variation in turbidity appeared to be “event-
based”, with episodic increases in turbidity occurring in response to occasional rainfall
events and increased flows.

Bechtel Civil & Minerals, Inc. (Bechtel 1981) conducted a previous detailed study on
turbidity in Spada Lake and the Sultan River that involved data collection, analysis, and
numerical simulation to evaluate the effects of the Stage II development of the Project.
Bechtel (1981) determined that the principal influx of turbidity entering Spada Lake
occurs as a result of highly turbid inflows from the upstream tributaries during winter
storms (November through January). Bechtel (1981) concluded that most of the turbidity
entered the lake from the tributaries in a matter of 2 or 3 days during these events.
Bechtel (1981) also assessed sources of turbidity to the lake other than from the
tributaries, and concluded that other potential sources, such as wave-induced lake
shoreline or bank erosion, did not contribute measurable quantities of turbidity in
comparison with that carried by the tributaries.

Bechtel (1981) determined that, because Spada Lake is well-mixed during winter, the
incoming turbidity events become rapidly mixed and diluted in the lake. Therefore, the
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disposition of incoming turbidity events is analogous to the passage of a runoff flow
event through a reservoir. Just as the peak flood discharge is reduced through a reservoir,
so is the turbidity magnitude reduced. Similarly, just as the recession of the flood
hydrograph is extended over a longer period of time than would have occurred without
the reservoir, so is the recession in turbidity extended by passage through the reservoir.
This reservoir effect has been observed in other similar hydropower reservoirs. For
example, the Section 401 certification for the Baker River Hydroelectric Project (FERC
No. 2150) describes the situation whereby the Baker Project reservoirs store turbid water
and release it at a lower magnitude and at a slower rate than would occur naturally
without the dams (Ecology 2007).

Bechtel (1981) also examined the dynamics of turbidity concentrations in Spada Lake
based on profile measurements and numerical modeling. There were times, particularly
in winter, when turbidities in the bottom part of the lake were substantially higher than in
the top part of the lake (Bechtel 1981). This same condition was observed in the turbidity
profile obtained in December 2007 as presented in the Water Quality Final Technical
Report (CH2M Hill 2009). Bechtel (1981) concluded that this condition was caused by
highly turbid inflow events from the tributaries that enter the lake and sink to lower levels
of the lake because of the higher density of these turbid inflows. High bottom turbidities
do not translate to similarly high turbidities in releases from the lake because the lake
outlet draws from variable depths (Bechtel 1981). During the summer, turbidity in Spada
Lake is uniformly relatively low, primarily because tributary runoff events are infrequent
at that time and inflows are clearer (less turbid).

E.6.2.2.25 Nutrients and Chlorophyll-a

As described above in Section E.6.2.1.2.2, nutrient and chlorophyll-a values during the 2-
year water quality study were consistently low at all sites, indicating a low potential for
any high (or nuisance) primary production (e.g., algae growth). The state water quality
action values for TP concentrations indicate that the trophic state classification of Spada
Lake is oligotrophic. These oligotrophic conditions signify that nutrient enrichment and
high algal production are not present as potential effects relative to Project facilities or
operations.

E.6.2.2.2.6 pH and Alkalinity

Most pH values obtained during the 2-year water quality study were within (and therefore
met or complied with) the designated Core Summer Salmonid Habitat pH criterion range
of 6.5 to 8.5 (WAC 173 201A 200). Instances of pH outside this range occurred at all
sites, including at tributary sites upstream of the Project area. When outside the range,
pH values were consistently on the low (i.e., slightly acidic) side of the range. In
addition, alkalinity values were consistently low at all sites throughout the study,
indicating a low buffering capacity.

These results indicate that pH and alkalinity conditions in the Project area are not affected
by Project facilities or operations. All sampling site — including tributary sites, Spada
Lake, and the Sultan River downstream of Spada Lake — are similarly circumneutral to
slightly acidic with low buffering capacity. Circumneutral to slightly acidic conditions
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with low buffering capacity are characteristic of western Cascades freshwaters (Welch et
al. 1998, Hayslip et al. 2004). Slightly acidic rainfall occurs in the western Cascades and
the capacity of the solutes of water to buffer and neutralize acid is generally low (Welch
et al. 1998). Therefore, the factors that determine pH conditions observed during the
water quality study appear to be related to naturally-occurring watershed processes.

E.6.2.2.2.7 Fecal Coliform Bacteria

As described above in Section E.6.2.1.2.2, the geometric means of the detected values of
fecal coliform bacteria obtained during the 2-year water quality study were less than the
state standard (WAC 173 201A 200). Therefore, the water quality standard for fecal
coliform was met at all sites. The results indicate that Project operations or area uses
have no detrimental effect with regard to fecal coliform bacteria.

E.6.2.2.2.8 Total Dissolved Gas

As described above in Section E.6.2.1.2.2, TDG measurements were collected at the
Sultan River below the Powerhouse (tailrace) at RM 4.4 to assess potential TDG
entrainment from Powerhouse turbine operation. TDG data from monthly measurements
ranged from 84 to 106 percent during the 2-year water quality study. TDG data from
continuous hourly measurements obtained during multi-day events in June and July 2008
ranged from 101 to 104 percent saturation. These TDG values were less than (and
therefore met or complied with) the designated state criterion, and indicate that TDG
conditions in the Project area are supportive and protective of beneficial uses. The TDG
measurements demonstrate that TDG supersaturation (i.e., TDG saturation greater than
110 percent) from potential Powerhouse turbine air entrainment does not occur.

E.6.2.2.2.9 Other Parameters

The TPH data collected during the 2-year water quality study did not indicate that diesel-
and oil-range hydrocarbons were currently present in the Sultan River in the Project area.
The results obtained during the study for other parameters, such as conductivity and total
dissolved solids (TDS), further indicate good water quality with dilute dissolved solids
and ions content. The data do not indicate any Project-related effects on these other
parameters.

E.6.2.3 Proposed Environmental Measures

As part of relicensing, the District conducted numerous studies of water and aquatic
resources of the Sultan River. Several of the studies were designed to determine the
quality of water in the Sultan River and the effect of Project operations on water quality.
In addition, several aquatic resource studies of habitat processes and availability under
current Project operations considered water quantity attributes, such as peak flow
duration and magnitude, and seasonal minimum stream flows. The results of these
studies, coupled with existing information, are the basis for the proposed PM&E
measures for water resources at the Jackson Project. These measures (discussed below)
are intended to minimize the impacts associated with the continued operation of the
Jackson Project and to enhance the habitat benefits afforded to aquatic resources over the
course of the next license term.
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E.6.2.3.1 Development of Water Resource PM&ES

All of the water resource/stream flow related measures are closely intertwined because
they all primarily rely on the yearly water budget of the Spada Lake subbasin. This
section is intended to further clarify Project operational and water budget constraints and
how water resource measures were developed to account for competing demands. The
effects analysis of individual PM&Es follows this section.

The ultimate Project operational challenge is to work within an annual water budget to
meet multiple demands for water. These include municipal supply for the City, aquatic
habitat, power generation to meet societal demands, and recreational and cultural
opportunities, while providing incidental flood control to protect life and property. In
many cases, demands compete against one another for the same water. Following is an
integration of the basin hydrology and these competing resource needs.

E.6.2.3.1.1  Sultan Basin Hydrology and Project Operational Constraints

The District modeled Project operations by synthesizing natural daily flows over the 109-
year hydrologic period of record of the Sultan River basin (1889 to 2008), and then
applied Project operational constraints and water resource allocations. The ultimate goal
of the modeling exercise was to determine if all of the various water resource needs could
be met within each water year over the 109-year modeled period under various
operational scenarios.

There are several constraints on Project operations which are arranged in a hierarchy of
priority in the model, including:

o City water supply needs must always be satisfied.

e Minimum stream flows for aquatic resources below Culmback Dam, the Diversion
Dam, and the Powerhouse must always be satisfied.

e Control maximum flow during the fall Chinook spawning season (to the extent
possible) from September 15 to October 15 to reduce potential for redd dewatering
during subsequent period of egg incubation.

e Operate the Project to maintain the reservoir above elevation 1,380 feet msl. When
Spada Lake drops below this level, water cannot be withdrawn through the power
tunnel, and City water demand and minimum stream flows for aquatic resources must
be met by releases through valves at the base of Culmback Dam. Depending on the
season, such releases can be unnaturally cold and have detrimental effects on aquatic
resources, such as to spawning salmon and incubating salmon eggs.

Accounting for Future City Water Demand

The City is the wholesale water supplier for 80 percent of Snohomish County and has
rights for the use of 380 cfs (245.6 mgd) of Sultan River water for municipal supply, and
has a pending application for an additional 200 cfs (129.3 mgd). The District is obligated
by agreement with the City to operate the Jackson Project to meet the City’s water supply
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demands. The City has evaluated its water demand out to a 60-year planning horizon and
projects that current demand (84 mgd) will more than double before 2050, even with
conservation. For the purposes of analyzing effects of the proposed Jackson Project
operation and PM&E measures on the environmental baseline (existing conditions), the
current City water demand of 84 mgd is the existing condition in 2008. The effect of
reasonably foreseeable future water demand on water resources is analyzed under
Cumulative Effects (Section E.6.2.4). For perspective on the City’s current water
demand, 84 mgd equals about 130 cfs, which accounts for 17 percent of the Sultan River
subbasin average annual inflow of 768.5 cfs (based on gage data from 1929 to 2008).
Minimum stream flow requirements below the Powerhouse under existing conditions
vary between 165 and 200 cfs seasonally, and equal a combined average yearly
continuous flow of 192 cfs. The City’s current total water right of 380 cfs plus current
minimum stream flows averaging 192 cfs equal about 75 percent of the average daily
inflow to Spada Lake.

Operational Constraints

Project generation currently averages 421,800 MWhs annually based on a computer
simulation of current operations with City water demand of 84 mgd. This represents
approximately 5 percent of the District’s annual need for power. Maximum generation
capacity (approximately 100 MW, depending on the elevation of Spada Lake) equals a
maximum Powerhouse discharge of about 1,300 cfs. Because the District has a
contractual obligation to deliver up to 246 mgd of water to the City (380 cfs), water
supply and minimum stream flows have first priority. As explained previously, these are
met through the Francis units, which deliver water to Lake Chaplain for distribution.
Flows above those needed for water supply or minimum stream flows pass through the
Pelton units to generate power at the highest head available.

The Project withdraws reservoir water through the water control tower when Spada Lake
is above reservoir elevation 1,380 feet msl. When Spada Lake is thermally stratified (late
spring to late fall), water of a desired temperature is withdrawn to benefit aquatic
resources downstream of the Diversion Dam (OR-2) and Powerhouse (OR-1). When the
reservoir is below elevation 1,380 feet msl, power tunnel withdrawals would be
terminated to avoid vortexing and minimum stream flows for reaches OR-1 and OR-2
must be released from the base of Culmback Dam. The bottom water layer of Spada
Lake is unnaturally cold compared to temperatures that seasonally occur within OR-1 and
OR-2. Release of such cold water is not biologically preferred, especially in the late
summer and fall when salmon begin to spawn.

A major constraint of Project operations is the relatively small size of Spada Lake. The
reservoir has a total volume (storage capacity) of 153,260 acre-feet at full pool (elevation
1,450 feet msl) which is only one third of the average annual volume of Spada Lake
inflow. The size of the reservoir limits the amount of water that can be captured during
peak flows (when inflows can exceed outflows by a factor of 10) and distributed at other
times of the year to meet demands such as City water supply and increased minimum
stream flows.
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Simulation Model

The District uses a computer simulation model to understand current and proposed
Project operations. The model is based on a daily time step of volumetric water
quantities entering the Sultan River system at various points from Spada Lake to the
Powerhouse including Lake Chaplain. The model accounts for and prioritizes meeting
the City’s water demand and minimum stream flow requirements below Culmback Dam,
the Diversion Dam, and the Powerhouse. Model inflows are updated annually and
calibrated to accurately reflect reservoir fluctuations and power generation.

A simulated history of input flows for the model has been reconstructed from actual
gaging data and early records of nearby river systems. This history dates from July 1,
1899 to June 30, 2008 (109 years of daily flows in the Sultan River system). With this
data, the District can define and run various operational scenarios, incorporating different
operational rules such as reservoir elevation targets, water supply withdrawals, and
minimum stream flow levels. The model runs can be used to determine when reservoir
elevations would fall below elevation 1,380 feet msl, causing water to be released from
the base of Culmback Dam to meet water needs (affecting water temperature in each of
the operational reaches), or whether the reservoir would run dry in a drought year. A host
of other attributes can be determined by post-processing the model output, such as
quantification of aquatic habitat area that may be provided with various operational
scenarios.

The District used the operations model to test various flow scenarios that protect the City
water supply while increased minimum stream flow levels for aquatic resources.
Meeting City water demand and preventing the reservoir from dropping below elevation
1,380 feet msl turned out to be the driving factors in defining the magnitude of minimum
stream flows that can be provided by the Project.

By slightly adjusting the reservoir operation rule curves, implementing minimum target
reservoir elevations, and implementing the reservoir elevation conservation trigger'2,
over a 50-year license term, the modeling exercise indicates the Project can be operated
to:

e Meet the City water demand of 84 mgd

e Increase minimum stream flows and resultant aquatic habitat area

o Provide special purpose flows (such as habitat process flows and whitewater boating
trial flows)

e Reduce the risk of spill during the Chinook spawning period

e Provide incidental flood control

e Minimize the frequency and duration that the reservoir level is below elevation 1,380
feet msl

o Preserve the City of Everett’s water supply “safe yield”

12 Gradual step-wise reduction in minimum stream flow releases to OR-1 and OR-2 during dry years based
on reservoir level elevations to reduce the risk of the reservoir falling below elevation 1,380 feet msl.
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However, as City water demand increases beyond current demand (which must be
satisfied), the overall remaining water budget decreases may lead to low reservoir
elevations and more frequently power-off periods. With higher proposed minimum
stream flows below the Powerhouse, Project operations cannot completely mitigate
effects of increased City water demand over the long term. Based on the modeled
scenarios, as water demand increases, the frequency when minimum stream flow triggers
are implemented would increase, and (on average) the reservoir would be drawn down
longer and further each year. Consequently, the chance of reservoir levels dropping
below elevation 1,380 feet msl increase each year, and the chance of totally draining the
reservoir during a severe drought also increases. Please see the Cumulative Effects
(Section E.6.2.4) for a detailed analysis of the effects of increased City water demand on
water resources.

E.6.2.3.2 Water Quantity PM&E Analysis

Project operations seasonally affect Sultan River flows. The District proposes the
following actions that would influence seasonal flows in the Sultan River: modify the
Sultan River minimum stream flow schedule to benefit fish and other aquatic resources,
provide a 3-year trial period of recreational whitewater boating flows, modify the Pelton
units to provide flow continuation in the event of inadvertent shutoff, provide a new
minimum stream flow release point near the Diversion Dam, and implement additional
downramping measures. To accomplish these objectives, the District also proposes to
revise the reservoir level operational rule curve to accommodate these flow release
modifications and to provide additional resource protection against flooding during or
immediately following salmon spawning. The proposed operational changes are
represented by several PM&Es that would work in a coordinated fashion to alter seasonal
water quantity within a given year’s water budget when compared to existing conditions.
Important individual PM&E components that would influence Spada Lake and Sultan
River flows include:

e Modify reservoir operational rule curves to meet all flow related PM&Es over a 50-
year license term

e Implement minimum reservoir elevation targets and a conservation trigger to
maintain beneficial Project control of water release points and water temperature

e Modify the minimum stream flow release point near the Diversion Dam

e Modify minimum stream flow requirements at the Diversion Dam and Powerhouse

e Provide juvenile fish outmigration and adult fish upstream migration flow releases

e Control maximum flow during salmon spawning

e Provide habitat process flows

o Install and operate Powerhouse Pelton unit flow continuation system

e Modify Project downramping requirements

e Provide whitewater boating flows over a trial 3-year period

The environmental effects of each of these PM&E components, which would influence
water resources, are analyzed below.
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E.6.2.3.2.1 Modify Minimum Stream Flow Requirements in OR-1 and
OR-2

Issue

The Project’s water storage and release at three discharge points in the lower Sultan River
(Culmback Dam, Diversion Dam, and Powerhouse) affects seasonal minimum stream
flows in the river. Minimum stream flow requirements affect aquatic community
persistence and productivity.

Proposed PM&E

The District proposes to meet specified minimum stream flows in OR-1, OR-2, and OR-3
to protect, mitigate, and enhance fish and wildlife resources, riparian vegetation, aesthetic
resources, and water quality in the Sultan River. Proposed minimum stream flow
requirements at the USGS Gaging Station 12137800 would seasonally range between 100
and 200 cfs. Minimum stream flow requirements at the Powerhouse (USGS Gaging
Station No. 12138160) would be 300 cfs year round. No changes are proposed for the
bypass reach (OR-3) from RM 9.7 to 16.5; the year round-release of 20 cfs from
Culmback Dam would remain unchanged from existing conditions. Appendix B fully
describes this PM&E.

Environmental Analysis

The goal of this PM&E measure is to manage and regulate flows in the Sultan River in a
manner that provides habitat suitable for the production of healthy and sustainable
resident and anadromous fish populations while continuing to meet the City’s water
demands. The effects of implementing the minimum stream flows on water quantity are
listed below. Effects of changing minimum stream flows on aquatic resources, such as
fish and habitat, are discussed in Section E.6.3.3.1.1.

The proposed seasonal allocation of minimum stream flows (Table E.6.2-7) would result
in the following changes in the magnitude of minimum stream flows in OR-1
(downstream of the Powerhouse) when compared to existing conditions (in all but dry
years):

e 50 percent increase from September 15 to June 15
e 82 percent increase from June 16 to September 14

Changes in the magnitude of minimum stream flows in OR-2 (between the Diversion
Dam and Powerhouse) compared to existing conditions would be (in all but drought
years):

e 5 percent increase from November 1 to January 15

e 33 percent decrease from January 16 to February 29

e 43 percent decrease from March 1 to March 15

e 20 percent decrease from March 16 to June 15

e 5 percent increase from June 16 to September 14

o 38 percent increase from September 15 to September 21
e 35 percent increase from September 22 to October 31
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Table E.6.2-7 Proposed and current (in parentheses) minimum stream flow
requirements for OR-1 and OR-2 of the Sultan River.

Reach 22: Diversion Dam Reach 1°b: Powerhouse
Dates Minimum Stream Flows (cfs) Minimum Stream Flows (cfs)
January 1-15 100 (95) 300 (200)
January 16-31 100 (150) 300 (200)
February 100 (150) 300 (200)
March 1-15 100 (175) 300 (200)
March 16-30 140 (175) 300 (200)
April 140 (175) 300 (200)
May 140 (175) 300 (200)
June 1-15 140 (175) 300 (200)
June 16-30 100 (95) 300 (165)
July 100 (95) 300 (165)
August 100 (95) 300 (165)
September 1-14 100 (95) 300 (165)
September 15-21 200 (145) 300 (200)
September 22-30 200 (155) 300 (200)
October 1-31 200 (155) 300 (200)
November 100 (95) 300 (200)
December 100 (95) 300 (200)

a Measured at USGS Gaging Station No. 12137800 (same compliance point as under existing conditions).
b Measured at USGS Gaging Station No. 12138160 (same compliance point as under existing conditions).

Under existing operations, there have been no minimum stream flow excursions that were
considered violations by FERC since 1994 at the Powerhouse and since 1993 at the
Diversion Dam. Compliance with the proposed minimum stream flow regime would be
the same as under existing conditions (see Section E.6.2.2.1.1).

E.6.2.3.2.2 Implement Minimum Reservoir Elevations and Conservation
Trigger

Issue

The Project must stop withdrawing water through the intake tower when the reservoir
level drops below elevation 1,380 feet msl, eliminating the Project’s ability to control the
temperature of minimum stream flow release at the Powerhouse and Diversion Dam.
When the reservoir level drops below elevation 1,380 feet msl, minimum stream flow
requirements are met through release of water through the Howell-Bunger valves at the
base of Culmback Dam. Providing minimum stream flows through these valves can
release unfavorably cold water from the reservoir bottom during critical ecological
periods, such as Chinook salmon spawning and early egg incubation.
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Proposed PM&E

The primary goal of implementing minimum reservoir elevation targets and the
conservation trigger is to minimize frequency and duration of reservoir elevation below
1,380 feet msl while increasing minimum stream flow requirements as previously
described. The District will attempt to maintain a minimum impoundment in Spada Lake
above elevation 1,430 feet msl between July 1 and August 15, and above elevation 1,420
feet msl from August 15 to September 15.

By providing the higher minimum stream flows described in Section E.6.2.3.2.1 in dry
years, modeling indicates the reservoir may be drawn down below 1,380 feet msl. To
reduce the chance of this occurrence, the District proposes to reduce minimum stream
flow requirements (potentially down to existing Project minimum stream flow
requirements during certain periods) in a step-wise fashion to conserve reservoir water
and maintain beneficial Project control of minimum stream flow releases. In OR-1 the
trigger would start when the reservoir elevation drops below 1,420 feet msl and would
gradually reduce the OR-1 minimum stream flow from 300 to 200 cfs in a step-wise
manner as reservoir levels drop (varying by season throughout the year). In OR-2 the
trigger would only apply from September 15 to October 31. The trigger would start when
reservoir elevations drop below 1,420 feet msl and would gradually reduce the OR-2
minimum stream flow from 200 to 150 cfs in a step-wise manner as reservoir levels drop.
By implementing the conservation trigger, the proposed minimum stream flows in OR-1
and OR-2 would gradually stair-step down based on reservoir elevation triggers (see
Appendix B for full PM&E description).

Environmental Analysis

At the current City of Everett water demand of 84 mgd, the proposed operational scenario
conservation trigger would reduce flows downstream of the Powerhouse (OR-1) below
300 cfs in 98 of 109 modeled years (90 percent of modeled years). The number of days
with reduced minimum stream flows (below 300 cfs) within the 109 year model period
was 4,858, or 12 percent of the time. Approximately 66 percent of these days occurred
from August through October (Table E.6.2-8), with an average yearly duration of 29 days
during that time. In the model run the lowest “reduced flow” was 275 cfs, which exceeds
the highest minimum stream flow level under existing conditions (200 cfs in OR-1).
Therefore, modeling suggests that proposed minimum stream flow rules provide
consistently higher minimum stream flows throughout the year when compared to
existing conditions.

From September 15 to October 31, reverting to the lower-most conservation trigger flow
in OR-2 (150 cfs) would provide about the same minimum stream flow as current
conditions (ranging from 145 to 155 cfs during that time). However, over the 109 year
model run, the reservoir elevation conservation trigger did not result in reduced flows
below the proposed minimum of 200 cfs from September 15 to October 31. Therefore,
modeling suggests that proposed minimum stream flows provide consistently higher
minimum stream flows during September 15 to October 31 when compared to existing
conditions.
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Table E.6.2-8 Number and percent of days within the 109 year model run that
minimum stream flows are below 300 cfs (City water demand =

84 mgd).
Month Number of Days flows <300 cfs | Percent of Days flows <300 cfs
January 406 8.4
February 168 35
March 105 2.2
April 132 2.7
May 9 0.2
June 10 0.2
July 174 3.6
August 897 185
September 1111 22.9
October 1237 25.5
November 467 9.6
December 142 29

The proposed minimum stream flow of 20 cfs in OR-3 was met in all 109 modeled years.
Current minimum stream flow requirements are 20 cfs in this reach; therefore, modeling
suggests that proposed operations would maintain existing conditions in OR-3.

The effects of reverting to current minimum stream flows (i.e., if this reservoir elevation
trigger is met) on aquatic resources are discussed in Section E.6.3.3.1.1.

E.6.2.3.2.3 Minimum Stream Flow Management by the Aquatic Resource
Committee during Drought Years

Issue

In an extreme drought year, providing all of the flow measures and increasing the City’s
water demand over the next 50 years may compromise the ability of the Project to
provide water to the City based on its allocated water rights. The Project is obligated to
meet the City’s water withdrawal rights.

Proposed PM&E

During the course of a water year, the ARC' may recommend a drought release schedule
when: (1) the ARC determines that a drought event (as defined by the City of Everett’s
most current Drought Response Plan) is probable; (2) the release schedule described in
this PM&E requires interim modification to manage water supply during periods of

13 As discussed in Section E.6.3.3, the District plans to establish and convene an Aquatic Resource
Committee (ARC) within 30 days of issuance of the License for the purpose of consultation and assistance
in implementation by the District of specific license articles.
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weather-related shortages; and (3) the drought release schedule will not undermine the
purposes of this PM&E. Upon such recommendation, the District will notify the
Commission and will implement the drought release schedule within seven days of
providing such notice, unless otherwise directed by the Commission. See Appendix B
for full PM&E language.

Environmental Analysis

The City’s plan defines a drought event as when Spada Lake is lower than 80 percent of
historical average and the snowpack is less than 80 percent of average in the spring.

Under the 109-year model run that implemented all of the proposed flow measures, the
City’s water demand was always met. Under a severe drought scenario, the ARC may
modify minimum stream flows along with other water conservation measures to reduce
the chance of Spada Lake going dry. However, the model showed that even with the
proposed minimum stream flow measures, Spada Lake would not have been drained
during the most severe model drought year (1987-1988) while supplying 84 mgd to the
City. At existing City water demand, the minimum reservoir elevation during the most
severe modeled drought was elevation 1,364.6 feet msl, about 120 feet above the
elevation at which Spada Lake would be completely drained (elevation 1,240 feet msl).
Therefore, modeling suggests the chance that minimum stream flows would actually need
to be modified by the ARC to preserve the City’s water needs would be small at current
demand. In addition, the City could potentially implement further water conservation
measures to avoid the need to lower minimum stream flows during a severe drought.

E.6.2.3.24 Modify the Maximum Flow Ceiling during the Chinook and Pink
Salmon Spawning Period

Issue

Chinook and pink salmon redds produced at high flows may be dewatered during the
incubation period if the spawning flow is significantly higher than the incubation flow.
Increasing the current maximum flow ceiling from 400 cfs to 550 cfs would ensure
continued successful incubation should flows drop to Project minimum stream flow
requirements.

Proposed PM&E

Under this proposed PM&E, the District would increase the maximum flow ceiling in
OR-1 from 400 cfs to 550 cfs during the September 15 to October 15 peak spawning
period. Based on previous habitat/flow studies conducted by the District, the stage
associated with this ceiling would ensure that redds remain wetted should Project flows
be reduced to the minimum of 300 cfs. Furthermore, the District would use spawner
survey information to determine the highest relative channel elevation at which spawning
has occurred during Chinook and steelhead spawning seasons. The District would
attempt to keep redds covered with water until fry emergence has occurred. The
spawning flow ceiling and corresponding minimum stream flow may be adjusted per
consultation with the ARC. See Appendix B for the complete PM&E language.
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Environmental Analysis

The District currently imposes a 400 cfs maximum flow ceiling during the Chinook and
pink salmon spawning period. This ceiling is thought to provide protection if flows drop
to the current 200 cfs minimum during incubation. Similarly, the District believes that a
commensurate 550 cfs ceiling during spawning should be adopted with the proposed
increased minimum stream flow of 300 cfs during incubation. Under current operations,
daily flows exceed 550 cfs about 10 percent of the time below the Powerhouse in late
September, and between 25 and 50 percent of the time in early October (Figure E.6.2-5).
In modeling proposed operations, flows exceeded 550 cfs in 76 of 109 years and in 10.5
percent of all modeled days between September 15 and October 15 (8 percent of modeled
days from September 15 to 30 and 13 percent of modeled days from October 1 to 15).
Therefore, modeling suggests that limiting flows to 550 cfs from September 15 to
October 15 should reduce the frequency of occurrence of these higher flows when
compared to existing conditions.

E.6.2.3.2.5 Provide Habitat Process Flows
Issue

The frequency, magnitude, and duration of peak flood flows in the Sultan River have
been reduced under Stage I1 operations. While reducing flood flows has allowed the
establishment, persistence, and in some cases proliferation of salmon and steelhead below
the Diversion Dam, this flow regime has also reduced the active channel area and
impacted the creation and maintenance of side channels in the three-mile alluvial reach of
the Sultan River (OR-1). Specifically, Stillwater Sciences and Meridian Environmental
(2008b) concluded:

e Vegetation encroachment in the lower alluvial reach has been an unforeseen
consequence of flow alteration. Riparian vegetation has reduced the active channel
area by 32 percent since Stage II operations began.

o Side channels in the Sultan River are relic features, a consequence of vegetation
encroachment into formerly active channels of the river.

Although the gravel transported through the lower Sultan River is considered to be good
quality for salmonid spawning habitat and is mobilized about once every 3 to 4 years
(Snohomish County PUD 1995; R2 Resource Consultants 2005), reduced peak flows
have decreased habitat complexity in OR-1.

Proposed PM&E

While high flow events currently occur in the Sultan River, several stakeholders
expressed an interest in providing additional high flow releases (process flows) to
improve aquatic habitat in the lower Sultan River. The District proposes to provide a
water budget of 22,000 acre-feet over a 50-year license term to provide controlled flows
to supplement natural accretion flows, for geomorphic and channel maintenance purposes
(collectively referred to as process flows). Water released from Culmback Dam pursuant
to a scheduled process flow release and any downramping associated with such process
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flow releases (as required by the downramping PM&E) would be deducted from the
22,000 acre-feet water budget. The District, in consultation with the ARC, would
schedule the timing of process flows to take advantage of accretion flows and Project
generation to achieve geomorphic process goals within the longitudinal and lateral
riverine ecosystem. See Appendix B for the full PM&E language.

Environmental Analysis

During a process flow event, the District would release water from Culmback Dam via
the Howell-Bunger and slide valves. The combined maximum flow release capacity of
these valves 1s 2,355 cfs at reservoir full pool elevation of 1,450 feet msl. The water
budget of 22,000 acre-feet would sustain a flow of 2,355 cfs for 113 hours, which could
be allocated to multiple process flow events over the term of a new license as determined
by the District and the ARC. As specific volume, duration, and timing of process flow
events has not been defined, the precise effects on the Sultan River hydrograph cannot be
determined. However, in general, implementing process flows would increase the
recurrence interval of higher flow events in the Sultan River compared to existing
conditions. See Section E.6.3.3.3 for a discussion of effects on aquatic habitat from
implementing the process flow PM&E.

E.6.2.3.2.6 Provide Whitewater Boating Flows
Issue

Seasonal storage of water in Spada Lake provides significant incidental floodwater
storage, which has reduced peak flows downstream of Culmback Dam. Higher flows
than those provided by the current minimum stream flow requirements are preferred by
whitewater boaters (Whittaker and Shelby 2008).

Proposed PM&E

The District proposes a 3-year trial period to assess the long-term (i.e., license term)
feasibility and implications (e.g., flows, use levels, costs, resource impacts, etc.) of
providing whitewater boating flows on the Sultan River. Within 12 months after issuance
of the License, the District would file a Whitewater Recreation Plan with the
Commission. This plan would document how the District proposes to implement the
study program to provide occasional higher flows in the Sultan River below Culmback
Dam for whitewater boating while minimizing impacts to fish.

During the 3-year study program, the District would provide 900 acre-feet of water (total)
for whitewater boating flow releases. Water released from Culmback Dam pursuant to a
scheduled release and any downramping associated with release would be deducted from
the water budget. In the event that a portion of the 900 acre-feet water budget remains
after 3 years of implementing the study, the study program would continue until the
balance of the water budget is released. See Appendix B for the complete PM&E
language.

Final License Application Page E-101
Exhibit E — May 29, 2009



Jackson Hydroelectric Project

Environmental Analysis

This proposed measure would result in an overall increase in higher flow events in the
bypass reach (OR-3) than occurs under existing conditions, and these higher flow
releases would, in turn, affect flows in OR-2 and OR-1. The Flow Recreation Study
(Whittaker and Shelby 2008) indicated that whitewater boaters found the minimum
acceptable technical trip to occur at about 450 cfs, optimal technical trips at about 600
cfs, optimal standard trips at about 900 cfs and big water trips at about 1,200 cfs in the
bypass reach. A continuous release at various flow rates (i.e., 450, 600, 900, 1,200 cfs)
that does not exceed 900 acre-feet results in variable durations of time that could be
allocated to one or more releases in 1 year or spread over a 3-year period (Table E.6.2-9).
As specific release strategies are not defined, the actual effect on the Sultan River
hydrograph will be unknown until the magnitude, duration, and timing of the boating
flow releases are determined. Potential adverse affects of these flow releases on resident
and anadromous fish in the lower Sultan River would be minimized through the
implementation of timing restrictions developed in consultation with the ARC.

Table E.6.2-9 Maximum duration (hours) of potential whitewater boating flow
releases without exceeding 900 acre-feet of storage.

Flow (cfs) Duration (Hours)
450 24
600 18
900 12
1,200 9

E.6.2.3.2.7 Provide Juvenile and Adult Salmonid Migration Flow Releases
Issue

Project operations have reduced peak flows during the late spring juvenile salmon and
steelhead outmigration period. Reduction in peak flows may influence juvenile fish
outmigrant timing and survival. Project operations have also reduced high flow events in
the late summer/early fall, although such events are rare in the Puget Sound region during
this driest time of year. Stakeholders believe that reduction of high flow events during
late summer/early fall may delay adult upstream migration timing, although there is no
specific data stating to confirm or refute that this is occurring.

Proposed PM&E

Except in drought years, the District would provide juvenile fish outmigration flows and
adult fish upstream migration flows from the Powerhouse.

1. Juvenile Outmigration Flow

If the daily average flow at the Powerhouse gage (USGS Gaging Station No. 12138160)
is below 500 cfs for 14 consecutive days between April 15 and May 15 of any given year,
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the District will release a flow of between 800 cfs and 1,200 cfs from the Powerhouse for
a duration of 12 consecutive hours on 3 separate days in May. The District, in
consultation with the ARC, on an annual basis, will determine the necessity, schedule,
and magnitude of the outmigration flow releases.

2. Upstream Migration Flow

Upon issuance of the License, if the ARC determines that a flow release is necessary to
enhance adult salmonid upstream migration, the District will release a flow of up to 1,000
cfs from the Powerhouse for 24 hours at least one time annually during the first week of
September.

See Appendix B for the complete PM&E language.

Environmental Analysis

Flows between April 15 and May 15 are typically above 500 cfs (see Figure E.6.2-5);
however, about 25 percent of the time (i.e. 75 percent exceedence level in Figure E.6.2-5)
flows are near or below 500 cfs. A flow event (below 500 cfs) occurring for more than
14 days in a row is fairly uncommon during that time; therefore, the proposed juvenile
fish migration flow releases may be implemented on an infrequent basis. The recurrence
interval of 12-hour duration flow events between 800 and 1,200 cfs would increase by a
relatively small degree. Flows of 800 to 1,200 cfs are common during April and May
(see Figure E.6.2.-5); the 50 percent exceedence level is just under about 700 cfs and the
25 percent exceedence level is generally well over 800 cfs during that time.

Flows during the first week in September are generally well under 1,000 cfs. The 25
percent exceedence level is around 500 cfs and the 90 percent exceedence level is only
slightly over 1,000 cfs (see Figure E.6.2-5). If the ARC determines that a 1,000 cfs
release is necessary on a yearly basis, the recurrence interval of flows of 1,000 cfs during
early September could be greatly increased when compared to existing conditions.

E.6.2.3.2.8 Revise Reservoir Rule Curve

Issue

Project operations balance water withdrawals to meet the many competing needs of
municipal water supply, electricity production, recreation, and ecological function. This
management process begins with an operational rule curve developed to balance these
needs over a water year, while taking into account important incidental flood control
capabilities to protect property and human safety in the lower Sultan River and
Skykomish/Snohomish River floodplains.

Proposed PM&E

The District proposes to implement a revised reservoir operations rule curve (Figure
E.6.2-16) to balance competing resource needs and to ensure that the flow releases and
controls described in the above PM&Es can be met to the greatest extent possible over
the term of a new license. The rule curves were developed based on the physical storage
capacity of Spada Lake and the hydrology of the Sultan basin. As discussed in Section
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E.3.1.2 and Appendix A, the rule curves divide Spada Lake into five "states" that shift
throughout the water year (July through June). This operational water year is used to
minimize the change in storage from year to year, or in other words, maximize the
predictability of water storage over the coming year to ensure a sufficient water budget to
meet the resource needs.
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Figure E.6.2-16 Proposed Spada Lake operational rule curves.

The proposed general water management that occurs under each of the five operational
stages is described below.

o State 1 — Zone of Spill: Above elevation 1,450 feet msl, Spada Lake would be in a
state of spill. Therefore, the District would operate the Powerhouse to withdraw at
least 1,300 cfs through the power tunnel to reduce a spill event as quickly as possible.

o State 2 — Zone of Potential Spill: The District would operate the Powerhouse to
withdraw at least 1,300 cfs through the power tunnel to reduce the risk of spill, unless
inflow forecasts show that there is minimal risk of spill.

e State 3 — Zone of Discretionary Operation: The District may operate the Powerhouse
between the extremes of State 2 and State 4 depending on maintenance, power
supply, and prudent operation to minimize the impacts to the aquatic resources.

o State 4 — Zone of Water Conservation: The District would operate the Powerhouse to
satisfy the requirements of its water supply obligations to the City of Everett and the
minimum stream flow requirements in the Sultan River. Generally, the Project is
operated to conserve water unless inflow forecasts and snow pack measurements
indicate higher water withdrawal for power production is warranted.
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e State 5 — Zone of Tunnel Protection: Below elevation 1,380 feet msl, the District
would withdraw water through the Powerhouse only in so far as vortices do not occur
in the power tunnel. Vortices could cause power tunnel collapse from the negative
hydraulic pressures. The District would satisfy minimum stream flow and water
supply requirements at Culmback Dam, the Diversion Dam, and the Powerhouse by
releasing water from the exit valves at the base of Culmback Dam. The exit valves
are at elevation 1,220 feet msl.

e See Appendix B for the full PM&E language.

Environmental Analysis

The District has noted that in some years, inflow from higher than normal precipitation
during August, September, or October can keep the elevation of Spada Lake abnormally
high. These circumstances can increase the risk of spill in October (rather than in
November). Biologically, this is not preferable because spill in October may disrupt
spawning Chinook salmon, a species that is listed as threatened under the ESA.

Under proposed operations, the reservoir would generally need to be ramped up and
down a bit more (to capture more water) to provide the increased minimum stream flows.
To reduce the risk of spill under the proposed operations, the District proposes to alter the
State 3-4 rule curves to be a straight line from elevation 1,438.5 feet msl on July 1 to
1,410 feet msl on October 1. This would expand the State 3 operating zone from July
through September, providing options to reduce Spada Lake water levels and the risk of a
spill that would have the potential for undesirable effects on spawning salmon. Effects of
the revised rule curve on spawning salmon and habitat are discussed in Section
E.6.3.3.1.14.

Under current conditions, the recurrence interval for spill events from October through
April is approximately 2.7 years, or about 37 percent chance of spill each year. Modeled
operations suggest the recurrence interval for spill events would be about 2.5 years, or a
40 percent chance of spill each year from April through October. This is about the same
as existing conditions through implementation of the revised rule curve.

Modeling suggests that in October (the peak of Chinook salmon spawning), spill would
occur slightly more frequently under proposed operations than under existing conditions
(6 compared to 4 of 109 modeled years), but the magnitude would be smaller, averaging
1,035 cfs under existing conditions, but 785 cfs under proposed operations. Average
duration of each spill event was about the same at 4 days under both existing conditions
and proposed operations.

Modeling was conducted to determine the effects of this measure on reservoir elevations.
Based on modeling of the proposed rule curves and minimum stream flow requirements,
the water level fluctuation patterns within Spada Lake are expected to be similar to
conditions which would occur if current operations were continued (Figure E.6.2-17).
The reservoir would be drawn down a bit further and longer each year under the proposed
rule curves, especially in extreme drought years. During the worst case modeled
(drought year 1987-1988), the reservoir would have been drawn below elevation 1,380
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feet msl in October and November, which is represented by the minimum reservoir
elevation line in Figure E.6.2-10.
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Figure E.6.2-17 Daily maximum, minimum and average reservoir elevations for

the 109 year modeled scenarios of current conditions and
proposed operations.

E.6.2.3.29 Pelton Unit Flow Continuation System
Issue

Because the Project stores and then releases water at three points in the lower Sultan
River (Culmback Dam, Diversion Dam, and Powerhouse), seasonal minimum stream
flows are affected. Releases from the Powerhouse (i.e., discharge through the turbines)
largely control minimum stream flow levels downstream in the Sultan River. Under

existing conditions, if the turbines are tripped off due to mechanical/ electrical failure or
load rejection, a rapid decline in flow can occur, which has the greatest negative effect on
aquatic resources during low flow periods. In addition, the current turbine configuration

can result in exceedence of the downramping rate requirements, which can negatively
affect aquatic resources.
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Proposed PM&E

The District proposes and is currently proceeding'* to install a governor control system in
the Powerhouse to allow bypass of the flow through individually controlled turbine
needle valves to the Sultan River. This measure is expected to greatly reduce the
potential for an immediate reduction in Sultan River flow caused by inadvertent turbine
shutdown. The District proposes to implement this solution by October 2009 in an effort
to provide Pelton unit flow bypass capability as early as possible.

Environmental Analysis

Since the Jackson Project was constructed in 1984, a variety of circumstances have lead
to either single or dual Pelton unit shutdowns. While these shutdowns are now rare (the
last minimum stream flow incident that was considered a violation by FERC occurred in
1994), the potential still exists for rapid shutdowns, which could result in minimum
stream flow excursions. While not all situations that might cause Pelton turbine
shutdown can be mitigated (such as a power conduit failure), the probability and
frequency for future unit shutdowns would be greatly reduced by implementing this
PM&E. The overall effect of this PM&E on water quantity in the lower Sultan River
(OR-1) would be the near elimination of Powerhouse downramping exceedence events
due to the Pelton units tripping off line.

E.6.2.3.2.10 Revise Project Downramping Requirements
Issue

Project operations can affect Sultan River flow fluctuations over a few minutes to several
hours in the reaches downstream of the Powerhouse and Diversion Dam. Although the
Project is operated on an intermediate cycle rather than a load following basis (resulting
in less frequent downramping than occurs at other hydroelectric projects), downramping
can negatively affect aquatic resources as previously described.

Proposed PM&E

The District proposes to revise three downramping attributes to provide adequate
protection for salmon and steelhead fry in the Sultan River downstream of the Diversion
Dam (the area subject to Project ramping effects). These measures include:

e Continuing current ramping rate requirements at the Powerhouse (as described in
Section E.6.2.1.1.2) with the following modifications to Table E.6.2-2:

1. In the period November 1 to December 31, allow a “night” downramping rate of 6
inches per hour rather than 4 inches per hour in the highest flow range (1,500 to
750 cfs).

2. Remove the application of footnote "c" from the periods September 16 to

n.n

December 31. Footnote "c" states:

" No disagreement to this measure has been expressed by Project stakeholders.
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"If river flow prior to downramping has exceeded 1,000 cfs for more than
72 hours, downramping through this flow range (750 to 600 cfs) occurs
only after holding flow constant between 750 and 850 cfs for at least 6
hours of daylight and one overnight period."

e Proposed downramping rates for the new flow discharge structure near the Diversion
Dam (as listed in Table E.6.2-3, Section E.6.2.1.1.2) would be included as a PM&E in
a new FERC license.

e Limiting the frequency of Powerhouse downramping under conditions when fry are
most vulnerable to stranding, as proposed in Table E.6.2-10.

Table E.6.2-10 Proposed Powerhouse downramping frequency limitations.

Limit on Downramp Hours
When Downramping > 1 in/hr
Time Period River Flows <750 cfs River Flows >750 cfs

;I;](?;[ﬂ gShelr\:l/lsag/r;al Limit (January 48 hours No limit
Monthly Limit:

January 16 hours No limit
February 16 hours No limit
March 16 hours No limit
April 16 hours No limit
May 16 hours No limit

Environmental Analysis

Under the proposed ramping requirements, from November 1 to December 31, increasing
the ramping rate to 6 inches per hour during the night hours would lower the stage of the
Sultan River more quickly than under current operations, when flows are between 750
and 1,500 cfs. The effects of removing footnote "c" (Table E.6.2-2) would also result in
a somewhat quicker stage change than occurs under existing ramping rules; however,
overall downramping still would be at a low rate (i.e. 1 to 2 inches per hour depending on
season).

The proposed ramping rules from January 1 to May 31 in the flow range of 300 to 200 cfs
stipulate a day and nighttime ramping rate of 2 inches per hour. The proposed daytime
ramping rate of 2 inches per hour would be more restrictive than occurs under existing
conditions during January and February. Under existing conditions, a 4-inch per hour
daytime ramping rate is allowed at flows below 300 cfs. Therefore, the proposed rate
would slow the lower Sultan River stage change in OR-1 if the reservoir level
conservation trigger was activated during January and February. Implementing the
reservoir level conservation trigger at other times of the year would result in the same
ramping rates as are allowed under existing conditions.
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Effects of the revised ramping rates on fish stranding are discussed in Section E.6.3.3.4.
Formally adopting ramping requirements at the Diversion Dam would continue to limit
ramping as occurs under existing conditions.

An analysis of existing conditions showed that the proposed 48-hour ramping limitation
(Table E.6.2-10) between January and May 31was exceeded in 5 of the last 14 years, but
has not been exceeded since it was adopted as a conservation measure in 2005. The
District expects that exceedence of downramping requirements would continue to be very
infrequent (the last incident deemed a violation by FERC occurred in 1994), but would be
further reduced by implementing the operational changes described in Section
E.6.2.3.1.8.

E.6.2.3.3 Water Quality PM&E Analysis

As discussed above in Section E.6.2.2.2, water quality conditions in the vicinity of the
Project are very good, and meet (or comply with) State water quality standards with few
exceptions. Two new PM&E measures for water quality are proposed for
implementation to ensure continued protection of water quality in the vicinity of the
Project over the course of the next license term. These two PM&E measures include
Water Quality Plan and Water Temperature Conditioning in OR-3 (see Appendix B).
The Water Quality Plan would consist of water quality monitoring and management
activities to ensure continued protection of water quality and to ensure compliance with
State water quality standards over the term of the next license term. The Temperature
Conditioning measure would condition the water temperatures released at Culmback
Dam to enhance the temperature regime for aquatic resources in the bypass reach and
ensure compliance with the State standards. The District also proposes to continue water
temperature conditioning to match pre-Stage II temperatures at the Diversion Dam
release point as occurs under existing conditions. Descriptions of these PM&E measures
and their expected environmental effects are provided below.

E.6.23.3.1 Water Quality Plan
Issue

The Jackson Project, including operation of Culmback Dam, the proposed discharge
structure, and the Powerhouse, regulates the delivery and routing of water within the
Sultan River watershed below Project facilities. This regulation involves the flow of
water spatially and temporally and has the potential to affect water quality designated
beneficial uses in and downstream of the Project area. To issue a Section 401 water
quality certification, Ecology needs reasonable assurance that the Project will conform to
State of Washington water quality standards throughout the term of a new license.

Proposed Measure

The District proposes to develop and implement a Water Quality Plan to ensure
continued protection of water quality and designated uses and to ensure compliance with
State water quality standards over the term of a new license. The Water Quality Plan
would document and guide the program the District would implement to comply with
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State water quality standards in the Sultan River (WAC 173-201A). The Water Quality
Plan would address four types of measures or procedures:

1. Water quality protection measures related to Project construction or maintenance
activities;

2. Spill prevention and containment procedures;

3. Procedures for application of herbicides, pesticides, fungicides, and disinfectants
around Project facilities, if needed; and

4. Routine monitoring of select water quality parameters in the Project vicinity.

The District would submit the Water Quality Plan to FERC, for approval, within 180
days of issuance of the License. The District would develop the Water Quality Plan in
consultation with Ecology. Upon FERC approval, the District would implement the
Water Quality Plan.

The routine monitoring of water quality parameters would be an important component of
the Water Quality Plan to determine on-going compliance with state water quality
standards in the Project area. The Water Quality Plan would contain, at a minimum, a list
of parameter(s) to be monitored, a map of sampling locations, and descriptions of the
purpose of the monitoring, sampling frequency, sampling procedures and equipment,
analytical methods, quality control procedures, data handling and data assessment
procedures, and reporting protocols.

Progress reports would be completed annually to provide an assessment of data collected
during the year. The District would also use the yearly assessment to offer
recommendations, as may be appropriate, for potential revisions to the Water Quality
Plan. The District will seek approval by Ecology of any revisions of the Water Quality
Plan. Ifrevised, the District would submit the revised plan to FERC for approval. If the
District submits the revised Water Quality Plan to FERC without first obtaining the
approval of Ecology, the District would include specific reasons for doing so.

Environmental Analysis

Water quality conditions in the vicinity of the Project are very good, and meet (or comply
with) State water quality standards with few exceptions. It is expected that
implementation of water quality monitoring and management activities in the Water
Quality Plan will ensure continued protection of water quality and compliance with State
water quality standards over the term of the next license term.

E.6.2.3.3.2  Water Temperature Conditioning in OR-3
Issue

The Project maintains a minimum flow of 20 cfs in the bypass reach between Culmback
Dam and the Diversion Dam (i.e., OR-3) by releasing water through valves at the base of
Culmback Dam. Even though this release is relatively cold during summer (about 5 to
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6°C), the water in the bypass reach can warm at a faster rate than water released at the
Diversion Dam and Powerhouse. This faster rate of warming during summer has
produced an occasional exceedence of the Core Summer Salmonid Habitat criterion of
16°C at the lower end of the bypass reach upstream of the Diversion Dam (RM 9.8).
During the 2-year water quality study, the 7-DAD Max reached 16.6°C for a 5 day period
in July 2007 at the site above the Diversion Dam. In addition, as discussed in Section
E.6.3.3, the release of relatively cold water from Culmback Dam during summer also
appears to be a factor in lower productivity of resident fish and macroinvertebrates in the
bypass reach.

Proposed Measure

The District proposes to implement a program to condition the temperature of the water
released at Culmback Dam in order to provide a seasonally appropriate water temperature
regime that would improve conditions for aquatic resources (including resident fish and
macroinvertebrates) in the bypass reach between Culmback Dam and the Diversion Dam
(i.e., Reach 3). In consultation with the ARC, the District would develop temperature
conditioning performance standards for April through October in the bypass reach. The
performance standards would be developed for points at the upstream end of the reach
(where water is released) and the downstream end of the reach. These performance
standards would be determined based on ranges of water temperatures that are suitable
for aquatic resources (including resident fish and macroinvertebrates) as reported in the
research literature.

The District would submit a Water Temperature Conditioning (WTC) Plan to FERC for
approval within 180 days of issuance of the License. The WTC Plan would document

how the District would implement a program to condition the temperature of waters
released at Culmback Dam. The WTC Plan would include:

1. The preliminary operation plan for the conditioning of water released from Culmback
Dam pursuant to the schedule for the Minimum Flow PM&E measure (as described
Section E.6.2.3.2) to achieve temperature conditioning performance standards in the
bypass reach;

2. The method and schedule for, and limitations upon, temperature conditioning of
water releases;

3. The method, the locations, and the schedule for monitoring water temperature within
the bypass reach and the response of aquatic resources (including resident fish and
macroinvertebrates) to water temperature conditioning;

4. The method and schedule for adjusting the water temperature release schedule based
upon temperature monitoring; and

5. The temperature conditioning program annual reporting and ARC consultation
requirements.
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The District would develop the WTC Plan in consultation with the ARC. The District
would allow a minimum of 30 days for members of the ARC to comment and make
recommendations before submitting the WTC Plan to FERC. When filing the WTC Plan
with FERC, the District would include documentation of consultation; copies of
comments and recommendations; and specific descriptions of how comments and
recommendations from the ARC are accommodated by the District’s plan. If the District
does not adopt a recommendation, the filing would include the District’s reasons based
upon Project-specific information. Upon FERC approval, the District would implement
the WTC Plan.

The District would implement the temperature conditioning program within the
environmental limitations and physical constraints of the Project’s existing pipe
infrastructure. The District would make temperature sensor and control valve
modifications, as necessary, to implement this program. The water release points at
Culmback Dam would be the 10-inch cone valve, the hydro unit, and the 16-inch
auxiliary release line. Blending ratios associated with this temperature conditioning
program would be determined by temperature monitoring of Spada Lake, at the
Culmback Dam water release points, at the downstream end of the bypass reach, and/or
possible other suitable locations in OR-3. The temperature conditioning program would
be implemented only when: (1) reservoir elevations are greater than 1,410 feet msl;

(2) the reservoir is stratified (typically May through October); and (3) conditions at
designated monitoring points in the reach would otherwise not be within temperature
conditioning performance standards.

The District would monitor water temperatures in the bypass reach between Culmback
Dam and the Diversion Dam (Reach 3) annually for the term of the License. The District
would monitor water temperature on a daily basis for potential exceedence of state water
quality criteria at the downstream section of the bypass reach. If monitoring indicates the
potential for a possible exceedence (i.e., 7-DADMax greater than 16°C), the District
would quantify the geographic extent of elevated temperatures and if warranted,
incrementally increase the volume of cool water released from Culmback Dam. As
discussed in Section E.6.3.3, the District also would monitor the biological response of
aquatic resources (including resident fish and macroinvertebrates) to the temperature
conditioning for the term of the License. The temperature conditioning monitoring
would be done in consultation with the ARC.

Environmental Analysis

The Stream Segment Temperature Model (SSTEMP) (Bartholow 2002) was used to
evaluate the effects of the WTC plan on water temperatures in OR-3. SSTEMP provided
predictions of daily mean water temperatures by month for assumed releases from
Culmback Dam with and without temperature conditioning. The resultant water
temperatures predicted by the SSTEMP model (assuming a continuous instream flow
release from Culmback Dam of 20 cfs) are summarized in Table E.6.2-11. The SSTEMP
model results indicate that conditioned releases from Culmback Dam would raise daily
mean water temperatures during summer from about 5.5 °C to as much as 14 °C in the
bypass reach below Culmback Dam and from about 11.8 °C to as much as 13.3 °C above
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the Diversion Dam. As a result, the current unnaturally cold conditions in the bypass
reach during summer would be warmed, particularly in the upper half of the bypass
reach.

Table E.6.2-11 SSTEMP predictions of daily mean water temperatures by
month below Culmback Dam and above the Diversion Dam
under non-conditioned (existing) releases and conditioned
(proposed) releases of 20 cfs from Culmback Dam.

Daily Mean Temperature (°C) | Daily Mean Temperature (°C)
under Non-Conditioned under Conditioned
Flow (cfs) (Existing) Releases (Proposed) Releases
Below Above Below Above Below Above
Culmback | Diversion Culmback Diversion Culmback Diversion
Month Dam Dam Dam Dam Dam Dam

April 20 87 4.0 6.9 4.0 6.9

May 20 84 5.0 9.0 6.5 9.2

Jun 20 58 5.0 10.4 8.0 10.8

July 20 35 55 11.8 10.0 12.6

August 20 27 5.5 11.4 14.0 13.3

September 20 31 55 9.5 14.0 114

October 20 57 55 8.5 8.7 9.3

With implementation of the WTC plan, it is expected that 7-DAD Max water
temperatures in OR-3 would continue to typically be less than the 16°C criterion. The
SSTEMP model provides predictions of mean daily water temperatures, but not 7-DAD
Max water temperatures. However, correlations of mean daily and 7-DAD Max water
temperatures from data collected in the summers of 2007 and 2008 indicate that 7-DAD
Max water temperatures were less than the 16°C criterion when corresponding mean
daily water temperatures were less than 14.4°C on average. The data further show that 7-
DAD Max water temperatures were always less than the 16°C criterion when
corresponding mean daily water temperatures were 13.3°C or less. SSTEMP model
results indicate that conditioned releases from Culmback Dam would raise daily mean
water temperatures to as much as 13.3°C just above the Diversion Dam (Table E.6.2-11).
Therefore, based on the SSTEMP model results, it is expected that 7-DAD Max water
temperatures would be less than the 16°C criterion during summer under typical summer
meteorological conditions (such as assumed in the model).

E.6.2.3.3.3
Project Nexus

Project operations can affect seasonal water temperature patterns in the Sultan River
downstream of Culmback Dam. Protecting Sultan River aquatic resources, such as
salmon and steelhead production potential, requires water temperature management.

Maintain River Temperature within Stage | Range
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Proposed Measure

The District proposes to continue operating the Project in a manner that maintains water
temperature in the Sultan River within the pre-Stage Il range downstream of the
Diversion Dam, as is described in Section E.6.2.2.2.1. In summary, the operational goal
is to ensure that Sultan River temperatures are reasonably close to the pre-Project mean
when the reservoir is stratified (the time that Project operations have water temperature
control capabilities). The District specifically proposes to operate the Project power
tunnel water withdrawal structure at Spada Lake to approximate to the fullest extent
possible, within a band of 2°C, the daily mean of recorded pre-Project temperatures.

Environmental Analysis

Under proposed operating conditions, it is expected that Project effects on Sultan River
water temperature would be similar to existing conditions (see Section E.6.2.2.2.1). The
cooling pattern in summer and early fall (compared to Stage I) is expected to be
maintained under proposed operations. Operational measures designed to comply with
the 7-DADMax 16°C water quality criteria would result in either full compliance or
would greatly reduce the frequency of criteria exceedence in OR-1, which currently is
rare.

E.6.2.4 Cumulative Effects

The following sections evaluate the Project’s cumulative effects on water quantity and
water quality. As defined during scoping, the geographic scope for this analysis
considers the Snohomish River basin, but focuses on the Sultan River basin.

E.6.2.4.1 Water Quantity

The City’s Diversion Dam, Lake Chaplain and its water storage, treatment and supply
system are not proposed to be a part of the licensed Project. Project facilities are
incidentally used to deliver water supply to the City’s reservoir (Lake Chaplain) in
accordance with an agreement between the District and the City. The Jackson Project
was designed and is operated to accommodate and assure the continued viability of the
City’s pre-existing municipal water supply rights and system; accordingly, the City’s
water rights and withdrawal facilities and operations represent a part of the environmental
baseline of the watershed.

The City projects that water demand will increase to about 192 mgd in 2060 (Figure
E.6.2-18), which corresponds roughly to the span of a Project license. This increase in
demand would cumulatively affect water quantity in the Sultan River basin. Increased
water withdrawals by the City directly affects the total Sultan River subbasin water
budget and the amount of water that could be allocated to other beneficial uses. The
cumulative effect of increasing water demand from 84 mgd to 192 mgd equates to about
108 mgd or 121,000 acre-feet of water annually that could not be allocated to other water
resource demands, such as for minimum stream flows (beyond the levels proposed by the
District). In other words, the average yearly Spada Lake subbasin water budget would
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decrease by about 22 percent” as the City’s demand increases from 84 to 192 mgd (130
cfs to 297 cfs, respectively).
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(Source: City of Everett 2008 Comprehensive Water Plan).
Figure E.6.2-18 City of Everett projected water supply demand with 0.5 percent
annual conservation.

For the purpose of modeling water resource effects over the course of the next license,
District staff analyzed various operating scenarios for the current water demand of 84
mgd, a mid-license water demand of 144 mgd, and 192 mgd, which is projected into the
future about 10 years beyond the potential term of a 50-year license (Figure E-6.2-18).
This demand curve assumes that conservation measures would be implemented, which
would result in 0.5 percent annual water use reduction. However, the analysis does not
assume any additional reduction in City water demands during drought conditions.
Therefore, the following analysis of cumulative effects represents a “worst case”
scenario. If the City were to implement additional conservation measures during
droughts, effects would be reduced.

One of the City’s concerns in managing the water supply is to protect the “safe yield” of
the reservoir. The safe yield is defined by the City as the demand level that could be
relied on without more than a 2 percent risk of failure. Translated into terms relative to
this analysis, this means the chance of Spada Lake going dry given the City’s demand
would not be greater than about twice in a 109-year period. The City’s analysis of their
“safe yield” under the current operating scenario defines demand as 200 mgd which

'3 (Projected Demand — Current Demand)/Average Annual Spada Lake inflow = (297-130)/768.5*100
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greatly exceeds their projected demand by many years beyond a new license term of 50
years (City of Everett’s 2008 Comprehensive Water Plan). Therefore, 192 mgd was used
to model the highest water demand scenario for this analysis.

E.6.2.4.1.1 Influence of Increased City Water Supply on Spada Lake under
Current Operations

Following current rule curves and minimum stream flow requirements, as the City’s
water supply demand increases, Spada Lake would be drawn lower each year (always in
the fall) given the same hydrology (Figure E.6.2-19). For the 84 mgd demand, the
variation in yearly minimum reservoir levels shows there is little chance of Spada Lake
falling below elevation 1,380 feet msl over the 109 year modeled period (the lowest
elevation was 1,386 feet msl in 1987-1988). With a 144 mgd demand, Spada Lake would
fall below elevation 1,380 feet msl in 6 of 109 years, or less than 6 percent. With a 192
mgd demand, Spada Lake would fall below 1,380 feet msl in 32 of 109 years (about 29
percent of years).
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Figure E.6.2-19 Spada Lake annual minimum elevation over 109 modeled years
for three water supply demand scenarios under current license
rule curves and current license minimum stream flow
requirements.
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E.6.2.4.1.2 Effects of Increased City Demand and Proposed Increased
Minimum Stream Flows on Spada Lake and Sultan River
Instream Flows

Stakeholders wish to improve minimum stream flow conditions for aquatic resources,
such as increased minimum stream flows to increase side channel rearing habitat for
juvenile salmon and steelhead and to increase overall spawning and rearing habitat. In
addition, stakeholders wish to maintain Project control of flow release points and water
temperatures (when Spada Lake is stratified) to meet state water quality standards and to
benefit aquatic resource productivity, all while maintaining the City’s water supply and
incidental flood control. The District supports improved minimum stream flows for
aquatic resources and proposes to increase minimum stream flows downstream of the
Powerhouse (OR-1) by at least 50 percent. This would increase aquatic habitat during
critical time periods for salmon and steelhead (as discussed in Section E.6.3.3.1.1).

Balancing increased minimum stream flow requirements with increased water supply
needs, while maintaining beneficial Project controls, would involve water budget trade-
offs. For example, modeling suggests that increasing minimum stream flows alone and
revising the rule curves to reduce impacts to fall Chinook spawning, would not jeopardize
the City’s water supply, but would cause environmental effects on a more frequent basis
when compared to existing conditions. The primary effect would be increased incidents
and duration when the reservoir level drops below elevation 1,380 feet msl (Figure E.6.2-
20), resulting in the loss of beneficial water temperature control during the Chinook
spawning period. Under proposed operations, modeling indicates the reservoir did not
drop below elevation 1,380 feet msl, but dropped below this elevation in 3 of 109 years at
the current demand of 84 mgd. However, as demand increases to 144 mgd, the reservoir
would drop below elevation 1,380 feet msl in 28 of 109 years, and in 53 of 109 years as
City water demand increases to 192 mgd.

Lower reservoir elevations also would increase the frequency of reservoir level elevation
triggers reducing flows in OR-1 and OR-2, although these “lowered” minimum stream
flows are the same or higher than current minimum stream flow requirements depending
on the season. During severe drought years under the 192 mgd water supply demand
scenario and assuming that the City does no demand management, modeling indicates
that Spada Lake would be totally drained (Figure E.6.2-21), which would also have
severe consequences to the resident trout population within Spada Lake.

In summary, as the City water demand increases beyond current levels, the remaining
water budget decreases, and water for instream needs also decreases. Given the Project’s
operational constraints, particularly the limited ability of the reservoir to capture runoff
during peak flows, Project operations cannot be designed to completely mitigate effects
of increased City water demand over the long term. As demand increases, minimum
stream flow triggers would be implemented more frequently, the reservoir would be
drawn down longer and further each year, the incidents of Spada Lake levels falling
below elevation 1,380 feet msl each year would increase, and the chance of Spada Lake
totally draining during a severe drought (assuming no water supply demand management)
also would increase.
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Figure E.6.2-20 Spada Lake annual minimum elevation over 109 model years
under proposed operations for current and future water supply
demand scenarios.
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Figure E.6.2-21 Spada Lake response to 1987-1988 drought conditions for
three water supply scenarios under_proposed operations.
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The three figures shown below (Figures E.6.2-22, E.6.2-23, and E.6.2-24) compare
existing operations and proposed operations for "wet", "average", and "dry" modeled
water years for reaches OR-1, OR-2, and OR-3, respectively. The data presented in these
figures consider the proposed operational scenario, cumulative effects of proposed
PM&Es, and increased City water demand.

In general, as water demand increases above 84 mgd, flows in the summer and early fall
decrease in OR-1 in a wet (Figure E.6.2-22) and average (Figure E.6.2-23) water year,
but particularly in a dry year where flows are reduced in the winter as well (Figure E.6.2-
24).

In OR-2, as water demand increases, flows are nearly the same in a wet (Figure E.6.2-22)
and dry year (Figure E.6.2-22), but increase in an average year in the fall (Figure E.6.2-
23).

In OR-3, as water demand increase, flows in OR-3 increase in the summer, fall and early
winter in wet, average, and dry years (Figures E.6.2-22, E.6.2-23, E.6.2-24) due to the
increased frequency of the reservoir being drawn down below elevation 1,380 and the
need to release water from the base of Culmback Dam to meet City water diversion needs
and minimum stream flow requirements in OR-1 and OR-2.

E.6.2.4.2 Water Quality Cumulative Effects Analysis

The Sultan River basin, in which the Project is located, is a relatively remote watershed
characterized by rugged forested terrain. The Sultan River basin has been protected as
the source of the City’s municipal water supply since 1917. This watershed protection
requirement has restricted the range of recreational and other activities that occur in the
Project area, and in a large portion of the upper Sultan River basin. Over time, the land
use activities in the basin have shifted from commercial timber production to a focus on
resource conservation, wildlife habitat management, recreation and watershed protection.

The focus on watershed protection and natural resources management in the Project area
is expected to continue over the term of the new license 30 to 50 years into the future.
Under these conditions, the overall water quality in the Sultan River in the vicinity of the
Project is expected to remain very good, with dilute dissolved solids and ions content,
and free from pollutants or contaminants.
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Figure E.6.2-22

Daily flows in OR-1, OR-2 and OR-3 during a wet year (1990-
1991) under proposed operating conditions at varying City
water demands (log scale on Y axis for clarity).
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Figure E.6.2-23

Daily flows in OR-1, OR-2 and OR-3 during an average year
(2003-2004) under proposed operating conditions at varying
City water demands.
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Figure E.6.2-24

Daily flows in OR-1, OR-2 and OR-3 during a dry year (2000-

2001) under proposed operating conditions at varying City

water demands.
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Project facilities are used to deliver water supply to the City’s reservoir (Lake Chaplain)
in accordance with an agreement between the District and the City. The use of Project
facilities to deliver water supply to Lake Chaplain will continue over the term of the new
license. The City estimates that water demand will increase from the current demand of
84 mgd to a demand of about 192 mgd by 2060. As discussed above in section E.6.2.4.2,
this increase in demand would cause minimum flow triggers to be implemented more
frequently, and would increase the odds in a given year that Spada Lake levels would fall
below elevation 1,380 feet msl — the reservoir level below which water cannot be
withdrawn through the power tunnel. In such instances, minimum flow releases
downstream of Culmback Dam for aquatic resources would need to be met by releases
through valves at the base of Culmback Dam. During late summer-early fall (when
minimum Spada Lake levels would occur), such releases would be unnaturally cold and
could lower daily maximum water temperatures by up to about 6 or 7°C'° in the Sultan
River downstream of Culmback Dam. Such reduction in lake levels also would
temporarily dewater additional shoreline area around the lake during the drawdown
period, which could potentially cause increases in turbidity in Spada Lake if erosion
occurs from exposed shoreline areas (such as during a relatively intense rainfall event).

E.6.3 Aquatic Resources

E.6.3.1 Affected Environment

The Sultan River provides spawning and rearing habitat for numerous anadromous fish
species including Chinook (Oncorhynchus tshawytscha), coho (O. kisutch), pink (O.
gorbuscha), and chum (O. keta) salmon; steelhead (O. mykiss); and coastal cutthroat trout
(O. clarki). Bull trout (Salvelinus confluentus) have not been observed spawning in the
Sultan River; however, they are known to use the river as rearing/foraging habitat. Each
of these species has access to the Sultan River from its mouth to the City of Everett’s
Diversion Dam, a man-made barrier to upstream migration located at RM 9.7."7
Culmback Dam (RM 16.5) is located upstream of the historical anadromous zone
(Ruggerone 2008).

Under existing conditions, Chinook and coho salmon, and summer and winter-run
steelhead spawn and rear in the entire river reach downstream of the Diversion Dam
(Table E.6.3-1). Chum and pink salmon spawn primarily in the lower 3 miles of the

'® For example, water temperature in the hypolimnion of Spada Lake during late summer is about 6 °C.
Under existing operating and temperature control conditions, maximum daily water temperature in the
Sultan River just below the Diversion Dam is about 12 to 13 °C in late summer-early fall (i.e., based on
August and September data). If Spada Lake levels dropped below elevation 1,380 feet, all flows from
Culmback Dam would be released from the base of Culmback Dam rather than withdrawn through the
power tunnel, resulting in much larger flows in the bypass reach than compared with typical operating
conditions. These larger flows would have a greater thermal capacity (i.e., resistance to natural warming)
and move at a faster travel time than the typical lesser bypass reach flows. As such, natural warming may
not raise the water temperature much during transit of these larger flows through the reach. If so, water
temperatures of the river at the Diversion Dam could be about 6 to 7°C in late summer-early fall under
these potential conditions, compared to about 12 to 13°C in late summer-early fall under existing operating
and temperature control conditions —a decrease of up to about 6 to 7°C.

"7 The current Diversion Dam has been in place since 1930.
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Sultan River; however, pink salmon have been observed upstream to RM 7.5. Other
species found in the Sultan River include Pacific lamprey (Lampetra tridentata),
mountain whitefish (Prosopium williamsoni), sculpin (Cottis spp.), suckers (Catostomus
spp.), dace (Rhinichthys spp.), and three-spine stickleback (Gasterostreus aculeatus).

Table E.6.3-1 Resident and anadromous fish species present in the Sultan

River basin.
Distribution in the Sultan River Basin
Sultan River Sultan River
(Mouth to (Diversion Dam to Spada Lake and its
Species Diversion Dam) Culmback Dam) Major Tributaries
Chinook Salmon X
Coho Salmon X
Pink Salmon X
Chum Salmon X
Steelhead/Rainbow Trout X X X
Bull Trout/Dolly Varden X
Cutthroat Trout X X X
Pacific Lamprey X
Mountain Whitefish X X
Brook Trout X
Brown Bullhead X
Sculpin spp. X X
Suckers spp. X X
Dace spp. X
Three-spine Stickleback X

Spada Lake, the reservoir located upstream of Culmback Dam, supports resident rainbow
trout, cutthroat trout, and potential hybrids of these two species. Although extremely
rare, brook trout (Salvelinus fontinalis), a non-native char, have been captured in Spada
Lake and in Williamson Creek. Brown bullhead (Ameiurus nebulosus) were introduced
into Spada Lake by uncertain means around 1970 and the species is now found in all
areas of the reservoir. In addition to these species, largescale suckers were observed in
Spada Lake for the first time during gill net sampling in 2007 (Meridian Environmental
and Shuksan Fisheries Consulting 2008).

During Project relicensing, the District completed 12 aquatic resource studies designed to
describe the current distribution of anadromous and resident species within Project-area
waterbodies and to evaluate the quality and quantity of available habitat potentially
affected by Project operations. In the following sections, we briefly describe the physical
features, aquatic habitat, and aquatic biota in the mainstem Sultan River and Spada Lake.
For additional information relating to ESA-listed fish species and their designated critical
habitat, see Section E.6.6. A general description of existing Project effects on aquatic
resources in the Sultan River basin is presented in Section E.6.3.2.
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E.6.3.1.1 Aquatic Habitat in the Sultan River

The following description of aquatic habitat in the Sultan River is derived from field
surveys conducted in 2007, and unless otherwise cited, is summarized from R2 Resource
Consultants (2008b) and Stillwater Sciences and Meridian Environmental (2008a).

The Sultan River from Culmback Dam to its confluence with the Skykomish River flows
through three distinct process reaches (PR). The lowermost process reach (PR-1) is a low
gradient alluvial valley that includes a broad floodplain (RM 0 to 3) (Figure E.6.3-1). A
terrace-bounded valley process reach (PR-2) extends from RM 3 to RM 11, and a
relatively high gradient V-shaped valley reach (PR-3) extends from RM 11 to RM 16.5.
As described in Section E.6.2.1.1.2, the lower Sultan River can also be divided into three
operational reaches (OR-1, OR-2, and OR-3) demarcated by physical structures that
regulate flow (i.e. the Powerhouse, Diversion Dam, and Culmback Dam), and therefore,
aquatic habitat availability in the lower Sultan River. Because Project water releases to
these reaches largely dictate habitat quantity within the lower Sultan River, habitat is
summarized in this section by operational reach and not by habitat process reach.

Downstream of Culmback Dam (RM 16.5), the Sultan River flows through a deep gorge
for nearly 14 miles, which includes both reaches OR-3 and OR-2. The steep side slopes
above the channel are densely forested with conifer and mixed deciduous growth. The
river channel is relatively high gradient and confined, containing numerous cascades and
rapids separated by short pool-riffle stretches (Figure E.6.3-1). Much of the streambank
is sheer rock face or large rock cuts (Williams et al. 1975). Near RM 3, the Sultan River
emerges from the canyon reach onto a broad, relatively flat valley floor containing
intermittent stands or strips of deciduous trees, underbrush, and some mixed conifers.
The river channel in this reach has a moderate gradient, dominated by glide and low
gradient riffle habitat, with a number of split channel sections. All side-channel habitat is
contained within the lowermost operational reach (OR-1).

The relative volume of LWD is greatest in the middle section of the river (OR-2), closely
followed by OR-3. Wood volume is lowest (less than half of that found in OR-2) in the
lower river (OR-1) where the channel is unconfined and wide. LWD does not appear to
be a significant factor in terms of pool formation and is largely positioned along the
channel margins. Wood in this position does not obstruct flow and therefore contributes
little to channel and habitat complexity. The main pool-forming mechanism is landslides
and resulting debris dams in the 14-mile-long canyon.

The summary below focuses on the type and relative amount of habitat within each
operational reach. Flows are described in Section E.6.2.1.1.2 and the effects of Project
minimum flows on aquatic habitat quantity is presented in Section E.6.3.2.1.3.
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(Source: Stillwater Sciences and Meridian Environmental 2008a).
Figure E.6.3-1 Overview of the Sultan River basin process reaches and
operational reaches (demarcated by the Powerhouse, Diversion
Dam and Culmback Dam).
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E.6.3.1.1.1 Operational Reach 3

OR-3 (the Project bypass reach) is best described as a high gradient, highly confined
bedrock gorge characterized by higher rates of sediment transport compared to
downstream reaches. The channel is approximately 6.8 miles long and gradients range
from 0.7 to 13.7 percent, averaging 1.6 percent. Channel gradient becomes progressively
steeper in upper portions of the reach, with the highest gradient near Culmback Dam
(Figure E.6.3-2).
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Source: Stillwater Sciences and Meridian Environmental 2008b
Figure E.6.3-2 Profile of Sultan River channel gradient from the confluence
with the Skykomish River upstream to Culmback Dam.

Aquatic habitat within OR-3 is mostly pool and glide habitat types (65 percent) (Figure
E.6.3-3). Most of the pool habitat units (38 of 45) are controlled by bedrock formations.
Channel substrate is generally coarse with boulder, bedrock, cobble, and large gravels as
the dominant substrates. Due to safety concerns, the 0.7-mile reach of OR-3 below
Culmback Dam was not examined during the 2007 survey and is therefore not included in
the habitat type percentages.

Active channel width in OR-3 averaged approximately 50 feet. Main channel pools
averaged 263 feet in length. Cascades averaged 140 feet in length. Glides and low
gradient riffles averaged 215 and 250 feet in length, respectively. Islands were rare,
likely reflecting the limited tendency of gravel deposits and vegetation to accumulate in
this reach that is subject to scouring flood flows. Eight LWD jams were found within
OR-3. A total of 550 pieces of LWD were noted in OR-3, but only 112 individual pieces
were characterized as over 2 feet in diameter. LWD frequency was 102 pieces per mile
(Figure E.6.3-4).
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Figure E.6.3-3 Composition of habitat types by operational reaches of the
Sultan River.
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Figure E.6.3-4 Distribution and frequency of surveyed LWD within the Sultan

River downstream of Culmback Dam.
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E.6.3.1.1.2 Operational Reach 2

OR-2 is approximately 5.4 miles long and is largely confined within a narrow, deep
canyon with channel gradients ranging from 0.7 to 3.4 percent. OR-2 was characterized
by frequent main channel pools separated by numerous low gradient riffles. Habitat
composition is primarily pools (45.9 percent) and low gradient riffles (22.7 percent)
(Figure E.6.3-3). More than two-thirds (43 of 60) of the pool habitat units were
controlled by bedrock and boulder substrates. Channel substrates were primarily boulder,
bedrock, cobble, and large gravels. Active channel width averaged nearly 70 feet. Main
channel pools averaged 318 feet long. On average, low gradient riffles were 230 feet
long. Glides and rapids averaged 190 and 201 feet long, respectively.

Of the 10 LWD jams found in OR-2, two were notably large (each containing nearly 80
pieces) with a total of 586 pieces of woody debris (Figure E.6.3-4). Only 55 individual
pieces were characterized as over 2 feet in diameter. LWD frequency was 196 pieces per
mile in OR-2.

On December 11, 2004, a landslide occurred within a narrow canyon segment of OR-2
just downstream from Marsh Creek at RM 7.6. The landslide, referred to as the Marsh
Creek landslide, temporarily blocked or reduced the upstream passage of adult
anadromous salmonids. Since then, the characteristics and geometry of the landslide
have changed and currently allow some fish passage. Ruggerone (2008) suggests that
steelhead, Chinook and coho salmon could potentially swim through the cascade created
by the landslide when minimum flows are about 107 cfs. Analysis indicates that pink and
chum salmon are unlikely to be able to pass through this area. Ruggerone (2008)
concluded:

o The present configuration of the Marsh Creek cascade appears to block the migration
of most Chinook salmon as evidenced by the presence of Chinook below the slide
when flows were low to moderate and favorable to passage (105 to 165 cfs and
above), but absent upstream.

o Summer steelhead have the greatest opportunity to pass the Marsh Creek cascade
because they encounter the slide under favorable passage conditions during their
upstream migration period. Although the cascade may hinder summer steelhead
migration, it is likely that most are able to eventually negotiate the cascade in its
present configuration.

e Many winter steelhead are likely to negotiate the cascade, but additional observations
of spawning steelhead during spring are needed for verification.

o It is likely that the Marsh Creek cascade is a modest impediment to coho salmon, but
some coho pass above the cascade.

e Pink and chum salmon are unlikely to pass over the cascade.
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o Significant changes occurred at the Marsh Creek cascade following high flow events
in November 2006 and March 2007. Additional change is possible at flows
exceeding 3,500 cfs.

o The right bank cliff above Marsh Creek cascade, which rises vertically approximately
200 feet, remains unstable. It is probable that another large landslide will occur in the
Marsh Creek area and that fish migration will be further affected until high flows
remove soil, boulders, and large wood.

E.6.3.1.1.3 Operational Reach 1

OR-1 is approximately 4.3 miles long (as calculated by field measurement). The upper-
most 1.6 miles are deeply incised and largely confined within a bedrock canyon. Widths
in this section range from 40 to 160 feet and channel gradients range from 0.7 to 2.9
percent (Figure E.6.3-2). The lower 2.7 miles of the reach are largely unconfined within
a broad floodplain and a number of split channel sections have formed. Channel
gradients range from 0.2 to 0.7 percent. Active channel widths range from 60 to over 200
feet.

Aquatic habitat within OR-1 was comprised mostly of glide (51.7 percent) and low
gradient riffle types (28.4 percent) (Figure E.6.3-3). Glides and low gradient riffles
averaged 463 and 295 feet in length, respectively. Channel substrate in the lower portion
of OR-1 was predominately large and small cobble, coarse gravel, and boulder. The
number of LWD pieces was lower per mile than the two upstream reaches; 35 individual
pieces over 2 feet in diameter were identified and the frequency of LWD was 80 pieces
per mile.

There are three major (over 1,000 feet long) and several minor side channels within OR-
1. Only these three large side-channels support unrestricted fish access (R2 Resource
Consultants 2008b). The total length of all side-channel habitats is approximately 0.9
miles and accounts for 4.7 percent of the length of all riverine habitat surveyed. Side-
channel habitat was composed nearly equally of glides (54 percent) and low-gradient
riffles (46 percent).

E.6.3.1.2 Anadromous Fish Populations
E.6.3.1.2.1 Chinook Salmon
General Life History and Habitat Requirements

Throughout their range, Chinook salmon exhibit a variety of life histories. Differences
exist in age at seaward migration; freshwater, estuarine, and ocean residence; and in age
and season of spawning migration (Healey 1991, Myers et al. 1998). Most of this
variation is exhibited in two distinct behavioral forms commonly referred to as stream-
type and ocean-type (Healey 1991). Stream-type Chinook rear in freshwater for a year or
more before migrating to sea, perform extensive offshore migrations, and return to their
natal river in spring or summer, several months prior to spawning. Ocean-type Chinook
typically migrate to sea in their first year of life, only a few months after emergence,
remain in nearby coastal areas, and normally return to their natal river in the late summer
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or fall, a few days or weeks before spawning. Ocean residence for both stream-type and
ocean-type Chinook usually ranges from 1 to 6 years; however, a small proportion of
yearling males, called "jacks" mature in freshwater or return to freshwater after 2 to 3
months in saltwater (Myers et al. 1998). Chinook salmon in the Puget Sound
Evolutionarily Significant Unit (ESU) typically exhibit an ocean-type life history;
however, a number of spring-run Chinook salmon populations in the ESU include a high
proportion of yearling smolt emigrants.

Generally, ocean-type Chinook prefer to spawn in the middle and lower mainstem areas
of large rivers (Healey 1991). Often, the preferred spawning sites are located near deep
pools and in areas with abundant instream cover. Adequate spawning area (abundant
clean gravel) and sub-gravel flow are very important in the choice of redd (gravel
spawning nest) sites. Successful egg incubation depends on a variety of extragravel and
intragravel physical, chemical and hydraulic variables (Bjornn and Reiser 1991). In
general, incubating eggs require a relatively stable stream channel (with minimal bedload
movement), adequate intragravel percolation rates (i.e., limited siltation), relatively high
DO concentrations, and adequate water depth above the redd (Healey 1991).

While rearing in freshwater, juvenile Chinook are normally associated with low gradient,
meandering, unconstrained stream reaches, and often move into side channels, beaver
ponds, and sloughs for over-wintering habitat. As they grow, submerged and overhead
cover in the form of rocks, submerged aquatic vegetation, logs, riparian vegetation, and
undercut banks provide food and shade and protect juveniles from predation (Healey
1991). When adult Chinook return to spawn, they often rely on deep pools for resting.
These pools provide an energetic refuge from river currents, a thermal refuge from high
summer and autumn water temperatures, and protection from potential predators (Berman
and Quinn 1991).

Local Stock Information

The WDFW recognize 26 independent populations of Chinook salmon in the Puget
Sound region (WDFW 2002a). Two of these, Skykomish Chinook and Snoqualmie
Chinook, spawn and rear in the Snohomish River and its major tributaries (Haring 2002).
The naturally spawning Chinook salmon found in the Sultan River are the Skykomish
Chinook stock (WDFW 2002a). Skykomish Chinook typically spawn from September
through November in the mainstem Skykomish and Snohomish rivers; and in the
Wallace, Sultan and Pilchuck rivers, and Bridal Veil, Woods, Quilceda, and Elwell
creeks. Limited spawning also takes place in the North Fork and South Fork Skykomish
rivers.

Skykomish Chinook usually begin entering the Sultan River in early September. Peak
spawning occurs in early October; however, spawning individuals have been documented
as late as the last week in November (Figure E.6.3-5 and E.6.3-6). Fry emerge from the
gravel as early as January, with peak emergence occurring in March. Following
emergence, fry disperse and rear along the stream margins for up to several months
before migrating downstream. Evidence in the Sultan River suggests that the majority of
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the Chinook fry rear in the stream margins for several months, and migrate downstream
by June (CH2M Hill 2005).

..|_H- o gl .-- ; Y .
Source: Snohomish County PUD 2005
Figure E.6.3-5 Spawning Chinook salmon in lower Sultan River.

Information describing the spatial and temporal distribution of Chinook salmon in the
Sultan River was collected in the mainstem Sultan River in 2007 and 2008 as part of the
Sultan River Juvenile Fish Occurrence, Life History and Distribution study (R2 Resource
Consultants 2009). In total, over 134,000 juvenile salmonids were observed on the lower
Sultan River, only two of which were from juvenile Chinook salmon during the fall
survey periods. This strongly suggests a stream-type (over-wintering) life history is
absent or uncommon in the Sultan River or that the majority of juvenile Chinook
freshwater over-wintering behavior takes place downstream in the Skykomish or
Snohomish rivers.
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Figure E.6.3-6

Life stage periodicities of anadromous and resident salmonids present within the Sultan River basin.
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The existing flow regime in the Sultan River downstream of the Division Dam was
implemented in June of 1984 (Stage II of the Project). Chinook spawning in that year
were the first brood year influenced by Stage II flows. The adult progeny of spawners
from this brood began to return to the Sultan River in 1988. From 1988 to 2008, the
Chinook spawner escapement to the Sultan River averaged 540 fish annually (Figure
E.6.3-7), or approximately 9 percent of the total escapement to the Snohomish River
basin'®, even though the Sultan River contains only about 6 percent known Chinook
spawning habitat in the Snohomish River basin. From 1978 to 1987 (prior to Stage II
operations), the Chinook spawner escapement to the Sultan River averaged 410 fish
annually (Figure E.6.3-7).
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Stage | Stage Il Trend Line (Stage I1)
900 ; y = 6.432x + 405.19
' R?=0.0391
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Note: Hatched bars depict escapement during Stage I; solid bars show Stage II.

Figure E.6.3-7 Total Sultan River Chinook spawner escapement 1978-2008.

Although average annual Chinook escapement to the Sultan River has been slightly
higher under Stage II operations, the difference observed between Stage I and Stage 11
(from 410 to 540 fish) is not statistically significant at p<0.05 (P-value = 0.0691, two-
tailed T-test assuming unequal variance) due to the high annual variability observed
under both stages and the small sample size associated with Stage I monitoring. One
should also be cautious in comparing Stage I and Stage II escapements because
environmental factors such as water year type, harvest rates, hatchery fish influence, and
marine productivity/survival can greatly affect Chinook abundance within and outside the

'8 Based on data from 1988 through 2007.
"% Data collection started in 1978.
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Sultan River basin. These factors are not under the control of the Project and probably
varied dramatically between the two time periods.

The Sultan River Chinook escapement data also suggests a slightly increasing trend under
Stage II conditions over time (Figure E.6.3-7), although the correlation coefficient (R =
0.197) indicates substantial annual variation. In addition, the trend analysis shown in
Figure E.6.3-7 is confounded by stray hatchery fall Chinook derived from programs
elsewhere in the Snohomish River basin. In the late 1990s, the District cooperated with
WDFW and the Tulalip Tribes to study stray rates of hatchery-origin fall Chinook salmon
in the Snohomish River. Results showed that from 1990 through 2001, about 41 percent
of spawning Chinook in the Snohomish basin were of hatchery origin (PSMFC 2002;
Puget Sound TRT 2001). Since production of fall Chinook at the Wallace River
Hatchery was curtailed in 1998, the natural-origin Chinook trend has increased at a
greater rate with less annual variability (Figure E.6.3-8) than suggested by total Sultan
River Chinook escapement trends presented in Figure E.6.3-7 (which includes hatchery
fish).
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Figure E.6.3-8 Natural-origin Chinook spawner escapement 1998-2008.

During PM&E discussions, the stakeholders requested a trend analysis to compare Sultan
River salmon and steelhead escapements with other populations from the Snohomish
River basin. As stated above, a comparison of natural-origin escapement is most
appropriate for Sultan River Chinook due to the confounding effect of hatchery Chinook
escapement in the rest of the Snohomish basin. While the District has data on natural-
origin Chinook escapement for the Sultan River (Figure E.6.3-8), such data are not
available for the Snohomish basin as a whole. The District requested Snohomish basin

Final License Application Page E-135
Exhibit E — May 29, 2009



Jackson Hydroelectric Project

natural-origin Chinook spawner escapement data from WDFW, but this data has not been
provided to date.

Federal and State Status

Chinook salmon in the Puget Sound Chinook Salmon ESU were listed as threatened
under the ESA on March 24, 1999 (Table E.6.3-2). The naturally spawning population of
Chinook salmon found in the Sultan River below the Diversion Dam is included in this
ESU. The Sultan River from its confluence to the Diversion Dam is also designated EFH
for Chinook salmon under the Magnuson-Stevens Act.

Table E.6.3-2 The Federal Endangered Species Act status and WDFW Stock
Status for salmonids present in the Sultan River basin.

ESU/DPS Federal ESA Status WDFW Stock Status
Puget Sound Chinook Salmon ESU Listed as a threatened on March Depressed
(Skykomish Chinook) 24, 1999; threatened status

reaffirmed on June 28, 2005.
Puget Sound/Strait of Georgia Coho Listing not warranted on July 25, Healthy
Salmon ESU 1995, but classified as a Species
(Skykomish coho) of Concern on April 15, 2004

due to specific risk factors.
Odd-year Pink Salmon ESU Not Warranted Healthy
(Snohomish Odd-year Pink)
Even-year Pink Salmon ESU Not Warranted Healthy
Snohomish Even-year Pink
Puget Sound/Strait of Georgia Chum Not Warranted Healthy
Salmon ESU
(Skykomish Fall Chum)
Puget Sound Steelhead DPS Listed as threatened on May 7 Depressed
(Snohomish/Skykomish Winter Steelhead) | and published on May 11, 2007.
Coastal-Puget Sound Bull Trout/Dolly Listed as threatened on Healthy
Varden Char DPS November 1, 1999.
Puget Sound Coastal Cutthroat Trout Not Warranted Unknown
ESU

ESU = Evolutionarily Significant Unit
DPS = Distinct Population Segment

In 2002, the Skykomish Chinook stock status was considered “depressed” by WDFW due
primarily to low stock productivity (WDFW 2002a). The two Snohomish River basin
Chinook stocks (Skykomish and Snoqualmie), both of which are considered native, are
managed as a single unit, with a minimum escapement goal for natural spawners of 5,250
per year. This goal, established in 1978, was achieved in 7 of the last 10 years (1998-
2007), though escapements have been far short of the ESA recovery goal determined by
NMEFS.
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E.6.3.1.2.2 Coho Salmon
General Life History and Habitat Requirements

In Washington, Oregon, and California, coho salmon typically migrate to saltwater in the
spring of their second year, spend 16 to 20 months rearing in the ocean, and then return to
freshwater as three-year-old adults. In addition, a variable proportion (6 to 43 percent) of
males (“jacks”) return to freshwater to spawn after only 5 to 7 months in the ocean
(Weitkamp et al. 1995).

Coho typically spawn between September and late-January. In general, they migrate
further upriver than pink and chum salmon (described below) but usually not as far as
Chinook (Sandercock 1991), and tend to use smaller tributaries for spawning than
Chinook. Preferred spawning sites are usually located in the gravelly transition areas
between pools and riffles and are often associated with cover that provides protection
from predation.

Following deposition in the gravel, coho salmon eggs normally incubate for 35 to 50 days
(Shapovalov and Taft 1954). As with other Pacific salmonids, successful incubation
depends to a large extent on the stream and streambed conditions. Winter flooding with
substantial bedload movement, low flows, heavy silt loads, infections, and predation can
each substantially reduce egg survival.

Following emergence from the gravel, coho fry form schools and move into shallow, low
velocity areas typically found in backwater pools, dam pools, and beaver ponds (Reeves
et al. 1989). Like Chinook, coho fry are often associated with cover such as overhanging
or submerged logs, undercut banks, overhanging vegetation, or large substrate. These
structures afford protection from predation and increased macroinvertebrate production
for food. As coho fry become older, they begin to occupy areas near the open shoreline
and progressively move into areas of higher velocity (Sandercock 1991, Reeves et al.
1989). However, during the winter, juvenile coho move back into side channels and
backwater channels, especially those areas with heavy groundwater influence. These
areas provide protection from extreme flows, freezing temperatures, and predation.

Local Stock Information

According to WDFW (2002a), four coho salmon stocks spawn and rear in the Snohomish
River basin: Snohomish coho, Skykomish coho, South Fork Skykomish coho, and
Snoqualmie coho. Because there are no genetic data and no significant timing
differences or unique biological characteristics among these stocks, their distinction is
based primarily on geographic spawning separation (Haring 2002).

The Sultan River downstream of the diversion dam provides habitat for a limited number
of Skykomish stock coho salmon. Skykomish stock coho spawn in the mainstem and
tributaries of the Skykomish River (excluding the South Fork Skykomish upstream of
Sunset Falls) and North Fork Skykomish River. Most spawning occurs from early
November through January and emergence occurs from mid-March through early June
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(Figure E.6.3-6). The out-migration of coho smolts in the Sultan River occurs between
April and early June (CH2M Hill 2005).

While coho salmon spawning has been documented in the Sultan River upstream to RM
9.7, the steep gradient and incised channel in the canyon reach limits the amount of
available spawning habitat. Furthermore, all but two tributaries below Culmback Dam
have natural waterfall barriers to upstream migration at their mouths (coho are generally
small- to medium-sized tributary spawners). Results of the Sultan River Juvenile Fish
Occurrence, Life History and Distribution study from 2007 and 2008 indicate that in July
and September in particular, all three side-channels surveyed in OR-1 had relatively high
mean abundances of coho (Figure E.6.3-9) (R2 Resource Consultants 2009). In general,
juvenile coho were much less abundant in mainstem habitat.

3 - '- - .-h ‘. il'

(Source: R2 Resource Consultants 2009).
Figure E.6.3-9 Juvenile coho observed at a mainstem index site in the Sultan
River.

During the late fall/early winter when coho salmon spawn, high flows and frequent
turbidity inhibit accurate counts of adults and redds in the Sultan River. As a result,
historical coho salmon spawning survey data are limited; however, annual escapement to
the Sultan River is believed to be 300 to 500 adults, representing a small fraction of the
Snohomish River basin escapement. Coho spawning habitat in the Sultan River
comprises about 3.5 percent of that available in the Snohomish basin.
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Federal and State Status

On October 27, 1993, NMFS published a notice stating that a listing may be warranted
for certain populations of coho salmon in Washington, Oregon, and California. On July
25, 1995 NMEFS issued a proposed rule stating, among other findings, that the Puget
Sound/Strait of Georgia ESU was being added to the candidate species list (Table E.6.3-
2). At the time of the notice, NMFS found that there was not adequate information
available to indicate that coho salmon in the ESU warranted protection under the ESA.
While not listed under the ESA, the Sultan River from its confluence to the Diversion
Dam is considered EFH for coho salmon.

According to WDFW (2002a), the Skykomish coho stock is likely a mixture of native
and introduced non-native stocks, and the status of the stock is designated as “healthy”,
based on increasing spawning escapement trends. The Snohomish River basin
escapement goal of 70,000 spawners was met in 7 of 10 years from 1995 to 2004, and
escapement numbers reached a record high of 261,848 in 2001 since data collection
began 1965.

E.6.3.1.2.3 Pink Salmon
General Life History and Habitat Requirements

Pink salmon are distinguished from other Pacific salmon by having a fixed 2-year life
cycle and relatively small size (weighing an average of 4 pounds at maturity) (Wydoski
and Whitney 2003). Like chum salmon (described below), they use freshwater almost
exclusively as a spawning and incubation environment, moving downstream to the ocean
or estuary almost immediately after emergence. In Washington and southern British
Columbia, river entry usually occurs from July to October, and spawning is observed
from August to October (Heard 1991).

Pink salmon spawn in relatively fast-flowing shallow water in small, clear water
drainages (Hard et al. 1996). They often spawn in the lower reaches of rivers and
streams, and many are known to spawn in the intertidal areas. Most pink salmon
spawning occurs in riffles, with water ranging from 0.9 to 3.3 feet deep; however, in dry
years, redds can be found at shallower depths (Heard 1991). Pink salmon generally avoid
spawning in deep, slow-moving water or on muddy, sandy, or heavily silted substrate
(Heard 1991).

The rate of pink salmon egg development in the redd depends on water temperature;
however, pink salmon eggs usually hatch in early to mid-winter. Following emergence
from the gravel, pink salmon fry migrate immediately downstream into salt water. The
out-migration is short, peaking in late winter and early spring, and is usually complete by
May (Heard 1991). The emergence and out-migration of fry is heaviest at night and
usually lasts for several weeks. After a few weeks to a few months in estuaries and
nearshore habitat, pink salmon move offshore and remain at sea for 12 to 16 months
(Heard 1991).
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Local Stock Information

There are 14 recognized pink salmon stocks in the Puget Sound region (WDFW 2002a).
All of these spawn in odd years except for the two stocks in the Snohomish River basin
that spawn in both odd and even years. The Snohomish odd-year stock spawns from
September through October (Figure E.6.3-6). The Snohomish even-year stock spawns
primarily in September. Only the odd-year run has been observed spawning in the Sultan
River, primarily downstream of RM 3.0 (CH2M Hill 2005).

As described in the previous section, juvenile pink salmon fry spend less time in
freshwater than most other salmon species, out-migrating to saltwater as fry. As such,
juvenile residency in the Sultan River is minimal. Results of the Sultan River Juvenile
Fish Occurrence, Life History and Distribution study from 2007 and 2008 indicate very
few pink salmon fry were present during the survey months (April-July and September);
all observations of pink salmon occurred in April and May (R2 Resource Consultants
2009). Congregations of both pink and chum were observed behind woody debris
accumulations and generally not associated with other species. Chum and pink fry were
not present in the Sultan River during summer snorkel surveys.

There are no hatchery programs for pink salmon in the Puget Sound region,;
consequently, all pink salmon returning to the Snohomish River basin are considered
natural-origin fish. Under Stage I operations (1971 to 1985), pink salmon escapement to
the Sultan River averaged 4,950 fish per 2-year cycle (Figure E.6.3-10), or about 2.8
percent of the escapement to the entire Snohomish River basin. Under Stage 11
operations, escapement to the Sultan River averaged 59,889 fish per 2-year cycle, or
about 17 percent of the Snohomish River basin escapement per year, even though the
Sultan River contains only about 8.4 percent of the pink salmon spawning habitat in the
Snohomish River basin.

While pink salmon escapement to the Sultan River has increased dramatically under
Stage II operations, trend analysis indicates the rate of increase in the Sultan River is less
than what has been observed in the Snohomish River basin as a whole (Figure E.6.3-11).
Further increases in escapement to the Sultan River are probably unlikely, as the amount
of available spawning habitat area in the lower Sultan River has likely reached its
carrying capacity. For example, in 2003, approximately 1.4 million pink salmon
spawned in the 89.5 miles of identified spawning habitat in the Snohomish River basin.
This equates to an average density of 15,642 pink salmon per mile of available spawning
habitat. During the same year, 139,800 pink salmon spawned in 2.7 miles of the Sultan
River for an average density of 51,778 fish per mile, or 3.3 times the density observed
throughout the entire Snohomish River basin.

Pink salmon escapement to the Sultan River under Stage II operation has a high positive
correlation with escapement to the remainder of the Snohomish River (correlation
coefficient [R] = 0.93, 1987-2005). In other words, trends in yearly variation between the
Sultan River and Snohomish basin pink salmon escapement closely follow each other.
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Figure E.6.3-10 Sultan River pink salmon spawning escapement 1977-2007.
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Federal and State Status

In 1995, NMFS conducted a review of pink salmon ESUs and concluded that neither the
Puget Sound even-year ESU nor the Puget Sound odd-year ESU warranted listing under
the ESA (Table E.6.3-2). While not listed under the ESA, the Sultan River from its
confluence to the Diversion Dam is considered EFH for Puget Sound pink salmon.

According to WDFW, the Snohomish odd-year pink salmon stock is “healthy”. The
escapements of the odd-year stock have substantially increased through the years since
enumeration began in 1984 (WDFW 2002a). The Snohomish even-year pink salmon
stock is also considered “healthy”. The escapements of this stock have been very stable,
showing a slight increasing trend over the last 40 years. Both pink salmon stocks are
considered native.

E.6.3.1.2.4 Chum Salmon

Chum salmon enter freshwater at an advanced stage of sexual development and typically
spawn in the lower reaches of rivers, with redds usually dug in the mainstem or in side
channels just above tidal influence. The species rarely penetrates rivers more than 100
miles (Scott and Crossman 1973). Like pink salmon, juvenile chum salmon emerge from
the gravel in the spring and outmigrate to saltwater almost immediately following
emergence (Salo 1991). However, in Washington, they may reside in freshwater for as
long as a month, migrating from late January through May (Johnson et al. 1997). This
ocean-type life history strategy reduces the mortality associated with the variable
freshwater environment, but makes chum more dependent on estuarine and marine
habitats.

Throughout their range, chum salmon mature between 3 and 5 years of age and enter
their natal river systems from June to March (Salo 1991). In Washington, a variety of
seasonal runs are recognized, including summer, fall, and winter populations. Fall-run
fish predominate, but summer runs are found in Hood Canal, the Strait of Juan de Fuca,
and in southern Puget Sound (WDFW 2002a).

Generally, chum salmon prefer to spawn in relatively shallow, low gradient, low velocity
streams and side channels. Sub-gravel flow (upwelling groundwater) may also be
important in the choice of redd sites (Salo 1991); however, WDFW reported that chum
salmon in Washington do not preferentially choose areas of upwelling groundwater and
most commonly spawn at the head of riffles (Johnson et al. 1997).

As with all salmonids, the rate of egg incubation and emergence depends to a large
degree on water temperatures. Typically, incubating chum salmon eggs hatch in about 2
to 18 weeks (Wydoski and Whitney 2003, Johnson et al. 1997). Most chum salmon fry
emerge from the gravel during the nighttime hours and promptly migrate downstream to
estuarine water where they remain until they make the transition to areas of higher
salinity (Wydoski and Whitney 2003, Johnson et al. 1997).
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Local Stock Information

WDFW (2002a) recognizes 69 chum salmon stocks in Puget Sound region. Three of
these, Skykomish, Snoqualmie, and Wallace fall chum spawn in the Snohomish River
and its tributaries. The chum salmon found in the Sultan River are the Skykomish fall
chum stock. In the Sultan River, fall chum spawning activity is concentrated in the
mainstem and side channels downstream of RM 2.7. A particularly heavy concentration
of spawning activity has been documented in a right bank side channel near Kien’s Bar
(RM 1.5) when adequate flow conditions exist. Chum salmon migration up the
Snohomish River begins in September and continues through December. Spawning takes
place in November and December (Figure E.6.3-6). Juvenile out-migration occurs from
February through May.

Results of the Sultan River Juvenile Fish Occurrence, Life History and Distribution study
from 2007 and 2008 found very few chum fry during the survey months (April through
July and September). All chum salmon were observations were in April and May (R2
Resource Consultants 2009). Similar to pink salmon, the short residence time after
emergence probably explains the lack of chum fry observed during the summer.

Information from historical spawning surveys indicates that very few chum salmon
spawned in the Sultan River prior to operation of the Project. Chum salmon escapement
in the Sultan River has been tracked regularly only since 1991. From 1991 to 2005
(available data range), escapement averaged approximately 2,675 fish annually, with the
greatest yearly abundance (7,573 fish) observed in 2002 (Figure E.6.3-12).
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Figure E.6.3-12 Sultan River chum salmon escapement trend under Stage I
conditions (1991-2005); no Sultan River data available for 2003.
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From 1991 to 2005, escapement to the Sultan River averaged about 11 percent of the total
chum salmon escapement to the Snohomish River basin, even though their primary
spawning area in the Sultan River is only 4.2 percent of the known chum salmon
spawning habitat in the Snohomish River basin (WDFW 2002b). In 1997, chum
escapement to the Sultan was higher than in the rest of the Snohomish basin combined
(Sultan River = 5,192 fish, the remainder of Snohomish basin = 3,128 fish).

From 1991 to 2005, chum escapement to the Sultan River and Snohomish River basin
had a low degree of correlation (correlation coefficient [R] = 0.47) (Figure E.6.3-13),
(i.e., trends in yearly variation between the Sultan River and Snohomish basin chum
salmon escapement did not closely follow each other). There is considerable variability
in Snohomish basin chum escapement, some of which is due to high juvenile competition
in estuarine habitats with overwhelming numbers of pink salmon in odd years. Overall
chum escapement variability is lower (i.e., more stable) in the Sultan River than the
Snohomish basin as a whole.
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Figure E.6.3-13 Sultan River vs. Snohomish basin (excluding Sultan River)
chum salmon correlation under Stage Il conditions (1991-2005).

Federal and State Status

Sultan River chum salmon are part of the Puget Sound/Strait of Georgia chum ESU. In
1998, NMFS determined that ESA listing was not warranted for this ESU (Table E.6.3-
2). According to WDFW (2002a), the Skykomish fall chum stock status is “healthy”,
based on trends in spawning escapement levels. Skykomish fall chum is considered a
native stock.
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E.6.3.1.25 Steelhead

O. mykiss exhibit a remarkable range of life histories. The species can be either
anadromous (steelhead) or freshwater resident (rainbow trout), and where the two forms
co-occur, the progeny of resident rainbow trout have the potential to become anadromous
and the progeny of steelhead have the potential to become resident (Peven 1990). Unlike
other species of Oncorhynchus, except O. clarki (described in the following section),
steelhead are capable of spawning more than once before they die (Busby et al. 1996).
However, the majority of steelhead spawn only once in their life.

In Washington, steelhead typically migrate to the marine environment at age 2 to 3, but
are known to spend up to 7 years rearing in freshwater. Peak outmigration occurs in the
late spring and early summer. They then reside in the ocean for 2 or 3 years prior to
returning to their natal stream to spawn. Steelhead adults usually spawn from December
through June (Bell 1990; Busby et al. 1996). Incubation rates vary with water
temperature, with fry emergence typically occurring 40 to 80 days after spawning
(Barnhardt 1991).

Throughout their range, steelhead populations are regularly classified into two distinct
behavioral forms based on the timing of their spawning migration. Summer steelhead
enter fresh water in a sexually immature condition and require from several months to a
year to mature and spawn. Winter steelhead enter fresh water with well-developed
gonads and spawn shortly after river entry. The majority of the steelhead in Puget Sound
region are winter steelhead, but summer steelhead are also present in some of the larger
river systems (Busby et al. 1996). The population in the Sultan River basin is a winter-
run and typically spawns from March through June (Figure E.6.3-6).

The most common steelhead redd site is at the tail of a pool close to the point where the
smooth surface water breaks into the riffle below. Like other Pacific salmon, these areas
are often associated with deep pools and abundant instream cover. Unlike Chinook and
coho, most steelhead in their first year of life live in riffles, but some larger fish also
inhabit pools or deep fast runs (Barnhart 1991). Instream cover such as large rocks, logs,
root wads, and aquatic vegetation are very important for juvenile steelhead. This cover
provides resting areas, visual isolation from competing salmonids, food, and protection
from predators. Often steelhead densities are highest in streams with abundant instream
cover.

Local Stock Information

WDFW (2002a) recognizes 60 stocks of steelhead in the Puget Sound region. Six of
these are found in the Snohomish River basin; three summer steelhead stocks (North Fork
Skykomish, South Fork Skykomish, and Tolt summer steelhead) and three winter
steelhead stocks (Snohomish-Skykomish, Pilchuck, and Snoqualmie winter steelhead).
The naturally spawning steelhead in the Sultan River basin are the Snohomish-
Skykomish winter stock.

Steelhead spawn and rear in the mainstem Sultan River below the City of Everett’s
Diversion Dam at RM 9.7 (CH2M Hill 2005). Wild (non-hatchery) steelhead spawn

Final License Application Page E-145
Exhibit E — May 29, 2009



Jackson Hydroelectric Project

primarily in April and May (Figure E.6.3-6). Fry begin to emerge from the gravel in
early June and continue to emerge through July. The few tributaries in this reach are
small and short, thus containing very limited steelhead rearing habitat. Hatchery
steelhead usually return to the basin from June through January, and spawn prior to
March 15", primarily in the lower 3.0 miles of the Sultan River (WDG 1980). The
Washington Department of Game (WDG, now WDFW) (1980) hypothesized that most
spawners above RM 3.0 are wild fish.

Juvenile surveys in the Sultan River (WDG 1986) showed rapid steelhead fry growth.
Mean length doubled from June to November and weights (estimated from published
length/weight relationships) increased nearly tenfold. Steelhead smolts out-migrate from
the Sultan River from April through May (CH2M Hill 2005). Results of the Sultan River
Juvenile Fish Occurrence, Life History and Distribution study from 2007 and 2008
indicate the highest densities of juvenile "trout" occurred in July and September in
mainstem and side-channel sites (R2 Resource Consultants 2009).

Under the existing license, the District supports hatchery winter steelhead programs in
the Snohomish River system by compensating WDFW for planting roughly 30,000
smolts annually to mitigate for the lack of fish passage at the Diversion Dam. This
measure is part of a larger stocking effort in the Snohomish River system that includes
the Pilchuck, Wallace, and the North Fork Skykomish rivers. Hatchery broodstock is
collected at Tokul Creek Hatchery in the Snohomish drainage (winter steelhead) and
Reiter Ponds in the Skykomish drainage (summer steelhead). Once broodstock numbers
are reached, surplus hatchery-origin adults are left in the river for sport harvest (HSRG
2004). Eggs from Tokul Creek Fish Hatchery and Reiter Ponds are moved to Wallace
Fish Hatchery for incubation and rearing. All smolts are adipose fin-clipped before being
released. In 2006 (the most recent data available), 15,660 winter steelhead and 20,330
summer steelhead were released into the Sultan River (Steelhead Harvest Summary -
http://wfdw.wa.gov/fish/harvest/06-07/smolts.htm) (Table E.6.3-3).

Table E.6.3-3 Annual steelhead smolt releases in the Sultan River.

Steelhead Releases

Year Winter Summer Total
1996-1997 17,200 9,700 26,900
1997-1998 7,700 15,100 22,800
1998-1999 43,600 15,400 59,000
1999-2000 45,000 13,300 58,300
2000-2001 No Data No Data No Data
2001-2002 17,700 20,600 38,300
2002-2003 29,100 14,900 44,000
2003-2004 24,600 10,450 35,050
2004-2005 19,906 20,447 40,353
2005-2006 20,270 20,340 40,610
2006-2007 15,660 20,330 35,990
2007-2008 15,100 28,400 43,500

Average 23,258 17,179 38,650
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The District and WDFW conduct annual wild winter run steelhead spawning surveys in
index reaches between RM 0.0 and RM 9.7. Between 1993 and winter of 2007/2008,
annual escapement estimates have ranged from 66 to 574 adult spawners (Figure E.6.3-
14). Although the period of record is short, the Sultan River winter steelhead escapement
averages about 4 percent of the total Snohomish basin escapement (range 2 to 9 percent),
while the Sultan provides about 5.4 percent of the available steelhead spawning habitat in
the Snohomish basin.
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Figure E.6.3-14 Sultan River steelhead spawning escapement 1993-2008 (no
data for 2007).

Available data suggest that both Sultan River and Snohomish basin steelhead escapement
have declined since regular surveys began in 1993 (Figure E.6.3-14 and E.6.3-15), and
the escapement goal of 6,500 spawners for the entire Snohomish basin has not been
achieved since 1995. From 1989 to 2006 (with 12 years of data), Sultan River and
Snohomish basin steelhead escapement estimates have only a moderate degree of
correlation (correlation coefficient [R] = 0.50) (Figure E.6.3-15) (i.e. trends in yearly
variation between the Sultan River and Snohomish basin steelhead escapement do not
closely follow each other.
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Figure E.6.3-15 Sultan River vs. Snohomish basin (excluding Sultan River)
steelhead correlation under Stage Il conditions (1989-2006); no
data for some years.

In 2007, the District conducted a cutthroat trout population survey the Sultan River
bypass reach (OR-3) (Normandeau and TRPA 2008). Subsequent genetic analysis
confirmed that all sampled trout were rainbow trout (no cutthroat trout were observed
during sampling). Based on these study results, there appears to be a self-sustaining and
naturally reproducing population of rainbow trout in the bypass reach. Studies have
shown that resident rainbow can produce anadromous off-spring (Shapovalov and Taft,
1954; Burgner et al. 1992), which could contribute to steelhead recruitment downstream
of the Diversion Dam. However, Mullan et al. (1992) found evidence that in very cold
streams, juvenile steelhead had "difficulty attaining mean threshold size for
smoltification" and concluded that "most fish in their sampling area [Methow River,
Washington] that did not emigrate downstream early in life were thermally fated to a
resident life history regardless of whether they were the progeny of anadromous or
resident parents" (Mullan et al. 1992).

Federal and State Status

Puget Sound steelhead were listed as threatened under the ESA on May 11, 2007 (72 FR
26722) (Table E.6.3-2). The naturally spawning steelhead in the Sultan River are
included in the Puget Sound Distinct Population Segment (DPS). WDFW considers the
Snohomish/Skykomish winter steelhead stock to be “depressed” due to the severe short-
term decline in total escapements since 1999 (WDFW 2002a). According to WDFW
(2002a), Snohomish/Skykomish winter steelhead is a native stock with wild production.
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E.6.3.1.2.6 Bull Trout

Bull trout are members of the char subgroup of the family Salmonidae and are native to
waters of western North America. In Washington, they are found in the Columbia River
system, in coastal rivers from Grays Harbor north, and in rivers of Puget Sound. Like O.
mykiss, bull trout exhibit both resident and migratory life-histories and have the ability to
spawn more than once before they die. Resident bull trout complete their entire life cycle
in tributary streams. Migratory bull trout spawn in tributary streams where juveniles rear
for up to 6 years before migrating to either a lake (adfluvial), river (fluvial), or in certain
coastal areas, migrate seasonally to saltwater (amphidromous) (Fraley and Shepard 1989;
Goetz 1989). Adfluvial, fluvial, and amphidromous bull trout populations are present in
the Puget Sound region.

Bull trout habitat utilization is strongly influenced by water temperature and researchers
recognize temperature as the most consistent factor influencing bull trout distribution
(USFWS 1998). Optimum water temperatures for bull trout range from 2 to 10°C (36 to
50°F), while temperatures above 15°C (59°F) are thought to provide a thermal barrier for
most bull trout (63 FR 31693). Successful spawning requires water temperatures below
8°C (46.4°F) during the late summer and fall (WDFW 1999). Successful egg incubation
requires temperatures below 4.4°C (39.9°F). As a result, redds are often constructed in
stream reaches fed by springs or near other sources of cold groundwater inflow (64 FR
58910).

In the summer, juvenile bull trout typically occupy habitats with water temperatures
ranging from 9 to 15°C (48 to 59°F), channel gradients of 10 to 20 percent, moderate to
fast currents, and stream widths of 2 to 5 meters (6.5 to 16.4 ft) (Goetz 1989). Resident
adults often overwinter in deep pools or migrate downstream to deeper water near
tributary mouths. Fluvial adults winter in deep pools, or in lower reaches of mainstream
rivers, to make use of woody debris and overhanging banks for cover (Goetz 1989).
Watson and Hillman (1997) found direct relationship between bull trout density,
maximum pool depth, and percentage of undercut banks.

Mature bull trout typically spawn from August to November during periods of decreasing
water temperatures. Preferred spawning habitat consists of low gradient stream reaches
with loose, clean gravel (Fraley and Shepard 1989). Redds are often constructed in
stream reaches fed by springs or near other sources of cold groundwater (Goetz 1989;
Pratt 1992; Rieman and McIntyre 1993). Depending on water temperature, incubation is
normally 100 to 145 days (Pratt 1992). Fry normally emerge from the gravel in early
April through May (Pratt 1992).

Local Stock Information

There are four bull trout populations in the Snohomish basin: North Fork Skykomish,
South Fork Skykomish, Salmon Creek, and Troublesome Creek (Shared Strategy
Committee 2007). Three of these populations migrate to the estuary and nearshore for
the spring and summer, and immature fish use the lower reaches of the Snohomish River
from Ebey Slough to Thomas’ Eddy during the winter months. Mature adult fish migrate
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all the way upriver to spawn primarily in the Upper North Fork Skykomish River and its
tributaries, as well as in the Foss River above Sunset Falls.

While all life stages of bull trout have been documented in Snohomish River basin, they
have only been observed sporadically in the Sultan River, and always downstream of RM
9.7 (CH2M Hill 2005). Bull trout have not been observed in the upper Sultan River basin
(Snohomish PUD and City of Everett 2005). The bull trout present in the lower Sultan
River are presumed to be foraging sub-adult or adult fish as it is unlikely that the Sultan
River contains any habitat suitable for native char spawning based on temperature and
elevation data.

Migratory bull trout are highly picivorous and would most likely be present in association
with salmon fry emergence during late winter and spring. They may also feed on eggs
during salmon spawning from September through December. No information is available
on annual numbers of bull trout that may enter the Sultan River, and they were not
observed during the District’s 2007 and 2008 juvenile fish surveys in the lower Sultan
River (R2 Resource Consultants 2009).

Federal and State Status

The Coastal/Puget Sound bull trout DPS was listed as threatened under the ESA on
November 1, 1999 (63 FR 31693) (Table E.6.3-2). This DPS is comprised of all Pacific
coast and Puget Sound bull trout populations within Washington State, including the
Snohomish River and its tributaries. Although currently listed as threatened under the
ESA, the Skykomish River bull trout stock is rated "healthy" by WDFW (WDFW 1998).

Coastal Cutthroat Trout

Coastal cutthroat trout belong to the same genus as Pacific salmon and steelhead, but are
generally smaller, rarely over-winter at sea, and do not usually make extensive ocean
migrations (Johnson et al. 1999). Like steelhead, they are iteroparous (can spawn more
than once before they die) and adults have been known to spawn each year for more than
6 years (Johnson et al. 1999).

Like O. mykiss, the life history of coastal cutthroat trout is extremely complex (Johnson
et al. 1999, Trotter 1991). Both migratory and non-migratory (anadromous, adfluvial,
fluvial, and resident) forms may be present within the same population. Anadromous
coastal cutthroat trout, or “sea-run” cutthroat trout, typically spawn in small streams, as
do the other life history forms. Unlike juveniles of the lineages that remain in fresh
water, anadromous juveniles undergo the morphological, physiological and behavioral
changes required for migration and adaptation to saltwater. Non-migratory cutthroat
trout typically inhabit a small stream section throughout their lifecycle, whereas
freshwater migratory cutthroat migrate within the river system, typically moving to
smaller tributaries to spawn. Similar to rainbow trout, resident cutthroat trout (even
populations present upstream of natural barriers) can produce offspring that are
anadromous.
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Juvenile sea-run cutthroat generally rear in streams for 2 or more years, seeking pools
and other slow water habitats with root wads and large wood for cover (Trotter 1991).
Often coho fry are present in the same habitat, and the larger coho will drive the cutthroat
into riffles where they will remain until fall and winter (Stolz and Schnell 1991). Most
anadromous juveniles remain in freshwater for 2 to 4 years before smolting and migrating
to saltwater, though the range extends from 1 to 6 years.

Local Stock Information

Both resident and anadromous Snohomish stock coastal cutthroat trout are found in the
Sultan River basin. The anadromous life history form is present in the mainstem Sultan
River and tributaries throughout the anadromous zone (below the Diversion Dam). The
resident form is found in Spada Lake (adfluvial life history) and in the tributaries above
Spada Lake. Cutthroat trout spawn in the Sultan River from May through July, primarily
in low gradient reaches of small tributary streams (Trotter 1991) (Figure E.6.3-6).

Recent fish population surveys completed by the District in the Project bypass reach
(OR-3) failed to detect or capture any cutthroat trout (Normandeau and TRPA 2008),
even though cutthroat trout are abundant in Spada Lake (Meridian Environmental and
Shuksan Fisheries Consulting 2008). All trout counted during the surveys were visually
identified as rainbow trout, and genetically sampled trout collected in the bypass reach
were all rainbow trout (Normandeau and TRPA 2008).

Results of the Sultan River Juvenile Fish Occurrence, Life History and Distribution study
from 2007 and 2008 indicate the highest densities of juvenile trout occurred in July and
September in mainstem and side-channel sites (R2 Resource Consultants 2009). The
highest density of trout occurred in September.

Federal and State Status

On April 5, 1999, NMFS determined that listing was not warranted for the Puget Sound
coastal cutthroat trout ESU. The current WDFW stock status of Snohomish stock coastal
cutthroat trout is unknown. Historical abundance information is scarce and generally
limited to sport catch, fish trap and dam count data from a few river systems (WDFW
2000). Unfortunately, these data often provide relative rather than actual abundances.

E.6.3.1.2.7 Pacific Lamprey

In Washington, Pacific lamprey are found in most large coastal river systems including
the Snohomish River and its major tributaries (Wydoski and Whitney 2003). Like Pacific
salmon, Pacific lamprey are anadromous. They hatch and rear in freshwater streams,
migrate to the ocean, and return to freshwater as mature adults to spawn. As juveniles,
they are filter feeders, using a hood-like flap to filter microscopic plants and animals
from above and within the substrate. As adults, Pacific lamprey are external parasites-
feeding on the body fluids of various species of fish, using their sucker-like mouths to
attach to a fish. In the lower Strait of Georgia and in Puget Sound, Pacific lamprey are a
major predator on salmon (Beamish and Neville 1995).
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Pacific lamprey spawn in the headwaters of both large and small streams in low gradient,
sandy gravel areas upstream end of riffles. Spawning takes place in spring (from April to
July) when water temperatures are between 10 and 16°C (50 to 60.8°F). Based on a
review of existing literature, no information currently exists describing the abundance
and distribution of Pacific lamprey in the Sultan River basin. Results of the Sultan River
Juvenile Fish Occurrence, Life History and Distribution study (RSP 5) from 2007 and
2008 did not report occurrence of lamprey (R2 Resource Consultants 2009), although
juvenile lamprey are typically buried in the substrate, making observations difficult.

Current stocks of the Pacific lamprey are in a steep decline. In 2003, a group of 11 non-
governmental organizations petitioned the USFWS to list four species of lamprey in
California, Oregon, Washington, and Idaho as threatened or endangered under the ESA.
These four species include Pacific lamprey (Lampetra tridentata), river lamprey (L.
ayresi), Western brook lamprey (L. richardsoni), and Kern brook lamprey (L. hubbsi). In
2004, the USFWS found that the petition and additional information in their files did not
present substantial scientific or commercial information indicating that listing these
species would be warranted.

E.6.3.1.2.8 Juvenile Salmonid Distribution and Abundance in the Lower
Sultan River

As described in the previous section, the District conducted the Sultan River Juvenile
Fish Abundance, Life History and Distribution Study in 2007 and 2008 (R2 Resource
Consultants 2008c). The overall objective of this study was to determine the relative
distributions and abundance of juvenile salmonids in the Sultan River by life history
stages, stream location, and habitat type, using snorkel, electrofishing, and minnow trap
surveys. For this, nine juvenile salmonid index sites (Mainstem 1-6 and Side Channel 1-
3) were established in the Sultan River; two index sites (Mainstem 5-6) within OR-2
(from Diversion Dam downstream to Powerhouse), while seven (Mainstem 1-4, Side
Channel 1-3) were located in OR-1. These sites were selected based on the current extent
of anadromous salmonids, the distribution of spawning salmonids, distribution of
suspected rearing habitats that included three currently active side channels, site
accessibility, and overall habitat representation. The majority of the mainstem index sites
(four of six sites) were comprised of combinations of glide and riffle habitat types. For
the other two sites, one (Index Site 5) was dominated by pool habitat, and the other
(Index Site 6) by rapids. Side channel index sites were comprised primarily of glide and
pool habitats.

Snorkel surveys were conducted quarterly (spring, summer, fall) during 2007 and 2008
by a team of five surveyors (4 divers, 1 observer). Each of the nine sites was surveyed
three to four times in each survey quarter as stream conditions (i.e., turbidity) allowed.
Overall, each site was surveyed a total of 18 times during the study period. Backpack
electrofishing and minnow traps were also used in concert with snorkel observations
during winter periods when juvenile salmonids typically exhibit daytime concealment
behavior and during periods when the Sultan River exhibited elevated turbidity,
precluding accurate snorkel observations. Backpack electrofishing and minnow traps
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also provided additional information in locations that contained areas of dense woody
debris and during periods of decreased juvenile Chinook salmon abundance.

During the survey period, over 134,000 juvenile salmonids were enumerated, with the
majority observed during the snorkel surveys. Only 1,431 juvenile salmonids were
captured during electrofishing surveys and only 162 juveniles in the minnow traps. The
results of the study indicated that juvenile anadromous salmonid utilization of habitat
varies both spatially and temporally within the two lower reaches of the Sultan River.
Highest densities of juvenile salmonids were consistently found in locations that
contained numerous woody debris-formed pools and abundant habitat structure (Table
E.6.3-4). The two side channels present in Index Sites 1 and 2 supported the highest
densities of juvenile fish and both contained abundant cover, wood, and habitat
complexity. The highest density of fish (juvenile coho) in the mainstem index sites was
found at Index Site 5, which was comprised predominately of pool habitat. In terms of
timing, juvenile salmonid abundance peaked during the spring and summer survey
periods at a time when newly-emerged salmonid fry (age-0) are present in the river and
before age-1+ smolts have moved downstream to the Skykomish River. This pattern was
best exhibited with coho salmon, but also occurred with steelhead and to a lesser extent
Chinook salmon.

Table E.6.3-4 Snorkel, backpack electrofishing, and minnow trap catch per unit
effort indices at six locations on the Sultan River in 2008.

Snorkel Electrofishing Minnow Trap

River Mile Index Site (fish 100m2) (fish sec?) (fish trap?)

Mainstem 1 2.58 0.0109 0.067
RM 1.5 -

Side Channel 1 25.31 0.0661 1.70

Mainstem 2 2.59 0.0051 0.22
RM 1.6 -

Side Channel 2 54.30 0.0311 1.48

Mainstem 3 1.73 0.0147 0.30
RM 1.8 -

Side Channel 3 9.26 0.0110 0.63
RM 4.6 Site 4 5.10 0.0164 0.50
RM 5.2 Site 5 15.17 0.0185 0.00
RM 9.0 Site 6 2.77 0.0157 0.08

Juvenile coho salmon abundance was dominated by recently emerged fry in the early
spring and summer periods and smolt-sized coho in the late fall and winter periods.
Juvenile steelhead followed a similar pattern of temporal distribution, while coho salmon
distribution appeared to be related to their overwinter habitat selection. Overwintering
juvenile coho appeared to select side channel areas with abundant pool and overhead
cover in the form of woody debris (e.g., Index Sites 1-2 - Side Channel), while steelhead
preferred the deeper mainstem areas that are comprised of rapid habitat types containing
instream boulders and generally higher water velocities.
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Juvenile Chinook salmon were infrequently encountered during fall and early winter
surveys in the Sultan River. In total, over 134,000 juvenile salmonid observations were
collected on the lower Sultan River, only two of which were juvenile Chinook observed
during the fall survey periods. This suggests that the majority of juvenile Chinook
freshwater overwintering takes place downstream in the Skykomish or mainstem
Snohomish River.

Juvenile chum and pink salmon fry were observed in the spring and summer periods but
only for an abbreviated period (spring periods) when compared to the other species
lifestages. Both species occupied similar habitat, preferring the margins of the mainstem
sites.

E.6.3.1.3 Macroinvertebrates

In preparation for Project relicensing, the District completed a detailed macroinvertebrate
survey at several locations in the lower Sultan River. The survey was performed in the
summer of 2005 by District staff, following Washington Department of Ecology Benthic
Macroinvertebrate Biological Monitoring Protocols for Rivers and Streams (Plotnikoff
and Wiseman 2001), and results were analyzed by Aquatic Biology Associates (2005). A
previous macroinvertebrate study was conducted by WDG and Eicher Associates, Inc.
(1982); however, their results were combined with samples upstream of Culmback Dam
and reported as a Sultan River basin total. The raw data from the 1982 study are not
available and therefore, cannot be directly compared to the 2005 results from the Sultan
River below Culmback Dam. Results from the 2005 survey are summarized in (Figure
E.6.3-16). When reviewing these data, note that Benthic Invertebrate Index of Biological
Integrity (BIBI) scores usually drop naturally along a longitudinal profile from headwater
streams to a river mouth. Overall, these results are similar in trend to rivers within the
Puget Sound region, and suggest that the lower Sultan River downstream of Culmback
Dam in OR-3 has high biological integrity, moderate biological integrity in OR-2, and
lower biological integrity near the mouth of the Sultan River in OR-1.
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Benthic Invertebrate Index of Biological Integrity-BIBI (modified Karr 1998)
Sultan River sample site RM 0.2 RM 2.7 RM5.1 RM 9.6 RM 14.3
Date 8/8/2005 8/8/2005 8/8/2005 8/8/2005 8/11/2005
Value Score Value Score Value Score Value Score Value Score
METRIC 44 5 45 5 55 5 49 5 52 5
D Total number of taxa 5 3 9 5 12 5 11 5 9 5
D Number Ephemeroptera taxa 5 3 5 3 6 3 5 3 11 5
D Number Plecoptera taxa 4 1 4 1 7 3 6 3 9 3
D Number Trichoptera taxa 0 1 1 1 4 3 3 3 4 3
D Number of long-lived taxa 0 1 2 1 3 3 4 5 8 5
D Number of intolerant taxa 10.35 5 5.56 5 11.23 5 16.55 5 17.93 5
| % Tolerant taxa 6.56 1 4.82 1 7.78 1 19.41 3 17.25 3
D % Predator 22 5 23 5 36 5 29 5 38 5
D Number of clinger taxa 32.07 5 44.99 5 42.57 5 29.55 5 33.11 5
I % Dominance (3 taxa)
TOTAL SCORE | 30| | 32]] | 38| [ 42]] | 44]
BIOLOGICAL CONDITION CATEGORY
Categories based on comparison with relatively unimpacted Puget Lowland and Willamette Valley streams.
Maximum score of 50. Each metric scored: 1=low, 3=moderate, 5=high
OTHER COMMUNITY COMPOSITION METRICS THAT ARE INDICATIVE OF BIOLOGICAL CONDITION
Total abundance (m2) 530 460 1491 568 581
D EPT taxarichness 14 17 25 22 29
D Predator richness 5 7 12 12 19
D Scraper richness 10 10 17 12 11
D Shredder richness 3 3 3H 2 6
D %lntolerant taxa 0 . 5.25 5.68 8.97
I Hilsenhoff Biotic Index 5.5 5.5 4.51 4.59 4.86
| %Collector 63.65 64.5 33.13 53.93 50.36
| %Parasite 3.79 3.14 4.71 0.71 3.45
I %Oligochaeta 14.39 14.13 1.27 1.18 0.92
I Number tolerant taxa 8 5 6 4 2
| % Baetis tricaudatus 2.02 0.8 4.71 13.71 15.86
I %Simuliidae 5.05 0.64 8.88 10.41H 5.06
I %Chironomidae 26.26 s0.0s [ 13.95 26 377
L,M & H comparisons with a Pacific Northwest montane stream with high biological integrity.
I= Metric value generally increases with declining biological integrity.
D= Metric value generally decreases with declining biological integrity.
L= Low biological integrity. BIBI scores between 0-24.
M= Moderate biological integrity. BIBI scores between 25-39.
H= High biological integrity. BIBI scores >40.

Source: Aquatic Biology Associates 2005

Figure E.6.3-16 2005 lower Sultan River Benthic Invertebrate Index of
Biological Integrity.

E.6.3.1.4  Aguatic Habitat in Spada Lake

Spada Lake is the largest freshwater lake in Snohomish County (Figure E.6.3-17). It is
5.25 miles long with 22 miles of shoreline at full pool (elevation 1,450 feet msl). Spada
Lake has a total volume of 153,260 acre-feet and covers 1,908 acres at full pool.
Maximum depth is 210 feet and the mean depth at full pool is 82 feet. Three principle
tributaries enter the reservoir, the North and South Forks of the Sultan River and
Williamson Creek. Williamson Creek and the North Fork Sultan River enter the
reservoir on the east end and form shallow coves with numerous snag trees. Many large
stumps are also present in these two coves. Many stumps and submerged logs are also
present along the reservoir margin. The South Fork Sultan River enters the reservoir at
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the head of a fairly long narrow arm that extends to the south of the main reservoir body
for about 1.3 miles.

Spada Lake Bathymetry
and Water Volume Strata

Elevation (feet)
B 1520 - 1540
B 1490 - 1520
| REGEREED]
B 1430 - 1460
1400 - 1430
B 1370 - 1400
1340 - 1370

\ "'\
_ 1310 - 1340
9 0 0.5 Miles . 1280 - 1310
— 1252 - 1280
Digital Elevation Model constructed for Shohomish County PUD Ne. 1.

by International Forestry Consultants, Inc. January 17, 2008, Source data: Sultan
River Project FERC 2157 maps, Exhibit G-2, G-3, and G-4. Drawing date: 10/86.

Figure E.6.3-17 Spada Lake bathymetry.

Spada Lake is a rapidly flushing reservoir (approximately three times per year) with low
nutrient levels. The reservoir heat budget in 1995 showed it to be a relatively cool lake,
below both median and mean values for lakes of similar size, elevation, and latitude
(Pfeifer et al. 1998). In addition, the lake is quite turbid in the spring. These factors
combine to limit primary productivity, supporting an oligotrophic classification.
Zooplankton food resources are not abundant and are reflective of an oligotrophic
system. Low phytoplankton production is the limitation to zooplankton (and benthos)
food shortages (Pfeifer et al. 1998).

E.6.3.1.5  Aguatic Biota in Spada Lake

Monthly gill net sampling was conducted in Spada Lake from April 25 through
November 20, 2007 as part of the Spada Lake Trout Production Study (Meridian
Environmental and Shuksan Fisheries Consulting 2008). Fish species documented in the
lake included all those previously described in Pfeifer et al. (1998), including rainbow
and cutthroat trout and potential hybrids of these two species, and the non-native brown
bullhead and brook trout. Meridian Environmental and Shuksan Fisheries Consulting
(2008) also documented the presence of large scale sucker in Spada Lake.
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E.6.3.1.5.1 Trout and Brown Bullhead Population Metrics in 2007

The following information is summarized from the Spada Lake Trout Production Study
(Meridian Environmental and Shuksan Fisheries Consulting 2008).

Between April 25, 2007, and November 20, 2007, 2,874 hours of gill net sampling effort
was expended in Spada Lake, resulting in the capture of 1,073 trout including rainbow
trout, cutthroat trout, and potential hybrids of these two species; 2,394 brown bullhead;
21 largescale sucker; and 4 brook trout. Trout captured during this sampling period
ranged from 101 to 375 millimeters (mm) in length (Figure E.6.3-18). Approximately 99
percent were less than 300 mm. Brown bullhead ranged from 83 to 242 mm in length,
but 85 percent were less than 150 mm (Figure E.6.3-19). Diphyllobothrium parasite load
was estimated in a subsample of captured trout, indicating a high percentage of the trout
in Spada Lake have some level of parasite infection. Only 28 percent of the 476 trout
dissected had no visible parasites. The rate of occurrence and parasite load was higher in
larger trout.
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(Meridian Environmental and Shuksan Fisheries Consulting 2008).
Figure E.6.3-18 Length frequency distribution of trout (cutthroat, rainbow, and
potential hybrids combined) and brown bullhead captured in
Spada Lake from April through November, 2007.
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(Source: ridian Environmental and Shuksan Fisheries Consulting 2008).
Figure E.6.3-19 Photograph of monthly gill net sampling in Spada Lake (nhote
the abundant brown bullhead in the net).

Mobile hydroacoustic surveys of Spada Lake in 2007 estimated the daytime population of
all species combined to be 29,130 fish with a 95 percent confidence interval of £33
percent (19,455 to 38,815 fish). Of these, 61 percent occurred in the east end of the lake,
with the remainder about evenly divided between the central basin and the South Fork
Sultan River bay (Figure E.6.3-20). Only 2 percent of all fish occurred in the west end of
the lake (near Culmback Dam). In all areas of the lake, most fish (98 percent) occurred

in the upper 15 meters (approximately 50 feet) of the water column. Of the daytime
population estimate, 20,449 fish were 200 mm long or less, and 8,681 fish were over 200
mm. Most of the small fish were bullhead (74 percent), while most of the large fish (91
percent) were trout.

The nighttime acoustic population estimate of all species combined was 78,214 fish with
a 95 percent confidence interval of + 27 percent (57,198 to 99,229 fish). Fish were more
evenly distributed among lake sections at night than during the day; however, most (75
percent) occurred in the east end and central basin (Figure E.6.3-21). Similarly, most fish
(98 percent) occurred in the upper 15 m (approximately 50 feet) of the water column. Of
the nighttime population, 79 percent were estimated to be 200 mm long or less, and
16,581 were over 200 mm. Most of the small fish were bullhead (87 percent), while most
of the large fish (83 percent) were trout. At night, bullhead made up over 80 percent of
the small fish in all lake sections.
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Source: Meridian Environmental and Shuksan Fisheries Consulting 2008).

Figure E.6.3-20 Areal fish density (fish/ha) during daytime acoustic surveys of
Spada Lake.
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(Source: Meridian Environmental and Shuksan Fisheries Consulting 2008).
Figure E.6.3-21 Areal fish density (fish/ha) during night acoustic surveys of
Spada Lake.
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E.6.3.1.5.2 Zooplankton and Neuston Community Structure

Monthly zooplankton sampling in Spada Lake was conducted from May 18 through
October 16, 2007 (Meridian Environmental and Shuksan Fisheries Consulting 2008). In
general, the number of zooplankton species observed in Spada Lake in 2007 was similar
to the number observed during sampling from 1979-1980 (10 and 11, respectively), but
far less than the number observed in 1997 (44) (Pfeifer et al. 1998). The most abundant
species was Holopedium gibberum. Other abundant zooplankton included Daphnia and
Epischura. Peak densities occurred in June, July, and August. The slightly different
sampling methods used during the 1997 and 2007 studies make it difficult to directly
compare zooplankton densities, but the relative abundances of the most common species
can be compared, and have changed dramatically over the past 10 years (Figures E.6.3-21
and E.6.3-22).

Holopedium B Daphnia OBosmina OEpischura
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(Source: Meridian Environmental and Shuksan Fisheries Consulting 2008).
Figure E.6.3-22 Relative densities (number per cubic meter) of Holopedium,
Daphnia, Bosmina, and Epischura collected in Spada Lake in
2007
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(Source: Pfeifer et al. 1999).
Figure E.6.3-23 Relative densities (number per cubic meter) of Holopedium,
Daphnia, Bosmina, and Epischura collected in Spada Lake in
1997.

Monthly neuston® sampling was conducted from May 10 through October 16, 2007
(Meridian Environmental and Shuksan Fisheries Consulting 2008). The most commonly
observed insects in the 2007 samples were Dipterans (flies), Homopterans (aphids and
cicadas), Araneids (spiders) and Hymenopterans (wasps, bees, and ants); while the most
abundant overall were Dipterans, Hymenopterans, Psocopterans (booklice, barklice or
barkflies) and Homopterans. Differences in neuston biomass were observed both
spatially and temporally in Spada Lake, and in general, insect biomass densities were
greater in the near-shore sampling areas for all orders except Araneida.

E.6.3.1.5.3 Fish Community Dynamics

Based on fish sampling conducted by Pfeifer et al. (1998) and Meridian Environmental
and Shuksan Fisheries Consulting (2008), and the bioenergetics modeling conducted by
Beauchamp (2008), the following changes have occurred in the Spada Lake fish
assemblage from 1997 to 2007:

e The trout population in Spada Lake has decreased slightly and trout greater than 300
mm in length are less abundant.

20 The group of organisms found on top of or attached to the underside of the surface film of water.
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e The brown bullhead population has increased and the overall size class distribution
has shifted to smaller fish.

e Brook trout abundance remains very low and confined to the Williamson Creek cove.

o Large scale sucker abundance is probably low, but higher in 2007 than in 1997 as this
species was not documented in the Pfeifer et al. (1998) study.

o Based on field data collected in 2007, the bioenergetics model simulations suggest
that a combination of warm summer epilimnetic temperatures and a shift to lower
energy content prey primarily limit growth and production of trout in Spada Lake
compared to periods before and shortly after the reservoir enlargement and inundation
of shorelines (i.e., incorporation of substantial organic nutrients) in 1985-1986.

e The most evident change in 2007 growing conditions was the decline in the
composite energy density of the diet for trout over time.

e Based on 2007 results, although adult and terrestrial insects are high energy prey,
trout must feed in the warm surface temperatures to access these prey during summer
stratification. This prolonged exposure to the warmer epilimnetic temperatures
increases trout metabolic rates and imposes significant growth penalties on them.

e The loss of energy-rich leeches in 2007 and significant reduction of mayfly naiads in
the diet suggest a significant shift in the benthic community, wherein these species
have either declined dramatically, or have become spatially or behaviorally
inaccessible to trout.

o Predation of bullhead on trout or vice versa was not common in 2007, and fish were
very uncommon in trout and bullhead diet samples overall.

e For most of the 2007 sampling period, trout and brown bullhead diets did not overlap,
but trout and bullhead both foraged heavily on the same prey (Daphnia) during late
summer, and therefore, were in direct competition during that time.

E.6.3.1.6 Essential Fish Habitat

The Magnuson-Stevens Act (MSA), as amended by the Sustainable Fisheries Act of
1996, established procedures designed to identify, conserve, and enhance Essential Fish
Habitat (EFH) for those species regulated under a federal fisheries management plan.
FERC guidelines require an applicant to identify any EFH in their project area as defined
under the MSA and established by the NMFS. EFH means those waters and substrate
necessary to fish for spawning, breeding, feeding, or growth to maturity. EFH
consultation with NMFS is required regarding any federal agency action that may
adversely affect EFH, including actions that occur outside EFH, such as certain upstream
and upslope activities. The objectives of this consultation are to determine whether the
proposed action will adversely affect designated EFH and to recommend conservation
measures to avoid, minimize, or otherwise offset potential adverse effects to EFH.

Pursuant to the MSA, the Pacific Fisheries Management Council (PFMC) has designated
EFH for three species of federally-managed Pacific salmon: Chinook, coho, and Puget
Sound pink salmon (PFMC 1999). Freshwater EFH for Pacific salmon includes all those
streams, lakes, ponds, wetlands, and other water bodies currently or historically
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accessible to salmon in Washington, Oregon, Idaho, and California, except areas
upstream of certain impassable man-made barriers (PFMC 1999), and longstanding,
naturally-impassable barriers (i.e. natural waterfalls in existence for several hundred
years). Although not directly identified in PFMC (1999), the historically accessible reach
of the Sultan River is EFH for Chinook, coho, and Puget Sound pink salmon.

E.6.3.1.7 Additional Aquatic Species of Interest to the Tulalip Tribe

In a letter dated March 15, 2005, the Tulalip Tribes provided a list of over 50 fish and
shellfish species that are important for historical, cultural or spiritual reasons. The Tribes
noted that the list incorporates, by reference, all species the state considers as sensitive.
The comprehensive list includes numerous marine species that do not occur in the Project
vicinity, but identifies eight aquatic species that are known to be present in the Sultan
River basin. Section E.6.3.1.2 summarized the life history, habitat requirements,
distribution, and abundance based on the available date of those aquatic species important
to the Tulalip Tribes that are found in the Sultan River, Spada Lake, and its major
tributaries.

E.6.3.2 Project Effects
E.6.3.2.1 Effects on Sultan River Aquatic Habitat

E.6.3.2.1.1 Channel Physical Processes
Sediment Transport (Gravel Quality and Quantity)

As described in Section E.6.3.1.2, salmon, steelhead, and resident trout require an
adequate supply of relatively stable, silt-free gravel for successful spawning and egg
incubation. Although Spada Lake intercepts gravel from the upper basin and the
frequency and magnitude of high flow events in the lower Sultan River are reduced by
Project operations, previous and ongoing gravel monitoring studies have shown that
gravel quantity and quality are being maintained in the river below the Diversion Dam
(Snohomish County PUD and the City of Everett 2005).

Between 1984 and 1994 the District completed a series of studies to determine the effects
of Project operations on spawning habitat conditions in the Sultan River below Culmback
Dam (Snohomish County PUD 1995a). These studies documented pre-Project gravel
conditions in the river and physical changes in the riverbed that were related to post-
Project (Stage II) operations.

As described in Snohomish County PUD (1995a), gravel suitable for salmon and
steelhead spawning and incubation is distributed in two distinct patterns in the Sultan
River below the Diversion Dam. From RM 0.0 to RM 3.3, the river contains a series of
glides, riffles and gravel bars. Gravel within and adjacent to the riffles in this relatively
low gradient reach is generally suitable for salmon and steelhead spawning and
incubation. Between RM 3.3 and RM 9.7, the river is predominantly confined within a
steep-walled, relatively high gradient canyon (See Section E.6.3.1.1). Although gravel is
naturally limited in the canyon reach, patches of suitable spawning gravel do exist, either
near a source (such as a tributary confluence), in small sheltered areas behind boulders, or
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in pools that are deep and wide enough to decrease shear stress. While this limited
amount of gravel is believed to be a major habitat limiting factor, it should be noted that
the paucity of gravel in the canyon reach existed prior to Stage II Project operation, and
probably prior to Stage I construction of Culmback Dam (Snohomish County PUD
1995a).

The sources of gravel supply and recruitment in the lower Sultan River were also
identified by the District through aerial and field reconnaissance of the Sultan River
upstream from the mouth to Culmback Dam (Snohomish County PUD 1995a).

"Based on the helicopter reconnaissance, it was apparent that the
major area of gravel recruitment for the lower Sultan River is
located between the Diversion Dam and Culmback Dam. In
particular, the north flank of Blue Mountain was observed to be a
major source of sediment, along with the south flanks of the
Pilchuck-Sultan Ridge. The major source of bed material for the
Sultan River lies in the reach of the valley between RM 11.2 and
Culmback Dam."

The sediment is carried to the river by tributary creeks, landslides and debris flows.
Sediment sources downstream of RM 11.2 include tributary creeks and occasional
landslides that flank the river. Although these sources regularly supply coarse sediment
to the river, the rate of supply is believed to be much less than in the area upstream of
RM 11.2.

Results of the Sultan River Physical Process Studies (Stillwater Sciences and Meridian
Environmental 2008b) confirmed the District’s findings and concluded that the present
rates and processes of sediment input into the Sultan River below Culmback Dam are
similar to pre-Project conditions. Stillwater Sciences (2008) notes:

....... the Sultan River is a supply-limited system, with most sediment
delivered via mass failures in the gorge reaches above the Diversion
Dam and below Culmback Dam. Prior to the inception of Stage |
(1964), the Sultan River below RM 16.5 appeared to have received
minimal delivery of coarse sediment from the upper watershed.
Numerous active slides and debris flows were observed in the gorge;
tributary streams did not appear to have contributed significant
amounts of coarse sediment to the channel, and there were few
sources identified that delivered sediment to the channel downstream
of the Powerhouse.

In 2005, the District contracted with R2 Resource Consultants to collect and analyze
spawning gravel samples in the Sultan River, and to compare the results with those from
the previous studies (Snohomish County PUD and the City of Everett 2005). Consistent
with the previous surveys (described above), the 2005 study resulted in the following
conclusions:
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e The spawning gravel samples collected in 1982 and 1984, prior to initiation of power
generation, were of good quality.

e Under the flow regime in the Sultan River since 1984, the armor layer of gravel
deposits in the Sultan River is mobilized about once every 3 to 4 years on average.
Scour depth measurements suggest that the armor layer may be mobilized even more
frequently than this.

o Except for occasional disturbances associated with gold prospecting activities and
potential backwater effects caused by the Skykomish River near the mouth of the
Sultan River, the quality of spawning gravels collected in 1987, 1994, and 2005 has
remained “good” and is consistent with pre-Project conditions. Historical operations
of the Project do not appear to have caused the quality of the spawning gravels to
decline.

o The persistent trend of good quality spawning gravels is consistent with observed
success of salmon spawning and escapement in the Sultan River downstream from the
Diversion Dam.

Although reduced sediment delivery and transport is often a consequence of reduced
flood flows at water storage projects, results of Stillwater Sciences and Meridian
Environmental (2008b) also suggest that rates of sediment transport remain high enough
to convey all of the sediment delivered to the river. This report states:

“Present rates and processes of sediment input into the Sultan River in the
study area are similar to pre-Project conditions. Flood frequency has
decreased, though peak flood magnitudes are only modestly diminished.
Results from the mass balance study, which couples sediment transport
capacity with estimated rates of sediment input, suggest that rates of
sediment transport remain high enough to convey all of the sediment
delivered to the river. The upper 13 miles below Culmback Dam has
maintained a high sediment transport capacity even with reduced flood
magnitudes because of its steep and confined character, which has an
inherent excess of sediment-transport capacity. Sediment transport in the
alluvial reach in the lower 3 miles of the river has remained high because
of narrowing of the channel by vegetation encroachment. Channel
narrowing effectively increases the sediment transport capacity, and so
sediment delivered from upstream continues to be routed through the
reach, despite reduced flood frequency.”

Large Woody Debris

Large woody debris (LWD) (large logs and root-wads) is an important component of
stream and river ecosystems. Its presence in a river channel increases aquatic habitat
diversity through the formation of pools, meanders, undercut banks, side channels, and
backwater areas (Abbe and Montgomery 1996, Montgomery and Buffington 1997). It
aids in energy dissipation and in the deposition of spawning gravel. It performs
additional ecosystem functions, including trapping sediment and organic debris that can
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retain nutrients in the ecosystem and influence the development of riparian habitat
communities (Bilby and Bisson 1998; Collins et al. 2002). LWD also provides important
cover for fish and creates habitat for macroinvertebrates and other aquatic organisms
(Lassettre and Harris 2001). In the Pacific Northwest, LWD typically enters river and
stream channels through wind throw, bank erosion, and mass wasting, and unless
transported by debris torrents or flood flows, remains randomly distributed in the
channel.

Except during rare spill events, Culmback Dam restricts the supply and transport of all
woody debris from the upper Sultan basin to the lower 16.5 miles of the Sultan River and
locations further downstream. The volume of material collected at Culmback Dam varies
annually and is comprised of mostly small pieces of wood. Currently, all woody debris
that impinges on the dam face is collected and stockpiled onsite. In addition to collecting
this material, the District characterizes and sorts it by size, and makes the large wood
available for placement at downstream locations within the Snohomish basin.

While Project operations restrict LWD recruitment from upstream of Culmback Dam,
woody debris is still supplied to the lower Sultan River system from the heavily wooded
gorge located downstream of the dam. As a result, the existing wood loading rate in the
upper 13 miles of the Sultan River (below Culmback Dam) is similar to that observed in
unregulated rivers in Washington State (Stillwater Sciences and Meridian Environmental,
Inc. 2008a) (Figure E.6.3-24). However, much of this wood is small to medium in size
and positioned along the channel margins. Consequently, its role in forming complex
habitats, especially pool habitats is very limited. This is not surprising, as the canyon
reach is relatively confined and has very high transport capacity (Stillwater Sciences and
Meridian Environmental, Inc. 2008a). The function of large woody debris in the canyon
reach is unlikely to change in the foreseeable future because the surrounding forests
consist solely of second- and third-growth timber. The size of the supply of large wood
to the system is limited to the size of available trees, and even under regulated flows the
stream power is apparently more-than-adequate to displace logs high onto the banks.

Despite having relatively low transport capacity and abundant sediment, the wood
loading rate in the lower 3 miles of the Sultan River is substantially less than that
observed in unregulated rivers in Washington State. According to Stillwater Sciences
and Meridian Environmental, Inc. (2008a), this is likely the consequence of long-term
salvage logging dating back to the late 1800s (Collins and Montgomery 2002, Collins et
al. 2003).

Whereas the function of LWD upstream of RM 3.0 is unlikely to change in the
foreseeable future (due to the channel’s high stream power, confinement, and the small
size of available trees), an increase in the quantity of wood downstream of RM 3.0 would
likely increase overall physical heterogeneity in that reach (Stillwater Sciences and
Meridian Environmental, Inc. 2008a).
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Figure E.6.3-24 Normalized volume of large woody debris vs. bankfull width for
Washington rivers (from Fox 2001) and in the Sultan River by
process reach.

Channel Maintenance

Channel maintenance in gravel-bed streams requires a range of instream flows that
transport bedload sediments through the channel network. Channel and riparian
maintenance flows (periodic controlled high-flow releases) are often implemented at
hydroelectric projects and other water diversions to remove or “flush” this fine sediment
to restore or improve aquatic and riparian habitat. Desired channel maintenance occurs
when the prescribed flow regime can transport the quantity and sizes of sediment
imposed on the channel without aggrading or degrading the channel over the long term
(Schmidt and Potyondy 2004).

While the results of RSP 22 indicate that the lower Sultan River channel planform and
position has been essentially unchanged since 1919, reduced peak flow frequencies
associated with Stage II operations have decreased the active channel area in the lower 3
miles of the river by approximately 32 percent due to the encroachment of riparian
vegetation onto formerly active gravel bars (Table E.6.3-5 and Figure E.6.3-25)
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(Stillwater Sciences and Meridian Environmental, Inc. 2008b). In addition, habitats
presently defined as side channels are actually relict features (i.e., created prior to Stage
I) that were historically part of the active channel.

Table E.6.3-5 Active channel area in acres by year in the lower 4 miles of the
Sultan River (i.e., all of PR 1 and the lowermost end of PR 2).

Year Area (acres) Year over year change (%)
1957 125 NA
1965 119 4.4
1983 90 24.4
2003 61 320

Sultan River 1965 Sultan River 1983 Sultan 2003

Sultan River Channel Narrowing and Vegetation Encroachment - River Mile 1

N .
—— — Feel [=>]
o 250 500 750 1,000 Stillwater Sciences

Figure E.6.3-25 Vegetation encroachment of side channel 1 (~RM 0.9) between
1965 and 2003.

Even though most mainstem and side channel vegetation encroachment took place prior
to the onset of Stage II operations (Stillwater Sciences and Meridian Environmental, Inc.
2008b), the increased channel stability has likely reduced LWD recruitment and limited
the formation and maintenance of side-and off-channel habitats, resulting in an overall
decrease in aquatic habitat complexity, particularly in the reach downstream of the
Powerhouse (OR-1). The reduced frequency of scouring floods is likely the most
important reason the bounding riparian forest has encroached on the channel (Stillwater
Sciences and Meridian Environmental, Inc. 2008b).
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Side-Channel Habitat

Side channel habitats are generally small watered remnants of major river meanders
across the floodplain. They include naturally abandoned river channels, oxbows, flood
swales and sometimes the lower ends of terrace tributaries flowing out onto the
floodplain. The creation, maintenance, and flow access to off-channel habitat is a
dynamic process that changes over time. It is largely controlled by episodic events,
primarily major floods.

In many larger stream systems, side channels provide important spawning areas,
particularly for chum and coho salmon. They are also recognized for their value as
summer and winter rearing habitat for juvenile coho salmon and cutthroat trout. The
most productive side channel sites are likely those with year-round fish access, allowing
rearing fish to benefit from optimal conditions whether in the main channel or side
channel and minimizing the likelihood of stranding if the outlet dries up. Preliminary
results of the Sultan River Juvenile Fish Occurrence, Life History and Distribution study
(RSP 5) substantiate the importance of these areas as salmonid rearing habitat,
particularly for juvenile coho and Chinook salmon, and steelhead (R2 Resource
Consultants 2009). Annual escapement surveys have documented the use of side
channels for spawning, primarily by chum salmon.

Due to local geology, the floodplain and side channel habitats are naturally limited
downstream of Culmback Dam. Most of the river channel is deeply incised in bedrock
from RM 3.3 to RM 16.5. All side channel habitat in the Sultan River is within OR-1
(Figure E.6.3-1), an unconfined alluvial floodplain downstream of RM 3.3 (Stillwater
Sciences and Meridian Environmental, Inc. 2008a). The confined channel upstream of
OR-1 precludes formation of side channels. The total length of side channel habitat is
approximately 0.9 miles and accounts for 4.7 percent of the length of all riverine habitat
surveyed. Side channel habitat is composed nearly equally of glides (54 percent) and
low-gradient riffles (46 percent).

As articulated in the Physical Processes Study, flow regulation and vegetation
encroachment have reduced the active channel area and affected the creation and
maintenance of side channels in the lower river (Stillwater Sciences and Meridian
Environmental, Inc. 2008b). For example, downstream of RM 3.3, the active channel has
decreased in width as a result of reduced frequency and magnitude of peak flows
resulting from the Project (Stillwater Sciences and Meridian Environmental, Inc. 2008b).
Some off-channel habitat in the lower 3 miles of the Sultan River is also periodically
disconnected from the river (R2 Resource Consultants 2008b).

E.6.3.2.1.2 Water Temperature
Sultan River below the Diversion Dam (OR-2)

As described in Section E.6.2.1.2.2 water temperatures in the Sultan River below the
Diversion Dam are influenced by the amount and depth of water released at Culmback
Dam (whether through the intake structure, cone or Howell-Bunger valves, or by spill),
by tributary flows, and by meteorological conditions. Moveable panels on the Spada
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Lake intake structure control the depth at which water is withdrawn and, hence, the
temperature of the water that is delivered to the Powerhouse intake. The degree of
temperature control possible by manipulating the intake structure panels varies seasonally
with the degree of temperature stratification in the reservoir.

Striving to maintain temperatures within the pre-Stage II range and as close to the mean
as possible is designed to ensure suitable conditions for spawning, rearing, and incubation
and facilitates compliance with existing state water quality standards. Despite the
flexibility provided by the moveable panels, Spada Lake operations under Stage II have
resulted in some slight warming in the Sultan River during late-fall and winter (about
0.6°C as measured at the diversion dam) and some slight cooling during the summer and
early fall compared with water temperatures observed during Stage I (Snohomish County
PUD and the City of Everett 2005). The cooler temperatures often occur during reservoir
stratification and generally coincide with the period of salmonid summer rearing. The
warmer temperatures occur when the reservoir is isothermal and coincide with salmon
spawning and incubation periods during late fall and winter.

While water temperatures in the lower Sultan River generally mimic pre-Project
conditions, meet existing state water quality standards and are protective of designated
beneficial uses (see Section E.6.2.2.2.1), the slightly warmer water temperatures observed
during the late fall and winter have the potential to affect salmon spawning, egg
incubation, and emergence timing. As described in Snohomish County PUD and City of
Everett (2005), the duration of salmonid egg incubation is largely driven by water
temperature and varies with date of fertilization, location in the river and meteorological
conditions. Over the past 14 years, the time between fertilization and emergence of
Chinook fry in the reach below the Powerhouse has ranged between 78 and 177 days,
with a mean duration of 128 days (Snohomish County PUD and City of Everett 2005). In
this reach, early spawners emerged after an average of 94 days, whereas emergence for
late spawners occurs after an average of 161 days. In the reach between the Diversion
Dam and Powerhouse, the time between fertilization and fry emergence ranged between
88 and 214 days, with a mean duration of 152 days (Snohomish County PUD and City of
Everett 2005). In this reach, early spawners emerged after an average of 118 days,
whereas late spawners emerged after an average of 184 days. The range reported in
Healey (1991) 1s 60 to 150 days.

In all likelihood, there are several potential advantages and disadvantages to short or long
incubation periods. With no data available on overall salmon and steelhead survival
between early and late emergence in the Sultan River, no conclusions can be drawn about
Project-related water temperature effects on salmon and steelhead production. Projects
without temperature control have been shown to negatively affect anadromous salmonid
incubation and emergence in the Pacific Northwest (i.e., Chinook salmon below Cougar
Reservoir on the McKenzie River, OR). However, in the lower Sultan River, overall
persistence and in some species, substantially increased production (i.e., pink salmon and
naturally produced Chinook) suggest that Project water temperature control is either
benign or beneficial to the aquatic community.
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Sultan River below Culmback Dam (OR-2 and OR-3)

As described in Section E.6.2.2.2.1, the existing 20 cfs flow release into the Sultan River
at Culmback Dam originates from a deepwater valve located at the base of the dam. The
temperature of the water at this depth remains a relatively constant 3 to 6°C year round,
and as a result, water temperatures at the upper end of OR-3 during the summer are up to
6°C colder than the natural inflow into Spada Lake (CH2M Hill 2009).

Even though the water released from Culmback Dam is very cold year round, water
temperature data collected during the summer of 2007 and 2008 indicate that the bypass
reach temperatures warm quickly (likely due to the low volume of water and expanse of
bedrock present in the canyon). At times, water temperatures at the lower end of the
bypass reach are up to 10°C warmer than the water released from the dam and up to 6°C
warmer than water released from the Project Powerhouse (CH2M Hill 2009). This rapid
longitudinal warming is further illustrated by the fact that the highest 7-DADMax water
temperature recorded during the District’s 2007 and 2008 water quality monitoring
period (16.6°C) was recorded in the lower end of the bypass reach just above the
Diversion Dam (at RM 9.8) (CH2M Hill 2009).

While the results of RSP 2 indicate the population of rainbow trout in OR-3 exhibits
multiple age classes and appears to be self-sustaining, abundance levels are relatively low
compared to other western Cascade streams of similar size, with maximum densities in
riffles of 0.23 fish/100 square feet (ft* (all size classes combined). As noted in
Normandeau Associates and Thomas R. Payne and Associates (2008), these low
estimated densities may be due in part to difficult sampling conditions and cold water
related hiding behavior; however, cold summer water temperatures are also known to
limit the recruitment and productivity of salmonids. Under existing conditions, water
temperatures in the upper end of the bypass reach during the spring and summer are
about 5 to 8°C cooler than those preferred by O. mykiss (Reiser and Bjornn and Reiser
1991)*', and may prolong egg incubation, delay larval development, and retard growth
throughout a substantial portion of the reach. However, the water in the bypass reach
does warm rapidly during the summer and water temperatures are generally within the
preferred range for salmonids near the City’s Diversion Dam.

E.6.3.2.1.3 Instream Flows

Operation of the Jackson Project affects the seasonal instream flow pattern in the Sultan
River downstream of Culmback Dam. Manipulation of instream flows directly affect the
capacity of the Sultan River to support spawning, rearing and other life stages of resident
and anadromous fish, while also affecting other physical and biological processes in the
river.

As described in Snohomish County PUD and the City of Everett (2005), the existing
minimum flow requirements in the Sultan River downstream of Culmback Dam were
originally developed in collaboration with the Joint Agencies during the Stage II license

2! The preferred water temperature for rearing steelhead ranges from 10 to 13°C (50 to 55°F) (Bjornn and
Reiser 1991).
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amendment process and stipulated in the 1983 Settlement Agreement. The flow regimes
were based on several studies of the river below Culmback Dam, including three instream
flow/habitat studies (Snohomish County PUD 1980, Easterbrooks and Gerke 1978, and
Magee 1967), a fish production model, a river water temperature study conducted below
Culmback Dam, and an operations simulation model.

Below Culmback Dam (OR-3)

During the summer of 1980, as part of the baseline studies undertaken for the
construction of the Stage II hydroelectric project, the District completed a cooperative
instream flow study in the Sultan River between the Diversion Dam and Culmback Dam
(RM 9.7 to RM 16.5) (Snohomish County PUD 1980b). The primary objective of the
study was to evaluate fish habitat availability for selected species and life stages in
response to incremental changes in river discharge, and to compare historic river
discharges to those expected under proposed Project operations. The technique used in
the analysis was the USFWS’ Instream Flow Group incremental methodology (Bovee
and Milhouse 1978). Habitat availability (weighted useable area, or WUA) was
calculated for spawning, fry, juvenile and adult life stages of rainbow trout, cutthroat
trout, and winter steelhead trout. The study indicated that, given the limited amount of
productive habitat available upstream from the Diversion Dam, increasing discharges by
even minimal increments above proposed Project releases (20 cfs) would cause lost
power benefits vastly out of proportion to fish production benefits.

Further, following a meeting held on January 14, 1981, the Joint Agencies acknowledged
that water released from the outlet of Culmback Dam would necessarily be drawn from
the deeper portions of the reservoir and would therefore be colder than either the existing
streamflows or the streamflows before Culmback Dam was built. They understood that
the low water temperatures (range 3 to 6°C) of releases from Culmback Dam in the
amounts necessary for successful spawning and rearing in the available habitat of the
bypass reach would impair the growth and survival of steelhead and salmon within the
bypass reach as well as below the Diversion Dam.

In general, the existing 20 cfs flow release provides little trout spawning and rearing
habitat area near the base of Culmback Dam and only a limited amount of spawning and
rearing habitat near the Diversion Dam (Snohomish County PUD 1980). Reach-scale
estimates of trout habitat WUA developed as part of RSP 5 (R2 Resource Consultants
2008c¢) indicate the existing flow release provides 19.5 percent of maximum habitat area
for rainbow trout spawning and 26.8 percent of maximum habitat area for rainbow trout
rearing at the upstream end of OR-3.

As noted under Water Temperature above, the amount and quality of the habitat created
by this 20 cfs flow release (and its associated 3 to 6°C year-round water temperature
regime near the dam) has resulted in a relatively low abundance of rainbow trout
compared to other western Cascade streams of similar size, and may also contribute to
the fact that no cutthroat trout were observed in the reach during fish population surveys
conducted in 2008 (Normandeau Associates and Thomas R. Payne and Associates 2008).
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Below the Diversion Dam (OR-2)

In 1978 and 1979, Washington Department of Fisheries (WDF), Washington Department
of Game (WDG), and Eicher Associates, Inc., completed a “useable width” instream flow
study in the Sultan River between RM 3.3 and 9.7 (Easterbrooks and Gerke 1978). The
primary objective of this study was to determine the spawning and rearing flows needed
to protect Chinook and coho salmon and winter-run steelhead trout downstream of the
Diversion Dam. Stream depth, velocity, and substrate data were collected along six
transects at known Chinook, coho, and steelhead spawning locations (at four different
target flows — 200, 150, 100, and 50 cfs). Based on the results of this analysis, WDF
determined the optimum Chinook salmon spawning flow to be 175 cfs, and the optimum
coho salmon spawning flow to be 108 cfs (as measured at the Chaplain Creek USGS
gaging station) (Easterbrooks and Gerke 1978). Steelhead spawning flows were
determined to be adequate at 175 cfs and rearing flows for all three species were
determined adequate at 100 cfs.

Under existing license conditions, the minimum base flow released at the Diversion Dam
(June 16 to September 14 and November 1 to January 15) is maintained at or above 95
cfs (Table E.6.2-1). Summer flows (July and August) have averaged 124 cfs since Stage
IT operations began in 1984 (Snohomish County PUD and City of Everett 2005).
Historically, natural flows above the City’s Diversion Dam dropped below this level
nearly every year, often down to 50 cfs during the late summer low-flow period. Thus,
the required 95 cfs release has increased flows during the low-flow period. The flow
increase provided by reservoir storage has been most beneficial for coho salmon and
steelhead trout that are rearing in the river at this time of year.

During the Chinook salmon spawning season (September 15 to October 31), minimum
flows of 145 to 155 cfs are maintained at the Diversion Dam (Table E.6.2-1). With
inflows from tributaries, the desired 175 cfs at the Chaplain gage is achieved. Flows
greater than 95 cfs are maintained throughout the egg incubation period to provide
suitable flow conditions over Chinook salmon redds.

Minimum flows released at the Diversion Dam are increased to 150 cfs on January 16
and to 175 cfs on March 1 (through June 15) to coincide with steelhead trout spawning
and the period of greatest salmonid fry emergence and early rearing (Table E.6.2-1).
Additionally, natural inflow between the Diversion Dam and the Powerhouse ranges from
about 20 cfs in the driest months to about 100 cfs in the wettest months. Marsh Creek (at
RM 7.6) contributes most of the inflow.

The overall effects of this flow regime on Chinook and coho production in the Sultan
River below the Diversion Dam are considered to be positive and are discussed in detail
in Section E.6.3.2.3. Available data suggest that Sultan River steelhead escapement has
declined since regular surveys began in 1993. However, steelhead abundance has also
declined throughout the remainder of the Snohomish basin and the escapement goal of
6,500 spawners has not been achieved since 1995. The District’s believes that spawning
habitat is currently not limiting to Chinook salmon and steelhead populations in the
Sultan River. The health of coho runs is inferred from escapement records in the
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Skykomish and abundance of juvenile fish observed in the Sultan River (R2 Resource
Consultants 2008c).

Below Powerhouse (OR-1)

In 1967, the WDF conducted an instream flow study in the Sultan River mainly to
determine fishery needs in the lower 3 miles of the river below the canyon section
(Magee 1967). The method used in the study was developed by WDF in the 1950s, and
consisted of making discharge measurements at typical spawning sections in the river
selected by biologists, and relating these discharge measurements to the depth and mean
column velocities with optimum depth range and optimum velocity range criteria as
determined for various species. The results of that study indicated that a minimum of 200
cfs and 165 cfs were needed for salmon spawning and rearing, respectively. Because of
this, minimum flows below the Powerhouse are maintained above 200 cfs during fall and
spring spawning (September 15 to June 15). During the remainder of the year (summer),
instream flows are maintained at or above 165 cfs. As discussed in Snohomish County
PUD and City of Everett (2005), these flows are, at times, an augmentation to naturally
occurring flows.

In addition to the minimum flow requirement of 200 cfs, a high flow ceiling of 400 cfs is
imposed from September 15 through October 15. Chinook and pink salmon eggs
deposited in the river channel when river flows exceed 400 cfs downstream of the
Powerhouse may be at risk of stranding if the Project flows are subsequently reduced to
the minimum instream flow requirement for that period (200 cfs). Therefore, the District
attempts to avoid increasing river flows above 400 cfs when the majority of fall Chinook
and pink salmon spawn (September 15 to October 15). If the Project is operated above
this level during the peak spawning period, the District ensures that stream flows
provided during incubation are sufficient to protect redds from being dewatered.

Based on 25 years of post-Stage I operational data, the instream flow regime in the lower
Sultan River appears to have been successful in both protecting and enhancing Chinook,
coho, pink, and chum salmon in the lower Sultan River (see Section E.6.3.1.2).
Comparisons of spawner escapement estimates from before and after the hydroelectric
facilities began operating in 1984, indicate that the numbers of Chinook, pink, and chum
salmon using the Sultan River have increased substantially.

E.6.3.2.1.4 Project-Induced Flow Fluctuations

Rapid changes in river flow associated with hydroelectric project operations have the
potential to adversely affect aquatic resources. If water recedes in a project-affected river
reach faster than what would occur naturally (due to changes in generation, emergency
shutdowns, etc.), adverse effects can include stranding fish in shallow, low gradient
gravel bar areas and off-channel habitat; temporary loss of fish habitat or loss of habitat
access; and the dewatering amphibians, aquatic insects, and plant life (Hunter 1992).
Rapid changes in stream flow also can affect fish behavior leading to reduced spawning
success (Bauersfeld 1978).
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Numerous studies have shown that juvenile salmonids are particularly vulnerable to
stranding (Bauersfeld 1978, 1977; R. W. Beck and Associates 1989; and Stober et al.
1982) because they are relatively poor swimmers, settle along shallow margins of rivers
and often occupy interstitial spaces in rock and cobble substrates. Once stranded, they
either die from lack of water or, if caught in shallow depressions, become susceptible to
avian and mammalian predation and elevated water temperatures. Limits governing the
rate, timing, frequency, and amplitude of project-induced river stage changes (ramping
rate restrictions) are often implemented at hydroelectric projects to protect fish from these
effects (Hunter 1992). In general, ramping rates (usually measured in inches per hour)
need to be gradual enough to allow fish and other aquatic organisms to move out of
shallow areas without becoming stranded when flows decrease (Hunter 1992).

Ramping Rates

In 1985, 1986, and 1987, the District conducted a comprehensive field study to evaluate
the effects of Project downramping on salmon and steelhead fry in the lower Sultan River
(Olson 1990). The study, performed during 22 downramp events, consisted of a rigorous
examination of both the seasonal and diurnal differences in the susceptibility of fry to
stranding at a range of river flows (Olson 1990). The overall objective of the study was
to develop a downramping regime that minimized the stranding of juvenile salmon and
steelhead trout in the Sultan River while providing flexibility for power production.

Based on the initial results of these evaluations, a provisional lower Sultan River ramping
rate regime was developed in consultation with the Joint Agencies and implemented in
1985. Ramping rates varied from 1 to 6 inches per hour depending on season, time of
day, and river stage, and with no restriction on the frequency of downramping events. In
1989, the District, in consultation with the Joint Agencies, submitted an amendment to
the Project Operating Plan under license article 57 which modified the Spada Lake rule
curves to improve fish protection, Project operations, and flood control (58 FERC 62,224
and 76 FERC 62,053). These modified rule curves reduced flow fluctuations in the lower
Sultan River and led to the agreement to implement Powerhouse downramping rates
ranging from 1 to 4 inches per hour depending on the flow range, season, and time of day
(Table E.6.2-2). These rates were acceptable to the District because the Project is not
used for load following (i.e., discharges from the Powerhouse to the river do not fluctuate
frequently on a daily basis). The USGS gaging station located immediately downstream
of the Powerhouse was selected as the point for compliance measurement and correlated
with locations downstream where the rate of change in water surface elevation decreases
because of the dampening effect of distance, time, and bank water storage.

Downramping rates were not originally established for Project operations at the
Diversion Dam because flow changes there were not associated with hydropower
production. However, decreases in flow occasionally can occur at the dam as a result of
required operational activities such as maintenance and changing of minimum flows.
Such activities occur only about two to four times a year. Although no stranding
incidents have been documented below the Diversion Dam, the District and the Joint
Agencies agreed that a protective ramping rate schedule should be established for this
stream reach to reduce the probability of future incidents. The District therefore adopted
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downramping rates for the Diversion Dam that range from 1 to 6 inches per hour (Table
E.6.2-3) (CH2M Hill 2005).

As recommended by WDFW (Hunter 1992), the existing ramping rates in both Project-
affected reaches were developed using data collected during a comprehensive site-
specific ramping rate evaluation, addressing those species that are most likely to be
adversely affected by flow fluctuations. Based on the information presented in Olson
(1990) and discussed in CH2M Hill (2005), the District believes that the existing ramping
rates are adequate to protect aquatic resources.

Ramping Rate Compliance

Under its existing license, the District continuously monitors downramping rates and
reports all variances exceeding the required rates to FERC and the Joint Agencies. Since
May 1988, 41 incidents of Powerhouse downramping variance have been reported. Most
were the result of equipment failures that caused immediate generation reductions at the
Powerhouse.

The effects of rapid downramping incidents on fish depend on the duration and amplitude
of flow change, initial river flow, and the season. Most incidents (26 of 41) lasted less
than 15 minutes. While it is reasonable to assume that small fish will find temporary
refuge in watered pockets during such incidents, it is possible that some stranding
mortality also occurs. Most incidents on the Sultan River, however, occurred when
emergent Chinook salmon fry were not present. During the recording period, only 10
incidents occurred during the January 1 through May 31 peak Chinook salmon fry period.
Of the nine incidents since 1988 lasting longer than 15 minutes, four involved small stage
changes (from 0.31 to 3.25 inches). Of the other five longer duration events, two were
caused by a rapid plant shutdown (January 9, 1996 and May 26, 2000) resulting from
intake gate closure at Culmback Dam. For the January 9, 1996 event, few Chinook
salmon fry would have been present (emerged) and the five hour duration was not long
enough to adversely affect incubating salmon eggs given the cool water and air
temperatures at that time of year. However, on May 26, 2000 and May 5, 2001, some
Chinook and coho salmon fry were probably present and vulnerable to the effects of the
28.8-inch and 13.8-inch stage decreases, respectively.

E.6.3.2.1.5 Flow Continuation at the Powerhouse

Under existing operations, each of the Project’s two Pelton units periodically shut down
for variety of electrical or mechanical reasons to protect equipment or facilities. If the
turbines are tripped off due to mechanical/electrical failure or load rejection, a rapid
decline in river flow exceeding downramping rate requirements can occur below the
Powerhouse, potentially adversely affecting aquatic resources. Over the last 10 years,
there have been 10 unplanned Pelton unit shutdowns with varying effects on streamflow
and ramping rates (Table E.5.3-6).
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Table E.6.3-6 Pelton shutdowns since 1998 for unit or facility protection.

Decrease in River Units

Date Description Level and Flow Involved

2128/98 Tree in line, BPA overreach on N. Line 6.5 inches/ 1
Protection system recalibrated after 2001 292-141 cfs

8/3/99 Large lightning storm, BPA bus cleared 19.6 inches/ 1
Protection system recalibrated after 2001 726-119 cfs

2122100 Lightning storm, BPA overreach on N. Line 7.44 inches/ 1
Protection system recalibrated after 2001 303-134 cfs

5/5/01 Tree in line, BPA overreach on N. Line 13.8 inches/ 1
Protection system recalibrated after 2001 761-248 cfs

6/13/02 Unit winding temperature sensor 6.48 inches/ 1
System adjusted to allow higher alarms. 1429-1010

212/03 Operator initiated — mandoor leak 1.32 inches/ 1
Protections in place to eliminate causes. 240-207 cfs

. . : 1.92 inches/

5/26/04 Station Service transformer failure 684-600 cfs 1
19/14/06 Powerhouse isolation from rare windstorm caused 24.5 inches/ )
switch fault in both lines. 1660-396 cfs
10/110/07 Faulty switch interrupter with line out for maintenance | 3.83 inches/ 1
Switch maintenance program adjusted 335-228 cfs

Tunnel Overvelocity Caused Shutdown of Powerhouse
Trash in tr_ash rack caused ov&_ar\{elocity trip 28.8 inches/
5/26/00 Overvelocity to be moved to eliminate trash rack 1600-235 cf 2
influence. —235 ¢fs

Conditions causing the shutdowns have been addressed and the cause eliminated or
strategies adopted to reduce the impacts of a shutdown. The result is that Pelton unit
shutdowns are now rare and usually only one unit is involved. Although events are rare,
these shutdowns could negatively affect aquatic resources, through fish stranding and
short-term redd dewatering.

E.6.3.2.1.6  Fish Migration
Passage at the Diversion Dam

The City’s Diversion Dam has blocked upstream fish passage at RM 9.7 of the Sultan
River (Figure E.6.3-26) since its construction in 1930. Even prior to this time the City
had constructed various less permanent diversion structures since about 1917. Prior to
this time, Chinook salmon, coho salmon, steelhead trout, and cutthroat trout were able to
access an additional 6 miles of habitat. To compensate for the lack of fish passage, the
City entered into an agreement with the State of Washington in 1918 that provided
funding ($6000) to construct a salmon hatchery on nearby May Creek and a steelhead
trout rearing facility (Reiter Ponds) on a tributary to the Skykomish River near Gold Bar.
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Restoring anadromous fish production above the Diversion Dam was considered at length
by the Joint Agencies during Stage II planning from 1978 to 1981. The effort culminated
in a Settlement Agreement in 1983, wherein the Joint Agencies accepted measures to
enhance salmon production in the lower Sultan River downstream of the Diversion Dam
rather than restoring anadromous fish access above the dam. This outcome relied on
several factors (Snohomish County PUD 1983):

e The 6.4-mile reach above the Diversion Dam has a relatively high gradient (averaging
90 feet per mile) and is in a steep-walled canyon. The channel contains mostly
bedrock and large-sized bed material with few areas of suitable spawning gravel.

o Before Stage II construction, spawning gravel areas in the canyon were frequently
scoured. Because these high flows occurred during the egg incubation period, salmon
production in this reach was probably very limited.

o After completion of Culmback Dam Stage I in 1965, water temperatures in the reach
above the Diversion Dam became too cold for productive salmon and trout growth
(Eicher 1981).

e Providing upstream fish passage likely would have required higher instream flows in
the reach above the Diversion Dam. Discharges from Culmback Dam would have
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contributed to unfavorable water temperatures from March through October for
salmonid rearing and egg incubation in the most productive downstream reaches.

e A requirement for higher instream flows above the Diversion Dam for salmonid
habitat would have reduced potential power production enough to make the
hydroelectric operations infeasible.

In summary, in 1981 the Joint Agencies decided to not prescribe fish passage at the
Diversion Dam based on the prospect of greater salmonid production in the lower Sultan
River with implementation of the Project’s fisheries mitigation plan. That decision also
recognized that a requirement for higher instream flows above the Diversion Dam would
make the Project economically infeasible.

In Phase 2 of the Fish Passage Assessment, the District again evaluated the feasibility of
providing fish passage at the City’s Diversion Dam (CH2M Hill 2008b). This study was
prompted partly because Puget Sound Chinook salmon and steelhead are now listed as
threatened under the federal Endangered Species Act (see Section E.6.3.1.2). Although
the Diversion Dam was present before the hydroelectric Project and is not required for its
operation, it is the only means that the City of Everett has to meet their water supply
demand during temporary outages of normal Project operations or low reservoir
conditions.

Estimates of adult anadromous fish production potential for the bypass reach were
developed as part of the District’s Fish Passage Feasibility Study (Table E.6.3-7)*.
These estimates reflect approximate average marine survival rates experienced in the last
two decades, which have been relatively low compared to those in previous decades
(CH2M Hill 2008b). If marine survival rates increase in the future, so would the
estimated adult production in the bypass reach. Of the several methods used to estimate
production potential for fall Chinook salmon and steelhead trout, the WUA approach
provides the most reasonable estimates because it relies on detailed descriptions of site-
specific and species-specific habitat and is based on extrapolating (via habitat scaling) 17
years of known production in the Sultan River downstream of the Diversion Dam.

Table E.6.3-7 Estimates of adult Chinook, coho, and steelhead production
potential in the Sultan River upstream of the Diversion Dam.

Based on spawning Based on fry Based on WUA Based on WUA
substrate rearing habitat spawning habitat | spawning habitat
Species availability availability at 30 cfs at 100 cfs
Chinook 58 118 40 150
Coho NA 735 NA NA
Steelhead NA 52 15 35

NA = Estimates not provided in CH2M Hill (2008b).

22 The analysis of production potential upstream of the Diversion Dam does not consider the Marsh Creek
slide as a permanent blockage to upstream fish passage.
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It is important to note that the estimates in Table E.6.3.3-7 do not consider the effects of
water temperature on the incubation and growth of juvenile salmonids.

Using instream flow modeling, R2 Resource Consultants (2008b) estimated that Stage 11
conditions in the bypass reach provide, on average, substantially less spawning and
rearing habitat for Chinook and steelhead, but somewhat more spawning habitat for
chum, coho, and pink salmon compared to Stage I conditions. Pink and chum salmon
utilization of OR-3 would be low due to the steep and confined nature of the channel,
which is not preferred by these species.

E.6.3.2.1.7 Powerhouse Discharge False Attraction Potential

During Stage II consultations, the Joint Agencies expressed a concern that returning adult
salmon could be delayed or injured by “false attraction” at the Powerhouse. To aid the
upstream passage at the Powerhouse, a fish berm was constructed immediately upstream.
The fish berm concentrates flow in a slot to attract and guide adult fish upstream,
particularly during high-flow discharges from the Powerhouse.

To evaluate fish berm effectiveness, the District: (1) trapped and radio/acoustic tagged
steelhead trout, (2) conducted spawner surveys above and below the Powerhouse
(comparing pre- and post-Project operation redd distribution), and (3) conducted frequent
empirical observations of the Powerhouse tailrace area. Study results and subsequent
observations indicate that the fish berm performs as intended. No species experience
either delay or difficulty in locating the concentrated flow created by the fish berm, and
fish migrate upstream without difficulty (Parametrix 1989).

Additionally, the Joint Agencies were concerned about potential injury of adult fish
entering the Pelton turbines’ discharge draft tubes during periods of high discharge. This
potential problem was evaluated using radio-tagged steelhead trout. An electronic
monitoring field was set at the mouth of both draft tubes during the fish tagging effort.
No tagged fish were recorded entering the draft tubes during the study, nor were injured
or disoriented fish observed.

District staff continue to periodically monitor the tailrace for distressed or injured adults,
as agreed upon in the final report on fish passage submitted to FERC (Parametrix 1989).
No problems have been observed to date and spawner surveys continue to document the
distribution of adults and redds in the Sultan River upstream of the Powerhouse. Survey
results are reported annually to the Joint Agencies. The District proposes to continue to

maintain the fish berm as needed to function properly.

E.6.3.2.2 Effects on Aquatic Resources Upstream of Culmback Dam
E.6.3.2.2.1 Tributary Habitat and Spada Lake Drawdown

Upstream from Culmback Dam, approximately 5 miles of historical tributary habitat is
inundated by Spada Lake (FERC 1981). Stables et al. (1990) stated the similar
recruitment rates for year-classes spawned before and after Phase II implementation
indicated that inundation of stream habitat did not affect trout production to a level
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distinguishable from naturally induced environmental variation such as might be due to
weather. Resident fish passage is unimpaired between the reservoir and tributaries at all
operational water surface elevations (Pfeifer et al. 1998). Seasonal water level
fluctuations may impair benthic macroinvertebrate productivity in the lower reaches of
these streams and in the reservoir drawdown zone. While the seasonal reservoir
fluctuations likely reduce macroinvertebrate production in the drawdown zone, the
magnitude of this effect is unknown.

E.6.3.2.2.2 Spada Lake Trout Production

As discussed in Section E.6.3.1.4, Spada Lake and the Sultan River upstream from
Culmback Dam support naturally reproducing self-sustaining stocks of resident rainbow
and cutthroat trout, as well as potential hybrids of these species. In addition, brook trout,
largescale suckers, and large numbers of brown bullhead have been documented in Spada
Lake (WDG and Eicher Associates, Inc. 1982; Meridian Environmental and Shuksan
Fisheries Consulting 2008).

Historically, Spada Lake supported a popular sport fishery for resident rainbow and
cutthroat trout and potential hybrids of these two species. Periodic creel surveys
conducted on Spada Lake since 1979 show that trout fishing in the mid-1980s, use of bait
was allowed, and catch regulation were liberal, was excellent (Pfeifer et al. 1998);
however, the fishery deteriorated in the late 1980s and early 1990s after stocking was
suspended, use of bait was prohibited, and regulations became more restrictive. By 1995,
harvest rates dropped to near zero and angler effort was the lowest on record. Fish
population surveys conducted in 1997 and 1998 indicated that approximately one half of
all trout present in Spada Lake were rainbows, roughly a third were cutthroat, and about
one-fifth were potential hybrids (Pfeifer et al. 1998). Additional potential causes for the
decline in the fishery include low productivity due to reduced nutrients (from aging of the
reservoir), competition with the large population of non-native brown bullhead, and the
high infection rate of trout with Diphyllobothrium ditremum.

During the initial stages of Project relicensing, the WDFW requested a study to identify
and prioritize factors that are limiting the productivity of the resident trout in Spada Lake
and explore management options that promote increased productivity. In their study
request, WDFW proposed that the District duplicate studies conducted by WDFW
(Pfeifer et al. 1998) and undertake additional research identified in its study. WDFW
also suggested that a literature search be performed to evaluate the introduction of other
species of plankton and salmonids to Spada Lake.

Because trout are indigenous to the upper Sultan River and have been affected by Project
operation, the District conducted this study using a phased approach. In Phase 1 of Spada
Lake Trout Production Study, the District contracted with the University of Washington
to review existing information and develop an approach to identify factors limiting trout
production. In Phase 2, the District contracted with Meridian Environmental, Inc. and
Shuksan Fisheries Consulting to collect vertical temperature profile measurements;
estimate the abundance of trout and brown bullheads in Spada Lake; and sample
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zooplankton and neuston in Spada Lake (the sampling approach identified during Phase

).

The diet, growth, size structure, thermal regime, fish distribution and abundance, and
other information collected during Phase 2 was then input into bioenergetics model
simulations to explore limits to trout production and evaluate and prioritize factors
affecting trout productivity.

Study results show an increased abundance of bullhead, decreased abundance of trout,
direct competition for food resources between bullhead and trout, and decreased high
energy food items that could be efficiently used by trout during summer reservoir
stratification.

During study implementation, some stakeholders speculated about the benefit of
introducing mysis (freshwater shrimp) or kokanee into Spada Lake. Dr. Beauchamp of
the University of Washington® advises against such introductions. Since low lake
productivity is the issue, any new species would reduce the pool of food available for
existing species when significant diet overlap occurs. Mysid introductions have caused
numerous negative ecological effects throughout many western lakes. Kokanee
outcompete trout for zooplankton, but would still not have much to eat. The Daphnia
biomass is relatively low and their peak availability is highly concentrated into the month
of August, primarily above the thermocline. Kokanee might be better able to utilize
Holopedium, but Holopedium is not a desirable food source.

During Project relicensing, the District had numerous discussions with the City of Everett
regarding fishery management options for Spada Lake. The City of Everett and the
Washington State Department of Health are very concerned that the introduction of
stocked fish would adversely affect water quality in Spada Lake and both have indicated
their desire that fish stocking not be included in any new license for the Project.

E.6.3.2.2.3  Fish Entrainment

As described above, Spada Lake supports a resident fish population consisting of rainbow
trout, cutthroat trout, and potential hybrids of these two species. The trout support a
recreational fishery that is managed by WDFW as a naturally reproducing population
without hatchery supplementation.

Under existing conditions, the Jackson Project intake structure, morning glory spillway,
and Culmback Dam outlet valves are unscreened. WDFW and the Tulalip Tribes
expressed a concern that trout may be entrained through these several outlet works of
Spada Lake and, as a result, trout rearing or migrating in Spada Lake may be entrained
into the turbines, pass through the spillway during a spill event, or pass through an outlet
valve during normal releases. Any fish that might be entrained would be removed from

3 Dr. David Beauchamp (professor of Aquatic and Fisheries Sciences at the University of Washington) is a
regionally recognized expert on predator-prey interactions, bioenergetics modeling, behavioral ecology,
distribution, growth, population dynamics, and food web dynamics, who worked with the District on RSP
16, the Spada Lake Trout Production Study.
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the lake population and no longer available for recruitment to the lake population or
recreational fishery.

The District subsequently assessed the entrainment potential and impacts on the resident
trout population. Phase I of this study consisted of a review of available literature on fish
entrainment at other projects having similar structures, fish communities, and operating
conditions. This information, coupled with available data on trout behavior and
distribution provided in Pfeifer et al. (1998) and Stables and Thomas (1992), was used to
characterize the potential for trout entrainment and effects on the trout population and
recreational fishery in the lake. Results from the Spada Lake Trout Production Study
(RSP 16) also provide valuable current information on trout abundance and distribution
near the Culmback Dam.

If the Phase 1 assessment found that entrainment was occurring at a level potentially
detrimental to the trout population and sport fishery within Spada Lake, the District
agreed that it would conduct a Phase 2 entrainment study. Phase 2 would involve
sampling outflow from Jackson Project structure(s) identified as likely to entrain fish and
deemed safe and feasible to sample.

A summary of the RSP 4 (Phase 1) study results is presented below. Additional details
describing the Spada Lake fishery, Project outlet works, reservoir operations, and general
entrainment risk factors are available in CH2M Hill (2008a).

Assessment of Entrainment Potential

On the basis of its trout entrainment literature review and on their understanding of
environmental conditions and facility operations at Spada Lake, CH2M Hill (2008)
determined that the risk of resident trout entrainment at Spada Lake is very low under
most conditions currently occurring in the lake. The primary reasons for reaching this
conclusion include the following:

o Trout, compared to other species, appear less apt to leave their rearing reservoir,
especially if they are naturally produced within the system (i.e., non-hatchery).

e The Powerhouse intake tunnel near Culmback Dam typically withdraws water from a
much deeper depth than that preferred by trout in Spada Lake. Results of other
entrainment studies clearly indicate the low risk of rainbow or cutthroat trout being
entrained at deep intakes.

o The likelihood of density-dependent downstream dispersal is less for trout compared
to other species because they tend to be less fecund than most other species, and their
young are not produced in the reservoir. The rainbow trout population in Spada Lake
is currently limited by a parasite and low nutrients, thus making it less likely that the
population is density-dependent (i.e., over-crowded or past its carrying capacity),
which may otherwise make fish inclined to leave the reservoir.

o Small subyearling trout are rarely observed in Spada Lake because they apparently
remain in the tributary streams for 1 or more years before entering Spada Lake
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(Stables and Thomas 1992; Pfeifer et al. 1998). This is important because all studies
of other species and the few studies of trout indicate that smaller fish are much more
likely to become entrained.

e Seasonal drawdown of Spada Lake is relatively minor compared to many other
projects. At the maximum average annual drawdown in late summer (approximate
elevation 1,420 feet), Spada Lake retains 67 percent of its full-pool volume.

In summary, the risk of trout becoming entrained into the Powerhouse intake or other
outlet structures at Spada Lake appears to be very low based on the results of several
recent studies at similar sites coupled with an understanding of what is known about the
trout population, physical conditions, and current operations at Spada Lake. The major
contributing factors to this general conclusion are: (1) exposure to spillway overflow is
very infrequent, (2) the depth of the Culmback Dam diversion tunnel (greater than 200
feet) is far below the range of the resident trout population, and (3) the normal depth of
the power tunnel intake structure inlet is approximately 50 feet, a depth at which most
trout are not found. The fact that very few small-sized juvenile trout rear in Spada Lake
also is a contributing factor because studies elsewhere have shown that larger fish with
greater swimming capabilities and perhaps more fidelity to their rearing habitat are much
less likely to become entrained. Furthermore, there has been no evidence that trout have
been entrained and passed through either the outlet works or the Powerhouse intake
structure. Thus, trout entrainment is unlikely to occur at a level great enough to have a
substantial adverse effect on the Spada Lake trout population.

After a reviewing the Phase 1 study results, FERC stated in its Study Plan Determinations
dated February 5, 2008 and May 14, 2008, “that the existing information (18 CFR
§5.9(b)(4) is sufficient to analyze project effects on fish entrainment.” Therefore, further
investigation of trout entrainment at Spada Lake (Phase 2) was deemed to be
unwarranted.

E.6.3.2.3 Overall Effects on Lower Sultan River Salmon and
Steelhead Production

E.6.3.2.3.1 Sultan River Salmon and Steelhead Population Trends

Another approach to determine overall operational effects on populations of salmon and
steelhead in the lower Sultan River is to assess abundance trends over time. One might
hypothesize that if Sultan River salmon and steelhead abundance declined after Stage II
implementation when abundance increased in nearby populations, that the overall
cumulative effect of Project operations would be negative. In general, however,
anadromous fish populations in the Sultan River have exhibited an increasing trend in
abundance under Stage II conditions. For pink salmon, the overall effect of Project
operations has been highly beneficial. Winter steelhead abundance estimates in the
Sultan River do not appear to closely track other populations in the Snohomish River
basin; however, data limitations preclude detailed trend analysis. Coho escapement data
are not available for the Sultan River because high flows inhibit accurate counts of adults
and redds during their spawning period.
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Pink Salmon

The pink salmon spawning escapement trend under Stage II operations has been very
positive, and abundance is much greater than under Stage I conditions (Figure E.6.3-10).
An important factor contributing to increased abundance is thought to be reduced redd
scour resulting from the lower peak flows caused by Project incidental flood control
operations. Pink salmon by nature benefit from reduced scour flows because their redds
are constructed in small gravel substrates that are easily mobilized under high flow
conditions. Pink salmon redds are more easily scoured compared to other larger bodied
salmon that bury their eggs much deeper in larger spawning gravels.

Chum Salmon

Chum salmon spawning escapement trends under Stage II operations have been
increasing, and abundance is probably greater than under Stage I conditions when few
chum were observed in the Sultan River (Figure E.6.3-12). Chum have an overall
increasing trend since regular surveys began in 1991. Overall escapement is more stable
with less annual variability than in the Snohomish River basin as a whole. Similar to
pink salmon, chum likely benefit from conditions that reduce redd scour.

Chinook Salmon

As described in Section E.6.3.1.2.1, Chinook salmon escapement has been increasing in
the Sultan River under Stage II conditions. However, hatchery Chinook escapement to
the Sultan River confounds the assessment of long-term abundance trends in the Sultan
River and Snohomish basin. Since production of fall Chinook at the Wallace River
Hatchery was curtailed in 1998, the natural-origin Chinook abundance has increased at a
greater rate with less annual variability (Figure E.6.3-8) than suggested by total Sultan
River Chinook escapement trends presented in Figure E.6.3-7 (which includes hatchery
fish). Chinook salmon also likely benefit from reduced redd scour, but to a lesser degree
than pink salmon because they tend to spawn in much deeper water and in larger gravels.

Steelhead Trout

As described in Section E.6.3.1.2.5, the available data suggest that Sultan River steelhead
escapement has declined since regular surveys began in 1993. Likewise, steelhead in the
Snohomish basin have generally been declining; the escapement goal of 6,500 spawners
for the entire Snohomish basin has not been achieved since 1995. Trends in yearly
variation between the Sultan River and Snohomish basin steelhead escapement do not
closely follow each other and there is considerable variability in yearly Sultan and
Snohomish basin steelhead escapements.

E.6.3.2.3.2 Hatchery Steelhead Program

Under the existing license, the District supports hatchery steelhead programs in the
Snohomish River system by compensating WDFW for planting roughly 30,000 smolts
annually to mitigate for the lost production in OR-3 due to a lack of fish passage at the
Diversion Dam. In 2004, the Hatchery Scientific Review Group (HSRG) reviewed all
anadromous salmonid hatchery programs in Puget Sound. The Snohomish basin program
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was considered to operate in a manner consistent with short- and long-term goals. The
Hatchery Genetic Management Plan (HGMP) identifies Snohomish summer Chinook as
an ESA-listed population that may be incidentally affected by the hatchery program (in
terms of nutrient enhancement, predation, and competition). The HSRG did not assess
the impact on wild winter or summer steelhead as they were not listed under the ESA at
the time of analysis. There is a potential for genetic interaction with naturally spawning
winter steelhead, but this potential effect is likely to be insignificant due to differences in
spawning time (HSRG 2004). Interactions with naturally spawning summer steelhead are
minimized by releasing hatchery fish in the mainstem, well downstream of areas typically
used by naturally spawning summer steelhead (HSRG 2004).

E.6.3.2.3.3 Macroinvertebrates

The benthic macroinvertebrate assemblage is an essential component of the food web in
aquatic and riparian habitats. This group of bottom dwelling organisms cycle nutrients in
the aquatic environment by feeding on algae and organic detritus and by preying on a
wide range of small organisms. Benthic macroinvertebrates are also an important food
resource for fishes, amphibians, reptiles, birds and mammals. Because of benthic
macroinvertebrate abundance, taxonomic diversity and range of responses to changes in
their aquatic environment, they are commonly the resident biota used to monitor the
quality of water resources throughout the United States (Davis et al. 1996). The
composition and abundance of the benthic macroinvertebrate community is influenced by
many factors such as temperature, flow, dissolved oxygen, nutrients, habitat structure,
and substrate composition.

Flow fluctuations (i.e., ramping) in the Sultan River caused by Project operations can
cause direct mortality of aquatic organisms during downramping by dewatering
organisms or have indirect and delayed biological effects, such as increasing drift
response or reducing invertebrate forage. Flow fluctuations have been shown to reduce
benthic macroinvertebrate diversity and total biomass and can change species
composition. A study on the Skagit River found that flow fluctuations had a greater
adverse effect on the aquatic invertebrate community than a substantial reduction in
average flow (Gislason 1985).

Alterations in the annual natural hydrograph caused by hydroelectric projects that store
water and vary seasonal releases may contribute to disrupted macroinvertebrate food
webs as documented in several northern California river systems (Power et. al. 1996).
Shifts in the composition of benthic invertebrates to more predator resistant taxa have
been found to occur in regulated river systems, which potentially decreases the energy
transfer from algae (i.e., primary production) to fish (Power et. al. 1996). Reduced flow
in stream channels lowers current velocity and reduces wetted area, causing the loss of
important macroinvertebrate habitats such as side channels (Brusven 1984, Trotzky and
Gregory 1974).

LWD plays an important role in controlling channel morphology and trapping organic
debris, which is an important forage base for macroinvertebrates. The geomorphic
potential of the channel to process wood into features that trap organic debris is often
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limited by the quantity and size of wood. The quantity and size of wood that can be
transported is directly related to peak flow levels and by the abundance and size of trees
available in the riparian forest available for recruitment to the channel. Project operations
affect peak channel forming flows and thus can influence channel morphology and LWD,
affecting the quantity and quality of organic matter that can be retained and used as
forage by macroinvertebrates. However, the Project has no control over the abundance
and size of riparian trees available for recruitment to the channel.

Water released to the bypass reach is colder than in unregulated conditions for much of
the year due to the depth from which it is withdrawn from the reservoir. The life cycles
of benthic macroinvertebrates are closely linked with the temperature regimes of the
streams and water bodies they inhabit (Lehmkuhl 1972, Ward and Stanford 1979, Petts
1984, Erman 1996). Water temperature affects the growth rates and fecundity of benthic
fauna and acts as a cue for egg development, hatching, and emergence of adults.
Alterations of the normal seasonal temperature changes can disrupt the timing of these
events to varying degrees (Ward and Stanford 1979, Erman 1996).

The 1979-1980 study and the 2005 study showed that macroinvertebrate diversity and
abundance decreases in the downstream direction in the Sultan River, a typical pattern in
western Washington streams. While such a pattern may be normal, current Project flow
releases have reduced wetted side-channel and off-channel habitat, likely reducing
macroinvertebrate production, although the community structure may be similar to pre-
Project conditions. The existing ramping regime may also reduce macroinvertebrate
production. The magnitude of such an effect is unknown, but is probably relatively small
because Project ramping is much less frequent than at power-peaking hydroelectric
facilities. Cold water releases to the bypass reach probably limit macroinvertebrate
production to some degree, and the relatively low abundance of macroinvertebrates found
during the 2005 survey suggest that productivity is low. Other factors such as reduced
sediment transport and reduced flow may also contribute to low macroinvertebrate levels.

E.6.3.24 Salmon and Steelhead Monitoring

Under existing license conditions, the District cooperates with the resource agencies and
the Tulalip Tribes to conduct annual salmon and steelhead spawning surveys in the
Sultan River. The District’s surveys comply with Article 55 of their current operating
license, which states that:

Licensee shall ... study to determine the effects of Powerhouse discharge
and flow fluctuations on migration, spawning, and rearing of resident and
anadromous trout and salmon populations in the Sultan River.

The District’s spawning surveys follow WDFW procedures and include repeated counts
of salmon and steelhead adults and/or redds throughout each species’ spawning period,
coupled with an annual aerial (helicopter based) count of redds during peak spawning.
For pink and chum salmon, the method relies on actual fish counts. For Chinook salmon
and steelhead trout, the methods relies primarily on redd counts, supplemented with fish
counts. The Sultan River spawning survey index areas include the mainstem (RM 0.0 to
2.7), Chaplain (RM 4.5 to 5.2), Gold Camp (RM 7.0 to 7.3), and the Diversion (RM 9.2
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to 9.7). The mainstem index reach is a raft-based survey; the others are pedestrian-based.
During each survey, the location of all fish and/or redds is documented, and each redd is
marked with survey flagging (to prevent double counting). If high flows or turbidity
preclude surveys in the specified time frame, the surveys are performed as soon as
conditions allow. During the aerial surveys, a biologist also records the number of redds
observed in each index reach as well as in the non-index areas. To facilitate counts, the
pilot maintains the 