Chapter 31 Affected Environment/Environmental Consequences
3.2 Water Quality

3.2 Water Quality

This section describes the effects of the Proposed Action and alternatiwaseon
temperaturesuspendededimens, nutrients {otal phosphorus [TR{otal nitrogen [TN],
ortho-phosphorusnitrate, andammonium), dissolved oxygen, pHalgal toxins and
chlorophylta, andinorganic andrganic contaminantsithin the area of analysis.
Effectsof the Proposed Action and alternativesthe algd community(phytoplankton,
aguatic macrophytes, riverine phytoplankton padphyton)in the aea of analysisre
discussedn Section 3.4, AlgaeAlgal toxins are a water quality concehataffect
designated beneficial uses of water, so this section also includes a brief analysis of
project effects on algal toxins as related to beneficial USasilarly, water quality
parameters relevant to the analysis of fish disease and parasitism (e.g., water temperature,
nutrient availability) are included here as part of the Proposed Agftexcts analysis; the
full analysis of fish disease and parasitiis in Section 3.3, Aquatic Resources.

3.2.1 Area of Analysis

The area of analysis for water quality includes the Upper and Lower Klamath Baeans (
Figure 3.21), which for the purposes of the Klamath Facilities Rem&ralironmental
Impact StatemefEnvironmental Impact ReporE(S/EIR) are organized into the

following analysis segments:

Upper Klamath Basin

Wood, Williamson, and Spragiivers

Upper Klamath Lake

Link River Dam to Klamath River upstream of J.C. Boyle Reservoir
Hydroelectric Reacfu.C. Boyle Reservoir to Iron Gate Reservoir)

Lower Klamath Basin

Iron Gate Dam to Salmon River
Salmon River to Klamath Estuary
Klamath Estuary

Marine nearshore

Table 3.21 lists the river mile (RM) locations of the above reaches and of features
relevant tohe water quality area of analysis.
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Table 3.2-1. Location of Klamath Basin Features Relevant to the Water Quality

Area of Analysis

Feature

River Mile*

Upper Klamath Basin

Wood River 282.3+
Williamson, and Sprague rivers 272.3+

Upper Klamath Lake/Agency Lake 254.3 t0 282.3
Link River Dam 253.7

Keno Impoundment (including Lake Ewauna)

233.0 to 253 (Lake Ewauna 8247 to 253)

Keno Impoundment at Miller Island

246

Klamath Straits Drain (at Pumping Plant F) 240.5
J.C. Boyle Reservoir 224.7 t0 228.3
Oregon-California state line 208.5

Copco 1 Reservoir

198.6 to 203.1

Copco 2 Reservoir

198.3 t0 198.6

Iron Gate Reservoir

190.1 to 196.9

Lower Klamath Basin

Klamath River confluence with Shasta River 176.7
Klamath River confluence with Scott River 143.0
Seiad Valley 129.4
Klamath River confluence with Salmon River 66.0
Hoopa Valley Tribe 445 to 46
Weitchpec 43.5
Klamath River confluence with Trinity River 42.5
Klamath River at Turwar 5.8
Klamath Estuary 0to &2

Notes:

! River Mile (RM) refers to distance upstream from the mouth of the Klamath River.
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Figure 3.2-1. Water Quality Area of Analysis
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3.2.2 Regulatory Framework
Multiple federal, state, and tribptograms and planning documeats applicable tthe
regulationand protectiorof water quality in the area of analysis;ludingbut not

limited tothe following

Cologre Water Quality Act)

Coastal Zone Management Act
California Ocean Pla(C.W.C.813170.3

Clean Water Ac(Title 33 U.S.C. 8313[1972)
Safe Drinking Water AcfTitle 42 U.S.C. Chapte6A 8300fj [1973 as amendej]
Oregon Administrative Rules for Water Pollution Con{@AR 340-041)

North Coast Region Basin Pléasrequired bySections 132413247 of Porter

Hoopa Valley Tribe Water Quality Control Plan

3.2.2.1 Designated Beneficial Uses of Water
Beneficial uses of water@adesignated by thHeregon Department of Environmental
Quality (ODEQ), the State and Regional Water Quality ConBohrds, andhe Hoopa
Valley Tribe. Othetribal water quality program@cludingthe development and
adoption of leneficial usesare umerwayby the Karuk Tribethe Resighini Rancheria,
andtheYurok Tribe These tribes have ngétcompleted processes fdnited States
Environmental Protection Agency (BBA) approved delegation undire Clean Water
Act (CWA) (North Coast Regional WatQuality Control Board [NCRWQCB] 2010a)
Approved beneficial uses within the area of analysis are presented below (Table 3.2

Table 3.2-2. Designated Beneficial Uses of Water in the Area of Analysis

Upper Klamath Lake and
Tributaries and Klamath
River in Oregon (Oregon
Department of
Environmental Quality
[ODEQ] OAR 340-41-0180)

Klamath River in California
(North Coast Regional
Water Quality Control

Board 2006a)

Hoopa Valley Tribe
Beneficial Uses
(Hoopa Valley Tribe
Environmental Protection
Agency [HVTEPA] 2008)

Ocean Plan Beneficial
Uses

(State Water Resources

Control Board [SWRCB]
2001)

Aesthetics and Cultural

Aesthetic Quality N/A Wild and Scenic (W&S) N/A
N/A Native American Culture Ceremonial and Cultural N/A
(CUL) Water Use (CUL)**
Agricultural Water Supply
Irrigation Agricultural Supply (AGR) Agricultural Supply (AGR)* N/A

Livestock Watering

Comm

ercial

Fishing

Commercial and Sport
Fishing (COMM)

N/A

Commercial and Sport
Fishing (COMM)
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3.2 Water Quality

Upper Klamath Lake and
Tributaries and Klamath
River in Oregon (Oregon
Department of
Environmental Quality
[ODEQ] OAR 340-41-0180)

Klamath River in California
(North Coast Regional
Water Quality Control

Board 2006a)

Hoopa Valley Tribe
Beneficial Uses
(Hoopa Valley Tribe
Environmental Protection
Agency [HVTEPA] 2008)

Ocean Plan Beneficial
Uses

(State Water Resources

Control Board [SWRCB]
2001)

N/A Shellfish Harvesting (SHELL) | N/A Shellfish Harvesting
(SHELL)
N/A Aquaculture (AQUA) N/A N/A
Fish & Wildlife
Fish & Aquatic Life® Warm Freshwater Habitat N/A N/A
(WARM)
Cold Freshwater Habitat Cold Freshwater Habitat N/A

(COLD)

(COLD)

Migration of Aquatic
Organisms (MIGR)

Migration of Aquatic
Organisms (MIGR)

Migration of Aquatic
Organisms (MIGR)

Spawning, Reproduction,
and/or Early Development
(SPWN)

Spawning, Reproduction,
and/or Early Development
(SPWN)

Fish Spawning (SPAWN)

N/A

Estuarine Habitat (EST)

N/A

N/A

N/A

Marine Habitat (MAR)

N/A

Marine Habitat (MAR)

Wildlife & Hunting

Wildlife Habitat (WILD)

Wildlife Habitat and
Endangered Species (WILD)

N/A

N/A N/A N/A Preservation and
Enhancement of Designated
Areas of Special Biological
Significance (BIOL)

N/A Rare, Threatened, or Preservation of Threatened Rare and Endangered

Endangered Species (RARE)

and Endangered Species
(T&E)

Species (RARE)

Potable Water Supply

Public Domestic Water Municipal and Domestic Municipal and Domestic N/A
Supply Supply (MUN) Supply (MUN)*
Private Domestic Water
Supply
Industrial Water Supply

Industrial Water Supply

Industrial Service Supply
(IND)

Industrial Service Supply
(IND)

Industrial Process Supply
(PROC)

Industrial Process Supply
(PROC)

Industrial Water Supply
(IND)

Hydro Power’ Hydropower Generation N/A N/A
(POW)
Navigation
Commercial Navigation & Navigation (NAV) N/A Navigation (NAV)

Transportation®
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Table 3.2-2. Designated Beneficial Uses of Water in the Area of Analysis

Upper Klamath Lake and
Tributaries and Klamath
River in Oregon (Oregon
Department of
Environmental Quality
[ODEQ] OAR 340-41-0180)

Klamath River in California
(North Coast Regional
Water Quality Control

Board 2006a)

Hoopa Valley Tribe
Beneficial Uses
(Hoopa Valley Tribe
Environmental Protection
Agency [HVTEPA] 2008)

Ocean Plan Beneficial
Uses

(State Water Resources

Control Board [SWRCB]
2001)

Replacement/Recharge

N/A Groundwater Recharge Groundwater Recharge N/A
(GWR) (GWR)
N/A Freshwater Replenishment N/A N/A
(FRSH)
Recreation

Water Contact Recreation

Water Contact Recreation
(REC-1)

Water Contact Recreation
(REC-1)

Water Contact Recreation
(REC-1), including Aesthetic
Enjoyment

Boating Non-contact Water Non-contact Water Non-contact Water
Recreation (REC-2) Recreation (REC-2) Recreation (REC-2),
including Aesthetic
Enjoyment
Notes:

! See also Recreation REC-2

designation

including

flflaesthetic

enjoyment . 0

2 Designated basin-specific beneficial uses for the Klamath Basin (OAR 340-041-0180) include specific fish uses to be protected (i.e., bull trout
spawning and juvenile rearing, core cold-water habitat, redband trout, and cool water species [no salmonid use]) and are depicted in Oregon

DEQ 2004.

% Applicable for mainstem Klamath River from Upper Klamath Lake to Keno Dam (RM 255 to 232.5) (Oregon DEQ 340-041-0180)

Key:

OAR: Oregon Administrative Rules

N/A: Not applicable

* = Proposed Beneficial Use
** = Historical Beneficial Use

3.2.2.2 Water Quality Standards
3.2.2.2.1 Freshwater

Waterquality standard&or fresh surface watergave been established ®pEQ,
NCRWQCB, and théloopa Valley Tribe to protect the designated beneficial uses listed

in Table 3.22.

Oregonadministrative ruin® RS 468 B. 025 ( 1)

~

states n.

pollution of any waters of the state or place or cause to be placed any wastestioa lo
where such wastes are likely to escape or be carried into the waters of the state by any

means; and, (b) Discharge any wastes into the waters of the state if the discharge reduces

the quality of such waters below the water quality standards ebtbliy rule for such

waters

by

the Envi

ronment al

Quality

The CaliforniaPorterCologne Act definesvater quality usinghemical, physical,
biological, bacteriological, radiological, and other properties and characteristics of water
thataffectits use It further defines wateguality objectives as the limits or levels of
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water qualityconstituents or characteristitsatare established for the reasonable
protection ofbeneficialuses of water or the prevention of nuisance within a specdec a

Waterquality objectives adopted by the Hoopa Valley Tribe establater quality
objectives for thosportions of the Trinity and Klamattivers under the jurisdiction of
the tribe The Yurok and Karuk Tribes have also adopted water qualjsdives, as has
the Resighini Rancheriowever, the associateater quality plans have not yet been
approved by USEPA (NCRWQCB 204,Gee also discussion regarding tribal beneficial
uses in Section 3.2.9.1urfacewater quality olgctivesrelevantto the Proposed Action

and alternatives are listed in TalBl-3 through3.2-7.

Table 3.2-3. Oregon Surface-Water Quality Objectives Relevant to the Proposed
Action and Alternatives.

Parameter

Criteria/Description®

Biocriteria
OAR 340-041-0011

Waters of the State must be of sufficient quality to support aquatic species
without detrimental changes in the resident biological communities.

Dissolved Oxygen
OAR 340-041-0016

Sufficient concentrations of dissolved oxygen are necessary to support aquatic
life.

Coldwater aquatic life
8.0 mg/L minimum

Cool water aquatic life
6.5 mg/L minimum

Warm water aquatic life
5.5 mg/L minimum

Spawning
11.0 mg/L minimum

Spawning
8.0 mg/L minimum intergravel

Nuisance Algae Growth
OAR 340-041-0019

Algal growth which impairs the recognized beneficial uses of the water body is
not allowed.

For natural lakes that do not thermally stratify, reservoirs, rivers and estuaries,
average chlorophyll-a concentrations at or above 0.015 mg/l identify water
bodies where phytoplankton may impair the recognized beneficial uses.

pH
OAR 340-041-0021 &
OAR 340-041-0185

pH values may not fall outside the range of 6.51 9.0. When greater than 25
percent of ambient measurements taken between June and September are
greater than pH 8.7, and as resources are available according to priorities set by
the Department, the Department will determine whether the values higher than
8.7 are anthropogenic or natural in origin.

Waters impounded by dams existing on January 1, 1996, which have pHs that
exceed the criteria are not in violation of the standard, if the Department
determines that the exceedance would not occur without the impoundment and
that all practicable measures have been taken to bring the pH in the impounded
waters into compliance with the criteria.

Temperature
OAR 340-041-0028 &
OAR 340-041-0185

Water temperature must support all life stages of temperature-sensitive aquatic
communities.

Natural Conditions Criteria. Where the department determines that the natural
thermal potential of all or a portion of a water body exceeds the biologically-
based criteria, the natural thermal potential temperatures supersede the
biologically-based criteria, and are deemed to be the applicable temperature
criteria for that water body.
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Table 3.2-3. Oregon Surface-Water Quality Objectives Relevant to the Proposed
Action and Alternatives.

Parameter

Criteria/Description®

From June 1 to September 30, no NPDES point source that discharges to the
portion of the Klamath River designated for cool water species may cause the
temperature of the water body to increase more than 0.3°C (0.5°F) above the
natural background after mixing with 25% of the stream flow. Natural
background for the Klamath River means the temperature of the Klamath River
at the outflow from Upper Klamath Lake plus any natural warming or cooling that
occurs downstream. This criterion supersedes OAR 340-041-0028(9)(a) during
the specified time period for NPDES permitted point sources.

Salmon/steelhead spawning
13°C (55.4 F)

Core coldwater habitat
16°C (60.8 F)

Salmon/trout rearing
18°C (64.4 F)

Redband trout habitat
20°C (68 F)

Bull trout spawning and juvenile rearing
12°C (53.6 F)

Turbidity
OAR 340-041-0036

Numeric criterion generally prohibits turbidity increases which exceed 10-percent
above background.

Dredging, Construction or other Legitimate Activities: Permit or certification
authorized under terms of CWA Section 401 or 404 (Permits and Licenses,
Federal Water Pollution Control Act) or OAR 141-085-0100 et seq. (Removal and
Fill Permits, Division of State Lands), with limitations and conditions governing
the activity set forth in the permit or certificate.

Toxic material
OAR 340-041-0033

Toxic substances may not be introduced above natural background levels in
waters of the state in amounts, concentrations, or combinations that may be
harmful, may chemically change to harmful forms in the environment, or may
accumulate in sediments or bioaccumulate in aquatic life or wildlife to levels that
adversely affect public health, safety, or welfare or aquatic life, wildlife, or other
designated beneficial uses) Levels of toxic substances may not exceed the
criteria listed in Table 20 [from the OAR] and the new Table 40 2

Source: Oregon DEQ (OAR 340-041).
! Relevant beneficial uses are shown in bold and all caps. If no beneficial use is specified, the objective or criteria applies

to all beneficial uses.

2 0n June 16, 2011, Oregon DEQ revised human health criteria for toxic pollutants using a fish consumption rate of 175
grams per day, which is based on tribal consumption rates for tribes that live in Oregon. The new criteria will be
applicable for purposes of the Clean Water Act following approval by USEPA. This section also applies to the revised
iron, manganese, and arsenic criteria the commission adopted in December 2010 and April 2011, respectively.
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Table 3.2-4. California Surface-Water Quality Objectives

Parameter Description1

Suspended Waters shall not contain suspended material in concentrations that cause nuisance or

Material adversely affect beneficial uses.

Settleable Waters shall not contain substances in concentrations that result in deposition of material

Material that causes nuisance or adversely affect beneficial uses.

Sediment The suspended sediment load and suspended sediment discharge rate of surface waters
shall not be altered in such a manner as to cause nuisance or adversely affect beneficial
uses.

Turbidity Turbidity shall not be increased more than 20% above naturally occurring background
levels. Allowable zones of dilution within which higher percentages can be tolerated may
be defined for specific discharges upon the issuance of discharge permits or waiver
thereof.

Temperature COLD, WARM (for nontidal waters) The natural receiving water temperature of intrastate
waters shall not be altered unless it can be demonstrated to the satisfaction of the
NCRWQCB that such alteration in temperature does not adversely affect beneficial uses.
The temperature of any cold or warm freshwater habitat shall not be increased by more
than 2.8°C (5°F) above natural receiving water temperature.

Dissolved WARM, MAR, SAL, COLD, SPWN Klamath River Mainstem Specific Water Quality

Oxygen Objectives based on natural receiving water temperatures (see Table 3.2-5 for minimum

DO concentrations in mg/L)

e From Oregon-California state line (RM 208.5) to the Scott River (RM 143), 90%
saturation October 1-March 31 and 85% saturation April 1-September 30.

e From Scott River (RM 143) to Hoopa Valley Tribe boundary (&RM 45), 90%
saturation year round.

e From Hoopa Valley Tribe boundary to Turwar (RM 5.8), 85% saturation June 1-
August 31 and 90% saturation September 1-May 31.

e For upper and middle Klamath River Estuary (RM 0-2), 80% saturation August 1-
August 31, 85% saturation September 1-October 31 and June 1-July 31, and 90%
saturation November 1-May 31.

e« EST For lower Klamath River Estuary (RM 0), DO content shall not be depressed to
levels adversely affecting beneficial uses as a result of controllable water quality
factors.

Biostimulatory

Waters shall not contain biostimulatory substances in concentrations that promote aquatic

Substances growths to the extent that such growths cause nuisance or adversely affect beneficial
uses.
Nitrate i N MUN 45 mg/L as NO3*

Nitrate + Nitrite

MUN 10 mg/L as N ®

pH

The pH shall not be depressed below 6.5 units nor raised above 8.5 units

COLD, WARM Changes in normal ambient pH levels shall not exceed 0.2 units within the
range specified above.

For the Klamath River upstream of Iron Gate Dam, including Iron Gate & Copco
reservoirs, and the Klamath River downstream of Iron Gate Dam pH shall not be
depressed below 7 units nor raised above 8.5 units.

Toxicity

All waters shall be maintained free of toxic substances in concentrations that are toxic to,
or that produce detrimental physiological responses in human, plant, animal, or aquatic
life.
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Table 3.2-4. California Surface-Water Quality Objectives

Parameter

Description*

Pesticides

No individual pesticide or combination of pesticides shall be present in concentrations that
adversely affect beneficial uses. There shall be no bioaccumulation of pesticide
concentrations found in bottom sediments or aquatic life. Waters designated for use as
domestic or municipal supply shall not contain concentrations of pesticides in excess of
the limiting concentrations set forth in California Code of Regulations, Title 22, Division 4,
Chapter 15, Article 4, Section 64444.5 (Table 5), and listed in Table 3-2 of the Basin Plan.

Chemical
Constituents

Waters designated for use as domestic or municipal supply (MUN) shall not contain
concentrations of chemical constituents in excess of the limits specified in California Code
of Regulations, Title 22, Chapter 15, Division 4, Article 4, Section 64435 (Tables 2 and 3),
and Section 64444.5 (Table 5), and listed in Table 3-2 of the Basin Plan.

Waters designated for use as agricultural supply (AGR) shall not contain concentrations
of chemical constituents in amounts which adversely affect such beneficial use.

Source: NCRWQCB 2010a unless otherwise noted.

! Relevant beneficial uses are shown in bold and all caps. If no beneficial use is specified, the objective or criteria applies
to all beneficial uses.

2 Maximum contaminant level for domestic or municipal supply.

¥ Maximum contaminant level (shall not be exceeded in water supplied to the public) as specified in Table 64431-A
(Inorganic Chemicals) of Section 64431, Title 22 of the California Code of Regulations (CCR), as of April 23, 2007.
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Table 3.2-5. Minimum DO Concentrations Based on Percent Saturation Criteria' (NCRWQCB 2010a).

DO Concentrations (mg/L) | Jan | Feb | March | April | May | June | July | August | Sept | Oct Nov Dec
Stateline to Scott River 1 90% October 1 through March 31 and 85% April 1 through September 30
Stateline 10.4 9.6 8.5 7.6 7.0 6.3 6.3 6.4 6.9 7.8 9.5 10.6
Downstream Copco Dam 10.4 9.6 8.5 7.6 6.9 6.3 6.3 6.4 6.9 7.8 9.5 10.6
Downstream Iron Gate Dam 10.8 9.9 8.8 7.8 7.1 6.5 6.5 6.5 7.1 8.1 9.7 10.9
Upstream Shasta River 10.8 10.0 8.9 7.9 7.1 6.6 6.4 6.4 7.1 7.9 9.6 10.8
Downstream Shasta River 10.8 10.1 9.0 7.9 7.2 6.7 6.5 6.5 7.2 8.0 9.7 10.9
Upstream Scott River 10.9 10.2 9.1 8.1 7.2 6.7 6.4 6.5 7.1 7.9 9.8 10.9
Scott River to Hoopa i 90% all year
Downstream Scott River 10.8 10.2 9.3 8.7 7.9 7.3 6.9 6.9 7.6 8.0 9.8 10.9
Seiad Valley 10.9 10.2 9.3 8.8 7.8 7.2 6.9 6.9 7.5 7.9 9.9 10.9
Upstream Indian Creek 11.0 10.3 9.4 8.9 8.0 7.3 7.0 7.0 7.5 7.9 9.9 10.8
Downstream Indian Creek 11.0 10.3 9.5 9.0 8.1 7.4 7.0 7.0 7.6 8.0 9.9 10.8
Upstream Salmon River 11.2 10.6 9.8 9.3 8.4 7.5 7.2 7.2 7.7 8.2 10.0 11.0
Downstream Salmon River 11.1 10.6 9.9 9.4 8.5 7.6 7.2 7.2 7.7 8.2 10.0 10.9
Hoopa to Turwar i 90% September 1 through May 31 and 85% June 1 through August 31
Hoopa 11.0 10.6 10.0 9.5 8.5 7.2 7.0 6.9 7.8 8.3 10.1 11.0
Upstream Trinity River 11.0 10.6 10.0 9.5 8.5 7.2 7.0 6.9 7.8 8.3 10.0 11.0
Downstream Trinity River 10.9 10.6 9.9 9.5 8.6 7.4 7.1 7.0 7.9 8.4 10.0 10.9
Youngsbar 10.9 10.6 9.9 9.5 8.7 7.4 7.1 7.0 7.9 8.4 10.0 10.9
Turwar 10.9 10.5 9.9 9.5 8.6 7.2 6.9 6.8 7.6 8.1 9.8 10.8
Upper and Middle Estuary 1 90% November 1 through May 31, 85% September 1 through October 31 and June 1 through July 31, 80% August 1 through August 31
Upper Estuary 10.9 10.6 10.1 9.5 8.6 7.3 7.1 6.7 7.6 8.0 10.0 10.7
Middle Estuary 10.9 10.6 10.1 9.6 8.6 7.3 7.2 6.8 7.8 8.2 10.1 10.8

Lower Estuary i Narrative Objective

"The fAAlternative 30 anal ys(@G0artoanidenttie®0 cobcgntratidng listhl@RAE GabldIs not the same as the Alternative 3 referred to in the Klamath Facilities
Removal EIS/EIR. Estimates of site-specific natural temperatures inherent to the DO percent saturation estimates are derived from the T1BSR run of the Klamath TMDL model (NCRWQB 2010a).
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Table 3.2-6. Hoopa Valley Tribe Surface-Water Quality Objectives

Parameter

Criteria/Description®

Ammonia (NH3,
as mg/L N)

COLD

Because ammonia toxicity to fish is influenced by pH, waters
designated for the purpose of protection of threatened and
endangered fish species in cold freshwater habitat shall meet
conditions for ammonia based on maximum one-hour (acute) and 30-
day average (chronic) concentrations linked to pH by a formula
(HVTEPA 2008).

Periphyton

150 mg chlorophyll-a /m?

Dissolved oxygen®

COLD
8.0 mg/L minimum

SPWN
11.0 mg/L minimum

SPWN
8.0 mg/L minimum in inter-gravel water

Total Nitrogen (TN)**

0.2 mg/L

Total Phosphorous (TP)

0.035 mg/L

pH

The pH in the Klamath River shall be between 7.0 and 8.5 at all times

Microcystis aeruginosa
cell density

MUN, REC-1
<5,000 cells/mL for drinking water
<40,000 cells/mL for recreational water

Microcystin toxin MUN, REC-1
Concentration <leg/L total microcystins for dr
<8 ¢€g9g/L total microcystins for r
Total potentially toxigenic MUN, REC-1
cyanobacteria species ° <100,000 cells/mL for recreational water
Cyanobacterial scums MUN, REC-1
There shall be no presence of cyanobacterial scums
Nitrate MUN
10 mg/L

Source: HVTEPA (2008)

! Relevant beneficial uses are shown in bold and all caps. If no beneficial use is specified, the objective or criteria

applies to all beneficial uses.

2 HVTEPA (2008) includesanat ur al

condi t i lbdissolved bxggersstandartisare hohaghiefiable due to

natural conditions, then the COLD and SPAWN standard shall instead be dissolved oxygen concentrations equivalent
to 90% saturation under natural receiving water temperatures. &SEPA has approved the Hoopa Valley Tribe
definition of natural conditions; the provision that site-specific criteria can be set equal to natural background and the
procedure for defining natural background have not been finalized as of June 2011.

*HVTEPA (2008)

includes a

n a tf total aittogea and total phosphorsis stahdards sire nos t

achievable due to natural conditions, then the standards shall instead be the natural conditions for total nitrogen and
total phosph o r uWSERA has approved the Hoopa definition of natural conditions; the provision that site-specific
criteria can be set equal to natural background and the procedure for defining natural background have not been

finalized as of June 2011.

* 30-day mean of at least two sample per 30-day period.
® Includes: Anabaena, Microcystis, Planktothrix, Nostoc, Coelosphaerium, Anabaenopsis, Aphanizomenon,

Gloeotrichia, and Oscillatoria.
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Narrative and numeric
under the Ocean Plan

Chapter 31 Affected Environment/Environmental Consequences
3.2 Water Quality

water quality objectivesupprt designated beneficial uses
are listed below in T8kier.

Table 3.2-7. California Marine Water Quality Objectives Relevant to the Proposed

Action and Alternatives.

Water Quality
Objective’

Description

Physical Characteristics | o

Floating particulates and grease and oil shall not be visible.

The discharge of waste shall not cause aesthetically undesirable discoloration
of the ocean surface.

Natural light shall not be significantly reduced at any point outside the initial
dilution zone as the result of the discharge of waste.

The rate of deposition of inert solids and the characteristics of inert solids in
ocean sediments shall not be changed such that benthic communities are
degraded.

Chemical °
Characteristics

The dissolved oxygen concentration shall not at any time be depressed more
than 10% from that which occurs naturally, as the result of the discharge of
oxygen demanding waste materials.

The pH shall not be changed at any time more than 0.2 units from that which
occurs naturally.

The dissolved sulfide concentration of waters in and near sediments shall not
be significantly increased above that present under natural conditions.

The concentration of substances set forth in Chapter Il, Table B (SWRCB
2001), in marine sediments shall not be increased to levels which would
degrade indigenous biota. The concentration of organic materials in marine
sediments shall not be increased to levels that would degrade marine life.

Nutrient materials shall not cause objectionable aquatic growths or degrade
indigenous biota.

Numerical Water Quality Objectives for discharges are listed in California State
Water Resources Control Board (SWRCB) (2001), including objectives for the
protection of marine aquatic life (i.e., metals, inorganics, organics, chronic and
acute toxicity, pesticides and PCBs, radioactivity) and objectives for the
protection of human health (noncarcinogenic and carcinogenic compounds).

Source: SWRCB (2001) unless otherwise noted.
' WQOs for bacterial characteristics and elevated temperature (thermal) wastes are not included, as these water quality

parameters are not anticipated to

be affected by the Project.

3.2.2.3 Water Quality Impairments
Section 303(d) of th€ WA requires states to identify watendies that do not meeftater
guality objectives and are not supporting tligsignatedbeneficial usesThese water

bodies areonsideredo
NCRWQCBhave both

be impaired with respect to water qualit§yDEQand
included the KlamalBasin and specifically, the Klamath and

Lost Rivers ontheir CWA Section 303(d) list®f water bodies withvater quality
impairments geeTable 3.28).
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Table 3.2-8. Water Quality Impaired Water Bodies within the Area of Analysis

§ 5 E § (%] 5] ;F =
g |8 898 | E = 2|8
Water Body Name = ol & | 528 | & £ g | 8
P |E 028 | 5 £ 5 | &
= 3 £ 3 z < = =
2 |0 < 3 o
= S
Oregon*
Sprague River and tributaries x® X X
Williamson River and tributaries X
Upper Klamath Lake and Agency Lake X X X
Upper Klamath River (Keno Dam to Link River XS | xSPetwee) xsPstw 1 xs
Dam, including Keno Impoundment and Lake
Ewauna)
Upper Klamath River Oregon-California state XoPs W XSt (@)
line to Keno Dam (including J.C. Boyle @
Reservoir)®
California
Middle Klamath River Oregon-California state X X X X
line to Iron Gate Dam (including Copco Lake
Reservoir [1 and 2] and Iron Gate Reservoir)
Middle Klamath River Iron Gate Dam to Scott X X X X
River Reach®
Shasta River X X
Scott River X X
Salmon River X
Middle and Lower Klamath River Scott Riverto | X X X X
Trinity River Reach®
Lower Klamath River-Trinity River to Mouth X X X X

Notes:

! Oregon lists specific reaches of the Klamath River by river mile and includes specific seasons, in some cases (Kirk et al.

2010).

? Listed for dissolved oxygen only (non-spawning) (Kirk et al. 2010).

3 Oregon defines particular river miles for their listings.

* Non-spawning (Kirk et al. 2010).

®Selected minor tributaries to the Middle and Lower Klamath River that are impaired for sediment and sedimentation
include Beaver Creek, Cow Creek, Deer Creek, Hungry Creek, and West Fork Beaver Creek (USEPA 2010a).

® Minor tributaries to the Middle and Lower Klamath River that are impaired for sediment and sedimentation include
China Creek, Fort Goff Creek, Grider Creek, Portuguese Creek, Thompson Creek, and Walker Creek (USEPA

2010a).
Key:
Sp= Listed for spring season
S= Listed for summer season
F= Listed for fall season

= Listed for winter season
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3.2.2.4 Total Maximum Daily Loads

For water qualitympairedwater bodies (i.e., 303[disted water bodies) otal
MaximumbDaily Loads(TMDLs) must be developed by the state with jurisdiction over
the water body to protect and restore beneficial usesiter. TMDL s (1) estimate the
wat er chpaciyoassimilaé pollutants withouéxceethg water quality standargs
and, (2) set limits on the amount of pollutants taat be added to a wateody while

still protecting identified beneficial use@DEQand the NCRWQCRooperatdon the
development of TMDLs for the impaired water bodies of the Klamath BssaT &ble
3.2-8). Table 3.29 lists the status of TMDLs in the Klamath Basihable 3.29 is
followed by a brieharrativesummary of TMDLs ér each water bodp provide relevant
context for TMDL:related discussions in Section 3.2,£8ects Determinations.
Additional information regarding the Oregon TMDLs can be foomi ODE Q6 s websi t e
(http://www.deq.state.or.us/WQ¥DLs/klamath.htm andfor the California TMDLs on
the North Coast Regional Water Quality Control Board webittp:(/www.swrcb.ca.
gov/northcoaswater_issues/programs/tmdls/index.shtml

Table 3.2-9. Status of TMDLSs in the Klamath Basin

Water Body Pollutant/Stressor Agency Original Listing TMDL
Date Completion
Date’
Oregon
Upper Klamath Temperature, dissolved ODEQ 1998 2002
Lake Drainage oxygen, and pH
Upper Klamath and | Temperature, dissolved ODEQ 1998 2011
Lost Rivers oxygen, pH, ammonia
toxicity, and chlorophyll-a
California
Lower Lost River® pH and nutrients USEPA 1992 2008
Klamath River Temperature, organic NCRWQCB 1996, 1998, 2010
enrichment/low dissolved 2006, and 2008
oxygen, nutrient, and
microcystin
Shasta River Temperature and NCRWQCB 1998 and 2008 2007
dissolved oxygen
Scott River Temperature and NCRWQCB 1992, 1996, and 2006
sediment 1998
Salmon River Temperature NCRWQCB 1996 2005
Trinity Sediment USEPA 1994 and 2006 2001
South Fork Trinity Sediment USEPA 1994 and 2002 1998

Notes:
! The TMDL completion date is the year the USEPA approved or is expected to approve the TMDL.

% The Upper Lost River upstream of the Oregon border, Clear Lake Reservoir, and tributaries are listed for water
temperature and nutrients. In 2004, North Coast Regional Board staff completed an analysis of beneficial uses and
water quality conditions in the Upper Lost River watershed and concluded that the listing is not warranted.

Key:

TMDL: Total Maximum Daily Load

ODEQ: Oregon Department of Environmental Quality

USEPA: U.S. Environmental Protection Agency

NCRWQCB: North Coast Regional Water Quality Control Board
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3.2.2.4.1 Upper Klamath Lake Drainage TMDLSs

TheUpper Klamath Lak@MDLs cover temperature, dissolved oxygen, and pH. The
geographic extent of the Upper Klamath LakeDIM includeshe northern portion of
theUpper KlamatiBasin whichcomprisathree sukbasins (i.e., Upper ldmath Lake,
Williamson River,andSprague River) TMDL targets were developed for (1) TP loading
as the primary method of improving pH and dissdl oxygen condities in Upper

Klamath and Agency &kes; (2) heat loads for anthropogenic and background nonpoint
sources throughout the basin; (3) dissolved oxygen in the Sprague River (USEPA 1987);
and, (4) pH in the Sprague Rive8pecific implementatin actions, including designated
BestManagemen®ractices BMPs), are under development by the designated
management agencies (DMAS)DEQ 2002)

3.2.2.4.2 Upper Klamath River and Lost River TMDLs

TheUpper Klamath River and Lost River TMDLs cover tengtere, dissolved oxygen,
pH, ammonia toxicity, and choloropydl ODEQ approved the Upper Klamath and
Lost River subbasins TMDLs in December 2010 BISEPA is expected to approve
these TMDLs in 2011S. Kirk, pers comm, 9 March2011) TheTMDLs coverthe
southermortion of theUpper KlamatiBasin including1) the Klamath River from
Upper Klamath Lake to th@regonCaliforniastate lineand (2) impounded and riverine
sections of the Lost River from tiséate linedownstream of the Malone Damttte state
line upstream of Tule Lakand the Klamath Straits Drain from the state line to the
confluence with the Klamath RiveiThe TMDLs requireeductions in phosphorus,
nitrogen, and biochemical oxygen demand (BOD) loading from both point sources and
nonpant sources in the Upper Klamath Riyas well as augmentation of dissolved
oxygen intheimpoundnents There are no permitted posaurcef elevatedvater
temperaturefor these TMDLs The heat load allocatidior nonpoint sourceis
equivalent td.2°C (0.4 F) above applicable criterigdOnce the TMDLs are final pecific
implementation actions, includirdgsignatedMPs, will be develogdby the DMAs
(Kirk et al. 2010)

3.2.2.4.3 Lower Lost River TMDLs

ThelLower Lost River TMDLscover pH and nuteints Thegeographic extent of the
Lower Lost RiverTMDLs in Californiaincludes the Lost River fromie Oregon
California state line near Anders@&ose Dam to the Klamath Straits Drain at the
OregonCalifornia state line, including theule Lakeand Lowe KlamathNational

Wildlife Refuge areasWater from the Lower Lost River can be diverted into the
Klamath River via the Lost River Diversion Dam and the Klamath Straits Drain (after
passing through Tule Lake, the P Canal system, and, in some casesy#nélamath
National Wildlife Refuge) The TMDLs were designed to ensur e
numeric dissolved oxygen water quality standaodild be attainedn the Lower Lost
River. Implementation measures focus on water quality effects from Reclamation
Klamath Project, th&.S.Fish and Wildlife ServicdUSFW9 Klamath Refuges, and the
Tulelake Wastewater Treatment PIGdSEPA 2008)
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3.2.2.4.4 Klamath River TMDLs

The Klamath River TMDLs cover temperature, organic enrichment/low dissolved
oxygen, mtrient, and microcystinThe geographic extent of tialifornia Klamath

River TMDL analysesncludestheriver fromstate lineto the Pacific Ocean. HE

TMDLs do not specifically address existing sedimentation/siltation impairments in the
Klamath Riverfrom theTrinity River tothe Pacific Oceancurrently, sediment TMDLs

for the Trinity and South Fork TrinitRiversaddresgheseimpairments Additionally,

the Action Plans do not cover tribal land&he TMDLs assign three load allocations to
the Klarmath Hydroelectric Project (KHP) in California (NCRWQCB 28t0

e Create a compliance lens in Copco and Iron Gate Reservoirs, such that water
temperature and dissolved oxygen conditions are suitable for cold water fish
during the criticasummer period.

e Annual TP and TN loading reduction (TP=22,367 Ibs and TN=120,577 Ibs) to
offset the reduced nutrient assimilative capacity in the reservoirs (as compared to
a freeflowing river condition) that is associated with nuisance blooms of green
algae and cyanobactaiin the reservoirsTMDL targets are established for
chlorophylla, Microcystis aeruginosaell density and microcystin.

e Daily average (and daily maximum) increase in water temperatlegs/e to
inflow temperature$or reservoir tailrace waters.(@C [0.18F] for Iron Gate and
0.5°C [0.9°F] for Copco 1 and 2).

The first two load allocations include a provision for the use of reservoir management
measures to achieve the TMDL targetsumerous implementation actions are described
in NCRWQCB (2016).

3.2.2.4.5 Shasta River TMDLs

TheShasta RiveTMDL s fortemperature andissolved oxygerover the Shasta Rivea
tributary to the mainstem Klamath River, locatedhecentralportion ofthe Lower
KlamathBasin The TMDL extends from thieeadwaterso the conflueoe with the

Klamath Riverand includegributariesto the Shasta Rivend Lake Shastina
Implementation actions build upon ongoing watershed restoration and enhancement work
(e.g., hcreasing riparian vegetation to decrease water tenuper@td improve bank
stability; controlling tailwater discharges to prevent the release of elevated temperature
and nutrient enriched watergpmoting efficient water use to increase dedicated cold
water flow;addressing proximal land use activities tbhantribute to low dissolved

oxygen and high water temperatures in the watersherh as timber harvesbd road
building) (NCRWQCB 2006b2007).

3.2.2.4.6_Scott River TMDLs

The Scott RiverTMDL for temperature and sedimergvers the Scott Riveatributary
to the mainstem Klamath River, locatedhecentral portion of the Lower Klamath
Basin The TMDL extend$rom theheadwatersf the Scott Riveto its confluence with
themainstenKlamath River Implementation of the Scott River TMDL is expected
achieve water quality standards featertemperature and sediment within 40 years of
plan approval Implementation etions include the followingNCRWQCB 2007)
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e Controlling roadcaused sediment;

Reviewing dredge mining effects;

Promoting the preservan of riparian vegetation and regulating its suppression
and/or removal;

Implementing water conservation practices;

Studying groundwater uses and effects;

Ensuring flood control and bank stabilization activities

Minimizing vegetation removal/suppressiamdasediment delivery;

Regulating discharges related to timber harvest; and,

Minimizing the effect of grazing.

3.2.2.4.7 Salmon River TMDL

The Salmon RiveTMDL for temperatureoves the Salmon River, a tributary to the
mainstem Klamath River locatedtime southern portion of the Lower Klamath Basin.
The Salmon River TMDL target for water temperature applies throughout the Salmon
River watershed and iscessary to achieve the Basin Plan water quality objective for
temperature. ThBasin Plan criteriomequires no alteration of temperature without
demonstrations that an increase will not adversely affect beneficial usesytire
temperature of any cold water be increased by more than 5°F above natural receiving
temperature (NCRWQCB 2005).

3.2.2.4.8 Trinity River TMDL

The Trinity River TMDLfor sedimentovers the portions of the mainstem Trinity River
watershed governed by California water quality standards (i.e., not lands under tribal
jurisdiction) in the southern portion of the Lower Klamath Bat the confluence of the
Trinity and Klamath rivers; the TMDL does not apply to the South Fork Trinity River
The Trinity River TMDL target for sediment is a set loading capacity of 125 percent of
the background sediment delivery rate (USEPA 20&kamples of agoing
implementation actions incledbut are not limited f@ompleting watershed and road
analyses irJnited States Forest Servideé§F9 andBureau of Land Management
(BLM) lands, watershed restoration, limiting suction dredge operatiomgrebensive
aguatic monitoring, improving Timber Harvest Plan (THR)gjcontinued road/erosion
control and fuels management

3.2.2.4.9 South Fork Trinity River TMDL

The South Fork Trinity RivefMDL for sedimentovers the South Fork Trinity River
from its headwaters in the North Yolla Bolly Mountains in the southern portion of the
Lower Klamath Basin, to the confluence with the Trinity River, and includes Hayfork
Creekand other smaller tributaries. The TMBdr sediments approximately 737 tons
persquare mile per yeaOngoingimplementation actionsicludeencouraging
landownerbased sediment reduction plans, specifying requirements for sediment
reduction plans, and providing alternative land management guidelines (UBBA
Additional actionsncludedeveloping a monitoring process for the basin.
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3.2.3 Existing Conditions/Affected Environment

3.2.3.1 Overview of Water Quality Processes in the Klamath Basin

Water quality in the Klamath River is affected by the geology and meteorology of the
Klamath Basin, as well as current and historical {amdl watetuse practices. Cold air
temperatures and precipitation generally occur from November to MegeBdction

3.6, Flood Hydrology, corresponding to periods of higher flows and colder water
temperatures. Warmer air temperatures and drier conditions occur from April to October
(seeSection 3.6Flood Hydrology, corresponding to periods of lower flows and warmer
water temperatures. The relatively low relief, volcanic terrain of the upper Klama

Basin (see Section 3.1Geology, Soils, and Geologic Hazgrdapports large, shallow
natural lakes (Upper Klamath Lake, Agency Lake, Tule Lake, Lower Klamath Lake) and
wetlands, with soils that are naturally high in phosphorus. Human activities upger
basin, including wetland draining, agriculture, ranching, logging, and water diversions
hawe altered seasonal stream flows arader temperatures, increased concentrations of
nutrients (nitrogen and phosphorus) and suspended sediment in wates,canidse

degraded other water quality parameters such as pH and dissolved oxygen concentrations.
The lower Klamath Basin isomposeaf generally steeper, mountainous terrain (see
Section 3.11Geology, Soils, and Geologic Hazardshere historical hillslpe and
in-channel gold mining and extensive logging have occurred, along with agricultural and
ranching activitieshat divertwater in many of the lower tributary basins. These

activities have altered streamflows, increased concentrations of suspetideshs@nd
nutrients in watercourses, and increased summer water temperatures.

The presence and operation of the Four Facilitiegbe KlamathHydroelectric Reacbf

the upper Klamath Baseffectmany aspects of water qualitythe Klamath River. The
most common effects of hydroelectric projects on water quality result from changes in
the physical structure of the aquatic ecosystem. Dams slow the transport of water
downstream, intercept and retain sediment, organic matter, nutrients, and other
consttuents that would otherwise be transported downstream, as well as alter seasonal
water temperatures when compared to-fle@ing stream reaches.

e River and reservoir water temperatures _The primary effects of hydroelectric
project operations on the naalitemperature regime of streams and rivers are
related to alterations in water surface area, depth, and velocity due to water
diversions into or out of the stream corridor, including reservoir impoundments
and conveyance through pipelines or penstodlksese changes influence the
amount of heat entering and leaving water bodies (such as from solar radiation
and nighttime readiation), which determines the water temperatéecause
reservoirs are often deep, they can retain their water temperatweehks or
months, thereby shifting the natural water temperature patterns below reservoirs.
For example, water released from reservoirs in the springtime is typically cooler
than would naturally occur because the resemat@inssome of the cold water it
received in the winter. Similarly, water released from reservoirs in the fall is
typically warmer than would naturally occur because the reservoir still contains
water that was heated during the summer monfaklitionally, due to surface
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heating of theeservoir in the late spring and summer, a warmer, less dense water
layer forms on the reservoir surface (the epilimnion), which overlies colder,
denser water (the hypolimnion). This process is called thermal stratification and
often persists for months

e Reservoirmixing and dissolved oxygen The water column in most deep
reservoirs has a characterighermal and chemicakructure that is independent
of the size of the reservoikVith thermal stratification (in summer and falgt
isolated deeper ater is not exposed to the atmosphere and often completely loses
its supply of dissolved oxygen over a period of weeks or months as organic matter
in bottom sediments decayReleasgof this deeper, oxygedepleted water from
the bottom of theeservoircan cause serious problems for downstream fish and
other aquatic biotaln the fall, thermal stratification typically breaks down as the
surface layer cools awdind mixing of the water column occur3his processs
calledreservoir turnover

¢ Algae inreservoirs. Becausedargereservoirs have long retention times for water
and thermally stratify in the summer months, they often provide ideal conditions
for the growth of suspended algae (phytoplankton) in the epilimapending
upon available nuteints,extensivephytoplankton bloomsandevelop inthese
reservoirs Algal photosynthesiduring the day releasdissolved oxygemand
consumes carbon dioxide. At night, algal respiration consumes dissolved oxygen
and releasesarbon dioxide.This canresult inwide swingsn dissolved oxygen
and pH, which istressful to aquatic biotdJnder nutrientrich conditions,
harmfulblooms of bluegreen algae camccur, producingcyandoxins(e.g., cyclic
peptide toxins that act on the liver such as micracyatkaloid toxins such as
anatoxina andsaxitoxin that act on the nervous syster@yanotoxindiave been
found to beharmful toa wide range of biota including exposed fish, shellfish,
livestock, and humandsReleases of impounded waters can transgigete and/or
toxins to downstream waters ard g a | bl ooms can ,die abruptl
releagng cyanotoxins into the water columihe subsequendecomposition of
organic matter associated with algal remains can create periods of low dissolved
oxygenin reservoir bottom waters

e Nutrient cycling in reservoirs and internal loading. Nutrients entering
reservoirs can undergo many changes and be involved in many biochemical
processesOn an annual basis, the majority of nutrients entering a reservoir from
awatershed are eventually discharged downstream, with only a small fraction
being retained in the reservoir bottom sedimebissolved nutrientse(g.,
ortho-phosphorus, nitrate, and ammonium) entering a reservoir can be used
directly by algae when growy conditions are good. Some of these algae
eventually die and settle to the bottom of reservoirs, also contributing nutrients
(and organic matter) to the bottom sedimeniader low oxygen conditions,
nutrients contained within bottom sediments canebeleased to the water
column, creating a source of internal nutrient loading to the reservoir. This is
particularly important for phosphorasd resuk in highly enriched bottom
waters during periods of reservoir stratificatiost turnover these nutent rich
waters are mixed throughout the reservoan be released downstreang can
result in a secondary (fall) algae bloom.
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e Sediment ceposition in reservoirs The characteristically sloomoving waters
in reservoirs result in trapping of depositioifine sediments anorganic
particulate matter. Contaminants foundhebottom sediments of reservoirs are
typically transported from the watershiadassociation witlparticulate matter.
Trace metals are mostittachedo (inorganic) claysand sits. Organic
contaminants, such as pesticides and dioxinataehed (adsorbett) organic
matter

The following sections summarize general water quality trends by parameter in the
Klamath River, from the upper basin to the lower basin. Additionalldetcluding data
from multiple agency and tribal monitoring programs throughout the Klamath Basin, is
presented ippendix C

3.2.3.2 Water Temperature

Water temperatures in the Klamd&hsinvary seasonallgnd by location In the Upper
Klamath Bas, water temperaturearetypically very warmin summer monthas
ambient air temperatures heat surface watéfatertemperaturegmeasured ag-day
average maximumalues)in Upper Klamath Lake and much of the reach from Link
River Dam to the Orege@difornia state lineexceed 20C (68°F) in June through
August. Both Upper Klamath Lake and the Keno Impoundment undergo periods of
intermittent, weak summertime stratification, but water temperatures in these water
bodies are generally similar throughdie water column and among the warmest in the
Klamath Basin (peak values >25°C [>77°F])pper basindcations influenced by
groundwater springsuch as the Wood River and the mainstem Klamath River
downstream of J.C. Boyle Dafmaverelatively constantvater temperatures yeesund
andcan bes-15°C O-27°F) coolerthanother localwater bodiesluring summer months
depending on the location

Water temperatures in the Klamadlgdroelectric Reachre influenced by the presence
of the Four Facilities.The relatively shallovdepth and short hydulic residence tingin
J.C. Boyle Reservoir doot supportthermal stratificatiorfFederal Energy Regulatory
Commission FER(Q 2007; Raymond 2008, 2009, 20E0)d this reservoir does not
directly provide a source of cold wattr downstream reacheésiring summer National
Research CoundiNRC] 2003). However, arrent poweipeaking operations at the
J.C.Boyle Powerhouse contribute tiwe availability of cold watein the river just
downstream of the da@RM 221) where cold grounalater springs enter the river.
During daily peaking operatiora J.C. Boyle Powerhouse&arm reservoir discharges are
diverted from théoypasseach allowing coldyroundvaterto dominatelows in the river
(PacifiCorp 2006). Water temperatures in thypasseach can decrease biy1%°C (9-
27°F) when peaking operations are underway (Kirk et al. 2010).

Iron Gate and Copco 1 Reservare the two deepest reservoirs in the Klamath
Hydroelectric Reach These reservoirs thermgaltratify beginning in April/May anthe
surface and bottom wateds not mix again until October/November (Raymond 2008,
2009, 2010).The large thermal mass of the stored water in the reservoirs delays the
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natural warming and cooling of riverine wateniperatures on a seasonal basis such that
spring watertemperatures the KlamathHydroelectric Reachre generally cooler than
would be expected under natural conditions, and summer anehfelitemperatures are
generally warmer (NCRWQCB 2010aln the Hydroelectric Reach, aximum weekly
maximum temperature$AWMTSs), which generally occur in late Julggularly exceed

the range of chronic effects temperature threshold2((€ [55.4 68°R) for full

salmonid support in CaliforniNCRWQCB 2010a)

The temporalwater temperature pattern of the Hydroelectric Résachpeated in the
Klamath River immediately downstream of Iron Gate Dam, where water released from
the reservoirs i4—2.5°C (1.8-4.5°F) cooleiin the springand 2-10°C (3.6-18°F) warmer

in the summer and fall as compared to modeled conditions without the(BaonsCorp
2004, Dunsmoor and Huntington 2008CRWQCB 2010a This trend is discussed in
more detail inSection 3.2.48.2.1, Lower Klamath Basinimmediately downstream of

Iron GateDam (RM 190.1), water temperatures are also less variable than those
documented farther downstream in the Klamath River (Karuk Tribe of California 2009,
2010).

Farther downstream, the presence of the Four Facilities exerts less influence and water
tempeatures are more influenced by the natural heating and cooling regime of ambient
air temperatures and tributary inputs of surface water. Meteorological control of water
temperatures result in increasing temperature with distance downstream of Iron Gate
Dam. For example, daily average temperatures betweerafan8eptember are
approximately 14°C (1.8 7.2°F) higher near Seiad Valley (RM4.3) than those just
downstream of the dam (Karuk Tribe of California 2009, 2010Appendix Cfor more
detail). By the Salmon River (RM 66), the affects of the dams on water temperature are
not discernable.

Downstream of the Salmon RivRM 66), summer water temperatures begin to decrease
slightly with distance asoastal meteorology (i.e., fog and lower air terapges)

decrease longitudinal warmiri§cheiffand Zedonis 20J)Jandcool watertributary

inputs increaséhe overall flow volume in the riverdn generalhowever, the slight

decrease in water temperatuneshis reachs not sufficient to support coldater fish

habitat during summer monthBaily maximum summer water temperatures have been
measured at values greater than 26°C (78.8°F) just upstream of the confluence with the
Trinity River (Weitchpec [RM 43.5]), decreasing to 24.5°C (76.1°F) near Tuneek

(RM 5.8) (Yurok Tribe Environmental ProgranYTEP] 2005, Sinnott 2010)As is the

case further upstream, MWMTs the Klamath River downstream of Iron Gate Dam to
the Klamath River estuamnggularly exceed the range of chronic effects temperature
thresholds (1320°C [55.4i 68°H) for full salmonid support in CalifornitNCRWQCB
2010a).

Water temperatures in the Klamath River estuary are linked to temperatures and flows
entering the estuaygalinity of the estuary and resulting density stratiftcatas well as

the timing and duration of the formation o$@andberm across the estuanouth. When

the estuary mouth is open, denser salt water from the ocean sinks below the lighter fresh
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river water, resulting in a salt wedge that moves up and dosvastuary with the daily
tides (Horne and Goldman 1994, Wallace 1998, Hiner 2006). The salt water wedge
results in thermal stratification of the estuary with cooler, high salinity ocean waters
remaining near the estuary bottom, and warmer, low satingy water near the surface.
Under lowflow summertime conditionsyhen the moutlcanclosed surface water
temperatures in the estuary have been observed-a418(64.4-75.2°F)and greater
(Wallace 1998, Hiner 2006, Watercourse Engineering, Inc. 20apyut of cool ocean
water and fog along the coast minimizdreme water temperatunegich of the time
(Scheiff and Zedonig011).

3.2.3.3 Suspended Sediments

For the purposes of the Klamath Facilities Removal EIS/EIR, suspended sediment refers
to settleable suspended material in the water column. Bed materials, such as gravels and
larger substrates, are discusse8éction 3.33.2, Aquatic Resourcek Existing
Conditions/Affected EnvironmeiitPhysical Habitat Descriptiond'wo types of

suspended material araportant to water quality in the Klamath Basin anddiseussed

below: algalderived (organic) suspended material and mineral (inorganic) suspende
material. Sources of each type of suspended material differ, as do spatial and temporal
trends for eachwithin the Upper and Lower Klamath Basins.

Suspended sediments in tindutaries to thé&Jpper Klamath_ake are generally derived
from mineral (horganic) materials, witheak valuegsssociated with winter and spring
high flows Of the three main tributaries to the Upper Klamath Lake Sprague River
has been identified as a primagurce of sediment to Upper Klamath Lak&ecause
phosphoruss naturally high in Klamath Basin sediments, the Sprague River is also an
important source of this nutrient to the Igk&earhearet al.1995,0DEQ 2002, Connelly
and Lyons 2007)Sources of the sediment inputs within the Sprague River drainage
includeagriculture, livestock grazing and forestactivities, and roadelated erosion
(ODEQ 2002Connelly and Lyons 200Rabe and Calonje 20Q9)

Between Link River at Klamath Falls (RM 253.1) @hd upstream end of J.C. Boyle
Reservoir RM 224.7) algatderived (organic) suspended mateigathe predominant

form of suspended material affecting water qualitymger and fall algatierived
(organic) suspended materials decresitie distance downstregmas algae are exported
from Upper Klamath Lake and into k& Ewauna and the Keno Impoundment, where
they largely settle out of the water coluf8ullivan et al2009. Data from June through
November during 206Q005 indicate that the largest relative decrease in mean total
suspended solids (TSS) in the uppeairdath River occurs between Link River Dam and
Keno Dam (see Appendix C for more detalBuspendednaterialsgenerally continue to
decrease through the Hydroelectric Reach (PacifiCorp 2p@digye furtheinterception
decompositionand retention oélgal-derived (organic) suspended matexiafiginating
from Upper Klamath Lakeccurs as well as dilution from the springswnstream of

J.C. Boyle Dam Howeverjncreases in suspendsthterial can occur i€opco 1 and

Iron Gatereservoirgdue toin situsummertimealgal bloomswhich camadverselyaffect
beneficial usesin the winter months, suspended material in the Hydroelectric Reach is
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dominated by mineralediment loads transported during high flow eventsch can also
settle out in the KHP reseasirs (see Appendix C for more detail).

Just downstream of Iron Gate Dam (RM 190siynmer and fabuspendedediment
concentrationbecomerelativelylow. Between Iron Gate Dam and Seiad Valley (RM
129.4), suspended materials can increlsdo the traasport of inreservoir algal blooms
to downstream reaches of Klamath Rj\&s well asiver bed scouandresuspension of
previously settled materia(¥ TEP 2005,Sinnott2007, Armstrong and Ward 2008
Watercourse Engineering, Inc. 2011). Further dowastr, near the confluence with the
Scott River (RM 143.0) concentrations of suspended materials tend to decrease with
distance as suspended materials gradually settle out of the water column farther
downstream or are diluted by tributary inp(gee Appendi C for more detail)

Mineral (inorganic) suspended sediments begin to have prominence again in the Klamath
River downstream of Iron Gate Daas major tributaries to the mainstem contribute
large amounts of mineral (inorganic) suspended sediments tiwehduring winter and
spring(Armstrong and Ward 2008)Steeper terrain and land use activities sudimaser
harvest and road constructigesult in high sediment loads during hifibw periods.

Two of thethree tributaries that contribute the lssgamount osediment to the Klamath
River arein this reachthe Scott Rive(RM 143)(607,300 tonper year o0 percentof

the cumulative average annual delivery from the baamj theSalmon Rive(RM 66.0)
(320,600 tonger yearor 5.5 percenof the cumulative average annual delivery from the
basin)(Stillwater Sciences 2010). THeinity River contributes3,317,300 tonper year

of sediment to the Klamath River ¥ perceniof thecumulative average annual delivery
from the basir{Stillwater Scences 2010)see Appendix C for more detail)

3.2.3.4 Nutrients

Primary nutrients including nitrogen and phosphaesaffected by the geology of the
surrounding watersheaf the Klamath Riverupland productivity and land uses, as well
as a number gfhysical processes affecting aquatic productivity within reservoir and
riverine reachesNitrogen arriving in Upper Klamath Lake has been attributed to upland
soil erosion runoff and irrigation return flows from agriculture, as wellrasitu nitrogen
fixation by cyanobacteridDDEQ2002). Although the relatively high levels of
phosphorus present in the Uppehavdhdem mat h Basi
identified as a major contributing factor to phosphorus loading to the GdREQ@ 2002),

land wse activities in the Upper Klamath Basiavealso been linked to increased nutrient
loading(Kann and Walker 1999, Snyder and Morace 1997; see Appendix C, Section
C.3.1.2 for more detailsubsequent changes in its trophic status, and associated
degradabn of water quality.Extensive monitoring and research has been conducted for
development of the Upper Klamath Lake TMDIGIOEQ2002) that shows the lake is a
major source of nitrogen and phosphorus loading to the Klamath RaeerAppendix C

for additional detail’.
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Allowing for seasonal reservoir dynamicsthe Hydroelectric Reagimutrient levels in
the Klamath River generally decrease with distance downstrebipparKlamath Lake
due to particulate trapping in reservougdution, anduptake alonghe river channelln a
recent study of nutrient dynamics in the Klamath River, May through December nutrients
for 2005 2008 followed a decreasing longitudinal pattern, with the highest
concentrations (approximately 0.5 mg/L TP and 14 mg/L TN) measted in the
Klamath River downstream of Keno Dam (RM 2283) (Asarian et al. 2010). On an
annual basis, nutrients typically decrease thrabgtHydroelectric Reach due to the
dilution by the springs downstream of J.C. Boyle Reservoirsatiting of paitulate
matter and associated nutrientsGiopco land Iron Gate reservoirs. nG seasonal basis
TP, and to a lesser degree, ThIh increase in this reach dudhereleasgexport)of
dissolved forms of phosphorus (orthbosphorusand nitrogen (ammauam) from
reservoir sedimentduring periods ofummer and falhypolimnetic anoxiasee
Appendix Cfor additional details The seasonal nutrient releases can occur during
periods of inreservoir algal growth, or can be transported downstteairelower
Klamath River where they may stimulate periphyton growth.

Downstream of the Four FacilitieBP valuestypically range0.1i 0.25mg/L in the
KlamathRiver between Iron Gate Dam and Seiad Valley, with the highest values
occurring just downstream of the damN concentrations in the river downstream of
Iron Gate Dangenerally range from <0.1 to over 2.0 mg/L amd generally lower than
those in upstream reachese to reservoir retenticand dilution by springs the
Hydroelectric ReacfAsarianet al.2009) (see Appendix C for additional details)
Further decreases in TN occur in the maingtesr due to a combination of tributary
dilution and inriver nitrogen removal process&sch as denitrification and/or storage
related to biomass uptake (Asaridrak 2010). Ratios of itrogento phosphorus
(TN:TP) measuredn the Klamath River downstream of Iron Gate Dam suggest the
potential for nitrogedimitation of primary productivitywith some periods of
co-limitation bybothnitrogen and phosphorusHowever, concentrations of both
nutrientsare high enough that other factors (ilight, water velocity, or available
substrate) may be more limiting poimary productivitythan nutrients are, particularly in
the vicinity of Iron Gate Dam (FERC 2007, Hoogalley Tribe Environmental
Protection AgencyHVTEPA] 2008, Asarian et al. 2010) (see Appendix C for additional
details). This is particularly important with regard to factors controlling periphyton
growth in this portion of the Klamath River (see Sato4 Algae.

Downstream of the confluence with the Salmon River, nutrient concentrations continue to
decrease in the Klamath River as compared with those measured farther ugsgdam
tributary dilution anchutrient retention Contemporary data (@i 2008) indicate that

TP concentrations in this reach are generaDgi@.1 mg/L with peak values occurring

in September and October. For TN, contemporary data indicate that on a seasonal basis,
this nutrient increases from May through November, witikpmsncentrations

(<0.5mg/L) typically observed during September and OctoBlative to the higher
concentrations measured near Iron Gate Dam, these lower nutrient concentnadoes
limiting periphytongrowth in this portion of the riverBoth TPand TN are at or above
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the Hoopa Valley Tribe numeric criterion of 0.2 mg/L @Nd 0.035 mg/L TRseeTable
3.2-6).

Nutrient levels in the Klamath Estuaexperiencenter-annual and seasonal variability
Measured levels of TP in the estuary are tyipidzelow 0.1 mg/L during summer and
fall (Juné Septemberand TN levels are consistently bel®w mg/L (Juné& September)
(Sinnott 201); however, as with upstream reaches, these levels doewithe narrative
California Basin Plamvater quality objectig for biostimulatory substancdse to the
promotion of algal growth at levels that cause nuisance effects or adversely affect
beneficial usessgeTable 3.24).

3.2.3.5 Dissolved Oxygen

Dissolved oxygen concentrations in the KlamB#sindepend on seral factors,
includingwatertemperature (colder water absorbs more oxygen), water degth
volume streamvelocity (as related tonixing andre-aeratior), atmospheric pressure,
salinity, and the activity of organisms that depend upon dissolved oxygesspiaration
This last factor (respiratory consumptionytsongly influenced by the availability of
nitrogen and phosphortisr supporting algal and aquatic plant growth

In tributaries to Upper Klamath Lakemlited data indicate thaisbolved oygen varies
from <71 13 mg/L (Kann 19930DEQ2002. Concentrations ithe lakeitself exhibit

high seasonal and spatial variabilitgnging from less than 4 mg/L to greater than
10mg/L. High nutrient loading is the primary cause of eutrophication aloseguent

low dissolved oxygen levels in Upper Klamath Lake. Water quality data collected by the
Klamath Tribes contains periods of weeks during the summer months when dissolved
oxygen levels in the lake are continuously below the ODEQ criterion of 515forg
support of warm water aquatic life (Kaehal.2010). Low (@4 mg/L) dissolved oxygen
concentrations occumost frequently in August, the period of declining algal blooms

the lake and warm water temperatures (ODEQ 20Giker 2001) (see AppendC for
additional details).

In the downstream Keno Impoundment (including Lake Ewaudisgolved oxygen
reachew ery | ow Imgh)edrisgl ky 1Dt ober as al gae
Upper Klamath Laksettleout of the wateanddecay Four facilities discharge treated
wastewater to thkeno Impoundmenthowever, these facilities contribute a very small
amount (<1.5% of the organic material loading) to the overall oxygen demand in the
KenoReach. [@Rcomposition of algaansported from Upper Kiaath Lakeappears to

be the primary driver of low oxygen the Keno Impoundment (including Lake Ewauna)
(Sullivan et al. 2002t al.2011;Kirk et al.2010).

During summer, the reservoio$ the Four Facilitiegxhibit varying degrees alissolved
oxygensupersaturation(i.e., >100% saturationi surface water&@ue to high rates of
internalphotosyntheisby algag andhypolimnetic oxygerdepletionin bottom waters
(due tomicrobial decomposition afeadalgae). Although J.CBoyle Reservoir, a
relatively long, shallow reservqidoes not stratifylarge variations in dissolved oxygen
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are observed dis discharge de to conditions in the upstream reach from Link River
Dam througtthe Keno Impoundment (including Lake Ewaurar)d in Upper Klemath
Lake (seeAppendix Cfor more detail). Copca and Iron Gate Reservoirs thermally
stratify beginning in April/May and do not mix again until October/November (FERC
2007. Dissolved oxygen in Iron Gate and Copco 1 surface wetersg summer
months iggenerdy at or, in some cases abgwaturationwhile levelsin hypolimnetic
waters reaciminimum values near 0 mg/L by Julyee Appendix C for more detail).

Based upon measurements collected immediately downstream of Iron Gate Dam,
dissolved oxygen conceations regularly fall below 8 mg/{the Basin Plan minimum
dissolved oxygen criterioils now based on percent saturation, see Tabié)3Raruk

Tribe of California 2001, 2002, 2007, 2009). Continuous Sonde data collected at other
Klamath Riverocatiors downstream of Iron Gate Dam during summer 2Q006, show
that roughly 45 to 65 percent of measurements immediately downstream of the dam did
not achieve 8 mg/LDalily fluctuations of up to12mg/L measured in the Klamath River
downstream of Iron Gatedin (RM 190.1) have been attributed to daytime algal
photosynthesis and nighttime bacterial respiratiGark Tribeof California2002 2003
YTEP 2005; NCRWQCB 2010a). Farther downstream in the mainstem Klamath River,
near Seiad Valley (RM 129.4), dissetl oxygen concentrations increasktive to the

reach immediatelgownstreanof Iron Gate Dam, but continue to exhibit variability,

with mean daily values ranging from approximately 6.5Lmg/(supersaturated
concentrations of) approximately 10.5 mgiflom June through November, 26@D02

and 20062009 (Karuk Tribe of California [2001, 2002, 2007, 2009]).

Measured concentrations of dissolved oxygen in the mainstem Klamath River
downstream of Seiad ValléiRM 129.4)continue to increase with increasidigtance

from Iron Gate Dam. Dissolved oxygen concentrations near Orleans (RM 59) continue to
be variable, withypical daily values ranging from approximately 6.5 mg/L to
(supersaturated concentrations of) 11.5 mg/L from June through Novembé&r2@0D1

and 20062009 (Karuk Tribe of California [2001, 2002, 2007, 2009], Ward and
Armstrong 200, NCRWQCB 2010a) Further downstream, near the confluence with the
Trinity River (RM 42.5) and at the Turwar gage (RM 5r8)nimum dissolved oxygen
concentrationsdlow 8 mg/L (the Basin Plan minimum dissolved oxygen criterion prior
to 2010) have been observed for extended periods of time during late summer/early fall
(YTEP 2005, Sinnott 2010 201Q minimum dissolved oxygen concentrations

remained above 2010 anmtEd Basin Plan minimum dissolved oxygen concentration
criteria based on percent saturatisae Appendix C for additional details)

Dissolved oxygen concentrations in the Klamath Estuary vary both temporally and
spatially; concentrations in tlieeper, ma channebf the estuaryare generallgreater
than6 to 7 mg/L throughout the year (Hiner 2008 EP 2003. Low dissolved oxygen
concentrations (<1 to 5 mg/L) have been observed during summer months in the
relatively shallow, heavily vegetated south glogHiner 2006 Wallace 1998 The low
levels ofdissolved oxygen observed in the slowagé likely due to high rates of growth
and subsequent decomposition of algae and macrophyies$ are not abundant
elsewhere in the estuary.
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3.2.3.6 pH
Levelsof pH in the KlamattBasinvary daily, seasonallyand by location In the Upper
Klamath Basin, summertime pH levels atevated above neutr@le.,up t08.2 in the

Wood River subbasiand8.5 9.5 in the Sprague River'hese kvated pHevels have

been linked primarily to high rates of photosynthdsygeriphyton(i.e., benthic or

attached algaglODEQ 2002). During Novembiedpril, pH levels in Upper Klamath

Lake are near neutraAQuatic Scientific Resourcd8SR] 2005)but increase to very

high levels (>10) in summe&ODEQ maximum pH is 9.0, see Table-32 Extended

periods of pH greater than 9 have been associated with large summer algaliblooms
Upper Klamath LakéKann 2010). On a daily basis, algal photosynthesis can elevate pH
levelsby up to 2 pH units over a 2our period.Generally, pH in the reach from Link

River Dam through the Keno Impoundment increases from spring to early summer and
decreases in the fall; however, there ared#gendent variations in the observed trend
Peak alues can exceed tiBDEQ maximum of 9.@¢see Appendix C for additional

details)

In the Hydroelectric ReaclpH is seasonally variable, with levels near neutral during the
winter, increasing in the spring and summéteakvalues(8i 9.2) have beenecorde
duringthe months oMay and Septembaevith lower values documented June through
August (7.58) (Raymond 201Q)where the ODEQ pH maximum is 9 ur(itsr the

Klamath River upstream of the Oreg@alifornia state lineTable 3.23) and the

California pH naximum is 8.5 unitg¢for the river downstream of state line; Table-3)2
Longitudinally, the lowespH valueswererecorded downstream of J.C. Boyle Reservoir
and the highest values in Copco and Iron Gate Reservoirs (Raymond 2008, 2009, 2010).
High pH levels typically coincide with highlgal photosynthesis rates at or near the water
surface during periods of thermal stratification and high nutrient concentratitres

KHP reservoirdRaymond 2008).

In the Lower Klamath Basirseasonally high pH valsecontinue to occur, with the
highest pH values generally occur during4sienmer and eardfall months (August
September). Daily cycles in pH also occur in this reach, with pH usually peaking during
later afternoon or early evening, following the peridanaximum photosynthesis
(NCRWQCB 2010a).The California North Coast Basin Plan pH maximum of 8.5 units
(Table 3.24) is regularly exceeded in tidamath River downstream of Iron Gate Dam
for the Mayi October 2005 datasetde Appendix C for more detpilThe most extreme
pH exceedances typically occur just upstream of Shasta; Ralaes generally decrease
with distance downstreanFERC 2007; Karuk Tribe of California 2007, 2009, 2010).
During the summer mohs, pH values also are elevatiedhe lower Klamath Rivefrom
Weitchpec downstream approximatelyTurwar Creek gee Appendix C for more

detai).

In the Klamath EstuarygH ranges between approximately 7.5 and 9, with peak values
alsooccurring during the summer months (YTEP 2005). Daily tiana in pH are

typically on the order of 0.5 pH units, and fluctuations tend to be somewhat larger in the
late summer and early fall. When large délilgctuatiors are observed, they are likely
caused bylgal blooms that arfegansportednto the estuary
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3.2.3.7 Chlorophyll-a and Algal Toxins

As primary producers/)@ae arecritical components afverine and lacustrine

ecosystems Their presence and abundance affectl webdynamicsas well aphysical
water quality parameters.Q., dissolved oxyan, pH, turbidity, and nutrients the latter
throughrates of photosynthesisespirationanddecay ofdead algal cells (Horne and
Goldman 1994). Cyanobacteria are also photosynthetic and can often be a nuisance
aguatic species, occurring as large seakblooms that alter surrounding water quality.
Some cyanobacteria species, sucMaaeruginosaproducecyandoxins(e.g., cyclic
peptide toxins that act on the liver such as microcystin, alkaloid toxins such as amatoxin
and saxitoxin that act ongmervous systenthatcan cause irritation, sickness,ior
extreme casesleath to exposed organisms, including humsvisrid Health

Organization WHO] 1999.

Chlorophylta, a pigment produced by photosynthetic organisms including algae and
cyanobactea, is often used as a surrogate measure of bigalass.Algae suspended in

the water column (phytoplankton) can be represented as a concentration of chlaophyll
(mg/L), while algae attached to bottom sediments or channel substrate (periphyton) can
berepresented as an areal biomass (meaif). Periphyton data are discussed in

Section 3#, Algae.

In the tributaries to Upper Klamath Lake, algae are generally present as peripleyton
benthic or attached algas)ecies. Periphyton in these atres can cause water quality
impairments for dissolved oxygen and pH (see Appendix C for more détal)jpper
Klamath Lake, algae are dominated by phytoplankton or suspended algae. Large
summertime blooms of cyanobacteria are typically dominate&bibynizomenon
flos-aquae with relatively smaller amounts M. aeruginosgresent. Despite this,

M. aeruginosas believed to be responsible for the production of microcystin in the lake,
with concentrations in 2062008equal to or greater than thi¢orld Heath Organization
(WHO) limit for drinking water (1ug/L) and peaked at 37g/L, which is above the
Oregon Department of Public Healihidelines for issuing public health advisories
Additional microcystin data collection in Upper Klamath Lake is ongamguding
measurement of toxin levels in native suck®anderkooi et al. 2010, s&ection 3.3
AquaticResource$or more detail).

High (i.e., near 300 ug/L3ummer chlorophyh concentrations in the Keno
Impoundment (including Lake Ewauna) are dutatge populations of algae,
predominanthA. flos-aquae entering the Klamath River from Upper Klamath Lake in
summer Kann 2006 Sullivan et al. 2008, et al. 2009, et al. 206BRC 2007). Such

high concentrations do not persist farther downstreanCinBbyle Reservojrhowever,

in the two largest reservoi(se., Copco 1 and Iron Gate) the Hydroelectric Reach
chlorophylla concentratiasincrease again. Levels @opco 1 and Iron Gate Reservoirs
can be2 to 10 times greatéhan those document@&uthe mainstentiver, although they
are not as high as those found in the Keno ImpoundM&RWQCB 201@) (see
Appendix C for more detail)High levels of microcystin also occur during summer
months in Copco 1 and Iron Gate Reservoirs; peak measuredntmations exceeded the
California State Water Resources Control Bo&W@RCB)/ Office of Environmental
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Health and Hazard Assessme@EHHA) public health threshold of 8 pg/L by over 1000
timesin Copcol Reservoirduring 20062009and extremely high caentrations (1,000
73,000 pg/L) were measured durisgmmeralgal blooms irbothCopco land Iron Gate
Reservois during 2009 Watercourse Engineering 2Q1skee Appendix C for more

detai).

Throughout the Klamath Riveridh chlorophylta concentrationbave been shown to
correlate withthetoxigeniccyanobacteridloomswhereM. aeruginosavas present in
high concentrationandsharp increases microcystin levels abov&/HO numeric

targets (Kann and Corum 200®)d SWRCB, California Department of Puliealth

and OEHHAguidelines Draft Voluntary Statewide Guidance for Bigreen Algae
Blooms [SWRCB 2010]) Since 2007, igh levels of microcystimavepromped the
posting ofpublic health advisaesaround the reservoirs aatbngthe length othe
Klamath Riverduring summemonths In 2010, the KHP reservoirs and the entire river
downstream of Iron Gate Dafmcludingthe estuarywere posted to protect public
health due to elevated cyanobacteed countsand cyanotoxirtoncentrations

Microcysin can also bioaccumulate in aquatic bigann 2008, Kann et al. 2011)

85 percentf fish and mussel tissigamples collected during July through September
2007 in the Klamath River, including Iron Gate and Copco 1 Reservoirs, exhibited
microcystin bioacumulation (Kann 2008kee Appendix C for more detaillestuarine
andmarine neahore effects (e.g., sea otter deaths) from cyanobacteria exposure have
been reported in oth&aliforniawaters; however, none have been documented to date
for the KlamathEstuary omarine nearshor@Miller et al. 2010) Section 3.3.3.2

Physical Habitat DescriptiondVater Quality- Algal Toxinspresents a discussion of

algal toxins as related to fish health.

3.2.3.8 Inorganic and Organic Contaminants

In generaljnformation regarding contaminants in tpper Klamath Basinpstream of
theHydroelectric Reacls unavailable Human activities such as illegal dumping may be
a source of inorganic and organic contaminants to the lower Sprague and Williamson
river subbasirs (Rabe and Calonje 2009). The exception to thassisni¢ natural

geologic sources of arsemtay be causing relatively high levels of this chemical
elemenin the Upper Klamath Basin, as is the casethersouth central and southeastern
Oregon basis(Sturdevant 2010).

3.2.3.8.1 Water Column Contaminants

Existing water quality data are available from the California Surface Water Ambient
Monitoring Program (SWAMP)SWAMP data from 2001 through 2005 indicate that at
eightmonitoring sites from the @&ornia-Oregon state lineRM 208.5 to Klamath

River at Klamath GleiRM 5.8) the majority of inorganic constituents (i.ersenic,
cadmium, chromium, copper, lead, mercury, nickel, selenium, silvegimc)gdwere in
compliance withwater qualityobjectives. Aluminum concentrations some samples

may have been slightly elevated above USEPA freshwater aquatic life and secondary
standards for drinking water, where a greater sampling frequency would be required to
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determine actual exceedancesalissamfeswere analyzed fot00 pesticides, pesticide
constituents, isomers, aretabolites50 polychlorinated biphenyldCBs) congeners
and6 phenolic compoundsResults indicated fBCBs and only occasiondétectionsf
pesticides (NCRWQCB 2008) (see Applex C for more detail)

3.2.3.8.2 Sediment Contaminants

To investigate the potential for toxicity of the sediments trapped in the reservoirs of the
Four Facilities, Shannon & Wilson, Inc. (2006) collectediment samplesom J.C.

Boyle, Copco 1, anddn Gate Reservoirs during 20@005 and analyzed them for
contaminants including acid volatile sulfides, metals, pesticides, chlorinated acid
herbicides, PCBs, volatile organic compounds (VOCs), s@fatile organic compounds
(SVOCs), cyanide, and dioxingNo herbicides or PCBs were found above screening
levels and only one sample exceedeglicablescreening levels for VOCs ethyl

benzenes and total xylenes (Shannon & Wilson, Inc. 2006). While cyanide was detected
in multiple sediment cores, it was rfouind inthe bioavailabléoxic free cyanide form
(HCN or CN).

Dioxin, a known carcinogen, wassomeasuredn the Shannon & Wilso(2006)study.
Long-term exposuréo dioxin in humanss linked to impairment of the immune system,
the developing nerus system, the endocrine system and reproductive functiomise
2004 2005 reservoir samples, measured levels weré 2.88 pg/g (picograms per gram
or parts per trillion [ppt] expressed as Toxic Equivalent Concentrations) and did not
exceedapplicablescreening levelfor human health and ecological recepi@kannon &
Wilson, Inc. 2006Dillon 2008 USEPA 2010k or estimaté backgroundlioxin
concentration$2i 5 ppt)for nonsourceimpacted sediments throughout the U.S. and
specifically in the westerU.S. (USEPA 2010ksee Appendix C for more detailThe
measured levels did exce@degon human healénd bioaccumulation threshojds
however , hudandepitiresisoldsncluderisk-based values for subsistence
fishers as well as the generahsaming publiandare quite a bit lower (0.0011.1 pg/g
dry weight DW) Toxicity equivalency quotienflEQ]) than many other screening levels
(ODEQ 2007)see Appendix C for more detail)

As partof theKlamath Dam Removéabecretarial Determination sties, a sediment
evaluationwas undertaken during 2002011to evaluate potential environmental and
human health impacts of the downstream release of sediment deposits currently stored
behind the dams under the Proposed Adtiddediment cores were colted during

2009 2010 at multiple sites and at various sediment depths per site in J.C. Boyle
Reservoir, Copco 1 Reservoir, Iron Gate Reservoir, and the Kldfsaiary

(Department of the Interior [DOR010. A total of501 analytesvere quantifiedn the
sedimensamples, including metals, pedyomatic hydrocarbons (PAHs), PCBs,
pesticides/herbicides, phthalates, VOCs, SVO@sjims, furans,and polybrominated
diphenyl ethersRBDES (i.e., flame retardants). Samples were analyzed for sediment

! Estimates of the volume of sediment deposits stored within J.C. Boyle, Copco 1 and 2, and Iron Gate
Reservoirs include 10.0 million m® (13.1 million yd®) (Greimann et al. 2010), 11.1 million m® (Eilers and
Gubala 2003), and 15.6 million m* (GEC 2006) (14.5 to 20.4 million yd®). See also Section 3.11 of this
Klamath Facilities Removal EIS/EIR.
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chemisty and elutriate (pore water) chemistry, and bioassays were conducted on the
sediment and elutriate using fish and invertebrate national benchmark toxicity species
(seebelow for discussion of the bioaccumulation component of this stidyg

exposure sgwrios were evaluated, which generally correspond to potential effects
evaluated in this Klamath Facilities Removal EIS/EBased orcomparison®f

sediment chemistrip screening levelsSLs) andthe results of bioassaysee Section
C.7.1.1. for more etail), thereservoir sedimento not appear to be highly

contaminated. No consistent pattern of elevated chemical compas#swbserved

across discrete sampling locations within a resefil 10 single reservowasobserved

to be consistently moma less contaminated. Where elevated concentrations of chemicals
in sedimentverefound, the degree of exceedance based on comparisons of measured
detected chemical concentrations to 8lassmall and in several cas@®., arsenic,
mercury,2,3,7,8 TCDD, total PCBs)may reflect regional background conditions

(CDM 2011, see Section C.7.1.1 for more detail)

Toxicity tests generally indicated low potential for sediment toxicityeilochmark
benthic indicator speciethe exception to this occurred iniagle sample from
J.C.Boyle Reservoir, where survival of the benthic amphidgélella aztecandicated a
moderate potential faaedimentoxicity (CDM 2011). TEQs for dioxin, furan, and
dioxin-like PCBs in reservoir and estuary sediment samples wen@\ilite range of
local background values and suggest a limited potential for adverse effects for fish
exposed to reservoir sediments (CDM 2011). Lastly, sediment samples were also
evaluated for levels of known bioaccumulative compounds; ODEQ bioaccumulatio
sedimenscreening level valueS[Vs) were not exceeded in J.C. Boyle Reservoir
sediments, with the exception of a small number of samples for
dichlorodiphenyltrichloroethan®QT)s (see Section C.7.1.1 for more detail).

3.2.3.8.3 Contaminants in Aguatic Biota

Assessments of contaminants in fish tissue for the Hydroelectric Reach have been
undertaken by SWAMP and PacifiCorp. SWAMP data incklat fishtissue samples
collected durin@007 and 2008 evaluateaccumulated contaminants in nearly 38kels
statewide Sport fish were sampled to provide informationpatentialhuman exposure
to selected contaminarasid to represent thegher aquatic trophic levels (i.e., ttog of
the aquatic foodaveb)

In the Hydroelectric Reachish tissue sampk were collected i@opcol and Iron Gate
Reservoirsand analyzed for total mercury, selenium, a@BB (Iron Gate Reservoir
only) (Daviset al.2010). SWAMP data for Iron Gate and Copco reservodisate
mercurytissue concentratiorabove thdJSEPA aiterion of 300 /g methylmercury
(for consumers afioncommercial freshwatéish); and greatethan OEHHA public
health guideline levels advisory tissue Ie#&lasing and Brodberg 2008) for
consumption for 3 and 2 servings per week (70 and 150 nghyeught, respectively)
and the fish contaminant goal (220 ng/g wet weight). Measured selenium concentrations
were 3 4 orders of magnitude lower than OEHHA threshalfisoncern (2,50015,000
ng/g wet weight) and PCB concentrations were below the lowddHaEhreshold(i.e.,
fish contaminant goal of 3.6 ng/g wet weigfidaviset al.2010).
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In a screeningevel study of potential chemical contaminants in fish tissue in Keno,
J.C.Boyle, Copco, and Iron Gate Reservoirs, and in Upper Klamath Lake, PagifiCor
analyzed metals (i.e., arsenic, cadmium, chromium, copper, lead, mercury, nickel,
selenium, and zinc), organochlorine (pesticide) compounds, and PCBs in largemouth bass
(Micropterus salmoidgsand black bullhead catfisieiurus melgs(PacifiCorp

20049. PacifiCorp reported that, in general, contaminant levels in fish tigstebelow
screening level values for protection of human health (USEPA 2000) and recommended
guidance values for the protection of wildlife (MacDonald 1994). Exceptions to this
includesome tissue samples fimtal mercury arsenictotal DDTsandtotal PCBs, when
compared to screening levels for wildlife and subsistence fisimeligiual comparisons

are shown in Appendix C for more detailpioxins were not tested.

To supplemst existing fish tissue datnd provide additional lines of evidence in the
Secretarial Determination sediment evaluation (see above and Section (thel.1)
potential for chemicals in sedimeartd elutriate samplds bioaccumulatén aquatic
speciesatconcentrations above screening levelssfoological receptors (i.e., fish, birds,
humans/mammalsyas investigatedBioaccumulation studies were conducted using
laboratory invertebrates exposed to reserdeiived sediments and two species of field
caught fish collected during late September 2010 from J.C. Boyle, Copco 1, and Iron
Gate reservoirddDM 2011, see Section C.7.1.1 for more detaResultsndicatethat
multiple chemicalsverefound in invertebrateacenaphthene, arsenic, benzo(a)pyrene,
DDD/DDE, endosulfan I, endosulfan Il, endosulfan sulfate, fluoranthene,
hexachlorobenzene, lead, mercury, phenanthrene, pyrene, total PBDES, toledCBs
fish (.e., 2,3,7,8TCDD, arsenic, DDE/DDT, dieldrin, endrimercury,mirex, selenium
and total PBs) tissue under current conditio(GDM 2011) Mercuryexceeedtissue
basedoxicity reference valuedRVs) for perch in Iron Gate Reservoir and bullhead
samples in all three reservoirs (CDM 201T)RVs are not available for several
chemicals detectad invertebrate and fish tissue (CDM 2011, see Section Cford.1
more detail.

3.2.4 Environmental Consequences

3.2.4.1 Environmental Effects Determination Methods

The Klamath Facilities Removal EIS/EIR water quality analysis includes considavation
the effects of the Proposed Action and alternativesater temperaturesuspended
sedimers, nutrients (TN, TP, nitrate, ammoniurtho-phosphoru dissolved oxygen,
pH and alkalinitychlorophylta and algal toxinsand inorganic and organic comtamants
in water and reservoir sedimentor all water quality parametethe analysis approach
for water quality effectassociated with facilities removahderKlamath Hydroelectric
Settlement AgreemenKHSA) is conducted at the projelgvel and igpresented by
water quality parameteiElements oKlamath Basin Restoration AgreemeKBRA)
restoration projects that would affect water quality are identified and analyzed at a
programlevel.
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For water quality, xsting conditionsis generally definedsphyscal, chemical, and
biological characteristics of water in the area of anabfdisetime ofthe Notice of
Preparation\(Vater Year YWY] 2010). However, while some water quality parameters to
be analyzedhereare weltrepresented by data colledtduring WY2010, most are
represented by data collected within the pastld years (WY2000WY2010). Further,

the start of the analysis period for the hydrology, water temperature, and suspended
sediment modeling conducted as part of Secretarial Detatiorinstudies corresponds to
WY2012, or just following the expected date for the Secretarial Determination regarding
dam removal. Despite several existing regulations or agreements that may be partially
implemented between WY2010 and WY2012 #matwould affect water qualityin

general, conditions in the Klamath River are not expected to be substantially different
WY2012thanconditionsduring WY2000WY2010. Thereforefor the water quality
analysis existingonditions generally encompass thetdIP-yearperiodprior to
WY2012(summarized in Section 3.2.8dditional detail provided in Appendix C)

The KHSA presentsinewaterquality-related Interim Measures (BI(KHSA Section
1.2.9:

IM 3, Iron Gate Turbine Venting

IM 5, Iron Gate Flow Variabity

IM 7, J.C. Boyle Gravel Placement and/or Habitat Enhancement
IM 8, J.C. Boyle Bypass Barrier Removal

IM 11, Interim Water Quality Improvements

IM 13, Flow Releases and Ramp Rates

IM 16, Water Diversions

As discussed in Chapter[®] 3 is already comgte and included in existing conditions.

IMs 5, 7, 8, and 13re part of the No Action/No Project Alternative because they would
beimplementeta s part of Pacifi Cor P &Ms5 IndreGaiet at Conse
Flow Variability, would alter flow variabity, but the flows would stay within the historic

range of operationsOne year ofM 7, J.C. Boyle Gravel Placement and/or Habitat

Enhancemens included in the No Action/No Project Alternative becawsek is

scheduled to begin in Fall 20b&fore theSecretary makes a determinatidii 8, J.C.

Boyle Barrier Removal, could have constructietated water quality effectdM 13,

Flow Releases and Ramp Rates stipulates no change in the current flows frBoyleC.

S0 no water quality effects are aip@ted as part aéxisting conditions

2 DOI has incorporated by reference pertinent information in this chapter from: NOAA Fisheries 2011. Draft
Environmental Assessment for Authorization for Incidental Take and Implementation of the PacifiCorp
Klamath Hydroelectric Project Interim Operations Habitat Conservation Plan for Coho Salmon Available at:
http://klamathrestoration.gov/. DOI encourages readers to review this source document for more detailed
information than is summarized in this EIS/R. Though not final this environmental analysis in NOAA
Fisheries 2011 found no significant impact from IM implementation on Water Resources (Climate and
Water Flow and Water Quality) or Biological Resources.

3.2-34 7 September 2011



Chapter 31 Affected Environment/Environmental Consequences
3.2 Water Quality

Remaining IMs are included in Alternatives 2 andSgven years of IM 7, J.C. Boyle

Gravel Placement and/or Habitat Enhancement, could affect water glitping

efforts under IM 11, Interim Water Quality Ingpements are ongoing; however, pilot

scale projects are still in the data collection or planning stage, so an assessment of water
quality impacts is not yet practicalM 16, the elimination of three screendigersions

on Shovel and Negror€eks andelocation of the points of diversion from the creeks to

the Klamath Rivergould have constructierelated water quality effectddditionally,

IM 15, Water Quality Monitoring, has produced some monitoring results (Watercourse
Engineering, Inc. 2011) that areorporated into the existing conditions summary.

Within the period of analysis (i.e., 50 yearsasonably foreseeable actions associated
with water quality are anticipated to be the following:

¢ Ongoing restoration activities in the Klamath BasieeSection 24.2).

e Implementation of TMDLs foOregon andCalifornia(seeSection 3.2.2.4)

e National Oceanic and Atmospheric AdministratiddOAA) Fisheries Service
2010 Biological Opinion mandatory flowsgeSection 2.3.1).

e California Department of Fish artisame CDFG) Code Section 5937 instream
flow mandate for tributaries to the mainstem Klamath River

¢ Climate changesgeSection 3.10.3.1).

Thereforeunder the No Action/No Project Alternativeements of ongoing restoration
projects, TMDLs, and programsamdating stream flows that would affégture water

guality are identified for a specific reach and/or water quality parameter and included as
part of the analysis narrative a qualitative or, if possible, a quantitative manner

Under the Proposed Aonh and remaining alternativefiet analysis of water quality

effects considers both shderm (<2 years followingdam removadtonstruction of fish
passage facilitigsand longterm (2 50 years followingdam removadtonstruction of fish
passage facilitigd. While the timing of reservoir drawdown under the Proposed Action
was optimally developed to minimize environmental effects, some-&rorteffects are
anticipated and, for water quality, would feavily influenced by the release of fine
sediment depsits currently stored behind the dams to the downstream river reaches, the
estuary, and the marine nearshore environment. This is because mobilization of reservoir
sediment depositsould be most intense during the first year or two following dam
removal when the majoritypf sedimentsvould be eroded by river flows (Greimase al.

2011, Stillwater Sciences 2008%hortterm effects would also occur as a result of
construction activities related to fish passage strucamdsestoration activities

asseiated with dam removal and KBRA implementatid$nder the Proposed Action

and other dam removal alternativesdrterm effects on watequality would be

% This action is not included in the project description (Section 2) since it will occur only in tributaries to the
middle and lower Klamath River. It may increase flows to the mainstem Klamath River, thus it is briefly
discussed as part of the No Action/No Project Alternative analysis for water quality.

“Note that for the purposes-tefr mohias a&Ralyyxirs tilte nose thfe Fal
Ashoetm (acute)o when applied to numeric watuatclfequal i ty cri
toxicity (i.e., 24-hr or 96-hr exposure periods).
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primarily characterized by the shift from lacustrine to riverine environments in the
Hydroelectric Rach and the concomitant changes in physical and chemical processes on
water quality in this reach and downstream river reacRasametespecific analysis

methods are discussed below

3.2.4.1.1 Water Temperature

Shortterm (<2 yeardollowing dam remoul/construction of fish passage facilifies
effects of thaalternativeson water temperature are assessed based enittmg
conditionsunderstanding of the seasonal effects oK@ reservoiron water
temperaturavithin the Hydroelectric Reach amddwnstream of the dam.

For longterm (2i 50 yeardollowing dam removdtonstruction of fish passage facilifjes
effectsof the alternativeqguantitative Klamath River water quality model (KRWQM)
resul ts f or Aandidamssuncondittonsarechvaiiable(RagiiCorp 20044,
Dunsmoor and Huntington 200BERC 2007; see Appendix D for more detail), but they
do not include implementation of the Oregon and California TMDLs, which are
considered as reasonably foreseeable actions under the No Aotierdgjéct Alternative
(see above list). The Klamath TMDL model includes a demssenario (T4ABSRN)
assuming full attainment of the Oregon and California TMDLs with all Four Facilities in
place(Tetra Tech 2009kimilar to theconditions for théNo Action/No Project

Alternative. TheKlamath TMDL modelT1BSR natural conditions scenario is also

useful for analyzingvater temperature, sintieis parameterelies upona comparison to
background or natural levels for regulatory water qualityypliance TheKlamath

TMDL TOD2RN and TCD2RN scenarios assume the removal of the Four Facilities and
full TMDL implementation(Tetra Tech 2009), which is similar to the Proposed Action

to place the Proposed Action analysis in the proper context, these scenariogekygen
considered with respect to starting assumptions (i.e., model boundary conditions) about
water temperature. These scenaails® represent Keno Dam as the historical natural
Keno Reef, such that the Keno Reach is not affoeéng reach Tetra Tecr2009.

Sincethe TMDL model scenarios do not include climate change projections or changes
in future hydrology included under KBRAneadditional set of water temperature
modeling results issed for the Klamath Facilities Removal EIS/EIR anaj\tbis

RBM10 model was developed as part of the Secretarial Determination studies and
includes the effects alimate changand KBRA hydrologyon future water
temperaturesRBM10 model results use climate change predictions from five Global
Circulation ModelGCMs) (see Appendix D for more detail).

Appendix O TableD-1 shows theeaches wher€kRWQM, Klamath TMDL, and

RBM210 model resultare usedor the water quality analysis under each alternative.

Since no onexistingmodel captures all of the elemenitmbyzed for water temperature

in this Klamath Facilities Removal EIS/EIR, where possible, model ad#petised in
combination to assess similar spatial and temporal trends in predicted water temperature.
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3.2.4.1.2 Suspended Sediments

TheProposed Atton was optimally developed as an alternative, to alleservoir
drawdownto occur during winter months when precipitation, river flows, and turbidity
arenaturallyhighest. Rsults from the sediment mobility analysis conducted by the DOI
are used to jvide estimates of sheterm (<2 years following dam removajspended
sediment concentrationS$C3 downstream of Iron Gate Danmder the Proposed

Action and other dam removal alternativehesediment mobilityanalysisusedexisting
suspended sedimedata collected btheU. S. Geological SurveflySGS at the Shasta
River near YrekdUSGSgage no11517500, KlamathRiver neaiOrleans(USGSgage
n0.11523000, and KlamatiRiver neaiKlamath(USGSgage no11530500)gages to
estimatedaily total SSCgmg/L) as a function of flow (cfs) using the SRHD sediment
transport modeg|Sedimentation and River Hydrauli€@ne Dimension Version 2.4)
(Huang and Greimann 20,1Greimannret al. 201). Daily total SSCs were modeled for
existing conditionsepresentingvy 196112008( ibackgroundo) and f or
following dam removal (WY 202®021). SRHLD model output representing total
sediments, including both inorganic (i.e., mineral) and organic (i.e.;@égaied)
sediments, is applied to the Klamath FaetitRemoval EIS/EIR suspended sediment
analysis. The SRH1D model assumesthreephase drawdown for Copco 1 Reservoir
beginning on November 1, 2019, and a sirgitase drawdown for J.C. Boyle and Iron
Gate Reservoirs beginning on January 1, 2020 consistth the Proposed ActionThis
would allow maximumSSG to occur during winter months when flows are naturally
high in the mainstem river (Stillwater Sciences 2008, Greineaiah 201). The

analysis of shorterm (<2 years following dam removadffects also considers results
from previous studies (e.g., Stillwater Sciences 2010) regarding anticipated sediment
release from Klamath River Dam removal within the context of basin sediment delivery.

To informlong-term(2i 50 yeardollowing dam removadtonstruction of fish passage
facilities) effectsdetermination®n suspended materials under all of the alternatives,
existing data sources fdiSSand turbidity sources to the Hydroelectric Reach and the
lower Klamath River (e.g., PacifiCorp 20028040 YTEP 2005)areused. Existing
analyses of the potential effects of dam removal onteng sediment supply (Stillwater
Sciences 201realsoconsidered.

3.2.4.1.3 Nutrients

Under the Proposed Actioart-term (<2 years following dam removatutrient loads
associated with high SS@re assessed in a qualitative manner, considering the
likelihood of sediment deposition in the lower river, seasonal rates of primary
productivity and microbially mediated nutrient cycling, and potential light limitadfon
primary producers given the high sediment concentrations in the river.

To determinggeneralong-termspatial and temporal trend$ nutrients in the
Hydroelectric Reach and the lower Klamath River uradlesf the alternativeshe
TABSRN,TOD2RN am TCD2RN Klamath TMDLscenariogTetraTech2009 are
presented To place the Proposed Action analysis in the proper context, the TOD2RN
and TCD2RNscenariosre generally considered with respect to starting assumptions
(i.e., model boundary condition€)@ut nutrient concentrationfkeaches where
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T4BSRN,TOD2RN and TCD2RNnformation is available include all reaches associated
with the EIS/EIR nutrient analysfsom J.C. Boyle Reservoir to the Klamath Estuagg
AppendixD, TableD-1).

Additionally, anexisting analysr e gar di ng potenti al natrient
out 0 s iceeAsarianietoal. Z010% used to inform the assessment of the {targn
effects of the Proposed Action on nutrientdsing nutrientmeasurementnd hydrologic
datafor the Klamath RiverAsarian et al. (2010) constructedhssbalance nutrient

budgets to evaluate nutrient dynamicérae-flowing reaches of the Klamath River,
including longitudinal trends in absolute amdhtive retention of phosphorus and

nitrogen. The analysis alscomparé nutrient retention rates between ffé@ving river
reaches and reservoir reaches developed eange of estimates for hoseasonal P

and TN concentratiordownstream ofron Gate Dam mighive altered bylam removal
Theanalysis usedydrologic and nutrient dateollected by a variety of tribal, federal,

and state agencies, aRdcifiCorp during JuneOctober of 20062008. The mass

balance estimates for 200508 improve upon estimates for the perl@d8i 2002

(Asarian ad Kann 2006) by usingflow- and seasobased multiple regression models
for predicting daily nutrient concentrations and loads and quantification of uncertainty
relativelylower laboratory reporting limithigher sampling frequencandnutrient
specidion (i.e., not just TN and TP). The effects of dam removal were quantified using
calculated elative retention rates in river reaclasl comparing them t@sultsfrom a
retentionstudy of Copcd. andiron Gate Reservasiby Asarian et al. (2009).

3.2.4.1.4 Dissolved Oxygen

Both dhortterm (<2 yeardollowing dam removdtonstruction of fish passage facilifjes
and longterm (2-50 yeardollowing dam removdtonstruction of fish passage facilifjes
dissolved oxygeeffectsdue tothealternativesareanalyzed. For sheterm effects

under the Proposed Action and dam removal alternatigsslts of numerical modeling
conducted by theead Agenciegas part of th&lamath Dam Removal Secretarial
Determinatiorstudies are used to describe predictedtsieom dissolved oxygen levels

in theHydroelectric Reach amdbwnstream of Iron Gate Dam due to mobilization of fine
sediments following dam removal. In tha&limensional, steadstatemodel, the

different shortterm oxygen demand terms (i.e., BOD, imma¢gl oxygen demand [IOD],
andsediment oxygen deman8QD]) are offset bytributarydilution and reaeration

using an approacsimilar in concept to Streeter and Phelps (1925) dissolved oysagn
This BOD/IOD spreadsheet model also includes chemicadex demand generated

from the conversion cdimmoniumand other nitrogenous compounds in reservoir
sediments to nitrate under oxic conditions. This is termed nitrogenous oxygen demand
and is inherently included in the oxygen demand rate constants ukedBOD/IOD
spreadsheet model (Stillwater Science$120

IOD and BOD are predicted in the spreadsheet model using empirically dexiygeh
depletion rates for a particul&8SCbased on laboratory incubations conducted under the
Secretarial Determinatiooxygen demand study (Stillwater Sciences20Dxygen
depletion rates are scaled to the level of suspended sediexpeitted under each of the
three water year types considered fori@@ hydrology and sediment transport
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modelingassessment (i.e., tigal dry, median, and typical wetater years(seeSection
3.2.4.).

The BOD/IOD spreadsheet model assumes a-pinase drawdown for Copco 1
Reservoir beginning on November 1, 2019, and a sipigése drawdown for J.C. Boyle
and Iron Gate Reservoirs baging on January 1, 2020 consistent with the Proposed
Action (Greimannret al. 201). Thiswould allow maximumSSG to occur during winter
months when flows are naturally high in the mainstem river (Stillwater Sciences 2008,
Greimanret al. 201). While heKHP reservoirexhibit varying degrees of thermal
stratification and hypolimnetic anoxia during summer morgbs%ection3.2.3.), all of

the reservoirs tend to experience feliyxed conditions by November/December and
remain mixed through April/MayThus, drawdown beginning in December is expected
to involve a weloxygenated water column and, potentially, an oxic surficial sediment
layer. This is important because the spreadsheet model is highly sensitive to background
concentrations of dissolvexkygen (Stillwater Sciences 201 which are generally

highest in th&KHP reservoirgluring winter monthssgeSection3.2.3.). The BOD/IOD
spreadsheet model results encompassnanth period following drawdown in order to
estimatepotential dissolvedxygen minimums corresponding to the period of greatest
sediment transport in the river under the Proposed Action.

For longterm (2i 50 yeardollowing dam removdtonstruction of fish passage facilifjes
effects, existing information on water quality dymas and physical, chemical, and
biological drivers for dissolved oxygen in the river are used to inform the effects
determination foall of thealternatives Dissolved oxygemodel results from PacifiCorp
relicensing efforts (FERC 2007) and the Califardlamath River TMDL (NCRWQCB
2010y, seeSection 3.2.2.7.4) are also used for the {wren effects analysiswWhere
possible, the Klamath TMDL model output is used in combination with KRWQM output
to assess similar spatial and temporal trends in prelditssolved oxygenTo place the
Proposed Action analysis in the proper context, the TOD2RN and TCD2RN model
predictiongTetraTech2009 are considered with respect to starting assumptions (i.e.,
model boundary conditions) about dissolved oxygen (ait@ent) concentrations
Reaches wher€4BSRN,TOD2RN and TCD2RNnformation is available include all
reaches associated withe EIS/EIRdissolved oxygemanalysisfrom J.C. Boyle Reservoir
to the Klamath EstuargéeAppendixD, TableD-1).

3.2.4.1.5 pH
Shortterm (<2 yeardollowing dam removdtonstruction of fish passage facilifjes

effects of the alternatives on pH are assessed based on the existing conditions
understanding of the seasonal effects of the KHP reservoirs on pH within the
Hydroelectrc Reach and downstream of the dam.

For longterm (2i 50 yeardollowing dam removdtonstruction of fish passage facilifjes
effects, existing data on pH in thlydroelectric Reachnd the Lower Klamath Basin are
used to inform the effects determinati@m the Proposed Action. As for water
temperature, nutrients, and dissolved oxyd@BSRN,TOD2RN and TCD2RN

Klamath TMDL scenariogTetraTech2009 areavailable foppH. Reaches where
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T4BSRN,TOD2RN and TCD2RNnformation is available include all reaahassociated
with the EIS/EIRpH analysisfrom J.C. Boyle Reservoir to the Klamath Estuasg
AppendixD, TableD-1).

3.2.4.1.6 _Chlorophyll-a and Algal Toxins

Effects of thealternativeonthealgd community(phytoplankton, aquatic macrophytes,
riverine phytoplankton and periphytom)the Klamath Riveare discusseim Section 34,
Algae. Chlorophyllais analyzedas a separate water quality parameteéhe Klamath
Facilities Removal EIS/EIR because itisurrogate measure of algal biomasdit is
includedas a numeric criterion associated with @regonnuisance algae growth water
guality objective ¢eeTable 3.23) and a target specific to the KHP reservoirs in the
California Klamath River TMDL{NCRWQCB 2010a) The Hoopa Valley Tribe water
guality objective for chlorophyla is a measure of attached (bentlalgal growth(see
Table 3.26) and is discussed further in Section 3.4, Algae.

Quantitative predictive tools for chlorophlare not available for thaternatives

While the California Klamath TMDLs modelincludes a chlorophyih component

covering both periphyton and phytoplankttime model appears to over predict
chlorophylaunder the fidams out o scenarnotased Tetra T
for theKlamath Facilities Rewval EIS/EIRanalysis The chlorophyHa target (10 ug/L)

developed for the KHP reservoirsthe California Klamath TMDL$s based on a

Nutrient Numeric Endpoints analysigshichappears to ba conservative estimate of

mean summer chlorophydl concentations required to move the system toward support

of beneficial uses (Creagera. 2006, Tetra Tech 2008).

The chlorophyHa effects determinations are based on a qualitative assessment of
whether thalternativesvould result in exceedances of fBesgon 15 ug/L water quality
objectiveor the California 10 ug/L target for the KHP reservairgl adversely affect
beneficial usewvith respect to water column concentrations of chloropdylGrowth
conditions for suspended algae (i.e., nutrient avaitgbithpounded water) are
considered as part of the qualitative analysis, where predicted increases in nutrient
availability, water temperatures, and the availability of lacustrine (lake or reservoir)
conditions would correspondingly increase chlorophydbncentrations.

Sincealgal toxins are a water quality concern and have the potential to affect designated
beneficial uses of watemnanalysis of project effects on algal toxins as relatedetier

guality standards anukneficial uses is included thewater quality effects

determinations There are no quantitative models predigialgal toxin trends under a

dam removal scenarithus the effects determinations are based wgorus inthe

density ofM. aeruginosgor other toxinproducingblue-greenalgae)to algal toxin
concentrationssgeSection3.2.3.7 discerned frondatacollected in theHydroelectric
Reachand the Lower Klamath BasirThis information is considered along with the
potential for changes in habitat availability fdr aeruginosgor other toxinproducing
blue-green algae) under tladternatives
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3.2.4.1.7 Inorganic and Organic Contaminants

The determiation ofpotential toxicity and bioaccumulation with respect to aquatic
species and humans under #fternativess based on thevaluation of existinglataon
inorganic and organic contaminants associated with both reservoir water quality and
sediment depositais well asiew sediment contaminant data collected as part of the
ongoing Secretarial Determination studies.

The Secredrial Determination sediment evaluation process has followed screening
protocols of the Sediment Evaluation Framework (SEF) for the Pacific Northwest, issued
in 2009 by the interagency Regional Sediment Evaluation Team (RSET). The SEF is a
regional guidaoe document that provides a framework for the assessment and
characterization of freshwater and marine sediments in ldaho, Oregon, and Washington
(RSET 2009). The SEF involves a data screening assessment to compare reservoir
sediment data to available aappropriate sediment maximum levels, screening levels,
and bioaccumulation triggerst also provides guidance for conducting elutriate

chemistry toxicity bioassays, and bioaccumulation tests, and special evaluations such as
and risk assessments (th&danot utilized for this evaluation The results of the

SEFbased evaluation for the 20010 Klamath River sediment samples are used
primarily to inform the water quality effects determinations related to inorganic and
organic contaminants under tReoposed Action.

To systematically consider potential impact pathways for each of the alternatives for the
Secretarial Determination process, sediment data were compared to established sediment
screening values in a stgpse manner Elutriate (sedimet pore water) data were also
evaluated through comparison with a suite of regional, state and federal standards for
water quality; the comparison is first carried out without consideration of dilution as a
conservative approagcDM 2011)

Biologicaltesting was also conducted, using the SEF approach, and consisted of sediment
and elutriate toxicity testing and tissue analyses, or other special evaluations designed to
provide more empirical evidence regarding the potential for sediment contaminant load

to have adverse effects on recept®SET 2009. While whole sediment toxicity tests

identify potential contamination thatayaffect bottoradwelling (benthic) organisms,

toxicity tests using suspension/elutriates of dredged material assess potatetial w

column toxicity. Bioaccumulation evaluation is undertaken when bioaccumulative
chemicals of concern exceed or may exceed sediment screening levels, and thus further
evaluation is needed to determimbetherthey pose a potential risk to human heailth
ecological health in the aquatic environmdRSET 2009.

Results from elutriate and sediment toxicity bioassays and sediment bioaccumulation
tests carried out for the Secretarial Determination studies are used to provide additional
information beyondimple comparisons of sediment contaminant levels to individual
contaminant regional or national screening levélse results of sediment and elutriate
toxicity bioassays provide a direct assessment of potential toxicity that takes into account
possible mteractive effects of mixtures of multiple contaminants, and of potential
contaminants that may be present but were not individually measured.
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3.2.4.2 Significance Criteria

Significance criteria to be used for the determination of impacts on benafembf

water and water quality are listed below. These criteria are excerpted from the list of ten
significance criteria generally applicable to hydrology and water quality environmental
factors for proposed projects in California (Appendix Californa Resources Agency
[2010]). The criteria alsencompass element§ Oregon and California water quality
standards.

Effectson beneficial uses of water and water quality will be considered significant if the
Proposed Action or alternatives would any @ the following

¢ Result inregularexceeances ofvater quality standards or waste discharge
requirements
¢ Result in substantial adverse effects on beneficial uses of. water

For the purposes of this EI S/ EI R ,tanceudb st ant i

water quality and the support ofadenefi ci

intended to correspontb water quality parameters that are included orC&A
Section303(d) list(seeTable 3.28) because if a parameter is listed, it hisady been
determined that beneficial uses are not supported degutarexceedances of
establishedhumeric standards or water quality objectiv8sibstantial adverse effects can
also apply to water quality parameters thvauld expeience degradatiowithin the
EIS/EIR shorttermtime from of less than two years

Additional criteria related to groundwater and hydrology (i.e., drainage, runoff,
stormwater, flooding, and inundation) will be addressed in SectiQii8®&dHydrology
or Section 3.7Groundwater.

3.2.4.2.1 Thresholds of Significance for Numeric Standards or Water Quality

Objectives
Thresholds of significance for established numeric standards and water quality objectives

are the numeric values themselves. The numeric values for Oregjdarria, Hoopa
Valley Tribe, and the Ocean Plan are presentdébies 3.23 through3.2-7.

Numeric values presented in Tables-3through3.2-7 are used as thresholds of
significancefor water temperature, dissolved oxygen, and @ther numeric alues
presented in Tables 32through3.2-7, includingOregon and California turbidity
standards, California nitrate and nitrite standards for the support of municipal beneficial
usestheHoopa Valley Tribe criterion for chlorophydl as periphyton, anthe Hoopa

Valley Tribeammonia anditrate standasifor the support o€old freshwater habitat and
municipal beneficial useare not used as thresholds of significantke reasons for not
using these numeric standards in the water quality effectsrdesgions are discussed
below, by parameter.
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3.2.4.2.2 Thresholds of Significance for Narrative Standards or Water Quality

Objectives
3.2.4.2.2.1 Suspended Sediments

Oregon has a numeric turbidity standard based upon increases relative to background
levels(seeTable 3.23) , and Onateriqiality objectavé fer turbidity is based
upon increases relative taturalconditions §eeTable 3.24). Turbidity levels under
natural conditions are not readily available in the Klamath River data reddnde a
relationship between turbidity and suspended sediment can be developed on a watershed
specific basisseasonatoincidentsuspended sediment and turbidity data for the Klamath
Basin are noturrently sufficientgither temporally or spatiallyo develop a robust
relationship between these two parameters for either background levels or natural
conditions levels (Stillwater Scienc809. For these reasons, the established numeric
water quality objectives for turbidiiy Oregon and Californiare notused for the water
quality effects determinatiomnstead, the narrative sediment water quality objectives are
applied to the analysis.

Cal i forni ads NowatehqualtyohjsctivesBoa sispendel matenial,
settleable material, and setknt are narrative angquire that waters do not contain
concentrations that cause nuisance or adversely affect beneficiabesEable 3.24).

While the Klamath Rivehasmultiple designated beneficiakes(seeTable 3.22), the

use most sensitivie@ water quality is the cold freshwater habitat (COLD) associated with
salmoniddNCRWQCB 2010a).In order to adequately protect this disen shortterm

(<2 years following dam removatffects of the Proposed Actipthe water quality

effects determinain method focus on the suspended material water quality objective
and rey upon the extensive sediment transport modeling effort undertaken for the
Secretarial Determination procdassquantify predicted SSCs for 1 to 2 years following
dam removalgeeSection 3.2.4.1). A al t er na¢e s pen siedwsappr oach
developing a numerisuspended sedimeanthreshold of significance for potential short
term effectshas been adopted, dstailed inAppendixD, SectionD.2. Based on this
approach, the water glity effects determination uses a predicted suspended sediment
value of 30 mg/L over a-&eek exposure period as a general threshold of significance
for analyzing theshorttermeffects of the alternatives.

A more detailed analysis of suspended sediraffatts on key fish species, including
consideration of specific life history stages, SSCs, and exposure period, is required for a
comprehensive assessment of the impacts of the alternatives on the cold water designated
beneficial use. This level of analg is presented in Section 3/&uatic Resources and
appendices to this section. Further discussion of particular effects of suspended sediment
on shellfish and estuarine and marine organisms is also presefgection 3.3.4.3

Aquatic Resources.

3.2.4.2.2.2 Nutrients

Oregon does ndattipulatenumericnutrientwater quality standasiseeTable 3.23).
Californiahas a narrativevater quality objectivéor biostimulatory substancesd does
not stipulatenumericnutrient water quality standastbr the cold water habitat beneficial
use(seeTable 3.24). California does have numeric nitrate and nitrite standards for the
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support of municipal beneficial uses (i.e., drinking water). However, these standards are
much higher than concentrations that hiagen measured in the Klamath Basmch that
there is no indication that the municipal beneficial use is not being iHeipa Valley

Tribe also haanitrate standard for municipal beneficial usekich is similarly high.

The CaliforniaKlamathRiver TMDL s providethe numeric interpretation of the narrative
biostimulatory substances objective for the Klamath Riverughnumeric targets for
nutrients,organic matterchlorophylta, M. aeruginosaand microcystin.The rumeric

TMDL targets for nutrient6TP and TN) and organic matt@scarbonaceous

biochemical oxygen demaf@BOD]) are established for the tailraces of Copco 2 and

Iron Gate Dams The numeric TP targetange0.023 0.029 mg/L for MayOctober and
0.024 0.030 mg/L for Novembé@&April. Thenumeric TN targetsange0.252 0.372

mg/L for Mayl October and 0.30349.395 mg/L for Novembé@&April (NCRWQCB

2010a). These targets are basedtbaT4ABSRNscenariq AppendixD, SectionD-1) and

are establishedsthe monthly mean concentrations thibw achievement of then-

reservoir chlorophylas u mmer mean t daheM. aerugimo$acellldensig/ g / L,
target of 20,000 cells/mL, andemi cr ocy st i n (NGRW@EBt2016d). 4 e g/ L

For multiple locations in the Klamath River, the TMDL model results indicate large daily
variability in TP andI'N that exceeds th&mallrangein the monthly TMDL targets,
particularly duringsummer and early fall (i.e., generally Ju@etober)(Tetra Tech

2009). Thereforethenutrient effectanalysis considenshether ageneral downward (or
upward) trend in TRnd TN toward (or away from) the numeric targetsild occur and,
gualitatively, whether such a trend woslapport or alleviatéhe growth of nuisance

and/or noxious phytoplankton or nuisance periphyton

3.2.4.2.2.3 Chlorophyll-a and Algal Toxins

Within the area of analysiQregon possessasiumericcriterionfor chlorophylla that is
associated witthe nuisance algae growth water quatibjectiveand applies to natural
lakes that do not thermally stratify, reservoirs, rivers, and estyae=table3.2-3).

The Klamath River TMDL®stablisha chlorophyla target specific to th&HP of

10 ug/L during the growth season, based on a Nutrient Numeric Endpoigsiisnal
(NCRWQCB 2010a) The Hoopa Valley Tribe has a chlorophgltriterion (150 mgh?;
see Table.2-6) for their periphyton density water quality objective, which is applicable
t o a short T46)ekthe Klanfath Rikr upgream of the Trinity River.
However, since effects of the Proposed Action on periphyton growth are addresse
Section 3.4Algae, chlorophyHa as a measure of periphyton density is not discussed
further in the water quality effects analysis.

The Oregon criterion (15 ug/L) and the California TMDL target (10 ug/L) are used as
chlorophylta thresholds of sigficance forJ.C. Boyle Reservoir and Copco 1 and Iron
Gate reservoirs, respectiveAnticipatedregular exceedances thiese thresholds would
constitute a significant impact for this analysis

For algaltoxins, both Oregon and California have narratiater quality objectives for
general toxicity $eeTable 3.23 and 3.24). TheHoopa Valley Tribe has numeric
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objectives for algal toxinséeTable 3.26). The WHOhas set numerithreshold for
recreational exposures of microcystin toxitat € fpr/alow probability of adverse

health effectsa n d

2 @or aangderhate probability of adverse health efféE@coner

et al. 1999Chorus and Cavalieri 2000)The WHO thresholds ageneralevels
representin@ variety of toxigenic cyanobacteri@regm has adoptepublic health
guidelines for recreational exposuregmilar tothe WHO valuesand Californiausesthe
Draft Voluntary Statewide Guidance fBluefsreen Algae Bloom&WRCB 2010
developed jointly byhe CaliforniaDepartment of Public HealtisWRCB and OEHHA.
To avoid conditions that lead to water quality impairmeims Galifornia Klamath River
TMDLs use the WHOow probability of adverse health effed¢tsesholdsas targets
specificto the California reaches of the KHP fdr aeruginosaand microcystin toxin
(seeTable3.2-10).

Table 3.2-10. Summary of Water Quality Guidance, Criteria, or Targets for
Toxigenic Blue-Green Algae and Algal Toxins in the Area of Analysis

Source

Description

Oregon®

Public health
guidelines for
recreational

40,000 cells/mL M. aeruginosa, or
8 €g/L microcystin

exposure
California®
Draft Voluntary >100,000 cells/mL potentially toxigenic blue-green algae, or
été}tdeWIdef 40,000 cells/mL M. aeruginosa, or
uidance for : .
8 €g/L microcystin
Blue-Green 9 y

Algae Blooms

California Klamath River TMDL®

Chl-a target for
California KHP
reservoirs
(growth season)

< 20,000 cells/L M. aeruginosa, or
< 4 ug/L microcystin

Hoopa Valley Tribe*

Microcystis <5,000 cells/mL for drinking water

aeruginosa <40,000 cells/mL for recreational water

cell density

Microcystintoxin | <1eg/ L tot al microcystin for drinking wat
Concentration <8 ¢€g9g/L total microcystin for recreations
Total potentially | <100,000 cells/mL for recreational water

toxigenic

cyanobacteria

species

' Oregon DEQ (OAR 340-041): At these levels, water considered impaired.
2 SWRCB (2010): At these levels, water considered impaired.

¥ NCRWQCB (2010a): These targets are set to avoid conditions that could lead to water quality impairments.

“HVTEPA (2008): At these levels, water considered impaired.

®Includes: Anabaena, Microcystis, Planktothrix, Nostoc, Coelosphaerium, Anabaenopsis, Aphanizomenon, Gloeotrichia,

and Oscillatoria.
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Since it is common t@regon, California, anthe Hoopa Valley TribgseeTable 3.210),
the < 8 ug/Lcriterion for microcystinin reaeational water isised ashethreshold of
significance for this Klamath Facilities Removal EIS/EIRs is the case with
chlorophylta, quantitative predictive tools falgal toxinsare not available for the
Proposed Action Thereforethealgal toxineffects determinations are based on a
gualitative assessmentwhether the Proposed Actievould result in exceedances thie
criterionand adversely affethe human healtmecreational beneficial uses (REC

REG-2; Table 3.22). Growth conditions fotoxigenicsuspended algae (i.e., nutrient
availability, impounded water) are considered as part of the qualitative analysis, where
predicted increases in nutrient availability, water temperatures, and the availability of
lacustrine (lake or reservoir) catidns would correspondingly increaakgal toxin
concentrations.

3.2.4.2.2.4 Inorganic and Organic Contaminants

Both Oregon and California haveater quality objectives related to inorganic and

organic contaminants Or egonds t oxiamartative andajnentetici ve has
componentgeeTable3.2-3); the numeric component has chemispécific water

column criteria for freshwater and marine aquatic life and human h&adik 20117).

Oregondés numeric mari ne aqiurgthéerbecausethte criter.i
Proposed Action would not affect the marine
chemical constituentsbjective is numeridigted in the Basin Plan [NCRWQCB 2006a],

as noted imable3.2-4 and has chemicapecific watercolumn critera for freshwater

and marine aquatic life and human health, incluthiogccumulative chemicals such as

PCBs, methylmercury, dioxinand furangCDM 2011 . C a ltoxidityoandn i a 6 s
pesticidebjectives are narrativedeTable3.2-4). Hoopa Valley ado has an ammonia

toxicity objective based on pH and temperatsee(able 3.26). However, since

available data collected to date suggests no actual ammonia toxicity events associated

with the operation of the Four Facilities (NCRWQE@&1(®), this objedte is not

considered further.

Thresholds of significance for tl@regon and Californiaarrativewater quality

objectives focusn designated beneficial usasd are applicable for contaminants in

either the water column or the sediments. For this Klafatilities Removal EIS/EIR,
establishment of toxicity and/or bioaccumulative potential for sediment contaminants

relies upon thresholds developed through regional and state efforts sucls&&the

the Pacific NorthwesfAppendixD, SectionD.3). TheSEF includes bulk sediment

screening levels for standard chemicals of concern and chemicals of special occurrence in
marine and freshwater sediments for Idaho, Oregon, and Washington (RSET 2009).
Additionally, Oregorhas developed bioaccumulation scregrievel valueshatare used

for this Klamath Facilities Remov&8lIS/EIR analysis.Similar numeric chemical

guidelines for the assessment and characterization of freshwater and marine sediments do
not exist for California Additional information regardg applicable sediment screening
levels used for the Secretarial Determination sediment evaluation pi®pessented in

CDM (2011).
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Impacts onwater quality would be considered significaintesults ofsediment and
elutriatechemicalanalysesnd biolgical testing indicatéhat d least one chemica
detected at a level with potential for significant adverse effects basedlople lines of
evidencgCDM 2011). This evaluation is not intended to be equivalent to the SEF
process.

3.2.4.3 Effects Determinations

3.2.4.3.1 Alternative 1: No Action/No Project Alternative

Under this Alternative, the Klamath Hydroelectric Project would continue current
operations under the terms of an annual license ulttigatermlicense is finalized.
Somerestoationactions have already been initiated and would continue under the No
Action. These include the Williamson River Delta Project, the Agency Lake and Barnes
Ranch Project, fish habitat restoration work, and ongoing climate change assessments.
The TMDLswould still be implemented under this and all other alternatives as they are
an unrelated regulatory action. Hydroelectric operations would continue as they have
been, providing peaking power generation during the summer as demand requires and
conditionsallow. The No Action/No Project Alternative would leave the Four Facilities
in place. In the Upper Klamath Basin, this woatdy affectwater quality inthe
Hydroelectric Rach howeverresource management acti@isewhere in the Upper
Klamath Basini(e., Upper Klamath Lake and tributaries) are alsalyzed under this
alternativebecause they would potentially affect water quality further downstream

3.2.4.3.1.1 Water Temperature

Upper Klamath Basin

Continued impoundment of watat the Four Fadities could result inshortterm and
long-termseasonal water temperat@wthat are shifted from the natural thermal regime
of the river anddo not meet applicabl@DEQand California Basin Plan water quality
objectives and adversely affect beneficialsisghe Hydroelectric ReachUnder

existing conditions, atertemperaturegmeasured ag-day-average maximumalues)in
much of the reach frordpper Klamath Lake to the Oreg@alifornia state linexceed
20°C (68°F) in June through Augusind result imon-attainment of théish andaquatic
life beneficial usdor spawning and rearing of salmon, steelhead, and trout, as well as
core coldwater habitdseeTable 3.23). The exception to this occurs in the J.C. Boyle
BypassReachwherecold groundwatesprings enter the riveat a relatively constant
11-12°C (Kirk et al. 2010).Due to the constant groundwater input, there is also little
daily fluctuation in water temperatures in this reach. dosmnstream, in the J.C. Boyle
Peaking Rach, water tempexaes fluctuate on a daily basis due to powerhouse peaking
flows. When peaking flowsra not occurring, water in the Peakingd®h is dominated
by cooler water from the upstream groundwater springs. When peaking flows from
J.C.Boyle Reservoir enter theach, water temperatures can incrdasgeveral degrees
(PacifiCorp 2006b). Further downstream in @ediforniaportions of the Klamath River
summemMWMT sthroughouthe Hydroelectric Reach regularly exceed the range of
chronic effects temperature #sholds (1820°C [55.4 68°H) for full salmonid support
in California(NCRWQCB 2010aand resulin nonattainment oflesignatecCOLD and
WARM beneficial usessgeTable 3.24)
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Under the No Action/No Project Alternative, several ongogspurce management
actionsin the Upper Klamath Basin represent reasonably foreseeable actions related to
water temperature within the period of analysis (50 years). Underway since 2007, the
Williamson River Delta Project is intended to restore wetlands for endangered fish
specieaand improve water quality in Upper Klamath LgkeeSection2.3.1). Thus far,

the projechasinvolved breachingver two miles of agriculturdéveesalong the

Williamson Rver where itflows into Upper Klamath Lakeestoing approximately

3,500 acres of wetlands 2007 and madditionall,400 acregn 2008. One of the project
goals is to create wetlands with warmer spring water temperatures for rearing fish in the
wetlands (as compared to cooler temperatures in the Williamson River or Klppeath
Lake). The Agency Lake and Barnes Randhegectwould usehistoricallydiked and
drained portions of thBarnes Rnches as interim pumpeaterstorageareasultimately
reconnedhg themto Agency LakgseeSection 23.1). Breaching the dikesould

convert the curreri3,770 acre feet pumped storage to passive storage in Upper Klamath
Lake. Specific optionsstill need to beleveloped and studiexs part of aeparate
projectlevel NationalEnvironmentalPolicy Act (NEPA)evaluatiorandEndangeed
SpeciesAct (ESA)consultation At a programmatic level, these activitraayimprove
springtime water temperatures for spawning and rearing of fish in Upper Klamath Lake
and tributaries to the lake. Additiorr@source management actioetated tospring,
summer, and fall water temperatures that are ongoing in tributaries to Upper Klamath
Lake GeeSection 23.1) include the following:

Floodplain rehabilitation

Large woody debris replacement

Riparian vegetation planting

Purchase of conservation eamtsand/orland

Although theseesource management actiamsuld improve water temperatures in the
Upper Klamath Basin under the No Action/No Project Alternative, the effects would only
be local and would not measurably improve water temperatures lytheelectric

Reach. Theseesource management acti@re discussed again with respect to water
guality effects under th€BRA (seeSection 3.2.4.3ull Facilities Removal of Four

Dams- KBRA).

In Oregon, implementation measures focused on water tatapein the Upper Klamath
Lake Drainage TMDL and those in the Upper Klamiber and Lost River Sulbasins
TMDLswould improve water temperatures in the Hydroelectric Reach. The Oregon
TMDLs include heat load allocatiofgr anthropogenic and backgroundnpoint

sources, where effective shade and channel morphology targets are used as surrogate
measures for controlling nonpoint soutemperaturéoading(seeSection 3.2.2.4)

To support beneficial uses in California, the North Coast Basin Plan sépukeat water
temperature can not be increased by more tha@ Z®F) above natural receiving
temperaturessgeeTable 3.24). The NCRWQCB has determined that natural receiving
water temperatures in the Klamath River are already too warm to suppgrtatedi
beneficial uses. Thereforine Klamath TMDL allocates a daily average (and daily
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maximum) increase in water temperatus&8.5°C [0.9F] for Copco 1 and Beservoir
tailracesand0.1°C [0.18F] for theIron Gate Reservotnilrace This allocaton is
designed to alleviatéhelate summer/falp-10°C (3.6-18°F)warming caused by the
reservoirammediately downstream of Iron Gate Damderexisting conditiongsee
Section 3.2.3.2) Additionally, a compliance lens i@opco 1 and Iron Gate Reservoirs
must be maintaineduch that water temperatwed dissolved oxygen conditions would
be suitable for cold water fish the reservoirsluring the critical summer periqdee
Section 3.2.2 4 To date no proposed action has been identified by PacifiCorp to
achieve the temperature allocasassignetbb Copco 1 and Iron Gate reservoirs.

TheKlamath TMDL modelsee AppendiD) indicates that under the No Action/No
Project Alternative (similar to the TMDL T4BSR&¢enarip water temperatures in the
reach from Link River Dam to just upstream of J.C. Bdykservoifincluding Keno
Impoundment and Lake Ewauran)d in the Hydroelectric Reach would be very similar
to modeled natural conditions temperatures (TMDL T1B8&hari) (NCRWQCB
2010a). While theKlamath TMDL model output also indicates timaturalconditions
would exceed th&6°C (60.8°F) numeric water quality objective for the support of core
coldwater habitaih OregonduringJuné October(seeTable3.2-3), the narrative Oregon
standard stipulates that the natural conditions critemould supesede the numeric
criterion Thus, asuming eventual fulittainmenbf the Oregon and California TMDLSs,
water temperature objectives in the Klamath Hydropower Reach can be met; however,
the timeframes for achieving water temperature allocations requitkthe TMDLS

will depend on the measures taken to improve water quality conditiisattainment
could require decades to achieve.

The TMDL models do not address the potential effects of global climate change on water
temperatures in the KlamaBasin (Appendix D)Within the period of analysis (i.e., 50
years), imate changenodels for the regiosuggest that as tlveestern United States
warms,air temperature will increase, there will beslight increase ioverall

precipitation winter snowfall will likely shift to higher elevationsand snowpack will be
diminished as more precipitation falls as ré@@regon Climate Change Research Institute
[OCCRI 2010; see als8ection 3.10.3.1)For the Sprague Rivavatershedincreased
flooding earlierin the spring and decreased summer baseflould occuras a
consequence of increased and decreased proportions of rainfall and snowfall,
respectivelygiven climate change projectio(Risley 2010). In the Klamath Basin as a
whole, increasing air tempéwaes and decreasing flows in the summer months would be
expected to cause general increases in summer and fall water temperatheesrder of

21 3°C (3.6 5.4°F) (Bartholow 2005see also discussion under Lower Klamath Basin)

As part of the Klamatbam Removal Secretarial Determination studilks effects of
climate change&vere includedn modelprojections for future water temperatures under
the No Action/No Project Alternative and the Proposed ActikRBM10 nodel results
using climate change prietions from five GCMsndicate thafuture water temperatures
underthe No Action/No Project Alternativ@vheresimulated flows are subject to the
2010Biological Opinionmandatory flow regim@NOAA FisheriesService201q) would
be 1 2.3°C (1.8 4.1 °F) warmerthan historical temperatur@sthe Klamath BasiiPerry
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et al. 2011).While this temperature range is slightly lower than that suggested using the
Bartholow (2005) historical estimates, within the general uncertainty of climate change
projectionsthe twomodeling effortcorrespond reasonably walhd indicate that water
temperatures in the Upper Klamath Basin are expected to increase with the period of
analysis on the order ofiB°C (1.8/ 5.4°F).

The anticipated increases in water temperaturesadcienate change would also occur

over a timescale of decades and would act in opposition to improvements expected from
successful TMDL implementation throughout the Upper Klamath BaBiue magnitude

of the oppositiorwould beslightly less than, but ithin the general range date
summer/falimprovements2-10°C [3.6-18°H) expected by the TMDLBnmediately
downstream of Iron Gate Dafseediscussion under Lower Klamath Basisuch that

climate change would partially offsttte anticipated MDL -relatedimprovements.

Existing late summer/fallwater temperatures in the Hydroelectric Reach are
adverse.Full attainment of the Oregon and California TMDLSs (implementation
mechanisms and timing unknown)would significantly improve conditions in the
Hydroelectric Reach, butclimate change would partially offset TMDL-related
improvementsin the late summer/fall Continued impoundment of water in the
reservoirs at the Four Facilities under theNo Action/No Project Alternativavould
result in no change from existing conditions.

Lower Klamath Basin

Continued impoundnme of waterat the Four Facilitiescould result inshortterm and
long-termseasonal water temperatwthat are shifted from the natural thermal regime
of the river anddo not meet applicable Californidorth CoasBasin Plan water quality
objectives an@dversely affect beneficial usesthe Klamath River downstream of Iron
Gate DamUnder existing conditionghe Four Facilitiesalter the natural thermal regime
of the river bycoolingspringtime water tempeaesli 2.5°C (1.8 4.5°F)andwarming
late summer/fallwater temperatured 10°C (3.6 18°F)in the lower Klamath River, with
thelargest effects occurrirjgst downstream of Iron Gate DgiiRM 190.1) (PacifiCorp
20048, Dunsmoor and Huntington 2008CRWQCB 2010aPerry et al. 2001 Effects
diminishwith distance downstream such that they are not discernaltte [8almon
River (RM 66) (seeSection 3.2.3.andAppendix C for more detgil SummerMWMTSs

in theKlamath River downstream of Iron Gate Démthe Salmon Riveregularly

exceed the range ohnic effects temperature thresholdsi@®C [55.4 68°H) for

full salmonid support in CalifornitNCRWQCB 2010a) and resuit non-attainment of
designatedOLD andWARM beneficial usessgeTable 3.24). Although not an effect
of the reservoirs at theour Facilities, MWMTs in the mainstem from the Salmon River
to the Klamath Estuary alsegularly exceed these thresholds and reésulon
attainment othesebeneficial useg¢seeSection 3.2.3.2ndAppendix C for more detagil

Within the period ofinalysis (i.e., 50 yearsimplementation of NOAA Fisheries Service
2010 Biological Opinion mandatory flows and CDFG Code Section 5937 instream flow
mandate for tributaries to the mainstem Klamath Risee$%ection 2.3.1 and Section
3.2.4.1 No Action/NoProject Alternative) would increase seasonal stream flow and
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would be expected to moderately decrease water temperatures in the Klamath River
downstream of Iron Gate Darparticularly during summer and fall months. The
California KlamathRiver TMDLs weredeveloped based on compliance with water
guality objectives at th®regonCaliforniastate line, meaning that successful
implementation of water quality improvement measures under the Oregon TMDLs will
improve water temperatures in the Lower Klamath Basiwell. General

implementation measures under the California Klamath TMDLs associated with water
temperature improvemenase described in the prior section for the Upper Klamath Basin
and in Section 3.2.2.4Additionally, the Shasta, Scott, and SalnRimers, tributaries to

the lower Klamath RivehaveTMDLs addressingemperaturegeeSection 3.2.2. 4

The Klamath TMDL modeindicates that under ti¢o Action/NoProject Alternative
(similar to TMDL TABSRNscenari9, water temperatusfrom Iron Gate @m (RM
190.1)to theKlamath Estuary (RM @) would improve towardsnodeled natural
conditions gimilar to theTMDL T1BSRscenarip (NCRWQCB 2010a).Some delayed
warming of springtime water temperatures (FebriMaych) and delayed cooling tHte
summerfall (AugustNovember) water temperatures would still occur under the No
Action/No Project Alternativelue to the large thermal massGdpco 1 and Iron Gate
reservoirs. Thisemporal shift magontinueto occur under the No Action/No Project
Alternativefrom downstream of Iron Gate Dam to approximately Seiad Valley

(RM 129.4) becausevhile full attainmenof the California Klamath TMDLs would
improve water temperature, the motelnable to demonstrdidl temperature
compliancen the spring and fallownstream of Iron Gate Dam to Seiad Valeth the
Four Facilitiean place Based on TMDL model results, water temperature from Seiad
Valley (RM 129.4) to the Salmon River (RM 66.0) (tlegpproximatdocation at which

the reservoir temperature signalloager persistsinder existing conditionswould meet
water quality objectivesThemodetpredicted lack of compliance from Iron Gate Dam to
Seaid Valleyunderlies the TMDL requirement for PacifiCorp to develop a Reservoir
Management Plan that specifigghddresses water temperature and dissolved oxygen
improvements that would allow tiur Facilitieso meet water quality objectives
(NCRWQCB 2010n Thetimeframedor achieving water temperature allocations
required under these TMDLs will depend or theasures taken to improve water quality
conditions. It is anticipated that fulhttainmenof the TMDLswould require decades to
achieve.

General imate changeffects are discussed 8ection 3.10.3.1With respect to water
temperatureqiithe Laver Klamath Basinthe historical data record indicates that
mainstem water temperatures have increased approximately 0.05C ) @&§ear
between 1962 and 2001 (Bartholow 2086¢h thatlimate change may already be
affectingKlamath Riverwater tempratures. Projecting the Bartholow (2005) estimate of
an average annual temperature increase 50 years into the future, water temperatures
would increasei 3°C (3.6 5.4°F)by the end of the analysis periods part of the

Klamath Dam Removal Secretariaéf@rmination studies, the effectsalimate change
were includedn modelprojections for future water temperatures urtderNo Action/No
Project Alternative and the Proposed Action. RBM10 model results using climate change
predictions from five GCMs dlicate thafuture water temperatures undiee No
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Action/No Project Alternativéwheresimulated flows are subject to the 2i0logical
Opinion mandatory flow regiméNJOAA FisheriesService201Q) would be 12.3°C

(1.8 4.1 °F) warmer than historical teperatureg¢Perry et al. 2011). While this
temperature rangs slightly lower than thaduggested using thigartholow (2005)

historical estimateswithin the general uncertainty of climate change projections, the two
projectionscorrespond reasonably wahd indicate that water temperatures in the Lower
Klamath Basin are expected to increase with the period of analysis on the oridgt®f 1
(1.8 5.4°F).

The anticipated increases in water temperatures due to climate change would also occur
over a timescal of decades and would act in opposition to improvements expected from
successful TMDL implementation throughout the Lower Klamath Bagifthin the

range oflate summer/falimprovements expected by the TMDL%-10°C [3.6-18°H
immediately downstream ¢fon Gate Dam and-5°C [3.6-9°F] just upstream of the

Scott RiveJ, climate change would partially offstéte anticipated MDL -related
improvementsClimate change would also completely offset the existirZ§@

springtime cooling effect of the reservgitise cooling effect in spring is potentially
beneficial to rearing salmonids by reducing stress and disease for late outmigrants

Existing late summer/fall water temperatures in the Klamath River from
immediately downstream of Iron Gate Dam to the SalmomRiver (RM 66) are
adverse. Full attainment of the Oregon and California TMDLs (implementation
mechanism and timing unknowr) would significantly improve conditions but water
temperaturesfrom Iron Gate Dam to approximately Seiad Valley(RM 129.4) would
remain adverse. Climate change would partially offset TMDL-related
improvementsin the late summer/fall Continued impoundment of waterin the
reservoirs at the Four Facilities under theNo Action/No Project Alternativevould
result in no change from exising conditions.

3.2.4.3.1.2 Suspended Sediments

Upper Klamath Basin

Continued impoundment of watgrthe Four Facilitiexould result inshortterm and
long-terminterception and retention ofineral (inorganic) suspended materiat the

KHP dams. Under existing conditiongeakconcentrations of this suspended material
occur during winter and spring (November through April) due to runoff and tributary
flows to the Hydroelectric Rea@ssociated with higHow events The KHP dams
intercept and trapuspended materials such that water column concentrations generally
decrease with distance downstream in the Hydroelectric ReaeSection3.2.3.3.

While thismaybe potentially beneficiafor downstream reaches by decreadisg
concentrations and tuty, thetrapping of fine sediments and suspended matettas

not appear to be a critical function with respect to the overall sediment delivery for the
Klamath Basin(see also Section 3.11.3.3 for a discussion of basin sediment supply and
transport) A relativelysmall(3.4 percentjraction of totalsediment supplied to the

® Water temperatures from the Salmon River to the Klamath Estuary are also adverse but this condition is
not a result of the impoundment of water in the reservoirs at the Four Facilities.
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Klamath Riveron an annual bas@iginates fronthe upper and middle Klamath River
(i.e.,from Keno Dam to the Shasta Riyé¢seeSection 3.2.3.8andbeneficial uses ithe
upper Klamath Rivearecurrently noimpaired due tenineral (inorganic) suspended
material(seeTable 3.28).

Under the No Action/No Project Alternative, the ongoing Williamson River Delta Project
and Agency Lake and Barnes Ranches Project would cot&rib reducedineral
(inorganic)fine sediment inputs to Upper Klamath Lake. In the tributaries to Upper
Klamath Lake, additional resource management actions for fish habitat restoration (see
Section 2.4.2) related toineral (inorganicsediment are a@oing, including the

following:

Floodplain rehabilitation

Large woody debris replacement

Cattle exclusion [fencing]

Riparian vegetation planting

Mechanical thinning of upland areasd fire treatment
Purchase of conservation easements/land

Road decommissiong

Reductionof fine sediment sources

These resource management actiongs@discussed with respect to water quality
effects under th&BRA (seeSection 3.2.4.3ull Facilities Removal of Four Dams
KBRA).

Anticipated climate change effects withilre period of analysis (i.e., 50 years) include
increased fine sediment delivery to streams due to more intense and frequent precipitation
events and elevated stormwater runoff (Barr et al. 2GH@Section 3.10.3.1, Existing
Conditionsi Climate Chang®rojections).The anticipated increases would occur over a
timescale of decades and may reduce anticipated improvements expected from successful
implementation of the aforementioned resource management actions; however, the
magnitude of the increased sedint delivery relative to the currently low levels of fine
sediment production has not been assessed.

Existing interception and retention ofmineral (inorganic) suspended materiain the
reservoirs in the Hydroelectric Reach igotentially beneficial Continued
impoundment of water at the Four Facilities under theNo Action/No Project
Alternativewould result in no change fromexisting conditions.

Implementation ofM 7, J.C. Boyle Gravel Placement and/or Habitat Enhancement,
could result inshortterm (ore year)increases in mineral (inorganic) suspended material
in the Hydroelectric ReachUnder thidM, suitable spawning gravelould be placed in

the J.C. Boyle Bypass an@&king reacésin the fall of 2011using a passive approach
before high flow pends, or to provide for other habitat enhancement in the Klamath
River upstream of CopcbReservoir. These actions would provide improvements in
habitat quality for resident fish prior to dam removal, and for resident and anadromous
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species following damemoval. Work on IM 7 began in fall 2010 with the contracting,
planning, and permitting phas@assive gravel placement is specified by IM 7, which
would avoid instream placement of gravel and would limit turbidity increases to periods
of high river flov when turbidity is naturally elevated. The potential for sediments to
enter the water during gravel placement along the river banks can be minimized or
eliminated downstream of the enhancement sites through the implementation of BMPs
for constructioractivities (Appendix B)(BLM 2011). Any disturbed sediments would be
trapped by Iron Gate Reservoir and not transferred downstream to the Klamath River,
particularly given implementation of BMPYnder the No Action/No Project

Alternative, the effectof IM 7, J.C. Boyle Gravel Placement and/or Habitat
Enhancement, on SSCs in the Hydroelectric Reach would be a ldean-significant
impact.

Implementation ofM 8, J.C. Boyle Bypassarier Removalcould result inshortterm
increases in mineral (inorganic) spended materiah the Hydroelectric Reach due to
deconstruction activitiesUnder thidM, the sidecast rock barrier located approximately
three miles upstream of the J.C. Boyle Powerhouse in the J.C. Boyle Bypass Reach
would be removed. The objectie&IM 8 is to provide for the safe, timely, and effective
upstream passage of Chinook and coho salmon, steelhead, Pacific lamprey, and redband
trout. The potential for sediments to enter the water durksty@am work associated
with barrier removal anffom construction site runoff could be minimized or eliminated
through the implementation of BMRsr constructioractivities(Appendix B). Any
disturbed sediments would be trapped by Copco 1 Reservoir and not transferred
downstream to the Klamath Rivgrarticularly given implementation of BMP&Inder

the No Action/No Project Alternativethe effectof IM 8, J.C. Boyle Bypass Batrrier
Removal, on SSCs in the Hydroelectric Reach in the J.C. Boyle bypass reach would
be a lesghan-significant impact.

Coninued impoundment of watat the Four Facilitiexould result inshortterm and
long-termseasonal (April through October) increases in aldatived (organic)
suspended materiah the Hydroelectric Reactiue to insitu algal blooms.Under
existing condions, eisodic increases in suspendadterialoccur in theKHP reservoirs
during summer months as a resultrekitu algal productivity Theseconcentrations
typically rangel0i 20 mg/L, but can be greater than 200 m¢geeSection 3.2.3.8and
causenuisance or adversely affect beneficial usesngintenseblooms. While some
settling ofalgalderived (organic) suspended materitbm Upper Klamath Lakenay
occurin the reservoirs at the Four Facilities, the majority of removal edatther
upsteam in the Keno Impoundmentith some additional decreasesoncentratiordue
to mechanical breakdown of algal remainghe turbulent river reaché&gtweerkeno
DamandCopco 1 Reservagianddilution from the springs downstream of J.C. Boyle
Dam (seeAppendixC for more detail) Thehigh levels oseasonasuspended material
caused by algal blooms in the reservoirs in the Hydroelectric Readd continue to
occurunder the No Action/No Project Alternative.

Also under this alternativéhe ongoingVilliamson River Delta Project and Agency
Lake and Barnes Ranches Project would contribute to reduced fine sediment inputs to
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Upper Klamath Lake. At a programmatic level, the fine sediment reductians
decrease overall sedimessociated phosphorusints to the lake and downstream
reaches The effects would be mostly local, but may indirectly reduce nutrient
concentrations in the Hydroelectric Reach by decreasing concentratigustieam
Upper Klamath Lakeln the tributaries to Upper Klamath Lakadditionalresource
managemenactionsfor fish habitat restoration (see Section 2.4ekated tocsediment
associated phosphorase ongoing, including the following:

Floodplain rehabilitation

Cattle exclusion [fencing]

Riparian vegetation planting

Mechanical thinning of upland areasd fire treatment
Purchase of conservation easements/land

Road decommissioning

Theseresource management acti@realsodiscussed with respect to water quality
effects under th&BRA (seeSection 3.2.4.3ull FacilitiesRemoval of Four Dams
KBRA).

Full attainmenb f t h e me as uUpmesKlamatiRigeraadg.oshRiver

TMDL s mayindirectly decrease algalerived suspended material in the Link River and
Klamath River upstream of t@regonCaliforniastate line wihin the period of analysis
(i.e., 50 years).The Oregon draft TMDLs require reductions in phosphorus and nitrogen
loading from both point sources and nonpoint sources in the Upper Klamath River to
address chlorophyt impairments geeSection 3.2.2.4Upper Klamath River and Lost
River TMDLs). Decreases in nutrieinputs to the upper Klamath Riverould decrease
algal blooms and decrease aldarived suspended matenalthis reach Full attainment
of the CaliforniaLower Lost River for pH and nutmgs and th&lamath RiverTMDLs

for organic enrichment/lowlissolved oxygen, nutrients, and microcystin water quality
impairmentsvould decreasalgatderivedsuspended materiad the Klamath River
downstream of th®regonCaliforniastate line to Iron Ga Reservoiandwould, in the
long-term, be beneficiato water quality It is anticipated thdull attainmentof the
Oregon and California TMDL&ould require decades to achieve.

Anticipated climate change effects within the period of analysis (Deyeérs) include
longer and more intense algal bloodue to increased air temperatu¢Barr et al. 2010)
(seeSection 3.10.3.1, Existing ConditionLlimate Change Projectionahd higher

overall rates of photosynthesis during summer moritlgs mayincrease levels of algal
derived (organic) suspendathterial The anticipated increases in suspended material
due to climate change would also occur over a timescale of decades and may reduce
anticipated improvements expected from successful TMDL impl&tien throughout

the Upper Klamath Basin; however, the magnitude of the increased algal productivity
with increasing temperature has not been assessed.

Existing seasonal increases in algalerived (organic) suspended materiain the
reservoirs in the Hydroelectric Reachare adverse. Full attainment of the Oregon
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and California TMDLs (implementation mechanism and timing unknown would
significantly decreasealgal blooms and associateduspended materiain the
reservoirs in this reach Continued impoundment of water in the reservoirs at the
Four Facilities under the No Action/No Project Alternativevould result in no change
from existing conditions.

Lower Klamath Basin

Continued impoundment of watgrthe Four Facilitiexould result inshortterm and
longterminterception and retention ofineral (inorganic)sedimentdy the damand
correspondingly low levels of suspended material immediately downstream of Iron Gate
Dam Under existing conditions,uling Novembet April, mineral (inorganicsuspended
sedimentgend to be <100 mg/L in the Klamath Rivemrmediatelydownstream of Iron
Gate Damincreasing to levels greater thAB0 mg/L in the mainstem downstream of the
confluence with the Trinity Riveduring storm event&seeSection3.2.33). While the
interception and retention afineral (inorganic) suspended sedimants/be moderately
beneficial for the Klamath River immediately downstream of Iron Gate Dam, this
represents a very minor portion of the loeith respect to overall sediment delivery fo
the Klamath Basin. Aelativelysmall (3.4 percent) fraction of tots¢diment supplied to
the Klamath Rivepn an annual basieriginates from the upper and middle Klamath
River (i.e.,from Keno Dam to the Shasta RiyéseeSection 3.2.3.3) and bemngél uses

in the Klamath River immediately downstream of Iron Gate Dam are currently not
impaired due tanineral (inorganic) suspended mate(sdeTable 3.28).

TheKlamath Riverfrom theTrinity River (RM 4.5) to the nouth (RM 0)is listed as
sedment impaied GeeTable 3.28), and while the California Klamath River TMDLs do
not explicitly addess sediment impairments, they do identify allocations to address
temperature impairments caused by excessive (primarily inorganic) sedimensse®n (
Secton 3.2.2.4Klamath River TMDL3. Additionally, the Trinity River and South Fork
Trinity River TMDLSs, which are outside of the area of analysis for the Proposed Action
and alternatives, are expected to affect water quality in the lower Klamath Hiwse
TMDLs include a specific focus on sediment improvements. Further, the Scott River
TMDL addressssediment. Generaheasures under the Trinity, South Fork Trinity, and
ScottRi ver s6 TMDLs that can be associadned with
loads are describdatiefly in Section 3.2.2.4

Full attainmenbf the measures ithe Trinity River, South Fork Trinity River, and Scott
River TMDLs would decrease (primarily mineral) suspended sediment loads in the
sediment impaired reach of the lawdamath River from the Trinity River (RM 40) to
the mouth (RM 0) andould, in the longterm, be beneficial to water qualityzull
attainmentouldrequire decades to achieve. These implementation measures would
occur downstream of the Four Facilitexsdare not related tthe KHP reservoirsunder

the No Action/No Project Alternative.

Anticipated climate change effects within the period of analysis (i.e., 50 years) include
increased fine sediment delivery to streams due to more intense and frequagitgbion
events and elevated stormwater runoff (Barr et al. 2&BE&Section 3.10.3.1, Existing
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Conditionsi Climate Change Projections). The anticipated increases would occur over a
timescale of decades anthy reducemprovements expected from sessful

implementation of the aforemention€ DL implementatioractions;however, the
magnitude of the increased sediment delivery relative to the currently low levels of fine
sediment production has not been assessed.

Existing interception and retention of mineral (inorganic) sediments by the damss
potentially beneficial. Continued impoundment of waterin the reservoirs at the
Four Facilities under the NoAction/No Project Alternativevould result in no change
from existing conditions.

Continued impondment of water at the Four Facilities could result in stiertn and
long-termseasonal (April through October) increases in aldalived (organic)
suspended material in the reservoirs in the Hydroelectric Raadfransport into the
Klamath River dowstream of Iron Gate DantUnder existing conditions oncentrations

of summer and fallJuné Octobej algatderived prganiqg suspended materiad the
Klamathimmediately downstream of Iron Gate Da&end to be less than 8 mg/L,
reflecting thed a maagady to intercept and retain suspended matemidlich of the
algalderived (organic) suspended material retained behind the Project dams is a result of
in-reservoir algal productioms the majority (although not all) of taégal material
transported dowstream from Upper Klamath Lale@pears to bmterceptedn the Keno
Impoundmen{see Appendix C for more detailHowever, somef the seasonallgal
productionthat occursn Copco 1 and Iron Gate Reservagdransported downstream to
the Klamath Rive as evidenced by chlorophydlpatterns, and to a lesser degree TSS
patterns, in the river from Iron Gate Dam to the Klamath Estuary (see Appendix C for
more detail). While the transport occurs, TSS levels are still relatively [Bws pattern
would cotinue to occur under the No Action/No Project Alternative.

Full attainment of the mRkRwaandlosRiven Or egonods
TMDLs would decrease algal blooms and decrease-a@lgaved suspended material in

the KHP reservoirdue to decrasing nutrienawvailability. Full attainment of the

measures in Californias Lower Lost KRhmatheRiverTMODdfer an d

organic enrichment/low dissolved oxygen, nutrients, and microcystin water quality
impairmentswould also decreassdgalderived suspended materigHP reservoirand

would, in the longterm, be beneficial to water quality. It is anticipated that full

attainment of the Oregon and California TMDLs would require decades to achieve.

Anticipated climate change effects within theipé of analysis (i.e., 50 years) include
increased fine sediment delivery to streams and earlier, longer, and more intense algal
blooms (Barr et al. 20103€eSection 3.10.3,IExisting Conditiong Climate Change
Projections), whiclmayincrease levelsf both mineral (inorganic) arelgatderived

(organic) suspended materitie latter due to higher overall rates of photosynthesis

during summer months. The anticipated increases in suspended sediments due to climate
change would also occur over a tioale of decades amday reducemprovements

expected from successful TMDL implementation throughout the Lower Klamath Basin;
however, the magnitude of the opposition is unknown.
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Existing transport of seasondl high algal-derived (organic) suspended mateail
from the reservoirsto the Klamath River downstream of Iron Gate Dam isadverse.
Full attainment of the Oregon and California TMDLs (implementation mechanism
and timing unknown) would significantly improve conditions. Continued
impoundment of water in the reservoirs at the Four Facilities under theNo
Action/No Project Alternativavould result in no change from existing conditions.

3.2.4.3.1.3 Nutrients

Upper Klamath Basin

Continued impoundment of water at the Four Facilities could resinig-term
interception and retention of TN and TPtheHydroelectric Reaclon an annual basis
but releasdexport)of TP and TNfrom reservoir sedimentsn a seasonal basidJnder
existing conditionsTN and TP decrease longitudinatlyough the HydroelectiReach
on an annual basis duediution from the springs downstream of J.C. Boyle Dam and
thesettling ofalgatderived (organic) materiaind associated nutrients in Copco 1 and
Iron Gate reservoirsOn a seasonal basigservoir sediments caaleag bioavailable

TP (asortho-phosphorug and to a lesser degrd®oavailableTN (asammoniun), to the
water column during periods of seasonal hypolimnetic anseeSection 3.2.3.4

While much of theTP released fronanoxicreservoir sediments appeaosremain within
the hypolimnion until the reservoirs begin to turn over in the fall, some release does occur
during late summer and fall montivhien it could stimulaten-reservoir algal blooms
Nutrientsinfrequentlymeet narrative Oregon water qualitlyjectives for nuisance algae
growth (OegonAdministrative Rule [OAR] 3441-0019), or the narrative California
North Coast Basin Plan water quality objective for biostimulatory substaseekaple
3.2-4) in the Hydroelectric Reach

Under the No Adbn/No Project Alternative, the ongoing Williamson River Delta Project
and Agency Lake and Barnes Ranches Project (see above water temperature and
suspended sediment discussions) would providetieng reductions in nutrients
transported from the Agencyake subbasin to Upper Klamath Lake. While siemn
releases of nutrients are possible during the establishment of project equilibrium, at a
programmatic level, these activitismydecrease overall nutrient inputs to Upper
Klamath Lakeby inundatingwvetiand (pea) soilsand creating anaerobic conditions that
support nutrient retention, particularly in the casphadsphorugSnyder and Morace
1997). The effects would be mostly local, but magirectly reduce nutrient
concentrations in the HydroelectReachby decreasing upstream nutrient concentrations
in Upper Klamath Lake Theseaesource management actiare discussed again with
respect to water quality effects under the KBRAgSection 3.2.4.2, Full Facilities
Removal of Four DamsKBRA).

In Oregon, implementation of water quality improvement measures addressing nutrients
in the Upper Klamath Lake Drainage TMDL avthter Quality Management Plan

(WQMP) and the Upper KlamatRiverand Lost River Sulbasins TMDL and WQMP
(seeSection 3.2.2 4 include the following:
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e Achievement of TMDL targets for TP loading as the primary method of
improving dissolved oxygen (and pH) conditions in Upper Klamath and Agency
lakes

e Reductions in phosphorus, nitrogen, and BOD loading from both point and
nonpoint €.g., agricultural returns) sources in the Upper Klamath River

In addition to the Oregon upstream improveme@tdijforniapossesses load allocations

for the Lower Lost River TMDLs for pH and nutrients aspcific TMDL load

allocations for TN and TP aggied to the KHP facilitiefor the Klamath River TMDLs

TheCalifornia Klamath RiveT MDL al so i ndicates that dalter:H
reductions and/or management measures or offsets that achieve tkesner voi r t ar get
are possiblgNCRWQCB 2010a)

The Oregon and California TMDLs in the Upper Klamath Basendesigned to meet

water quality objectives; however, the timeframes for achieving nutrient allocations
required under these TMDLs will depend on the measures taken to improve water quality
conditions. Klamath TMDL model results fanutrient species (i.eortho-phosphorus,

nitrate, and ammoniuyrare highly variable depending on location and season, likely due
to rapid uptake and release of these chemical species during and following salgsdnal
blooms éeeSection 3.2.3.1) and potentially due to peaking operations at the J.C. Boyle
Powerhouse. Nonetheless, TMDL modeling results tend to suggest that concentrations
under the No Action/No Project Alternative woudd similar tomodeled natuta

conditions in the Hydroelectric Rearhspring and summerssuming full attainment of

the TMDLs. Full attainmentould require decades to achieasd is highly dependent on
nutrientloads exiting Upper Klamath Lake and on agricultural return flowsgaloa

Keno Reach

In summary, despiteeneficialannual decreases in TP and TN through the Hydroelectric
Reach, on a seasonal basis, internal release and exportarid® a lesser degree TN,
from anoxic reservoir sedimerdsiring the summer and lat&l may contribute tdarge
blooms of toxigenic algae in the reservoirs.

Existing interception and retention of nutrients in the reservoirs on an annual basis
is beneficial, but the release (export) of nutrients (particularlyTP) from reservoir
sedimens on a seasonal basis edverse for theHydroelectric Reach Full
attainment of the Oregon and California TMDLSs (implementation mechanism and
timing unknown) would significantly decreas nutrients. Continued impoundment
of water in the reservoirs at theFour Facilities under the No Action/No Project
Alternativewould result in no change from existing conditions.

Lower Klamath Basin

Continued impoundment of waigrthe Four Facilities could result ilong-term
interception and retention ofPTand TNin the KHP reservoirson an annual basiand
release (export) of P and TNo the Klamath Rivedownstream of Iron Gate Daon a
seasonal basisOn an annual basisutrients in th&klamathRiver downstream of Iron
Gate Dancurrentlytend to be lower thamose in upstream reaches, duditation from
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thenaturalspringsdownstream 0§.C. Boyle Danmandsettling of particulate matter and
associated nutrients in the larger KHP reserveeg$ection 3.2.3l). Further decreases
in nutrient leveloccurwith distancelownstreanof Iron Gate Dandue to a combination
of tributary dilution and ifriver nutrient removal processeseéSection3.2.34).

Although interception and retention of nutrients in the KHP reservoirs on an annual basis
may be beneficial tthe Klamath River downstream of Iron Gate Dammdler existing
conditionsTP and TN concentratiorisom the danto the Klamath Estuarguringlate
summer/early fallo not meethe narrative California Basin Plavater quality objective
for biostimulatory sbstanceslue to the promotion of algal growth at levels that cause
nuisance effects or adversely affect beneficial usesT@ble3.2-4), nor do they meet
theHoopa Valley Tribe numeric criterfar TP (0.035 mg/L) and TN (0.2 mg/i3ee
Table 3.26). Further,in latesummerand fall(i.e., AugustNovember) TPand TN
concentrationsan increase downstream of the KHP resendiesto release afP (as
ortho-phosphorus) and, to a lesser degree, TN (as ammonidme)) areformed during
periods of seasohhypolimnetic anoxian Copco 1 and Iron Gate reservoifBhis
seasonal release occurs during periodsrtfaatstimulate periphyton growtim the
Klamath River downstream of Iron Gate Désee Appendix C, Sections C.3.1.4
C.3.2.1) This pattern would aatinue under the No Action/No Project Alternative.

In the Lower Klamath Basin, the California Klamath TMDLs include a specific focus on
nutrient (TN and TP) improvements through specific load allocations assigned to the
KHP facilities in Californiai Copcoand Iron Gate reservoifseeSection 3.2.2 1

Although specific nutrient allocations are only assigned to the KHP, the California
Klamath TMDLs were developed based on compliance with water quality objectives at
the OregonCaliforniastate line, meanmthat successful implementation of water quality
improvement measures under the Oregon TMDLs will improve nutrients in the Lower
Klamath Basin as well. General measures under the California Klamath River TMDLs
that are associated with nutrients inclulde following:

e Developing a conditional waiver by 2012 to control discharges from agricultural
activities (e.g., grazing, irrigated agriculture)

e Prohibiting the unauthorized discham@fevaste that is in violation of water
guality standards

The Shasta RiveTMDLs also address nutrientsegSection 3.2.2.4

Full attainment of theneasures in the Oregon and CaliforiMDLs would result in
waters meeting water quality standardswever, the timeframes for achieving nutrient
allocations required under the$MDLs will depend on the measures taken to improve
water quality conditionsModeling conducted for development of the California
Klamath River TMDLs indicates that under the Action/NoProject Alternative
(similarto the TABSRNscenarip TN and TP inthe Klamath River downstream of Iron
Gate Dam wouldneet or be lower than modeled natwahditions due to the trapping
efficiency of sedimentand algalassociated nutrients behind the dariutrient levels
would also meet Hoopa Valley Trilegiteria for TP (0.035 mg/L) and TN (0.2 mg/L)
(NCRWQCB 2010a Givenfull attainmentof the measures ithe Oregon and California
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TMDLs, actualTN concentrations under the No Action/No Project Alternative and
natural conditions might be slightly lower than the eiquredicted concentrations,
because denitrification is not included as a possible nitrogen removal term in the riverine
segments of the Klamath TMDL model (Tetra T@€®9. Nutrient species (i.eqrtho-
phosphorus, nitrate, ammonidiconcentrationarevariable depending on location and
seasonwith particularly high daily variation during summer monthstKlamath TMDL
model results tend to suggest that concentrations under the No Action/No Project
Alternative would besomewhat higher than modeled matwonditions in the_ower
Klamath Basin Use of adaptive management will be employed to refine efforts toward
achieving water quality standards and TMDL targdtt$s anticipated thafull attainment

of the TMDLswould require decades to achieve.

Existing interception and retention of nutrients in the reservoirson an annual basis
is beneficial but the release (export) of nutrients (particularlyTP) on a seasonal
basis isadversefor the Klamath River downstream of Iron Gate Dam Full
attainment of the Oregon and California TMDLSs (implementation mechanism and
timing unknown) would significantly decrea® nutrients. Continued impoundment
of water in the reservoirs at the Four Facilities under theNo Action/No Project
Alternative would result in no charge from existing conditions.

3.2.4.3.1.4 Dissolved Oxygen

Upper Klamath Basin

Continued impoundment of water at the Four Facilities could reslnig-term
seasonal andaily variability in dissolved oxygen concentrations in Hyaroelectric
Reachsuch that levels do not mé@DEQ andCalifornia North Coast Basin Plawater
guality objectives and advetgeaffect beneficial usedJnder existing conditions,
dissolved oxygen levels exhibit summer and fall lewelgstantially below water quality
objectivesandinfrequentlysupport designated beneficial uses in Oregon for co&twat
aguatic life, cool water aquatic life, warm water aquatic life, and spawning (including
bull trout spawning and juvenile rearinggre coldwater habitat, redband trout, acabl
water species [no salmonide];seeTable3.2-3), and in California for COLD, WARM,
and SPWN beneficial useseeTable3.2-4). Dissolved oxygen levels are particularly
low during the summer in the reach from Link River Dam to upstream of J.Ce Boyl
Reservoir(including Keno Impoundment and Lake Ewaymaijh typical levels ranging
from <1 mg/L to 5 mg/L The primary cause of losummertimalissolved oxygen in the
Keno Impoundmenfincluding Lake Ewauna} setting and decomposition @llgae
expoted from Upper Klamath Lak@seeSection 3.2.2.5)In the Hydroelectric Reach,
the seasonal variability in dissolved oxygen concentrations irBdyle Reservoirs
highly influenced by the adverse dissolved oxygenditions in theipstream Keno
Impoundnent Dissolved oxygen itnypolimnetic waters o€opco land Iron Gate
reservoirs reacminimum values near 0 mg#uring the summeisgeSection 3.2.2.5).

Under the No Action/No Project Alternative, the ongoing Williamson River Delta Project
and AgencyLake and Barnes Ranches Proj@ety contribute to longerm improvements

in seasonally low dissolved oxygen in Upper Klamath Lake. Tieseeirce

management actiomsaydecrease overall suspended sediment and nutrient inputs to
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Upper Klamath Lake and dawstream reaches. The®source management actiare
discussed again with respect to water quality effects und&BR&A (seeSection
3.2.4.3 Full Facilities Removal of Four Damd<BRA).

In Oregon, implementation of TMDL water quality improvement suees focus on
dissolved oxygen through reductions in water temperature and nutrient concentrations.
The Upper Klamath Lake Drainage TMD&egeSection 3.2.2 Minclude the following
recommended measures for working toward achievement of TMDL target® for T
loading as the primary method of improving dissolved oxygen (and pH) conditions in
Upper KlamatiRiver along with Upper Klamath Lalend Agency lakes:

e Implementation oBMPs for improving dissolved oxygen in the Sprague River
¢ Reductions in phosphorusitrogen, andBOD loading from both point and
nonpoint sources in the Upper Klamath River

Additionally, the Upper Klamath River and Lost River Shodsins TMDIsrequire

dissolved oxygen augmentation to J.C. Boyle Reservoir and several impoundments on the

Lost River (the latter is not included in the area of analySike Lower Lost RivepH

and nutrienfTMDLswer e designed to ensure that Califo
water quality standandould be attained In California, one of the three TMDIload

allocations assigned to the KHP is to create sufficient dissolved oxygen in Copco 1 and

Iron Gate Reservoithirough a compliance lens, such that water temperature and

dissolved oxygen conditions would be suitable for cold water fish during thelcritica

summer periodsgeSection 3.2.21

Full attainment of theneasures in the Oregon and CaliforiMDLs would result in

waters meeting water quality standardswever, the timeframes for achievidigsolved
oxygen PO) allocations required under theE®IDLs will depend on the measures taken

to improve water quality conditions, especially reductions in nutrients. Based on Oregon
numeric water quality standards, dissolved oxygen levels in the Upper Klamath Basin
would need taneet natural conditions attain 5.5 mg/L (yearound minimum for warm
water aquatic life), 6.5 mg/L (yeaound minimum for cool water aquatic life), 8.0 mg/L
(yearround minimum for coldwater aquatic life), or 11.0 mg/L (Januaiptil 15

minimum for spawningjseeTable3.2-3). As with water temperature, the narrative

Oregon standard stipulates that the natural conditions critemjpersedes the numeric
criterion and is the standard for that water baefable 3.23). For California,

dissolved oxygen would ne¢d achieved0 percent saturation based on natural receiving
water temperatureduring October March and 85 percent saturatidaring April T
SeptemberdeeTable3.2-4). The Klamath TMDL model (see AppendDd) indicates

that under the No Action/No Project Alternatwéh full attainment of the TMDLs

(similar to the T4ABSRNcenariy dissolved oxygen in the riverine portions of the reach
from Link River Dam to th®©regonCaliforniast at e | i ne woul d meet Or ¢
numeric objective for supporting the cool watquatic life beneficial useséeFigure

3.2-16). Dissolved oxygen predicted levels would be similar to the modeled natural
conditions baselinEfTMDL T1BSR scenariofNCRWQCB 2010a).
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Klamath TMDL model results for riverine conditions at reegonCaliforniastate line
indicate a similar pattern, whereby predicted dissolved oxygen concentrations meet the
6.5 mg/L objective year round and achieve the modeled natural conditions baseline
during the warm summer and fall months (FigureI3R Under full TMDL compliant
conditions, he California 85 percent saturation objective (based on natural receiving
water temperatures) is met at state line under the No Action/No Project Alternative
(Figure 3.217). Thus,full attainmentof the Oregon and California TMI3 would
eventually be beneficidbr dissolved oxygein theHydroelectric ReachFull
attainmentould require decades talaeveand it is highly dependent on improvements
in dissolved oxygen iblpper Klamath Lake anithe upstream reach from Link River
Dam to J.C. Boyle Dam (particularly Keno Impoundment and Lake Ewauna).

Climate change is expected to caasamall anticipated decrease in dissolved oxygen due
to general increases in water temperatoréhe Klamath Basion the order of 23°C

(3.6 5.4°F) over the period of analysis (i.e., 50 yedBartholow 2005see also Section
3.2.4.3 Alternative 1 No Action/No Project Alternative: Water Temperature: Upper
Klamath Basii Thiswould decrease the 100 percent saturation level for dissolved
oxygenby an estimate®.3 0.4 mg/L,using general assumptions feater temperature

(201 24°C[68i 75.2°H), salinity (0 pp) and elevatior{1,433 m[4,700 f{), where he
elevation of Upper Klamath Laks used as a simplifying assumption for the calculation
Climate change would also occur over a timescale of decades and would act in opposition
to improvements expected from successful TMBiplementation throughout the Upper
Klamath Basin Alternately, increased levels of algal growth and photosynthesis
anticipated under climate change (Barr et al. 2088¢$ection 3.10.3,IExisting

Conditionsi Climate Change Projections) may increase daytime dissolved oxygen
concentrations during summer months. The magnitude of this increase is unknown.

Existing seasonatlissolved oxygen levels in the Hydroelectric Readre adverse.
Full attainment of the Oregon and California TMDLs (implementation mechanism
and timing unknown) would significantly increase dissolved oxygenContinued
impoundment of water at the Four Fadlities under the No Action/No Project
Alternativewould result in no change from existing conditions.

Lower Klamath Basin

Continued impoundment of water at the Four Facilities could resuldnig-term

seasonal andaily variability in dissolved oxygectoncentrations in the Klamath River
downstream of Iron Gate Darauch that levels do not meet California North Coast Basin
Planand Hoopa Valley Tribavater quality objectives and adversely affect beneficial
uses Under existing conditions,igsolved oxyge in the Klamath Riveexhibitsseasonal
anddaily variability immediately downstream of Iron Gate Reservoir with frequent
violations ofthe California water quality objective (expressed as percent saturation, see
Table 3.25) during late summer/early fgllulyi SeptemberfseeSection 3.2.3).

Dissolved oxygen levels generally recover with distance downstream, but they still
exhibit occasional minimum values belobjectivesduringlate summer/early fall
downstream of the confluence with the Trinity RiY{EM 40). The Hoopa Valley Tribe

(8 mg/L) water quality objective for dissolved oxygen, which appli¢gs & R46, it 5
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alsoinfrequentlymet during late summer/early fall montise€¢Section 3.2.%). Thus,
dissolved oxygerconditionscurrentlydo not fully support designated beneficial uses
COLD and WARM beneficial use¢seeTable3.2-4) in the KlamathRiver downstream of
Iron Gate Dam

Under the No Action/No Project Alternativid] 3, Iron Gate Turbine Venting, gmrt of
ongoing KHSA IM studiegsee also Section 3.2.4,Iyay be used to augment dissolved
oxygen in the river for a short distan@@pioximately onequarter mile)downstream of
the dam prior to 202GéeSection 3.2.3.1Upper Klamath Basiit Dissolved Oxygeti
Hydroelectric Reach). However, pilot studies to date have not indicated that turbine
venting efforts would be a viable lostgrmsolution for dissolved oxygen impairment
from the reservoirs.

In the Lower Klamath Basin, the California Klamath River TMDLs include a specific
focus on dissolved oxygen improvemeni&ill attainment of water quality improvement
measures under the €yon TMDLs would improve dissolved oxygen in @alifornia
portions of theKlamath River as well, particularly since California Klamath River
TMDLs were developed based on compliance with water quality objectives at the
OregonCalifornia state line.Spedfic dissolved oxygen allocations are assigned to the
KHP andTN, TP, andCBOD allocations are assigned to the mainstem river and
tributaries to support improvement toward dissolved oxygen targets (i.e., water quality
objectives for dissolved oxygengpecific monthly dissolved oxygen numeric targets are
also assigned to the Copco and Iron Gate tailraces, based on percent sgsemtion
Section 3.2.2.4)General measures under the California Klamath River TMDLs
associated with dissolved oxygen in the K&mRiver include the following:

¢ A conditional waiver (developed by 2012) for discharges from agricultural
activities (e.g., grazing, irrigated agriculture)

e Prohibiting the unauthorized discharge of waste that is in violation of water
guality standards

TheShasta River TMDLs also address dissolved oxydgiesolved oxygen

improvements in the Shasta Riweould be expected to improve concentrations in the
Klamath River mainstem at or downstream of the confluence with the Shasta River (RM
176.7). Multiple vater quality improvement measures in the Shasta River TMDL focus
on dissolved oxygerséeSection 3.2.21

Full attainment of theneasures in the Oregon and CaliforiMDLs would result in

waters meeting water quality standardswever, the timeframesif achieving dissolved
oxygen allocationand targetsequired under these TMDLs will depend on the measures
taken to improve water quality conditions, especially reductions in nutireajstream
reaches.The Oregon and California wittam TMDL scenad (T4BSRN- see Appendix

D) was run in order to quantify the impacts of the dams on water quality and to determine
appropriate allocations and targefhe Klamathwith-damTMDL modeling scenario

indicates that under the No Actidig Project Alternativegimilarto the TMDL T4BSRN
scenarig, dissolved oxygen concentrations downstream of Iron Gate Dam to the Shasta
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River (RM 176.7) without additional mitigationwould not meet the North Coast Basin
Plan water quality objective of 85 percent saturatsme{ables 3.2-4 and 3.25) during

Julyi Septembeand from the Shasta River to approximately the Scott River (RM 143)
from SeptembéiNovember(seeFigures 3.2-19 and 3.220). The inability to achieve the
water quality objective of 85% saturation under TM&impliance conditionBom Iron

Gate Dam to the Shasta Riverue to the release of low dissolved oxygen water from

the hypolimnion of the reservoi his resultindicatesthatwhile full attainmentof the
California Klamath TMDLs would result in draniatmprovements irdissolved oxygen

both upstream andownstream of Iron Gate Damelease of low dissolved oxygen water
from the hypolimnion (i.e., the bottom layer within stratified reservoir) inhibits
compliance from the Iron Gate tailrace to the SRoter with the dams in place. The

TMDL does include dissolved oxygen targets for the tailrace that meet water quality
objectives. It is possible that there are management practices that PacifiCorp could use to
meet the TMDL dissolved oxygen targets. Hwer, these practices have not been
demonstrated to date and the NCRWQCB could not make presumptions regarding what
these practices might be. Therefore, these enhancements were not included in the with
dams TMDL modeling scenario. Therefore, the TMDLi#w@tPlan includes a

requirement for PacifiCorp to develofraservoirManagemen®lan that specifically
addresses water temperature and dissolved oxygmovements that would allow the

KHP facilitiesand downstream reachiesmeet water quality objectis¢NCRWQCB

2010a).

Fartherdownstreanwith full attainment of TMDL allocationgpredicted dissolved

oxygen concentrations would remain at or above 85 percent saturation, meehliogtthe
Coast RegiomBasin Plan water quality objective from Seiad VallBM 129.4) to the
Klamath Estuary Despite this, predicted dissolved oxygen wonftequentlymeet the
Hoopa Valley Tribenumeric dissolved oxygembjective of 8 mg/L geeTable 3.26),

whi ch appl ide becaude warrRwatebtemperatures during Qutober

would decrease the saturation level of oxygen in the water column to less than 8 mg/L
(seeFigure 3.220and 3.221). However, Hoopa Valley Tribe has a natural conditions
clause requiring dissolved oxygen to achieve 90% saturation if numeric values are not
met; predicted dissolved oxygen concentrations would meet this natural condition clause.
Throughout the lower Klamath River, daflyctuations in dissolved oxygen duridglyi
Octobemwould occur due to colonization of periphyton mats in the river and the
associated photosynthetic swings in oxygen production.

As described for the Upper Klamath Basilimate change would decrease the 100
percent saturation level for disgetl oxygerin the lower basimy increasing water
temperature In thelower basin this would result iran estimate®.3 0.5 mg/L decrease

in dissolved oxygerusing general assumptions feater temperatur@0i 24°C

[68-75.2°H), salinity (0 pp) and ekvationat sea levehs a simplifying assumption for the
calculation Thesmallanticipated decreases in dissolved oxygen due to climate change
would also occur over a timescale of decades and would act in opposition to
improvements expected from succes3MMDL implementation throughout thewer
Klamath Basin As with the upper basimcreased levels of algal growth and
photosynthesis anticipated under climate change (Barr et al. Z&HHection 3.10.3.1
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Existing Conditiong Climate Change Projeons) may increase daytime dissolved
oxygen concentrations during summer months. The magnitude of this increase is
unknown.

Existing seasonal dissolved oxygen levetamediately downstream of Iron Gate
Dam are adverse. Full attainment of the Oregon and Gilifornia TMDLS
(implementation mechanism and timing unknown) would significantly increase
dissolved oxygenalthough seasonal concentrations from Iron Gate Dam to the
Shasta River would remain adverse Continued impoundment of water at the Four
Facilities under the No Action/No Project Alternativevould result in no change from
existing conditions.

3.2.4.3.1.5 pH

Upper Klamath Basin

Continued impoundment of watatrthe Four Facilitiesould result inong-term
seasonahlnddaily variability in pH in the Hydroelectric ReachUnder existing

conditions,pH values in the Hydroelectric Reach range from just above neutral to greater
than 9, withlarge (0.5 1.5 pH units) daily fluctuationsccurring in reservoir surface

waters duringperiods of intense alghlooms. During these periods, pH levels
infrequentlymeet applicabl© DEQand CaliforniaNorth CoasBasin Plan water quality
objectives ¢eeTable3.2-3 and Table3.2-4), and adversely affect beneficial uses.

Several ongoingesource management actorpresent reasonably foreseeable actions
within the period of analysis thatayaffect pH Although initially resulting in increased
nutrient release, the ongoing Williamson River Delta Project and Wood River Wetland
Restoration are expected to eventuetduce nutrient input® Upper Klamath Lake
which maydecreasalgal bloom populations amdtes of photosynthesis
correspondingly decreiag observed pHnaximums in the lakandits tributaries.
Additional resource management actiagh aslbodplain rehabilitationriparian
vegetation plantingand purchase of conservation easements/iatated tonutrientsare
currently ongoing in the Upper Klamath Basse¢Section2.3.1) andare expected to
continue to improve longerm pH in the Upper Klamlatake. Thismayindirectly
decrease pH maximums in the Hydroelectric Reddfeseresource management actions
are discussed again with respect to water quality effects undeBRA (seeSection
3.2.4.3 Full Facilities Removal of Four Dam¥KBRA).

In Oregon, implementatioof TMDL measures focused on pH in the Upper Klamath
Lake Drainage TMDland WQMP and those in the draft Upper KlanRibher and Lost
River SubbasinsTMDL and WQMP geeSection 3.2.2 Yinclude decreased loading of
total phosphorouas the primary method for decreasing pH in Upper Klamath and
Agency lakes and in the Sprague River. While the California Klamath River TMDLs do
notincludespecificallocations or targets fgH, load allocationsnd target$or TN and

TP assigned to the€HP are designed tlmit algal photosynthesjsvhich will decreas
maximumpH levels anddaily variability in the Hydroelectric Reacihe California

Lower Lost River TMDLs also include pH allocations.
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The Oregon and CaliforniBMDLs in the Upper KlamatBasinare designed to achieve
water quality objectives; however, the timeframes for achieving pH objectives will
depend on the measures taken to improve water quality conditions, especially reductions
in nutrients. To consistently support beneficial usgkl cannot béelow 6.5 unitor
above9.0 units in OregonsgeTable3.2-3) and cannot bdepressed belowW.0 unitsnor
raisedabove 8.5 units in California upstreamdownstreanof Iron Gate DamgeeTable
3.2-4). ThepH in the reach from Link River Dato just upstrearof J.C. Boyle
Reservoir, and to th@regonCaliforniastate line in thédydroelectric Reachwould meet
water quality objectives for Oregon. Similarly, in California from the state line to Iron
Gate Dam, pH is expected to trend towashiavement of water quality objectives given
full attainmentof the TMDLs within the period of analysis (NCRWQCB 2010&l!
attainmentould require decades tolaeve

Anticipated climate change effects on pH include earlier, longer, and more inlgaise a
blooms (Barr et al. 20103€eSection 3.10.3,IExisting Conditiong Climate Change
Projections), whicilmayincrease pH maximums due to higher overall rates of
photosynthesis during summer months. The anticipated increases in pH due to climate
charge would also occur over a timescale of decades and would act in opposition to
improvements expected from successful TMDL implementation throughout the Upper
Klamath Basin; however, the magnitude of the opposition is unknown.

Existing seasonafluctuations in pH occurring during periods of intense algal
bloomsin the Hydroelectric Reachare adverse. Full attainment of the Oregon and
California TMDLs (implementation mechanism and timing unknown) would
significantly improve pH. Continued impoundment of wate at the Four Facilities
under the No Action/No Project Alternativavould result in no change from existing
conditions.

Lower Klamath Basin

Continued impoundment of watatrthe Four Facilitiesould result inong-term
seasonahnd daily variability inpH in theKlamath River downstream of Iron Gate Dam
Under existing conditiongH during latesummer and earfall months (August
September) in the Klamath Rivéownstream of Iron Gate Daranges from just above
neutral to greater than @ith large (05 1.5 pH units) daily fluctuationsccurring in the
lower riverduring periods ohigh photosynthesigeeSection 3.2.%&). In California, to
consistently support beneficial usaghe Klamath pH cannot belepressetielow
7.0unitsnor raisedabove & units EeeTable3.2-4).

While the California Klamath River TMDLs do nioiclude specific allocations or targets
for pH, load allocationsnd target$éor TN and TP assigned to thKéd{P are designed to
limit algal photosynthesjsvhich will decreas maximum pH levels and daily variability

in theKlamath River downstream of Iron Gate Dam

The timeframes for achieving pH objectives will depend on the measikessto
improve water quality conditions, especially reductions in nutriehite Klamath
TMDL model (see AppendiB) indicates that under ti¢o Action/NoProject
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Alternative Gimilarto TMDL T4BSRNscenari® pH in the reach frorseiad Valley

(RM 129.94 to downstream of the mainstem confluence with Indian Creek (RM 108)
would meet water quality objéiwes. Whilemodel results indicate thdaily maximum
values in some stretches of the Klamath Rd@wnstream of Iron Gate Damay not
meetthe Basin Plan water quality objective of 8.5 phits (seeTable3.2-4), within the
resolution of the Klamath TML modelthesepotentially occasional exceedances of the
pH objectivewould notbe expected to substantially adversaffigct beneficial usesThe
Hoopa Valley Tribe water quality objectiver pH (7.0i 8.5) (seeTable 3.26) is met at
the locationthatit s ap p !l i c B6P(NGRWQ@BRM.O Eherefore pH under
the No Action/No Project Alternative would meet pH water quality objectives for
California within the period of analysis dueftdl attainmentof the California TMDLs
(NCRWQCB 2010% It is anticipated thafull attainmentof the TMDLswould require
decades to achieve.

Anticipated climate change effects on pH include earlier, longer, and more intense algal
blooms (Barr et al. 20103€eSection 3.10.3,IExisting Conditiong Climate Change
Projections), whichmayincrease pH maximums due to higher overall rates of
photosynthesis during summer months. The anticipated increases in pH due to climate
change would also occur over a timescale of decades and would act in opposition to
improvement&xpected from successful TMDL implementation throughout the Lower
Klamath Basin; however, the magnitude of the opposition is unknown.

Existing seasonafluctuations in pH downstream of Iron Gate Dam which occur
during periods of intense algal bloomsn the upstream reservoirsare adverse. Full
attainment of the Oregon and California TMDLSs (implementation mechanism and
timing unknown) would significantly improve pH. Continued impoundment of
water at the Four Facilitiesunder the No Action/No Project Altenative would result
in no change from existing conditions.

3.2.4.3.1.6 Chlorophyll-a and Algal Toxins

Upper Klamath Basin

Continued impoundment of watairthe Four Facilitieccould supportlong-termgrowth
conditionsfor toxin-producing nuisance algapecies such dd. aeruginosaresulting in
high seasonal concentrations of chloropkgylind algal toxingn the Hydroelectric
Reach Under existing conditionshtorophylla samplesiuring summeandfall in

Upper Klamath Lakeand thereservoirs at theour Facilitiesexhibit annual mean values
>10pug/L (measured May through October) with the highest vald90 mg/L)
occurring in surface waters during late summer periods of intense algal bleans (
Section 3.2.3.1)High (>8ug/L) seasondkvels d algal toxirs (microcystin)arelinked

to intenseblue-green algabloomsandexceed applicabl®DEQwater quality objectives
for toxic substanceséeTable 3.23) and theNorth Coast Basin Plan water quality
objectives for toxicity geeTable 3.24). This adverselyaffects beneficial uses
particularly the human health water contact recreational use-&@d the cultural use
(CUL).
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As with other water quality parameters analyzed in this EIS/EIR (i.e., water temperature,
sediment, nutrients, diss@s oxygen, pH)several ongoingesource management
actionsrepresent reasonably foreseeable actwatisn the period of analysithatmay
affectalgal toxins and chlorophyl concentrationgn the Upper Klamath Basin The
ongoing Williamson River DeltRroject and Wood River Wetland Restoratioa

intended to eventuallyeduce nutrient input® Upper Klamath Lakeyhich mayhelp
decreas¢he incidence of toxic cyanobacterial algal blooms and high chlorealhsliels
andalgal toxirs in Upper Klamath.ake andeducethose transportedownstream to the
Hydroelectric ReachAdditional resource management actigush aslbodplain
rehabilitation riparian vegetation plantingnd pirchase of conservation easements/land
related tonutrientsare ongoingn the Upper Klamath Basis€eSection2.3.1) andare
expected to continue tecreaséong-termlevels of algal toxins and chlorophlin

Upper Klamath_ake. Thismayslightly decrease concentrations in the Hydroelectric
Reach Theseresource managemeactionsare discussed again with respect to water
quality effects under th€BRA (seeSection 3.2.4.3ull Facilities Removal of Four
Dams- KBRA).

In Oregon, implementation of measures related to chloroplgtid algal toxins in the

Upper Klamath La& Drainge TMDL and WQMP and those in the Upper Klam@ther

and Lost RiveSubbasinsTMDL and WQMP EeeSection 3.2.2 Yinclude decreased

loading of TP as the primary method for decreasing the magnitude of algal productivity
(blooms) affecting the higrates of photosynthesis and the related water quality problems
(e.g., pH, dissolved oxygen) in the Sprague River, Upper Klamath and Agency lakes, and
the Keno Reach. Decreases in upstream algal blooms would result in corresponding
decreases in chlorophyd concentrations and, for toxjproducing algal species, levels of
microcystin in theHydroelectric Reach

Additionally, the Oregon andCalifornia TMDLs include specific load allocations for TN
and TP upstream of the Klamath Hydropower Facilitsee®ection 3.2.2.% which are
intended to eventually limit the extensive algal blooms in Copco 1 and Iron Gate
Reservoirs and thus decrease chloropayhd algal toxin levels toward the TMDL
targets of 1Qug/L chlorophylla (growing season averag®), aerwginosacell density
<20,000 cells/L, and microcystin toxin s4)/L (seeTable3.2-10). Full attainment of the
measures in the Oregon and CaliforfiMDLs would result in waters meeting water
quality standardshowever, the timeframes for achieving watealiy objectives with
respect to algal toxins and chlorophgiill depend on the measures taken to improve
water quality conditionsThis would require decades to achieve and it is highly
dependent on improvements in nutrients in the upstream reaclimkrRiver Dam to
J.C. Boyle Dam (particularly Keno Impoundment including Lake Ewauna).

Anticipated climate change effects include earlier, longer, and more intense algal blooms
(Barr et al. 2010)geeSection 3.10.3,IExisting Conditiong Climate Chage

Projections), whicimayincrease algal toxin and chlorophgllconcentrations due to

higher overall rates of photosynthesis during summer months. The anticipated effects of
climate change would also occur over a timescale of decadesagnslightly dfset
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improvements expected from successful TMDL implementation throughout the Upper
Klamath Basin

Existing seasonablooms oftoxin-producing nuisance algal specieand
corresponding levels of chlorophyHa and algal toxins in the Hydroelectric Reach
are adverse. Full attainment of the Oregon and California TMDLs (implementation
mechanism and timing unknown) would significantlydecrease chlorophyHa and
algal toxins. Continued impoundment of water at the Four Facilitiesunder the No
Action/No ProjectAlternativewould result in no change from existing conditions.

Lower Klamath Basin

Continued impoundment of watat the Four Facilitieccould supportlong-termgrowth
conditionsfor toxin-producing nuisance algal species suchvasaeruginosaresuting in
high seasonal concentrations of chloropfeylind algal toxins (e.g., microcystin)
transported into th&lamath Riveifrom downstream of Iron Gate Data the Klamath
Estuary, and potentially the marine nearshore environmesrnder existing conditios,
chlorophylla concentrationsluring summer through fall in the Klamath River
downstream of Iron Gate Daanelower thanthose in Upper Klamath Lake and the KHP
reservoirgdue to interception of algae by the KHP darikweverconcentrationare
varialde by locationand increasas a result of periodic seasofia., summer, fall)
in-reservoir algal blooms that are transported into the lower ($e&Section 3.2.3).
These algal blooms can be toxic and can exoeetkeric thresholds for microcystin

(8 ug/L) posing a human health rigkd substantially adversely affex} recreational
beneficial usesparticularly water contact (REC) and CUL usesAlthough the CUL
beneficial use has only been approved for the Hoopa Valley Tribe thiseédiaple
3.2-2), known or perceived riskof exposure to degraded water quality conditiduns to
algal toxinsduring ceremonial bathing and traditional cultural activitiageresulted in
impairment otthis beneficial use for the Karuk Tribe as well (ats®Sedion 3.12.3.3)
Additionally, Hoopa Valley Tribe water quality objectives for toxigeoyanobacteria
species and cyanobacterial scuams not consistently met during summer monsie® (
Section 3.2.3.and Appendix C for more detailMicrocystin can als bioaccumulate in
aguatic biotaincluding filter feeders and fish. A discussion of algal toxins as related to
fish health is presented Bection 3.3.3.2Physical Habitat Descriptiord/Nater Quality-
Algal Toxins Lastly,there is emerging evidenteatcyanotoxins flushingrom coastal
rivers into Monterey BayCaliforniawereresponsible for numerous sea otter deaths
2007(Miller et al. 2010. While it is not known if conditions in Monterey Bay are
similar to those in the Klamath River marineganshore environment, there may be
potential for microcystin to adversely impact marine organisms under the No Action/No
Project Alternative.

The California Klamath River TMDLs include specific load allocations for TN and TP
upstream of th&our Facilities to offset the reduced nutrient assimilative capacity in the
reservoirs geeSection 3.2.2.4Klamath River TMDL$; the decreased nutrient loads
would limit algalgrowthand decrease chloropmgdland algal toxin levels the KHP
reservoirdoward theTMDL targets of 1Qug/L chlorophylta (growing season average),
M. aeruginosacell density 20,000atIs/L, and microcystin toxin4&ug/L (NCRWQCB
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20103. This would subsequently decrease levels of chloroghgiid algal toxins
transported into the Lower Kinath Riverthe Klamath Estuary, and the marine

nearshore environment his would require decades to achieve and it is highly dependent
onupstream nutrieritnprovements.

As with the Upper Klamath Basianticipated effects of climate change chlorofyll-a

and algal toxinsvould occur over a timescale of decades and would act in opposition to
improvements expected from successful TMDL implementation throughout the Lower
Klamath Basin; however, the magnitude of the opposition is unknown.

Existing transport of seasonablooms oftoxin-producing nuisance algal species
chlorophyll-a, and algal toxins irto the Klamath River from downstream of Iron
Gate Dam to the Klamath Estuaryare adverse. Transport to the marine nearshore
environment is potentially adverse. Full attainment of the Oregon and California
TMDLs (implementation mechanism and timing unknown) would significantly
decrease chlorophyHa and algal toxins Continued impoundment of water at the
Four Facilities under the No Action/No Project Alernativewould result in no change
from existing conditions.

3.2.4.3.1.7 Inorganic and Organic Contaminants

Upper Klamath Basin

Freshwater Aquatic Life Toxicity and/or Bioaccumulation

Effects of the No Action/No Project Alternative on potential inorgamid¢ organic
contaminants in Upper Klamath Lake and its major tributaries cannot be assessed directly
due to a lack of information for these parametseg$ection 3.2.8, Upper Klamath

LakeT Inorganic and Organic Contaminants). However, under thedtioXNo Project
Alternative, ongoingesource management actigns., Williamson River Delta Project,
Agency Lake and Barnes Ranches Projewyreduce transport of inorganic and organic
contaminants into Upper Klamath Lake and downstream reachese @fkgon and
California TMDLs do not address inorganic and organic contaminardsy the No
Action/No Project Alternativd MDL implementatiomrmayindirectly limit transport of
inorganic and organic contaminants through mechanisms expected to redecelsdsp
sediments and nutrients.

Low levels of @ganic and inorganic contaminants have been identified in the sediment
deposits trapped behind the damshe Hydroelectric ReadiseeSection3.2.38).

Benthic uptake and subsequent transfer through tieevieb isonepotential pathway of
contaminanexposure for aquatic organisms in tigdroelectric Reach; exposure to
water column contaminants is also a possible pathBagiment ontaminants
influencedby pH ordissolved oxygersuch as methylmercurgpayflux into the water
columnvia the low redox conditions supported by reservoir stratification and seasonal
anoxia Human exposure to methylmercumorganic contaminants (e.g., arsenac)d
organic contaminan{®.g., pesticides, PCBs, PAH®sociged with reservoir sediments
mayoccur through consumption of contaminated reservoir fish or shell@sktential
effects of theNo Action/No Project Alternativare further discussed below using
available water column, sediment, and aquatic biota contarhdata.
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Continued impoundment of watatrthe Four Facilities and associatatterception and
retention ofsediments behind the dams could resulong-termlow-level exposure to
inorganic and organicontaminants for freshwater aquatic specieshim lHydroelectric
Reach

Water Column Contaminant&Vater quality data collected durimgCopco 1 and Iron
Gate reservoirs during001i 2005under the SWAMP indicatihatconcentrations of
numerousnorganic compounds (i.e.tsenic, cadmium, chromiumopper, lead,
mercury, nickel, selenium, silver, amthc) and organic compounds (i.e., pesticides,
PCBs, phenolsyere in compliance witiwvater qualityobjectives (NCRWQCB 2008see
Section3.2.3.1and Appendix C, Section C.7.1.1 for more détalil

SedimentContaminants.Two studies provide data for the evaluatiorsetliment toxicity
and bioaccumulation potentiahder the No Action/No Project Alternative

e Sediment chemistry data collected during 2&DD5 from 26 cores id.C.Boyle,
Copco 1, and Iron &e Reservoir§Shannon & Wilson, Inc. 2006)The2004
2005sediment chemistry data indicate generally low levels of metals, pesticides,
chlorinated acid herbicides, PCBs, VOCs, SVOCs, cyanide, and di®tiasijon
& Wilson, Inc. 2006 seeSection3.2.3.).

e Sedimenthemistry and toxicity data collected during 2810 as part of the
Secretarial Determination process, includsagnples frond.C.Boyle, Copco 1,
and Iron Gate Reservojrand the Klamath Estuaripépartment of the Interior
2010aandexpog r e A Scenar i o .Basedomconp&risbnfo2011] )
appropriate freshwater sediment screening levelsSseton 3.2.3.8 and
Appendix C for more detail), no exceedances of detected chemicals were found in
sediment samples, indicating a low risk ofitity to freshwater sediment
dwelling organisms in the Hydroelectric Reach under the No Action/No Project
Alternative. Based on dditional lines of evidence (i.e., toxicitgsts, calculation
of TEQ9, theredoes not appear to be a substantial sedimaititypconcern for
nationalbenchmarkbenthicindicator species from Copco 1 and Iron Gate
Reservoir under the No Action/No Project Alternatividne exception to this
occurredn asinglesample from J.C. Boyle Reservoiheresurvival of the
benthic ampipod Hyalella aztecandicated a moderate potential for toxicity.

TEQs for dioxin, furan, and dioxilike PCBs in reservoir and estuary sediment
samplesvere withinthe range of local background valwesl suggest Emited
potential for adverse effectsr fish exposed to reservoir sediments under the No
Action/No Project Alternative (CDM 2011l astly, sediment samples were also
evaluated for levels of known bioaccumulative compounds; ODEQ
bioaccumulation sediment screening values were not exceed«tl iBoyle
Reservoir sediments, with the exception of a small number of samples for DDTs
(i . e-DDT 4 ;DADSD4, 6 -DDE)4EDM 2011).
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Contaminants in Aquatic Biotal'he mtential for bioaccumulatioander the No
Action/No Project Alternativeanalsoevaluated usingish tissue concentrationgwo
studies provide data for the evaluatiorb@faccumulation potential in freshwater fish

o PacifiCorp 0Mc) conducted acreeningevel analysidooking atmetals (i.e.,
arsenic, cadmium, chromium, copplerad, mercury, nickel, selenium, and zinc),
organochlorine pesticides, and PCBs inllyeroelectric Reachnd Upper
Klamath Lake ThePacifiCorpdata suggest thawith two exceptions, fish in the
KHP reservoirglo not appear to bexposed to levels aontaminants that may
adversely affect beneficial uses or that are toxic or detrimental to aquatic life
The exceptions includexceedancesf thetotal mercurywildlife screening level
(0.00227 ug/yfor all tissue sampleis Keno, J.C. Boyle, Copco and Iron Gate
Reservoirsgee Appendix C for more detgisuggesting that localized mercury
methylation may be occurring during periods of stratification and anoxiee in
reservoirgsee Table3.2-5). Another exception is thakeeedancesf
recommendeavildlife screening levelor total DDTsb a s e d -D&E fopnd p 6
in fish tissue samples frolpper Klamath Lakethe Keno Impoundment,
J.C.Boyle Reservoirand Copco Reservoir §eeSection3.2.3.1 Inorganic and
Organic Contaminants Hydroelectric Reeh), maysuggest g@ossible
broaderscale bioaccumulation effe(geeAppendix C, Table ).

e Results from th20092010 Secretarial Determination fish tissue sampling
(exposur e @ Scen arindicate thamercury isgrésiht if fl0 1 1] )
tissue atevels with potential to cause minor or limited adverse effects tp fish
multiple other chemicals are not present at such levels, or they are present but do
not possestssuebased TRVd$or comparisor(seeSection 3.2.3.8 andppendix
C for more detail) Fish tissue results were albelowdioxin, furan, and
dioxin-like PCBTEQs,indicating no adverse effe@DM 2011) Combined
with the sediment contaminant data (see above), inorganic and organic
contaminantsre present in reservoir sediments at letieht have the potential to
cause minor or limited adverse effects (i.e., toxicity or bioaccumulation) to
freshwater aquatic speci@isigure 3.22).
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Exposure Scenario < N s
Scenario 1 Long-term exposure to reservoir sediments
(No Action Alternative) 9 P
Scenario 2 Short-term exposure to sediments flushed )4
(Proposed Action) downstream O
Scenario 3 Long-term exposure to exposed reservoir )4 o )4 o
(Proposed Action) terrace and or river bank deposits O O
Scenario 4 . . )4 )4
(Proposed Action) Long-term exposure to river bed deposits O O
Scenario 5 Long-term exposure to marine / near shore )4
(Proposed Action) deposits O
)4 . .
O No adverse effects based on lines of evidence
)4 One or more chemicals present, but at levels unlikely to cause adverse
O effects based on the lines of evidence
One or more chemicals present at levels with potential to cause minor or
limited adverse effects based on the lines of evidence
)4 At least one chemical detected at a level with potential for significant
O adverse effects based on the lines of evidence
This exposure pathway is incomplete or unimportant for this receptor
group

Figure 3.2-2. Summary of Anticipated Effects of Inorganic and Organic
Contaminants in Klamath Reservoir and Estuary Sediments Under the No
Action/No Project Alternative and the Proposed Action. This does not include an
evaluation of the physical effects (e.g., dissolved oxygen, suspended sediment).
(2): Qualitative evaluation conducted for this exposure scenario.

Source: CDM 2011.

Existing inorganic and organiccontaminant data characterizingreservoir sediments
at the Four Facilitiesindicate that a relatively small number of chemicalgi.e.,
mercury, DDTs, and possibly dioxinlike chemicals)are presentin reservoir
sediments at levels that have the potential to cause minor or limited adverse effects
(i.e., toxicity or bioaccumulation) tofreshwater aquatic species in the Hydroelectric
Reach Continued impoundment of water at the Four Facilitiesunder the No
Action/No Project Alternativevould result in no change from existing conditions.

Continued impoundment of watatrthe Four Facilities and associatatterception and
retention ofsediments behind the dams could resulong-termlow-level exposte to

inorganic and organicontaminants in the Hydroelectric Redon humars through the
consumption of resident fish tissugduman health exposure to inorganic or organic
chemicals in reservoir sediments under the No Action/No Project Alternativeugth
consumption of resident fish. Under e Action/No Project Alternative,icect human
exposure to sediments is not considered a reasonable exposure pathway. Three studies
provide data for the evaluation of human health exposure through consuofption

resident fish:
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e Results frontCalifornia SWAMP fish tissuesamplingin Copco 1 and Iron Gate
Reservoirs indicate mercutigsue concentratiorsd 0.31 and 0.33 ng/g wet
weight, respectively (Davis et.&010). These data argreater than the advisory
tissue levels for 3 and 2 servings per week (70 and 150 ng/g wet weight,
respectively) and the fish contaminant goal (220 ng/g wet wdisgBSection
3.2.3.1), suggesting lo¥evel bioaccumulation potential in the two largkstP
reservoirs

o PacifiCop (200£) reported thatin general, fish irthe reservoirs at the Four
Facilitiesare not exposed to levels of contaminants that may adversely affect
human health via fish consumptioBxceptions to this includarsenic and total
PCBs, which may equal exceed the toxicity screening level for subsistence
fishers geeSection3.2.3.1 PacifiCorp 2004). Additionally, a subsequeiat
review ofthe PacifiCorp datand conversion to wet weight valuesind that
mercury levels exceedele screening level faubsistence fishers (0.049 ug/qg)
for samples from Keno, J.C. Boyle, Copco 1, and Iron Gate Reseraods
exceededhe screening level for recreational fishers (0.4 uigigdamples from
samples from Copco 1 and Iron Gate Reserveges Appendix C fomore
detai).

¢ Results from the 2010 Secretarial Determination fish tissue sanpdifogite that
a relatively small numberf@hemicalsare presenn fish tissueat levels with
potential to cause minor or limited adverse efféatisumans through fish
comrsumption(Figure 3.22). These includarsenic, total PCBs, and dioxiims
yellow perchatJ.C. Boyle, Copco 1, and Iron Gate reserv(@®M 2011) In
bullhead the same chemicatge presentyith the addition of mercury for Copco
1 Reservoir(seeSecton 3.23.8 and Appendix C for more detdils

In summary, existing fish tisspeioassayandsediment chemistry data indicate that
continued retention of sediments behind kP damsunder the No Action/No Project
Alternativemayresult in concentratits of inorganic and organic contaminants at levels
that adversely affect beneficial uses or arectto humans in thelydroelectric Reach.
This includes possible exposure tow-level bioaccumulation adrsenidwhich may be
naturally elevated in thepper Klamath Basin [see Section 3.2.28organic and

Organic Contaminantsgnd mercury in fish residing in the lacustrine environmeitief
Keno Impoundmentincluding Lake Ewaunand J.C. Boyle, Iron Gate, and Copco 1
Reservoirs

Existing inorganic and organic contaminant data characterizing fish tissue in the
reservoirs at the Four Facilities indicate that a relatively small number of chemicals
(i.e., mercury, arsenic, total PCBsand dioxins) are present at levels that have the
potential to cause mmor or limited adverse effects tchumans through fish
consumptionin the Hydroelectric Reach. ntinued impoundment of water at the
Four Facilities under the No Action/No Project Alternativevould result in no change
from existing conditions.
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Lower Klamath Basin

With the possible exceptiarf compoundgi.e., mercury thatcan be released (exported)
from reservoir bottom waters under seasonally anoxic conditioninaed

impoundment of water at the Four Facilitissiot anticipated to result increased
exposure to inorganic and organic contaminants for freshwater aquatic spdoees in
Klamath River downstream of Iron Gate Daithis is because contaminants that may be
present in reservoir sediments at the Four Facilities would remain in placethumdier
Action/No Project AlternativeThere is currently insufficient information to assess
whether the No Action/No Project Alternative would expose downstream aquatic biota to
methylmercury released from bottom wateBsoaccumulation of algal toxing.e.,
microcystin) has been documented in fish and mussel tissue in the Klamath River
downstream of Iron Gate Dafannet al. 2010@and is discussed furthar Section 3.3
AquaticResources Potential for the Proposed Action and alternatives to affect
production and toxicity of algal toxins in discussed in SectionAghe

3.2.4.3.2 Alternative 2: Full Facilities Removal of Four Dams (Proposed Action)

The Full Facilities Removal of Four Dams (Proposed Action) is the removal of four
majordamsin the Klamath Hydroelectric Proje¢.C. Boyle, Copco 1, Copco 2, and

Iron Gate)along with the ancillary facilities of each installatiora 20-month period

which includes an-8nonth period of site preparation and partial drawdown at Copco 1
and a 12monthperiod for full drawdown and removal of facilitie¥his includes the

entire dam, the powerhouses, spillways, and other infrastructure assocthtéte

power generating facilities, as well as the transfer of the Keno Dam facilities to the DOI
and theamplementation of the KBRARemoval of the Four Facilities would not affect
water quality in the following reaches in the Upper Klamath Basin: Wood, Williamson,
and Sprague Rivers, Upper Klamath Lake, and Link River to the upstream end of
J.C.Boyle Resevoir. In theHydroelectric Reacbf the Upper Klamath Basinemoval

of the Four Facilitiesvould result in the release of sediments currently trapped behind the
dams This release would have shaoerm (<2 years following dam removadjfects on
suspendd sedimentdissolved oxygen, nutrients, and inorganic and organic contaminant
concentrations in the Klamath Rivednderthe Proposed Actigrinterception and

retention of sediments behind the daahthe Four Facilitiessould no longer occur; this
would have longterm (21 50 years following dam removatffects onsuspended

sedimens. Additionally, elimination of the lacustrine environment of the reservoirs
under the Proposed Actiamould have longerm effects omwater temperaturalissolved
oxygen, mtrients, pH, algal toxins and chlorophglin the river The following sections
provide detail regardinthe anticipate@ffects. KBRA under the Proposed Action is
addressed at a programmatic level in the last subsection of the Proposed Action.

3.2.4.3.2.1 Water Temperature

Upper Klamath Basin

Removal othe Four Facilitiesunder the Proposed Action aetimination of hydropower
peaking oprations at J.C. Boyle Powerhsercould result inshortterm (<2 years
following dam removaland longterm (2 50 years following dam removad)iterations

in daily water temperatuseandfluctuations in the J.C. Boyle bypass and peaking
reaches Klamath TMDL modelsee AppendiD) results indicate that under the
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Proposed Action (similar to the TMDL TOD2Rd¢enario which includes Oregon

TMDL allocations), water temperatwin the Hydroelectric Reach immediately
downstream of J.C. Boyle Dam woudd similar tathoseunder the No Action/No Project
Alternative but hierewould berelativelyhigherdaily fluctuationsduring June through
September (similar to the TMDL T4BSR$d¢enari due tothe absence of the thermal
mass in J.C. Boyle Reservoivhich tend to moderate daily temperature fluctuations
immediatelydownstream of the dam undexisting condition§NCRWQCB 201@).
Higher daily fluctuations would also occur imetJ.C. Boyldoypasgeachbecause it
would no longer be dominated by cold groundwater inpugsrelatively constant
temperature of 112°C (Kirk et al. 2010 Asarian and Kann 2086 Water temperatuse
in this short river reach would increase during summer months, moving it away from
support of core coldwater habitat; howewaeas adjacent to the coldwater sprimgthe
bypass reactvould continue to serve as thermal refugia for aquatic speciesdecttae
springs themselves would not be affeddgdhe Proposed Actionn the J.C. Boyle
peaking reacimodelresultsindicate thatvater temperatures under the Proposed Action
would be slightly lower (0.51°C [0.9-1.8°F]) than those predicted under the No
Action/No Projeciand wouldexhibitlower daily fluctuation duringJune through
Septembe(NCRWQCB 2010aAsarian and Kann 20@5 At thesdocatiors the relative
differencein daily water temperatureuttuationsbetweerthe Proposed Action and the
No Action/No Project Alternatives due to theslimination of peaking operations and the
associated large daitgmperature swings.

Under the Proposed Actionthe short-term (<2 years following dam removal)and
long-term (27 50 years following dam removal)jncreases in summer/fall water
temperatures and daily fluctuations in theJ.C. Boylebypassreach due to the
elimination of hydropower peaking operations would be a significant impact. Slight
decreases indng-term summer/fall water temperatures and less daily fluctuation in
the J.C. Boyle peaking reach would be beneficial.

Removal othe Four Facilitiesunder the Proposed Action and conversion of the
reservoir areas to a frelowing river could result irshortterm (<2 years following dam
removal)and longterm (2 50 years following dam removal) increases in spring water
temperatures andecreases in late summer/fall water temperatimebe Hydroelectric
Reach downstream of Copco 1 Reservbirthe Klamath River downstream of the
J.C.Boyle bypass and peaking reachEgIDL model results indicate thatater
temperatures under the Proposed Action would be slightly lowerI{CH0.9-1.8°F))
than those predicted under the No Action/No Project and vexhiitit lower daily
fluctuation duringJune through Septemb@@CRWQCB 2010a, Asarian and Kann
2006a;Figure 3.23). Overall, theTMDL modelresultsindicate thatlune through
Octoberriverinewater temperaturefsom J.C. Boyle Reservoir tine OregonCalifornia
state line would meet the Oregon narratie¢ural conditions criterion thatipersedes the
numericobjective (.e.,16°C [60.8°F], sedable3.2-3) for support of core coldwater
habitat
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Figure 3.2-3. Predicted Water Temperature at the California-Oregon State Line
(RM 208.5) for the Klamath TMDL Scenarios Similar to the Proposed Action
(TOD2RN Scenario) and the No Action/No Project Alternative (T4ABSRN
Scenario). Source: NCRWQCB 2010a.

In the California portion of the Hydroelectric Reattte TMDL model indicates that

removal of the Four Facilities under the Proposed Action would eliminate the seasonal
temperature shift caused by the Four Facilities in the Hydroelectric Realtihat

spring water temperatures would increase latelsummer/fall tenperatures would
decreaseJ ust downstream of Copco 1 tlswduldCopco 2 F
increasalaily maximum temperaturdbat are currently up t8°C (13°F) lower than
modelednatural conditions ispring May and Juneanddecrease tempetaes that are

up to roughly 4C (7°F) greater thamodelednatural conditions itate summer/fall
(AugustthroughOctobe}, due to the presence thfe reservoirgFigure 3.24)

(NCRWQCB 2010a) Water temperature modeling conducted for the Klamath Dam
Removal Secretarial Determination Studies provideserallysimilar resultswith

RBM10 model resultshowinga projectedshift in theannualtemperature cycléhat

would slightly increase rivetemperatures in the spring, and decrease temperatures in the
late summefall in the Hydroelectric Reaalmder the Proposed ActidRerry et al.

2011) Further discussion d8BM10results is presented below for the Lower Klamath
Basin.
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Figure 3.2-4. Estimated Changes in Daily Maximum Klamath River Water

Temperatures at aRM 198 due to the Presence of
the 2000 Calendar Year. Positive Values Represent an Increase above Modeled
Natural Conditions. Source: NCRWQCB 2010a.

The timing of reservoir drawdown under tAeposed Action was optimally developed to
minimize environmental effectecause drawdown of the reservoirs would begin in
winter and would be largely complete by March/April of 2QR€., prior to thermal
stratification in the reservoirsghe aforemetionedwater temperature effects of the
Proposed Action ithe Hydroelectric Reach would occur, either partially or fully, within
the first 1 to 2 years following dam removal amould, therefore, alste shorterm

effect.

TheKlamath TMDL model desnot address the potenting-termeffects of global
climate change on water temperatures in the Klamath Bappendix D) As described

for theNo Action/No Project Alternativeclimate change is expected to increase summer
and fall water temperaturestime Klamath Basion the order ofi 3°C (1.8 5.4°F)
(Bartholow 2005 Perry et al. 2001 The Proposed Actiowould decreas long-termlate
summer/faliwater temperatures amebuld thereforeincrea® the likelihood that

beneficial uses would be supportgterclimate change

Under the Proposed Actionthe short-term (<2 years following dam removal) and
long-term (21 50 years following dam removal)jncreases in springtime water
temperatures would be potentiallysignificant while decreassin late summer/fall
water temperatureswould be beneficial.
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Lower Klamath Basin

Removal of th&our Facilitiesunder the Proposed Action and conversion of the

reservoir areas to a frelowing river couldresult inshortterm(<2 years following dam
removal)and longterm (2 50 years following dam removatjcreases in spring water
temperatures and decreasedate summer/fallvater temperatures in the Lower

Klamath River Water temperature modeling results are available for the Lower Klamath
Basin fromthree separate oaleling efforts: théacifiCorp relicensing efforts (KRWQM;
seeAppendixD); development ofthe California Klamath River TMDL&see Appendix

D); and,water temperature modeling conducted for the Secretarial Determination studies
(RBM10; see Appendix D)KRWQM results comparing the current condition (all KHP
dams in place) to four withoytroject scenarios (i.e., no KHP dams; without Iron Gate
Dam; without Copco 1, Copco 2, and Iron Gate; and without J.C. Boyle, Copco 1, Copco
2, and Iron Gate Dams) for 202004 indicate that theeservoirscreate a temporal shift

by releasingyenerallycooler water from midlanuary to April, variably cooler or warmer
water from April through early August, and warmer water from August through
November (PacifiCorp 20@4Dunsnoor and Huntington 2006 Just downstream of

Iron Gate Dam (RM 190.1), this translates te-2.5°C (1.8-4.5°F) cooling during

spring and a-210°C (3.6-18°F) warming during summer and fall (Figure-3)2

Immediately upstream of the confluence with 8eott River (RM 143.9), the difference
betweerexisting conditiongnd withoutproject scenarios indicates a lesser, albeit still
measurable, warming of8°C (3.6-9°F) for most of October and November (Figure
3.2-6). Because patterns in reservoir therstalcture for Iron Gate and Copco 1 indicate
that stratification generally commences in April and ends in November, the effect of
reservoir thermal regime on downstream wéerperatures appears to be cooling during
non-stratified periods and warming dioig stratified periodsThe cooling effect in spring

is potentiallybeneficial to rearing salmonidg reducing stress and disease for late
outmigrants The warming effect, which can be stressful to rearing salmonids, lasts for
the majority oflate summe and fall months and is of larger magnituéagifiCorp

2004).

Reservoir thermal regimes also act to reduce the magnitude of daily temperature
fluctuations in the reservoir reaches and the riverine reaches immediately downstream of
Iron Gate Reservoir (R 190.1;seeFigure 3.25) (Deas and Orlob 1999, PacifiCorp

2004b). As with the seasonal temperature effect, the influence on daily temperature
fluctuations is generally absent farther downstream, at the confluence with the Scott
River (RM 143.9seeFigure 3.26). The KRWQM indicates that the temperature

influence of the Hydroelectric Reach is mostly ameliorated by RM 66 at the confluence
with the Salmon RiversgeFigure 3.27).

3.2-807 September 2011



Water Temperature (C)

30 -

25

[
=

-
@

-
=

o

5

I R
Y
» \i:-:' & \,L!Q

Chapter 31 Affected Environment/Environmental Consequences
3.2 Water Quality

— Existing Conditions

Without |15, Copco. JCB

@ B d g .g_\,’:“ .}Q“ ;& & _33 & 8
Hﬁ: N,\S«?' q?xi' E,‘?‘ ,.i:lfRQ -i:(@ @\2‘ o A w {5 \,\’5‘9 .-Lof} Q3]5’-‘;D

= Tl .
P T S
Date

o

Figure 3.2-5. Simulated Hourly Water Temperature Downstream of Iron Gate

Dam (RM 190.1) Based on Year 2004 for Existing Conditions Compared to

Hypothetical Conditions without J.C. Boyle (JCB), Copco 1, Copco 2, and Iron

Water Temperature (C)

Gate (IG) Dams. Source: PacifiCorp 2004a.
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Figure 3.2-6. Simulated Hourly Water Temperature Immediately Upstream of
the Scott River Confluence (RM 143.9) Based on Year 2004 for Existing
Conditions Compared to Hypothetical Conditions without J.C. Boyle (JCB),
Copco 1, Copco 2, and Iron Gate (IG) Dams. Source: PacifiCorp 2004a.
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Figure 3.2-7. Simulated Hourly Water Temperature Downstream of the
Salmon River Confluence (ARM 66) Based on Year 2004 for Existing

Conditions Compared to Hypothetical Conditions without J.C. Boyle (JCB),

Copco 1, Copco 2, and Iron Gate (IG) Dams. Source: PacifiCorp 2004a.

In agreement with KRWQM results, Klamath TMDL modste AppendiD) restits

also indicate that under the Proposed Action (similar to the TMDL TCD&feNari,

water temperatre in theKlamath River downstream of Iron Gate D&M 190.1)

would be2-10°C (3.6-18°F)lower during August through November agd5°C

(3.6-9°F) higherduring January through Mar¢han those under the No Action/No
Project (similar to the TMDL T4BSRMNcenari®, due toremoval of the large thermal
mass createbly thereservoirdNCRWQCB 2010a).The Klamath TMDL modehlso
predicts that daily fluctuatioria water temperature at this location durihgstsame

period would be greater under the Proposed Action (TCD2RN) than the No Action/No
Project Alternative (TABSRNgswater temperatures would be in equilibrium with (and
would reflect) daily fluctuations ambient air temperatureés with KRWQM, these
impacts would decrease in magnitude with distance downstream of Iron Gate Dam, and
they would not be evident by the Salmon River confluedBM 66). Therefore, under
the Proposed Action, water temperatiwould not be directly affected in the lower river
downstream of theonfluence with the Salmon Rivencluding theKlamath Estuaryand
the marine nearshore environment

As part of the Klamath Dam Removal Secretarial Determination studies, the effects
climate change&vere includedn modelprojections for future water temperatures under
the No Action/No Project Alternative and the Proposed Action. RBM10 model results
using climate change predictions from five GCMs indicateftitate water temperates
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underthe Proposed Actiofwheresimulated flows are subject KBRA flows) would be

17 2.3°C (1.8 4.1°F) warmer than historical temperatu(@erry et al. 2011)This

temperature range is slightly lower than that suggéstgatojectingBartholow (2@5)
historical(1962 2001)estimates 00.05°C (0.09) peryear,or 2i 3°C (3.6i 5.4°F over

50 years However within the general uncertainty of climate change projecti@ssilts

from the twomodelscorrespond reasonably well and indicate that watepégatures in

the Upper Klamath Basin are expected to increase with the period of analysis on the order
of 1i 3°C (1.8 5.4°F).

RBM10 results also indicate that, despite warnohgater temperaturasmder climate
changethe primary effect of dam remowval still anticipated be the return of
approximately 160 miles of the Klamath River, from J.C. Boyle Reservoir (RM 224.7) to
the Salmon River (RM 66), to a natural thermal regiRexry et al. 2011) Model results
indicatethatthe annual temperature cycdewnstream of Iron Gate Dam would shift
forward in time by approximately 18 dayader the Proposed Actipwith warmer
temperatures in spring and early summer and cooler temperatures in late summer and fall
immediately downstream of the damust downseam of Iron Gate Dam, water
temperaturg under the Proposed Action including climate change would av2t@ge
greater in May than those under the No Action/No Project Alternative, winilegd
Octoberwater temperatures would averatj€ cooler.At the canfluence with the Scott
River, the differencewould bediminished, but thererould still bea slight warming

(<1°C) in the spring and coolingi(2 °C) in thelate summer and fafPerry et al. 2011).
Thus, despite thanticipatedvarming under climatehange, vater temperature
improvements undehe Proposed Actiowould still help to achieve the Oregon and
California temperature TMDLSs for the mainstem Klamath River.

The timing of reservoir drawdown under the Proposed Action was optimally developed to
minimize environmental effectdecause drawdown of the reservoirs would begin in
winter and would be largely complete by March/April of 202, (prior to reservoir

thermal stratificatio)) water temperature effects of the Proposed Action in the Klamath
River downstream of Iron Gate Dam would occur, either partially or fully, within the first

1 to 2 years following dam removal awduld be a shorterm effect as well as a long

term effect.

Under the Proposed Actionthe short-term (<2 years following dan removal) and
long-term (27 50 years following dam removaincreasesin spring water
temperaturesfor the reach from Iron Gate Dam to the confluence with the Salmon
River would be potentially significant. Decreassin late summer/fall water
temperatureswould bebeneficial. There would be nachange from existing
conditions on water temperatures for Klamath River downstream of the Salmon
River, the Klamath Estuary, and the marine nearshore environment.

Sediment release associated with the removal of the FRacilities under the Proposed
Action could causshortterm (<2 years following dam removal) and/or letegm
(2-50years following dam removaicreases in sediment deposition in the Klamath
River orEstuary that could alter morphological characteiestand indirectly affect
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seasonal water temperaturebicreased sediment deposition in the estuary under the
Proposed Actiomaydecrease the size of the salt wedge, either by increasing the
frequency of mouth closure, or by elevating the bottom of $heaey above portions of
the tidal range when the mouth is open. Alternately, scouring of current estuarine
sediment deposits may occur during the stemn high sediment transport predicted to
occur following dam removal, whiaimay sufficiently change mrphology as to effect
mouthclosure, salt wedge formation, and associated seasonal water temperature
However becausdittle shorttermsettling sedimentationor scourings expected to
occur in theKlamathRiver orthe estuary as a result of the Pi@sed Actior(seeSection
3.11.4.3) and estimates of baseline sediment delivery for the Klamath Basin indicate that
long-term sediment delivery rates will not change substantially under the Proposed
Action (Stillwater Sciences 20),@here would be no indrect effecton water
temperatures in theKlamath Estuary under the Proposed Action

3.2.4.3.2.2 Suspended Sediments

Upper Klamath Basin

Sediment release associateiih the Proposed Action could causd®ortterm (<2 years
following dam removalincreasesn suspended material in the Hydroelectric Reach
downstream of J.C. Boyle Daine to the release of sediments currently trapped behind
thedams at the Four FacilitiesResults of sediment transport modeling of the impacts of
dam removal on suspended sednt in the lower Klamath River indicategh shortterm
loadsimmediatelydownstreanof Iron Gate Dam under the Proposed Action (Greimann

et al. 2011 Stillwater Sciences 2008 ModeledSSCs downstream of J.C. Boyle

Reservoir are similarly high in theaft-term, although due to the relatively small volume

of the sediment deposits behind J.C. Boyle Dam (i.e., 15 percent of total volume for the
Four Facilities), concentrations would be considerably less than those anticipated to occur
downstream of Iron Ga Reservoir.Overall, and within the general uncertainty of the
model predictions, SSCs at J.C. Boyle Reservoir across the three water year types would
have peak values of 2,008,000 mg/L and occurring withiri 2 months of reservoir
drawdown. Predicte8SCs quickly decrease to less than 100 mg/Lif@rrBonths

following drawdown, and concentrations less than 10 mg/Lift0 énonths following
drawdown Figures 3.28 through 3.210). Under the Proposed Actionthe short-term

(<2 years following dam remowl) increases in SSCs in the Hydroelectric Reach
downstream of J.C. Boyle Danwould bea significant impact.
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Reservoir Under the Proposed Action Assuming Typical Dry Hydrology (WY2001).
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Figure 3.2-10. Suspended Sediment Concentrations Modeled at J.C. Boyle
Reservoir Under the Proposed Action Assuming Typical Wet Hydrology (WY1984).

Stormwater runoff fromeatonstructioractivities under th&roposed Action could cause
shortterm increases in suspended material in the Hydroelectric Rearoig the
deconstruction periadDeconstruction atwvities under he Proposed Actiowould
includedemolition of the dams and their associated structures, power generation
facilities, transmission lines, installationtemporarycofferdams, road upgrading,

hauling, reservoir restoration, and other atiggi (as described in Section 2.4.3.1).
Deconstruction activities are scheduledécur between January 10 and June 26, with
cofferdam installation scheduled to occur between 2 January 2020 and 6 February 2020.
Therefore cofferdam installationvould ocur during the first month of reservoir

drawdown andhe period opeak SS€associated witimobilization ofreservoir

sediment deposits durimyawdown. While the magnitude of sheterm effects on SSCs

due to erosion of the large volume of reservoiirsedt deposits trapped behind the

dams would be substantially greater than those due to dam deconstruction activities, this
does not alleviate the requirement to reduce impacts from deconstnettited

activities. The potential for sediments to entke Hydroelectric Reacfrom

deconstruction site rungftofferdaminstallation,or in-water deconstruction work can be
minimized or eliminated through the implementation of BNb?sleconstruction

activities thatvould occur in or adjacent tihe Klamath Rrer (Appendix B) Under the
Proposed Actionthe effect of stormwater runoff from deconstruction activities on
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SSCs in the Hydroelectric Reach downstream of J.C. Boyle Dam would be a less
than-significant impact.

Implementation ofM 7, J.C. Boyle Gra@l Placement and/or Habitat Enhancement,
could result inshortterm increases in mineral (inorganic) suspended matarigie
Hydroelectric ReachThe Proposed Action includes seven years of gravel placement
(after an Affirmative Determination until 20L9Under thisIM, suitable spawning gravel
would be placed in the J.C. Boyle Bypass aadlhg reaches. The spawning gravel
would be placed using a passive approach before high flow periods, or to provide for
other habitat enhancement in the KlamatheRiwpstream of Copco 1 Reservolihese
actions would provide improvements in habitat quality for resident fish prior to dam
removal, and for resident and anadromous species following dam rem&eaisive

gravel placement is specified by IM 7, whichwa avoid instream placement of gravel
and would limit turbidity increases to periods of high river flow when turbidity is
naturally elevated. The potential for sediments to enter the water during gravel placement
along the river banksouldbe minimizedor eliminated downstream of the enhancement
sites through the implementation of BMies constructioractivities(Appendix B) (BLM
2011). Any disturbed sediments would be trapped by Iron Gate Reservoir and not
transferred downstream to the Klamath Riyparticularly given implementation of
BMPs.Under the Proposed Action the effectof IM 7, J.C. Boyle Gravel Placement
and/or Habitat Enhancement, on SSCs in the Hydroelectric Reach would be a less
than-significant impact.

Implementation of IM 18Nater Dversions could result in shofterm increases in

mineral (inorganic) suspended material in the Hydroelectric Reach ddiee¢csion

screening deonstructionand constructioractivities. Under IM 16, PacifiCorp would

seek to eliminate three screened diens (the Lower Shovel Creek Diversion [7.5 cfs],
Upper Shovel Creek Diversion [2.5 cfs], and Negro Creek Diversion [5 cfs]) from Shovel
and Negro Creeks and would seek to modify its water rights to move the points of
diversion from Shovel and Negro ckseo the mainstem Klamath River. If this were
successful the screened diversions would be removed prior to dam removal in 2020. The
intent of this measure is to provide additional water to Shovel and Negro creeks, thus
increasing the quality and amouwftsuitable habitat for aquatic species within these
tributaries, while not diThepatengsahfor sedmeRtaci f i Cor
to enter the water during screen rema@lvitiesis minimal if the diversions are

individual pump intakes.f the diversions are larger concrete structures, the impacts
would be of greater magnitude and longer duration, albeit still-slontanddueto
construction/deconstruction activitiek this case,mpacts to SSCsan be minimized or
eliminatedthroughthe implementation of BMP®r constructioractivities(Appendix B)
stipulated during permitting of IM 16SincelM 16 wouldbe undertaken prior to dam
removal, any disturbed sediments would be trapped by Copco 1 Reservoir and not
transferred downstreato the Klamath River, particularly given implementation of

BMPs. Thediversians wouldnotbelikely to affectother aspects afhortterm orlong-

term water qualityn the mainstem Klamath Rivemce the water rights are relatively

small (7.5 cfs, 2.5 sf and 5 cfs) compared to seasonal low flows in the mainstem
upstream of Copco 1 Reserv(ypically >800cfs). Under the Proposed Action the
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effect of IM 16, Water Diversions, on SSCs in the Hydroedctric Reach in the J.C.
Boyle Bypass RRach would be dessthan-significant impact.

Construction of the Yreka Pipeline under the Proposed Action could causg¢eshort
increases in suspended material in the Hydroelectric Rdadhg the construction

period For construction of the Yreka Pipelif@am Remeal Entity ©ORE) would

construct a new, elevated pipeline and steel pipeline bridge to support the pipe above the
river at the upstream end of Iron Gate Reser(g@eSection 2.4.3) The pipeline bridge
would require iawater work in 2019 to build thremncrete piers to support the bridge.
Additional construction would occur along tlten Gate Reservoir bankd each end of

the new bridge where the new pipeline would be connected to the existing buried
pipeline. The potential for sediments to entee thater during iswater pier construction

and from construction site runoff can be minimized or eliminatdbn Gate Reservoir
through the implementation of BMRsr constructioractivities(Appendix B) Since the
construction work will be undertaken 2019, prior to dam removal, any disturbed
sediments would be trapped by Iron Gate Reservoir and not transferred downstream to
the Klamath River, particularly givemplementation of BMPsUnder the Proposed

Action, the effectof Yreka Pipeline construcion activities on SSCs in the

Hydroelectric Reachat the upstream end of Iron Gate Reservoiwould be a less
than-significant impact.

Under the Proposed Action, recreational facilities currently located on the banks of the
existing reservoirs will be reoved following drawdowrand could release suspended
sediment into the Klamath Rivefhe existing recreational facilities provide camping

and boating access for recreational users of the reservoirs. Once the reservoirs are drawn
down, these facilities W be removed.The potential for sediments to enter the water
during the facilities removal wilbe minimized or eliminated through the implementation
of BMPs for construction activities (Appendix B). Implementation of BMPs would
ensure that impacts acenstrained to the individual sites and their immediate area, and
not transferred downstream in the Klamath Rivender the Proposed Actionthe
short-term impacts on SSCs from thaleconstruction of the recreational facilities

would be lessthan-significant.

Under the Proposed Actiorgvegetatiorassociated witimnanagemenf the reservoir
footprint area couldlecreasehe erosion of fine sedimeritem exposed reservoir
terracesin theHydroelectric ReachBased on the reservoir area management plgnnin
currenty underway, establishment of herbaceous vegetatidrainedreservoir areas

will be undertaken to stabilize the surface of the sediment and minimize erosion from
exposed terrace surfaces followitigawdown( O 6 M eetaalr2810) Hydroseedingfo
herbaceous vegetation (i.e., grass) would be used, wpcally entailsapplying a
mixture of wood fiber, seed, fertilizer, and stabilizing emul$maxposed slopes
Hydroseeding would be undertaken usirtgpegein spring 2020 whileeservoir leves

are high enough toperate and access the bargiater in spring and summer 202@yial
application would be necessary for precision applications of material near the newly
established river channel, as well as in the remaining éeaSection 2.3.48). Some
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aerialfall seedingn 2020might be necessary to supplement areas where spring
hydroseeding was unsuccessful.

Hydroseeding woulthe undertaken usirgfandard BMPs foreducingwaterguality
impactsduring deconstruction and/aonstructionactivities andrestoratiorprojects
(Appendix B) Additional BMPs specific to hydroseedirggich as avoiding ovespray
onto roads, trailgxisting vegetationand the stream chanpelould also be implemented
so that the hydroseed mixture itself would easily runoff or be directly sprayed into the
Klamath River Under the Proposed Actionhydroseeding would decrease the short
term (<2 years following dam removal)erosion of fine sediments from exposed
reservoir terraces into the river channelin the Hydroelectric Reachand would be
beneficial.

Under theProposed Action, the lack of continued interception i@teintion ofmineral
(inorganic) suspended material bye dams at the Four Facilities could result in leng
term (2i 50 years following dam remolyancreases in suspended material in the
Hydroelectric ReachPeakconcentrations of mineral (inorganic) suspended material in
the Hydroelectric Reach during the winter/early spring (November through April) would
likely remainassociated with higHow eventsand any increases due to the lack of
interception by the dams would not be largaineates of baseline sediment delivery for
the Klamath Basin indicate thatelativelysmall fraction of totabediment (199,300 tons
per yearnr 3.4percentof the aimulative average annual delivédrgm the basin) is
supplied to the Klamath Riven an annual basis from the upper and middle Klamath
River (i.e.,from Keno Dam to the Shasta Riyelue tothe generallyower rates of
preciptation and runoff, more resignt and permeable geologicregn, andrelatively

low topographic relief and drainage densifythe Upper Klamath Basin as compared
with the lower basin(Stillwater Sciences 201@)nder the Proposed Actionthe long

term (2i 50 years following dam remowl) increase inmineral (inorganic) suspended
material in the Hydroelectric Reach would be a lesthan-significant impact.

Under theProposed Action, the lack of continued interception iEteintion ofalgal-
derived (organic) suspended materialtbg damsat the Four Facilities could result in
slightlong-term(2i 50 years following dam removaljcreases in suspended material in
the Hydroelectric ReachEpisodic increases (120 mg/L) in algaiderived (organic)
suspended material resulting fromraservar algal productivity are not expected to
occurin the Hydroelectric Readollowing dam removal. SSGs the Hydroelectric
Reach may attain levels similar to those observed upstream of J.C. Boyle Dam under
existing conditions during May through Octobet% mg/L;see Appendix §; as algal
dominated suspendadaterialis transported downstream from Upper Klamath Lake
However, gmilar to the No Action/No Project Alternativenterception and retention of
suspendedhaterialfrom upstream sources would ktitcurto a large degrei@ the Keno
Impoundmen(including Lake Ewauny as wouldadditional decreases in concentration
due to mechanical breakdown of algal remamthe turbulent river reachégtween
Keno DamandCopco 1 Reservaiand dilution fronthe springs downstream of J.C.
Boyle Dam. If slightong-termincreasesn suspendedaterials dicoccur, theywould
likely be offset by the loss @llgatderivedsuspended materipteviously produceth
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Copco 1 and Iron Gate Reservaarsdwould not exeed levels that woulsubstantially
adversely affect the cold freshwater habitat (COLD) beneficia{aesediscussion under
Alternative 2i Suspended Sedimeritd.ower Klamath Basin).Under the Proposed
Action, the longterm (21 50 years following dam renoval) changesin algal-derived
(organic) suspended materialn the Hydroelectric Reach would be a lesghan-
significant impact.

Lower Klamath Basin

Sediment release associated with the removal of the Four Facilities under the Proposed
Action could cause sit-term (<2 years following dam removaicreases in suspended
material in the lower Klamath River and the Klamath Estué&gdiment transport

modeling of the impacts of dam removal on suspended sediment in the lower Klamath
River indicatesigh shorttermloadsimmediatelydownstreanof Iron Gate Dam under

the Proposed Action (Greimaenal. 2011 Stillwater Sciences 2008 The Proposed

Action involves a threphase drawdown for Copco 1 Reservoir beginning on November
1, 2019, and a singighase drawawn for J.C. Boyle and Iron Gate Reservoirs beginning
on January 1, 2020 (Greimaanal. 201}, which allowsmaximumSSGto occur during
winter months when flows are naturally highthe mainstem river. Suspended sediment
model predictions for the Proped Action are presented in Figure-312hrough 3.213

for the threevater year types (dry, median, wet) considexggart of the Secretarial
Determination process. Model predictions are discussed below and summarized in Table
3.2-11.
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Figure 3.2-11. SSCs Modeled Downstream of Iron Gate Dam Under the Proposed

Action Assuming Typical Dry Hydrology (WY2001).
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Figure 3.2-12. SSCs Modeled Downstream of Iron Gate Dam Under the Proposed

Action Assuming Median Hydrology (WY1976).
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Figure 3.2-13. SSCs Modeled Downstream of Iron Gate Dam Under the Proposed

Action Assuming Typical Wet Hydrology (WY1984).
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Table 3.2-11. Summary of Model Predictions for SSCs in the Klamath River

Downstream of Iron Gate Dam for the Proposed Action.

Water Year Peak SSC SSC>1,000 mg/L SSC>100 mg/L SSC=30 mg/L
Type (mg/L) Duration Time Duration Time Duration | Time Period
(Months) Period (Months) Period (Months)
Dry 13,600 3 Januaryt 6 Januaryi 10 Januaryi
(WY2001) March 2020 June 2020 October
2020
Median 9,900 2 Januaryi 5 Januaryi 6 Januaryi
(WY1976) February May 2020 June 2020
2020
Wet 7,100 2 Januaryi 7 November 9 November
(WY1984) February 20191 20197 July
2020 February 2020
2020 and
Aprili June
2020

For typical dry year (WY2001) hydrologic conditions, predicted SSCs in the Klamath
River immediately downstream of Iron Gate Dam (RM 190.1) experience a relatively
small increase to near 100 mg/L in aNldvember 2019 as Copco 1 undergoes the first
phase of drawdown, and a large increase (>1,000 mg/L) in early January 2020 when Iron
Gate and.C. Boyle begin drawdown and Copco 1 enters phase 2 of drawdown.
Concentrations remain very high (>1,000 mg/L) for approximately 3 months from
January through April 202&¢eFigure 3.211), with peak values exceeding 10,000 mg/L

to reach approximateli/3,600 mg/L for a short periodi(@ days) in mieFebruary 2020.

SSCs generally return to less than 100 mg/L by July 2020, and to concentrations near 30
mg/L by October 2020. Predicted SSCs increase again to levels betwed0oQ@aty/L

during winter andgring of 2021 due to flushing of sediments that were not removed
during the first year following drawdown.

Model predictions for median ye@wWY1976) hydrologic conditions follow a pattern
similar to that of a typical dry year (WY2001), with a relativetyall increase in SSCs
(i.e., to near 200 mg/L) in miDecember 2019, and a large (>1,000 mg/L) increase again
in early January 2020. Peak SSCs downstream of Iron Gate Dam are predicted to be
lower for the median year condition, reaching levels just ub@®00 mg/L. Relative to
the typical dry year, the lower median year peak SSCs are a result of greater flows
flushing the same volume of sediment out of the reservoir and downstream. Peak
concentrations also occur in mitetbruary 2020 for the median ydeydrologic condition
(seeFigure 3.212). Predicted SSCs downstream of Iron Gate Dam (RM 190.1) remain
very high (>1,000 mg/L) for approximately 2 months following the inception of
drawdown in Iron Gate and Copco 1 Reservoirs, from January throughraReB020.
There is a slightly earlier return 865G less than 100 mg/L for the median year
(WY1976), with concentrations decreasing by May 2038G decrease to less than 30
mg/L by June 2020, and fluctuate between 10 mg/L and 100 mg/L through thedema
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of 2020. The increases above 100 mg/L are not predicted for the typical median water
year condition in the year following dam removal (2021), but fluctuating SSCs may occur
in the second year following dam removal due to erosion of sediment deposiising

in the reservoir footprint area.

Model predictions for typical wet year (WY1984) hydrologic conditions indicate a higher
initial pulse of fine sediments following the first phase of Copco 1 drawdown in early to
mid-December 2019, with concenticns at or near 400 mg/L. Model predictions

indicate that for typical wet year conditions, thelet capacityat Copco 1 Dans
exceededluring the same timefranand the reservoir fills slight (seeFigure 3.213).

Very high (>1,000 mg/L) SSCs arepetienced for approximately 2 months following

the inception of drawdown in the reservoirs, from January through Februarys2@20 (
Figure 3.213). SSCs reach approximately 7,100 mg/L, with peak values occurring in
mid-February 2020. 0@ eng/lo) im $3Cs gccupie middprd and & 1,
June 2020 for wet year (WY1984) hydrologic conditions. SSCs generally return to less
than 100 mg/L during the month of March 2020 and then again by July 2020.
Concentrations return to less than 30 mg/L by July0202

For all three water year types, predicted SSCs in the lower Klamath River decredse to 60
70 percent of their valuat Iron Gate Dam b$eiadValley (RM 129.4) and to 4fercent
of theirinitial valuedownstream oOrleans &RM 59) (Greimannet al. 201

Overall, and within the general uncertainty of the model predictions, SSCs across the
three water year types would have peak values of 7180000 mg/L and occurring

within 2i 3 months of reservoir drawdown. Predicted S&Gsld remain greater than or
equal to 100 mg/L foris’ months following drawdown, and concentrations would

remain greater than or equal to 30 mg/L fbt® months following drawdown (Table
3.2-11). Model results also indicate that while dilution in therdo river would decrease
SSCs to 6070 percent of their initial value downstream of Séfatley (RM 129.4) and

to 40perceniof theirinitial valuedownstream oOrleans &RM 59), within a factor of 2
uncertainty for the model results it can be conservatively assumed that SSCs in the lower
Klamath River would be sufficierf30 mg/L) to substantially adversely affect beneficial
uses throughout the lower River and the Klantastuary for 610 months following
drawdown (Greimanet al. 201). A more detailed analysis of the anticipated suspended
sediment effects on key fish species in the lower river is presented in Section 3.3.4.3.

Overall, sediment release associated withRroposed Action would cause skerim
increases in suspended materidd mg/L for 6 10 months following drawdown) that
would result in norattainment of applicabldorth Coast Basin Planater quality
objectives for suspended material in the lower Klamath Rimdthe Klamath Estuary
and would substantiallgdversely affeicthe cold freshwater habitat (COLD) beneficial
use Under the Proposed Actionthe shortterm (<2 years following dam removal)
increases in SSCs in the lower Klamath River and the Klamath Estuarywould bea
significant impact.
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Sediment release associdteith the removal of the Four Facilities under the Proposed
Action could cause shetérm (<2 years following dam removaiicreases in sediment
loads from the Klamath River to the Pacific Ocean and corresponding increases in
concentrations of suspendediterial and rates of depositioim the marine nearshore
environment The results of model predictions for sediment transport following dam
removal under the Proposed Action indicate that dam removal would cause a release of
less than 3 million tons of fensediment to thKlamath River downstream of Iron Gate
Dam(seeFigure 3.214). While estimats oflong-term average annual sediment

discharge to th&lamath Estuary vay consideraby}, they are generally well abotee
projected3 million tons. For exanple, annual sediment supply from Trinity River alone

is calculated to be 8.5 million tons based on data provided®EPA (2001)

Additionally, Stillwater Sciences (2010) estimated that Klamath River annual sediment
discharge to the estuary is approxinat8 million ton§. The predicted sediment

release due to dam removal under the Proposed Action ranges fram2L&million

tons depending on water year type (see Figurdd)and is only about one eighth of the
cumulative sediment transport iretKlamath River at Hoopa in a feday period during

the December 1964 flood event. Lastly, the predicted sediment release due to dam
removal is approximately the same as the cumulative sediment transport over a single day
at the Salmon River confluencerthg a very large flood event (i.e., the January 1974
flood) (Stillwater Sciences 2010).

After exiting the river mouth, the high SSCs (>1,000 mg/L) transported by the lower
Klamath River would form a surface plume of less dense, turbid, surface wategfloat

on more dense, salty ocean water (Mulder and Syvi&®b) No detailed investigations

of thelikely size and dynamics of thdamath River plume have been conducted. Thus,

it is not possible to predict accurately the sediment deposition pattetocatidn in the
nearshore environment. However, the general dynamics and transport mechanisms of
fine sediment can be surmised based upon regional oceanographic and sediment plume
studies.

The California Marine Life Protection Act (MLPA) 2008 Draft MasPlan identifies
freshwater plumes as one of three prominent habitats with demonstrated importance to
coastal species (California Marine Life Protection Act 2008). The California MLPA
Master Plan Science Advisory Team (2011) Methods Report desigivateglumes as a

key habitat to be included in marine protected areas because they harbor a particular set
of species or life stages, have special physical characteristics, or are used in ways that
differ from other habitats.

® The estimated Klamath River sediment supply to the estuary by Farnsworth and Warrick (2007) is 1.2
million tons per year, but this estimate is likely low because their estimated upper bound of 1.7 million tons
is much lower than observations. The calculated sediment transport based on field data for the period of
22 through 26 December 1964, for example, is more than 25 million tons (Stillwater Sciences 2010). As a
result, the Farnsworth and Warrick (2007) estimate of Klamath River sediment delivery is not used for
direct comparisons here.
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Figure 3.2-14. Annual predicted sediment delivery to the Pacific Ocean under

the Proposed Action and the No Action (background conditions) by Water Year.

inc

Note: model results are only valid for the year of dam removal. No significant
rease in sediment loads is predicted in years following dam removal (Source:
Greimann et al. 2011).

A recent USGS overview report on the sources, dispersal, and fate of fine sediment
del
following:

ivered to Californiabs coast al water s

Rivers dominate the suppbf fine sediment to the California coastal waters, with

an average annual flux of 3dillion metric tons

All California coastal rivers discharge episodically, with large proportions of their
annual sediment loads delivered over the course of only a fetgvdays.

After heavy loading of fine sediment onto the continental shelf during river

floods, there is increasing evidence that fimdd gravity flows occur within a

layer 10 to 50 cm above the seabed and efficiently transport fine sediment
offshore.

Although fine sediment dominates the rsitklf mud belts offshore of California

river mouths, these mud belts are not the dominant sink of fine sediment, much of
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which is deposited across the inner shelf and deeper water off the continental
shelf

¢ Accumulaton rates of fine sediment, which can exceed several millimeters per
year, are generally highest near river sources of sediment and along the inner shelf
and midshelf.

Farnsworth and Warrick (2007) conclude that fine sediment is a natural and dynamic
elemant of the California coastal system because of large, natuiaieetdsources and
dynamic transport processes.

In northern California, plume zones are primarily north of river mouths because
alongshore currents and prevailing winds are northward durmgpseof strong runoff
(Geyer et al. 20Q@Pullen and Allen 200@Farnsworth and Warrick 200Talifornia

MLPA Master Plan Science Advisory Team 2011). Surface plumes occurring during
periods of northerly (upwelling favorable) winds will thin and stretffbhore, while in
the presence of southern downwelliiayorable winds, the plume may hug the coastline
and mix extensively (Geyer et al. 20@Qllen and Allen 200Borgeld et al. 2008

River plume area, location, and dynamics are also affected Inyaeitude of river
discharge, SSCs, tides, the magnitude of winter storms, and regional climatic and
oceanographic conditions such as ElI N8muthern Oscillatio(ENSO)and Pacific
Decadal OscillatioiPDO)climate cyclegCurran et al. 2002).

During seveal large flood eventen the geographically proxim&el Riverin the winter

of 1997 and 1998, Geyer et al. (2000) found the followflogrd conditions were usually
accompanied by strong winds from the southern quadrant. The structure of the river
plumewas strongly influenced by the witidrcing conditions. During periods of strong
southerly {.e.,downwelling favorable) winds, the plume was confined inside tha 50
isobath(i.e., sea floor contour at 58 below the water surfageyithin about 7 km of

shore. Occasional northerly (upwelling favorable) winds arrested the northward motion
of the plume and caused it to spread across the shelf. Transport of the sediment plume
was confined to the inner shelf (water depths less than 50 m), during both scarkderly
northerly wind conditions. During southerly wind periods, fineaggregated sediment
was rapidly transported northward to at least 30 km from the river mouth, but flocculated
sediment was deposited within1D km of the river mouth. During northeilypwelling
favorable) winds, most of the sediment fell out within 5 km of the mouth, and negligible
sediment was carried offshore. The Eel River mouth is 2k miles) to the south of
the Klamath River mouth and thus serves as a reasonable systamfiarison.

Based upon Eel River plume studies and current knowledge of northern California
oceanographic patterns, the fine sedintksitharged to the marine nearshore

environment undethe Proposed Action would likely be delivered to the ocean in a
buoyant river plume that hugs the shoreline as it is transported northiaxdever,

since the flushing of sediments from behind the dams will occur over a number of weeks
to months (ad perhaps to some degree ovett fear$, the plume carrying reservoir
sedmentswould likely be influenced by a range ofeteorological and oceaonditions
(e.g.,storm and nofstorm periods, differing storm directions). Therefe@me of the
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time the plumevould likely be constrained to shallower nearshore waters, whdéhat
times itwould likely extend further offshore and spread more wid&hile elevated
SSCs (i.e., 10100 mg/L) created in the nearshore plume would affect physical water
quality characteristics specified in the Ocean Plan (i.e., visible floatingyiates,
natural light attenuation, the deposition rate of inert solids [Tabi&]3.2he effects are
likely to be within the range caused by historical storm events.

A 1995 Eel River flood with a 39r return period delivered an estimated 25miBion

metric tonof fine-grained (<62 pum) sediment to the ocean (Wheatcroft et al. 1997).
Transported sediments formed a distinct layer on the sea bed that was centered-on the 70
m isobath, extended for 30 km along shelf and 8 km across shelf, and wak as &5

cm. Wheatcroft et al. (1997), estimated that 75% of the ftberdzed sediment did not

form a recognizable sdbor deposit, but was instead rapidly and widely dispersed over

the continental margin.

A considerable amount of fine sediment in pheme is anticipated to initially deposit on
the seafloor shoreward of the-60isobath along the coast, with greater quantities
depositingn close proximity to thenouth of theKlamath River. After this initial
deposition, as described by Farnswortt ®arrick (2007), resuspension during the
typical winter storms would likely occur before final deposition and burial. Much of this
sediment will eventually be transported further offshore to thestmidf and into deeper
water depths ofghelf through prgressive resuspension and fhmnaid gravity flows.

Because of the complexities of the transport processes, the area and depth of the
deposition of fine sediment from the Proposed Action cannptdagselypredicted.
However, the strt-term (< 2 yeardollowing dam removalplume effects and lontgrm
(2-50 years following dam removadediment deposit effects would lessthan
significantgiven the relatively small amount taftal sediment input, in comparison to the
total annual sediment inputs taethearshore environment, and the fact that river plume
sediment inputs are a naturally occurring procéssa result, net depositiai reservoir
sedimentgo the marine nearshore bottom substratesild baelativelyless
concentratedi.g.,thinner d@osits in any one spot) and more widespread.

In summarydue tothe relatively small magnitude of SSfefeased tohe nearshore
environment, the anticipated rapid dilution of the sediment plume as it expands in the
oceanand the relativelyow rate ofdeposition of sediments to the marine nearshore
bottomsubstrateghe short-term (< 2 years following dam removaljncreases in
SSCsand fine sediment depositiorin the marine nearshore environmentunder the
Proposed Actiorwould be a lesghan-significant impact.

Stormwater runoff frometonstructioractivitiesunder theProposed Action could cause
increases in suspended material in the lower Klamath River, the Klamath Estuary, and
the marine nearshore environmehiring the deconstruction periodecorstruction
activities underhte Proposed Actiowould includedemolition of the dams and their
associated structures, power generation facilities, transmission lines, installation of
temporarycofferdams, road upgrading, hauling, reservoir restorationotinst activities
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(as described in Section 2.4.3.Deconstruction activities are scheduleatour

between January 10 and June 26, with cofferdam installation scheduled to occur between
2 January 2020 and 6 February 2020. Theretmféerdam installabn would occur

during the first month of reservoir drawdown ahd period opeak SS€associated

with mobilization ofreservoirsediment deposits durirdgawdown. While the magnitude

of shortterm effects on SSCs due to erosion of the large volumesefvoir sediment
deposits trapped behind the dams would be substantially greater than those due to dam
deconstruction activities, this does not alleviate the requirement to reduce impacts from
deconstructiofrelated activities. Although suspended matdgdrom deconstruction

would not likely reach the Klamath Estuary or marine nearshore environiment, t
potential for sediments to enter the water from deconstruction site runofivaten
deconstruction work can be minimized or eliminated through thieemegntation of

BMPsfor deconstructioractivities thatvould occur in or adjacent tihe Klamath River.
Under the Proposed Actionthe effect of stormwater runoff from deconstruction

activities on SSCsn the lower Klamath River and the Klamath Estuary would be a
lessthan-significant impact. There would be nochange from existing conditionson

the marine nearshore environment.

Under the Proposed Actiorevegetatiorassociated wittmanagemenaf the reservoir
footprint area couldlecrease th&ansportof fine sedimentsrodedfrom exposed
reservoir terracesnto thelower Klamath Riverand Klamath EstuaryAs described for
the Upper Klamath Basiestablishment of herbaceous vegetatiodrainedreservoir
areas will be undertaken to stabilize the s@facthe sediment and minimize erosion
from exposed terrace surfaces followohgwdown( O 6 M etaalk2810) Hydroseeding
would be undertaken using standard BMPs éalucingwaterquality impactsduring
deconstruction and/aonstructionactivities andrestoratiormprojects(Appendix B)
Additional BMPs specific to hydroseeding, such as avoiding-speay onto roads, trails,
existing vegetationand the stream channel, would also be implemented so that the
hydroseed mixture itself would not easily rffnar be directly sprayed into the Klamath
River. Under the Proposed Actionhydroseeding would decrease the sheterm

(<2 years following dam removal)transport of fine sedimentseroded from exposed
reservoir terraces intothe lower Klamath River and Klamath Estuary andwould be
beneficial. There would be nochange from existing conditionn the marine
nearshore environment.

Under the Proposed Actiomé lack of continued interception aretention ofmineral
(inorganic)suspended materidlehindthe damsat the Four Facilitiescould result in
long-term (21 50 years following dam removatjcreasesn suspended materiah the
lower Klamath River, the Klamath Estuary, and the marine nearshore environ&ent.
would be the cas®r the Upper Klamath Basj peak concentrations ofineral
(inorganic)suspendedhaterialsin the Lower Klamath Basin during the winter/early
spring (November through April) would likely remain associated with-fimh events
and any increases due to the lack of interceptioméiKHP dams would not be large;
estimates of baseline sediment delivery for the Klamath Basin indicate that a relatively
small fraction oftotal sediment (199,300 tohg or 3.4percentof the cumulative average
annual deliveryrom the basin) is suppligd the Klamath Riveon an annual basis from
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the upper and middle Klamath River (ifeam Keno Dam to the Shasta Riyer
(Stillwater Sciences 20)0

Under the Proposed Actionthe longterm (2i 50 years following dam removal)
increases inmineral (inorganic) suspended materiain the lower Klamath River, the
Klamath Estuary, and the marine nearshore environmentould be a lessthan-
significant impact.

Under theProposed Action, the lack of continued interception ieteintion ofalgal-
derived (organic) sysended material bthe dams at the Four Facilities could result in
slight longterm(2i 50 years following dam removafjcreases in suspended mateiial
the lower Klamath River, the Klamath Estuary, and the marine nearshore environment
While removal of he Four Facilities would eliminate the potential for downstream
increases isuspended materidlie to seasonal algal blooms occurring within the
reservoirs at the Four Facilities, overall sediment trapping in the Hydroelectric Reach
would no longer occusuch that, in the lonterm, summertime algalerived suspended
material originating from Upper Klamath Lake may move farther downstream into the
lower basin and cause a relative increasugpended materiaHowever, similar to the
No Action/No ProjetAlternative, nterception and retention of suspendwaterialfrom
upstream sources would still ocdora large degreia the Keno Impoundment (including
Lake Ewaung)as would additional decreases in concentration due to mechanical
breakdown of algalemainsn the turbulent river reachégtweerKeno DamandCopco

1 Reservoirand dilution from the springs downstream of J.C. Boyle Dam.

Because existing conditions indicate that averagei fdgteber suspended sediment
values decrease from over 16 mgfithe mouth of Link River to 6 mg/L in the Klamath
River downstream of J.C. Boyle Reservoir (268003), with median turbidity values
following a similar pattern over the loftgrmhistorical record (195@®001) EeeSection
3.2.3.1and Appendix C, SectioB.2), it is likely that the suspended sediment signal
would not increase beyond typicatisting conditiongoncentrations of IA5 mg/L
Therefore, summertime suspended sediment in the lower Klamath River is unlikely to
increase beyond sustaine®@0 mdL for four weeksthe water quality criterion adopted
for significant adversanpacts orthe cold freshwater habitat (COLD) beneficial use for
theKlamath Facilities Removal EIS/El&nalysis $eeSection3.2.4.22.1). If slight long
term increases in spended materials did occur, they would likely be offset by the loss of
algatderived suspended material previously produced in Copco 1 and Iron Gate
Reservoirs and/ould not exceed levels that wowddbstantiallyadversely affect the cold
freshwater habitag COLD) beneficial use

Under the Proposed Actionthe long-term (2i 50 years following dam removal)
increasesalgal-derived (organic) suspended materiain the lower Klamath River,
the Klamath Estuary, and the marine nearshore environmentvould be a les-than-
significant impact.
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3.2.4.3.2.3 Nutrients

Upper Klamath Basin

Sediment release associated with the removiileoFour Facilitiesunder the Proposed
Action could cause shetérm (<2 years following dam removailcreases irsediment
associatedutrients. Shortterm increases in TN and TP concentrations in the
Hydroelectric Reackvould occur because particulate (primarily organic) nutrients
contained in reservoir sediment deposits would be transported along with the sediments
themselves. Howeveminimal deposition of fine suspended sediments, including
associated nutrients, would occur in the river channel (Greimann et al. 2011, Stillwater
Sciences 2008). Further, reservoir drawdown under the Proposed Action would occur
during winter months wherates of primary productivity and microbially mediated

nutrient cycling (e.g., nitrification, denitrification) are also expected to be low. Light
limitation for primary producers that do persist during winter months is also likely to
occur, further deceesing the potential for uptake of TN and TP released along with
reservoir sediment deposits. Therefore, particulate nutrients released along with sediment
deposits are not expected to be bioavailable and should beamskrved during

transport throughhie Hydroelectric ReachUnder the Proposed Actionthe shortterm

(<2 years following dam removal)ncreasein nutrients in the Hydroelectric Reach

would be a lesghan-significant impact.

Removal of th&our Facilitiesunder the Proposed Action and corsren of the

reservoir areas to a frelowing river couldcause longerm (2i 50 years following dam
removal)increases in nutrient levels theHydroelectric ReachThe Four Facilities

intercept andetainsuspended materibkhind the dams, includingnpsphorus and

nitrogen originating from Upper Klamath Lakee€Section 3.2.3.1). Under the Proposed
Action, these nutrients would be transported downstream and potentially be available for
uptake (e.g., by nuisance algae species). Analyses of theseffeteim removal on

nutrients have been conducted by PacifiCorp for its relicensing efforts (FERC 2007),
NCRWQCB for development of the California Klamath River TMDLs (NCRWQCB
2010a), and the Yurok Tribe as part of an evaluation to improve previousaeasse
estimates of nutrients in the Klamath River and increase understanding of retention rates
in free-flowing river reaches (Asarian et al. 2010). While the results of all of the
evaluations recognize the trapping efficiency of the reservoirs withatetsp€&P and TN,

such that under the Proposed Action total nutrient concentrations in the Klamath River
downstream of Iroiate Dam would increasthe majority of the results are focused on

the Klamath Basin downstream of Iron Gate Dam.

However, nodelingconducted for development of the California Klamath River TMDLs
(NCRWQCB 2010aprovidessomeinformation applicable to the assessment of {ong
term(2i 50 years following dam removadjfects of the Proposed Action on nutrients at
locations in the Upper Ktaath Basin (i.e., upstream of Iron Gate DgKi)k et al.

2010) KlamathTMDL model results indicate that under the Proposed Acsonilar to

the TMDL TOD2RNscenariowhich includes Oregon TMDL allocations), TP and TN in
theHydroelectric Reacimmediaely downstream od.C.Boyle Dam would increase
slightly (<0.015 mg/L and <0.05 mg/kespectivelyduring summer months compared to
those of the No Action/No Projeéiternative(similarto the TMDL T4BSRNscenarid
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due to the absence of nutrient intgriten and retention iboth Kenolmpoundmenand
J.C.Boyle Reservoifthe former because the TMDL mod&DD2RN scenario includes
the historic Keno Reef instead of Keno DpppendixD]). At the OregonCalifornia
state line, the situation would be muck game, although the lack of hydropower
peaking operations under the Proposed Aatiary result in decreasethily variation in
TP and orthephosphorus, as well as nitrate amdmonium(NCRWQCB 2010a
Overall however, the predicted increases would bg serallandthese increasesaybe
at least partially due to the assumption thathistoric Keno Reef exists rather thémo
Dam. Regardless, the increases would not be expectesiulb inexceedances @fther
Oregon water quality objectives for sance algae growtbr CaliforniaNorth Coast
Basin Planwater quality objectives for biostimulatory substanbeyondlevels
experiencedinder the No Action/No Project Alternative. Further, the lacustrine
environment that supports the growth of nuisasigae blooms of such &%. aeruginosa
or other cyanobacteria would be eliminated under the Proposed Astiefdection 3.4
Algae), reducing the likelihood of uptake of the slightly increased nutrient concentrations
by nuisance algae speciddnder the Proposed Actionthe longterm (2i 50 years
following dam removal) increase innutrients in the Hydroelectric Reachwould be a
lessthan-significant impact.

Lower Klamath Basin

Sediment release associated with the removal of the Four Facilities undemojhesBd
Action could cause shetérm (<2 years following dam removaicreases irsediment
associatedutrientsin the lower Klamath River, the Klamath Estuary, and the marine
nearshore environmentUnder the Proposed Actionthe shortterm (<2 years
following dam removal) increase in nutrients in thelower Klamath River, the
Klamath Estuary, and the marine nearshore environmentvould bethe same as in
the Hydroelectric Reach and would be lessthan-significant impact.

Removal of th&our Facilitiesunder the Proposed Action and conversion of the

reservoir areas to a frelowing river couldcause longerm(2i 50 years following dam
removal)increases in nutrient levels thelower Klamath River, the Klamath Estuary,

and the marine nearshore environmemhe reservoirs at the Four Facilities currently
intercept andetainsuspended materibehind the dams, including phosphorus and

nitrogen originating from Upper Klamath Lakee€Section 3.2.3.1). Under the Proposed
Action, these nutrients would betrsported downstream and potentially be available for
uptake by algae, including nuisance algae species. Analyses of the effects of dam
removal on nutrients have been conducted by PacifiCorp for its relicensing efforts (FERC
2007), NCRWQCB for developmeat the California Klamath River TMDLs

(NCRWQCB 2010a), and the Yurok Tribe as part of an evaluation to improve previous
massbalance estimates of nutrients in the Klamath River and increase understanding of
retention rates in freBowing river reaches (8arian et al. 2010). Results of all of the
evaluations recognize the trapping efficiency of the reservoirs with respect to TP and TN,
such that under the Proposed Action total nutrient concentrations in the Klamath River
downstream of IroiiGate Dam wouldncrease
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Based on the Yurok Tribe analysid? concentrationgould increase approximately

2-12 percent for the Juii®ctober periodinderthe Proposed Action, whil@creases in

TN concentrationsvould be relativelyfarger,at an estimated7-42 percentfor

JuneOctober and 485 percent for JulySeptembe(seeFigure 3.215). Asarian et al.

(2010) conducted their analysis using two different approaches; 1) calculated reach
specific nutrient retention rates based on measured nutrient concentrati@ndata,

2) predicted retention rates using an empirical relationship between observed retention
rates and measured concentrations developed for the river from Iron Gate Dam to Turwar
(this approach was only applicable to TN because TP data demonstrated a weak
relationship between retention rate and measured TP concentrations). Both approaches
yield similar results, indicatingmallincreases iTP and relatively largencreases in TN
concentrations downstream of the Hydroelectric Reach under the Proposed wbich
diminish with distance downstream due to both tributary dilution and nutrient retention
(i.e., uptake of nutrients).
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Figure 3.2-15. Comparison of TP and TN Concentrations from Iron Gate Dam
to Turwar (RM 5.8) for Junei October and Julyi September 20071 2008: (a)
Measured Current Conditions (Red Circle), (b) Dams-Out Estimate using
Calculated Percent Retention Rates by Reach (Blue Cross), and (c) Dams-Out
Estimate using Percent Retention Rates Predicted by the Empirical
Relationship between Reach Inflow Concentration and Retention (Green
Cross). Source: Asarian et al. 2010.
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Due to a lack of available data, the Yurok Tribe analysis does not consider other possible
factors that may decrease nutrients upstream of Copco 1 Reservoir under dseérop
Action, such as TMDL implementation or elimination of peaking flows from hydropower
operations (Asarian et al. 2010j.reductions in nutrient concentrations do occur

upstream offopcol, then less nutrients would be availafderemovalin the regrvoirs

and dam removal wouldkely result in smaller longerm increases in nutrient

concentration than predicted by thiarok Tribeanalysis (Asarian et @010 analysis

Klamath TMDL modeling efforts include an assumption of compliance with upstféam
and TN load allocations for both Oregon and California (NCRWQCB 2010a). Results
are in general agreement with PacifiCorp (FERC 2007) and Yurok Tribe (Asarian et al.
2010) analyses regarding dam removal effects on nutrientsyergrsmallannual

increases inTP (0.011 0.015 mg/l) andrelativelylarger annual increases in TN

(0.2-0.125 mg/l) immediately downstream of Iron Gate Dam (RM 190.lhcreases in
nutrients would diminish with distanc®wnstream.Note that while following the same
relative trend as the Yurok Tribe analysis, the absolute increases predicted by TMDL
model are much lowee(g.,0.11 0.125 mg/LTN increase fothe TMDL model vs.

0.1-0.5 mg/L TN increase for the Yurok Tribe analysis).

Continuing increased variability in TP and TN gredicted bythe Klamath TMDL

model (see Appendi®) during summer months, presumably due to nutrient uptake
dynamics by periphyton and macrophytes. The TMDL model does not include
denitrificationas a possible nitrogen removal term in riverine segn{@etsa Tech

2009, meaning that TN concentrations under the Proposed Action (but also the No
Action/No Project Alternative) may be slightly overpredict&brresponding small
differences in orthgohosphorus, nitrate, argnmoniumconcentrations under the

Proposed Action (as compared with the No Action/No Project Alternative, including
TMDL compliance) are predicted by the model; however, within the uncertainty of future
nutrient dynamics these differences are not clearly discernable as increases oeslecreas
TMDL model results indicate thathile resultingTP levels would meethe existing

Hoopa Valley Tribe numeric water quality object@035 mg/L TPt the Hoopa reach

( & R Mi 48) 6f the Klamath RiverTN levels wouldccontinue to be in excess thfe
existingobjective 0.2 mg/L TN (NCRWQCB 2010a)

Despite the overall increases in absolute nutrient concentrations anticipated under the
Proposed Actiortherelativdy greaterincreases in TNinay not result in significant
biostimulatory effects on primaproductivity (i.e., periphyton growth)Existing data
indicate that the Klamath River generallyN-limited (TN: TP <10), withsome periods of
co-limitation by N and RseeSection 3.2.3t and Appendix C, Section C.3.2.1

However, concentrations bbth nutrientsare high enough ithe river from Iron Gate
Dam (RM 190.1) to approximatefeiad ValleyRM 129.4) (and potentially further
downstreamjhat nutriens are not likely to bmiting primary productivity (i.e.,
periphyton growth) in this portioof the Klamath Rive(FERC 2007, HVTEPA 2008,
Asarian et al. 2010)In addition,N-fixing species dominate the periphyton communities
in the lower reaches of thdamath Rver where inorganic nitrogen concentrations are
low (Asarian et al. 2010). Sintlkese species can fix their own nitrogesm the
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atmosphergncreases in TN due to dam removal may not significantly increase their
growth (see also Section 3Algae) particularly if overall TN increases are less than
those predicted by existing mdslelue to implementation of TMDLs and general nutrient
reductions in the Klamath Basitunder the Proposed Actionthe long-term (2i 50

years following dam removal)increase innutrients in the lower Klamath River and

the Klamath Estuary would be alessthan-significant impact.

3.2.4.3.2.4 Dissolved Oxygen

Upper Klamath Basin

Sediment release associated with the Proposed Action could causéeshnirt2 years
following dam removalincreases in oxygen demand and reductions in dissolved oxygen
in theHydroelectric Reach downstream of J.C. Boyle Reserwihile modeled oxygen
demand is not available downstream of J.C. Boyle Resemoutel results aravailable
downstream of Iron Gate Dam as a function of SSC (see Section 3.2,4.8V2e4

Klamath Basinjand can be applied to the Hydroelectric Reach downstream of J.C. Boyle
Reservoir. his assumes as a worst case scenario thatfdus of sediment release on
shortterm oxygerdemand (and reductions in dissolved oxygarihe Hydroelectric
Reachdowngream of J.C. Boyle Dam would lbiee samesthose for the lower Klamath
River. This is a conservative assumption because peak SSCs downstream of J.C. Boyle
Reservoir would be much lower and of shorter duration 8,6Q0 3,000 mg/L

occurring within 12 months of reservoir drawdowthan those predicted downstream of
Iron Gate Dami(e., 7,00014,000 mg/L occurring withini months of reservoir

drawdown) (seeSection 3.2.4.3.2.2 artélgures 3.28 through 3.210). Like the effect
determination for the lemath River downstream of Iron Gate Dam, this would be a
significant impact (see detailed analysis for Lower Klamath Basin, below).

Under the Proposed Actionthe stort-term (<2 years following dam removal)
decrease in dissolved oxygen concentrations uld be a significant impact on the
riverine reaches of theKlamath River downstream of J.C. Boyle Dam to the
Oregon-California state line.

Removal of th&our Facilitiesunder the Proposed Action could cause kbeign (21 50
years following dam removalcreases in dissolved oxygen, as well as incredsdg
variability in dissolved oxygen, in the Hydroelectric Reaktadeling conducted for
development of the Oregon and California Klamath River TMDLs indicates that under
the Proposed Action (similar todlTMDL TOD2RNscenari, dissolved oxygen
concentrations in the Hydroelectric Reach downstream of J.C. Boyle Dam and at the
OregonCaliforniastate line would be slightly greater during July through October than
those under the No Action/No Project (simila the TMDL T4BSRNscenari, due to
theremoval of J.C. Boyle ReservdseeFigure 3.216 and Figure 3.27, NCRWQCB
2010a). The same pattern is predicted fed8) mean minimum andday mean
minimum dissolved oxygen criteridhe Klamath TMDL mod(see AppendibD) also
predicts thatlaily fluctuations in dissolved oxygen at these locations during this same
periodmaybe greater under the Proposed Action (TCD2RN) than the No Action/No
Project Alternative (T4BSRN), a condition potentially linkedyteater periphyton
biomass and associatddily photosynthetic swings in oxygen production in the-free
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flowing river. Modeling predictions are generally in compliance with the Oregon water
guality objectives for supporting warm water (5.5 mg/L) and caiew(6.5 mg/l).fish
beneficial useswhere lower dissolved oxygen concentrationduné August would

meet the Oregon narrativatural conditions criterion thatipersedes the numeric
objectives for the cold waterbeneficial us€8.0 mg/L) The same wdd occur for

predicted concentrations mid-FebruaryMay as related to thepawning(11 mg/L)
beneficial us€Figure 3.216 and Figure 3.27, NCRWQCB 2010a).

Figure 3.2-16. Predicted Dissolved Oxygen Downstream of J.C. Boyle Dam (RM
224.7 to 228.3) for the Klamath TMDL Scenarios Similar to the Proposed Action
(TOD2RN Scenario) and the No Action/No Project Alternative (T4BSRN
Scenario). Source: NCRWQCB 2010a.

Figure 3.2-17. Predicted Dissolved Oxygen at the Oregon-California State Line
(RM 208.5) for the Klamath TMDL Scenarios Similar to the Proposed Action
(TOD2RN Scenario) and the No Action/No Project Alternative (TABSRN
Scenario). Source: NCRWQCB 2010a.
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