DRAFT LICENSE APPLICATION
EXHIBIT E
ENVIRONMENTAL ANALYSIS

SKAGIT RIVER HYDROELECTRIC PROJECT
FERC NO. 553

Seattle City Light

December 2022



TABLE OF CONTENTS

Section No. Description Page No.
Exhibit E: Environmental Analysis
1.0 INErOAUCTION ... crreeeiiiiiiiiicnrsnnntiiicssissssssnssssccssssssssssssssscsssssssssssssssesssssssssssssssssssssssssssanssns 1-1
1.1 Purpose of EXhibit E ......cooiiiiiiiiiicee e 1-2
1.2 Document OrganiZation ............cccueeeueerieerueerieeireeneeesieeseeesseessreesseesseesseessseenseens 1-3
1.3 Statutory and Regulatory Requirements ...........cccceeeueeriieiieniieniienieeiiecieeeeee 1-3
1.3.1  Federal POWEr ACt.......cccuiiiiiiiieiieciieee ettt 1-4
1.3.1.1 Section 18 Fishway Prescriptions .........ccccveevevveercieeenveeenieenns 1-4
1.3.1.2 Section 4(e) Conditions.........cc.eeeevveeeieeeeiieeeiee e eeree e 1-4
1.3.1.3 Section 10(a) Recommendations ............ccceeveveeeeiieenieeennneenns 1-4
1.3.1.4  Section 10(j) Recommendations............ccceeeervrerirerreenueennen. 1-4
1.3.2  Section 401 of the Clean Water ACt .......ccceeeevieeviieeiiieeieecee e 1-4
1.3.3  Endangered SPeCies ACt ......ccciiieiiieiiieeciieeciee et et eee e eiee e sevee e ens 1-5
1.3.4 Magnuson-Stevens Fishery Conservation and Management and
Reauthorization ACt .........cceevuieiuieiiieieeie et 1-5
1.3.5 Coastal Zone Management ACt..........ccceevvueeeriieerieeeiieeeeieeeieeesveeeeeeeens 1-6
1.3.6 National Historic Preservation ACt........ccccceeevvieevveeeiiieeie e eeiee e 1-6
1.3.7 National Wild and Scenic Ri1Vers ACt........cccccuveeviieeiiieeiiieeiieeciee e 1-6
1.3.8 Wilderness and National Trails System AcCtS........ccceevveriienieniieniienenene. 1-6
1.3.9 Pacific Northwest Electric Power Planning and Conservation Act......... 1-7
1.4 Purpose of Action and Need for Hydroelectric POWer ...........ccceeevveevieeeienenneen. 1-7
1.4.1 PurpoSe Of ACHON ...ccccuvieeiiieeiieeciieeeieeeeiee et e et eeeeetee e s e e sereeesaseeens 1-7
1.4.2 Need for Hydroelectric POWET .........cccoveeeiiiiiiiieiieciee et 1-8
2.0 CONSUILALION...coueeiriiiniiriintensninstensnicssessnesssesssassssessssssssessssssssassssssssasssassssasssssssaasssassss 2-1
2.1 TLP SCREAULE.....cuiieiiieie ettt ettt 2-2
2.2 NOTANA PAD ....oioiiiieeeee ettt ettt et et snae e esaneesee s 2-3
2.3 Commencement of Relicensing and Environmental Scoping ............cccccueeneeneee. 2-4
2.4  PAD and SD1 Comments and Study Requests............ccecueevieriienieniiienienieeene 2-4
2 S P P ettt ettt 2-4
2.0 PSP MEEUNG......eiiiieeiiieiieeie ettt ettt ettt e et e st et e sateebeessbeesaeenaeenseesnneenseens 2-4
2.7 Comments on the PSP..........cooiiiiii s 2-5
2.8 RSP ettt ettt 2-5
2.9 Comments on the RSP ..o 2-5
210  JUNE 9, 2021 NOUICE. ..uveiiieiieieeiieieeeeee ettt ee e e e e e ettt e e e e e e s e s saaaseeeeeesesssnsaaaes 2-6
2.11  SPD and Study DiSPULES ......cccueeriieiiieiiieiieeie ettt ettt eiee e e 2-6
2.12  Study Reporting and Study Plan Modification.........c..cccceevuevieneniinienenieneenens 2-6
2.13 ISR Meeting and COMMENLS..........cceeriieriieriieiieeieeiiesteeieeereeseee e eseesaeesaens 2-6
214 DA ettt ettt bttt et ae s 2-7
Skagit River Hydroelectric Project Seattle City Light

FERC No. 553

1 December 2022



Draft License Application Exhibit E

2.15  Comments on the DLA ..ot 2-7
210 FLA ettt et ettt e be e ne e teenaeeneenaenn 2-7
217  POSE-FLA FIlING oottt 2-7
3.0 Proposed Action and AIterNAativeS........ccceeeccvericcsssnricssssnnrecssssssssssssssssessssssssssssssssssssnns 3-1
3.1 NO-ACHON AIEINALIVE ...eeeivieiiieiieeiie ettt ettt sre et st esnaeesee s 3-1
3.1.1  Project LOCAtION .....ccvieiieiieeiieiie ettt 3-1
3.1.2  Existing Project FacCilities ..........cocuvieriiieiiieeiie e 3-4
3.1.2.1 Ross Development ...........cccocueeviieniieiiienieeiieeeeeee e 3-10
3.1.2.2 Diablo Development ..........ccoeeveeerieeeciienieecieeeee e 3-11
3.1.2.3 Gorge Development...........ccceeveeeeiienieeniienieeieeee e 3-12
3.1.24 TOWNSIEES ..ot 3-13
3.1.2.5 TranSMISSION ..cuveiieiieiieriieieeie e 3-15
3.1.2.6 Transportation Infrastructure ..........ccccveeevveeecieeecieeeeeee. 3-16
3.1.2.7  Recreation Facilities.........cccccceeriieriieniiiniieiiieieeeeeee e 3-21
3.1.2.8 Other Facilities . .......covuieiiiiiieieeieeceeeeeeee e 3-24
3.1.2.9  Off-channel Fish Habitat Sites...........cccccceervuierienieeniennnne. 3-24
3.1.2.10  Fish and Wildlife Mitigation Lands............c.ccceevcuvrenreennneen. 3-25
3.1.2.11  Project Boundary ..........cccceeviieniieiiiiniieiiecieeeee e 3-31
3.1.3  Project Safety ....cccuiieiieiieeiiee et 3-35
3.1.4  Project OPerationsS.........ccccuieereiieeeiiieenieeerieeerireeesareeeaeeesseeessseeessseesnssens 3-35
3.14.1 Reservoir OPerations ..........ccceeeeveereeerieenieeeiieeniieereenieeeneenne 3-35
3.14.2 RIVEr OPerations .........cceeeeveeerieeeiieeeieeeiee e esvee e 3-52
3.1.5 Project Capacity, Production, and Outflow Records ...........ceeerurernneen. 3-55
3.1.5.1 Dependable Capacity .......c.coccveevueerieecieeniieeiieieeie e 3-55
3.1.5.2 Energy Production/Generation............cccceeevveeeevieenineeenneeenne 3-56
3.1.53 OULTIOW <.t 3-60
3.1.6  Existing Resource MEasUIEs .........cccueeruieriieriieiieeiienieeieeeiieeieesveeeens 3-64
3.1.6.1 Geology and SoilS......ccceeeviieeciiieriie e 3-64
3.1.6.2 Water RESOUICES .......covuviriieniiiniiiiiceiececere e 3-64
3.1.6.3 Fish and AQUatics........ccceeviieeriiieieeceeeee e 3-64
3.1.6.4  Botanical RESOUICES........cceevuieriieiieieeiieeieeee e 3-65
3.1.6.5 Wildlife ReSOUrces.........coceerieiiiiniiiiienieeieeeeeeeee e 3-65
3.1.6.6  Recreation and Land USe..........cccccceeviieiiieniieienieeieee, 3-65
3.1.6.7 Aesthetic ReSOUICes .......coceeiiiiiiiiiiiiiiiccececee 3-65
3.1.6.8  Tribal and Cultural Resources ...........cccccceervieriienieenirennnnnne. 3-65
3.2 Alternatives Considered but Eliminated from Detailed Study .......................... 3-65
3.2.1 Federal Government Takeover of the Project.........ccccceevevienciieiniennnnnen. 3-66
3.2.2  NON-POWET LICENSE....cccuiiiiiiiiieiieiie ettt ettt 3-66
3.2.3  Project DeCOMMISSIONING ........cccueeruireiienieeiienieeiiesreeieesaeeseesneenseens 3-66
33 PropoSEd ACHON......viiieiiieeiie ettt et e e e 3-66
3.3.1 Proposed Project Operations..........cccccueeerveeerveeerieeeeieeeieeeeveeesveeeenens 3-66
3.3.1.1 Estimates for Average Annual Energy and Dependable
(O 1o To3 1 USSR 3-66
3.3.2 Proposed Power Plant Equipment Upgrades, Other Improvements,
Skagit River Hydroelectric Project Seattle City Light

FERC No. 553

11 December 2022



Draft License Application Exhibit E

and Maintenance ACHIVITIES.......ecvvureeriueeeriieerreeerreeeeireeeeeeeereeesreeenaeeas 3-67
3.3.3  Proposed Resource MEasures .........cccuveerveeerieeeiieeeiieeeieeesieeeeveeeenens 3-67
3.3.3.1 Geology and SoilS.......c.eevieeiiieiiieieeieeee e 3-67
3.3.3.2 Water RESOUICES ......oevvviiiiieiiiiieeeee e 3-67
3333 Fish and AqUatiCS........cceevuieriieiiiiiieeieee e 3-68
3334 Botanical ReSources.........ccoeevvieeeieeeiiieeieeeie e 3-70
3.3.35 Wildlife ReSOUICES........ceevieriiieiieiieeieeiie et 3-71
3.3.3.6 Recreation and Land USe........cccceevveeeciieeciieeieecee e 3-72
3.3.3.7  Aesthetic RESOUICES......ccceeviiieiiieiieeieeieece e 3-72
3.3.3.8 Cultural RESOUICES ......uveeeiieeciiieeiie et 3-73
3.3.3.9 Tribal RESOUICES ......ooeevieiiieiieiieeiieee e 3-73
3.3.4 Proposed Changes to the Project Boundary...........ccccovvvviiienciieeniennnen. 3-73
3.3.5 Proposed New Project Facilities ........cccceevueeervieniiieciieeie e, 3-73
3.3.6 New Facilities Under Consideration............ccceeevveeeeueeencnieenieeesveeennen. 3-74
4.0  Environmental ANALYSIS .....ccovieervrcissencnssnncssnicssnicsssnscssssesssssessssssssssssssssesssssossssssssnsess 4-1
4.1 General Description of the River Basin..........ccooceeviiiiiienieiiieiecieeeceeeee 4-1
4.1.1 Description of Skagit RIVET ........ccceoiiiiiiiiiiiieiiecieeeeee e 4-1
4.1.1.1 TOPOZIAPNY ...t 4-4
4.1.1.2 CIMALE ...c.eeieniieiie ettt ettt et ete e e s aeeee e 4-5
4.1.2 Land and Water USES .......cccueeruieriieiiieeieeiieeie ettt 4-8
4.1.3 Tributaries to the Skagit RIVEr.......c.cccccvieeviiiniiiecieeeeeeee e 4-9
4.1.4 Dams and Diversion StruCtures ..........cccceeeveeeeieeecieeenieieeeieeesreeesvee e 4-11
4.1.4.1 Newhalem Creek Hydroelectric Project ..........ccceevvennennnee. 4-11
4.14.2 Baker River Hydroelectric Project.........cccccceevevivenciveennennnee, 4-11
4.2 Proposed Action and Action AItErNatiVes.........cceevueeeeuieriieeiiieniieeieenie e 4-12
4.2.1 Geology and SOIlS.......cccuieriiiiiieiiieiieie e 4-12
4.2.1.1 Affected Environment..........cccccveeeeieeecieeeiieeciieeeee e 4-12
4.2.1.2  Environmental Analysis........ccccccvevireviienieiiiienieeieeee e 4-77
4.2.1.3 Existing Resource Measures...........ccceeevveeeciveenceieeniveeenveeene 4-97
4.2.1.4  Proposed Resource Measures ..........cccceeveeeveeneienveeneeennnennn 4-98
4.2.1.5 Unavoidable Adverse Impacts.........cccceceeeecrieeeceeencieeeeienne 4-98
4.2.2  Water RESOUICES ...ceooueiiieeeiiiiieeeiiie e eeieee ettt e stee e e eee e e e eaeee s 4-98
4221 Affected Environment............ccoevveeiieiienieenieenieeiieeieeiens 4-98
4222 Environmental Analysis........cccccveevieeeiieeniiienieeeiee e 4-264
4.2.2.3  Existing and Proposed Resource Measures ...................... 4-275
4.2.2.4  Unavoidable Adverse Impacts.........ccccceeeverirercieenciirenienns 4-277
4.2.3 Fish and Aquatic RESOUICES.......cceevuiieiiieniieiieeie et 4-277
423.1 Affected Environment..........cccccvveeevieeiieeeiieeciie e 4-277
4.2.3.2  Environmental Analysis........cccoeevierieniienieniieieeieeieeee, 4-389
4233 Existing Resource Measures Proposed to Continue in
the NeW LICENSE.....coviviiiiiiieiiecie ettt 4-419
4234 New Resource Measures.........cvveeeeecveeeeenciiieeeeciieee e 4-421
4.2.3.5  Unavoidable Adverse Impacts .........ccccceevieriienienieeneennen. 4-422
4.2.4 Botanical RESOUICES.........cccuieiiieiieieeiieie ettt 4-422
Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 iii December 2022



Draft License Application

Exhibit E

4.2.4.1 Aftected Environment.............c.ccc......
4.2.42  Environmental Analysis..........cccocn.....
4243 Existing Resource Measures................

4244 Proposed Resource Measures
4.24.5 Unavoidable Adverse Impacts

4.2.5 Wildlife Resources..........coceenieriieeniennieenieeeeen,
4.2.5.1 Affected Environment..........................
4252 Environmental Analysis..........c.cccc.......
4.2.53  Existing Resource Measures................

4254 Proposed Resource Measures
4.2.5.5  Unavoidable Adverse Impacts

4.2.6 Recreationand Land US€.........coovveummeeeeeeeeeeeennnn.
4.2.6.1 Affected Environment...........cc..ou.........
4.2.6.2 Environmental Analysis..........c...c........

4.2.6.3 Existing and Proposed Resource Measures

4.2.6.4  Unavoidable Adverse Impacts

4.2.7 Aesthetic ResOUICes.........coceevieeiiienieiiiieniceeeee,
4.2.7.1 Affected Environment..........................
4.2.7.2 Environmental Analysis..........c.c.cc.......
4.2.7.3  Existing Resource Measures................

42.74 Proposed Resource Measures
4.2.7.5  Unavoidable Adverse Impacts

4.2.8 Cultural RESOUICES ....covvueeeeeeeeeeeeeeeeeeeeeeeeeeee.
4.2.8.1 Affected Environment..........................
4.2.8.2 Environmental Analysis..........c.ccccu......

4283 Existing and Proposed Resource Measures

4.2.8.4  Unavoidable Adverse Impacts

4.2.9 Tribal RESOUICES .. oeeeeieeeeeeee e
4.29.1 Affected Environment............cc.............
4.29.2 Environmental Analysis..........c...cc.......

4293 Proposed Resource Measures
4.29.4  Unavoidable Adverse Impacts

4.2.10 Socioeconomic ReESOUICES ....ceevvvvveuemeeeeeeeeeeeennn.
4.2.10.1 Affected Environment........cccccceeeee......
4.2.10.2  Environmental Analysis..........ccccceuvee.n.

4.2.10.3 Proposed Resource Measures
4.2.10.4 Unavoidable Adverse Impacts

4.2.11 Environmental JUStICE ......ceovvveieiiiemeeeeeeeeeeeieeeeeeenenn.
4.2.11.1 Affected Environment........ccccccuuuunn......
4.2.11.2  Environmental Analysis..........c.ccc......

4.2.11.3 Proposed Resource Measures
4.2.11.4 Unavoidable Adverse Impacts

5.0 Cumulative Effects of the Proposed Action...........cccevcvuereccccnnnns
5.1 GEOZraphiC SCOPE ....eevueieiieeiiieiieeie ettt
5.2 Temporal SCOPE ....cccoviemiiriieiieeieeiee et

Skagit River Hydroelectric Project
FERC No. 553 v

Seattle City Light
December 2022



Draft License Application Exhibit E

53 Actions in and Outside of the Skagit River Basin ..........cccccooeiniiiiiniininnne 5-1
5.3.1 Summary of the Chronology of In-Basin and Out-of-Basin Actions....... 5-1
5.3.2 Skagit River Hydroelectric Project........cccceevvvieeiiieniiieeieecie e 5-2
5.3.3 Non-Skagit River Project In- and Out-of-Basin Actions......................... 5-2
5.3.3.1 Estuary and Delta Habitat ............cccccoevvieniieeniieeeiieeeee e, 5-3
5.3.3.2  Freshwater Rearing Habitat and Riparian Conditions............ 5-8
5333 Landslides ........oooiiiiiiiiiee e 5-10
5.3.3.4  Changes to the Historical Extent of Glaciers....................... 5-11
5.3.3.5 Habitat Access and Fish Passage at Culverts....................... 5-11
5.3.3.6  Flood AIErations .........cccoeevuerierieenierienieeienie e 5-12
5.3.3.7 Mining Upstream of the Project..........ccccoeevvevcieenceieniennee 5-12
5.3.3.8  Existing Water QUality ........ccceevueeviieniiieiieniieieeie e 5-13
5.3.3.9 Hatchery Programs...........cccoveeeiiiiiiieiciieeecceeeee e 5-14
5.3.3.10  Fish Harvest ....cooooeiiiiiiniiiiiieiececeeeeeeeee e 5-15
5.3.3.11 Effects of Ocean Conditions ..........cceeceeevueeneeenieeneeesieeneenne 5-16
5.3.3.12 Influence of Future Climate Change..............cccceecveerurennnenne. 5-16
5.4 WaLer RESOUICES ......eeiiiiiiiiiiiiiceeeeee et 5-17
5.5 Fish and AQUAtiCS......cccuiiiiiiiiiiiee e 5-17
6.0 Developmental ANalySiS....ccccceicescssnricssssniecssssnnescsssssncsssssssessssssssssssssssessssssssssssssssssssnse 6-1
6.1 Power and Economic Benefits of the Project ...........ccoeveviiiiieniieiiiiiieie 6-1
6.2 Costs Of RESOUICE MEASUTIES ....c..eerveeuiiriieiieiieiiieieeiie sttt st 6-2
6.3 Comparison of AIETNAtIVES .....cc.eevviiiiriiriiiiiiieie ettt 6-2
7.0 Consistency with Comprehensive Plans........cccicoiiiiviiciseicisnicssnnccssnncssssncssssnessssnenes 7-1
7.1 Bureau of Land Management. Forest Service. 1994. Standards and
guidelines for management of habitat for late-successional and old-growth
forest related species within the range of the northern spotted owl.
Washington, D.C. April 13, 1994, ..ot 7-1
7.2 Interagency Committee for Outdoor Recreation. 2002. Washington State
Comprehensive Outdoor Recreation Planning Document (SCORP): 2002-
2007. Olympia, Washington. October 2002. [Updated in 2018 for 2018-
2022 ] et b ettt b et s h e b ettt e bt et eaeenaes 7-1
7.3 Interagency Committee for Outdoor Recreation. 1995. Washington State
Outdoor Recreation and Habitat: Assessment and Policy Plan 1995-2001.
Tumwater, Washington. November 1995..........ccccooviiriiiniiiiiieceeeeeee e, 7-2
7.4  Interagency Committee for Outdoor Recreation. 1991. Washington State
Trails Plan: Policy and Action Document. Tumwater, Washington. June
1991. [Updated in 2013 for 2013-2018]. ..ccvieriieiieeieeiieeie et 7-2
7.5  National Park Service. 1988. North Cascades National Park Complex
General Management Plan: Lake Chelan National Recreation Area and
North Cascades National Park. Department of the Interior, Sedro Woolley,
Washington. June 29, 1988.........coii it 7-3
7.6 National Park Service. 1993. The Nationwide Rivers Inventory.
Department of the Interior, Washington, D.C. 1993.........ccccooiniiiinininieniee. 7-3
Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 v December 2022



Draft License Application Exhibit E

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

7.18

7.19

7.20

7.21

7.22

National Park Service. 2005. North Cascades National Park Complex Fire
Management Plan. Sedro-Woolley, Washington. May 2005. [Updated in
2007 ] ettt ettt ettt et et e et e e neenaeenbeenteebeenteeneenes 7-4

National Park Service. 2008. North Cascades National Park Complex
Mountain Fishery Management Plan. Sedro-Woolley, Washington. June

National Park Service. 2011. North Cascades National Park Complex
Invasive Non-Native Plant Management Plan. Sedro-Woolley,
Washington. November 201 1. .....ccccoeiiiiiiiiiiiiecee e 7-5

National Park Service. 2011. Ross Lake National Recreation Area General
Management Plan. Department of the Interior, Seattle, Washington. 2011. ....... 7-5

National Park Service. 2014. Mount Rainier and North Cascades National
Park Complex Fisher Restoration Plan. Ashford and Sedro-Woolly,
Washington. 2014, ......coiiiiiiieie et et 7-6

National Marine Fisheries Service. Pacific Fishery Management Council.

1978. Fishery management plan for commercial and recreational salmon

fisheries off the coasts of Washington, Oregon, and California

commencing in 1978. March 1978. [Updated in 2021]......cccceevevrerciiiiiieeiee 7-6

National Marine Fisheries Service. 2006. Final Supplement to the Shared
Strategy’s Puget Sound Salmon Recovery Plan. Seattle, Washington.
NOVEMDET 2000......coueiiiiiiiiieeieee ettt ettt be e sieeebee 7-7

National Marine Fisheries Service. 2008. Recovery Plan for Southern
Resident Killer Whales. Seattle, Washington. January 2008...............c.cceenneene. 7-7

National Marine Fisheries Service. 2019. ESA Recovery Plan for the
Puget Sound Steelhead Distinct Population Segment (Oncorhynchus
mykiss). Seattle, Washington. December 2019. ..........ccccoevviiiiiniiieninniieieee, 7-8

Pacific Fishery Management Council. 2014. Eighteenth amendment to the

fishery management plan for commercial and recreational salmon fisheries

off the coasts of Washington, Oregon, and California. Portland, Oregon.

N1 01 15380 o 1<) oA | SRR 7-8

Shared Strategy for Puget Sound. 2007. Puget Sound Salmon Recovery
Plan. Seattle, Washington. January 2007...........cccceeeuierienieenieniieiieeie e 7-9

Skagit River System Cooperative and Washington Department of Fish and
Wildlife. 2005. Skagit Chinook Recovery Plan. La Conner, Washington. ......... 7-9

State of Washington. 1977. Statute establishing the State scenic river

system, Chapter 79.72 RCW. Olympia, Washington. ..........c.ccccceevvverierirenneennen. 7-9
U.S. Fish and Wildlife Service. n.d. Fisheries USA: the Recreational

Fisheries Policy of the U.S. Fish and Wildlife Service. Washington, D.C........ 7-10
U.S. Fish and Wildlife Service. Canadian Wildlife Service. 1986. North
American Waterfowl Management Plan. Department of the Interior.

Environment Canada. May 1986. [Updated in 2018].......cccceevvieriveenirieiieenne, 7-10

U.S. Forest Service. 1989. Okanogan National Forest land and resource
management plan. Department of Agriculture, Okanogan, Washington........... 7-11

Skagit River Hydroelectric Project Seattle City Light

FERC No. 553

vi December 2022



Draft License Application Exhibit E

7.23  U. S. Forest Service. 1990. Mt. Baker-Snoqualmie National Forest Land
and Resource Management Plan. Department of Agriculture, Seattle,
Washington. June 1990. ..o 7-11
7.24  Washington Department of Ecology. 1986. Application of shoreline
management to hydroelectric developments. Olympia, Washington.
SePLEMDET 19806. ....oooneeiieee et e e 7-12
7.25 Washington Department of Fisheries. 1987. Hydroelectric project
assessment guidelines. Olympia, Washington. ..........ccccceeveeeiienieniienienieenen, 7-12
7.26  Washington Department of Game. 1987. Strategies for Washington's
Wildlife. Olympia, Washington. May 1987........ccccceevviieeiiienieeeeeeeee e, 7-12
7.27  Washington Department of Natural Resources. 1987. State of Washington
Natural Heritage Plan. Olympia, Washington. [Updated in 2018]. ................... 7-13
7.28  Washington State Parks and Recreation Commission. 1988. Scenic Rivers
Program — Report. Olympia, Washington. January 29, 1988. ............c.cceuee.e. 7-13
7.29  Washington State Parks and Recreation Commission. 1988. Washington
State Scenic River Assessment. Olympia, Washington. September 1988S......... 7-14
7.30  Washington State Energy Office. 1992. Washington State hydropower
development/resource protection plan. Olympia, Washington.......................... 7-14
7.31  Washington Department of Ecology. 1994. State wetlands integration
strategy. Olympia, Washington. December 1994. ............c.ccoovieiiiniiiiniiniieens 7-14
7.32  Washington Department of Fish and Wildlife. 1997. Management
Recommendations for Washington’s Priority Habitats: Riparian. Olympia,
Washington. December 1997. [Updated in 2018]. ......ccoeviiviienieniieiieeieeeene 7-15
7.33  Washington Department of Natural Resources. 1997. Final Habitat
Conservation Plan. Olympia, Washington. September 1997............ccccoeveeneen. 7-15
7.34  Washington Department of Fish and Wildlife. 2004. Management
recommendations for Washington’s priority species, Volume IV: Birds.
Olympia, Washington. May 2004 ..........ccceeriieeiiieeiieeiee e 7-15
7.35  Washington Department of Fish and Wildlife. 2005. Washington’s
Comprehensive Wildlife Conservation Strategy. Olympia, Washington.
September 19, 2005. ....oooeiiieeeeee ettt e 7-16
8.0 RETEIENCES ...cuuunrreeeiiiiiisiicnrsnneniiiicssissssssnssssecssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssanssns 8-1
Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 vii December 2022



Draft License Application Exhibit E
List of Appendices
Appendix A List of Meeting and Organizations Participating in the Work Groups, Technical
Steering Committee, Advisory Roundtable, and Partners’ Committee Meetings
Appendix B Historic Properties Management Plan Annotated Outline
Appendix C Project Information
Appendix D Effectiveness Assessment of 1995 License Measures
Appendix E FA-01 Water Quality Monitoring Study Sampling Program Mapbook
Appendix F Environmental Justice Communities Mapbook
List of Figures

Figure No. Description Page No.
Figure 1.4-1. Sources of City Light's power in calendar year 2021. .......c.cccccvevvcvveeereeennnen. 1-8
Figure 3.1-1. Location map of the Skagit River Project. .........ccccoevveeiciiiniiieeieeeieeee 3-3
Figure 3.1-2. Aerial view of Ross Development and associated facilities. ...........cccceueenee. 3-5
Figure 3.1-3. Aerial view of Diablo Development and associated facilities (not

visible in photo: intake on right bank and valve house on face of the

4 E21 o) SRR 3-6
Figure 3.1-4. Aerial view of upstream end of Gorge Development and associated

facilities (not visible on photo: log chute on face of dam)...........c.cccceevenee. 3-6
Figure 3.1-5. Acerial view of downstream end of Gorge Development and associated

FACTIIEIES. .ttt ettt 3-7
Figure 3.1-6. Newhalem, 1928 and today..........ccceeeviieriiieeiiieeieeee e 3-14
Figure 3.1-7. Reflector Bar area of Diablo, circa 1935 and 2000............ccccveevvveencreeeenenne 3-15
Figure 3.1-8. Transmission single-line diagram. .........ccccoeeeviieiiiieiiieeiieeee e 3-15
Figure 3.1-9. Diablo SWItChyard. ........ccciiieiiieciieccee e 3-16
Figure 3.1-10.  Helipads and marine facilities for the Skagit River Project...........ccccu....... 3-17
Figure 3.1-11.  Ross Lake boathOuSe. ........cccueeeiiiiiiiiieiieceeeeeee e 3-21

Figure 3.1-12.
Figure 3.1-12.
Figure 3.1-13.
Figure 3.1-13.
Figure 3.1-13.
Figure 3.1-14.
Figure 3.1-15.
Figure 3.1-15.
Figure 3.1-15.
Figure 3.1-16.
Figure 3.1-17.

City Light recreation facilities of the Skagit River Project (page 1 of 2).....3-22
City Light recreation facilities of the Skagit River Project (page 2 of 2). .... 3-23

Off-site fish habitat sites of the Skagit River Project (page 1 of 3). ............. 3-27
Off-site fish habitat sites of the Skagit River Project (page 2 of 3). ............. 3-28
Off-site fish habitat sites of the Skagit River Project (page 3 of 3). ............. 3-29
Fish and wildlife mitigation lands of the Skagit River Project. .................... 3-30
Skagit River Project vicinity land ownership (page 1 of 3). ...cceeeeveeennennne. 3-32
Skagit River Project vicinity land ownership (page 2 of 3). ..cccvvvevvvennennne 3-33
Skagit River Project vicinity land ownership (page 3 of 3). ..cccvvvevieennennne 3-34

Average monthly generation for the Skagit River Project (2016-2020). ...... 3-58

Average annual generation for the Skagit River Project by development
(2016-2020). ..ttt sttt 3-59

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light
Viil December 2022



Draft License Application

Exhibit E

Figure 4.1-1.
Figure 4.1-1.

Figure 4.2.1-1.
Figure 4.2.1-1.
Figure 4.2.1-1.
Figure 4.2.1-2.
Figure 4.2.1-3.
Figure 4.2.1-4.
Figure 4.2.1-4.
Figure 4.2.1-4.
Figure 4.2.1-5.
Figure 4.2.1-6.
Figure 4.2.1-7.
Figure 4.2.1-8.
Figure 4.2.1-8.
Figure 4.2.1-8.
Figure 4.2.1-9.

Figure 4.2.1-10.
Figure 4.2.1-11.
Figure 4.2.1-12.
Figure 4.2.1-13.
Figure 4.2.1-14.

Figure 4.2.1-15.

Figure 4.2.1-16.

Figure 4.2.1-17.

Figure 4.2.1-18.
Figure 4.2.1-19.
Figure 4.2.1-20.
Figure 4.2.1-21.
Figure 4.2.1-22.

Location of the Skagit River basin, topography, and other hydroelectric

projects in the basin (Page 1 0 2). c.ccovieiieiiieiiiieee e 4-2
Location of the Skagit River basin, topography, and other hydroelectric
projects in the basin (PAge 2 0T 2). ..eeecireeiiieeiieee e 4-3
Geologic features of the Project vicinity (page 1 of 3). ccoovvvvcveevciiiiienne 4-14
Geologic features of the Project vicinity (page 2 of 3). c.cccovveeevvievcieeeieenne 4-15
Geologic features of the Project vicinity (page 3 of 3). cceevvvevcvieiciieeiene 4-16
Lahar hazards from Glacier Peak...........ccoccooiiiiiiiiiiiiiiecee 4-21
Diablo-Hollywood townsite area hydromodifications. ...........cccccveevveeennennne 4-26
Soils in the Project vicinity (page 1 0f 3)...cceeeciieiiiiieieeeeeeee e, 4-29
Soils in the Project vicinity (page 2 0f 3)..ccveeeeieeeiiieeieeeee e 4-30
Soils in the Project vicinity (page 3 0f 3)..ccvveeciieeiiieeieeeieeeee e 4-31
Reservoir shoreline erosion SItES. ........couerueerieriiieniieiiieeie et 4-46
Existing erosion control site [0Cations. .........ccceeeveeeriieeeiiiieniieecieeeiee e 4-48
Measurement of erosion around exposed StUMPS. ........cccceeveveercrieenireeenneenns 4-54
Stump transects in the Ross Lake drawdown area (Figure 1 of 3)................ 4-56
Stump transects in the Ross Lake drawdown area (Figure 2 of 3)................ 4-57
Stump transects in the Ross Lake drawdown area (Figure 3 of 3)................ 4-58
Living trees in the Ross Lake area (top photo) compared to exposed

stumps (bottom photo) showing top of root crown/butt swell location. ....... 4-61
Dominant substrate versus root crown height. ..........ccccoovieviiieniiiiiiinieee 4-62
Slope gradient versus root crown height. ...........cccoeviiriiiiniiniiinieeieeeeee, 4-62
Aspect versus oot crown height. .........o.ccoooiiiiiiiiiiiiieeee 4-63
Elevation versus root crown height...........ccoocvveiieniiniiinieeiiee e 4-63
Study Area 1 — Ross Lake — Hozomeen inlet with Winnebago Flats

Dock and Launch and Hozomeen Public Boat Launch. ............c..cccocceeiee 4-65
Study Area 2 — Diablo Lake — Thunder Arm inlet, with Colonial Creek

Boat Launch/DOCK. ......cccuoviiiiiiiiiiiieiieseeeeeeeeet e 4-66

Study Area 3 — Diablo Lake — Sourdough Creek inlet with City Light

Boat Launch, City Light Boat House, City Light Dry Dock, West Ferry
Landing, Environmental Learning Center Canoe and Kayak Dock, and

Skagit ToUr DOCK. .....oeeciiieiieeeiie et e 4-67
Study Area 4 — Gorge Lake - Stetattle Creek delta, with Gorge Lake
Campground Boat Launch and Dock, Stetattle delta deposit, and Diablo

Powerhouse tailrace. ..........cceeeieeiiiiiiiiiiec e 4-68
Surficial substrate in the Hozomeen area...............ocoveeeeeiiiieieiiiiec e, 4-70
Photos of substrate in the Hozomeen area. ..............cccoeevieiiiiiiiieeeciiieeee, 4-71
Thunder Arm of Diablo Lake...........cccooiieiiiiiiiiiceeeee e 4-72
Surficial substrate in Thunder Arm..........ccccooooeiiiiiiiiiic e, 4-73
Sourdough Creek alluvial fan............ccccceeeeiiiiiiiiiiiieee e 4-75

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light
X December 2022



Draft License Application Exhibit E
Figure 4.2.1-23. Skagit River and Stetattle Creek profiles (elevations in NAVD 8&8). ........... 4-76
Figure 4.2.1-24. Thunder Arm upper delta through time. ..........ccccoeeviereiiiniiieceece e 4-84
Figure 4.2.1-25. Thunder Creek profile (2018 LIDAR). ....cccviieiiiiiiiecieeeee et 4-85
Figure 4.2.1-26. Rhode Creek and Colonial Creek depositional fans. .........cccccecvvveeveeeniennee. 4-86
Figure 4.2.1-27. Rhode Creek deposition near the Colonial Creek boat ramp (photo

dated 9/7/2021 ). 4-87
Figure 4.2.1-28. Changes through time, Sourdough delta. ..........c.cccceeriiiriiiiiinieiee, 4-88
Figure 4.2.1-29. Sourdough Creek profile. ..........ccocueeiiiiriiiiiiiiieiiee e 4-89
Figure 4.2.1-30. Changes in Diablo tailwater elevation (elevations in NAVD 88)................. 4-90
Figure 4.2.1-31. Mass wasting and avalanche chute areas contributing sediment to

Stetattle Creek. ......ooiiiiiiie e 4-92
Figure 4.2.4-32. Surficial substrate in the Stetattle Creek delta area............cccceeevveeeveeennnennnee. 4-95
Figure 4.2.2-1. Boundaries of the Skagit River drainage basin and its major subbasins

upstream of approximately PRM 20 (page 1 of 2).....cccoeeviieiienieniieieee. 4-101
Figure 4.2.2-1.  Boundaries of the Skagit River drainage basin and its major subbasins

upstream of approximately PRM 20 (page 2 of 2)...cccvvevervievcieeeiieeieenne, 4-102

Figure 4.2.2-2.

Figure 4.2.2-3.

Figure 4.2.2-4.
Figure 4.2.2-5.
Figure 4.2.2-6.
Figure 4.2.2-7.

Figure 4.2.2-8.
Figure 4.2.2-9.
Figure 4.2.2-10.

Figure 4.2.2-11.

Figure 4.2.2-12.

Gradient profile of the Skagit River from Ross Dam to the confluence
of the Skagit and Sauk rivers and the heights of the three Project dams
(elevations in North American Vertical Datum of 1988 [NAVD 88]). ...... 4-105

Active long-term and recently installed USGS stream gages within the

Upper Skagit Hydraulic Model domain (City Light 2022a). ...................... 4-108
Ross Lake annual outflow duration curve (1988-2020).......c..ccccvveeeureeneen. 4-121
Diablo Lake annual outflow duration curve (1988-2020)..........c.ccceuveeeneeee. 4-122
Gorge Lake annual outflow duration curve (1988-2020). .......cccccvevveenen. 4-122
Annual percent exceedance curve of water surface elevations for Ross

Lake, based on the period 1988-2020. ........ccceeeviieeiiieeiieeeeeeee e, 4-123
Annual percent exceedance curve of water surface elevations for

Diablo Lake, based on the period 1988-2020. ........ccccocvvevieriinnieniieieeee. 4-123
Annual percent exceedance curve of water surface elevations for Gorge

Lake, based on the period 1988-2020. ........ccceevviiieiiieeieeeieeeee e, 4-124
Supplemental spawning and incubation protection temperature criteria

for WRIA 4 Upper Skagit River basin. .........ccecceeveiienieniiienieiiieiiesieeee 4-132

Monthly averages of continuous temperature data measured at select

Skagit River locations (26-Mile Bridge [2001-2019] and Swing Bridge
[2002-2019]) and tributaries (the Klesilkwa [2001-2019] and Sumallo

rivers [2003-2018]) upstream of Ross Lake. Source: Seattle City Light.... 4-161

Monthly average water temperature at Surface, Middle, and Bottom

depths at the Little Beaver monitoring location in Ross Lake (2017-

2018). Source: North Coast and Cascades Inventory & Monitoring

NEtWOrK (NCCN). ettt s 4-162

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light
X December 2022



Draft License Application

Exhibit E

Figure 4.2.2-13.

Figure 4.2.2-14.

Figure 4.2.2-15.

Figure 4.2.2-16.

Figure 4.2.2-17.

Figure 4.2.2-18.

Figure 4.2.2-19.

Figure 4.2.2-20.

Figure 4.2.2-21.

Figure 4.2.2-22.

Figure 4.2.2-23.

Figure 4.2.2-24.

Figure 4.2.2-25.

Figure 4.2.2-26.

Monthly average water temperature at Surface, Middle, and Bottom
depths at the Skymo monitoring location in Ross Lake (2017-2018).
SoUrCe: NCCN. L.eiiiiii ettt st 4-162

Monthly average water temperature at Surface, Middle, and Bottom
depths at the Pumpkin Mountain monitoring location in Ross Lake
(2017-2018). Source: NCCN. ....ccceeiieieeieieeie ettt eee e 4-163

Monthly average water temperature at 10 depths at the log boom
monitoring location in Ross Lake (2001-2019). Source: Seattle City
5574 | TSRS 4-164

Monthly averages of continuous temperatures measured in select

tributaries to Ross Lake: Lightning Creek (2000-2017), Hozomeen

Creek (2019-2020), Big Beaver Creek (2000-2020), Little Beaver

Creek (2001-2019), Devil’s Creek (2000-2002), and Ruby Creek

(2000-2018). Source: Seattle City Light. ........cccvveiiieeiiiiniieeieeeee e 4-165

Monthly average water temperature at nine depths at the log boom
monitoring location in Diablo Lake (2014-2019). Source: Seattle City
557 | TSR 4-165

Temperature profile near Ross Powerhouse (DIABLO1) (top) and
Diablo Dam forebay (DIABLO2) (bottom) (June-October 2021).
Source: Seattle City Light. .....ccooviieiiiiiiieeieeceeeeece e 4-167

Temperature profile near Ross Powerhouse (DIABLO1) (top) and
Diablo Dam forebay (DIABLO2) (bottom) (January-June 2022).
Source: Seattle City Light. .....coooviieiiieiiieeieeceeeeeee e 4-168

Monthly averages of continuous temperature data in select tributaries to
Diablo Lake: McAllister Creek (2014-2017), Fisher Creek (2014-
2017), and West Fork Creek (2014-2017). Source: Seattle City Light....... 4-169

Monthly average water temperature at 8 depths at the log boom

monitoring location in Gorge Lake (2014-2019). Source: Seattle City

557 | TSR 4-170
Temperature profile at the upstream end of Gorge Lake at Reflector Bar
(GORGEY1) (top) and in the forebay (GORGE2) (bottom) (June-

October 2021). Source: Seattle City Light........cccoovvieeviiiiiiiiieecieeee 4-171

Temperature profile at the upstream end of Gorge Lake at Reflector Bar
(GORGEY1) (top) and in the forebay (GORGE2) (bottom) (January-June

2022). Source: Seattle City Light......c..cooovveiiiieiiiieiieeeeeeeee e, 4-172
Monthly average of continuous temperature data measured in Stetattle
Creek (2005-2019). Source: Seattle City Light. .......cccooovveiiiniiiiiiieeee 4-173

pH (white/left) and dissolved oxygen (yellow/right) profiles measured
in Ross Lake at the Pumpkin Mountain, Skymo, and Little Beaver
sampling sites on June 18, 2018. Source: NCCN. ......cccceoevvierienenieneenens 4-174

pH (white/left) and dissolved oxygen (yellow/right) profiles measured
in Ross Lake at the Pumpkin Mountain, Skymo, and Little Beaver

Skagit River Hydroelectric Project

FERC No. 553

sampling sites on July 12, 2018. Source: NCCN. ......cccceeviriinienenieneenens 4-174
Seattle City Light
xi December 2022



Draft License Application

Exhibit E

Figure 4.2.2-27.

Figure 4.2.2-28.

Figure 4.2.2-29.

Figure 4.2.2-30.

Figure 4.2.2-31.

Figure 4.2.2-32.

Figure 4.2.2-33.

Figure 4.2.2-34.

Figure 4.2.2-35.

Figure 4.2.2-36.

Figure 4.2.2-37.

Figure 4.2.2-38.

Figure 4.2.2-39.

Figure 4.2.2-40.

pH (white/left) and dissolved oxygen (yellow/right) profiles measured
in Ross Lake at the Pumpkin Mountain, Skymo, and Little Beaver
sampling sites on August 16, 2018. Source: NCCN. ........ccccevvevveeeciveennennne 4-175

pH (white/left) and dissolved oxygen (yellow/right) profiles measured
in Ross Lake at the Pumpkin Mountain, Skymo, and Little Beaver
sampling sites on September 19, 2018. Source: NCCN.........ccccvvevvveennennne 4-175

pH (white/left) and dissolved oxygen (yellow/right) profiles measured
in Ross Lake at the Pumpkin Mountain, Skymo, and Little Beaver
sampling sites on October 15, 2018. Source: NCCN........cccceevevreeciieennennne 4-176

pH (white/left) and dissolved oxygen (yellow/right) profiles measured
in Ross Lake at the Pumpkin Mountain, Skymo, and Little Beaver
sampling sites on November 19, 2018. Source: NCCN..........ccceeecvveeennenne 4-176

Diablo Lake dissolved oxygen profile at Ross Powerhouse (DIABLO1)
(top) and the forebay (DIABLO2) (bottom) (June-October 2021).
Source: Seattle City Light. .....cooviieiiiiiiieeieeeeeeeeee e 4-178

Diablo Lake dissolved oxygen profile at Ross Powerhouse (DIABLO1)
(top) and the forebay (DIABLO2) (bottom) (January-June 2022).
Source: Seattle City Light. .....coooviieiiieiiieeieeceeeeeee e 4-179

pH profile at the upper end of Diablo Lake (DIABLO1) (top) and the
Diablo Dam forebay (DIABLO2) (bottom) (June-October 2021).
Source: Seattle City Light. .....ccocvvieiiiiiiieiieeeeeeeee e 4-180

pH profile at the upper end of Diablo Lake (DIABLO1) (top) and the
Diablo Dam forebay (DIABLO2) (bottom) (January-June 2022).
Source: Seattle City Light. .....ccocviieiiiiiiieeieeeeeeeeee e 4-181

Dissolved oxygen profiles at the upstream end of Gorge Lake at
Reflector Bar (GORGEL1) (top) and in the forebay (GORGE2) (bottom)
(June-October 2021). Source: Seattle City Light........ccccoeveivivciiiiiiiinee 4-183

Dissolved oxygen profiles at the upstream end of Gorge Lake at
Reflector Bar (GORGEL1) (top) and in the forebay (GORGE2) (bottom)
(January-June 2022). Source: Seattle City Light. ........cccoovviviviiiiiiiieee 4-184

pH profiles at the upstream end of Gorge Lake at Reflector Bar
(GORGEY1) (top) and in the forebay (GORGE?2) (bottom) (June-
October 2021). Source: Seattle City Light........ccceovveeeiiiiiiiiiiiieieeee 4-185

pH profiles at the upstream end of Gorge Lake at Reflector Bar
(GORGEY1) (top) and in the forebay (GORGE?2) (bottom) (January-June
2022). Source: Seattle City Light......c..coooveeiiiiiiiiiiiieceeeeecee e, 4-186

Total dissolved gas at Gorge Lake sites (below Diablo Dam, GORGE3
and Gorge Dam forebay, GORGE4) (September-October 2021) and
flow at Diablo Powerhouse (cfs). Source: Seattle City Light. .................... 4-187

Total dissolved gas at Gorge Lake sites (below Diablo Dam, GORGE3

and Gorge Dam forebay, GORGE4) (September 17-September 20,

2021) and generation at Diablo Powerhouse (MW). Source: Seattle

City LIGIt. oo e 4-188

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light

X1l December 2022



Draft License Application

Exhibit E

Figure 4.2.2-41

Figure 4.2.2-42.

Figure 4.2.2-43.

Figure 4.2.2-44

Figure 4.2.2-45.

Figure 4.2.2-46.
Figure 4.2.2-47.
Figure 4.2.2-48.

Figure 4.2.2-49.
Figure 4.2.2-50.
Figure 4.2.2-51.
Figure 4.2.2-52.

Figure 4.2.2-53.

Figure 4.2.2-54.

Figure 4.2.2-55.

Figure 4.2.2-56.

Total dissolved gas at Gorge Lake sites (below Diablo Dam, GORGE3

and Gorge Dam forebay, GORGE4) (September 26-through October 5,

2021) and generation at Diablo Powerhouse (MW). Source: Seattle

City LIGIt. oo 4-188

Total dissolved gas at Gorge Lake sites (below Diablo Dam, GORGE3

and Gorge Dam forebay, GORGE4) (October 21, 2021-December 7,

2021) and Gorge Powerhouse and spill at Diablo Powerhouse (cfs). The
horizontal line indicates the calculated 7Q10 flow at USGS Newhalem

Gage (12178000). Source: Seattle City Light........cccccoeviieiiiniiiiiiieeee 4-189

Total dissolved gas at Gorge Lake sites (below Diablo Dam, GORGE3

and Gorge Dam forebay, GORGE4) and at Gorge Powerhouse tailrace
(PHOUSE1) (January 16, 2022-June 7, 2022) and spill at Diablo Dam

(cfs). Source: Seattle City Light......ccccoooiieniiiiiiiiieieceeeeee e 4-190
Total dissolved gas at Gorge Lake sites (below Diablo Dam, GORGE3,

and Gorge Dam forebay, GORGE4) and at Gorge Powerhouse tailrace
(PHOUSET1) (January 16, 2022-June 7, 2022) and generation at Diablo

Dam (cfs). Source: Seattle City Light........cccocoovviiiiiiiniiiiiieieeeeeee, 4-190
Total dissolved gas at Gorge Lake sites (below Diablo Dam, GORGE3

and Gorge Dam forebay, GORGE4) and at Gorge Powerhouse tailrace
(PHOUSE1) (May 18-25, 2022) and generation at Diablo Dam (cfs).

Source: Seattle City Light. .....ccocviieiiiiiiieeieeceeeeeee e 4-191
Total zooplankton density in Ross Lake, May 2015-November 2020.

SoUTCE: NCCN. ..ottt 4-207
Percent, by number, of total zooplankton organisms sampled. Source:

INCCN ettt ettt a et e et e s st e b e eneeeae e bt eneesaeenseennenns 4-208
Relative dominance of Kellicottia longispina over time. Source:

INCCN . ettt ettt ettt et st nb ettt 4-209

Relative dominance of Polyarthra vulgaris over time. Source: NCCN. .... 4-209
Relative dominance of Conochilus unicornis over time. Source: NCCN... 4-210
Relative dominance of Synchaeta sp. over time. Source: NCCN................ 4-210

Position of BMI colonization rock baskets deployed within and below
the varial zone in Ross Lake. .........ccccoiiiiiiiiiiiiieeeee, 4-220

Schedule for retrieval of BMI colonization rock baskets from Ross
Lake; UVZ, LVZ, and LZ are the upper varial zone, lower varial zone,
and lentic Zone, 1eSPECLIVELY. ..ocviiieiiieeiiieeiie et 4-221

Gorge bypass reach and Powerhouse monitoring locations by Project
River Mile and their elevations (NAVD 88)......ccccceeviiiviiiiiiiecieeeeeee. 4-223

Time series of water temperatures at Gorge bypass reach and
Powerhouse sites (January 28-October 5, 2021). Source: Seattle City
LAGRL. e 4-224

Box-and-whisker plot showing water temperature at the Gorge bypass

reach and Powerhouse sites (January 28-October 5, 2021). Source:
Seattle City Light. ..oc.eiiiiiiiiieiieie et 4-224

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light

X1il December 2022



Draft License Application

Exhibit E

Figure 4.2.2-57.

Figure 4.2.2-58.

Figure 4.2.2-59.

Figure 4.2.2-60.

Figure 4.2.2-61.
Figure 4.2.2-62.
Figure 4.2.2-63.
Figure 4.2.2-64.
Figure 4.2.2-65.
Figure 4.2.2-66.
Figure 4.2.2-67.

Figure 4.2.2-68.

Figure 4.2.2-69.

Figure 4.2.2-70.

Figure 4.2.2-71.

Figure 4.2.2-72.

Time-series of dissolved oxygen at the Gorge bypass reach and Gorge
Powerhouse sites (January 28-October 5, 2021). Source: Seattle City
5574 | RSP 4-225

Box-and-whisker plot of dissolved oxygen at the Gorge bypass reach
and Powerhouse sites (January 28-October 5, 2021). Source: Seattle

City LIRL. oot 4-226
pH at the Gorge Powerhouse site (PHOUSE1) (July 22 — October 5,
2021). Source: Seattle City Light.........cccoeviiieiiiiiiiiiiiiicieeeeeeeeeee, 4-227

Time-series of total dissolved gas at the Gorge bypass reach and
Powerhouse sites (January 28-October 5, 2021). Source: Seattle City

LAGRL. e 4-228
Box-and-whisker plots of total dissolved gas at the Gorge bypass reach

and Powerhouse sites (2021). Source: Seattle City Light. ...........cccveeennee.n. 4-228
Monthly spill events at Gorge Dam (1997-2021). Source: Seattle City

LAGRL. et 4-229
Frequency distribution of spill volume at Gorge Dam (1997-2021).

Source: Seattle City Light. .....ccocviieiiiiiiieeiieceeeeee e 4-230
Total dissolved gas and spill in the Gorge bypass reach (June-early July

2021). Source: Seattle City Light.........cccooviiieiiiiiiiiiiiieieeeeeeeeeee, 4-231
Regression of total dissolved gas at BYPASS1 versus spill at Gorge

Dam (May 24-July 2, 2021. Source: Seattle City Light.......c..cccvvvvveenneen. 4-232
Total dissolved gas at BYPASS1 and BYPASS3 during planned spill at

Gorge Dam (July 2021). Source: Seattle City Light...........ccccocveriiennnnnnnn. 4-233
Turbidity at the Gorge bypass reach and Powerhouse sites (January 28-
October 5, 2021). Source: Seattle City Light........cccceeevviiiiiiiniiiieeee 4-234

30-minute water temperatures at Skagit River sites upstream of

Marblemount (SKAGIT2-4), June 2021 through May 2022 (top) and

sites downstream of Marblemount and the Sauk River (SKAGIT5-7,

SAUKTI), June 2021-May 2022. .....c.coceimieienienieeienieesieeie et 4-239

7-DADMax water temperatures at Skagit River sites upstream from
Marblemount (SKAGIT2-4), September 2020-May 2022 (top), 7-

DADMax water temperatures at Skagit River sites from Marblemount

to Concrete, and the Sauk River site (SKAGITS5-7, SAUK1), June

2021-May 2022. Horizontal lines show Ecology’s applicable

tEMPETATUTE CTILETIA. 1.uvvreeiviieeiieeeiieeeteeesieeesereeetaeeeaeeeeteeesreeessseeessseeennseas 4-240

Flow in the Skagit River at Newhalem and Marblemount USGS gages,
June 2-22,2022. Source: USGS.....coooiiiiiiiiiieieeeeeeeeeeeeee, 4-242

Continuously measured water temperature (°C) at three locations
(SKAGIT3 [PRM 85.9], SKAGIT4 [PRM 75.6], and SKAGIT7 [PRM
54.5]) in the Skagit River, June 2-22, 2022. Source: Seattle City Light..... 4-242

Box-and-whisker plot showing water temperature (°C) at three
locations (SKAGIT3 [PRM 85.9], SKAGIT4 [PRM 75.6], and

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light

X1v December 2022



Draft License Application

Exhibit E

Figure 4.2.2-73.

Figure 4.2.2-74.

Figure 4.2.2-75.

Figure 4.2.2-76.

Figure 4.2.2-77.

Figure 4.2.2-78.

Figure 4.2.2-79.

Figure 4.2.2-80.

Figure 4.2.3-1.

Figure 4.2.3-2.
Figure 4.2.3-3.
Figure 4.2.3-4.
Figure 4.2.3-5.
Figure 4.2.3-6.

Figure 4.2.3-7.

SKAGIT7 [PRM 54.5]) in the Skagit River, June 2-22, 2022. Source:
Seattle City LiGht. ..cc.eoeiiiiiiiiieieeee e 4-243

Continuously measured DO (mg/L) at three locations (SKAGIT3 [PRM
85.9], SKAGIT4 [PRM 75.6], and SKAGIT7 [PRM 54.5]) in the
Skagit River, June 2-22, 2022. Source: Seattle City Light. ........c..cc.......... 4-245

Box-and-whisker plot showing DO (mg/L) at three locations
(SKAGIT3 [PRM 85.9], SKAGIT4 [PRM 75.6], and SKAGIT7 [PRM
54.5]) in the Skagit River, June 2-22, 2022. Source: Seattle City Light..... 4-245

Continuously measured DO (percent saturation) at three locations
(SKAGIT3 [PRM 85.9], SKAGIT4 [PRM 75.6], and SKAGIT7 [PRM
54.5]) in the Skagit River, June 2-22, 2022. Source: Seattle City Light..... 4-246

Continuously measured pH at three locations (SKAGIT3 [PRM 85.9],
SKAGIT4 [PRM 75.6], and SKAGIT7 [PRM 54.5]) in the Skagit
River, June 2-22, 2022. Source: Seattle City Light..........c.ccccvvvieriienennnen. 4-247

Box-and-whisker plot showing pH at three locations (SKAGIT3 [PRM
85.9], SKAGIT4 [PRM 75.6], and SKAGIT7 [PRM 54.5]) in the
Skagit River, June 2-22, 2022. Source: Seattle City Light. ...........c........... 4-247

Total dissolved gas measured at three bridges downstream of Gorge
Powerhouse during planned spill (October 26, 2021). Source: Seattle
City LIGIt. oo 4-249

Total dissolved gas measured at the Gorge Dam access bridge (in the

Gorge bypass reach) and three bridges downstream of Gorge

Powerhouse during planned spill (July 5, 2022). Source: Seattle City

5574 | TSR PR 4-250
Turbidity (NTU) measured continuously at three locations (SKAGIT3

[PRM 85.9], SKAGIT4 [PRM 75.6], and SKAGIT7 [PRM 54.5]) in the

Skagit River, June 2-22, 2022. Source: Seattle City Light. ..........cceeenne. 4-254
WDFW (2021) and Upper Skagit Indian Tribe (2022a, 2022b) fish

survey results and reach delineations in the Gorge bypass reach. Fish

species included in the map are Pacific salmon and O. mykiss, i.e., fish

that are either anadromous or potentially anadromous. ..........ccccceeevvenunenne. 4-291
Puget Sound Chinook Salmon populations.............ccceeeeeevieniieniienieenieenen. 4-296

Ocean commercial net harvest and spawning escapement of hatchery
and natural Summer/Fall Chinook Salmon in the Skagit River, 1991-

2020, ettt b et ettt st e bttt as 4-298
Upper Skagit Summer Chinook Salmon spawning escapement (1994-
2021); 2021 estimates are preliminary. ...c...e.eeeeeeeeeeeeeeeeeseeeeseveeesveeenenens 4-299
Upper Cascade Spring Chinook Salmon spawning escapement (1994-
2021); 2021 estimates are preliminary. .........occeeeeeeeveenieerienieeneeeieeiee e 4-300
Ocean commercial net harvest and spawning escapement of hatchery
and natural Coho Salmon in the Skagit River, 1991-2020.............c............ 4-301

Skagit River Coho Salmon spawning escapement (1994-2021); 2021
estimates are preliminary; Coho escapement for 2019 was calculated

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light
XV December 2022



Draft License Application

Exhibit E

Figure 4.2.3-8.

Figure 4.2.3-9.

Figure 4.2.3-10.
Figure 4.2.3-11.
Figure 4.2.3-12.

Figure 4.2.3-13.
Figure 4.2.3-14.

Figure 4.2.3-15

Figure 4.2.3-16.
Figure 4.2.3-17.
Figure 4.2.3-18.

Figure 4.2.3-19.

Figure 4.2.3-20.

Figure 4.2.3-21.
Figure 4.2.3-22.

using a regression equation derived from escapements estimated by

Skagit System Cooperative tag studies from 1986-1990. ..........cccccevueenee. 4-302
Ocean commercial net harvest and spawning escapement of hatchery

and natural Pink Salmon in the Skagit River, 1991-2019............ccuveennee.. 4-303
Skagit River Pink Salmon spawning escapement (1994-2021); 2021

estimates are Preliminary. .........occeeevieeiienieeieeie e 4-304
Skagit River Chum Salmon spawning escapement (1994-2021); 2021

esStimates are PrelimMINary. .ooo.veecveeeceeeeieeeiee et e e e e ereeereeeeeeeeereeeeaaeeens 4-305
Skagit River Winter Steelhead spawning escapement (1994-2021);

2021 estimates are Preliminary. ......oc.eeeeeeeeeeeiienieesieeeie et 4-308
Size class of native char counted in a 22-mile index reach of the upper

Skagit River upstream of Ross Lake (1998-2016).......cccccecvvveevveeecrieennenne 4-311
Total stranding and trapping study area and survey areas on Ross Lake.... 4-321
Average entrainment rate (fish/hr) of Dolly Varden and Redside Shiner,

by season, in ROsS Lake. .........cccoeriiiiiieniiiiieiecceeeeee e 4-325
Map of the extent of modeled accessible anadromous fish habitat

(based on Intrinsic Potential modeling) showing reach types and the

number of subsamples that will be measured of each Reach Type............. 4-331
Average entrainment rate (fish/hr) of Dolly Varden and Redside Shiner,

by season, in Diablo Lake. .........ccccuieeiiiiiiiieiiieceeeeeee e 4-335
Average entrainment rate (fish/hr) of Dolly Varden and Redside Shiner,

by season, in GOrge Lake. ..........cccueeiiieniiiiiiinieciceccceee e 4-340

Documented spill events at Gorge Dam from January 1, 1997 —
December 31, 2021, e 4-342

Sample UHA plot for salmonid spawning species/life stage in Bypass

Habitat Model Reach 4. OMYs (steelhead), CHKs (Chinook Salmon),

PNKs (Pink Salmon), CHMs (Chum Salmon), COHs (Coho Salmon),

SOKs (Sockeye Salmon), RBTs (Rainbow Trout), BTDVs (Bull

Trout/Dolly Varden), BTAs (Sea-Run Bull Trout), CTTs (Cutthroat

Trout), CTAs (Sea-Run Cutthroat Trout), and MWFs (Mountain

AT s VLS T o SRR 4-347

Sample UHA plot for salmonid spawning species/life stage in Bypass

Habitat Model Reach 5. OMYs (steelhead), CHKs (Chinook Salmon),

PNKs (Pink Salmon), CHMs (Chum Salmon), COHs (Coho Salmon),

SOKs (Sockeye Salmon), RBTs (Rainbow Trout), BTDVs (Bull

Trout/Dolly Varden), BTAs (Sea-Run Bull Trout), CTTs (Cutthroat

Trout), CTAs (Sea-Run Cutthroat Trout), and MWFs (Mountain

WHILETISH). e e e 4-348

Bypass Habitat model study area, showing Existing Features 1 and 2....... 4-350

Northern portion of primary study area from Gorge Dam to the County
Line including Reach 1, 2A, and 2B........ccccoooiiiiiiiiiiieeeeeeeeee, 4-352

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light

XV1 December 2022



Draft License Application

Exhibit E

Figure 4.2-3-23.

Figure 4.2.3-24.

Figure 4.2.3-25.

Figure 4.2.3-26.

Figure 4.2.3-27.
Figure 4.2.3-28.
Figure 4.2.3-29.

Figure 4.2.3-30.

Figure 4.2.3-31.
Figure 4.2.3-32.

Figure 4.2.3-33.

Figure 4.2.3-34.

Figure 4.2.3-35.

Figure 4.2.3-36.

Figure 4.2.4-1.
Figure 4.2.4-1a.
Figure 4.2.4-2.

Primary study area reaches from County Line to the Straight Creek
Fault Zone near Diobsud Creek including the Narrow Upper Skagit
Reaches 3A/3B and the landslide zone (Reach 4). ........ccccoeevvevciviieieennen. 4-353

Primary study area reaches from the Straight Creek Fault Zone to the

Cascade River (Reach 5A), Cascade River to Rocky Creek (Reach 5B),

and the upper segments of Reach 6 near Illabot Creek............ccceeveeennnennn. 4-354
Downstream portion of the primary study area including the Barnaby
Meanders (Reach 6) and Sauk River confluence (Reach 7). ..................... 4-355

Distribution of the area of channel unit classes (habitat types) by study
reach in the Skagit River between Gorge Powerhouse and the Sauk

River (see Table 4.2.3-23 for a summary of reach lengths)........................ 4-357
Overview of sediment sample locations for the GE-04 Geomorphology
Study (City Light 2022)). c.eeeoeeiieieeieeiesieeie ettt 4-359
Summary grainsize statistics for all surface pebble count samples, GE-
04 Geomorphology Study (City Light 2022).....cccceerienrieriieniieiienieeieens 4-360
Summary grainsize statistics for all subsurface bulk sediment samples,
GE-04 Geomorphology Study (City Light 2022j). ....cccovveveieeeiieeiieeeieee 4-361

Sample UHA plot for salmonid spawning species/life stage in Upper
Skagit Habitat Model Reach 15. OMYs (steelhead), CHKs (Chinook
Salmon), PNKs (Pink Salmon), CHMs (Chum Salmon), COHs (Coho
Salmon), SOKs (Sockeye Salmon), RBTs (Rainbow Trout), BTDVs
(Bull Trout/Dolly Varden), BTAs (Sea-Run Bull Trout), CTTs
(Cutthroat Trout), CTAs (Sea-Run Cutthroat Trout), and MWFs

(Mountain Whitefish)..........cccoeiiiiiiiiiiicceeceeeeee e 4-366
Coastal Recovery Unit (Core Areas) for Bull Trout. .........cccceeevvveeiieennenn. 4-378
Critical habitat for the Puget Sound Chinook Salmon ESU: Upper
SKkagit SUDDASIN. ....cecuviiiiiiiieiieie e 4-382
Critical habitat for the Puget Sound Steelhead DPS: Upper Skagit
SUDDASII. .ttt e 4-383

Bull Trout critical habitat designated in the Lower Skagit River Sub-

Unit (Note: Genetic analysis places the isolated bull trout populations

in Gorge and Diablo reservoirs in with the local populations of the

Upper Skagit River core area (Smith 2010)........cccooveieiieniiniiiiieeieeeeee, 4-386

Bull Trout critical habitat designated in the Upper Skagit River Sub-
Unit (Note: Genetic analysis places the isolated bull trout populations
in Gorge and Diablo reservoirs in with the local populations of the

Skagit River Hydroelectric Project

FERC No. 553

Upper Skagit River core area (Smith 2010)........cccceeveiieviiiiniiiecieeieee, 4-387
Average entrainment rate (fish/hr) by target species and season in Ross,
Diablo, and Gorge 1aKes. ..........c.eecuieriieiiiiieeiecie e 4-410
Study area segments for the Vegetation Mapping Study (north)................ 4-425
Study area sub-segments for the RLNRA segment.........c..ccceveeverieneennens 4-426
Study area segments for the Vegetation Mapping Study (central). Note:
expanded canopy metrics modeling area is included. ............cccoeeevirennnnn. 4-427
Seattle City Light
XVii December 2022



Draft License Application Exhibit E
Figure 4.2.4-3.  Study area segments for the Vegetation Mapping Study (south)................ 4-428
Figure 4.2.4-4.  Study area segments for the Wetland Assessment (north)............cc.cecuee.. 4-453
Figure 4.2.4-5.  Study area segments for the Wetland Assessment (central). ...................... 4-454
Figure 4.2.4-6.  Study area segments for the Wetland Assessment (south)............cc.ceeueee.. 4-455
Figure 4.2.4-7.  Study are@ OVEIVIEW. ...ccuiiiviieeiiieeiiieeeiteeeieeeeteeeesteeesteeeseveeeseaeeesnveesnnseeens 4-473
Figure 4.2.4-8.  Study area associated with recreation facilities at and around Diablo

ANA GOTZE LAKES. .....eeiiieiieeiieiece ettt e 4-474
Figure 4.2.4-9.  Study area associated with recreation facilities at and around

NEWRALEIN. .. 4-475
Figure 4.2.4-10. Study area segments for the Invasive Plants Study (north)......................... 4-482
Figure 4.2.4-11. Study area segments for the Invasive Plants Study (central). ..................... 4-483
Figure 4.2.4-12. Study area segments for the Invasive Plants Study (south). ....................... 4-484
Figure 4.2.5-1.  Study area segments for marbled murrelet nesting habitat analysis. .......... 4-530
Figure 4.2.5-2.  Study area segments for Northern Spotted Owl nesting, roosting, and

foraging habitat analysis. ........cceecuieriiiiiieiieeieee e 4-538
Figure 4.2.5-3.  Special-Status Amphibian study area and study Sites. ........c.ccceecvervreueennee. 4-544
Figure 4.2.5-4.  Study area segments for the Northern Goshawk Habitat Analysis

(NOTER). ettt et e et e e e e e e e e e esaeessseeessseeennseeens 4-554
Figure 4.2.5-5.  Study area segments for the Northern Goshawk Habitat Analysis

(CONLTAL). 1.ttt sttt ettt 4-555
Figure 4.2.5-6.  Study area segments for the Northern Goshawk Habitat Analysis

(SOULN). 1t et e e et e e ae e e naeeen 4-556
Figure 4.2.5-7.  Golden Eagle Habitat Assessment study area. ..........cccccceeeeveeeecrieenveeennennns 4-565
Figure 4.2.5-8. Beaver Habitat Assessment study area. ...........ccceeevuveeecieeeniieeesieeeniee e 4-573
Figure 4.2.6-1.  Wild and Scenic River designations in the Project vicinity (page 1 of

2 ettt b et e h bttt e h e bt et ea e e bt et et aes 4-625
Figure 4.2.6-1. Wild and Scenic River designations in the Project vicinity (page 2 of

) TSP 4-626
Figure 4.2.6-2.  National Scenic Trails and Wilderness Areas in the Project vicinity

(PAZE 1 OF 3). oot e st 4-629
Figure 4.2.6-2.  National Scenic Trails and Wilderness Areas in the Project vicinity

(PAZE 2 OF 3. ettt 4-630
Figure 4.2.6-2.  National Scenic Trails and Wilderness Areas in the Project vicinity

(PAZE 3 0T 3). oo et aee 4-631
Figure 4.2.6-3.  Project vicinity land US€. ........ccceeviiiriiiiiiiiiieiieeeeieeee e 4-633
Figure 4.2.7-1.  Views of Ross Lake from one of two designated highway overlooks........ 4-640
Figure 4.2.7-2.  Views of Ross Lake from the second designated highway overlook.......... 4-641
Figure 4.2.7-3.  Views from Ross Lake looking north. .............ccccceeiiiniiiiiiniiiniieieeeeee, 4-642
Figure 4.2.7-4.  Views south from Diablo Overlook. ............cccceerviiiriiniieiiiniieieeeeeeee, 4-644
Figure 4.2.7-5.  Diablo tOWNSILE. ...ccueeiiieriiiiiieiie ettt et eae e e 4-645
Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 XViii December 2022



Draft License Application Exhibit E
Figure 4.2.7-6.  Nighttime lighting at Diablo Dam............cccceeiiiiiiiiiniiiecee e 4-651
Figure 4.2.7-7. Ambient noise measurement monitoring l0cations............cccceeevveeeveeennnennn. 4-659
Figure 4.2.10-1. Designated forest resource lands and federal lands as identified in the
comprehensive plans of Whatcom, Skagit, and Snohomish counties.......... 4-722

Figure 4.2.10-2.

Year 2000 northwest Washington watersheds baseline housing unit
density and projections for 2030 as identified for the U.S. Department
of Agriculture (USDA) Forest Service “Forests on the Edge” project. ...... 4-723

Figure 4.2.10-3. Washington State percent of population in poverty...........ccccceevverveeueennee. 4-728
Figure 4.2.10-4. Actual and forecasted O&M costs for 2018...........ccceeveiierieniiiinienireieeee. 4-736
List of Tables

Table No. Description Page No.
Table 2.1-1. Milestones, responsible parties, dates, and applicable regulations

associated with filing of the Skagit River Project license application............. 2-2
Table 3.1-1. Specifications for the three developments of the Skagit River Project........... 3-7
Table 3.1-2. Skagit River Project fish and wildlife mitigation lands. ..........c.cccccveeenneennne. 3-25
Table 3.1-3. Monthly minimum, average, and maximum elevations (feet, NAVD 88)

into Ross Lake (1988-2020).......c..oieuiiiiiieeeiie et e 3-37
Table 3.1-4. Ross Dam spill events (2017-2021). .cccveeeeinieeiieiieeieeiie et 3-41
Table 3.1-5. Monthly minimum, average, and maximum elevations (feet, NAVD 88)

into Diablo Lake (1988-2020).......cccuiiiiiiiiiiieiieeiieee e 3-42
Table 3.1-6. Diablo Dam spill events (2017-2021). ....cooueeiiiiiiiieiiieieeieeee e 3-46
Table 3.1-7. Gorge Dam spill events (2017-2021).....oovieiiiiiiiiiienieeeeeeee e 3-46
Table 3.1-8. Monthly minimum, average, and maximum elevations (feet, NAVD 88)

into Gorge Lake (1988-2020)......c.c.ccueriiiirienieieiieneeieeeeseee e 3-48
Table 3.1-9. Fry protection at Newhalem gage. .........ccceevevieniiienieniiieieieeieeeeee 3-55
Table 3.1-10. Skagit River Project annual and monthly average energy production

(20162020, ..ceeeneeeieeeeieieeee ettt ettt ettt ettt et sne et e ne e 3-56
Table 3.1-11. Skagit River Project generation (MWh) per generation year (January —

December; 2016-2020).....c..coiuiiiiriiienienieeieeiieseee ettt 3-57
Table 3.1-12. Skagit River Project average monthly and total annual generation (in

MWh), modeled and actual (2012-2020). .......coeouieriiiiiiiienieeee e 3-60
Table 3.1-13. Monthly minimum, average, and maximum outflows (cfs) from Ross

Lake (2016-2020). .c..eeueeieriieieetenieee ettt 3-61
Table 3.1-14. Monthly minimum, average, and maximum outflows (cfs) from Diablo

Lake (2016-2020). ....eeeeeieeeieieeieeieeie ettt ettt ettt 3-62
Table 3.1-15. Monthly minimum, average, and maximum outflows (cfs) from Gorge

Lake (2016-2020). .c..eeueeieriieieetenieee ettt 3-63
Table 4.1-1. Simulated hydraulic travel times, by season, in the Skagit River

between Gorge Dam and the Town of Concrete. ..........ccooveenieeiiinieineennenne 4-4

Skagit River Hydroelectric Project
FERC No. 553

Seattle City Light
X1X December 2022



Draft License Application

Exhibit E

Table 4.1-2.

Table 4.1-3.

Table 4.1-4.

Table 4.2.1-1.
Table 4.2.1-2.
Table 4.2.1-3.
Table 4.2.1-4.

Table 4.2.1-5.

Table 4.2.1-6.

Table 4.2.1-7.

Table 4.2.1-8.

Table 4.2.1-9.

Table 4.2.1-10.

Table 4.2.1-11.
Table 4.2.1-12.

Table 4.2.1-13.

Table 4.2.2-1.

Table 4.2.2-2.

Table 4.2.2-3.

Table 4.2.2-4.

Table 4.2.2-5.

Table 4.2.2-6.

Air temperature and precipitation at locations in the upper, middle, and

lower Skagit River watershed (2000-2021). .....c.ccccveeiiieniiniiieieeiieieeieeiene 4-6
Named tributaries that flow into the Skagit River Project reservoirs and

the Skagit River to the Town of Concrete, WA. ..........cccovvvveieieeeeen, 4-9
Select data for the Baker River and Newhalem Creek hydroelectric

PLOJECLS. vteiieeiieeiteette ettt et e et e eteesateeteesateesbeassseenseessbeenseessseenseenaseenseasnsesnsaens 4-11
Major geologic units in the Project VICINIty. ......cccooceeecieenieeiienieeieeiieee 4-17
Mass wasting features included in the Mass Wasting Inventory. ................. 4-23
Soil occurrence and characteristics within the Project Boundary. ................ 4-32
Soil occurrence and characteristics in the Project fish and wildlife

MItIZAtION 1aNAS. ....oiiiiiieeiiece e 4-36
Length (feet) and percentage of shoreline composed of various

INALTETIAL .t et 4-42
Number of erosion sites and length feet (ft) and percentage of total

shoreline eroding in 1990..........cccooviiiiiiiiiiiecee e 4-43
Status of sites with existing erosion control measures or

IMPIOVEMENTS. | ..o 4-49
National Park Service shoreline erosion monitoring on Ross Lake,

TO94-2021. ettt 4-51
Bank retreat measured from 1990-2018 aerial photographs. ...........cccceuuee.. 4-51
Stump erosion monitoring transects and number of stumps measured at

CACKH TTANSECL. ...ttt ettt ettt et 4-54
Stump Erosion at FERC SPD Sites. ......cccceeviieriieniieiieeieeeeeeeeee e 4-59
Number of erosion sites and length (ft) and percentage of total

shoreline eroding in 2021-2022 by bank height category...........ccccveveunennnee. 4-78
Comparison of aerial photograph and NPS field measurements of bank

TEITEAL. ¢ttt ettt ettt ettt et s e et sttt s 4-79

Active long-term USGS stream gages in the area between Gorge Dam
and Concrete, WA (see Figure 4.2.2-3 for gage locations between

Gorge Dam and the Sauk River confluence)...........ccccceevveenieniieniienieennne 4-107
Recently installed USGS stream gages in the area between Gorge Dam

and the Sauk River (see Figure 4.2.2-3 for gage locations). ..........cccccuee. 4-107
Monthly minimum, average, and maximum outflows (cfs) from Ross

Lake (1988-2020). ....cciuieieriierieiieeieerieeie ettt sttt 4-110
Monthly minimum, average, and maximum outflows (cfs) from Diablo

Lake (1988-2020). ....ceiuieieeieeriieieeiesiteie ettt ettt ettt e e se e nees 4-113
Monthly minimum, average, and maximum outflows (cfs) from Gorge

Lake (1988-2020). ....ccuieierieeieiieieeenieeie ettt sttt st 4-117
Designated uses of water in the Skagit River and designated WRIA 4

198 Lo] 1 71 (1 J OSSO SRR RPRORTRO 4-125

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light
XX December 2022



Draft License Application

Exhibit E

Table 4.2.2-7.

Table 4.2.2-8.

Table 4.2.2-9.

Table 4.2.2-10.

Table 4.2.2-11.

Table 4.2.2-12.

Table 4.2.2-13.

Table 4.2.2-14.

Table 4.2.2-15.

Table 4.2.2-16.

Table 4.2.2-17.

Table 4.2.2-18.

Table 4.2.2-19.

Table 4.2.2-20.

Table 4.2.2-21.

Table 4.2.2-22.

Table 4.2.2-23.

Water rights in the vicinity of the Skagit River Hydroelectric Project,
on file with Ecology’s Water Resources Program (cfs = cubic feet per
second; gpm = gallons per minute; ac-ft/yr = acre-feet per year)............... 4-127

Water quality criteria for the Project vicinity (except as shown in
FIgUIe 4.2.2-10).ccueeiiieiieieeeeee et 4-131

Relevant waterbodies/stream segments from the current EPA-approved

water quality assessment list: WRIA 4 (Upper Skagit) including

mainstem Skagit River and tributaries and WRIA 3 (Lower Skagit)

mainstem, temMPEerature ONIY. .......cccveeevieeriieeeriie et eree e 4-134

FA-01 Water Quality Monitoring Study sampling parameters,
frequency, and methodology by location (sites ordered upstream to
AOWNSITEAIM). ...eeiviieiiieeeiee ettt et ee et e et e e e e e e e e e etaeesnseeessseeennseeens 4-136

FA-01 Water Quality Monitoring Study macroinvertebrate sampling
methods and frequency by location (sites ordered upstream to
18 (0N 4 1R (< 11 0 TSRS 4-149

Ross Lake monthly turbidity and total suspended solids sampling
results at 1- and 5-m (3.3 and 16.4 ft) depths, June-November 2021 and

February, March, May, and June 2022. ..........ccccceevviieniieeeieeeee e, 4-192
Ross Lake turbidity and total suspended solids transect results

(December 1, 2021, March 17, 2022, and May 11, 2022). ......cccccvevereenene 4-194
Results from turbidity and total suspended solids sampling in Ross

Lake tributary mouths, 2021-2022........cccveeeiiieiieeieeeeeeeee e 4-195

Turbidity and total suspended solids at the upper end of Diablo Lake
(DIABLO1) and the Diablo Dam forebay (DIABLO?2) at 1- and 5-m

depths (June 2021-JUNe 2022)......cccciieeiiieeeiieecieeeciee et e eaeeens 4-197
Turbidity and total suspended solids at DIABLO3 and DIABLO6
transects (December 17, 2021 and March 18, 2022). ......ccccccvvvvvevreeneenee. 4-198

Turbidity and total suspended solids at the upstream end of Gorge Lake
(GORGET1) and Gorge Dam forebay (GORGE?2) at 1- and 5-m depths

(June 2021-JUne 2022). ...cc.eevuieierieieeeeteeee sttt 4-199
Nutrient concentration (mg/L) ranges in Ross Lake from monitoring

conducted prior to TeliCENSING. ......cccvreeiiieeeiieeciee e 4-200
Nitrogen, phosphorus, and alkalinity sampling results for the Ross Dam
forebay (ROSS12), May-June 2022.........ccceeeueeiieriieniienieeiee e eiee e 4-201
Nitrogen, phosphorus, and alkalinity sampling results for the mouths of

select Ross Lake tributaries, May-June 2022..........ccccocovveveiievcieeniieeeeienne 4-202
Distribution statistics of dissolved organic carbon ([mg C]/L) in Ross

LK. ettt s 4-203
Results of carbon sampling in the Ross Dam forebay (ROSS12), May-

JUNE 2022, .ottt es 4-203
Results of carbon sampling in the mouths of select Ross Lake

tributaries, May-June 2022..........cccoeoieeriiinieeiienie ettt 4-204

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light
XX1 December 2022



Draft License Application Exhibit E
Table 4.2.2-24.  Distribution statistics of chlorophyll a (ug/L) by year and location for

all months in a given year or 10Cation. .........cceeveeriieriienieeriie e 4-205
Table 4.2.2-25.  Distribution statistics of chlorophyll @ by month (ng/L) for all locations

AN YOATS. ..eeeuvieeeiieeeiteeetee ettt e ete e et e e s teeesteeessseeesssaeesseessaeessseeeeseeennseeans 4-205
Table 4.2.2-26.  Results of chlorophyll-a and pheophyton-a sampling in the Ross Dam

forebay (ROSS12), May-June 2022........cccceeeveeiieriieniienieeiee e 4-205
Table 4.2.2-27.  Results of chlorophyll-a and pheophyton-a sampling in the mouths of

select Ross Lake tributaries, May-June 2022..........ccccccoveeveieencieeencieeeeienne 4-206
Table 4.2.2-28.  Distribution statistics of zooplankton density (org/m?) in Ross Lake, by

year, for all locations. Source: NCCN. ......cccooceiviiiiiiiniiienieeiieeeee e 4-207
Table 4.2.2-29.  Nitrogen, phosphorus, and alkalinity sampling results for the Diablo

Dam forebay (DIABLO2), May-June 2022. .........ccccceeeeveercieenrieeeree e 4-212
Table 4.2.2-30.  Nitrogen, phosphorus, and alkalinity sampling results for the mouth of

Thunder Creek, May-June 2022..........cccoeveeeieeiienieeiieere e eee e sve e 4-212
Table 4.2.2-31.  Results of carbon sampling in the Diablo Dam forebay (DIABLO2),

May-JUNE 2022......ocuieiieieeiieseeee ettt es 4-213
Table 4.2.2-32.  Results of carbon sampling in the mouths of Thunder Creek, May-June

2022 ettt b ettt be et et h et st nas 4-213
Table 4.2.2-33.  Results of chlorophyll-a and pheophyton-a sampling for the Diablo

Dam forebay (DIABLO2), May-June 2022. .........ccccceeeeveercieeeieeeeree e 4-214
Table 4.2.2-34.  Results of chlorophyll-a and pheophyton-a sampling for the mouth of

Thunder Creek, May-June 2022.........ccccoeveeeieenienieeiieere e eie e sve e 4-214

Table 4.2.2-35.

Table 4.2.2-36.

Table 4.2.2-37.

Table 4.2.2-38.

Table 4.2.2-39.

Table 4.2.2-40.
Table 4.2.2-41.

Table 4.2.2-42.
Table 4.2.2-43.

Nitrogen, phosphorus, and alkalinity sampling results for Gorge Lake
(GORGE?7) at the log boom and the mouth of Stetattle Creek, May-

JUNE 2022, 1ot 4-215
Results of carbon sampling for Gorge Lake (GORGE?7) at the log boom

and the mouth of Stetattle Creek, May-June 2022..........cccccceevevveeeciveeenennne 4-215
Results of chlorophyll-a and pheophyton-a sampling for Gorge Lake

and the mouth of Stetattle Creek, May-June 2022..........c..ccceevviieriienreennnne 4-216
Ross Lake monthly fecal coliform and E.coli sampling results (June-

October 2021 and June 2022). Source: Seattle City Light............ccccc...... 4-217
Diablo Lake monthly fecal coliform and E. coli sampling results (June-
September 2021). ..ooouiiiiieiieeiieee e e 4-218
Distribution statistics of total dissolved solids (mg/L) in Ross Lake.......... 4-218
Distribution statistics of acid neutralizing capacity (mg/L) in Ross

LaK@. .t 4-219
Cation concentrations in Ross Lake (Mg/L). ....cceevvieeviieniiiieiiieeiieeeiee 4-219

A subset of continuous temperature monitoring locations in the Skagit
River downstream of Gorge Powerhouse and in the Sauk River (a
larger dataset, spatially and temporally, will be presented in USR and

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light

XXii December 2022



Draft License Application

Exhibit E

Table 4.2.2-44.

Table 4.2.2-45.

Table 4.2.2-46.

Table 4.2.2-47.

Table 4.2.2-48.

Table 4.2.2-49.

Table 4.2.2-50.

Table 4.2.2-51.

Table 4.2.2-52.

Table 4.2.2-53.

Table 4.2.2-54.

Table 4.2.2-55.

Table 4.2.2-56.

Table 4.2.2-57.

Table 4.2.2-58.

Table 4.2.2-59.

Table 4.2.2-60.

Monthly minimum, mean, and maximum hourly water temperatures
recorded at lower Skagit River and Sauk River monitoring sites (June
2021-MaY 2022). ..ottt ettt ettt ettt nns 4-235

The highest 7-DADMax water temperature recorded at each lower
Skagit River site during the 2020-2022 monitoring period (see
Preceding fIGUIE). c.uvvieeiieeeiie ettt e e e eeaee e 4-241

Continuous water quality monitoring locations and deployment times,
JUNE 2022, 1ot 4-241

Results of monthly water quality measurements made by Ecology in

the Skagit River at Marblemount, 2009-2022 (except alkalinity, which

was only measured during 2014-2020). Results are presented as

monthly averages = 1 standard deviation............cccceecveeveiieniiiencie e, 4-244

Locations, times, and Skagit River flows at the USGS Newhalem Gage
during total dissolved gas monitoring (October 26, 2021). .......ccccecuererennene 4-248

Maximum daily flows (cfs) measured at the USGS gage at
Marblemount, WA (USGS 12181000). Dates when elevated turbidity

was measured in the Skagit River at Marblemount are shown in bold. ...... 4-252
Precipitation (inches) measured at Concrete, Washington, December

2014 and 2015, and November 2017, .....coovvvivveiiiiiiiiiiieeeeeeee e 4-253
Turbidity (NTU) grab samples collected in the Skagit River

downstream of the Project in May and June 2022. ............cccoevviieiienneennnne 4-254
Turbidity (NTU) grab samples collected in tributaries to the Skagit

River downstream of the Project in May and June 2022. .............ccveenneee. 4-255

Nitrogen, phosphorus, and alkalinity sampling results for the Skagit
River downstream of the Project, May-June 2022...........ccccccvvevverreeneennen. 4-256

Nitrogen, phosphorus, and alkalinity sampling results for the mouths of
select tributaries to the Skagit River downstream of the Project, May-

JUNE 2022, 1ot 4-257
Results of carbon sampling for the Skagit River downstream of the

Project, May-June 2022. .......ccoooeuiieiiieeeiee ettt 4-258
Results of carbon sampling for the mouths of select tributaries to the

Skagit River downstream of the Project, May-June 2022. ......................... 4-259
Results of chlorophyll-a and pheophyton-a sampling for the Skagit

River downstream of the Project, May-June 2022............ccccoveeverveenreeennnen. 4-259

Results of chlorophyll-a and pheophyton-a sampling for the mouths of
select tributaries to the Skagit River downstream of the Project, May

2022 ettt ettt et e ae et e e ne e te e te st e naeenteeneennes 4-260
Benthic macroinvertebrate metrics for sample locations in the Skagit
and Sauk rivers, August 2021 and May 2022. ........ccccoooeevirieneenenieneenns 4-262

Dissolved (unless indicated as total recoverable) metals concentrations
(ng/L) measured in water samples in the Skagit River at Marblemount
(1994-1995 and 2019-2021)...cceeriiriiriiriiiieeiereereee e 4-264

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light

XX1i1 December 2022



Draft License Application Exhibit E
Table 4.2.3-1.  Fish species status, relative abundance, and distribution in the Skagit

River upstream of the Sauk River confluence............cccoeeveviiinieniienennnen. 4-279
Table 4.2.3-2.  Key life history and habitat requirements of fish species in the Project

VICINIEY . 1eteeitiieeiieeeiieesteeesteeestteeestteeesseeessaeesseeeessseessseeessseeeanseeeasseeensseesnnns 4-281
Table 4.2.3-3.  Life-history periodicities for key fish species in the Project vicinity. ........ 4-285
Table 4.2.3-4.  Reach descriptions and Global Positioning System (GPS) locations of

the top and bottom of each WDFW (2021) survey reach. Reach

establishment and recording of GPS locations were conducted by NPS

St 1N 2021, oo e 4-289
Table 4.2.3-5.  Summary of fish observations made by WDFW staff in the Gorge

bypass reach on November 4, 2021. All fish observed were adults.

Flow was noted as continuous if no dewatered segments existed in the

TEACKL L.t 4-292
Table 4.2.3-6. Summary of fish observations made by the Upper Skagit Indian Tribe

in the Gorge bypass reach on May 19, 2022. Flow was noted as

continuous if no dewatered segments existed in the reach. ....................... 4-292
Table 4.2.3-7. Summary of fish observations made by the Upper Skagit Indian Tribe

in the Gorge bypass reach on June 8, 2022. Flow was noted as

continuous if no dewatered segments existed in the reach. ....................... 4-293
Table 4.2.3-8. Rainbow Trout gillnet sampling summary for Project reservoirs................ 4-312
Table 4.2.3-9.  Annual Rainbow Trout spawner estimates in Roland and Dry creeks

(2002-20T2). ettt sttt 4-312
Table 4.2.3-10. Recent gill net catch statistics for Redside Shiner in the Project vicinity... 4-315
Table 4.2.3-11. Brook Trout gillnet sampling summary in Project reservoirs. .................... 4-317
Table 4.2.3-12. Range of water surface elevations in the Project reservoirs ..............c....... 4-319
Table 4.2.3-13.  Cumulative acres and percent of the littoral zone that is dewatered in

Ross Lake at various reservoir drawdown levels. ..........cccccooiiiiiniinennee. 4-319
Table 4.2.3-14.  Observations of fish stranding and trapping during field surveys of

Ross Lake, December 2020 — April 2022. ......c.cooiieiiieiiieieciieieeeeeeeeee 4-322
Table 4.2.3-15.  Annually reported adult Bull Trout entrainment and estimated passage

metrics at Ross Lake (2015-2020). .....oovuieiiiiiieiiiieeeeeeeeeeeee e 4-324
Table 4.2.3-16. Habitat surveys selected for each reach type. Reach types are defined

by gradient and drainage area strata, as shown in Figure 4.2.3-15. ............ 4-330
Table 4.2.3-17. Cumulative area dewatered at various reservoir drawdown levels for

the full extent of Diablo Lake and Thunder Arm alone."............................ 4-333
Table 4.2.3-18.  Observations of fish stranding and trapping during field surveys of

DiIablo LaKe. ...c.eviiiiiiiiiieniieieceee s 4-333
Table 4.2.3-19.  Annually reported adult Bull Trout entrainment and estimated passage

metrics at Diablo Lake (2015-2020). ....cccvvveiiieeiieeieeeeeecee e 4-334
Table 4.2.3-20  Cumulative acres and percent of the littoral zone that is dewatered in

Gorge Lake at various reservoir drawdown levels..........c.ccccevviienienneennn. 4-338
Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 XXiV December 2022



Draft License Application Exhibit E
Table 4.2.3-21.  Observations of fish stranding and trapping during field surveys of

GOTEE LAKE. ..ottt et 4-338
Table 4.2.3-22.  Annually reported adult Bull Trout entrainment and estimated passage

metrics at Gorge Lake (2015-2020). c..eeevveeeriieeieeeieeeeeeeee e 4-339
Table 4.2.3-23. Reaches for the Bypass Habitat and Upper Skagit Habitat models. ........... 4-344
Table 4.2.3-24. Target species and life stages considered for the Upper Skagit

(mainstem from Gorge Powerhouse to Sauk River) and the Bypass

Instream Flow ModelS.! ..........c.coooviiiiiiieeeeecee e, 4-345
Table 4.2.3-25. Combinations of Gorge Dam releases and Gorge Powerhouse

discharges selected for habitat modeling. ...........ccocceeviiniiienieniiieiecieeee 4-346
Table 4.2.3-26. Flows simulated to generate hydraulic data in support of fish passage

EVAIUALION. ...ttt 4-351
Table 4.2.3-27. Reach designations (based on Riedel et al. 2020) used for the Skagit

River Geomorphology Study. ......cceevieiiiiiiieiieeieeieee e 4-356

Table 4.2.3-28.

Table 4.2.3-29.

Table 4.2.3-30.

Table 4.2.3-31.

Table 4.2.3-32.

Table 4.2.3-33.

Table 4.2.3-34.
Table 4.2.3-35.

Table 4.2.3-36.

Table 4.2.3-37.
Table 4.2.3-38.

Table 4.2.3-39.

Table 4.2.3-40.

Table 4.2.3-41.

Table 4.2.3-42.

Total number of pieces of large wood inventoried during field work in
August 2021 by geomorphic reach and channel type in the Skagit River

between Newhalem and the Sauk River confluence. ..........ccceevvenieiennene. 4-362
Diameter and length of measured pieces of large wood in the mainstem

Skagit River between the Project and the Sauk River confluence. ............. 4-363
Rootwads on individual pieces of large wood in the mainstem Skagit

River between the Project and the Sauk River confluence. ...........cc..c........ 4-363
Flows (cfs) used in defining flow-habitat relationships within the Upper

Skagit Habitat Model. ........cc.ooooiiieiiieeiie e 4-365
Tributaries in primary study area for the Skagit River Geomorphology

between Gorge Dam and the Sauk River Study.........cccooviiviiininiiinnnnn. 4-368
Federal ESA status and WDFW status of RTE species addressed in this

section of Exhibit E........cooiiiiiii e 4-369
Potential limiting factors for Skagit River Chinook Salmon. ..................... 4-370
Recovery goals for Skagit River Chinook Salmon at average marine

survival rates during the 1990s. .........ccccoeviiriiiiiiiniieeeee e 4-372
Recovery goals for Skagit River Chinook Salmon at high marine

survival rates during the 1970s and 1980s. .........cccccvveeiiieiiiieecieeeee e, 4-373
Potential Skagit River steelhead limiting factors. ..........ccceeevvevcieenieeennnen. 4-374

Historical abundance estimates for Puget Sound Steelhead DPS in the
Skagit River basin, modified from estimates in Hard et al. (2007, 2015)...4-376

Current abundance and recovery goals for Puget Sound Steelhead in the

Skagit River Hydroelectric Project

FERC No. 553

Skagit RIVEr basin.!..........ccooviviuiiieieeeeeeceeeee e 4-376
The effects of the seasonal drawdown on the availability of Rainbow
Trout spawning habitat in tributaries to Ross Lake. ........cccccevvieniniennnns 4-391
The number of Ross Lake tributary barriers surveyed and removed by
City Light, (1997-2019).1 ..o, 4-392
Minimum flows for salmonid fry protection...........ccceeeveereieercreeenveeennen. 4-401
Seattle City Light
XXV December 2022



Draft License Application

Exhibit E

Table 4.2.3-43.

Annually reported adult Bull Trout entrainment and estimated passage

metrics at Project dams (2015-2020). .....oeveeeeiiiiiieiieieeeeeeeeee e 4-413
Table 4.2.3-44. Wood extraction and transport data for Ross and Diablo Lakes, 2017-

0 0 TSRS 4-415
Table 4.2.4-1.  Mapped cover type deSCTIPLIONS.......cccvreervreerieeeireeeirreeeieeesreeesreeesaaee e 4-429
Table 4.2.4-2. Summary of botanical environment by Study Area Segment..................... 4-432
Table 4.2.4-3.  Acreage of mapped vegetation cover types within the RLNRA study

area SEEMENT. 12 .. ... i, 4-434
Table 4.2.4-4.  Acreage of mapped vegetation cover types outside of the RLNRA

study area Se@MeENt. 2 ... ..oiiiiiieeee e 4-439
Table 4.2.4-5.  Acreage of mapped cover types' on fish and wildlife mitigation lands

within the RLNRA and Project Boundary?............ccocoooveeeeeveveeererennene, 4-444
Table 4.2.4-6.  Acreage of mapped cover types' on fish and wildlife mitigation lands

within the South Fork Nooksack River basin and the Project Boundary.... 4-445
Table 4.2.4-7.  Acreage of mapped cover types on fish and wildlife mitigation lands

within the Sauk River basin and Project Boundary.!?3 .............cccocooevne... 4-446
Table 4.2.4-8.  Acreage of mapped vegetated cover types' on Fish and Wildlife

Mitigation lands within the Skagit River basin and Project Boundary> *... 4-447
Table 4.2.4-9.  Wetland acreage by Cowardin vegetation class.! ..............cocoooveiiiiennnn. 4-456
Table 4.2.4-10. Wetland acreage by Cowardin vegetation class within an elevation of

10 feet over the normal maximum water surface at reservoirs in

RLNRA LD e, 4-458
Table 4.2.4-11. Wetland acreage by rating category within reservoir fluctuation zone in

RLNRALIZ ettt s 4-458
Table 4.2.4-12.  Wetland acreage by Cowardin vegetation class within the Skagit River

(@)1 /28 OSSOSO 4-460
Table 4.2.4-13. Wetland acreage by rating category within the Skagit River 100-year

floodplain within the CMZ." ............cooovimiiiieeeeeeeeeeeeeeeee e, 4-461
Table 4.2.4-14. Wetland acreage by Cowardin vegetation class within the transmission

line ROW portion of the Project Boundary outside the RLNRA."2 .......... 4-463
Table 4.2.4-15. Wetland acreage by rating category within the transmission line ROW

portion of the Project Boundary.".............cccooooiviiiviieieeeeeeee e 4-463
Table 4.2.4-16. Wetland acreage by Cowardin vegetation class at County Line Ponds

and Newhalem Ponds.!............cccocovoioiiieieeeeceeeeeeeeeeee e, 4-467
Table 4.2.4-17. Wetland acreage by Cowardin vegetation class on fish and wildlife

mitigation lands within the South Fork Nooksack River basin.!................ 4-468
Table 4.2.4-18. Wetland acreage by Cowardin vegetation class on fish and wildlife

mitigation lands within the Sauk River basin.!.............ccococoeviiiiiiennn, 4-468
Table 4.2.4-19. Wetland acreage by Cowardin vegetation class on fish and wildlife

mitigation lands within the Skagit River basin."?..............cccocoeveveirrenrnnn, 4-469
Table 4.2.4-20. Wetland acreage by rating category of fish and wildlife mitigation

lands within the Skagit River 100-year floodplain." ..............ccococoiiinnnn. 4-470
Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 XXVi December 2022



Draft License Application Exhibit E
Table 4.2.4-21. Target list of RTE plant species with potential to occur in the study

ATEA. ..euveeneteeuteeeite et e sttt et e e s at e et e e bt et h et et e bt e bt e sae e e bt e bt e e beenheeeabeenareeneens 4-477
Table 4.2.4-22.  Observed invasive plant species by 10cation............cccceevveerieriiienienieeinen, 4-485

Table 4.2.5-1.

Table 4.2.5-2.
Table 4.2.5-3.
Table 4.2.5-4.

Table 4.2.5-5.

Table 4.2.5-6.

Table 4.2.5-7.
Table 4.2.5-8.

Table 4.2.5-9.

Table 4.2.5-10.

Table 4.2.5-11.

Table 4.2.6-1.

Table 4.2.6-2.

Table 4.2.6-3.
Table 4.2.6-4.
Table 4.2.6-5.
Table 4.2.6-6.
Table 4.2.6-7.
Table 4.2.7-1.
Table 4.2.7-2.
Table 4.2.7-3.
Table 4.2.7-4.
Table 4.2.8-1.

Table 4.2.8-2.

Table 4.2.8-3.

Summary information regarding amphibians verified or likely to occur
within the Project Boundary. ........c.coooveviiieiiiiiiiieeeeeeee e 4-519

Special-status species with the potential to occur in the Project vicinity. .. 4-522
ESA-listed species with the potential to occur in the Project vicinity. ....... 4-523

Potentially suitable marbled murrelet nesting habitat area in the study
ATCA DY SCZIMENL. ....uiiiiieiieiiiieiieeieeieeete et te et eetteseaeebeessreeteessbeenseesaseeseens 4-532

Potentially suitable marbled murrelet nesting habitat in fish and wildlife
mitigation land properties (not including study area buffer). ..................... 4-533

Potentially suitable marbled murrelet nesting habitat area in the
RLNRA by SUD-SEZMENL. ....eveiiiieiiieiieeiieeiie ettt 4-534

Modeled suitable NSO NRF habitat area in the study area by segment. .... 4-539
Modeled highly suitable NSO NRF habitat area in the study area by

Skagit River Hydroelectric Project
FERC No. 553

70411 1S) 1| PSP 4-539
Potentially suitable goshawk nesting habitat (Tier 4) acreage in the
study area by SEZMENL. ........c.eecuiiiiieriieeiieiieeie ettt 4-557
Summary of the percentage of BIP! and vegetation scores for study
ATCA SCZIMEIILS. ..evveeeeiirieeeeiireeeeriteeeeestteeeeeentaeeeassseeeeasnsseeessnnsseeeesnsnneessnnses 4-574
Characteristics of pond-breeding amphibians that may affect habitat use
At ROSS LaKe. ..ot 4-586
Summary of study area recreation facilities including ownership,
management, and Recreation Assessment study elements. .............cccuee..... 4-597
Minimum usable lake level elevations and usable periods for Ross Lake
boat-in campsite dOCKS. ......cccueeriiiriiiiieiieeiiee e 4-601
Recreational trails in the Ross Lake VICInity.......cccocceeveiienieniinniieniieieeee. 4-603
Recreational trails at Diablo Lake.........cccooceeiiiniiiiiiiiicieeeeeeeeee, 4-608
Non-Project Recreational trails at Gorge Lake. .........cccceoevieniiienieniennene. 4-612
Recreational trails in Newhalem. ..........cccoocieiiiiiiiiiiniicieceeeceeeee, 4-614
River recreation characteristics for three segments of Skagit River........... 4-621
KV As for evaluating visual effects. ........coceevieniiiiiiniiieieieieeeeeee, 4-655
Visual effects of Project facilities. .........ceevieriieiiiiniieiieiecieeeeee e 4-662
Ambient noise measurement result summary (dBA).........ccccoevieriienennen. 4-667
AUdIO TEVIEW TESULLS. ...eeeiiiiiiieiieieeieee ettt 4-669
Establishment of Modern Communities, Towns, and Cities located
Within the APE. ..o e 4-692
Summary of construction milestones and other significant events
relating to operation of the Skagit River Project..........ccccccvevvivnieniienieennen. 4-698
Summary of results for the CR-01 Cultural Resources Data Synthesis
(identified cultural resources within the study area)...........cccceccvveecvveennnennne 4-703
Seattle City Light
XXVil December 2022



Draft License Application

Exhibit E

Table 4.2.8-4.

Table 4.2.10-1.

Table 4.2.10-2.

Table 4.2.10-3.

Table 4.2.10-4.

Table 4.2.10-5.

Table 4.2.10-6.
Table 4.2.10-7.

Table 4.2.10-8.
Table 4.2.10-9.

Table 4.2.10-10.
Table 4.2.10-11.

Table 4.2.10-12.
Table 4.2.10-13.
Table 4.2.10-14.
Table 4.2.10-15.

Table 4.2.11-1.

Table 4.2.11-2.
Table 5.3-1.

Table 5.3-2.

Table 5.3-3.

Table 6.1-1.

NRHP eligibility recommendations for archaeological sites recorded in

the study area for CR-03 Bypass Cultural Resources Survey..................... 4-706
Acres of designated forest resource lands in four northwest Washington
WALETSNEAS. ..ottt 4-721
Estimated populations in Washington State and Whatcom, Skagit, and
Snohomish counties (2010-2021)." ... 4-725
Estimated education level in Washington State and Whatcom, Skagit,

and Snohomish counties.! ................ocoooiiiiiiioecoieeee e, 4-725
Estimated number of housing units in Washington State and Whatcom,

Skagit, and Snohomish counties for 2010, 2020, and 2021......................... 4-727
Median household income estimates in Washington State and

Whatcom, Skagit, and Snohomish counties.............ccceeeeveereieencrieenreeenen. 4-728
Estimated percentage of population living in poverty in 2021. .................. 4-729
Race and ethnicity population figures in Washington State and

Whatcom, Skagit, and Snohomish counties, 2000, 2010, and 2020. .......... 4-730
Top ten employers in Whatcom County, WA........ccccceeviiieiieniiieieiieeieene 4-731
Top ten employers in Skagit County, WA ......cccoeviieriiiniiieieeieeieeeeeiene 4-732
Top ten employers in Snohomish County, WA. ..........ccccieiiiniiieniinieeene 4-732
Number of participants in programs available through the ELC (2017-

2021). ettt et h et e e nt e ae e teentenae et e eneens 4-734
Number of overnight stays at Ross Lake Resort (2014-2021)..................... 4-734
Annual payments from City Light to Whatcom County............ccccceveenneen. 4-737
City Light electricity prices for residential customers for 2022. ................ 4-738
City Light electricity prices for small, medium, and large general

service customers for 2020 and 2022........ccceecevieririienieneeieneee e 4-739
American Community Survey information for Census Tracts within 1-

mile of the Project Boundary. ............cccovviviiieieeeeeeeeeeeee e, 4-746
Sensitive receptor locations within 1-mile of the Project Boundary........... 4-755

Upstream fish passage status of culverts in the Skagit River basin
evaluated by Mickelson et al. (2020); see text for study area
ElIN@ALION. ...t 5-12

Salmonid habitat area upstream of culverts in the Skagit River basin
evaluated by Mickelson et al. (2020); see text for study area

ElINEALION. ...ttt 5-12
Category 4 and Category 5 303(d) listings for WRIA 4 (Upper Skagit)

and WRIA 3 (LOWer SKagit). .....ccveriieiiieiieeiieeieeiteeee et 5-14
Summary of parameters and assumptions used for the economic

analysis of the Skagit River Project. ........ccccoceevviieriiieiiiiecieeeeeeee e 6-2

Skagit River Hydroelectric Project

FERC No. 553

Seattle City Light

XXViil December 2022



List of Acronyms and Abbreviations

OC e degrees Celsius

OF i, degrees Fahrenheit

I-D o one-dimensional

2-D two-dimensional

7-DADMax ................ 7-day mean of daily maximum
ABA ..o Architectural Barriers Act

AC ettt acre

aC-ft/yr oo acre-feet per year

AN @) 5 | Advisory Council on Historic Preservation
ADA ..o Americans with Disabilities Act
AIAN......c American Indian or Alaskan Native
PN 1 2 SRR Additional Information Request
AlS e, aquatic invasive species

AISU oo Aquatic Invasive Species Unit
ANC ..o, acid neutralizing capacity

AOU. ...t American Ornithologists’ Union
APE ... Area of Potential Effects

APLIC .....ccoovvienne Avian Power Line Interaction Committee
AV . audio-visual

BA .o Biological Analysis
BBS..ooie Breeding Bird Survey

BC Parks ......cccoevuennens British Columbia Parks
Bd..oooii batrachochytrium dendrobatidis
BFD...coooiiiie bird flight diverters

BIP ..o beaver intrinsic potential
BLM....oooviiieiee Bureau of Land Management
BMI....ooii benthic macroinvertebrate
BMP....coviii best management practice
BP.i before present

BPA ... Bonneville Power Administration
C. veeneeeeieeniee e circa
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CBOD ....cccovveeveeneen. carbonaceous biological oxygen demand
CEQ..oviiiiiiiieiee, Council on Environmental Quality

CFR ..o, Code of Federal Regulations

CES i cubic feet per second
CFU...cooviiieeeeeen, colony-forming unit

CGC v, Cultural Geographics Consulting, LLC
CIP oo, capital improvement project

City Light........c.......... Seattle City Light

CIMeteeeeeiee e centimeter

CMZ....ooviviniiinn. channel migration zone
CoSD...vveeieeeeeeen, City of Seattle datum
COSEWIC.................. Committee on the Status of Endangered Wildlife in Canada
COVID-19.......ccc..... Novel Coronavirus

CPUE ..o catch per unit effort
CRHP.....ccoevveerrnn. Canadian Register of Historic Places
CRWG.....cccvevveee. Cultural Resources Work Group

(610 187« F cubic yard

(V174 727 (R cubic yard per year

CWA Clean Water Act

CZMA ..o, Coastal Zone Management Act
DAHP........ccovveeen. Department of Archaeology and Historic Preservation
DDT ..coeieiieieee dichloro-diphenyl-trichloroethane
DFC...ccooiiiiii desired future condition

D) 1 demographically independent population
DLA .o Draft License Application
DNR....oovveieie, Department of Natural Resources (Washington State)
DO dissolved oxygen

DOC. ..ot dissolved organic carbon

DPS ..o distinct population segment

EA oo Environmental Assessment
EBM....oooiiiiieiee, ecosystem-based management

Ecology .....ccceevuvennnne. Washington State Department of Ecology
eDNA ... environmental DNA
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EFH ..o essential fish habitat
EJoo environmental justice
ELC..oiiiieeie, Environmental Learning Center
ENSO..cooiiiiieie El Nifio—Southern Oscillation

EPA ..o Environmental Protection Agency
EPMT...ccccooviiiinnnn Exotic Plant Management Team
EPRI....cooiiii Electric Power Research Institute
ESA oo Endangered Species Act

ESU. ..o Evolutionarily Significant Unit

EV s electric vehicle
FCoo federal candidate
FCC..ooviiiiiiiiies Flow Coordinating Committee

FE ..o federal endangered
FERC....ccc0evvieine Federal Energy Regulatory Commission
FLA .o Final License Application
FMP....cooiiieiee fisheries management plan

FPA . Federal Power Act

FPC ..o Federal Power Commission
FR.oooii, Federal Register

FSA .o Fisheries Settlement Agreement
Tt foot/feet

FT oo federal threatened
FTEC....cooieieee fish tissue equivalent concentration
R square feet

ft/mi....cooeeniieien, feet per mile

ft/S€C . uvieiiiieeiiee, feet per second

170 SO feet per year

GIS ..o Geographic Information Systems
GMP....ccoovvieieen. General Management Plan

GMU ..o, Game Management Unit

[240) 11 LR gallons per minute

GPS o Global Positioning System

GRA ..o, geospatial risk assessment
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ha. . hectare

HEC-RAS .................. Hydrologic Engineering Center River Analysis System
HGM .....ccoei hydrogeomorphic

11 o OO horsepower

HPMP.......ccovveeen Historic Properties Management Plan

HSM ..o habitat suitability model

HSRG ... Hatchery Scientific Review Group

HUC ... Hydrologic Unit Code

THA e Indicators of Hydraulic Alteration

ILP i, Integrated Licensing Process

IMISWG .................... Inter-Ministry Invasive Species Working Group

111 SR inch

IP o Intrinsic Potential

IPaC.....coovveiieiee, Information for Planning and Consultation

ISR i, Initial Study Report

kMmoo kilometer

P T kilometer squared

km? cubic kilometer

Kph..oeeeieeeee kilometers per hour

KV kilovolt

KVA. ., Key Viewing Area

kKWh....ooooiiiiiiiiens kilowatt hour

o pound

| SR energy-equivalent noise level

LF i lineal feet

LiDAR.....cccovverenne. Light Detection and Ranging

Limax ceeeeeemeenieeneeniene maximum instantaneous noise level
Lininooooooooeoee minimum instantaneous noise level
LPoieee, licensing participant

LWD .o, large woody debris

101 JOUSUS meter

peq/Li.ceieeieiieieeee. microequivalents per liter

[VH=7) DS SRR micrograms per liter
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100770 DR milligrams per liter

Mg/ s milligrams per cubic meter

mgC/L ..o milligrams of carbon per liter

mg N/L....ccooeinnn. milligrams of nitrogen per liter

mgP/L....cccoovvennee. milligrams of phosphorus per liter

mg S/L..ccceiiiiienn, milligrams of sulfur per liter

MHz .......oovveveeenne megahertz

1107 (SURRRRRRRI mile

1 1% R mile squared

Mi> .o, cubic mile

mL milliliter

110111 (ORISR millimeter

MMPA ... Marine Mammal Protection Act

MP..oooiiiiiiieie, milepost

MPG.....ccvveieeee, major population group

mph ..o miles per hour

MPN..cooiiiiieeiee, most probable number

MSA ..o, Magnuson-Stevens Fishery Conservation and Management and
Reauthorization Act

MSciiiiiiieees mean sea level

MW e megawatt

MWh ..o megawatt hour

NAVD 88.....oeeiiee North American Vertical Datum of 1988

NCC ..o Non-Flow Coordinating Committee

J\\(©) ST North Cascades Institute

NCCN ..o North Coast and Cascades Inventory & Monitoring Network

ND.ooiieiee non-detectable

NEPA ... National Environmental Policy Act

NF e North Fork

NGO.cooiiiiiiiiiien non-governmental organization

NHPA......ccooe National Historic Preservation Act

NMFS. ..o National Marine Fisheries Service

NOAA ..., National Oceanic and Atmospheric Administration
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J2\(O) B Notice of Intent

NPS .o National Park Service

NRA .. National Recreation Area

NRF ..ot nesting, roosting, and foraging
NRHP.......ccvvveeee National Register of Historic Places

LA 20 O Nationwide Rivers Inventory
NSO..coiiieeieeeee, northern spotted owl

NTU o nephelometric turbidity unit

NWEP i, Northwest Forest Plan
NWESC....cooiiiinne Northwest Fisheries Science Center
NWRFC ... Northwest River Forecast Center
NWS. e National Weather Service
O&M....coovvveerienen. operations and maintenance
OFCN..cooiiiiiiienene Official Flood Control Notice
OFM....cooovviieieeeen, Office of Financial Management
O/ s organisms per cubic meter

PA Programmatic Agreement
PAD...ccooiii Pre-Application Document

PBF ..o physical and biological features
PCB...cooiiiiieies polychlorinated biphenyls

PCT .o Pacific Crest Trail

PCTA ..o Pacific Crest Trail Association
PDO....ccooiiii Pacific Decadal Oscillation

PEM ...coooviiiie Palustrine emergent

PFA ..o post-fledgling family area
PFMC.....coeevieiee. Pacific Fisheries Management Council
PFO ..o Palustrine forested

PHS ..o Priority Habitats and Species

PME ....ccooviie protection, mitigation, and enhancement
PNT ..o Pacific Northwest Scenic Trail

| 0 ) practical quantification limit
PRM....oooiiii Project River Mile
Project.....ccccvvvennennne. Skagit River Hydroelectric Project or Skagit River Project
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PSE...coiiiiiee Puget Sound Energy

PSP, Proposed Study Plan
PSS Palustrine scrub-shrub
PSTRT...ccceovvivieienens Puget Sound Technical Recovery Team
PUB.....cooi Palustrine unconsolidated bottom
RCC...oviiiiiiiiiics Reservoir Control Center

RCW ..o Revised Code of Washington

REA ..o, Ready for Environmental Analysis
RLNRA ... Ross Lake National Recreation Area

RM i river mile

ROW ..o right-of-way

RPM...oooiiiiiiiiis rotations per minute

RSP oo Revised Study Plan

RTE ..o, rare, threatened, and endangered

RTRM. ..o relative thermal resistance to mixing

RV . recreational vehicle

SA e settlement agreement
SCeuiiieeeee state candidate

SCC..oveeeeeeee System Control Center
SCORP......ccccvvvennn State Comprehensive Outdoor Recreation Planning
N1 D ) IS Scoping Document 1

SD2 .o, Scoping Document 2

SE oo state endangered

SEEC....cccoviiiiieieeen. Skagit Environmental Endowment Commission
SFEG....ccoveieieeien Skagit Fisheries Enhancement Group
SGCN....oovieieeieee, Species of Greatest Conservation Need
SHPO .....cooviiiee. State Historic Preservation Officer

N1 24 D R Study Plan Determination

SPU ..ot Seattle Pacific University

S Mi.eeeiieiieeiieieenee. square mile

SR, State Route

SRBEIC.........cccceeueenee. Skagit River Bald Eagle Interpretive Center
SRKW ..o Southern Resident killer whale
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SRSC...ooeeieiiieie Skagit River System Cooperative

SS sensitive species

ST e, state threatened

STSA..cooiiiiieee S’6lh Téméxw Stewardship Alliance
SWC...oovieieee Skagit Watershed Council

SWE ... snow-water-equivalent

SWIS ..o State Wetlands Integration Strategy

TBSA ..o Turbine Blade Strike Analysis

TCL oo, traditional cultural landscape

TCNWCB. .................. Thurston County Noxious Weed Control Board
TCP oo, traditional cultural property

TDG oo, total dissolved gas

TDS . total dissolved solid

TIC oo total inorganic carbon

TMDL .....cccvvvervennen. Total Maximum Daily Load
TNC..ooiiieeeee, The Nature Conservancy
TOC...ccoieieeieee. total organic carbon

TRREWG................... Terrestrial Resources and Reservoir Erosion Work Group
TSSe e, total suspended solid

TWG o, Terrestrial Work Group

U&A. ..o usual and accustomed

UBCRM.....ccoovvvinens University of British Columbia Regime Model
UCM ..o, Unit Characteristic Method

UHA ..o usable habitat area

USACE ......ccoveenene. U.S. Army Corps of Engineers

US. e United States

US.Coiiiiiiiiiee United States Code

USCB...oooiieiieiiiiens U.S. Census Bureau

USDA....cccieieeee, U.S. Department of Agriculture
USDOI.....ccccvveeenne U.S. Department of the Interior
USEIA......cooveeee U.S. Energy Information Administration
USFS .o U.S. Forest Service

USFWS .. U.S. Fish and Wildlife Service
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USGS ..o, U.S. Geological Survey

USNVC....cooveiiee U.S. National Vegetation Classification

USR...cooiiiieeee, Updated Study Report

UTP ..o uridine-5’-triphosphate

VSP o, viable salmon population

WAC ..o, Washington Administrative Code

WARSEM.................. Washington Road Surface Erosion Model

WDF...cooiiiiie Washington Department of Fisheries

WDFW ... Washington Department of Fish and Wildlife

WGS..oi Washington Geological Survey

WHCV ... Wetlands of High Conservation Value

WHNP.....coooviriiins Washington Natural Heritage Program

WIC ... Wilderness Information Center

WISAARD................. Washington Information System for Architectural and Archaeological
Records Data

WMRC.........ccovvennee. Wildlife Management Review Committee

WRIA.....ccooe Water Resources Inventory Area

WSA .o Wildlife Settlement Agreement

WSDOT .......coeueeee. Washington State Department of Transportation

WSE ..o water surface elevation

WSNWCB.................. Washington State Noxious Weed Control Board

WSR..ooiiiiiiiiis Wild and Scenic River

WWAA ... Western Washington Agricultural Association

WWTIT......cooerenee. Western Washington Treaty Indian Tribes

WWU ..o Western Washington University
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EXHIBIT E: ENVIRONMENTAL ANALYSIS
1.0 INTRODUCTION

The Skagit River Hydroelectric Project (Skagit River Project or Project) is located in the upper
Skagit River watershed with the Project generating facilities being located in the middle of the
Ross Lake National Recreation Area (RLNRA) in the North Cascades National Park Complex.
The Skagit River watershed is the traditional territory of several Indian Tribes and Canadian First
Nations. The Skagit River ecosystem supports important runs of anadromous fish that are key to
the cultural, spiritual, and economic health of Indian Tribes and other residents. Anadromous fish
from the Skagit River system are integral in the food chain of the entire Puget Sound ecosystem
and a critical food source for Southern Resident killer whales (SRKW). Recognizing these facts,
the City of Seattle, through its City Light Department (City Light), has committed to fulfilling
regulatory requirements while adopting an ecosystem-based management (EBM) approach to
inform decisions for operating the Project over the next 40-50 years.

EBM is an integrated management approach that recognizes the complexity of interactions within
an ecosystem. Decisions are based on science and ongoing monitoring provides the basis for
adaptive management of license implementation. Decisions related to environmental effects take
the entire watershed into account and incorporate input from all levels of government, Indian
Tribes, Canadian First Nations, and other interested parties.

City Light is the licensee of the existing 700-megawatt (MW) Skagit River Project. The Project is
located in Whatcom, Skagit, and Snohomish counties, Washington. The Project consists of three
power generating developments on the Skagit River — Ross, Diablo, and Gorge — and associated
lands and facilities. The Project was originally licensed in 1927 by the Federal Energy Regulatory
Commission’s (FERC or Commission) predecessor agency, the Federal Power Commission. The
Project was developed over a 42-year period, beginning with construction of Gorge Powerhouse
and a timber-crib dam in 1919, and finishing with the completion of the existing concrete-arch
dam at the Gorge Development in 1961. The final phase of the Project, construction of High Ross
dam, was suspended in 1984 with the signing of the High Ross Treaty between the United States
and Canada. Approximately one mile of Ross Lake, the upper-most Project reservoir, is in British
Columbia and is part of the Skagit Valley Provincial Park. The roughly 60-mile stretch of the
Skagit River several miles downstream of the Project is designated as a Wild and Scenic river and
is managed by the U.S. Forest Service (USFES).

The three Skagit generating developments are hydraulically coordinated to act as a single project
and supply approximately 20 percent of City Light’s power requirements. The operational
priorities for the Project are: flood risk management; downstream fish protection; recreation; and
power production. The Project also plays an important role in the regional energy market by
integrating renewable resources and providing generation reserves.

Regionally, the Skagit River is a critically important resource. It is one of the largest rivers in
Washington State and the only Puget Sound river that supports all five native salmonid species. It
provides spawning, incubation, and rearing habitat for three federally listed threatened fish
species—Chinook Salmon, steelhead, and Bull Trout—and is well-known for the large numbers
of bald eagles that winter along the river and in its floodplain. The floodplain along the lower
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Skagit River contains rich agricultural land and supports thousands of migrating waterfowl and
raptors.

The Project operates under a license administered by FERC. The current license for the Project
expires on April 30, 2025, and in accordance with FERC regulations City Light must file its
application for a new license no later than April 30, 2023. For the relicensing of the Project, City
Light used the FERC Integrated Licensing Process (ILP) to provide the framework for its
consultation with Indian Tribes, Canadian First Nations, federal and state agencies, and other
licensing participants (LPs) during the period leading up to the filing of the Draft License
Application (DLA).

City Light recognizes the importance of observations and recommendations provided by Indian
Tribes and Canadian First Nations during development of content for this Exhibit E. Their
representatives have shared foundational perspectives that the entire Project vicinity occupies a
place of profound significance since time immemorial. City Light acknowledges Indian Tribes and
Canadian First Nations have ancient and lasting cultural relationships to the place where the Skagit
River Project is located and that these relationships are critical to consider during the relicensing
process, as well as during ongoing operations and maintenance activities.

The DLA presents City Light’s initial proposed Project operations and non-operational protection,
mitigation, and enhancement (PME) measures, i.e., the Proposed Action. At this time, City Light
proposes to operate the Project in a manner consistent with the current license, while incorporating
information from updated data collection methods, monitoring, and adaptive management
strategies. To the extent proposed operational measures have been identified to date, the current
proposal describes these measures in greater detail in Sections 3.1.4 and 3.3.1 of this Exhibit E. In
addition, City Light proposes to implement a suite of non-operational PME measures which are
described in Sections 3.3.3 and 4.2 of this Exhibit E. The proposed PME measures have been
informed by the relicensing studies and other available information along with City Light’s
ongoing engagement with LPs.

City Light continues to engage LPs regarding the PME measures that will be included in the
Proposed Action in the FLA. City Light expects that this LP engagement (along with the results
of the FERC-approved studies) will result in revisions to these proposed PME measures as well as
additional proposed PME measures in the FLA’s Proposed Action.

Copies of the DLA, as filed with FERC, have been distributed to all known interested Indian
Tribes, Canadian First Nations, state and federal agencies, local governments, non-governmental
organizations, and members of the public.

1.1 Purpose of Exhibit E

The purpose of this Exhibit E is to describe the following: (1) existing Project facilities, lands, and
waters; (2) existing Project operations and maintenance; (3) the continuing impacts of existing
Project operations and maintenance on resources, including direct, indirect, and cumulative
impacts based on information generated during the relicensing study program; and (4) all proposed
Project facilities, lands, and waters, the proposed operation and maintenance plan, and proposed
PME measures for each resource area.
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The environmental analysis in this Exhibit E (Section 4) presents the assessment of effects
associated with City Light’s existing and proposed Project operations and facilities and the
expected benefits of proposed PME measures. The resource analyses contained in this Exhibit E
will provide the foundation for FERC’s National Environmental Policy Act (NEPA) analysis.

1.2 Document Organization

In organizing this Exhibit E, City Light relied on FERC’s Scoping Document 2 (SD2) for the
Project (FERC 2020b), FERC’s content requirements for Exhibit E (18 Code of Federal
Regulations [CFR] § 5.18(b)), FERC’s guidance document, Preparing Environmental Documents:
Guidelines for Applicants, Contractors, and Staff (FERC 2008), and City Light’s Revised Study
Plan (RSP) (City Light 2021), Notice of Certain Agreements on Study Plans for the Skagit
Relicensing (June 9, 2021)," and Initial Study Report (ISR) (City Light 2022).

This Exhibit E is divided into two general parts: (1) Introduction, Consultation, and Proposed
Action and Alternatives sections (Sections 1-3) (A list of meeting consultation with LPs is
contained in Appendix A); and (2) the Environmental Analysis, Cumulative Effects,
Developmental Analysis, and Consistency with Comprehensive Plans sections (Sections 4-7),
which makes up the bulk of Exhibit E.

Following a general description of the basin, Section 4, the Environmental Analysis, utilizes the
following section headings for each resource area:

= Affected Environment — Briefly describes the existing environment based on information from
the Pre-Application Document (PAD) (City Light 2020a), study reports included in the ISR,
and study information from the second year of study that is available for the DLA.

= Environmental Analysis — Describes the impacts of the Project under existing and proposed
operations, based on the results of relicensing program studies.

= Proposed Resource Measures — Describes City Light’s proposed PME measures and their
supporting rationales, based on study results and expected benefits of the PME measures.

= Unavoidable Adverse Impacts — Characterizes any adverse impacts that will occur despite the
implementation of proposed Project operations and the identified PME measures.

Section 5, Cumulative Effects of the Proposed Action, identifies those resources for which
cumulative effects have been identified and indicates whether the Proposed Action would
contribute to such cumulative effects.

Section 6, Developmental Analysis, presents a discussion on the costs associated with proposed
PME measures on power generation and economic benefits of the Project

1.3 Statutory and Regulatory Requirements

The relicensing of non-federal hydroelectric projects by FERC is considered a federal undertaking
(36 CFR § 800.16(y)). As such, a license for the Project is subject to regulatory requirements under
the Federal Power Act (FPA) and other applicable statutes. The major regulatory and statutory

' Referred to by FERC in its July 16, 2021 Study Plan Determination as the “updated RSP.”
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requirements and City Light’s status of compliance with or consultation under these laws, as
applicable, are discussed below.

1.3.1 Federal Power Act
1.3.1.1 Section 18 Fishway Prescriptions

Section 18 of the FPA provides that the Commission must require construction, operation, and
maintenance by a licensee of such fishways as may be prescribed by the Secretaries of Commerce
or the U.S. Department of the Interior.

1.3.1.2 Section 4(e) Conditions

Section 4(e) of the FPA provides that any license issued by the Commission for a project within a
federal reservation must be subject to and contain such conditions as the Secretary of the
responsible federal land management agency deems necessary for the adequate protection and use
of the reservation.

1.3.1.3 Section 10(a) Recommendations

Section 10(a) of the FPA requires the Commission to consider the extent to which a project is
consistent with the federal or state comprehensive plans for improving, developing, or conserving
a waterway or waterways affected by the project.

1.3.1.4 Section 10(j) Recommendations

Section 10(j) of the FPA provides that each hydroelectric license issued by the Commission must
include conditions based on recommendations provided by federal and state fish and wildlife
agencies for the protection, mitigation, or enhancement of fish and wildlife resources affected by
the project. The Commission is required to include these conditions unless it determines that they
are inconsistent with the purposes and requirements of the FPA or other applicable law. Before
rejecting or modifying an agency recommendation, the Commission is required to attempt to
resolve any such inconsistency with the agency, giving due weight to the recommendations,
expertise, and statutory responsibilities of such agency.

1.3.2 Section 401 of the Clean Water Act

Under Section 401 of the Clean Water Act of 1977 (CWA), a license applicant must obtain
certification from the appropriate state pollution control agency that verifies compliance with the
CWA. FERC’s regulations at 18 CFR § 5.23(b) require that a license applicant using the ILP must
file a copy of its request for water quality certification or evidence of waiver within 60 days of the
date FERC issues the notice of acceptance and Ready for Environmental Analysis (REA).
Consistent with these requirements, City Light plans to file its application for water quality
certification with the Washington Department of Ecology (Ecology) within 60 days of the date
FERC issues the notice of acceptance and REA. As required by the current Section 401 regulations,
City Light will request a meeting with Ecology no less than 30 days prior to the submittal of the
request for water quality certification.

City Light has consulted with Ecology throughout the relicensing process regarding the design and
implementation of water quality studies needed to support its application for water quality
certification.
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1.3.3 Endangered Species Act

Section 7 of the ESA requires federal agencies to ensure that their actions are not likely to
jeopardize the continued existence of endangered or threatened species or result in the destruction
or adverse modification of the critical habitat of such species.

FERC is the lead federal agency for relicensing of the Project, and therefore must consult with the
U.S. Fish and Wildlife Service (USFWS) and National Marine Fisheries Service (NMFS) to
determine whether its actions or authorizations would likely jeopardize the continued existence of
any endangered or threatened species or adversely affect any designated critical habitat. Jeopardy
exists when an action would “...reduce appreciably the likelihood of both the survival and
recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution of
that species” (50 CFR § 402.02).

On June 26, 2020, FERC initiated informal consultation with USFWS and NMFS under Section 7
of the ESA and the joint agency regulations thereunder at 50 CFR, Part 402, and designated City
Light as FERC’s non-federal representative for carrying out informal consultation. City Light
consulted with USFWS and NMFS in developing the aquatic and terrestrial study plans for
threatened and endangered species and during implementation of the studies. Draft Biological
Assessments (BA) for federally listed species are under development in consultation with USFWS
and NMFS, and City Light anticipates submitting draft BAs with the FLA.

Federally listed fish species in the Skagit River basin include the Puget Sound Chinook Salmon
Evolutionarily Significant Unit (ESU), Puget Sound Steelhead distinct population segment (DPS),
Puget Sound Management Unit Bull Trout, Coastal-Puget Sound DPS, and Puget Sound/Strait of
Georgia Coho Salmon. Southern Resident killer whale will also be considered in consultation
activities with NMFS.

Federally listed terrestrial species with the potential to occur in the Project vicinity include grizzly
bear (Ursus arctos horribilis), gray wolf (Canis lupus), Canada lynx (Lynx canadensis), marbled
murrelet (Brachyrampus marmoratus), northern spotted owl (Strix occidentalis caurina), yellow-
billed cuckoo (Coccyzus americanus), and Oregon spotted-frog (Rana pretiosa).

1.34 Magnuson-Stevens  Fishery Conservation and Management and
Reauthorization Act

The Magnuson-Stevens Act as amended by the Sustainable Fisheries Act of 1996 established
procedures designed to identify, conserve, and Essential Fish Habitat (EFH) for fish species that
are regulated under a federal fisheries management plan. Under this Act, EFH is defined as the
waters and substrate necessary to fish for spawning, breeding, feeding, or growth to maturity. The
consultation requirements of Section 305(b)(2) of the act specify that federal agencies must consult
with the Secretary of Commerce on any actions that may adversely affect EFH. Section 4.2.3 Fish
and Aquatic Resources, Rare, Threatened and Endangered Species, provides City Light’s analysis
of Project effects on three species of federally-managed Pacific Salmon — Chinook, Coho, and
odd-numbered-year Pink Salmon — that occur in the Project vicinity and are protected under the
act. City Light’s EFH assessment will be included within the draft BA for the NMFS that City
Light anticipates submitting with the FLA.
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1.3.5 Coastal Zone Management Act

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

1.3.6 National Historic Preservation Act

Section 106 of the National Historic Preservation Act (NHPA) requires FERC to take into account
the effect of licensing a hydropower project on any historic properties and allows the Advisory
Council on Historic Preservation (ACHP) a reasonable opportunity to comment on the Proposed
Action. ‘‘Historic Properties’ are defined as any district, site, building, structure, or object that is
included in or eligible for inclusion in the National Register of Historic Places (NRHP). The effect
of the Project on historic properties, as well as PME measures associated with historic properties,
are described in Section 4.2.8 of this Exhibit E and the annotated outline of the Historic Properties
Management Plan (HPMP) being filed in conjunction with this DLA (Appendix B). A draft HPMP
will be filed with the FLA and will include documentation of consultation to date with the NHPA
Section 106 consulting parties. NHPA Section 106 consultation parties and has conducted
subsequent consultation efforts throughout the relicensing process, in the form of meetings, emails,
phone calls, and document reviews. Documentation of consultation with NHPA Section 106
consulting parties will be submitted with related documents and will be appended to the HPMP.

1.3.7 National Wild and Scenic Rivers Act

The National Wild and Scenic Rivers Act was passed to protect select rivers of the United States
from development that would substantially alter their wild or scenic nature. Selected rivers are
preserved because they possess outstandingly remarkable scenic, recreational, geologic, fish and
wildlife, historic, cultural, or other values. Section 7(a) of the Wild and Scenic Rivers Act requires
federal agencies to make a determination as to whether the operation of the Project under a new
license would invade the area or unreasonably diminish the scenic, recreational, and fish and
wildlife values present in the designated river corridor. On November 10, 1978, Congress
designated a section of the Skagit River as a Wild and Scenic River (WSR) from “the pipeline
crossing at Sedro-Woolley upstream to and including the mouth of Bacon Creek™ (Public Law 95-
625). The entire Skagit WSR System as designated by Congress includes a combined total of 158.5
miles of the Skagit, Sauk, Suiattle, and Cascade rivers. Additional details on the WSR are provided
in Section 4.2.6.1 of this Exhibit E.

1.3.8 Wilderness and National Trails System Acts

The Wilderness Act of 1964 established the National Wilderness Preservation System, which
provides federal-level protection for preservation of wilderness areas in their natural condition.
There are no federally designated wilderness areas located within the Project Boundary, however,
the federally designated Stephen Mather Wilderness is located on North Cascades National Park
Service Complex lands surrounding and adjacent to the Project (NPS 2019c). The Stephen Mather
Wilderness includes portions of the North Cascades National Park, RLNRA, and the Lake Chelan
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National Recreation Area (Wilderness Connect 2019). Public Law 100-688 that created the
wilderness area preserved FERC’s jurisdiction over the nearby hydroelectric projects.

The National Trails System Act of 1968 called “for establishing trails in both urban and rural
settings for people of all ages, interests, skills, and physical abilities. The act promotes the
enjoyment and appreciation of trails while encouraging greater public access. It establishes four
classes of trails: national scenic trails, national historic trails, national recreation trails, and side
and connecting trails” (NPS 2019). Additional details related to the National Trails System Act
are provided in Section 4.2.6.1 of this Exhibit E.

1.3.9 Pacific Northwest Electric Power Planning and Conservation Act

Under section 4(h) of the Pacific Northwest Electric Power Planning and Conservation Act of
1980, the Northwest Power and Conservation Council developed a program to protect, mitigate,
and enhance fish and wildlife resources associated with development and operation of
hydroelectric projects within the Columbia River basin. The Project is not located within, nor
would it affect, the Columbia River basin. Thus, there is no requirement for an analysis of this
Project under the Pacific Northwest Electric Power Planning and Conservation Act of 1980.

14 Purpose of Action and Need for Hydroelectric Power
1.4.1 Purpose of Action

FERC, under the authority of the FPA, may issue new licenses for a period of 30 to 50 years for
the construction, operation, and maintenance of jurisdictional hydropower projects. FERC is
considering the issuance of a new license to City Light for the existing Skagit River Hydroelectric
Project. The purpose of the proposed action is to allow the Project to continue to provide reliable,
low-cost, low-emissions electrical capacity and energy for the benefit of City Light’s residential,
commercial, industrial, and government customers, and to serve the energy, capacity, and ancillary
services needs of the region.

In making a determination as to whether to issue a license for a hydroelectric project, FERC must
conclude that the Project will be best adapted to a comprehensive plan for improving and/or
developing a waterway. Beyond the power generation and developmental purposes (e.g., flood risk
management, irrigation, water supply) for which licenses are issued, FERC must afford equal
consideration to energy conservation; protection, mitigation, and enhancement of fish and wildlife
and their habitat; protection and enhancement of recreational opportunities; and the overall
preservation of environmental quality. In deciding whether and under what terms and conditions
a new license should be issued to City Light for the Skagit River Project, FERC is required to
balance the relevant economic, environmental, and engineering factors pertinent to its decision.

It is anticipated that FERC’s Environmental Assessment (EA) or Environmental Impact Statement
will evaluate the environmental and economic effects of the following alternatives: (1) No Action,
1.e., continuing to operate the Project as it is currently operated, with no resource measures beyond
what already exist; (2) operating the Project consistent with operations and measures proposed by
City Light; (3) operating the Project as proposed by City Light with modifications recommended
by FERC staff (“Staff Alternative™); and (4) the “Staff Alternative with Mandatory Conditions,”
i.e., recommendations by FERC and incorporating mandatory conditions provided by the relevant
resource agencies.
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1.4.2 Need for Hydroelectric Power

City Light is an integrated electric utility serving nearly 940,000 people in the greater Seattle
metropolitan area and approximately 471,000 residential and non-residential customers. City
Light’s service territory covers 131 square miles. The City of Seattle depends heavily on
hydropower, and the Project is a major contributor to Seattle’s resource needs. For example, in
2021 hydropower accounted for 86 percent of Seattle’s total power resources, with 23.3 percent
provided by the Project (Figure 1.4-1).

2021 SOURCES OF POWER
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Contracts W State Line Wind
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W Irrigation B Cedar Falls
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M
M Boundary
28.1%
M BCHydro & 7 Mile
2.8%
Figure 1.4-1. Sources of City Light's power in calendar year 2021.

City Light has 2,027 MW of installed generation capacity at six power plants (including the Skagit
River Project). Additionally, City Light has power supply contracts with the Bonneville Power
Administration (BPA) for approximately one-third of City Light retail needs. Other contracts
include hydroelectric output from several irrigation projects, a wind farm, BC Hydro, and other
sources. In 2021, City Light’s retail sales for the year totaled 8,922,444 megawatt hours (MWh).
City Light finished 2021 with total revenues of $1,109 million, expenses of $892 million and net
income of $198 million.

The Project is a valuable component of the City Light’s generating resources, representing
approximately 35 percent of City Light-owned hydroelectric generating capacity and supplying 20
percent (depending on water conditions) of Seattle’s power requirements. The Project is also
critical for the role it plays as City Light’s principal load-following resource. Generation at the
Project typically begins in the early morning hours and ramps up to meet peak morning demand.
Power is generated throughout the day, rising and falling in response to customer demand, and
then increases again to meet peak evening demand.
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Much of the Project’s value to City Light and the region is due to its flexibility and reliability, that
is, its ability to ramp up or down within the hour and in immediate response to customer demand.
This flexibility allows the Project to respond to daily fluctuations in customer demand, both in the
City of Seattle and the region. This flexibility is possible because of the three-dam system, which
allows ramping to occur quickly at the Ross and Diablo plants, with Gorge plant regulating flows
downstream to protect anadromous fish. This design is what distinguishes the Project from many
other Northwest hydropower facilities with similar generating capacities but only a single dam.
Flexible operations at these facilities are typically constrained by ramping regulations for
anadromous fish protection downstream.

At this time, City Light proposes to operate the Project in a manner consistent with the current
license (as described in Sections 3.1.4 and 3.3.1 of this Exhibit E). Operating the Project as
proposed will continue to allow City Light to provide clean, safe, and reliable power to its
ratepayers while also protecting anadromous fish in the Skagit River downstream. To the extent
that a new license imposes constraints on within-hour operations at the Project, City Light and the
region will need to replace that power with an alternative resource.
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2.0 CONSULTATION

The Federal Energy Regulatory Commission (FERC or Commission) regulations require
applicants to consult with appropriate resource agencies, Indian Tribes, and other entities before
filing a license application. Licensing participants (LPs) have been consulted throughout the
Project relicensing process, both during engagements required by FERC’s Integrated Licensing
Process (ILP), and through additional consultation opportunities provided by Seattle City Light
(City Light). Detailed description of National Historic Preservation Act (NHPA) Section 106
consultation is in Section 4.2.9 of this Exhibit E.

In January 2019, City Light began a voluntary Study Plan Development Process with LPs in
preparation for initiating the relicensing process. The purpose of this early process was to provide
a forum, structure, and additional time for discussion with LPs with the goal of identifying resource
issues that may warrant study during relicensing. These discussions resulted in the development
of a suite of issues and associated studies included in the Pre-Application Document (PAD; City
Light 2020a).

Following filing of its PAD, City Light continued meeting with LPs and provided early drafts of
study plans for comment and discussion of studies necessary to inform the relicensing process.
The proposed study plans in the Proposed Study Plan (PSP) included documentation of comments
received on these early drafts and City Light’s responses, as well as responses to study requests
filed with FERC by October 24, 2020.

After filing the PSP, City Light held the requisite PSP Meetings (January 6 and 12-14, 2021)
followed by ten topic-based discussion meetings (January 26 and 28, and February 2, 4, 9, 11, 16,
18, 23, and 25, 2021) to continue efforts to resolve outstanding differences between City Light’s
proposed studies and LP study requests. In response to feedback received during the fourteen PSP
Meetings with the LPs, City Light developed and circulated 15 issue resolution forms proposing
compromises and providing additional information and modifications to its proposed studies in an
effort to resolve differences over study requests.

Following the PSP meetings and after careful review of LP comments on the PSP, City Light and
the LPs agreed to a collaborative process to focus on study implementation and collaboration
regarding June 9, 2021 “Notice of Certain Agreements on Study Plans for the Skagit Relicensing”
(June 9, 2021 Notice) commitments.

Nearly 50 organizations have participated in approximately 190 collaborative process discussions
to date. Appendix A of this Exhibit E provides a list of consultation meetings and participating
organizations through November 2022. The Final License Application (FLA) will include a
consultation record comprised of an updated meeting and participant list, the corresponding
materials for the listed meetings (agenda, presentations, summary), and documentation of other
LP communications specific to relicensing study development and implementation. A consultation
record for communications specific to Section 106 of the NHPA is also being maintained and will
be submitted with related documents and will be appended to the Historic Properties Management
Plan (HPMP).

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 2-1 December 2022



Draft License Application Exhibit E

This Exhibit E includes a preliminary list of protection, mitigation, and enhancement (PME)
measures to be included in the new license (see Section 3.3.3 for a comprehensive list and Proposed
Resource Measures subsections for each resource area in Section 4.2). Many of these PME
measures have been developed with input from LPs. City Light continues to engage LPs regarding
the PME measures that will be included in the Proposed Action in the FLA. City Light expects
that this LP engagement (along with the results of the FERC-approved studies) will result in
revisions to these proposed PME measures as well as additional proposed PME measures in the
FLA’s Proposed Action.

2.1 ILP Schedule

Table 2.1-1 provides a summary of the major FERC filings made by City Light during the
relicensing of the Project to date, beginning with the PAD through filing of this Draft License
Application (DLA), and remaining milestones pre- and post-filing of the FLA. The table also
includes document filings associated with related mandatory processes, including the Washington
State Department of Ecology (Ecology) Section 401 water quality certification process, National
Marine Fisheries Service (NMFS) and U.S. Fish and Wildlife Service (USFWS) Section 7
Endangered Species Act (ESA) consultation, and consultation pursuant to Section 106 of the
NHPA. Following the filing of the FLA in April 2023, FERC will establish a firm schedule for the
processing of the FLA and evaluate City Light’s licensing proposal through the National
Environmental Policy Act (NEPA) process.

Table 2.1-1. Milestones, responsible parties, dates, and applicable regulations associated with
filing of the Skagit River Project license application.
Applicable
Significant Milestones Responsible Party Date ! Regulation 2
Notice of Intent (NOI) and PAD City Light 4/27/2020 18 CFR §§ 5.5
and 5.6

Proposed Study Plan (PSP) City Light 12/8/2020 18 CFR § 5.11(a)
Revised Study Plan (RSP) City Light 4/7/2021 18 CFR § 5.13(a)
Updated RSP 3 City Light 6/9/2021 18 CFR § 5.13(a)
Conduct First Season of Studies City Light 2021 18 CFR § 5.15(a)
Initial Study Report (ISR) City Light 3/8/2022 18 CFR § 5.15(c)(1)
Conduct Second Season of City Light 2022 18 CFR § 5.15(a)
Studies
File DLA City Light 12/1/2022 I8 CFR § 5.16

[no later than 150 days prior to (a)-(c)

the deadline for filing a new or

subsequent license application]
Comments on DLA LPs 3/1/2023 18 CFR § 5.16(e)

[within 90 days of DLA filing]
File Updated Study Report (USR) City Light 3/8/2023 18 CFR § 5.15(f)

[no later than 2 years after
Commission approval in Study
Plan Determination (SPD)]
USR meeting City Light and LPs 3/23/2023 18 CFR § 5.15(f)
[within 15 days of USR]
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Applicable
Significant Milestones Responsible Party Date ! Regulation ?
File USR Meeting Summary City Light 4/7/2023 18 CFR § 5.15(f)
[within 15 days of USR
meeting]
File Meeting Summary LPs 5/7/2023 18 CFR § 5.15(f)
Disagreements * [within 30 days of study results
meeting summary|
File Responses to Meeting City Light 6/6/2023 18 CFR § 5.15(f)(5)
Summary Disagreements * [within 30 days of filing
meeting summary
disagreements]
Study Dispute Determination FERC 7/6/2023 18 CFR § 5.15(f)
[within 30 days of filing
responses to disagreements]
File FLA City Light 4/30/2023 18 CFR §§ 5.17 and
[no later than 24 months before 5.18
the current license expires]
File Biological Assessment (BA); City Light 4/30/2023 18 CFR §
including Essential Fish Habitat [to be filed with FLA] 5.18(b)(3)(ii) and (iii)
(EFH) Assessment
File HPMP City Light 4/30/2023 18 CFR §
[to be filed with FLA] 5.18(b)(3)(v)
Issue public notice of FLA City Light 5/14/2023 18 CFR § 5.17(d)(2)
[within 14 days of filing]
Request formal ESA consultation City Light TBD >
Submit 401 certification City Light TBD 18 CFR § 5.23(b)
application to Washington [no later than 60 days after
Department of Ecology (Ecology) Ready for Environmental
Analysis (REA) determination
by FERC] ¢
1 Ifthe due date falls on a weekend or holiday, the deadline is the following business day.
2 CFR = Code of Federal Regulations.

3 City Light’s June 9, 2021 filing of its “Notice of Certain Agreements on Study Plans for the Skagit Relicensing”
(June 9, 2021 Notice), referred to by FERC in its July 16, 2021 SPD as the “updated RSP.”

4  Shaded actions are not necessary if there are no study or meeting summary disputes.

5 Consultation to be initiated based on FERC's recommended alternative defined in FERC staff’s environmental
assessment.

6 Per 18 CFR § 5.22(a), when the Commission has determined that the application meets the Commission’s
requirements as specified in §§ 5.18 and 5.19, the approved studies have been completed, any deficiencies in the
application have been cured, and no other additional information is needed, it will issue public notice as required
in the Federal Power Act (FPA).

2.2 NOI and PAD

City Light filed a NOI and PAD with the Commission on April 27, 2020 (City Light 2020a). The
PAD serves as the first document in a phased process to provide the information necessary to both
review existing conditions and inform development of a comprehensive proposal for Project
operations, including protection, mitigation, and enhancement (PME) measures, over the term of
the new license. The PAD also provides a preliminary assessment of known Project effects and
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proposed PME measures that may be implemented as a starting point for discussions with LPs.
The PAD outlined goals and objectives of 24 studies that have since been further developed and
expanded to 33 studies as presented in the RSP and the ISR.

2.3 Commencement of Relicensing and Environmental Scoping

On June 26, 2020, FERC issued public notice of the PAD and NOI and commencement of the
relicensing pre-filing process, which kicked off the formal licensing proceeding and started the
public comment period on the PAD. FERC’s June 26, 2020 notice also designated City Light as
FERC’s non-federal representative for carrying out informal consultation pursuant to Section 7 of
the ESA and to fulfill its responsibilities under Section 106 of the NHPA. In addition, the notice
requested that LPs provide comments regarding the PAD and provide study requests.
Concurrently, FERC issued Scoping Document 1 (SD1) to outline the subject areas to be addressed
in its environmental analysis of the Project pursuant to the NEPA (FERC 2020a).

Due to the proclamation declaring a National Emergency concerning COVID-19, issued by the
President on March 13, 2020, FERC waived 18 CFR § 5.8(b)(viii) and notified the public that it
does not intend to conduct a public scoping meeting or site visit to the Project. Instead, FERC
solicited written comments, recommendations, and information, on the SD1. If needed, a site visit
may be held later in the study process.

On December 4, 2020, FERC issued its Scoping Document 2 (SD2) for the relicensing of the
Project (FERC 2020b).

24 PAD and SD1 Comments and Study Requests

In accordance with 18 CFR § 5.9, comments on the PAD and SD1 and study requests were due
within 60 days of notice of the PAD and NOI (no later than August 25, 2020). In June 2020, several
LPs requested a modification of the ILP process plan and schedule to extend the study request and
PAD/SD1 comment period by 60 days in light of impacts of COVID-19 public health emergency
on their ability to collaborate with City Light and each other. FERC granted the extension request
on June 25, 2020, extending the comment deadline to October 24, 2020, and modifying subsequent
steps through the study dispute process in the Process Plan and Schedule accordingly. See
Appendix B of the PSP for a list of PSP study request and comment letters provided by LPs (City
Light 2020b). LP comments on the PAD and comments and additional information received from
continuing consultation with LPs have been considered and incorporated, as appropriate, into this
Exhibit E.

2.5 PSP

In accordance with 18 CFR § 5.11(a) and building upon the existing information identified and
summarized in the PAD and informed by the over 60 work group meetings held prior to filing of
the PSP, City Light filed its PSP within 45 days after the deadline for filing comments on the PAD
and SD1 and study requests, on December 8, 2020 (City Light 2020b).

2.6 PSP Meeting

In accordance with 18 CFR § 5.11(e), City Light was required to hold a Study Plan Meeting(s)
within 30 days after the deadline for filing the PSP (no later than January 7, 2021). The purpose
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of the meeting is to clarify the intent and content of City Light’s PSP and identify any outstanding
issues or information needed with respect to the proposed studies. City Light held four days of
meetings on January 6 and 12-14, 2021. Due to the COVID-19 public health emergency, the
meetings were held virtually. The background, concepts, and studies described in the PSP were
presented during the Study Plan Meetings.

In addition, City Light hosted ten additional topic-based meetings in late January through February
2021, in coordination with LPs and aimed at resolving outstanding differences between City
Light’s proposed studies and LPs’ study requests. The agenda for those meetings were developed
by the LPs at their request. In response to feedback on the PSP received during the 14 meetings
with the LPs in January and early February 2021, City Light developed 15 issue resolution forms
proposing compromises and providing additional information and modifications to a number of
study requests, and circulated them to the LPs prior to the deadline for PSP comments. The
commitments reflected in these issue resolution forms were incorporated into the RSP (City Light
2021).

2.7 Comments on the PSP

In accordance with 18 CFR § 5.12, comments on City Light’s PSP, including any revised
information or study requests, were due to FERC within 90 days of the PSP being filed (no later
than March 8, 2021). Commentors were requested to include an explanation of any study plan
concerns and any agreements reached with City Light regarding those concerns. Proposed
modifications to the PSP were requested to address the requisite Study Criteria as described in
Section 4 of the RSP. See Appendix B of the RSP for a list of PSP comment letters provided by
LPs (City Light 2021).

2.8 RSP

In accordance with 18 CFR § 5.13(a), City Light filed its RSP within 30 days of the due date for
comments on the PSP, on April 7, 2021 (City Light 2021). The RSP specifically addressed all
comments received on the PSP. The RSP also included a description of the efforts made to resolve
differences over study requests. For any requested study not adopted in full or in part in the RSP,
City Light provided the rationale for its decision based on FERC Study Criteria.

2.9 Comments on the RSP

In accordance with 18 CFR § 5.13(b), comments on City Light’s RSP, including any revised
information or study requests, were due to FERC within 15 days of the RSP being filed (no later
than April 22, 2021). On April 2, 2021, prior to City Light’s filing of its RSP, the Swinomish
Indian Tribal Community requested a modification of the ILP process plan and schedule to extend
the RSP comment period by 14 days, supported by Ecology and City Light in letters dated April 5
and 6, 2021, respectively. FERC granted the extension request on April 6, 2021, extending the
comment deadline to May 6, 2021, and modifying subsequent steps through the study dispute
process in the Process Plan and Schedule accordingly.

Subsequently, on May 12, 2021, the Coalition of Bands of the Nlaka’pamux Nation (Nlaka’pamux
Nation) requested an additional extension for RSP comments after the Nlaka’pamux Nation
recently became aware of the Project relicensing process, which FERC granted in a letter dated
May 17, 2021, extending the comment deadline for the Nlaka’pamux Nation to June 1, 2021.
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A total of 19 comment letters from federal and state agencies, Indian Tribes, Canadian First
Nations, non-governmental organizations (NGOs), and other LPs were filed with FERC.

2.10 June 9, 2021 Notice

Following filing of the RSP, City Light continued to work with LPs to attempt to resolve
outstanding areas of disagreement regarding the proposed studies. The ongoing discussions
resulted in the filing of the “Notice of Certain Agreements on Study Plans for the Skagit
Relicensing” with FERC on June 9, 2021 (the “June 9, 2021 Notice™).

Additionally, in response to City Light’s June 9, 2021 Notice, in a letter dated June 14, 2021,
FERC agreed to assess the June 9, 2021 Notice (referred to by FERC as an “Updated RSP”) in its
Study Plan Determination (SPD). As such, FERC provided 15 days for filing of comments on the
Updated RSP (no later than June 29, 2021) and modified the Process Plan and Schedule through
the study dispute process, accordingly.

2.11 SPD and Study Disputes

In accordance with 18 CFR § 5.13(c), FERC issued the SPD on July 16, 2021, approving with
modifications City Light’s RSP (filed April 7, 2021). No study disputes were filed.

2.12 Study Reporting and Study Plan Modification

Following the issuance of FERC’s SPD, and as required by 18 CFR § 5.15, City Light continued
to engage with LPs in work group meetings to provide progress updates on study implementation.
In addition, the work group meetings provided the venue to collaboratively refine the scope,
methods, and implementation of the relicensing studies as described in the June 9, 2021 Notice.
City Light agreed to significant modifications to some study plans at the request of LPs, which
were described in relevant study reports filed with the ISR (City Light 2022).

In accordance with 18 CFR § 5.15(c)(1) and (2) and (f), at the conclusion of each study season
City Light is to file an ISR and USR and hold a meeting with LPs and FERC staft to discuss the
initial and updated study results (ISR meeting and USR meeting), respectively. Accordingly, City
Light filed its ISR on March 8, 2022 (City Light 2022) and will file its USR (due by March 8,
2023) pursuant to FERC regulations. City Light submits all study documents that must be filed
with FERC via FERC’s e-library system (www.ferc.gov/docs-filing/elibrary.asp) as well as
through the Skagit Relicensing Public Document Library on City Light’s website
(https://www.seattle.gov/light/skagit/Relicensing/default.htm).

2.13 ISR Meeting and Comments

In accordance with 18 CFR §5.15(c)(2), City Light held three days of ISR Meeting(s) March 21-
23, 2022. The purpose of the meeting is to discuss the study results and City Light’s and/or LPs’
proposals, if any, to modify the study plan in light of the progress of the study plan and data
collected. Due to the COVID-19 public health emergency, the meetings were held virtually.

Following the ISR Meetings, the FERC ILP regulations provide the opportunity for City Light
and/or LPs to request modifications to the study plan in light of progress of the study program and
results to date, either as part of City Light’s ISR Meeting Summary (due 15 days after the meetings,
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by April 7, 2022; 18 CFR §§ 5.15(c)(3)) or if LPs file Disagreements/Requests to Amend Study
Plan (due 30 days after filing of the ISR Meeting Summary, by May 7, 2022; 18 CFR §§
5.15(c)(4)). A total of 14 comment letters from federal and state agencies, Indian Tribes, Canadian
First Nations, NGOs, and other LPs were filed with FERC. City Light filed a response to ISR
comments on June 6, 2022. FERC issued a Determination on Requests for Study Modifications on
August 8, 2022, adopting one requested study modification, adopting one study modification in
part, and declining to approve the remaining requested modifications.

2.14 DLA

In accordance with 18 CFR § 5.16(a)-(c), City Light is filing its DL A with FERC no later than 150
days prior to the deadline for filing a new license application (no later than December 1, 2022).

2.15 Comments on the DLA

With filing of the DLA, LPs have 90 days to comment on the document. A summary of the LPs’
DLA comments and City Light’s responses thereto will be provided in the FLA.

2.16 FLA

In accordance with 18 CFR § 5.17, City Light will file a FLA with FERC no later than 24 months
before the current Project license expires (no later than April 30, 2023). Concurrent with the FLA
filing, City Light will file two draft BAs (one for NMFS and one for USFWS), along with a draft
EFH Assessment.

2.17 Post-FLA Filing

City Light will file its FLA with FERC in April 2023. While City Light expects to propose a suite
of PME measures in the FLA, it anticipates the need to continue engagement with LPs after the
filing of the FLA to finalize the proposed PME measures for the new license. To the extent this
LP engagement extends beyond the filing of the FLA, City Light will supplement the FLA with
any additional PMEs or agreements that result from the negotiations.

Once FERC has determined that the application meets all filing requirements, studies have been
completed, any deficiencies have been resolved, and no additional information is required, FERC
will issue the notice of acceptance and Ready for Environmental Analysis (REA).

The acceptance/REA notice solicits comments, protests, and interventions—along with
recommendations, preliminary terms and conditions, and preliminary fishway prescriptions—
including all supporting documentation. Comments, protests, and interventions must be filed
within 60 days of the notice. City Light then has 45 days to respond to submitted comments (105
days from the REA notice).

Additionally, City Light will prepare a 401 Water Quality Certification application for the Project
that will be submitted to Ecology no later than 60 days after FERC’s REA notice.
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3.0 PROPOSED ACTION AND ALTERNATIVES

At this time, City Light proposes to operate the Project in a manner consistent with the current
license (as described in Sections 3.1.4 and 3.3.1 of this Exhibit E). Exhibit E includes a preliminary
list of protection, mitigation, and enhancement (PME) measures to be included in the new license
(see Section 3.3.3 for a comprehensive list and Proposed Resource Measures subsections for each
resource area in Section 4.2). Many of these PME measures have been developed with input from
licensing participants (LPs). City Light continues to engage LPs regarding the PME measures that
will be included in the Proposed Action in the Final License Application (FLA). City Light expects
that this LP engagement (along with results of the Federal Energy Regulatory Commission
[FERC]-approved studies) will result in revisions to these proposed PME measures as well as
additional proposed PME measures in the FLA’s Proposed Action.

3.1 No-Action Alternative

No-action means that the Skagit River Project would continue to operate as authorized by the terms
and conditions of the current license. Existing facilities would remain in place and existing
protection or mitigation measures would continue, but there would be no additional protection or
enhancement of natural resources. If the Project were to continue to operate under the terms of the
current license, City Light would continue to produce energy in the present manner, and the
environmental consequences of its operation would remain unchanged. Any ongoing effects of the
Project would continue. The No-Action Alternative represents the baseline Project energy
production and environmental conditions for comparison with other alternatives.

3.1.1 Project Location

The Skagit River Project is located in northern Washington State, across Whatcom, Skagit and
Snohomish counties, and consists of three power generating developments on the Skagit River —
Ross, Diablo, and Gorge — and associated lands and facilities (Figure 3.1-1). The Project
generating facilities are in the Cascade Mountains of the upper Skagit River watershed, between
Project River Miles (PRM) 94.5 and 127.9 (U.S. Geological Survey [USGS] river miles [RMs] 94
and 127).2 Power from the Project is transmitted via two 230-kilovolt (kV) powerlines that span
over 100 miles and end just north of Seattle at the Bothell Substation. The Project also includes
two City Light-owned towns (Newhalem and Diablo), the North Cascades Environmental
Learning Center (ELC), a variety of recreation facilities, and multiple parcels of fish and wildlife
mitigation lands.

The Project Boundary is extensive, spanning over 133 miles from the U.S.-Canada border to the
Bothell Substation just north of Seattle, Washington. In addition, there are “islands” of fish and
wildlife mitigation lands and recreation facilities within the Skagit, Sauk, and South Fork
Nooksack watersheds that are also within the Project Boundary. Project generating facilities are
entirely within the Ross Lake National Recreation Area (RLNRA), which is administered by the
National Park Service (NPS) as part of the North Cascades National Park Complex. The RLNRA

2 City Light has developed a standard Project centerline and river mile system to be used throughout the relicensing

process, including the study program, to replace the outdated USGS RM system. Given the long-standing use of
the USGS RM system, both it and the PRM system are provided throughout this document. For further details
see Appendix C.
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was established in 1968 in the enabling legislation for North Cascades National Park to provide
for the “public outdoor recreation use and enjoyment of portions of the Skagit River and Ross,
Diablo, and Gorge lakes.” The legislation maintains FERC’s jurisdiction “in the lands and waters
within the Skagit River Hydroelectric Project,” as well as hydrologic monitoring stations necessary
for the proper operation of the Project (16 United States Code [U.S.C.] § 90d-4; Public Law 90-
544, Sec. 505 dated October 2, 1968, as amended by Public Law 100-668, Sec. 202 dated
November 16, 1988).
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Figure 3.1-1. Location map of the Skagit River Project.
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3.1.2 Existing Project Facilities

The Project has a total authorized installed capacity of 700.27 megawatts (MW).? The Project
supplies about 20 percent of the power needed to serve City Light’s customer base. Each of the
three Project developments, Gorge, Diablo and Ross, includes a dam, powerhouse, and reservoir,
operations of which are hydraulically coordinated. The general layout of the developments relative
to each other and components of each are shown in Figures 3.1-2 through 3.1-5. The Project
powerhouses and dams and many associated structures are listed on the National Register of
Historic Places (NRHP). Specifications for each development are summarized in Table 3.1-1 and
described in detail below.

3 Authorized installed capacity values presented herein are those approved by the February 2, 2021 Order

Amending License, Approving Revised Exhibits K and M, and Revising Annual Charges (174 FERC 9] 62,066).
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Figure 3.1-2. Aerial view of Ross Development and associated facilities.
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Figure 3.1-3. Aerial view of Diablo Development and associated facilities (not visible in photo:
intake on right bank and valve house on face of the dam).
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Figure 3.1-4. Aerial view of upstream end of Gorge Development and associated facilities (not
visible on photo: log chute on face of dam).
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Figure 3.1-5.

Table 3.1-1.

Aerial view of downstream end of Gorge Development and associated facilities.

Specifications for the three developments of the Skagit River Project.*

Project Component

Development

Gorge

Diablo

Ross

Dam

Composition and configuration

concrete arch
gravity diversion

concrete arch

concrete arch

Structural height of dam 300 feet (ft) 389 ft 540 ft
Length of crest (including spillways) 670 ft 1,180 ft 1,300 ft
Dam thickness at base 170 ft 146 ft 208 ft
Dam thickness at roadway 70 ft 16 ft 33 ft

Elevation of crest of dam (at roadway)

886.8 ft NAVD 88!
(880.5 ft CoSD)

1,224.65 ft NAVD 88
(1,218 ft CoSD)

1,621.2 ft NAVD 88
(1,615 ft CoSD)

Concrete volume: Unknown 350,000 cubic/yards 909,214 cubic/yards
Spillway
Number of spillways 1 2 2
Spillway gates:
Number 2 19 12
Type Fixed wheel Radial Tainter Radial Tainter
Dimensions 50 ft high by 47 ft 19 ft high by 20 ft | 20 ft high? by 19.5 ft
wide wide wide

4 Asfiled by City Light (August 19, 2020) and approved by FERC in Order Amending License, Approving Revised
Exhibits K and M, and Revising Annual Charges, 174 FERC q 62,066 (February 2, 2021) with minor
modifications to a few values and addition of North American Vertical Datum of 1988 (NAVD 88) values for
elevations; effectively replacing PAD, Table 3.4-1 (April 27, 2020).
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Project Component

Development

Gorge

Diablo

Ross

Spillway crest elevation

831.3 ft NAVD 88
(825 ft CoSD)

1,193.65 ft NAVD 88
(1,187 ft CoSD)

1,588.2 ft NAVD 88
(1,582 ft CoSD)

Maximum spillway capacity (at normal
maximum water surface elevation)

120,000 cfs

98,500 cfs

124,800 cfs

Reservoir

Normal maximum water surface elevation

881.51 ft NAVD 88
(875 ft CoSD)

1,211.36 ft NAVD 88
(1,205 ft CoSD)

1,608.76 ft NAVD 88
(1,602.5 ft CoSD)

Normal operating minimum water surface

873.51 ft NAVD 88

1,204.36 ft NAVD 88

1,480.76 ft NAVD 88

elevation (authorized by current Project (867 ft CoSD) (1,198 ft CoSD) (1,474.5 ft CoSD)
license or due to other constraints) 3

Length of reservoir 4.5 miles 4.5 miles 24 miles*
Surface area at normal maximum water 235 acres 905 acres 11,725 acres*
surface elevation

Shoreline length at normal maximum water 11 miles 20 miles 84 miles®

surface elevation’

Gross storage

8,200 acre-ft

88,800 acre-ft

1,432,000 acre-ft’

Usable storage

1,600 acre-ft

6,200 acre-ft

1,063,000 acre-ft

Intake

Intake structure

1 bifurcated intake
with 2 openings, each
20 ft wide and 88.9 ft

2 bifurcated intakes
with 4 openings, each
16.75 to 18.75 ft wide

2 bifurcated intakes
with 4 openings, each
20 ft wide and 198.13

long and 153.17 ft long ft long
(4:1 (approximate 2.6:1 (4:1
vertical:horizontal vertical:horizontal vertical:horizontal
incline) incline) incline)
Trashrack opening 3.5 inches by 2 ft and | 2.5 inches by 2 ft and | 3.5 inches by 2 ft and
2.5 inches 0.3 inches 1 inch for three rows
per panel and 3.5
inches by 2 ftand 5.5
inches for one row per
panel
Intake (“power”) tunnel:
Number 18 1 2

Invert elevation

801.3 ft NAVD 88
(795 ft CoSD)

1,086.65 ft NAVD 88
(1,080 ft CoSD)

1,429.2 ft NAVD 88
(1,423 ft CoSD)

Length of concrete-lined section 11,000 ft 1,800 ft 1,800 ft/1,634 ft

(gate slot to steel liner)

Length of steel-lined section N/A 190 ft N/A

Diameter of concrete-line section 20.5 ft 19.5 ft 24.5 ft

Diameter of steel-lined section N/A 19.5 ft N/A
Penstocks:

Number 4 3 4

Length 1,600 ft 290 ft 350 ft

Diameter of turbine inlet 10 ft (Units 21, 22, 15 ft (Units 31, 32); 16 ft (all units)

Penstock centerline elevation at
turbine inlet

23); 15 ft (Unit 24)
503.21 ft NAVD 88
(497 ft CoSD)

5 ft (Units 35, 36)
887.38 ft NAVD 88
(881 ft CoSD)

1,217.65 ft NAVD 88
(1,211.5 ft CoSD)
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Development
Project Component Gorge Diablo ‘ Ross

Powerhouse

Total plant capability® 207.58 MW 182.4 MW ‘ 450 MW
839.98 MW total

Total authorized installed capacity®'®!! 189.3 MW 158.47 MW ‘ 352.5 MW
700.27 MW total

Annual capacity factor 52% 48% 13%

Normal tailwater elevation at dam

501.34 ft NAVD 88
(495 ft CoSD)

881.26 ft NAVD 88
(875 ft CoSD)

1,210.96 ft NAVD 88
(1,205 ft CoSD)

Normal gross head

380 ft

330 ft

397.5 ft

Turbines:
Turbine type
Number of units

Ratings (hp=horsepower;
RPM=rotations per minute)

Francis vertical
4

Units 21, 22: 51,850
hp at 325 ft net head,
257 RPM

Unit 23: 45,000 hp at
325 ft net head, 257

Francis vertical
4

Units 31, 32: 117,200
hp at 318 ft net head,
171.5 RPM

Units 35, 36: 2,200 hp
at 306 ft net head, 720

Francis vertical
4

120,000 hp at 355 ft
net head, 150 RPM

RPM RPM
Unit 24: 147,500 hp
at 354 ft net head,
163.7 RPM
Governors Woodward ASEA Woodward
Hydraulic capacity (at maximum plant 7,440 cfs 8,250 cfs 16,000 cfs
output)?
Hydraulic capacity (minimum) 170 cfs 70 cfs 400 cfs
Generators:
Generator manufacturer Westinghouse Westinghouse Westinghouse
Ratings U21 36.86 MW U31 90 MW U41 112.5 MW
U22 36.86 MW U32 90 MW U42 112.5 MW
U23 36.86 MW U35 1.2 MW U43 112.5 MW
U24 97.00 MW U36 1.2 MW U44 112.5 MW
Plant factor (average) 107.59 MW 87.53 MW 60.10 MW

Source: Power System Engineering Information 2019 (City Light 2019); Table M-1 and General Description of
Mechanical, Electrical and Transmission Equipment of Exhibit M, as approved by FERC by order dated February 2,

2021, with relevant recent updates.

1 All elevations in the table are North American Vertical Datum 1988 (NAVD 88) w/ City of Seattle datum (CoSD)

value in parentheses.

2 2.5-feet risers installed on top of each gate to increase storage capacity by 30,000 acre-feet and annual energy
capability by 10,700 megawatt hours (MWh).
3 Normal operating minimum water surface elevation is defined in the Environmental Assessment (EA) for the
1995 License Order for Ross Lake. For Diablo Lake, the maximum operating drawdown is based on constraints
related to the boathouse; for Gorge it is based on an increased potential for fish stranding, as determined by City
Light fisheries biologists. These elevations may be exceeded for maintenance purposes with appropriate

authorization.

4 Approximately 23 miles and 11,225 acres in the U.S. and 1 mile and 500 acres in Canada.
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5 Shoreline length calculated from Light Detection and Ranging (LiDAR) data collected in 2018 that is in NAVD
88 datum.

6  Approximately 369,315 ft (69.9 miles) in U.S. and 75,742 ft (14.3 miles) in Canada. Shoreline length in Canada
includes small channels and inlets with shallow water.

7  USGS uses 1,440,700 acre-feet as the capacity of Ross Lake.

8  FERC has authorized a second power tunnel at Gorge which has not yet been constructed but could potentially
be developed in the new license term.

9  There are two bifurcated intakes at Diablo Dam but only one is in use; the second intake was for planned future
expansion of the powerhouse and a second tunnel, which were never constructed.

10 Generating capacity is limited to 173 MW at Gorge by head loss from tunnel capacity. In addition, Units 21, 22,
and 23 at Gorge are restricted to a combined maximum of 96 MW due to water and generator bus limitations.

11 The small “house” units (35 and 36) at Diablo are used primarily to provide power to the town, the powerhouse,
and the North Cascades ELC on the north shore of Diablo Lake.

12 Maximum output at Ross is limited to 9,500 cfs and 7,200 cfs at Diablo, consistent with existing water rights for
power production. An application for an additional 6,500 cfs at Ross is pending; the need for additional water
rights at Diablo is being evaluated. The value previously cited for in relicensing documents for Diablo was 7,130
cfs.

3.1.2.1 Ross Development

The Ross Development is the furthest upstream of the three Skagit River Project developments;
the powerhouse and nearby dam are about 11 miles north of Newhalem. Most of the water used
for Skagit River Project power generation originates in high mountain basins surrounding Ross
Lake and upstream along the Skagit River in British Columbia, Canada. The Ross Development
is relatively inaccessible, especially by vehicle. The powerhouse is typically accessed by boat from
Diablo Lake. An approximately 1.5-mile-long gravel road (aka Haul Road) connects the
powerhouse to the dam and reservoir and is used by vehicles barged up Diablo Lake by City Light.
The powerhouse, dam and reservoir are also accessible by foot via several trails:

= Ross Dam Trail, which is one mile long and drops 700 feet from a parking lot along State
Route (SR) 20 at milepost (MP) 134 to the Haul Road, which then connects to the powerhouse,
dam, and reservoir;

= Happy Panther Trail, which starts from the East Bank Trailhead along SR 20 at MP 138 and
runs for 6 miles along Ruby Arm to the Ross Dam Trail and Haul Road; and

= Diablo Lake Trail, which starts at the parking lot near the ELC, runs for nearly 4 miles along
the north side of the lake, crosses a suspension bridge, and ends near Ross Powerhouse and the
start of the Haul Road.

The three trails and the Haul Road are open to pedestrian access by the public. The only vehicle
access (other than the Haul Road) to the reservoir is via a 40-mile-long gravel road from Hope,
British Columbia, to Hozomeen at the very north end of the reservoir. The boat ramps at Hozomeen
provide the only public launches for motorized boats.

Ross Powerhouse is about 1,100 feet downstream of Ross Dam, on the left bank at the eastern end
of Diablo Lake. There are four Westinghouse generating units (Units 41, 42, 43, and 44), each
with a nameplate rating of 112.5 MW. Units 42, 43, and 44 each have an authorized installed
capacity of 91.875 MW, and Unit 41 has an authorized installed capacity of 76.875 MW, for a
total authorized installed capacity of 352.5 MW at the development. Two concrete-lined power
tunnels deliver water from the reservoir to four penstocks and into the powerhouse. There is no
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surge tank. Diablo Lake backs up to the base of Ross Dam and there is no bypass reach or section
of free-flowing river between the two developments.

Ross Dam is immediately upstream of Ross Powerhouse at PRM 105.7 (USGS RM 105.1). At 540
feet from bedrock to crest, it is the highest of the three Project dams. The intake structure is on the
left side of the dam (facing downstream). The dam has two spillways—one on each side and each
with six gates operated by an electric hoist. Two of the spillway gates can be controlled remotely;
the others are operated locally at the dam. In addition to the spillways, Ross Dam has two concrete
lined power tunnel intake structures, two butterfly valves at the 1,346.2-foot NAVD 88 (1,340-
foot CoSD)° level and two hollow jet valves near the right bank at 1,275.2 and 1,260.2 feet NAVD
88 (1,269 and 1,254 feet CoSD). The two sets of valves can be opened to evacuate the reservoir
once water levels drop below the level of the spillway gates. On the top of the dam, a shed houses
two hoists, one for each of the broome gates that close off the six-foot-diameter water supply pipes
to the hollow jet valve. There is also a gantry crane used to raise and lower the broome gates that
isolate the six-foot conduits for the butterfly valves. The road on top of the dam is used by City
Light and NPS vehicles and is open to pedestrian use by the public.

At nearly 23 miles long, Ross Lake is the largest reservoir in western Washington. It extends into
Canada approximately another 1 mile (24 miles total), with about 500 acres in British Columbia.
The reservoir has a surface area of 11,725 acres and storage volume of 1,432,000 acre-feet at the
normal maximum water surface elevation of 1,608.76 feet NAVD 88 (1,602.5 feet CoSD). There
are several sets of debris booms upstream of the dam to keep floating wood and boats out of the
forebay and away from the intake.

3.1.2.2 Diablo Development

The Diablo Development is between the Ross and Gorge developments and in addition to
generating power it reregulates flows between the other two developments. The powerhouse is on
the north side of the Skagit River in the Town of Diablo, about 4,000 feet downstream from Diablo
Dam. Water from the reservoir to the powerhouse is conveyed by a single concrete-lined tunnel
1,900 feet long, that leads to three steel-lined penstocks. There is a surge tank located near the
downstream end of the tunnel, uphill from the powerhouse. Diablo powerhouse, dam, and reservoir
are all accessible by SR 20 and/or short access roads off this highway.

Diablo Powerhouse holds two Westinghouse generators (Units 31 and 32) and each has a
nameplate rating of 90 MW and authorized installed capacity of 78.035 MW. There are also two
smaller, house-unit generators (Units 35 and 36), each with nameplate ratings and authorized
installed capacities of 1.2 MW. Total authorized installed capacity at the development is 158.47
MW. A reinforced-concrete tailrace on the westerly edge of the powerhouse also serves to support
transformers, a switching apparatus, and a crossing for a single-lane road.

City Light is in the process of converting Project information from its older vertical elevation datum (CoSD) to
the more current and standardized elevation datum (NAVD 88). As such, elevations are provided relative to both
data throughout this DLA. The conversion factor between CoSD and NAVD 88 varies depending on location. A
table converting elevation values of common benchmarks, staff gages, and key Project features from CoSD to
NAVD 88 and a map of the same features are appended to this DLA (Appendix C), both of which have been
updated since first being provided in the PAD.

Skagit River Hydroelectric Project Seattle City Light
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Diablo Dam is located at PRM 101.6 (USGS RM 101.2), about five miles upstream of Gorge Dam
and four miles downstream of Ross Dam. The concrete arch dam is 389 feet from bedrock to crest
and has two spillways, one on each side, and a total of 19 spillway gates—7 on the south spillway
and 12 on the north. The three southern-most gates are automated via an electric hoist that can be
locally or remotely operated. The remaining 16 gates are controlled locally at the dam using the
“mule,” an electric motor-driven hydraulic hoist that consists of two hydraulic cylinders to open
or close the associated spillway gate. The mule runs on rails along the road on top of the dam and
is positioned over the desired gate, when needed. The lifting chains for the gates are accessed
below the deck plates on the dam. A valve house on the face of the dam has four outlets—three
butterfly valves that can evacuate water from the reservoir at levels below the spillway gates and
one Larner-Johnson valve that is not used at elevation 1,050.65 feet NAVD 88 (1,044 feet CoSD).
There are two bifurcated intakes on the right side of the dam but only one is in use, as the second
intake was for planned future expansion of the powerhouse and a second tunnel, which were never
constructed. The crest of the dam also serves as a road that provides access to a boat house and
other marine facilities and the ELC. The road across the dam is open to the public from 7 a.m. to
S p.m.

Diablo Lake has a surface area of about 905 acres and gross storage of 88,800 acre-feet at a normal
maximum water surface elevation of 1,211.36 feet NAVD 88 (1,205 feet CoSD). Debris booms
near the dam keep floating wood and boats away from the intakes and spillway gates; other booms
delineate restricted boat use and operational areas on the reservoir.

There is no bypass reach or riverine section between Diablo Dam and Powerhouse. Hydraulic
conditions in this area are controlled by the existence of a gravel/cobble bar located at the
confluence of Stetattle Creek with Gorge Lake and by the orientation of Diablo Powerhouse
outflows. Under normal operations, the reach between Diablo dam and Powerhouse is watered and
hydraulically connected to the upper end of Gorge Lake.

3.1.23 Gorge Development

Gorge Powerhouse is on the left bank (facing downstream) of the Skagit River just upstream of
the Town of Newhalem and can be reached via SR 20 by vehicle bridge across the river or by a
nearby suspension foot bridge. Both bridges are open to pedestrian access by the public. There are
four Westinghouse generating units (Units 21, 22, 23, and 24). Units 21 and 22 each have a
nameplate rating of 36.86 MW and authorized installed capacity of 31.5 MW; Unit 23 has a
nameplate rating of 36.86 MW and authorized installed capacity of 30.2 MW. Unit 24 is
significantly larger, with a nameplate rating of 97 MW and an authorized installed capacity of 96.1
MW. Total authorized installed capacity at the development is 189.3 MW.

In addition to generating power, Gorge Powerhouse is responsible for regulating flows to the river
downstream of the Project for fish protection, as stipulated by the current Project license. Units
21, 22, and 23 are each connected to steel-lined penstocks through 10-foot-diameter, biplane-type
butterfly valves equipped with relief valves, which will discharge a maximum of 65 percent of the
turbine flow at full-load rejection. Equipment has also been installed to allow these valves to open
and stay open for any required period to maintain fish flows after a plant load rejection/shutdown.
Unit 24 is connected to the steel-lined penstock through a 15-foot-diameter butterfly valve.
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Water from Gorge Lake is conveyed via an intake structure in Gorge Dam into an 11,000-foot-
long concrete-lined power tunnel to the powerhouse. The power tunnel passes through the solid
rock slope that is adjacent to the Skagit River and then splits into four penstocks. A surge tank and
riser with restricted orifice is located at the lower end of the tunnel. There are also two adits that
provide access to the power tunnel—one about halfway at Devil’s Elbow and the other near Gorge
Powerhouse. The current Skagit River Project license includes a second power tunnel at the Gorge
Development which has not yet been constructed.

Gorge Dam, located at PRM 97.2 (USGS RM 96.6), is about 2.5 miles upstream of Gorge
Powerhouse and 4 miles downstream from Diablo Dam near Gorge Creek. It is accessed by a short
gravel road off SR 20 and not open to public vehicles. The dam is a combination concrete arch and
gravity structure that rises 300 feet from bedrock to crest; the intake is on the left side. There are
two spillways with gates that are operated by an electric hoist on top of the dam. One gate can be
remotely controlled to a limited height; the other must be opened and closed locally at the dam.
The spillway gates can also be overtopped by up to 5 feet of water if the reservoir elevation were
to go up to 886.51 feet NAVD 88 (880 feet CoSD). Training walls on either side of the spillway
direct water into the river channel downstream. Two low-level outlets on the face of the dam at
elevation 770.3 feet NAVD 88 (764 feet CoSD) can be used to evacuate water from Gorge Lake
below the spillway gate level. Debris booms are positioned to keep floating wood and boats away
from the dam. A log chute allows floating woody debris to be passed downstream of the Project
in a controlled manner, when needed.

Gorge Lake is 4.5 miles long and extends upstream to the base of Diablo Dam. At the normal
maximum water surface elevation of 881.51 feet NAVD 88 (875 feet CoSD), the lake has a surface
area of 235 acres and gross storage of 8,200 acre-feet. During normal operations, water from Gorge
Dam is conveyed to the powerhouse via the 11,000-foot-long power tunnel, creating a 2.5-mile-
long bypass reach of the Skagit River between the dam and the powerhouse. This reach serves as
the active spillway for Gorge Dam. Almost the entire bypass reach and the reservoir are bordered
by SR 20.

3.1.24 Townsites

The Skagit River Project is in a remote location and includes two small towns, Newhalem and
Diablo, that provide the facilities and support services needed for Project operations and
maintenance (O&M). Both towns were originally built to provide housing and services to the
workers constructing the Project, which numbered in the hundreds, depending on the year. As of
July 2022, 32 of the 92 full-time employees who currently work at the Skagit River Project live in
the two towns. Some of the houses are used as temporary lodging for contractors and City Light
staff who normally work elsewhere and seasonal workers; others are rented to staff working for
NPS and the North Cascades Institute (NCI) and the Whatcom County Sheriff’s Office. Most of
the buildings remaining in the two towns are listed in the NRHP. Both towns have emergency
sirens.

Newhalem is located between SR 20 and the Skagit River, just downstream of Gorge Powerhouse
(Figures 3.1-1 and 3.1-6). The northern portion of the town is occupied by Gorge Switchyard and
a large maintenance yard with warehouses, storage buildings, shops, and a water tower. The
remainder of the town includes 28 houses, a variety of other lodging facilities, garages,
administrative offices, a meeting hall, a dining hall, a playground, a firchouse, a wastewater
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treatment plant, a general store, an information center, parking lots, and public restrooms. Heading
from west to east on SR 20, Newhalem is the last town for 60 miles and a frequent stop for travelers
and visitors to the RLNRA. In addition, two popular recreation sites are accessed from
Newhalem—Trail of the Cedars and Ladder Creek Gardens. During the current Project license, a
variety of visitor services have been added in Newhalem, including expanded restrooms, an
information center, parking, electric vehicle charging stations, and interpretive signs. All land
occupied by Newhalem is owned by City Light.

Figure 3.1-6. Newhalem, 1928 and today.

Diablo is about six miles north of Newhalem and one mile off SR 20. Diablo Powerhouse and
Switchyard are in the middle of the town (Figure 3.1-1), dividing it into two sections—one known
as Hollywood and the other as Reflector Bar (Figure 3.1-7). City Light owns the Hollywood area,
which is primarily residential, consisting of 23 houses, nearly all built in the 1950s. It also includes
a firchouse and Ross Lodge, a restored historic building that is used by City Light and available to
NPS and NCI for meetings and small conferences. In addition, there are two NPS trailheads in the
Hollywood area; one for Sourdough Mountain and the other for Stetattle Creek. Wastewater
treatment for the Hollywood area is provided by a large onsite septic system.

Reflector Bar is located on federal lands managed by NPS. Reflector Bar formerly had 12 houses,
also built in the 1950s, but these were removed in 2022 because they were in poor condition and
no longer needed. The land in the housing area is being restored to native habitat in coordination
with NPS. Remaining structures in Reflector Bar include a warehouse, several buildings used for
administrative and maintenance purposes, and a water tower. An incline lift, which was used to
carry workers, visitors, and train cars full of equipment from Diablo up the steep slope to the
elevation of Diablo Lake, is immediately adjacent to Reflector Bar and is no longer operable.
Wastewater treatment for Reflector Bar is provided by an onsite septic system.
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Figure 3.1-7. Reflector Bar area of Diablo, circa 1935 and 2000.

3.1.2.5 Transmission

The Project Boundary includes approximately 351.83 circuit miles of primary transmission lines
connecting the Project to the bulk electrical grid. The lines terminate at Bothell Substation, just
north of Seattle, in Snohomish County; the substation is located partially within the Project
Boundary. The other substation associated with the lines is North Mountain, outside of the Town
of Darrington, which is jointly owned by City Light and Snohomish Public Utility District and
began operations in 1991. This substation gives City Light the ability to interconnect with other
utilities to balance regional supply and demand, if needed. The North Mountain Substation is not
a Project facility and is not within the Project Boundary.

The Project transmission lines are primarily on double-circuit steel lattice towers, although a few
towers have been replaced with monopoles. From Ross Powerhouse to Bothell Substation, the
right-of-way (ROW) is approximately 100 miles long and ranges from 150 to 400 feet wide. The
various components of this system are described below, and a schematic is provided in Figure 3.1-
8.

D1

D2

D3 Bothell Station

G0-NM Nu;ih Mcu;llh NBA-5M 5 ish SH-E0=1
J Substation
Gorge
Switchyard

Rl=Ross 1 @30 KV) D1=Dwablo 1 (230 kv) D3=Diablo 3 (230 kv NM-5N=Narth Mountain-Snohomish (230 kv)
R2=Ross 2 230 kV) D2= Diablo 2 (230 kV) GO-NM=Goarge-Narth Mountain (230 kv) $N-80=1=$nohomish-Bathell 1 (230 kv)
Figure 3.1-8. Transmission single-line diagram.

=  From Ross Powerhouse, two 230-kV transmission lines (R1 and R2) run for about 3.8 miles
along the west side of Diablo Lake, down the hillside past Diablo Dam to Diablo Switchyard.
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= The 230-kV Diablo Switchyard is adjacent to Diablo Powerhouse and serves to connect the
Ross, Diablo, and Gorge developments into the Skagit transmission system (Figure 3.1-9). The
R1 and R2 lines from Ross terminate at the switchyard.

* From Diablo Switchyard, one 230-kV line (D4) runs for 5.8 miles and terminates at Gorge
Switchyard, located just across the river from Gorge Powerhouse. The other three lines (D1,
D2, and D3) run 87.5 miles to the Bothell Switching Substation.

= From the Gorge Switchyard, a single 230-kV line (GO-NM) runs 36.8 miles to the North
Mountain Substation.

=  From there, the NM-SN line extends for 40.6 miles to Bonneville Power Administration’s
Snohomish Substation and then another 7.6 miles to Bothell as SN-BO#1.

Figure 3.1-9. Diablo switchyard.

From Gorge Switchyard to North Mountain Substation, the D1, D2, D3, and GO-NM lines are
mostly within the same ROW, although there are a few sections where the ROW splits, with two
lines in each, due to topographical constraints. At the North Mountain Substation, the NN-SN line
joins the three lines originating at Diablo (D1, D2 and D3) and runs in the same ROW. Similarly,
the SN-BO#1 line joins the ROW from the Snohomish Substation to Bothell. From Ross
Powerhouse to Bothell Substation, the ROW is approximately 100 miles long and ranges from 150
to 400 feet wide.

3.1.2.6 Transportation Infrastructure

Current transportation infrastructure at the Project includes roads, marine facilities, and helipads.
The marine facilities and helipads are displayed in Figure 3.1-10. The railway that was constructed
for the Project was dismantled in 1954. The incline lift that carried rail cars, equipment, and
personnel from Diablo (Reflector Bar) up the hillside to Diablo Lake still exists but is not currently
functional.
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Figure 3.1-10. Helipads and marine facilities for the Skagit River Project.
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Access Routes

The three Project developments were accessible only by rail until the early 1940s when the U.S.
Forest Service (USFS) constructed a dirt road to Newhalem. City Light gradually improved the
road starting in 1954 and eventually extended it to Diablo. Today, the main Project access is via
SR 20, the northern-most, cross-state highway, which was completed in 1972. This road, which is
maintained by the Washington State Department of Transportation (WSDOT), is closed in the
winter (usually from November through mid-April) on both the west and east sides of the Cascades
due to heavy snow and avalanches. The typical closure site on the west side is at the trailhead to
Ross Lake (MP 134), but there are also gates at the bridge over Thunder Arm and at Newhalem.
In most years, avalanches result in temporary closure of the section of highway between Newhalem
and Diablo at least once or twice.

The only vehicle access to the north end of Ross Lake is via the Silver-Skagit Road, a gravel road
which starts in Hope, British Columbia, and extends for approximately 40 miles until it terminates
at the U.S.-Canada border. The Silver-Skagit Road provides access to recreational facilities in
Skagit Valley Provincial Park and transitions into an unnamed road network at Hozomeen within
the RLNRA which is used by recreationists, the NPS, and City Light crews. The Silver-Skagit
Road is closed from November through April of each year. Flooding in 2021 destroyed large
sections of this road and it was closed through 2022 with scheduled repairs to occur in 2023.

Most of the roads associated with the generation facilities and townsites were constructed and are
maintained by City Light. These include the following:
= All roads within the towns of Newhalem and Diablo (paved);

* The roads to Gorge Powerhouse (paved, gated) and Dam (gravel/dirt surface, gated) from
SR 20;

= Diablo Dam Road (paved, gated but open for public access 7 a.m. — 4 p.m.) from SR 20 to the
ELC;

= A short spur road from Diablo Dam Road to the Diablo Lake shoreline west of Sourdough
Creek (gravel);

= A spur road from Diablo Dam Road to the top of the Incline Lift (paved);
= The road to Babcock Communications Tower (gravel/dirt surface, gated) from SR 20;

* The road from Ross Powerhouse to Ross Lake (aka the “Ross Haul Road,” gravel surface) and
associated tunnel;

= Two spur roads off the road to Ross Lake — one to a ferry landing and the other to Ross Dam
(gravel surfaces); and

= Road from SR 20 to the Aggregate Storage Facility near the Newhalem Ponds (aka “Agg
Ponds™) and associated spur roads to ponds and river (gravel/dirt surface, gated).

Although City Light uses all these roads for Project operations, most are also used by other parties,
including recreationists and NPS and NCI staff. Diablo Dam Road and portions of the Ross Haul
Road, in particular, receive substantial use by Ross Lake Resort and the public to access water-
based recreation and NPS trailheads. Babcock Creek Road, in addition to providing access to City
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Light microwave and radio systems, is also used by five other entities with communication
equipment on Babcock ridge. City Light also constructed and maintains some roads to access the
transmission lines. City Light is in the process of documenting all roads used for transmission line
access and will submit this information in the FLA.

Helipads

There are two helipads at the Project—one in Newhalem and the other on Reflector Bar in Diablo
(Figure 3.1-10). The Newhalem helipad is used by a contractor to conduct a survey in late March-
early April of snowpack and water content at the remote snotel station. During times when SR 20
is closed at Newhalem, helicopters shuttle staff and supplies from Newhalem to Diablo where they
can then be transported to Ross Lake or other upriver facilities as needed. There is also a designated
helicopter landing area in a cleared area near Ross Dam, but minor modifications will be needed
to make this site usable for emergencies.

Marine Facilities

Given the relatively limited vehicle access to the Project reservoirs, a variety of boats and
associated docks, landings and storage structures/areas are required to support generation
operations. The locations of marine facilities are shown in Figure 3.1-10.

The bulk of City Light marine facilities are located on Diablo Lake because it is the primary means
of accessing the Ross Development. All materials, vehicles, and staff needed at Ross Powerhouse
or Dam travel by boat. In addition, the current Project license requires that City Light provide a
ferry service for public access to Ross Lake. The marine facilities on Diablo Lake are clustered in
two locations (Figure 3.1-10):

= North shoreline at the west end of Diablo Lake and accessed by Diablo Dam Road:

e Skagit Tour Dock — Used to support public boat tours of Diablo Lake offered by City Light
during the summer months.

e West Ferry Landing — Provides public access via a ferry to the east end of Diablo Lake,
typically from mid-June through October.

e Diablo Boathouse — Provides covered slips and dock moorage for City Light’s boats on
Diablo Lake which include one to three tug boats, two crew boats, a ferry boat, and a tour
boat. This structure also contains the offices for the boat crews and space for maintenance
and storage. There is also an adjacent fueling dock.

e West Barge Landing — Used to load and unload barges of materials going to/from Ross
Powerhouse and Dam.

e West Boat Launch — Used to launch and take out smaller boats.
e ELC Canoe and Kayak Dock.

e Dry Dock and Rail System — Used to take boats out of the water for storage and
maintenance.

= South shoreline at the east end of the reservoir near Ross Powerhouse:
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e Ross Powerhouse Boathouse and Dock — Provides covered storage and docking space for
crew boats and a dock for the tour boat.

e [East Barge Landing — Terminus/return of materials and equipment arriving by barge.

e FEast Boat Ramp — Used to get smaller, trailered boats on and off Diablo Lake and to/from
Ross Lake.

e East Ferry Landing — Loading/unloading dock for visitors travelling to and from Ross
Lake. Visitors can walk to/from the reservoir or be transported via a shuttle run by Ross
Lake Resort, which is privately-owned and operated under a NPS Concessions Contract.
The resort provides the only lodging on Ross Lake.

e Lake Kayak/Canoe Dock — Next to the Ferry Dock; used mostly by visitors needing to
shuttle non-motorized craft to Ross Lake.

e East Dock — Built by City Light for NPS to temporarily moor small boats used to patrol
Diablo Lake.

Other marine facilities on Diablo Lake are operated and maintained by NPS; these include a boat
ramp and dock at Colonial Creek Campground and a nearby boathouse.

Access to Ross and Gorge lakes is not routinely needed by City Light staff and is generally limited
to crews managing wood on these lakes, performing inspection and maintenance of the dams and
appurtenances, or engaged in scientific data collection. On Gorge Lake there is a paved boat ramp
and dock in Gorge Campground that is primarily used by the public. There is also a primitive boat
ramp in the Reflector Bar section of Diablo that is used by City Light only if the water level in
Gorge Lake is too low to use the launch at the campground.

On the southern end of Ross Lake, City Light built and maintains a boathouse on the face of the
dam that floats up and down with reservoir elevation (Figure 3.1-11). This facility is accessed via
a locked gate and stairs from the top of Ross Dam. The boathouse, which is shared with NPS and
U.S. Customs and Border Patrol, has two covered docks/slips and an external dock on each side.
There is also a boat launch and dock on the east side of Ross Lake just upstream of Ross Dam.
Use of this boat launch and dock is shared by City Light, NPS, and Ross Lake Resort. The only
fueling dock on the reservoir is at Ross Lake Resort. City Light purchases fuel for its boats used
on Ross Lake at this facility. NPS has a boat ramp and dock at the northern end of Ross Lake
which is used by City Light when needed.
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Figure 3.1-11. Ross Lake boathouse.

3.1.2.7 Recreation Facilities

City Light operates and maintains a number of recreation, interpretive, and visitor facilities at the
Project, several of which are Project recreation facilities as listed below (Figure 3.1-12):
(1) North Cascades Environmental Learning Center;

(2) Skagit Tour Dock;

3) Diablo Dam Parking Area;

(4) West Ferry Landing;

(5) East Ferry Landing;

(6) Ross Lodge Picnic Shelter;

(7) Gorge Lake Boat Launch;

(8) Ladder Creek Falls Trail and Gardens;

)} Trail of the Cedars;

(10)  Gorge Powerhouse Visitor Gallery;

(11)  Gorge Powerhouse Parking Area;

(12)  Skagit Information Center and restrooms;

(13)  Gorge Inn Museum;

(14) Newhalem Picnic Sites;

(15) Newhalem Parking Areas and complimentary vehicle charging station;

(16) Newhalem Interpretive Displays; and

(17) Newhalem Playground.

These recreation facilities are described in detail in Section 4.2.6.1 of this Exhibit E.
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Figure 3.1-12. City Light recreation facilities of the Skagit River Project (page 1 of 2).

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 3-22 December 2022



Draft License Application Exhibit E

Skagit River Hydroelectric Project
(FERC No. 553)

[J FERC Project Boundary
Mitigation Parcel
+ Project River Miles (PRM)
[ National Park Service
[ National Recreation Area (NPS)
® Recreation Site (Seautle City Light)

Figure 3.1-12. City Light recreation facilities of the Skagit River Project (page 2 of 2).
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3.1.2.8 Other Facilities

City Light owns and/or maintains a few other auxiliary facilities, including:

= A trailer/bunkhouse and storage building at Hozomeen Camp on the northern end of Ross
Lake;

= A primitive boat ramp on the Skagit River near Newhalem Ponds, just south of Newhalem;

= A storage yard for aggregate materials, including wood, rock, and soil near Newhalem Ponds,
just south of Newhalem (Aggregate Storage Facility);

= The Happy Creek Diversion, which diverts Happy Creek into Ross Lake from its original
outfall downstream of Ross Powerhouse;

= The Babcock Communications Site, which includes a shelter and 120-foot-tall
communications tower on Babcock ridge. City Light facilities at this site include: a portion of
a microwave link to Seattle (Newhalem-Babcock-Segelsen-Eagle Ridge-Bothell); a repeater
site for an 800-megahertz (MHz) radio system; and a remote base site for a 37-MHz radio
system. Non-Project facilities at this site include: Whatcom County Sheriff’s Office UHF
repeater; Skagit County Fire and HEAR VHF remote base; WSDOT 700/800 MHz repeaters;
Verizon Wireless cell equipment (shelter and stand-by generator); and AT&T mobility cell
equipment (located on the roof of City Light’s shelter). Both cell carriers have panel and
microwave antennas mounted on City Light’s tower. A fiber optic cable from the Babcock
Communication Tower to Newhalem is mounted on the distribution lines that provide power
to the site;

= Various other communication and fiber optic cables mounted on transmission line towers
and/or distribution poles or underwater;

= Stream gages to measure inflows to Ross Lake and Diablo Lake and flows in the Skagit River
downstream of the Project. Under an agreement with City Light, USGS installed and maintains
eight gages in the U.S. The gages for Ross Lake are on Big Beaver and Ruby creeks; the Diablo
gage is on Thunder Creek. The downstream gages are on the Skagit River at Newhalem, near
the bridge to Trail of the Cedars; Newhalem Creek, upstream of the diversion for the
Newhalem Creek Hydroelectric Project; Bacon Creek below Oakes Creek; the Cascade River
at Marblemount; and the Skagit River at Marblemount, just upstream of the confluence with
the Cascade River. Another gage was recently installed on the Skagit River several miles
upstream of Ross Lake in British Columbia. It is maintained by Environment and Climate
Change Canada under an agreement with City Light; and

= Various survey station pedestals and associated structures on and near the dams.

3.1.2.9 Off-channel Fish Habitat Sites

Under Article 401 of the current Project license, City Light developed and maintains six sites to
provide off-channel spawning and rearing habitat for Chum Salmon (Figure 3.1-13). These
include:

= Newhalem Ponds and County Line Ponds — Originally formed in two areas along the river
south of Newhalem that were used to mine gravel for Project construction. City Light ensures
that the connections between the ponds and the river are maintained at both sites.
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= Park Slough — Originally developed by the Department of Fisheries on land managed by NPS,
City Light took over maintenance of the site beginning in 1995.

= Taylor Spawning Channel — Developed on USFS property upstream of the Town of
Marblemount.

=  Powerline Spawning Channel — Developed within the transmission line corridor on the City
Light’s Illabot North wildlife mitigation parcel.

= Jllabot Spawning Channel — Developed on City Light’s Illabot North wildlife mitigation parcel
about one-quarter mile downstream of Powerline Channel Boundary.

3.1.2.10 Fish and Wildlife Mitigation Lands

City Light owns multiple parcels of lands in the Skagit, Sauk, and South Fork Nooksack
watersheds managed for wildlife and fish habitat, totaling approximately 10,804 acres (Table 3.1-
2). All of the fish and wildlife mitigation lands are within the current Project Boundary (Figure
3.1-14).°

Table 3.1-2. Skagit River Project fish and wildlife mitigation lands.
Property Name Fish or Wildlife Program Acres

North Sauk Wildlife 45.6
Dan Creek Wildlife 42.1
Everett Creek Wildlife 38.5
North Everett Creek Wildlife 173.8
Sauk Island Wildlife 213
Nooksack — Main Wildlife 3,627.4
Nooksack West Wildlife 388.9
Nooksack — Olivine Ends Wildlife 226.7
Bear Lake Wildlife 154.9
Savage Slough' Fish and Wildlife 211.1
Pressentin Wildlife 637.0
Finney Creek Wildlife 641.5
McLeod Slough Wildlife 126.0
Napoleon Slough Wildlife 61.6
False Lucas Slough Wildlife 203.6
Barnaby Slough Wildlife 225.5
O’Brien Slough Wildlife 47.2
Illabot North Wildlife 725.9
Illabot South Wildlife 2,521.8
South Marble 40 Wildlife 41.1
B&W Road 2 Wildlife 10.9

¢ In 2020, City Light amended the Project Boundary to include additional fish and wildlife mitigation lands that
were recently acquired under ongoing implementation of the current Project license (April 1, 2020 request to
amend Exhibit K, as modified in its August 19, 2020 Response to FERC’s May 21, 2020 Additional Information
Request). Project Boundary acreage values presented herein are those approved by the February 2, 2021 Order
Amending License, Approving Revised Exhibits K and M, and Revising Annual Charges (174 FERC 9] 62,066).
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Property Name Fish or Wildlife Program Acres
B&W Road 1 Wildlife 79.4
Bacon Creek Wildlife 118.8
Corkindale Creek Wildlife 142.6
County Line Ponds Fish 56.3
Newhalem Ponds Fish 111.11
Bogert and Tam Fish 16.9
Johnson Slough Fish 67.5
Day Creek Slough Fish 38.4

Total: 10,803.4

1 Acreage includes approximately 4-acre storage area that is dedicated to Project operations.
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Figure 3.1-13. Off-site fish habitat sites of the Skagit River Project (page 1 of 3).
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Figure 3.1-14. Fish and wildlife mitigation lands of the Skagit River Project.
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3.1.2.11 Project Boundary

The Skagit River Project Boundary is located in the traditional territory of several Indian Tribes
and Canadian First Nations and encompasses 32,773 acres and includes all Project facilities,
including the dams, powerhouses, reservoirs, power tunnels, switchyards, transmission lines, and
the towns of Newhalem and Diablo, as well as all fish and wildlife mitigation lands and Project
recreation sites (Figure 3.1-15). It terminates in Washington State, at the U.S.-Canada border, and
thus does not include the lands and waters around and within Ross Lake in Canada. Most of the
City Light-owned fish and wildlife mitigation lands, as well as the USFS-managed Marblemount
and Sauk River boat launches, are non-continuous features within the Project Boundary and are
mapped as “islands”.

The Skagit River Project encompasses 19,233.51 acres of federal lands administered by the NPS
and USFS —19,007.01 acres that are non-transmission related, and 226.5 acres in the transmission
line ROW.’

The Project Boundary along Diablo and Gorge lakes extends about 200 feet (horizontal
measurement) beyond the normal maximum water surface elevation. For Ross Lake, the Project
Boundary was established to accommodate potential future development subject to the High Ross
Treaty. As a result, the Project Boundary around Ross Lake extends up several of the major
tributaries, including Big Beaver, Little Beaver, Lightning, and Ruby creeks. While included
within the Project Boundary, lands associated with the inundation zone of High Ross (5,213.78
acres)® are not impacted by Project operations.

7 Inresponse to FERC’s May 21, 2020 Additional Information Request, City Light submitted revised Exhibits K
and M, which include updated federal lands values. Federal land acreage values presented herein are those
approved by the February 2, 2021 Order Amending License, Approving Revised Exhibits K and M, and Revising
Annual Charges (174 FERC 9 62,066).

Per February 2, 2021 Order Amending License, Approving Revised Exhibits K and M, and Revising Annual
Charges (174 FERC 9§ 62,066).

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 3-31 December 2022



Draft License Application Exhibit E

Skagit River Hydroelectric Project
(FERC No. 553)

EA Mitgation Parcel W US, Forest Service
4+ Project River Miles WA Nanal
(FRM) Rescurces

Figure 3.1-15. Skagit River Project vicinity land ownership (page 1 of 3).
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3.1.3 Project Safety

The Skagit River Project has been operating for more than 27 years under the current Project
license and during this time, Commission staff has conducted operational inspections focusing on
the continued safety of the structures, identification of unauthorized modifications, efficiency and
safety of operations, compliance with the terms of the license, and proper maintenance. In addition,
the project has been inspected and evaluated every 5 years by an independent consultant and a
consultant’s safety report has been submitted for Commission review. As part of the relicensing
process, the Commission staff would evaluate the continued adequacy of the proposed Project
facilities under a new license. Special articles would be included in any license issued, as
appropriate. Commission staff would continue to inspect the Project during the new license term
to assure continued adherence to Commission-approved plans and specifications, special license
articles relating to construction (if any), operation and maintenance, and accepted engineering
practices and procedures.

3.14 Project Operations

The three Project developments are hydraulically coordinated to operate as a single project. Project
operation under the current license is designed to meet and prioritize four objectives: (1) flood risk
management; (2) salmon and steelhead protection flows downstream of Gorge Powerhouse; (3)
recreation; and (4) power generation. To achieve these goals, City Light must adhere to specific
current license requirements for Ross Lake levels and for streamflows and ramping rates
downstream of Gorge Powerhouse.

3.1.4.1 Reservoir Operations
Ross Development

Ross Lake, the impoundment created by Ross Dam, is the largest of the three Project reservoirs
with a usable storage capacity of 1,063,000 acre-feet. If needed, the reservoir can be surcharged
by 5.5 feet to the top of the spillway gates to absorb an additional 69,000 acre-feet (U.S. Army
Corps of Engineers [USACE] 2002). City Light operates Ross Lake to provide storage for
downstream flood risk management; downstream fish protection; recreation at the lake; and power
production.

Monthly minimum, average, and maximum water surface elevations at Ross Lake for the period
1988-2020 are provided in Table 3.1-3.

Under existing operations, Ross Lake is drawn down on a yearly basis during winter to capture
flows from spring runoff and to provide for downstream flood risk management. The drawdown
typically begins the Tuesday after Labor Day and continues until the lake reaches its lowest level
in late March or early April. Article 301 of the current license requires City Light to draw down
Ross Lake to a level that provides 60,000 acre-feet of storage for flood risk management by
November 15 and 120,000 acre-feet by December 1, and to maintain this available storage through
March 15. City Light must also comply with Details of Regulation for Use of Storage Allocated
for Flood Control in Ross Reservoir, Skagit River, WA (USACE 1967), which is incorporated into
the Project license by reference. This document was updated in 2002 and provides the current
guidance for Project operations for flood risk management.
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Flood risk management operations are initiated by the Seattle District, USACE, Reservoir Control
Center whenever it receives a flood forecast from the National Weather Service (NWS), Northwest
River Forecast Center (NWRFC), or a flood forecast prepared internally indicating that natural
flows at Concrete will reach 90,000 cfs in 8 hours on a rising flood. The Reservoir Control Center
notifies City Light and initiates an official flood risk management operation at that time. This flood
notification is referred to as an “Official Flood Control Notice (OFCN).” The OFCN is logged by
the Reservoir Control Center and City Light at the time it is issued/received. The Reservoir Control
Center also notifies the System Control Center (SCC) and cancels the OFCN when the flood risk
management operation is ended. During the flood period through which the Reservoir Control
Center controls operations of the Project, City Light retains the right to discharge up to 5,000 cfs
from Ross (plus or minus 20 percent allowances for operational latitude) as such flows are
necessary for normal generation at the other two Project developments. Additionally, Ross Lake
may be surcharged if the water surface elevation reaches 1,608.76 feet NAVD 88 (1,602.5 feet
CoSD) before flood recession occurs to provide the additional reduction of release downstream.

The Skagit River Project Water Control Manual (USACE 2002) describes the USACE water
control plan for the Skagit River Project, which is the maximum beneficial use of flood risk
management storage at Ross to reduce flooding in the lower Skagit Valley during the October-
March flood season. During flood events, both Ross and Upper Baker are coordinated concurrently
by the Reservoir Control Center to optimize their combined flood risk management storage. See
Section 2.3.3 of Exhibit B of this DLA for additional details about the flood risk management
procedure during a flood event.

Ross Lake water surface elevation is also managed to meet recreational needs during the summer
months. Article 403 of the current license requires City Light to fill Ross Lake as soon as possible
after April 15, achieve normal maximum water surface elevation depth by July 31, and maintain
normal maximum water surface elevation depth through Labor Day.
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Draft License Application Exhibit E
Table 3.1-3. Monthly minimum, average, and maximum elevations (feet, NAVD 88) into Ross Lake (1988-2020).
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Maximum | 1,558.8 | 1,541.7 | 1,520.5 | 1,530.3 | 1,575.6 | 1,603.4 | 1,608.4 | 1,608.4 | 1,603.4 | 1,595.3 | 1,591.1 | 1,582.7 | 1,608.4
1988 | Average 1,550.8 | 1,532.5 | 1,508.1 | 1,510.6 | 1,551.2 | 1,590.5 | 1,607.3 | 1,606.2 | 1,599.5 | 1,593.0 | 1,587.2 | 1,579.2 | 1,568.1
Minimum | 1,543.1 | 1,521.6 | 1,498.6 | 1,496.7 | 1,531.0 | 1,576.2 | 1,603.6 | 1,603.6 | 1,595.5 | 1,589.1 | 1,583.1 | 1,575.0 | 1,496.7
Maximum | 1,574.5 | 1,548.7 | 1,512.6 | 1,526.9 | 1,569.8 | 1,607.4 | 1,608.7 | 1,608.7 | 1,605.0 | 1,597.9 | 1,597.1 | 1,598.3 | 1,608.7
1989 | Average 1,562.7 | 1,532.1 | 1,502.6 | 1,509.8 | 1,553.8 | 1,596.2 | 1,608.3 | 1,607.1 | 1,601.7 | 1,594.6 | 1,592.7 | 1,594.6 | 1,571.7
Minimum | 1,549.3 | 1,514.4 | 1,498.2 | 1,496.8 | 1,528.2 | 1,571.8 | 1,607.7 | 1,605.4 | 1,598.1 | 1,591.1 | 1,586.9 | 1,591.3 | 1,496.8
Maximum | 1,591.0 | 1,572.2 | 1,544.4 | 1,541.9 | 1,567.3 | 1,605.1 | 1,608.8 | 1,608.6 | 1,608.2 | 1,602.5 | 1,608.4 | 1,599.7 | 1,608.8
1990 | Average 1,584.2 | 1,559.2 | 1,530.6 | 1,529.9 | 1,554.2 | 1,587.7 | 1,608.1 | 1,608.3 | 1,604.2 | 1,601.4 | 1,602.8 | 1,596.8 | 1,580.8
Minimum | 1,573.3 | 1,545.5 | 1,519.9 | 1,519.9 | 1,541.8 | 1,568.8 | 1,606.1 | 1,607.9 | 1,599.7 | 1,599.2 | 1,598.1 | 1,593.4 | 1,519.9
Maximum | 1,593.3 | 1,575.7 | 1,553.6 | 1,524.7 | 1,553.1 | 1,597.9 | 1,608.7 | 1,608.7 | 1,608.1 | 1,602.9 | 1,594.7 | 1,591.9 | 1,608.7
1991 | Average 1,584.5 | 1,566.8 | 1,540.7 | 1,522.2 | 1,534.0 | 1,573.7 | 1,606.1 | 1,608.4 | 1,605.5 | 1,598.7 | 1,593.5 | 1,589.7 | 1,577.1
Minimum | 1,573.5 | 1,554.3 | 1,524.8 | 1,519.1 | 1,520.5 | 1,554.3 | 1,599.3 | 1,608.1 | 1,603.1 | 1,594.7 | 1,591.5 | 1,584.8 | 1,519.1
Maximum | 1,584.1 | 1,570.9 | 1,551.0 | 1,550.0 | 1,582.5 | 1,603.0 | 1,604.2 | 1,599.9 | 1,594.6 | 1,593.3 | 1,586.2 | 1,572.5 | 1,604.2
1992 | Average 1,574.3 | 1,561.8 | 1,543.6 | 1,540.8 | 1,568.5 | 1,593.0 | 1,602.4 | 1,597.7 | 1,593.5 | 1,590.5 | 1,579.4 | 1,564.9 | 1,575.9
Minimum | 1,567.2 | 1,551.4 | 1,539.7 | 1,538.1 | 1,551.5 | 1,583.5 | 1,599.6 | 1,594.7 | 1,592.4 | 1,586.5 | 1,572.9 | 1,558.3 | 1,538.1
Maximum | 1,557.6 | 1,539.0 | 1,522.3 | 1,525.8 | 1,583.8 | 1,605.7 | 1,608.6 | 1,608.7 | 1,608.0 | 1,602.7 | 1,597.0 | 1,581.7 | 1,608.7
1993 | Average 1,547.4 | 1,531.2 | 1,520.0 | 1,523.3 | 1,553.5 | 1,597.6 | 1,607.3 | 1,608.5 | 1,605.7 | 1,599.6 | 1,589.3 | 1,578.4 | 1,572.1
Minimum | 1,539.4 | 1,522.0 | 1,518.2 | 1,522.2 | 1,526.3 | 1,585.2 | 1,605.8 | 1,608.1 | 1,602.9 | 1,597.3 | 1,581.9 | 1,573.6 | 1,518.2
Maximum | 1,573.4 | 1,559.3 | 1,546.2 | 1,556.2 | 1,586.1 | 1,601.5 | 1,606.7 | 1,605.9 | 1,600.7 | 1,592.3 | 1,585.7 | 1,576.3 | 1,606.7
1994 | Average 1,567.3 | 1,550.4 | 1,5449 | 1,547.9 | 1,572.8 | 1,593.9 | 1,605.1 | 1,604.0 | 1,596.6 | 1,588.1 | 1,580.4 | 1,572.8 | 1,577.2
Minimum | 1,559.6 | 1,542.9 | 1,543.4 | 1,544.0 | 1,556.9 | 1,586.5 | 1,601.9 | 1,600.8 | 1,592.5 | 1,585.8 | 1,575.3 | 1,569.8 | 1,542.9
Maximum | 1,572.6 | 1,551.0 | 1,546.8 | 1,523.9 | 1,560.3 | 1,594.7 | 1,608.4 | 1,608.7 | 1,605.5 | 1,602.0 | 1,608.6 | 1,607.9 | 1,608.7
1995 | Average 1,560.4 | 1,548.1 | 1,535.5 | 1,518.2 | 1,532.3 | 1,580.3 | 1,604.1 | 1,607.5 | 1,603.4 | 1,601.1 | 1,602.4 | 1,597.9 | 1,574.5
Minimum | 1,548.8 | 1,544.2 | 1,524.6 | 1,514.0 | 1,514.3 | 1,562.5 | 1,595.8 | 1,605.8 | 1,601.3 | 1,600.0 | 1,598.3 | 1,593.6 | 1,514.0
Maximum | 1,596.0 | 1,586.0 | 1,581.4 | 1,567.8 | 1,571.4 | 1,597.1 | 1,608.2 | 1,608.2 | 1,607.5 | 1,601.3 | 1,596.3 | 1,590.8 | 1,608.2
1996 | Average 1,593.5 | 1,583.3 | 1,574.3 | 1,565.3 | 1,566.2 | 1,587.2 | 1,605.6 | 1,607.7 | 1,605.2 | 1,598.9 | 1,593.7 | 1,585.8 | 1,588.9
Minimum | 1,586.6 | 1,581.8 | 1,566.0 | 1,561.8 | 1,562.9 | 1,571.7 | 1,597.8 | 1,607.2 | 1,601.7 | 1,596.4 | 1,590.9 | 1,579.2 | 1,561.8
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Maximum | 1,580.7 | 1,569.4 | 1,550.1 | 1,537.9 | 1,583.2 | 1,608.4 | 1,608.5 | 1,608.6 | 1,608.1 | 1,608.5 | 1,605.3 | 1,593.6 | 1,608.6
1997 | Average 1,574.9 | 1,561.5 | 1,539.9 | 1,532.7 | 1,554.2 | 1,603.0 | 1,608.3 | 1,608.2 | 1,607.3 | 1,605.9 | 1,599.4 | 1,588.1 | 1,582.1
Minimum | 1,568.0 | 1,551.0 | 1,531.6 | 1,528.6 | 1,532.8 | 1,586.9 | 1,608.0 | 1,607.9 | 1,606.6 | 1,604.0 | 1,593.8 | 1,583.0 | 1,528.6
Maximum | 1,583.0 | 1,566.0 | 1,551.0 | 1,533.1 | 1,576.4 | 1,603.8 | 1,608.6 | 1,608.5 | 1,603.8 | 1,595.2 | 1,583.7 | 1,579.0 | 1,608.6
1998 | Average 1,574.4 | 1,559.3 | 1,540.5 | 1,525.2 | 1,558.3 | 1,593.8 | 1,607.7 | 1,607.2 | 1,599.5 | 1,589.8 | 1,580.3 | 1,576.8 | 1,576.2
Minimum | 1,566.4 | 1,551.7 | 1,534.0 | 1,519.7 | 1,527.4 | 1,577.8 | 1,604.4 | 1,604.0 | 1,595.5 | 1,584.0 | 1,579.0 | 1,574.4 | 1,519.7
Maximum | 1,577.1 | 1,559.2 | 1,529.2 | 1,495.2 | 1,519.2 | 1,583.4 | 1,608.5 | 1,608.6 | 1,607.4 | 1,600.3 | 1,605.4 | 1,597.3 | 1,608.6
1999 | Average 1,569.7 | 1,545.2 | 1,510.8 | 1,481.6 | 1,491.8 | 1,551.1 | 1,600.9 | 1,607.4 | 1,604.2 | 1,597.1 | 1,598.1 | 1,596.3 | 1,563.1
Minimum | 1,560.1 | 1,530.3 | 1,496.1 | 1,473.1 | 1,484.0 | 1,521.4 | 1,585.0 | 1,606.1 | 1,600.7 | 1,593.7 | 1,592.9 | 1,594.7 | 1,473.1
Maximum | 1,594.4 | 1,569.4 | 1,544.2 | 1,535.6 | 1,565.7 | 1,604.7 | 1,608.5 | 1,608.6 | 1,605.6 | 1,599.6 | 1,592.7 | 1,578.4 | 1,608.6
2000 |Average 1,583.5 | 1,557.4 | 1,533.0 | 1,527.9 | 1,547.9 | 1,587.1 | 1,607.1 | 1,607.5 | 1,602.4 | 1,596.1 | 1,586.2 | 1,570.4 | 1,575.6
Minimum | 1,570.1 | 1,545.1 | 1,522.7 | 1,521.7 | 1,536.1 | 1,566.6 | 1,605.0 | 1,605.9 | 1,599.1 | 1,593.0 | 1,578.7 | 1,563.7 | 1,521.7
Maximum | 1,563.3 | 1,554.1 | 1,544.5 | 1,538.8 | 1,570.9 | 1,591.7 | 1,597.3 | 1,596.2 | 1,591.0 | 1,584.1 | 1,585.9 | 1,585.1 | 1,597.3
2001 |Average 1,559.9 | 1,549.8 | 1,540.0 | 1,535.6 | 1,551.8 | 1,582.5 | 1,596.1 | 1,593.5 | 1,587.4 | 1,580.3 | 1,581.0 | 1,582.6 | 1,570.2
Minimum | 1,554.5 | 1,544.9 | 1,537.1 | 1,533.8 | 1,539.5 | 1,572.0 | 1,592.2 | 1,591.0 | 1,584.4 | 1,577.5 | 1,576.3 | 1,581.0 | 1,533.8
Maximum | 1,585.2 | 1,569.4 | 1,550.4 | 1,523.7 | 1,547.8 | 1,605.3 | 1,608.6 | 1,608.5 | 1,607.4 | 1,603.4 | 1,595.8 | 1,589.1 | 1,608.6
2002 |Average 1,579.6 | 1,558.1 | 1,534.1 | 1,5184 | 1,527.4 | 1,580.1 | 1,607.6 | 1,608.0 | 1,605.4 | 1,600.4 | 1,592.1 | 1,586.2 | 1,574.9
Minimum | 1,570.6 | 1,551.1 | 1,517.9 | 1,510.9 | 1,521.2 | 1,550.2 | 1,605.4 | 1,607.4 | 1,603.6 | 1,596.3 | 1,589.3 | 1,584.4 | 1,510.9
Maximum | 1,584.3 | 1,576.8 | 1,565.3 | 1,567.7 | 1,585.3 | 1,607.5 | 1,608.6 | 1,608.6 | 1,604.0 | 1,607.6 | 1,604.0 | 1,593.9 | 1,608.6
2003 |Average 1,577.4 | 1,572.1 | 1,562.6 | 1,567.0 | 1,572.0 | 1,600.3 | 1,608.1 | 1,606.5 | 1,600.4 | 1,598.4 | 1,600.0 | 1,590.9 | 1,588.1
Minimum | 1,570.4 | 1,564.5 | 1,558.4 | 1,565.9 | 1,567.5 | 1,586.8 | 1,607.2 | 1,604.1 | 1,596.2 | 1,592.2 | 1,594.5 | 1,586.3 | 1,558.4
Maximum | 1,585.9 | 1,563.7 | 1,534.7 | 1,554.3 | 1,591.6 | 1,608.5 | 1,608.4 | 1,608.3 | 1,607.0 | 1,604.7 | 1,595.3 | 1,594.0 | 1,608.5
2004 | Average 1,574.8 | 1,548.7 | 1,531.9 | 1,544.1 | 1,574.6 | 1,603.6 | 1,608.3 | 1,607.0 | 1,606.1 | 1,600.9 | 1,589.7 | 1,590.9 | 1,581.8
Minimum | 1,564.4 | 1,533.2 | 1,530.0 | 1,535.1 | 1,555.7 | 1,592.1 | 1,608.1 | 1,606.2 | 1,605.0 | 1,595.9 | 1,585.8 | 1,585.8 | 1,530.0
Maximum | 1,593.0 | 1,591.9 | 1,579.9 | 1,582.2 | 1,597.6 | 1,604.1 | 1,608.0 | 1,608.4 | 1,607.1 | 1,599.5 | 1,593.5 | 1,577.8 | 1,608.4
2005 |Average 1,586.6 | 1,586.1 | 1,576.9 | 1,576.5 | 1,590.3 | 1,600.8 | 1,606.6 | 1,608.1 | 1,603.0 | 1,597.2 | 1,584.4 | 1,572.2 | 1,590.8
Minimum | 1,578.6 | 1,580.3 | 1,575.6 | 1,575.2 | 1,582.7 | 1,597.9 | 1,604.4 | 1,607.4 | 1,599.0 | 1,594.2 | 1,578.3 | 1,567.0 | 1,567.0
Maximum | 1,577.5 | 1,566.4 | 1,539.1 | 1,511.1 | 1,566.3 | 1,604.3 | 1,608.6 | 1,608.5 | 1,607.2 | 1,600.6 | 1,604.9 | 1,595.3 | 1,608.6
2006 |Average 1,573.9 | 1,554.8 | 1,518.6 | 1,502.7 | 1,535.8 | 1,589.8 | 1,607.4 | 1,608.2 | 1,604.4 | 1,597.7 | 1,599.3 | 1,592.9 | 1,574.0
Minimum | 1,566.9 | 1,540.2 | 1,501.1 | 1,499.5 | 1,512.5 | 1,567.8 | 1,604.7 | 1,607.4 | 1,600.8 | 1,595.1 | 1,594.8 | 1,589.8 | 1,499.5
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Maximum | 1,590.3 | 1,570.6 | 1,554.9 | 1,556.7 | 1,589.3 | 1,608.5 | 1,608.5 | 1,608.1 | 1,606.6 | 1,599.5 | 1,591.6 | 1,592.4 | 1,608.5
2007 |Average 1,583.2 | 1,558.9 | 1,547.8 | 1,554.7 | 1,569.2 | 1,605.4 | 1,608.2 | 1,607.6 | 1,603.7 | 1,596.9 | 1,588.1 | 1,589.7 | 1,584.6
Minimum | 1,571.5 | 1,547.8 | 1,539.6 | 1,552.1 | 1,554.2 | 1,591.5 | 1,607.9 | 1,606.7 | 1,599.6 | 1,592.0 | 1,584.8 | 1,584.1 | 1,539.6
Maximum | 1,585.4 | 1,559.3 | 1,533.4 | 1,508.9 | 1,570.8 | 1,606.3 | 1,607.9 | 1,608.3 | 1,607.7 | 1,598.9 | 1,597.0 | 1,593.6 | 1,608.3
2008 |Average 1,574.2 | 1,5449 | 1,521.4 | 1,500.6 | 1,525.2 | 1,590.4 | 1,607.6 | 1,607.9 | 1,603.9 | 1,595.2 | 1,594.0 | 1,588.0 | 1,571.2
Minimum | 1,560.2 | 1,533.6 | 1,510.0 | 1,494.7 | 1,495.5 | 1,573.1 | 1,607.2 | 1,607.2 | 1,599.3 | 1,590.9 | 1,589.8 | 1,582.3 | 1,494.7
Maximum | 1,582.0 | 1,573.9 | 1,558.4 | 1,548.6 | 1,584.2 | 1,608.1 | 1,608.4 | 1,608.2 | 1,607.2 | 1,603.0 | 1,602.4 | 1,595.4 | 1,608.4
2009 |Average 1,579.3 | 1,565.9 | 1,553.0 | 1,546.0 | 1,561.8 | 1,603.6 | 1,607.8 | 1,607.4 | 1,605.6 | 1,600.7 | 1,599.5 | 1,589.9 | 1,585.2
Minimum | 1,574.5 | 1,558.7 | 1,547.9 | 1,544.3 | 1,548.9 | 1,586.5 | 1,607.3 | 1,606.7 | 1,603.2 | 1,598.5 | 1,595.7 | 1,583.8 | 1,544.3
Maximum | 1,583.5 | 1,575.5 | 1,563.0 | 1,553.4 | 1,573.6 | 1,606.3 | 1,608.1 | 1,608.1 | 1,606.6 | 1,604.6 | 1,589.7 | 1,585.5 | 1,608.1
2010 |Average 1,580.1 | 1,568.7 | 1,558.1 | 1,551.0 | 1,560.3 | 1,593.1 | 1,607.3 | 1,607.5 | 1,604.7 | 1,599.7 | 1,588.4 | 1,583.9 | 1,583.7
Minimum | 1,576.2 | 1,563.4 | 1,553.6 | 1,548.6 | 1,553.2 | 1,575.0 | 1,606.2 | 1,606.6 | 1,603.2 | 1,589.0 | 1,585.0 | 1,582.0 | 1,548.6
Maximum | 1,582.9 | 1,576.9 | 1,557.4 | 1,530.8 | 1,541.0 | 1,592.8 | 1,608.6 | 1,608.5 | 1,606.5 | 1,602.2 | 1,597.1 | 1,589.3 | 1,608.6
2011 | Average 1,579.6 | 1,569.0 | 1,542.5 | 1,524.5 | 1,521.6 | 1,571.3 | 1,604.3 | 1,607.5 | 1,603.3 | 1,599.9 | 1,590.3 | 1,583.9 | 1,574.9
Minimum | 1,575.9 | 1,558.4 | 1,530.5 | 1,514.8 | 1,511.7 | 1,542.8 | 1,594.0 | 1,606.5 | 1,601.2 | 1,597.4 | 1,586.5 | 1,579.3 | 1,511.7
Maximum | 1,581.1 | 1,568.1 | 1,541.2 | 1,535.2 | 1,569.2 | 1,595.8 | 1,607.9 | 1,607.8 | 1,606.1 | 1,602.1 | 1,602.7 | 1,592.9 | 1,607.9
2012 | Average 1,576.4 | 1,555.5 | 1,527.9 | 1,517.9 | 1,550.6 | 1,586.3 | 1,604.7 | 1,607.1 | 1,603.4 | 1,598.4 | 1,596.9 | 1,588.3 | 1,576.2
Minimum | 1,568.7 | 1,542.2 | 1,518.1 | 1,512.3 | 1,536.5 | 1,570.9 | 1,597.1 | 1,606.3 | 1,600.0 | 1,5959 | 1,593.1 | 1,580.6 | 1,512.3
Maximum | 1,579.8 | 1,551.9 | 1,526.5 | 1,527.2 | 1,577.7 | 1,601.7 | 1,608.2 | 1,608.1 | 1,607.8 | 1,608.2 | 1,596.8 | 1,587.4 | 1,608.2
2013 |Average 1,566.5 | 1,539.3 | 1,523.1 | 1,524.7 | 1,556.6 | 1,591.1 | 1,606.9 | 1,607.2 | 1,606.9 | 1,603.1 | 1,592.1 | 1,580.4 | 1,575.1
Minimum | 1,552.7 | 1,527.0 | 1,518.6 | 1,518.7 | 1,526.1 | 1,578.3 | 1,602.8 | 1,606.3 | 1,605.2 | 1,597.2 | 1,587.5 | 1,572.5 | 1,518.6
Maximum | 1,571.8 | 1,563.4 | 1,549.7 | 1,545.5 | 1,585.1 | 1,608.1 | 1,608.6 | 1,607.8 | 1,606.3 | 1,599.1 | 1,598.0 | 1,596.8 | 1,608.6
2014 | Average 1,567.8 | 1,555.6 | 1,547.7 | 1,542.6 | 1,562.2 | 1,601.4 | 1,608.0 | 1,607.1 | 1,602.5 | 1,596.3 | 1,595.0 | 1,594.9 | 1,581.9
Minimum | 1,563.9 | 1,548.3 | 1,545.7 | 1,540.5 | 1,540.9 | 1,586.3 | 1,607.0 | 1,606.5 | 1,599.4 | 1,594.6 | 1,591.2 | 1,593.3 | 1,540.5
Maximum | 1,592.6 | 1,592.1 | 1,583.6 | 1,579.2 | 1,598.1 | 1,604.7 | 1,605.9 | 1,603.3 | 1,604.2 | 1,594.9 | 1,597.0 | 1,595.7 | 1,605.9
2015 |Average 1,587.0 | 1,588.6 | 1,577.7 | 1,578.0 | 1,585.3 | 1,603.2 | 1,605.0 | 1,603.0 | 1,600.2 | 1,589.7 | 1,591.6 | 1,592.7 | 1,591.8
Minimum | 1,583.1 | 1,583.7 | 1,575.3 | 1,577.0 | 1,577.7 | 1,598.8 | 1,603.2 | 1,602.5 | 1,595.4 | 1,584.6 | 1,586.6 | 1,587.6 | 1,575.3
Maximum | 1,586.6 | 1,571.3 | 1,565.8 | 1,577.5 | 1,598.9 | 1,607.7 | 1,608.1 | 1,608.0 | 1,605.4 | 1,594.6 | 1,593.9 | 1,592.5 | 1,608.1
2016 |Average 1,573.6 | 1,568.0 | 1,558.4 | 1,562.1 | 1,592.3 | 1,604.7 | 1,607.6 | 1,606.9 | 1,600.5 | 1,592.9 | 1,592.1 | 1,586.4 | 1,587.2
Minimum | 1,564.7 | 1,564.4 | 1,551.1 | 1,551.0 | 1,578.0 | 1,598.8 | 1,607.3 | 1,605.5 | 1,595.0 | 1,591.5 | 1,589.4 | 1,577.2 | 1,551.0
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Maximum | 1,576.2 | 1,552.7 | 1,550.8 | 1,550.7 | 1,586.9 | 1,604.7 | 1,607.4 | 1,606.4 | 1,604.4 | 1,593.6 | 1,594.6 | 1,592.3 | 1,607.4
2017 | Average 1,561.4 | 1,551.2 | 1,547.8 | 1,549.2 | 1,562.7 | 1,598.2 | 1,606.7 | 1,605.0 | 1,600.2 | 1,589.3 | 1,586.2 | 1,585.3 | 1,578.8
Minimum | 1,552.6 | 1,549.2 | 1,542.7 | 1,547.0 | 1,546.2 | 1,589.2 | 1,605.3 | 1,604.4 | 1,594.0 | 1,586.8 | 1,580.1 | 1,580.0 | 1,542.7
Maximum | 1,579.5 | 1,564.0 | 1,536.7 | 1,503.1 | 1,584.3 | 1,603.1 | 1,608.0 | 1,608.0 | 1,604.6 | 1,592.3 | 1,584.8 | 1,583.1 | 1,608.0
2018 | Average 1,571.2 | 1,557.4 | 1,507.5 | 1,491.7 | 1,549.4 | 1,593.6 | 1,607.1 | 1,606.0 | 1,598.8 | 1,585.6 | 1,582.5 | 1,580.2 | 1,569.4
Minimum | 1,563.7 | 1,539.0 | 1,491.0 | 1,487.5 | 1,504.6 | 1,584.9 | 1,603.5 | 1,604.6 | 1,592.3 | 1,579.4 | 1,579.4 | 1,577.6 | 1,487.5
Maximum | 1,577.7 | 1,559.4 | 1,531.8 | 1,512.2 | 1,553.8 | 1,568.9 | 1,572.9 | 1,572.6 | 1,571.0 | 1,565.3 | 1,562.0 | 1,555.0 | 1,577.7
2019 |Average 1,571.3 | 1,546.4 | 1,517.0 | 1,505.4 | 1,5299 | 1,563.9 | 1,571.5 | 1,572.2 | 1,568.1 | 1,562.8 | 1,558.5 | 1,552.0 | 1,551.6
Minimum | 1,560.2 | 1,532.8 | 1,505.4 | 1,499.7 | 1,511.3 | 1,555.4 | 1,569.1 | 1,571.3 | 1,565.6 | 1,561.4 | 1,555.4 | 1,549.7 | 1,499.7
Maximum | 1,554.6 | 1,561.2 | 1,543.8 | 1,519.2 | 1,580.9 | 1,606.2 | 1,608.4 | 1,608.3 | 1,607.1 | 1,600.2 | 1,596.6 | 1,593.1 | 1,608.4
2020 | Average 1,552.6 | 1,555.2 | 1,529.1 | 1,513.0 | 1,549.0 | 1,595.8 | 1,607.7 | 1,607.9 | 1,603.6 | 1,597.5 | 1,594.4 | 1,590.2 | 1,574.8
Minimum | 1,550.2 | 1,544.8 | 1,517.3 | 1,509.6 | 1,520.7 | 1,582.8 | 1,606.3 | 1,607.3 | 1,600.3 | 1,592.7 | 1,591.9 | 1,587.2 | 1,509.6
Maximum | 1,596.0 | 1,592.1 | 1,583.6 | 1,582.2 | 1,598.9 | 1,608.5 | 1,608.8 | 1,608.7 | 1,608.2 | 1,608.5 | 1,608.6 | 1,607.9 | 1,608.8
S3u3r:r{ne;rry Average 1,572.9 | 1,557.1 | 1,537.8 | 1,531.6 | 1,553.5 | 1,590.7 | 1,605.2 | 1,605.4 | 1,601.2 | 1,595.1 | 1,590.3 | 1,584.6 | 1,577.3
Minimum | 1,539.4 | 1,514.4 | 1,491.0 | 1,473.1 | 1,484.0 | 1,521.4 | 1,569.1 | 1,571.3 | 1,565.6 | 1,561.4 | 1,555.4 | 1,549.7 | 1,473.1
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Exhibit E

City Light typically operates the Ross Powerhouse continuously to pass flow downstream,
although it occasionally increases and decreases generation for short periods to help meet load-
following demand or other Project purposes. Spills over Ross Dam are infrequent (relative to
Diablo and Gorge developments) due to the large reservoir storage capacity. Spill is typically
associated with gate testing, is usually short in duration, and averages only a few cfs of flow per
event (Table 3.1-4). Over the five years (2017-2021), Ross Dam has spilled 55 times; 8 of these
occurred between October 28 and November 9, 2020 associated with Units 41 and 42 being offline
and a high inflow event on November 5, 2020. Another 33 days of spill occurred in the fall of 2021
corresponding to a high inflow event.

Table 3.1-4. Ross Dam spill events (2017-2021).
Year Number of Days with Spill Average Flow per Spill Day (cfs)
2017 1 <1
2018 2 <1
2019 0 0
2020 12 2,147
2021 40 3,872

Diablo Development

The Diablo Development is operated primarily to regulate flow between the Ross and Gorge
developments. Monthly minimum, average, and maximum water surface elevations at Diablo Lake
for the period 1988-2020 are provided in Table 3.1-5.
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Draft License Application Exhibit E
Table 3.1-5. Monthly minimum, average, and maximum elevations (feet, NAVD 88) into Diablo Lake (1988-2020).
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Maximum | 1,208.7 | 1,209.2 | 1,210.0 | 1,209.4 | 1,209.3 | 1,210.5 | 1,209.8 | 1,211.1 | 1,210.5 | 1,209.6 | 1,211.1 | 1,210.4 | 1,211.1
1988 Average 1,207.4 | 1,208.2 | 1,208.9 | 1,205.6 | 1,201.8 | 1,208.4 | 1,208.4 | 1,208.7 | 1,209.1 | 1,207.6 | 1,207.3 | 1,208.1 | 1,207.5
Minimum | 1,204.9 | 1,207.0 | 1,207.9 | 1,193.0 | 1,192.5 | 1,206.4 | 1,206.8 | 1,206.6 | 1,207.4 | 1,204.5 | 1,205.2 | 1,205.7 | 1,192.5
Maximum | 1,210.6 | 1,210.1 | 1,210.2 | 1,210.9 | 1,210.8 | 1,210.2 | 1,212.0 | 1,210.5 | 1,210.2 | 1,208.3 | 1,211.6 | 1,210.8 | 1,212.0
1989 Average 1,208.2 | 1,207.5 | 1,208.3 | 1,208.4 | 1,208.7 | 1,208.6 | 1,209.8 | 1,208.5 | 1,208.4 | 1,206.6 | 1,208.4 | 1,209.0 | 1,208.4
Minimum | 1,204.6 | 1,204.2 | 1,206.3 | 1,206.5 | 1,207.3 | 1,206.2 | 1,206.8 | 1,207.1 | 1,205.6 | 1,204.0 | 1,205.7 | 1,206.5 | 1,204.0
Maximum | 1,211.3 | 1,211.0 | 1,211.5 | 1,211.4 | 1,211.1 | 1,210.8 | 1,212.0 | 1,210.9 | 1,210.0 | 1,210.6 | 1,211.7 | 1,210.3 | 1,212.0
1990 Average 1,209.0 | 1,208.7 | 1,209.6 | 1,208.6 | 1,209.1 | 1,208.5 | 1,209.8 | 1,208.6 | 1,208.6 | 1,208.7 | 1,209.6 | 1,207.9 | 1,208.9
Minimum | 1,205.9 | 1,205.7 | 1,206.5 | 1,206.7 | 1,207.6 | 1,206.4 | 1,206.9 | 1,205.3 | 1,205.5 | 1,206.9 | 1,207.7 | 1,203.5 | 1,203.5
Maximum | 1,210.7 | 1,211.1 | 1,210.2 | 1,211.7 | 1,211.4 | 1,211.8 | 1,212.2 | 1,211.5 | 1,211.7 | 1,211.1 | 1,209.7 | 1,209.6 | 1,212.2
1991 Average 1,208.1 | 1,208.7 | 1,209.1 | 1,208.1 | 1,209.1 | 1,209.0 | 1,209.9 | 1,209.7 | 1,209.7 | 1,208.6 | 1,208.3 | 1,208.2 | 1,208.9
Minimum | 1,204.0 | 1,205.6 | 1,207.4 | 1,204.1 | 1,206.8 | 1,206.5 | 1,207.3 | 1,206.8 | 1,206.0 | 1,207.1 | 1,206.9 | 1,206.4 | 1,204.0
Maximum | 1,2109 | 1,210.4 | 1,211.7 | 1,210.3 | 1,210.0 | 1,210.0 | 1,211.2 | 1,210.3 | 1,209.8 | 1,206.8 | 1,210.2 | 1,210.5 | 1,211.7
1992 Average 1,209.6 | 1,209.1 | 1,209.3 | 1,208.9 | 1,209.0 | 1,209.3 | 1,209.1 | 1,209.0 | 1,206.2 | 1,196.3 | 1,208.6 | 1,208.3 | 1,207.7
Minimum | 1,207.9 | 1,207.1 | 1,208.0 | 1,206.9 | 1,208.3 | 1,208.5 | 1,207.6 | 1,207.2 | 1,190.5 | 1,189.6 | 1,205.9 | 1,204.4 | 1,189.6
Maximum | 1,208.9 | 1,210.0 | 1,209.8 | 1,210.5 | 1,210.7 | 1,210.8 | 1,209.6 | 1,210.5 | 1,210.2 | 1,210.4 | 1,210.5 | 1,210.3 | 1,210.8
1993 Average 1,207.3 | 1,208.7 | 1,209.0 | 1,209.6 | 1,209.0 | 1,209.1 | 1,208.8 | 1,209.1 | 1,209.3 | 1,209.3 | 1,208.7 | 1,208.6 | 1,208.9
Minimum | 1,204.1 | 1,207.0 | 1,208.3 | 1,208.8 | 1,206.5 | 1,207.6 | 1,207.3 | 1,207.4 | 1,208.3 | 1,207.7 | 1,206.9 | 1,204.9 | 1,204.1
Maximum | 1,210.2 | 1,210.8 | 1,210.0 | 1,210.3 | 1,210.1 | 1,210.0 | 1,210.6 | 1,210.3 | 1,210.3 | 1,210.1 | 1,210.3 | 1,210.4 | 1,210.8
1994 Average 1,208.8 | 1,209.0 | 1,208.3 | 1,208.6 | 1,208.9 | 1,208.6 | 1,208.7 | 1,208.5 | 1,208.9 | 1,208.0 | 1,208.3 | 1,208.6 | 1,208.6
Minimum | 1,205.2 | 1,205.8 | 1,204.9 | 1,206.3 | 1,206.8 | 1,206.2 | 1,206.5 | 1,204.7 | 1,207.6 | 1,206.4 | 1,206.9 | 1,207.4 | 1,204.7
Maximum | 1,210.0 | 1,209.6 | 1,209.4 | 1,210.4 | 1,210.7 | 1,210.5 | 1,211.3 | 1,211.1 | 1,209.6 | 1,210.0 | 1,210.4 | 1,210.0 | 1,211.3
1995 Average 1,208.4 | 1,208.2 | 1,208.1 | 1,205.9 | 1,208.9 | 1,208.8 | 1,209.1 | 1,208.7 | 1,208.6 | 1,208.4 | 1,208.2 | 1,207.9 | 1,208.3
Minimum | 1,207.0 | 1,205.0 | 1,204.7 | 1,203.1 | 1,205.7 | 1,206.1 | 1,206.9 | 1,206.0 | 1,207.6 | 1,206.2 | 1,205.9 | 1,205.0 | 1,203.1
Maximum | 1,209.9 | 1,209.6 | 1,210.1 | 1,210.5 | 1,211.2 | 1,210.3 | 1,210.5 | 1,211.1 | 1,210.2 | 1,210.2 | 1,210.5 | 1,209.3 | 1,211.2
1996 Average 1,208.7 | 1,207.9 | 1,208.3 | 1,208.4 | 1,209.2 | 1,208.5 | 1,209.0 | 1,208.7 | 1,208.5 | 1,205.8 | 1,208.0 | 1,207.6 | 1,208.2
Minimum | 1,206.9 | 1,204.2 | 1,206.8 | 1,204.6 | 1,207.5 | 1,204.9 | 1,207.1 | 1,207.4 | 1,206.5 | 1,201.8 | 1,206.5 | 1,205.7 | 1,201.8
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual
Maximum | 1,209.8 | 1,209.7 | 1,210.7 | 1,211.3 | 1,211.8 | 1,211.9 | 1,211.9 | 1,211.6 | 1,211.2 | 1,211.7 | 1,210.4 | 1,209.6 | 1,211.9
1997 Average 1,207.7 | 1,208.6 | 1,209.0 | 1,209.0 | 1,209.1 | 1,209.4 | 1,209.7 | 1,209.4 | 1,209.4 | 1,208.8 | 1,208.3 | 1,208.4 | 1,208.9
Minimum | 1,206.4 | 1,207.7 | 1,207.4 | 1,207.5 | 1,206.6 | 1,207.0 | 1,208.0 | 1,207.6 | 1,207.8 | 1,205.4 | 1,205.5 | 1,207.5 | 1,205.4
Maximum | 1,209.4 | 1,209.6 | 1,210.3 | 1,211.1 | 1,211.2 | 1,211.3 | 1,210.0 | 1,210.2 | 1,210.0 | 1,209.4 | 1,209.2 | 1,209.1 | 1,211.3
1998 Average 1,208.1 | 1,208.3 | 1,208.8 | 1,209.8 | 1,209.2 | 1,209.4 | 1,208.9 | 1,208.2 | 1,207.9 | 1,208.1 | 1,208.0 | 1,207.1 | 1,208.5
Minimum | 1,205.8 | 1,207.0 | 1,206.0 | 1,207.9 | 1,207.8 | 1,207.1 | 1,207.3 | 1,206.5 | 1,205.7 | 1,206.7 | 1,207.2 | 1,204.4 | 1,204.4
Maximum | 1,211.1 | 1,210.3 | 1,210.7 | 1,209.6 | 1,211.2 | 1,210.0 | 1,211.5 | 1,211.6 | 1,210.8 | 1,211.3 | 1,211.4 | 1,211.0 | 1,211.6
1999 Average 1,208.5 | 1,208.3 | 1,208.0 | 1,207.5 | 1,209.2 | 1,208.5 | 1,209.2 | 1,209.3 | 1,209.3 | 1,209.3 | 1,209.4 | 1,209.2 | 1,208.8
Minimum | 1,205.9 | 1,205.5 | 1,205.2 | 1,205.0 | 1,207.2 | 1,206.4 | 1,207.2 | 1,205.7 | 1,207.9 | 1,207.3 | 1,207.6 | 1,207.2 | 1,205.0
Maximum | 1,210.6 | 1,210.3 | 1,211.1 | 1,210.7 | 1,211.3 | 1,211.9 | 1,210.6 | 1,211.4 | 1,210.7 | 1,210.1 | 1,211.4 | 1,209.2 | 1,211.9
2000 Average 1,209.4 | 1,209.1 | 1,209.3 | 1,208.5 | 1,208.8 | 1,209.0 | 1,208.9 | 1,209.4 | 1,208.6 | 1,208.6 | 1,209.0 | 1,208.2 | 1,208.9
Minimum | 1,206.7 | 1,208.3 | 1,208.1 | 1,206.8 | 1,206.9 | 1,207.1 | 1,206.9 | 1,206.5 | 1,206.5 | 1,207.1 | 1,207.3 | 1,206.9 | 1,206.5
Maximum | 1,210.7 | 1,210.2 | 1,210.4 | 1,210.4 | 1,210.7 | 1,211.1 | 1,210.7 | 1,211.0 | 1,210.6 | 1,209.6 | 1,209.1 | 1,208.8 | 1,211.1
2001 Average 1,208.7 | 1,208.7 | 1,209.0 | 1,208.8 | 1,208.8 | 1,209.3 | 1,209.3 | 1,209.4 | 1,209.5 | 1,208.6 | 1,207.7 | 1,207.5 | 1,208.8
Minimum | 1,207.2 | 1,207.0 | 1,207.2 | 1,207.3 | 1,207.0 | 1,207.3 | 1,207.8 | 1,207.1 | 1,207.9 | 1,207.2 | 1,206.1 | 1,205.7 | 1,205.7
Maximum | 1,2109 | 1,210.1 | 1,210.4 | 1,209.7 | 1,211.1 | 1,210.2 | 1,211.2 | 1,209.4 | 1,208.6 | 1,209.3 | 1,208.1 | 1,209.2 | 1,211.2
2002 Average 1,208.1 | 1,208.6 | 1,208.6 | 1,208.4 | 1,208.3 | 1,208.4 | 1,209.2 | 1,206.8 | 1,206.9 | 1,207.8 | 1,206.5 | 1,207.9 | 1,208.0
Minimum | 1,206.0 | 1,206.8 | 1,206.9 | 1,205.8 | 1,206.0 | 1,205.7 | 1,206.8 | 1,203.7 | 1,204.1 | 1,205.4 | 1,204.0 | 1,206.4 | 1,203.7
Maximum | 1,210.6 | 1,209.0 | 1,208.3 | 1,210.5 | 1,211.0 | 1,210.7 | 1,211.0 | 1,210.0 | 1,210.1 | 1,210.4 | 1,209.5 | 1,210.2 | 1,211.0
2003 Average 1,207.8 | 1,207.9 | 1,207.3 | 1,208.2 | 1,208.9 | 1,208.9 | 1,208.7 | 1,208.5 | 1,208.6 | 1,208.3 | 1,208.2 | 1,208.5 | 1,208.3
Minimum | 1,206.4 | 1,205.8 | 1,205.6 | 1,206.4 | 1,206.8 | 1,207.0 | 1,206.3 | 1,207.4 | 1,206.9 | 1,206.9 | 1,206.2 | 1,207.1 | 1,205.6
Maximum | 1,210.1 | 1,210.2 | 1,211.1 | 1,210.2 | 1,210.8 | 1,211.3 | 1,210.6 | 1,211.7 | 1,211.1 | 1,209.9 | 1,210.5 | 1,210.3 | 1,211.7
2004 Average 1,208.7 | 1,209.1 | 1,209.1 | 1,208.7 | 1,209.0 | 1,209.1 | 1,209.2 | 1,209.5 | 1,209.2 | 1,208.8 | 1,209.1 | 1,209.1 | 1,209.1
Minimum | 1,207.0 | 1,207.2 | 1,207.9 | 1,207.4 | 1,206.0 | 1,207.3 | 1,207.3 | 1,207.1 | 1,207.6 | 1,207.5 | 1,207.5 | 1,206.9 | 1,206.0
Maximum | 1,210.5 | 1,210.7 | 1,210.3 | 1,210.0 | 1,209.9 | 1,208.3 | 1,210.6 | 1,210.1 | 1,211.0 | 1,210.7 | 1,209.7 | 1,210.3 | 1,211.0
2005 Average 1,208.4 | 1,209.2 | 1,208.9 | 1,208.5 | 1,205.5 | 1,204.8 | 1,208.9 | 1,209.0 | 1,208.8 | 1,208.6 | 1,207.5 | 1,208.1 | 1,208.0
Minimum | 1,204.8 | 1,208.4 | 1,206.6 | 1,205.3 | 1,202.7 | 1,203.2 | 1,206.6 | 1,207.6 | 1,207.2 | 1,204.3 | 1,204.8 | 1,205.4 | 1,202.7
Maximum | 1,209.8 | 1,209.7 | 1,210.0 | 1,209.4 | 1,211.5 | 1,210.7 | 1,210.8 | 1,210.9 | 1,210.4 | 1,210.5 | 1,210.7 | 1,209.9 | 1,211.5
2006 Average 1,207.9 | 1,208.3 | 1,208.1 | 1,208.1 | 1,208.6 | 1,209.1 | 1,209.1 | 1,209.6 | 1,209.2 | 1,209.2 | 1,208.5 | 1,208.5 | 1,208.7
Minimum | 1,206.3 | 1,206.8 | 1,206.5 | 1,206.0 | 1,206.5 | 1,207.0 | 1,207.0 | 1,208.5 | 1,207.9 | 1,206.4 | 1,206.4 | 1,207.6 | 1,206.0
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual
Maximum | 1,210.3 | 1,209.7 | 1,209.6 | 1,209.9 | 1,209.9 | 1,211.1 | 1,211.2 | 1,210.5 | 1,209.8 | 1,210.4 | 1,210.1 | 1,209.0 | 1,211.2
2007 Average 1,207.7 | 1,208.1 | 1,208.1 | 1,208.0 | 1,208.5 | 1,208.9 | 1,209.7 | 1,208.6 | 1,208.1 | 1,208.4 | 1,207.9 | 1,207.8 | 1,208.3
Minimum | 1,206.5 | 1,206.9 | 1,205.6 | 1,206.4 | 1,207.7 | 1,206.9 | 1,207.5 | 1,205.4 | 1,205.9 | 1,206.4 | 1,206.8 | 1,206.8 | 1,205.4
Maximum | 1,209.4 | 1,210.6 | 1,209.8 | 1,210.0 | 1,210.7 | 1,210.3 | 1,211.1 | 1,210.0 | 1,209.9 | 1,209.9 | 1,209.6 | 1,210.1 | 1,211.1
2008 Average 1,208.0 | 1,208.9 | 1,208.5 | 1,207.7 | 1,208.8 | 1,208.0 | 1,208.0 | 1,208.6 | 1,208.4 | 1,208.1 | 1,207.8 | 1,208.7 | 1,208.3
Minimum | 1,207.0 | 1,207.7 | 1,206.9 | 1,204.7 | 1,206.9 | 1,206.6 | 1,203.4 | 1,207.3 | 1,206.1 | 1,206.4 | 1,205.0 | 1,207.0 | 1,203.4
Maximum | 1,209.7 | 1,209.5 | 1,209.5 | 1,210.9 | 1,210.1 | 1,210.5 | 1,210.4 | 1,209.8 | 1,209.9 | 1,210.2 | 1,211.2 | 1,209.3 | 1,211.2
2009 Average 1,208.2 | 1,208.3 | 1,208.1 | 1,207.4 | 1,208.4 | 1,208.9 | 1,208.9 | 1,208.4 | 1,207.9 | 1,207.7 | 1,207.5 | 1,207.6 | 1,208.1
Minimum | 1,205.9 | 1,207.4 | 1,206.1 | 1,204.7 | 1,206.5 | 1,207.5 | 1,207.5 | 1,207.1 | 1,207.0 | 1,206.5 | 1,205.6 | 1,206.3 | 1,204.7
Maximum | 1,208.8 | 1,209.1 | 1,208.8 | 1,210.5 | 1,210.3 | 1,209.0 | 1,210.9 | 1,209.9 | 1,210.8 | 1,209.7 | 1,208.8 | 1,209.5 | 1,210.9
2010 Average 1,207.5 | 1,207.9 | 1,207.6 | 1,207.9 | 1,208.1 | 1,207.8 | 1,208.6 | 1,208.1 | 1,209.2 | 1,207.9 | 1,206.7 | 1,207.7 | 1,207.9
Minimum | 1,206.2 | 1,206.9 | 1,206.6 | 1,206.6 | 1,206.7 | 1,206.8 | 1,205.8 | 1,206.6 | 1,207.0 | 1,206.4 | 1,204.6 | 1,205.7 | 1,204.6
Maximum | 1,210.0 | 1,208.9 | 1,209.7 | 1,208.9 | 1,209.8 | 1,209.3 | 1,210.8 | 1,209.6 | 1,209.7 | 1,208.8 | 1,209.9 | 1,207.6 | 1,210.8
2011 Average 1,208.0 | 1,208.0 | 1,208.0 | 1,207.3 | 1,207.9 | 1,207.9 | 1,208.8 | 1,208.2 | 1,207.8 | 1,207.6 | 1,207.6 | 1,206.9 | 1,207.8
Minimum | 1,206.4 | 1,207.2 | 1,205.5 | 1,205.3 | 1,205.1 | 1,206.5 | 1,206.6 | 1,204.5 | 1,206.6 | 1,206.9 | 1,206.0 | 1,205.0 | 1,204.5
Maximum | 1,208.5 | 1,208.3 | 1,208.9 | 1,210.0 | 1,208.7 | 1,209.8 | 1,210.0 | 1,209.7 | 1,210.0 | 1,211.1 | 1,208.6 | 1,208.3 | 1,211.1
2012 Average 1,207.4 | 1,207.3 | 1,207.1 | 1,208.0 | 1,207.3 | 1,207.8 | 1,208.5 | 1,207.8 | 1,208.0 | 1,207.6 | 1,207.3 | 1,207.2 | 1,207.6
Minimum | 1,206.7 | 1,206.5 | 1,206.1 | 1,205.9 | 1,206.0 | 1,206.3 | 1,207.2 | 1,206.3 | 1,207.0 | 1,206.4 | 1,206.4 | 1,206.5 | 1,205.9
Maximum | 1,209.0 | 1,209.3 | 1,208.5 | 1,208.4 | 1,208.9 | 1,209.2 | 1,208.8 | 1,209.3 | 1,208.8 | 1,210.5 | 1,208.2 | 1,208.7 | 1,210.5
2013 Average 1,207.7 | 1,207.6 | 1,207.2 | 1,207.2 | 1,207.7 | 1,207.9 | 1,207.5 | 1,207.8 | 1,207.5 | 1,207.9 | 1,207.4 | 1,207.6 | 1,207.6
Minimum | 1,206.9 | 1,206.4 | 1,206.2 | 1,206.5 | 1,206.3 | 1,206.4 | 1,206.6 | 1,206.7 | 1,206.6 | 1,206.0 | 1,206.1 | 1,206.8 | 1,206.0
Maximum | 1,208.6 | 1,208.7 | 1,208.8 | 1,208.7 | 1,209.2 | 1,210.5 | 1,210.4 | 1,210.4 | 1,209.7 | 1,208.9 | 1,210.4 | 1,209.2 | 1,210.5
2014 Average 1,207.7 | 1,207.5 | 1,207.1 | 1,207.3 | 1,207.6 | 1,208.5 | 1,208.3 | 1,208.7 | 1,208.5 | 1,207.0 | 1,207.5 | 1,207.3 | 1,207.7
Minimum | 1,206.7 | 1,206.4 | 1,205.7 | 1,205.5 | 1,206.1 | 1,206.8 | 1,206.7 | 1,207.3 | 1,205.5 | 1,204.7 | 1,206.3 | 1,206.3 | 1,204.7
Maximum | 1,209.7 | 1,210.1 | 1,209.2 | 1,209.3 | 1,209.5 | 1,209.6 | 1,209.8 | 1,209.3 | 1,208.9 | 1,208.5 | 1,210.5 | 1,208.8 | 1,210.5
2015 Average 1,208.4 | 1,207.8 | 1,208.1 | 1,208.4 | 1,206.9 | 1,206.2 | 1,208.1 | 1,208.0 | 1,206.3 | 1,201.9 | 1,205.5 | 1,207.0 | 1,206.9
Minimum | 1,207.2 | 1,206.3 | 1,206.0 | 1,206.6 | 1,203.1 | 1,203.1 | 1,205.9 | 1,205.6 | 1,201.1 | 1,200.6 | 1,201.7 | 1,204.8 | 1,200.6
Maximum | 1,210.8 | 1,209.0 | 1,209.9 | 1,209.3 | 1,210.0 | 1,211.0 | 1,210.4 | 1,210.6 | 1,208.8 | 1,210.6 | 1,208.7 | 1,208.6 | 1,211.0
2016 Average 1,208.0 | 1,207.5 | 1,207.8 | 1,207.2 | 1,208.1 | 1,209.1 | 1,208.6 | 1,208.6 | 1,207.4 | 1,206.9 | 1,207.2 | 1,207.7 | 1,207.8
Minimum | 1,206.8 | 1,206.3 | 1,206.8 | 1,200.7 | 1,206.0 | 1,207.3 | 1,207.2 | 1,206.8 | 1,206.1 | 1,204.6 | 1,204.8 | 1,206.0 | 1,200.7
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual
Maximum | 1,208.9 | 1,209.9 | 1,209.2 | 1,208.9 | 1,210.4 | 1,210.6 | 1,209.4 | 1,209.4 | 1,208.9 | 1,209.0 | 1,208.7 | 1,209.6 | 1,210.6
2017 Average 1,207.7 | 1,207.7 | 1,207.4 | 1,207.1 | 1,208.0 | 1,208.4 | 1,208.2 | 1,206.9 | 1,204.0 | 1,206.6 | 1,206.0 | 1,207.6 | 1,207.2
Minimum | 1,206.0 | 1,205.9 | 1,206.0 | 1,205.8 | 1,206.2 | 1,206.1 | 1,207.2 | 1,201.2 | 1,199.9 | 1,202.3 | 1,202.9 | 1,206.2 | 1,199.9
Maximum | 1,209.2 | 1,208.5 | 1,208.5 | 1,208.8 | 1,209.9 | 1,209.6 | 1,209.8 | 1,209.7 | 1,208.9 | 1,209.3 | 1,208.3 | 1,208.5 | 1,209.9
2018 Average 1,206.9 | 1,207.1 | 1,207.4 | 1,207.1 | 1,208.0 | 1,207.9 | 1,207.9 | 1,207.7 | 1,207.5 | 1,207.5 | 1,207.1 | 1,207.2 | 1,207.4
Minimum | 1,204.4 | 1,205.2 | 1,206.1 | 1,205.7 | 1,205.5 | 1,206.4 | 1,206.5 | 1,205.9 | 1,206.4 | 1,204.4 | 1,205.7 | 1,205.8 | 1,204.4
Maximum | 1,209.4 | 1,209.1 | 1,208.9 | 1,210.1 | 1,209.6 | 1,210.2 | 1,210.9 | 1,209.6 | 1,209.3 | 1,209.0 | 1,208.6 | 1,209.6 | 1,210.9
2019 Average 1,207.6 | 1,207.5 | 1,207.5 | 1,207.5 | 1,207.9 | 1,207.8 | 1,207.8 | 1,208.1 | 1,208.0 | 1,206.8 | 1,207.2 | 1,207.1 | 1,207.6
Minimum | 1,206.4 | 1,205.5 | 1,205.6 | 1,206.5 | 1,206.3 | 1,206.6 | 1,206.4 | 1,206.6 | 1,206.5 | 1,204.4 | 1,206.4 | 1,205.9 | 1,204.4
Maximum | 1,208.4 | 1,209.5 | 1,209.5 | 1,209.1 | 1,211.0 | 1,210.2 | 1,210.2 | 1,208.3 | 1,208.4 | 1,209.4 | 1,210.2 | 1,207.7 | 1,211.0
2020 Average 1,207.2 | 1,206.8 | 1,207.4 | 1,208.0 | 1,208.0 | 1,208.2 | 1,207.6 | 1,207.4 | 1,206.1 | 1,207.3 | 1,207.1 | 1,206.7 | 1,207.3
Minimum | 1,206.1 | 1,205.5 | 1,205.7 | 1,206.9 | 1,206.1 | 1,206.5 | 1,205.6 | 1,206.5 | 1,203.0 | 1,206.5 | 1,204.6 | 1,204.6 | 1,203.0
Maximum | 1,211.3 | 1,211.1 | 1,211.7 | 1,211.7 | 1,211.8 | 1,211.9 | 1,212.2 | 1,211.7 | 1,211.7 | 1,211.7 | 1,211.7 | 1,211.0 | 1,212.2
;i;;f;ry Average 1,208.1 | 1,208.2 | 1,208.3 | 1,208.0 | 1,208.2 | 1,208.4 | 1,208.8 | 1,208.5 | 1,208.2 | 1,207.4 | 1,207.8 | 1,207.9 | 1,208.1
Minimum | 1,204.0 | 1,204.2 | 1,204.7 | 1,193.0 | 1,192.5 | 1,203.1 | 1,203.4 | 1,201.2 | 1,190.5 | 1,189.6 | 1,201.7 | 1,203.5 | 1,189.6
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Under normal operation, the reservoir level typically fluctuates between 4 and 5 feet per day.
Because of its limited usable storage (6,200 acre-feet) relative to Ross Lake, the reservoir cannot
absorb large fluctuations in flow under normal operations. Therefore, the Diablo Development
spills much more frequently than the Ross Development (Table 3.1-6). Spill can occur any time
inflow to the reservoir exceeds plant capacity, typically during periods of high runoff. Diablo Dam
also spills when the powerhouse units are offline or additional flow is needed to meet fish
protection flows downstream of the Gorge Powerhouse. Under typical operations, represented by
2019 2020, and 2021, Diablo Dam spills an average of 62 days per year. However, in years when
unit maintenance occurs at Diablo Powerhouse, such as 2017 and 2018, spill events are
significantly more frequent and of longer duration but lower in magnitude.

Table 3.1-6. Diablo Dam spill events (2017-2021).
Year Number of Days with Spill Average Flow per Spill Day (cfs)
2017 224 1,364
2018 274 1,393
2019 80 1,482
2020 60 2,474
2021 46 5,149

Like the Ross Powerhouse, City Light typically operates the Diablo Powerhouse continuously to
pass flow downstream, although it occasionally increases and decreases generation for short
periods to help meet load-following demand or other Project purposes.

Gorge Development

The Gorge Development is operated primarily to regulate flows downstream of the powerhouse
for salmon and steelhead protection in the upper Skagit River. Because of its relatively low storage
volume, unplanned spills at the dam can occur any time inflow exceeds generation capacity. In
addition, because flows from the Gorge Development are critical for fish protection in the Skagit
River, water from the reservoir is spilled if the powerhouse is not generating enough to maintain
downstream minimum flow requirements. Over the five-year period 2017 through 2021, Gorge
Dam has spilled between 9 and 56 days annually, with an average flow of 2,570 cfs (Table 3.1-7).

Table 3.1-7. Gorge Dam spill events (2017-2021).
Year Number of Days with Spill Average Flow per Spill Day (cfs)
2017 37 2,006
2018 42 2,934
2019 9 589
2020 20 1,374
2021 56 5,946

To comply with the license requirement that incorporates the Revised Fisheries Settlement
Agreement (FSA; City Light 2011) Flow Plan, City Light operates Gorge Lake and Powerhouse
in coordination with Ross and Diablo lakes to provide a continuous, stable flow regime in the
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upper Skagit River with minimum and maximum flows into the mainstem Skagit River
downstream of Gorge Powerhouse as outlined in the FSA. Monthly minimum, average, and
maximum water surface elevations at Gorge Lake for the period 1988-2020 are provided in Table
3.1-8.

Reservoir fluctuations are limited to about 3 to 5 feet and City Light does not typically operate the
powerhouse to meet load-following demand.

The Gorge Development creates a 2.5-mile-long bypass reach of the Skagit River between the dam
and powerhouse. There are no minimum flow requirements in the current Project license for the
Gorge bypass reach. Therefore, except during spill events at Gorge Dam, bypass reach flow is
limited to accretion flow, spill-gate seepage, tributary input, and precipitation runoff.

Spill at Gorge Dam into the 2.5-mile-long Gorge bypass reach occurs any time that inflow exceeds
the generating capacity of the powerhouse, or if additional flow is needed to meet fisheries
protection flows in the upper Skagit River.
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Table 3.1-8. Monthly minimum, average, and maximum elevations (feet, NAVD 88) into Gorge Lake (1988-2020).
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Maximum 880.2 880.5 881.4 880.7 881.1 880.1 879.9 879.8 879.6 880.5 880.9 881.0 881.4
1988 Average 878.9 879.1 879.5 879.2 879.1 879.2 878.6 877.4 877.9 878.8 878.5 879.5 878.8
Minimum 877.7 877.4 878.4 877.9 877.2 877.2 876.6 871.6 876.2 876.5 876.5 876.3 871.6
Maximum 879.4 879.7 879.6 880.7 880.5 881.4 885.2 880.5 880.2 879.9 883.6 884.3 885.2
1989 Average 877.8 877.8 878.6 878.3 878.6 879.2 880.4 879.2 878.9 878.3 878.4 879.7 878.8
Minimum 875.5 874.3 876.4 875.6 875.3 876.8 875.9 877.7 877.5 876.5 875.4 877.8 874.3
Maximum 880.7 879.8 880.9 880.7 881.0 881.2 885.1 880.8 880.5 883.1 884.6 880.8 885.1
1990 Average 878.8 878.7 879.9 879.2 879.8 879.2 881.4 879.0 879.3 879.9 879.6 878.9 879.5
Minimum 876.0 877.3 878.0 876.3 874.0 877.3 877.7 877.0 876.3 877.8 875.6 876.6 874.0
Maximum 880.5 882.0 880.1 881.0 883.2 883.3 885.1 883.6 884.6 880.5 880.6 880.6 885.1
1991 Average 879.0 879.3 879.1 879.0 880.9 881.0 882.3 880.8 880.0 879.3 879.5 878.9 879.9
Minimum 875.8 873.4 877.0 876.5 878.6 876.2 878.8 877.4 877.6 876.9 877.5 878.0 873.4
Maximum 880.8 880.7 880.9 880.9 880.6 880.1 880.6 880.4 880.1 880.4 880.7 880.6 880.9
1992 Average 879.6 879.7 880.0 879.2 879.1 879.1 879.3 878.9 879.2 879.4 879.1 879.1 879.3
Minimum 878.6 877.8 878.8 877.0 877.5 877.5 877.6 877.3 878.4 877.6 875.8 877.1 875.8
Maximum 880.5 880.2 880.9 880.8 881.0 880.5 879.9 880.2 880.1 880.4 880.5 880.8 881.0
1993 Average 878.6 878.8 879.3 879.9 879.6 879.5 879.1 871.4 879.1 879.4 879.5 879.5 878.6
Minimum 876.1 877.3 877.7 878.9 876.6 878.7 877.5 826.3 876.0 878.2 878.6 878.2 826.3
Maximum 880.4 880.9 880.9 880.5 880.6 880.4 880.5 880.4 880.1 880.1 881.2 880.4 881.2
1994 Average 879.4 879.8 879.5 879.7 879.5 879.1 878.8 878.8 879.1 879.0 879.0 879.2 879.2
Minimum 876.9 876.7 876.4 878.4 877.7 878.2 876.4 875.6 876.9 877.7 877.3 876.9 875.6
Maximum 880.5 881.3 880.2 880.6 880.7 881.0 881.4 881.0 880.0 881.2 885.3 881.3 885.3
1995 Average 878.6 878.3 879.3 879.6 879.9 879.5 879.7 878.6 878.8 879.1 878.5 878.3 879.0
Minimum 876.3 874.5 878.3 877.5 878.9 876.9 877.8 875.4 877.4 876.8 870.8 873.7 870.8
Maximum 881.0 880.8 880.8 880.7 881.3 880.8 881.0 880.9 880.4 881.0 881.0 880.6 881.3
1996 Average 878.9 879.2 879.2 879.6 880.3 879.6 879.3 878.9 878.9 879.4 879.2 879.0 879.3
Minimum 876.8 876.8 875.4 878.3 878.8 878.3 874.8 877.4 876.8 878.1 877.5 877.9 874.8
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual

Maximum 880.8 880.5 880.7 880.8 883.7 885.0 883.9 881.4 881.3 883.7 884.1 881.1 885.0
1997 Average 878.0 879.4 879.3 879.7 880.4 880.5 881.2 843.5 879.7 879.9 880.2 879.3 876.7
Minimum 875.7 878.3 878.0 878.3 877.9 876.9 878.1 788.5 877.5 877.3 876.2 877.6 788.5
Maximum 880.1 880.8 881.4 881.2 880.7 881.4 881.2 880.5 880.8 879.8 880.6 880.0 881.4
1998 Average 878.9 879.6 879.4 879.9 879.1 879.4 879.5 878.8 878.5 878.6 878.5 878.0 879.0
Minimum 877.2 878.2 877.0 879.1 877.2 877.0 877.1 877.9 876.0 876.5 876.7 875.0 875.0
Maximum 880.4 881.1 881.0 880.4 881.1 881.2 885.2 883.5 880.9 881.2 880.8 881.0 885.2
1999 Average 879.0 879.2 879.4 879.5 879.5 879.3 880.2 879.7 879.1 878.5 879.4 879.5 879.4
Minimum 876.7 8773 877.7 878.1 875.0 876.7 877.8 876.2 876.7 875.8 877.1 876.9 875.0
Maximum 880.6 880.2 880.0 880.1 881.2 881.0 880.9 880.7 879.8 879.2 879.7 880.7 881.2
2000 Average 879.0 879.3 879.2 878.3 880.1 879.4 878.7 878.7 878.0 877.5 877.6 878.2 878.7
Minimum 875.7 877.9 877.5 875.0 877.7 876.6 875.0 876.2 876.4 875.7 874.6 876.2 874.6
Maximum 880.4 879.6 879.4 878.8 880.8 880.4 878.7 878.1 878.6 878.0 878.7 879.1 880.8
2001 Average 878.5 877.9 877.7 877.4 877.6 877.1 876.4 876.3 876.3 876.8 876.9 877.0 877.1
Minimum 876.5 876.5 875.5 875.8 875.8 875.2 874.4 874.1 874.9 875.4 874.0 875.2 874.0
Maximum 883.9 880.9 880.3 879.9 880.8 883.6 883.5 880.5 880.2 880.1 879.0 880.1 883.9
2002 Average 878.1 878.7 876.3 878.1 878.0 880.1 881.1 878.4 878.3 877.8 877.6 878.2 878.4
Minimum 876.3 876.5 857.9 874.9 873.8 875.1 877.4 876.0 877.0 875.9 876.2 877.1 857.9
Maximum 880.7 881.1 880.5 879.6 880.8 880.9 883.2 880.1 879.4 882.3 880.4 881.2 883.2
2003 Average 878.7 878.4 877.9 877.9 878.3 878.6 878.9 878.0 877.9 878.3 865.2 876.8 877.1
Minimum 876.4 876.1 875.4 876.3 876.2 876.0 876.8 876.5 876.7 876.2 826.6 859.5 826.6
Maximum 880.7 880.3 880.2 880.1 880.9 881.5 880.7 881.4 880.7 880.8 880.8 880.6 881.5
2004 Average 878.7 878.9 878.7 878.7 879.2 879.4 879.2 878.9 878.5 878.6 878.6 878.9 878.9
Minimum 876.7 877.7 876.7 877.1 877.5 877.1 877.0 877.3 877.6 875.7 876.6 877.1 875.7
Maximum 880.9 880.6 880.4 880.2 881.2 880.5 879.3 879.4 881.9 881.1 880.2 880.8 881.9
2005 Average 878.6 879.5 878.7 878.2 878.8 878.6 878.1 878.1 878.2 879.0 878.6 878.7 878.6
Minimum 876.1 877.9 877.6 876.4 876.1 876.7 874.2 876.4 877.1 876.9 876.7 875.9 874.2
Maximum 880.2 880.8 880.9 880.0 882.7 883.4 883.6 880.1 880.0 879.8 880.7 879.7 883.6
2006 Average 878.4 879.0 879.2 878.5 878.6 879.7 880.9 878.1 878.3 878.3 878.8 878.3 878.8
Minimum 876.3 877.1 877.2 876.5 874.7 876.9 877.3 877.2 876.1 876.9 876.8 877.1 874.7
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual

Maximum 880.4 880.2 881.6 880.8 880.3 881.3 882.4 879.9 879.4 880.6 879.5 879.1 882.4
2007 Average 878.3 879.0 878.9 879.4 878.7 876.6 879.6 878.3 878.2 878.6 877.9 877.7 878.4
Minimum 876.8 877.7 876.6 877.3 876.5 852.2 877.4 876.9 877.3 876.5 876.6 875.6 852.2
Maximum 880.4 880.8 880.7 880.2 880.6 880.7 882.3 880.4 880.2 880.6 880.8 880.7 882.3
2008 Average 879.0 879.2 879.1 878.8 878.9 879.2 879.5 873.3 878.1 878.8 876.1 879.1 878.2
Minimum 877.1 877.0 877.6 877.8 875.8 877.0 877.2 830.6 875.9 877.2 860.6 876.4 830.6
Maximum 880.3 880.3 879.4 880.5 880.2 880.4 880.8 880.5 880.3 880.3 880.5 880.5 880.8
2009 Average 876.3 878.7 878.0 877.8 878.7 878.6 878.3 878.3 878.1 876.3 875.8 878.7 877.8
Minimum 856.9 877.6 875.0 876.2 877.3 875.2 875.4 875.9 876.8 857.4 861.6 876.7 856.9
Maximum 880.3 880.5 880.3 879.5 880.1 880.6 880.1 879.9 880.4 879.9 880.3 879.3 880.6
2010 Average 878.3 878.3 878.4 877.9 878.3 878.9 878.8 878.4 878.6 874.0 878.2 876.8 877.9
Minimum 876.5 876.7 877.0 875.6 876.9 877.4 877.0 876.4 876.5 867.7 872.7 871.7 867.7
Maximum 880.0 879.9 880.4 879.9 880.0 879.9 880.4 881.0 879.9 879.4 880.3 878.8 881.0
2011 Average 877.8 878.2 878.4 878.3 878.3 878.4 878.5 877.3 878.0 877.8 873.1 877.8 877.7
Minimum 874.7 877.2 873.3 874.4 876.0 876.3 876.9 866.3 876.4 876.1 852.6 875.2 852.6
Maximum 878.6 878.7 880.0 880.4 880.8 881.1 880.0 880.4 879.4 881.1 879.6 879.1 881.1
2012 Average 877.7 877.8 877.4 877.8 878.7 878.4 878.7 878.2 878.5 877.9 877.5 878.0 878.1
Minimum 876.5 876.6 875.6 876.2 875.5 876.2 875.9 876.8 877.7 876.0 875.0 877.0 875.0
Maximum 880.9 879.6 880.3 879.6 879.5 879.5 878.9 827.5 828.5 828.2 879.1 879.4 880.9
2013 Average 878.4 878.3 877.8 877.9 878.1 878.1 851.0 826.5 826.4 8273 851.7 878.3 860.7
Minimum 876.4 877.2 875.2 876.2 876.4 877.1 824.5 825.6 825.8 826.6 826.8 877.2 824.5
Maximum 879.3 878.7 879.5 880.5 879.3 880.5 879.8 879.8 878.9 878.7 880.7 879.3 880.7
2014 Average 877.9 877.9 877.2 877.9 878.0 878.3 878.2 878.2 878.1 877.6 877.5 877.3 877.8
Minimum 876.1 876.9 872.5 876.7 876.6 876.7 876.8 877.0 877.3 876.2 873.2 875.8 872.5
Maximum 880.6 879.0 880.3 879.2 879.3 879.7 879.4 880.6 879.8 880.1 878.9 878.5 880.6
2015 Average 878.2 877.5 878.4 877.8 878.3 878.2 877.8 878.4 877.8 877.3 876.4 876.7 877.7
Minimum 876.9 876.5 876.6 876.0 876.7 876.2 876.6 876.4 876.4 876.8 867.2 871.0 867.2
Maximum 879.9 879.6 879.2 879.9 879.4 880.0 879.7 879.9 879.6 879.8 879.3 879.9 880.0
2016 Average 878.0 877.8 877.8 877.8 878.1 877.8 878.2 878.4 877.8 876.6 876.9 877.6 877.7
Minimum 876.7 875.9 876.6 875.2 875.8 874.5 877.0 876.3 876.0 872.4 874.0 876.1 872.4
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual
Maximum 879.3 880.4 881.0 880.2 880.6 880.2 880.5 879.4 879.2 879.3 879.8 880.4 881.0
2017 Average 877.7 878.2 877.8 878.0 878.2 877.6 877.6 878.1 877.7 876.9 876.7 877.9 877.7
Minimum 875.4 876.4 874.5 875.4 876.6 872.9 876.0 876.4 875.9 872.2 873.2 874.3 872.2
Maximum 879.7 878.6 879.4 879.7 879.7 880.2 879.0 879.2 879.6 879.5 879.0 878.5 880.2
2018 Average 877.8 877.7 878.1 878.0 878.2 878.0 877.7 877.7 877.8 878.1 877.5 877.3 877.8
Minimum 874.8 876.9 876.9 876.2 875.7 875.7 875.0 876.4 876.7 875.9 876.0 875.6 874.8
Maximum 878.8 879.3 879.5 880.3 880.3 879.0 878.8 879.7 880.0 878.5 878.2 878.8 880.3
2019 Average 877.8 877.8 878.1 873.5 877.9 877.7 877.6 877.8 878.1 876.6 877.3 877.2 8773
Minimum 876.8 876.1 877.2 831.2 876.9 876.4 876.3 877.0 877.0 873.6 876.4 875.6 831.2
Maximum 879.1 880.9 879.4 879.2 880.7 879.5 879.6 879.2 879.7 879.1 880.6 880.4 880.9
2020 Average 877.5 877.3 8717.7 8717.7 878.0 877.9 877.8 877.9 878.2 877.7 878.1 877.9 877.8
Minimum 875.5 876.0 876.4 876.4 876.3 876.2 876.5 876.7 876.7 874.8 875.8 875.4 874.8
Maximum 883.9 882.0 881.6 881.2 883.7 885.0 885.2 883.6 884.6 883.7 885.3 884.3 885.3
Sii;;f;:y Average 878.4 878.6 878.6 878.4 878.9 878.8 878.3 875.4 876.8 876.6 876.8 878.3 877.8
Minimum 856.9 873.4 857.9 831.2 873.8 852.2 824.5 788.5 825.8 826.6 826.6 859.5 788.5
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3.1.4.2 River Operations

From 1991 through 2012, flows in the mainstem Skagit River downstream of Gorge Powerhouse
were determined by the current Project license issued by FERC in 1995, which fully incorporated
the measures included in the Flow Plan of the FSA (City Light 1991). The primary purpose of the
Flow Plan was to minimize the effects of Project operations on salmon and steelhead. The
measures included in the Flow Plan were developed based on extensive research on the effects of
Project operations on fish and by hydrological and operational modeling (Pflug and Mobrand
1989). The Flow Plan also established a Flow Plan Coordinating Committee (FCC), which consists
of representatives from the Indian Tribes and Washington Department of Fish and Wildlife
(WDFW), to address and approve any deviations from the planned flow measures needed to
respond to changing conditions (i.e., flow insufficiency or flood flows).

The Project license was amended in 2013 to incorporate a Revised FSA Flow Plan (City Light
2011), which included four measures City Light had been implementing voluntarily since 1995 to
further reduce Project effects on steelhead and salmon. The specific flow measures and ramping
rate restrictions included in the Project license as amended® and the Revised FSA Flow Plan (City
Light 2011) are described below by species and life stage.

Salmon Spawning and Redd Protection

The primary means of protecting spawning salmon and redds downstream of the Project are to: (1)
limit maximum flow levels during spawning to minimize redd building along the edges of the river
in areas exposed by daily load following generation; and (2) maintain minimum flows throughout
the incubation period to keep redds covered until the fry emerge.

The Revised FSA Flow Plan identifies anticipated spawning periods for each species which are
based on historic habitat use data collected by resource agencies and Indian Tribes. The spawning
periods and maximum average daily flows for each species as identified in the Revised FSA Flow
Plan are as follows:

= Chinook Salmon — August 20 through October 15, each year.
= Pink Salmon — September 12 through October 31, odd years.

* Chum Salmon — November 1 through January 6, each year.

During the spawning period of each salmon species, daily average flows may not exceed 4,500 cfs
for Chinook Salmon, 4,000 cfs for Pink Salmon, and 4,600 cfs for Chum Salmon unless: (1) the
flow forecast made by City Light shows a sufficient volume of water will be available to sustain a
higher incubation flow, thereby permitting a higher spawning flow; or (2) uncontrollable flow
conditions are present. The seasonal spawning flow for each species is defined as the average of
the highest ten daily spawning flows at the Newhalem gage (USGS 12178000) during the
spawning period of that species.

In addition, the current Project license requires City Light to provide minimum flows, which are
dependent on spawning flows, during the salmon incubation period. For purposes of this
requirement, incubation is presumed to begin on the first day of the spawning period identified for

% July 17,2013 Order Amending the License and Revising Annual Charges for Project 553 (144 FERC § 62,044).
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each species and end on April 30 for Chinook and Pink Salmon, and May 31 for Chum Salmon.
As aresult, instantaneous minimum flows are provided from August 20 through May 31 each year
(see Appendix C of the Revised FSA; City Light 2011).

Salmon Fry Protection

The salmon fry protection period specified in the Revised FSA Flow Plan is January 1 through
May 31, which is when salmon fry are emerging from redds and may be subject to stranding on
gravel bars (Pflug and Mobrand 1989). Stranding refers to entrapment and death of juvenile
salmonids on gravel bars that become exposed (dry) when the river drops rapidly in response to
operational changes from a hydroelectric project. The vulnerability of salmonid fry to stranding
depends on several biological, temporal, and physical factors, in addition to hydroelectric project
operational factors. Streamflow properties include the river’s height (stage) in relation to a specific
habitat and the rate at which the stage changes in response to streamflow changes. Operational
factors control changes in streamflow, which reflect electrical power requirements.

To minimize fry stranding, the Project license requires City Light to limit daily down-ramp
amplitude; maintain minimum flows throughout the salmon fry protection period that are adequate
to cover gravel bar areas commonly inhabited by salmon fry; and limit down-ramping to nighttime
hours except in periods of high flow, as follows:

* Down-ramp Amplitude — The down-ramp amplitude is limited to no more than 4,000 cfs.

= Down-ramping Rate — During periods of daylight, no down-ramping is allowed from the
moment when the flow at Marblemount is predicted to be < 4,700 cfs. Down-ramping may
proceed at a rate of up to 1,500 cfs per hour as long as the flow at Marblemount gage (USGS
12181000) is predicted to be > 4,700 cfs. During periods of darkness, down-ramping is allowed
at a rate up to 3,000 cfs per hour.

= Salmon Fry Protection Release — To maintain a predicted Marblemount flow of 3,000 cfs
during the salmon fry protection period, the Project must release up to 2,600 cfs as measured
at the Newhalem gage.

Steelhead Spawning and Redd Protection

As is done for salmon, the primary means of protecting spawning steelhead and redds downstream
of the Project are to: (1) limit maximum flow levels during spawning to minimize redd building
along the edges of the river in areas exposed by daily load following generation; and (2) maintain
minimum flows throughout the incubation period to keep redds covered until the fry emerge.

Measures to protect spawning steelhead and redds downstream of the Project include limiting
maximum flow levels during spawning, shaping daily flows for uniformity over the extended
spawning period; and maintaining minimum flows through the incubation period adequate to keep
redds covered until fry emerge from the gravel. To protect eggs and embryos from dewatering, the
measures in the Revised FSA Flow Plan substantially reduce the difference between spawning and
incubation flows, thus decreasing the area of river channel subjected to dewatering.

The steelhead spawning period specified in the Revised FSA Flow Plan is from March 15 — June
15 each year. This spawning period is divided into three sub-periods: March 15— 31, April 1 — 30,
and May 1 — June 15. Each sub-period is treated separately for the purpose of determining
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succeeding steelhead spawning and incubation flows. Planned flows may not exceed 5,000 cfs for
March steelhead, 5,000 cfs for April steelhead, and 4,000 cfs for May — June 15 steelhead, unless
the forecasted inflow and storage is great enough to provide incubation flows that are at least as
high as required by the spawning flows. As stipulated in the Revised FSA Flow Plan, any planned
spawning flows greater than these flow ranges are not to be implemented without prior discussion
with the FCC. The actual spawning flow for each sub-period is defined as the average of the ten
highest daily spawning flows at the Newhalem gage during that sub-period.

The incubation periods for each steelhead spawning group starts on the first day of the spawning
sub-periods and ends on June 30 for March steelhead and July 31 for both April steelhead and
May — June 15 steelhead. An instantaneous minimum incubation flow for each day of the
incubation period is provided as follows:

= Incubation flows during the first ten days of each spawning sub-period are based on the planned
spawning flow.

= Thereafter, daily incubation flows are based on the average of the highest ten daily spawning
flows that have occurred up to that day. Appropriate incubation flows for any given day are
determined by the season spawning flows in Appendix G of the Revised FSA Flow Plan (City
Light 2011).

* During the month of August, the instantaneous daily minimum flow at Newhalem gage is 2,000
cfs, though this is reduced to 1,500 cfs when flow insufficiency provisions are in effect (see
Revised FSA Flow Plan, Section 6.4; City Light 2011).

Steelhead Fry Protection

Newly emerged steelhead fry are protected from potential stranding by limiting daily down-ramp
amplitudes and rates and by maintaining minimum flows from June 1 — October 15 adequate to
cover gravel bar areas commonly inhabited by steelhead fry. Implementation details include:

* Down-ramp Amplitude — The maximum 24-hour, down-ramp amplitude is limited to 3,000
cfs when natural flows at the Newhalem gage are > 4,000 cfs. When natural flows at Newhalem
gage are < 4,000 cfs, the down-ramp amplitude is limited to 2,000 cfs per day from June 1 —
August 30 and to 2,500 in September and October. During the month of August, down-ramp
amplitude is further restricted to 500 cfs per day when flow insufficiency provisions are in
effect (see Revised FSA Section 6.4; City Light 2011).

= Down-ramping Rate — When the Newhalem instantaneous natural flow is < 4,000 cfs, the
allowed down-ramp rate is up to 500 cfs per hour. When the Newhalem instantaneous flow
remains > 4,000 cfs, a down-ramp rate of up to 1,000 cfs per hour is allowed.

= Steelhead Fry Protection Flow — Minimum instantaneous flows at the Newhalem gage must
be the higher of flows specified in Appendix I of the Revised FSA Flow Plan (City Light 2011;
Table 3.1-9) or by required steelhead incubation flows. During the portions of June and
October excluded from the steelhead fry protection period, minimum flows are determined by
required salmon incubation flows.
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Table 3.1-9. Fry protection at Newhalem gage.
Month Minimum Sufficient Instantaneous Flow (cfs)!

January 2
February 1,800
March 1,800
April 1,800
May 1,500
June 1,500
July 1,500
August 2,000
September 1,500
October 1,500

November 2

December 2

1 Minimum flow may be reduced to 1,500 cfs when natural flow on the inflow day is less than 2,300 cfs (Section
6.3.3.2 (3) of the Revised FSA).
2 Minimum flows in these months are determined by incubation flow requirements.

Steelhead and Chinook Salmon Yearling Protection

To protect steelhead and Chinook Salmon yearlings from stranding and to minimize local
displacement from foraging habitats, down-ramp rates are limited to < 3,000 cfs/hr from October
16 through January 31 each year.

Other Flow Management Measures

The Revised FSA Flow Plan recognizes that some impact to anadromous fish spawning,
incubation, and rearing may occur notwithstanding the protection measures described above,
particularly when uncontrollable flow events occur (City Light 2011). In addition to the
downstream flow requirements, it was recognized that specific voluntary actions may be needed
to better protect salmon and steelhead spawning areas, redds, and fry as a result of new information
on the effects of flows on spawning, incubation, and fry survival. These voluntary actions are
cooperatively developed through the FCC, which considers Project system flexibility, economic
ramifications, and potential effects to all anadromous species and life stages at a given time.
Critical data considered include tributary inflows between Newhalem and Marblemount and field
monitoring of redd locations. Implementation of voluntary actions typically involves development
of a proposed action by City Light during or at the end of the spawning season for each species (or
spawning group in the case of steelhead) and whenever uncontrollable flow events occur during
the spawning, incubation, and rearing periods. The proposal is then presented to the FCC for
review and discussion to reach consensus on a plan of action.

3.1.5 Project Capacity, Production, and Outflow Records
3.1.5.1 Dependable Capacity
The Skagit River Project’s dependable capacity is 805.4 MW.
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3.1.5.2 Energy Production/Generation

The Project has a total authorized installed capacity of 700.27 MW, and the generation capability
is nearly 840 MW !° (Table 3.1-1). The three Project powerhouses have four generators each, with
capacities that currently range from 1.2 MW for the small house units at the Diablo Development
to 112.5 MW for the units at the Ross Development (see Table 3.1-1). Major renewals at the Project
since it was completed in 1961 with construction of High Gorge Dam have included generator
rewinds at the Gorge Development in 1982, 1983, and 1990, at the Diablo Development in 2018
and 2019, and at the Ross Development in 2005, 2006, 2007, and 2009; and replacement of
transformers at Ross Powerhouse in 2016 and 2017. The rewinds at Diablo and the new
transformers at Ross resolved previous equipment-related limitations on generating capacity at
these powerhouses.

The average annual energy production from the Skagit River Project over the past five years (2016-
2020) is approximately 2,336,051 MWh, with a variation of 729,700 MWh between the highest
and lowest year (Table 3.1-10). Average monthly generation ranged from a low of 74,950 MWh
in 2019, to a high of 74,950 MWh in 2016.

Table 3.1-10. Skagit River Project annual and monthly average energy production (2016-2020).
2016 2017 2018 2019 2020 5-Year Average

Total Annual MWh 2,698,195 | 2,433,111 2,263,105 1,968,495 2,317,350 2,336,051

Monthly Average MWh 74,950 67,586 62,864 54,680 64,371 64,890

Monthly generation for each of the developments over the 2016-2020 period is summarized in
Table 3.1-11. Energy production at the Project varies greatly over any given year but usually peaks
during the winter months, when inflow and energy needs are high, and is the lowest in late summer
(Figure 3.1-16).

10 Authorized installed capacity values presented herein are those approved by the February 2, 2021 Order

Amending License, Approving Revised Exhibits K and M, and Revising Annual Charges (174 FERC 9] 62,066).
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Table 3.1-11. Skagit River Project generation (MWh) per generation year (January — December; 2016-2020).

2016 2017 2018 2019 2020 Average Monthly
Month | Gorge | Diablo Ross Gorge | Diablo Ross Gorge | Diablo Ross Gorge | Diablo Ross Gorge | Diablo Ross Gorge | Diablo Ross
Jan 116,472 | 104,199 | 105,899 | 96,874 | 87,366 | 89,663 | 105,023 | 56,313 | 89,970 | 106,448 | 65,267 | 91,243 | 58,869 | 44,878 | 28,318 | 116,472 | 104,199 | 105,899
Feb 104,974 | 92,006 | 85,118 | 59,497 | 44,897 | 34,326 | 112,688 | 50,689 | 124,308 | 97,275 | 70,801 | 85,283 | 97,812 | 86,812 | 79,594 | 104,974 | 92,006 | 85,118
March | 108,924 | 97,363 | 93,811 | 78,952 | 67,949 | 57,645 | 100,114 | 59,448 | 106,554 | 90,253 | 78,525 | 64,148 | 98,156 | 87,323 | 80,172 | 108,924 | 97,363 | 93,811
April 83,030 | 64,868 | 46,370 | 89,965 | 57,220 | 66,440 | 65,841 | 50,351 | 27,196 | 75,250 | 59,304 | 40,360 | 72,283 | 55,916 | 40,005 | 83,030 | 64,868 | 46,370
May 71,655 | 75,316 | 58,659 | 105,152 | 51,182 | 58,710 | 71,064 | 30,636 | 15,828 | 70,848 | 54,148 | 27,620 | 65,838 | 42,742 | 16,834 | 71,655 | 75,316 | 58,659
June 82,805 | 67,335 | 51,533 | 109,382 | 59,450 | 86,248 | 70,904 | 38,068 | 31,511 | 62,250 | 46,649 | 28,104 | 93,270 | 42,866 | 62,675 | 82,805 | 67,335 | 51,533
July 76,864 | 62,529 | 47,689 | 88,041 | 60,268 | 57,628 | 71,340 | 54,987 | 34,383 | 51,211 | 37,083 | 22,973 | 97,797 | 73,338 | 61,228 | 76,864 | 62,529 | 47,689
Aug 54,769 | 42,486 | 33,032 | 58,960 | 46,909 | 33,415 | 35,147 | 48,960 | 32,783 | 46,062 | 32,930 | 19,566 | 53,076 | 41,066 | 29,818 | 54,769 | 42,486 | 33,032
Sept 70,228 | 58,718 | 60,217 | 65,133 | 52,445 | 55,161 | 73,718 | 56,333 | 58,755 | 60,473 | 37,221 | 35,682 | 69,428 | 55,299 | 53,478 | 70,228 | 58,718 | 60,217
Oct 93,083 | 67,024 | 67,638 | 72,812 | 57,966 | 51,993 | 81,133 | 61,114 | 61,331 | 61,092 | 36,836 | 35,342 | 86,310 | 36,524 | 70,775 | 93,083 | 67,024 | 67,638
Nov 87,681 | 62,081 | 67,146 | 84,832 | 47,150 | 63,934 | 80,228 | 57,488 | 48,301 | 56,735 | 48,163 | 39,607 | 86,101 | 71,423 | 67,780 | 87,681 | 62,081 | 67,146
Dec 86,024 | 76,277 | 74,372 | 89,152 | 60,098 | 86,296 | 79,775 | 61,735 | 59,088 | 54,967 | 44,102 | 34,674 | 79,243 | 65,484 | 64,819 | 86,024 | 76,277 | 74,372

Average
Annual
Monthly | 86,376 | 72,517 | 65,957 | 83,229 | 57,742 | 61,788 | 78,915 | 52,177 | 57,501 | 69,405 | 50,919 | 43,717 | 79,849 | 58,639 | 54,625 | 86,376 | 72,517 | 65,957

Total
Annual |1,036,509| 870,202 | 791,484 | 998,752 | 692,900 | 741,459 | 946,975 | 626,122 | 690,008 | 832,864 | 611,029 | 524,602 | 958,183 | 703,671 | 655,496 |1,036,509| 870,202 | 791,484
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Figure 3.1-16. Average monthly generation for the Skagit River Project (2016-2020).

Of the three developments, the Gorge Development produces the greatest amount of energy and
was responsible for 38-42 percent of the total Skagit River Project output from 2016-2020 (Figure
3.1-17). This is because Gorge Powerhouse generates constantly to maintain required minimum
flows in the river downstream of the Project. Despite its larger capacity, generation at the Ross
Development was less than the Diablo Development all five years between 2016 and 2020. The
Ross Development exceeded generation at the Diablo Development in 2017 and 2018 primarily
because of turbine rewinds at the Diablo Development which reduced plant capacity in those years.
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Figure 3.1-17. Average annual generation for the Skagit River Project by development (2016-

2020).

To provide a consistent comparison among existing and alternate operations, hourly energy
production (MWh) was simulated by the Skagit Operations Model. The Skagit Operations Model
describes and simulates existing Project operations for purposes of relicensing, and which can be
used to simulate potential future operations under a variety of operating scenarios.

Utilizing a daily average inflow as primary input, the Skagit River Project Operations Model
simulates operations to allocate water between reservoir storage and required outflow constraints
(physical, environmental, and operational) while permitting generation. The Skagit Operations
Model encompasses an inflow dataset, including streamflows into Ross Lake, incremental inflows
to Diablo and Gorge lakes, as well as incremental flows to nodes along the Skagit River
downstream of the Gorge Development. The Gorge Development includes Gorge Powerhouse as
well as the Gorge spillway, so the analysis is inclusive of flows through both. Flows from the
Gorge spillway flow into the Gorge bypass reach. The Skagit Operations Model includes
characteristics of the three Project reservoirs’ powerhouses and water conveyance structures, as
well as incremental tributary flows and hydraulic relationships at select nodes along the Skagit
River. The Skagit Operations Model is intended to be used as a tool to assist in evaluating water
quantity distribution between the available water conveyances due to changes in model inputs,
including various operational modifications and physical plant modifications.
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The estimated total average annual energy produced at the Project based on simulated Project
operations for the period January 1, 2012 through December 31, 2020, which is the period since
the implementation of the Revised FSA Flow Plan (City Light 2011), is approximately 2,842,900
MWh (Table 3.1-12). The actual average annual energy produced by the Project for the same
period was approximately 2,474,900 MWh, which is a 14.9 percent difference relative to the
estimated total average annual generation. Because the Skagit Operations Model is consistent in
applying logic and unit optimization to historical inflows, the Operations Model does not exactly
reproduce the historic day-to-day energy production due to variations in load demand, weather,
operation and maintenance activities, emergency operations, and other operational decisions. As
outlined in the Skagit Operations Model Logic and Validation Report (City Light 2022), the
simulated Baseline scenario, which will be the basis for comparison of subsequent Skagit
Operations Model scenarios, varies more from historical generation than the Verification
scenarios, as this Baseline scenario assumes default unit dispatching and does not include historical
unit outages.

Table 3.1-12. Skagit River Project average monthly and total annual generation (in MWh),
modeled and actual (2012-2020).
Month Historical Average Simulated Average
January 259,452 305,740
February 253,414 303,185
March 244,345 301,066
April 183,433 208,884
May 169,517 161,075
June 211,844 264,458
July 215,401 264,248
August 132,451 140,709
September 169,827 173,884
October 191,685 202,069
November 215,589 258,330
December 227,986 259,230
Total 2,474,942 2,842,879
3.1.53 Outflow

The sequential configuration of the Project and the distinct roles of the three reservoirs is illustrated
by the outflow data (Tables 3.1-13 through 3.1-15). Average monthly discharge follows the same
trend for each plant and reflects the generation data — with high outflow in the winter months and
low in the late summer. Outflow from the Ross and Diablo developments is calculated from
generation and spill data. Outflow from the Gorge Development is measured at the USGS stream
gage in Newhalem, just downstream of the powerhouse.
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Table 3.1-13. Monthly minimum, average, and maximum outflows (cfs) from Ross Lake (2016-2020).

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Maximum 8,246 6,969 7,252 4,952 6,112 5,839 4,706 2,631 4,584 6,330 | 11,229 | 7,101 11,229
2016 Average 6,310 5,452 5,642 3,196 3,501 3,206 2,621 1,839 3,216 3,914 4,334 4,524 3,977
Minimum 2,764 1,002 4,165 316 1,409 703 826 784 1,533 880 1,778 3,209 316
Maximum 7,780 3,891 7,405 5,546 5,994 9,350 4,730 3,246 5,221 4,539 | 10,071 | 12,255 | 12,255
2017 Average 5,356 2,723 4,070 4,480 3,732 4,690 3,073 1,896 3,091 2,991 3,964 5,003 3,761
Minimum 2,430 245 1,670 3,005 703 2,269 1,910 618 668 591 549 2,917 245
Maximum 6,381 12,218 | 12,377 | 3,626 2,907 3,903 3,336 3,541 4,379 5,022 4,439 4,523 | 12,377
2018 Average 5,261 7,835 7,085 2,662 1,360 2,097 1,903 1,936 3,566 3,797 3,166 3,806 3,765
Minimum 3,641 3,895 3,220 863 119 14 443 881 1,012 1,628 102 2,814 14
Maximum 6,922 6,808 5,714 4,903 4,428 3,726 2,646 2,782 3,201 3,135 3,156 3,671 6,922
2019 Average 5,535 5,770 4,671 3,330 2,089 1,946 1,568 1,251 2,178 2,091 2,405 2,275 2,917
Minimum 2,509 4,875 2,791 1,047 574 611 961 593 936 19 517 1,227 19
Maximum 3,693 6,677 7,423 4,387 3,009 7,179 6,614 2,477 4,416 7,994 8,986 4,460 8,986
2020 Average 2,046 4,956 5,039 3,128 1,146 3,459 3,544 1,649 2,789 3,587 3,967 3,570 3,235
Minimum 312 1,649 3,224 1,501 65 1,048 1,548 741 964 682 1,299 1,441 65
Maximum 8,246 | 12,218 | 12,377 | 5,546 6,112 9,350 6,614 3,541 5,221 7,994 | 11,229 | 12,255 | 12,377

Slsl;:rrelzy Average 4,902 5,345 5,301 3,359 2,451 3,086 2,565 1,714 2,968 3,276 3,570 3,836 3,531
Minimum 312 245 1,670 316 65 14 443 593 668 19 102 1,227 14
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Table 3.1-14. Monthly minimum, average, and maximum outflows (cfs) from Diablo Lake (2016-2020).

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Maximum 7,264 7,096 7,167 4,585 6,144 6,229 5,835 3,345 4,550 6,831 10,526 | 7,306 | 10,526
2016 Average 6,650 6,103 6,004 4,136 4,640 4,581 3,913 2,760 3,811 4,880 5,074 4,749 4,772
Minimum 5,174 2,938 4,176 2,932 3,414 3,208 3,214 2,027 2,316 3,514 3,520 4,079 2,027
Maximum 7,456 4,102 7,424 6,077 6,202 | 10,256 | 6,259 4,336 4,628 5,057 | 10,293 | 12,570 | 12,570
2017 Average 5,511 3,150 4,590 4,951 5,295 6,652 4,630 3,106 3,684 3,576 4,812 5,369 4,618
Minimum 2,873 1,514 2,772 3,689 3,804 4,617 3,400 1,756 1,596 1,936 2,918 3,986 1,514
Maximum 6,863 | 12,217 | 12,185 | 3,574 4,324 4,218 5,344 4,566 4,479 4,497 5,064 4,496 | 12,217
2018 Average 5,642 8,312 7,318 3,198 3,020 3,518 3,584 3,103 4,083 4,245 3,875 4,120 4,532
Minimum 4,017 5,008 3,878 2,547 1,592 2,535 2,179 2,049 1,720 3,645 2,112 3,781 1,592
Maximum 6,664 6,944 5,686 4,804 4,594 3,976 2,795 2,584 3,273 3,125 3,206 2,974 6,944
2019 Average 5,829 5,944 4,840 3,865 3,173 3,039 2,519 2,238 3,046 2,766 2,789 2,602 3,546
Minimum 3,551 5,079 4,062 2,577 2,243 2,354 2,045 2,074 2,636 1,236 1,597 1,728 1,236
Maximum 3,370 6,510 6,431 3,832 3,247 8,863 6,864 3,930 4,372 8,581 10,191 | 4,710 | 10,191
2020 Average 2,614 5,468 5,210 3,559 2,503 4,945 4,905 2,623 3,643 4,460 4,798 4,012 4,056
Minimum 1,440 3,062 4,082 2,574 1,632 3,176 3,097 2,089 1,841 3,021 3,168 3,091 1,440
Maximum 7,456 | 12,217 | 12,185 | 6,077 6,202 | 10,256 | 6,864 4,566 4,628 8,581 10,526 | 12,570 | 12,570

Sigrflzy Average 5,249 5,795 5,592 3,942 3,789 4,554 3,940 2,766 3,654 3,985 4,272 4,171 4,305
Minimum | 1,440 | 1,514 | 2,772 | 2,547 | 1,592 | 2,354 | 2,045 | 1,756 | 1,596 | 1236 | 1,597 | 1,728 | 1,236
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Table 3.1-15. Monthly minimum, average, and maximum outflows (cfs) from Gorge Lake (2016-2020).

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Maximum 7,711 7,404 7,561 4,952 6,318 6,577 6,194 3,483 4,538 7,662 | 10,702 | 7,371 10,702
2016 Average 6,907 6,591 6,320 4,632 5,059 4,946 4,117 2,848 3,903 5,253 5,376 4,850 5,062
Minimum 5,751 3,726 4,403 3,445 3,857 3,714 3,520 2,176 2,392 3,998 3,944 4,256 2,176
Maximum 7,625 4,408 7,575 6,125 6,398 | 10,678 | 6,765 4,445 4,529 7,191 13,922 | 12,745 | 13,922
2017 Average 5,618 3,556 5,026 5,298 6,106 7,310 4,976 3,212 3,724 3,937 5,402 5,474 4,977
Minimum 2,923 2,901 3,612 4,064 5,461 5,318 3,762 1,788 1,659 3,517 3,573 4,217 1,659
Maximum 7,034 | 12,378 | 12,272 | 4,115 4,783 4,375 5,692 4,642 4,545 4,523 5,658 5,107 | 12,378
2018 Average 5,960 8,716 7,424 3,631 3,952 4,032 3,904 3,188 4,171 4,386 4,422 4,336 4,854
Minimum 4,533 6,753 3,990 3,406 2,492 2,854 2,825 2,194 1,798 4,259 3,968 4,081 1,798
Maximum 6,874 6,862 5,705 5,844 4,688 4,236 3,053 2,585 3,243 3,222 3,333 3,044 6,874
2019 Average 6,080 6,070 4,948 4,205 3,803 3,365 2,698 2,322 3,179 3,099 2,976 2,808 3,789
Minimum 4,572 5,200 4,317 3,123 3,402 2,617 2,381 2,222 3,095 2,770 2,755 2,408 2,222
Maximum 3,553 6,856 6,474 3,974 4,364 9,266 7,570 4,125 4,472 8,849 | 10,614 | 4,526 | 10,614
2020 Average 3,032 5,821 5,320 3,859 3,234 5,535 5,327 2,792 3,797 4,843 5,179 4,254 4,410
Minimum 2,354 3,641 4,299 3,705 2,695 3,637 3,384 2,292 1,931 3,773 3,693 3,739 1,931
Maximum 7,711 12,378 | 12,272 | 6,125 6,398 | 10,678 | 7,570 4,642 4,545 8,849 | 13,922 | 12,745 | 13,922

Sfl;:rrele;y Average 5,519 6,151 5,808 4,326 4,476 5,044 4,236 2,873 3,755 4,304 4,673 4,345 4,619
Minimum 2,354 2,901 3,612 3,123 2,492 2,617 2,381 1,788 1,659 2,770 2,755 2,408 1,659
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3.1.6 Existing Resource Measures

The existing Project license consists of 21 articles related to operations as well as measures for
mitigating effects on natural and cultural resources. The PME measures were developed by City
Light and federal and state agencies, Indian Tribes and Canadian First Nations, and non-
governmental organizations (NGOs) as part of a collaborative settlement agreement process. The
articles related to environmental resources included in the license, as modified by the 1996
Rehearing Order, are briefly described below. Exhibit A of this DLA, and Section 4 of this Exhibit
E below, provide addition details on these measures. Lastly, Appendix D of this Exhibit E includes
an assessment of the effectiveness of the current license measures.

3.1.6.1 Geology and Soils

Article 409 requires the development and implementation of a Project Soil Erosion Control Plan.
As described in Appendix D and Section 4.2.1.3 of this Exhibit E, the plan prioritizes sites based
on potential for erosion effects to recreational, biological, or cultural resources. The erosion control
treatments, monitoring, and repairs have been undertaken on a progressive basis by NPS and
funded by City Light. Annual reports on erosion control measures and erosion monitoring have
been filed with FERC during the current Project license period.

3.1.6.2 Water Resources

Article 301 of the current license requires City Light to draw down Ross Lake to a level that
provides 60,000 acre-feet of storage for flood risk management by November 15 and 120,000 acre-
feet by December 1, and to maintain this available storage through March 15. Additional details
are provided in Section 3.1.4.1 of this Exhibit E.

Article 302 of the current license requires compliance with requests for flood risk management
operational changes requested by the USACE and in compliance with the Details of Regulation
for Use of Storage Allocated for Flood Control in Ross Reservoir, Skagit River, WA (USACE
1967), which is incorporated into the Project license by reference. This document was updated in
2002 and provides the current guidance for Project operations under for flood risk management,
as described in Section 3.1.4.1 of this Exhibit E.

3.1.6.3 Fish and Aquatics

Articles 401-408 of the current license comprise of measures including: (1) the instream flow plan
(Flow Plan), which addresses spawning, incubation, rearing, and outmigration of salmonids; and
(2) non-flow measures (Non-Flow Plan), which include the construction of off-channel habitats,
Rainbow Trout stocking in Gorge and Diablo lakes, and Chinook Salmon and steelhead research
programs. Additional details are provided in Appendix D, and Sections 3.1.4.2, and 4.2.3.3 of this
Exhibit E.

Additionally, City Light currently removes potential upstream fish migration barriers at the mouths
of Ross Lake tributaries, as stipulated by the 1991 Settlement Agreement. Although not a
requirement of the current Project license, City Light also conducts stranding and trapping surveys
in Gorge Lake if the reservoir’s water surface elevation is drawn down below 873.51 feet NAVD
88 (867 feet CoSD). Additional details are provided in Appendix D and Section 4.2.3 of this
Exhibit E.
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3.1.64 Botanical Resources

There were no specific articles or PME measures in the current Project license that specifically
addressed botanical resources.!! However, over the years, City Light has collaborated with
agencies, Indian Tribes, and NGOs to identify and implement measures to protect and benefit
botanical resources in the Project vicinity. This includes land acquisition and management, weed
management, and other collaborative efforts as described in Appendix D and Section 4.2.4.3 of
this Exhibit E.

3.1.6.5 Wildlife Resources

Articles 410 and 411 of the current license requires City Light to comply with measures intended
to protect avian and wildlife resources. Under the current Project license, City Light has developed
and implemented wildlife-focused protection and enhancement measures in cooperation with NPS
and other LPs, including the purchase and management of fish and wildlife mitigation lands,
monitoring and education funds, and research grants. These efforts are further described in Section
4.2.5.3 of this Exhibit E. Additional details regarding the effectiveness of these efforts are further
described in Appendix D of this Exhibit E.

3.1.6.6 Recreation and Land Use

Article 412 of the current license requires City Light to file a Project Recreation Plan implementing
provisions for continuing, mitigative, and enhancement measures. As described in Appendix D
and Section 4.2.6.3 of this Exhibit E, these measures include development and management of
recreation facilities, providing education and interpretive facilities and services within the Project
Boundary.

3.1.6.7 Aesthetic Resources

Article 413 of the current license requires City Light to file a Project Visual Quality Plan
implementing measures to mitigate for the visual quality impacts of the Project. As described in
Appendix D and Section 4.2.7.3 of this Exhibit E, these measures include Project facility
improvements, landscaping, and ROW management visual quality improvements within the
Project Boundary.

3.1.6.8 Tribal and Cultural Resources

Article 414 of the current license requires City Light to implement measures to mitigate and protect
cultural resources, including the implementation of the Archeological Resources Mitigation and
Management Plan and the Historic Resources Mitigation and Management Plan, further described
in Appendix D and Section 4.2.8.3 of this Exhibit E.

3.2 Alternatives Considered but Eliminated from Detailed Study

Some alternatives to relicensing the Project were considered by City Light and eliminated from
detailed study because they are not reasonable under the circumstances, or they are not advocated
by any of the entities involved in this proceeding. These alternatives are: (1) federal government

" The Project Visual Quality Plan (Article 413) includes tasks related to botanical resources.
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takeover of the Project; (2) issuance of a non-power license; and (3) Project decommissioning. The
following sections provide the basis for the dismissal of these alternatives.

3.2.1 Federal Government Takeover of the Project

City Light is a municipal entity, and as such, federal takeover of the Project was barred by
Congress in the Act of August 15, 1953, 67 Stat.587. Moreover, no party has suggested that federal
takeover would be appropriate, and no federal agency has expressed an interest in operating the
Project.

3.2.2 Non-Power License

A non-power license is a temporary license that FERC issues when it determines that a project
should no longer be used to generate power. In Scoping Document 2 (SD2; FERC 2020), FERC
stated that a non-power license is not a reasonable alternative to relicensing the Project. At this
time, no governmental agency has suggested a willingness or ability to take over the Project. No
party has sought a non-power license, and there is no basis for concluding that the Project should
no longer be used to produce power. Therefore, City Light concurs with FERC that a non-power
license is not a reasonable alternative to relicensing the Project.

3.23 Project Decommissioning

As FERC has previously held, decommissioning is not a reasonable alternative to relicensing in
most cases. For the Skagit River Project, the Upper Skagit Indian Tribe and American Whitewater
requested that decommissioning of Gorge Dam be included as a reasonable alternative to
relicensing. In SD2, FERC found that: “City Light does not propose decommissioning, nor does
the record to date demonstrate there are serious resource concerns that cannot be mitigated if the
project is relicensing; as such, there is no reason, at this time, to include decommissioning as a
reasonable alternative to be evaluated and studied as part of staff’s NEPA analysis.” City Light
concurs with FERC’s determination and does not include decommissioning as a reasonable
alternative to relicensing the Project at this time. Additional information will be provided in the
FLA.

33 Proposed Action
3.3.1 Proposed Project Operations

At this time, City Light proposes to operate the Project in a manner consistent with the current
license. City Light will modify its proposal in the FLA based on the outcome of ongoing
engagement with the LPs regarding appropriate measures to be included in the new license.

3.3.1.1 Estimates for Average Annual Energy and Dependable Capacity

As noted in Section 3.1.5.1 of this Exhibit E for existing Project capacity and production, the
Project’s dependable capacity would continue to be 805.4 MW and the estimated total average
annual energy produced by the Project would continue to be approximately 2.4 million MWh.
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3.3.2 Proposed Power Plant Equipment Upgrades, Other Improvements, and
Maintenance Activities

Scheduled generator rewinds and turbine runner replacements will occur at all three Project
developments over the course of the license (see Exhibit C of this DLA for approximate
timeframes of implementation after license issuance). If, and how much, this standard work will
impact generation capacity is currently unknown.

City Light anticipates undertaking other major and minor capital improvement projects (CIPs) as
well as recurring O&M. Several of the potential projects would improve employee/public safety
or emergency communications and response capabilities. Others involve compliance with either a
City of Seattle mandate or previous mitigation commitments. The remainder under consideration
would enhance operational efficiency, facilitate employee engagement, improve environmental
conditions in and near Newhalem, or support public visitation. Most of the projects are only
conceptual and will need additional design, cost/benefit analysis, and environmental and National
Historic Preservation Act (NHPA) Section 106 review and consultation. See Exhibit C of this DLA
for a complete list of potential projects under consideration at this time.

333 Proposed Resource Measures
3.3.3.1 Geology and Soils
Reservoir Shoreline Erosion Management Plan

To protect natural, cultural, and recreational resources from direct and indirect erosion impacts
from Project O&M activities, City Light proposes to develop a Reservoir Shoreline Erosion
Management Plan that will include treatment, monitoring, and reporting of identified erosion sites.
City Light also proposes to include a schedule of monitoring and reporting regarding erosion
effects to cultural sites (i.e., historic properties) in the Historic Properties Management Plan
(HPMP). Upon FERC approval, City Light will implement this plan. Additional details will be
provided in the FLA.

Project Roads and Transmission Line ROW Management Plan

To protect natural and cultural resources from direct and indirect impacts from Project Road and
Transmission Line ROW O&M activities as well as indirect impacts due to recreational use of City
Light roads and trails, City Light proposes to develop a Project Roads and Transmission Line
ROW Management Plan that will include: (1) the identification, treatment, monitoring, and
reporting of erosion sites on Project roads; (2) best management practice (BMP) measures for road
and trail maintenance; and (3) measures to protect aquatic habitat. BMPs for these areas and
activities will be consistent with guidance provided in the HPMP in order to avoid, minimize or
mitigate potential effects to historic properties. Upon FERC approval, City Light will implement
this plan. Additional details will be provided in the FLA.

3.3.3.2 Water Resources

Flood Risk Management

City Light anticipates including a proposal in the FLA to refine the flood risk management benefits
of the Project. City Light is currently engaged in dialogue with the USACE and other LPs and will
provide more information on these measures in the FLA.
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Flows in Gorge Bypass Reach

To enhance cultural and other water quality resources, City Light proposes to establish a flow
regime for the Gorge bypass reach. This flow regime will be developed in consultation with the
Indian Tribes and federal and state resource agencies. Water releases into the spillway from Gorge
Dam may be in excess of any minimum flows (which will be routed through the Gorge bypass
reach) during maintenance or emergency shutdown periods, and when river flows exceed the
capacity of the Gorge Powerhouse. This flow regime will commence after a variable flow release
valve is installed at Gorge Dam. The flow release valve’s engineering design and installation will
be subject to FERC review and approval. The flow regime in the Gorge bypass reach will be
coordinated with the flows from the Gorge Powerhouse to meet flow objectives below the Project.
Additional details will be provided in the FLA.

Water Quality Monitoring and Data Management Plan

To ensure compliance with Washington State water quality standards, City Light proposes to
develop a Water Quality Monitoring and Data Management Plan, for FERC and Ecology approval,
that will include continued monitoring of water quality and measures related to water quality data
management. Additional details will be provided in the FLA.

3333 Fish and Aquatics
Fish Passage at Gorge Dam

NMEFS, USFWS, the Treaty Tribes and others are evaluating as part of the ongoing relicensing
whether fish passage should be included within the new license. This evaluation may include
consideration of whether fish passage may meaningfully assist in bringing Skagit basin fish
populations to healthy, harvestable, and sustainable levels in the Skagit River watershed without
negatively impacting native Skagit basin fish populations and the Skagit River watershed
ecosystem.

City Light anticipates implementing a Gorge Dam Fish Passage Program if a decision is made to
proceed with fish passage at Gorge Dam. This program will be developed in consultation with
NMEFS, USFWS, Treaty Tribes and other LPs and will include a plan for safe, timely, and effective
upstream and downstream fish passage at Gorge Dam. Upon FERC approval, City Light will
implement this program.

City Light anticipates further dialogue with the LPs regarding fish passage at the Project, and such
dialogue will be informed by the results of the FA-04 Fish Passage Technical Study, the FA-06
Reservoir Native Fish Genetics Baseline Study, the FA-07 Reservoir Tributary Habitat
Assessment, relevant Agency guidance (e.g., Anderson et al. 2014, McClure et al. 2018), and other
information as deemed appropriate. Additional details are being developed and will be provided
in the FLA.

Mainstem, Side Channel and Off-Channel Aquatic Habitat Enhancement Plan

To enhance aquatic habitat downstream of the Project, City Light proposes to develop a Mainstem,
Side Channel and Off-Channel Aquatic Habitat Enhancement Plan that will include measures to
address Limiting Factors and to enhance and improve the availability of mainstem, off-channel
and side-channel habitats throughout the Skagit River downstream of the Gorge Powerhouse. The
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plan may include but not be limited to: (1) release of process flows; (2) restoration of existing off-
channel habitat; (3) wood augmentation; (4) sediment augmentation; and (5) monitoring. If Project
modifications have potential to create environmental impacts or adversely affect historic
properties, environmental and the NHPA Section 106 review and consultation would be completed
as required. Upon FERC approval, City Light will implement this plan. Additional details will be
provided in the FLA.

Aquatic Invasive Species Management Plan

To prevent the introduction of invasive species into the Project reservoirs and to detect aquatic
invasive species (AIS) presence (should one or more AIS be inadvertently introduced into the area
within the Project Boundary), City Light proposes to develop an AIS Management Plan that will
include measures aimed at reducing the impact of any AIS that may be introduced. Upon FERC
approval, City Light will implement this plan. Additional details will be provided in the FLA.

Anadromous Fish Flow Plan

To enhance salmon and steelhead resources and minimize Project effects downstream of the
Project, the FLA will include updates to the flow provisions within the current FSA Flow Plan
(City Light 2011). The current FSA Flow Plan’s flow measures and ramping rate restrictions are
briefly described below.

= Salmon spawning and redd protection: (1) limit maximum flow levels during spawning to
minimize redd building along the edges of the river in areas exposed by daily load following
generation; and (2) maintain minimum flows throughout the incubation period to keep redds
watered until fry emergence.

= Salmon fry protection: (1) limit daily down-ramp amplitude; (2) maintain minimum flows
throughout the salmon fry protection period that are adequate to cover gravel bar areas
commonly inhabited by salmon fry; and (3) limit down-ramping to nighttime hours except
during periods of high flow.

= Steelhead spawning and redd protection: (1) limit maximum flow levels during spawning; (2)
shape daily flows for uniformity over the extended spawning period; and (3) maintain
minimum flows through the incubation period that are sufficient to keep redds covered until
fry emergence.

= Steelhead fry protection: (1) limit daily down-ramp amplitudes and rates; and (2) maintain
minimum flows to cover gravel bar areas commonly inhabited by steelhead fry.

= Steelhead and Chinook Salmon yearling protection: limit down-ramp rates to protect steelhead
and Chinook Salmon yearlings.

City Light anticipates the updated flow plan will consider additional flood risk management
measures, recreation and an adaptive management program to periodically evaluate flows using
structured decision-making. Additional details will be provided in the FLA.

Early Action Measure: Short-Term Anadromous Fish Flow Plan

To continue to enhance salmon and steelhead resources and minimize Project effects downstream
of the Project, City Light proposes to develop a short-term flow plan in consultation with the FCC
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to implement specific flow operations that may be needed to protect salmon and steelhead during
the interim period prior to the issuance of the new license. City Light anticipates integrating
effective measures into the Anadromous Fish Flow Plan in the new license.

Rainbow Trout Broodstock Program (Diablo Lake and Gorge Lake Stocking)

To continue to enhance recreational fishing opportunities at Diablo Lake and Gorge Lake, City
Light proposes to continue funding the native Rainbow Trout broodstock program, which involves
collection of fish from Ross Lake to produce hatchery fish to supplement the Gorge Lake and
Diablo Lake Rainbow Trout fisheries. Additional details will be provided in the FLA.

Reservoir Tributary Barrier Removal Program

To continue to protect fisheries resources within Ross Lake, City Light proposes to continue
removing potential upstream fish migration barriers at the mouths of Ross Lake tributaries.
Additional details will be provided in the FLA.

Reservoir Fish Stranding and Trapping Program

To minimize risks of stranding and trapping of fish in Project reservoirs, City Light proposes to
develop a Reservoir Fish Stranding and Trapping Program to prevent and minimize the potential
for negative impacts of Project operational and maintenance activities on fisheries resources due
to stranding and trapping in Ross, Diablo, and Gorge lakes. The program’s objectives are to
minimize stranding and trapping risk in Project reservoirs by monitoring problem water surface
elevations associated with seasonally-identified stranding or trapping risk while minimizing
impacts on Project operations. The objectives will be achieved through identified surveillance
triggers and monitoring information that will support the development of future adaptive
management actions to reduce risk (e.g., implementation of habitat modification measures). Upon
FERC approval, City Light will implement this plan. Additional details will be provided in the
FLA.

3334 Botanical Resources
Vegetation Management Plan

To manage vegetation within the Project Boundary, City Light proposes to develop a Vegetation
Management Plan. This plan will address townsites and transmission line corridors.!? This plan
will also include measures to address special-status plant protection and protection of streams,
wetlands, riparian areas, and other priority habitats. This plan would include BMPs consistent with
implementation of the HPMP to avoid, minimize, or mitigate adverse effects to historic properties
as required by the NHPA. Upon FERC approval, City Light will implement this plan. Additional
details will be provided in the FLA.

Invasive Plants Management Plan

To manage the establishment and spread of invasive, non-native plant species within the Project
Boundary, City Light proposes to develop an Invasive Plants Management Plan which will address
townsites, transmission line corridors, and fish and wildlife mitigation lands and include measures

12 The Mitigation Lands Management Plan will incorporate applicable measures from the Vegetation Management

Plan.
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to address: (1) the introduction and spread of invasive plant species in the Project Boundary; (2)
early detection and rapid response measures; (3) effective control measures; (4) monitoring and
reporting; and (5) outreach, education and coordination measures. This plan would include BMPs
consistent with implementation of the HPMP to avoid, minimize, or mitigate adverse effects to
historic properties as required by the NHPA. Upon FERC approval, City Light will implement this
plan. Additional details will be provided in the FLA.

Wildfire Management Plan

To provide wildfire management for lands within the Project Boundary and to support regional
wildfire management efforts, City Light proposes to develop a Wildfire Management Plan, in
collaboration with the NPS, that addresses fire prevention and response as well as fuel management
topics. Upon FERC approval, City Light will implement this plan. Additional details will be
provided in the FLA.

Ross Lake Wetland Habitat Enhancement Measures

City Light will implement management actions to protect or enhance wetland habitats along the
Ross Lake shoreline that are consistent with woody debris management in the reservoir. City Light
will consider NPS riparian restoration activities conducted along several hundred feet of Ross Lake
shoreline in Dry Creek bay which consisted of placing woody debris collected by City Light in the
bay and using it as a planting substrate for a variety of native wetland plants. Additional details
will be provided in the FLA.

3335 Wildlife Resources
Wildlife Protection and Enhancement Plan

To protect wildlife species within the Project Boundary, City Light proposes to develop a Wildlife
Protection and Enhancement Plan, which will include measures for (1) O&M actions and BMPs;
(2) habitat management and enhancements; and (3) monitoring and reporting. Upon FERC
approval, City Light will implement this plan. Additional details will be provided in the FLA.

Avian Species Protection Plan

To protect avian species within the Project Boundary, City Light proposes to develop an Avian
Species Protection Plan, which will include measures to protect avian species, including: (1)
maintenance of bird flight diverters; (2) coordination with NPS on helicopter noise protection
measures; and (3) BMP measures to avoid or minimize the disturbance of avian species. Upon
FERC approval, City Light will implement this plan. Additional details will be provided in the
FLA.

Wildlife Mitigation Lands Management Plan

To continue its ongoing stewardship of wildlife mitigation lands, City Light proposes to include a
Wildlife Mitigation Lands Management Plan that is currently being developed in collaboration
with Treaty Tribes and other LPs. This management plan will include measures for management
of the wildlife mitigation lands and management of invasive species on these lands. This plan
would also include BMPs consistent with implementation of the HPMP to avoid, minimize, or
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mitigate adverse effects to historic properties as required by the NHPA. Upon FERC approval,
City Light will implement this plan. Additional details will be provided in the FLA.

Off-license Measure: Wildlife Monitoring and Education Funds

To enhance wildlife management and education, City Light will provide a fund with monetary
contributions on an annual basis for long-term ecological monitoring including monitoring for rare
plants, bats, migratory birds, marmots, pikas, bald eagles, peregrine falcons, loons, wolves, fishers,
other forest carnivores, and harlequin ducks. City Light also will maintain an existing City Light
building in Newhalem to serve as a wildlife research laboratory. The fund may be used in support
of efforts to protect and monitor bald eagles in the Skagit River basin and for educational activities
during winter bald eagle viewing events sponsored by USFS and Washington State Parks.
Additional details will be provided in the FLA.

Off-license Measure: Wildlife Research Grants

To facilitate the development of improved methods for understanding, managing, and protecting
wildlife and their habitats in the North Cascades Ecosystem (with an emphasis on the Skagit River
watershed), City Light will continue to provide wildlife research grants to qualifying applicants on
an annual basis. Additional details will be provided in the FLA.

3.3.3.6 Recreation and Land Use
Recreation Management Plan

To protect, mitigate, and enhance recreational resources, City Light proposes to develop a
Recreation Management Plan in consultation with NPS and other LPs. This plan will include
measures to address: (1) accessibility; (2) improved visitor use experience; (3) ongoing
maintenance of Project recreation facilities; and (4) other recreation resource needs identified in
coordination with LPs. This plan would include BMPs consistent with implementation of the
HPMP to avoid, minimize, or mitigate adverse effects to historic properties as required by the
NHPA. Upon FERC approval, City Light will implement this plan. Additional details will be
provided in the FLA.

Additionally, City Light proposes to continue existing measures related to the operation of the
ELC, Skagit tours, ferry services, and Skagit Information Center, as well as maintenance of Ladder
Creek Falls Trail and Garden and Trail of the Cedars. Additional details will be provided in the
FLA.

3.3.3.7 Aesthetic Resources
Visual Resources Management Plan

To enhance visual resources and the scenic environment associated with lands and facilities within
the Project Boundary, City Light proposes to develop a Visual Resource Management Plan. This
plan will include environmentally sensible and economically feasible measures to mitigate for
visual impacts of the Project over the new license period. These measures may pertain to the
Project’s built environment, including Project lighting; landscaping and vegetation management;
and views of Ross Lake, among others. This plan would include BMPs consistent with
implementation of the HPMP to avoid, minimize, or mitigate adverse effects to historic properties,
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including landscapes and viewsheds, as required by the NHPA. City Light will implement this
plan upon FERC approval. Additional details will be provided in the FLA.

A key component of the Visual Resource Management Plan will be Lighting Management
measures to reduce Project lighting impacts on night skies in the RLNRA while balancing Project
lighting needs for City Light to safely and efficiently operate and maintain the Project.

Sound Protection BMPs

City Light anticipates including BMPs associated with Project noise generation. In addition, these
BMPs will be consistent with guidance in the HPMP to avoid, minimize or mitigate adverse effects
to historic properties. Additional details will be provided in the FLA.

3.3.3.8 Cultural Resources
Historic Properties Management Plan

To protect cultural and tribal resources, City Light proposes to develop a HPMP in consultation
with Section 106 consulting parties. The HPMP will include measures to manage potential adverse
effects on historic properties and potential historic properties (i.e., unevaluated cultural resources)
within the Area of Potential Effects (APE). This plan will provide for trainings to promote
reduction of risks to historic properties or unevaluated cultural resources, and outline BMPs for
avoiding, minimizing, or mitigating effects to historic properties that can be included in other
management plans to comply with the NHPA Section 106 review and consultation. Upon FERC
approval, City Light will implement this plan. Additional details will be provided in the FLA.

3.3.39 Tribal Resources

City Light will propose measures for tribal resources that are being identified in ongoing
consultation with Indian Tribes and Canadian First Nations. Other proposed measures identified
for aquatic, botanical, wildlife, recreation, cultural, and other resources are expected to address
tribal resources. City Light expects that these measures may include the development and
implementation of various resource management plans that would be developed through
consultation with Section 106 parties including Indian Tribes and Canadian First Nations. Tribal
resources that are historic properties or potential historic properties will be considered and
managed under the HPMP (as described in Section 4.2.8 of this Exhibit E). City Light continues
to engage with participating Indian Tribes and Canadian First Nations regarding measures for tribal
resources, including conducting the NHPA Section 106 consultation.

3.34 Proposed Changes to the Project Boundary

A proposed Project Boundary is still being prepared and will be filed as part of Exhibit G for the
FLA. Exhibit G of this DLA includes the Exhibit K (Project Boundary maps) currently on file with
FERC (dated July 2013).

3.3.5 Proposed New Project Facilities

The purpose of Skagit River Project facilities is to ensure efficient power generation operations,
facilitate employee engagement, and support public visitation and education. The five proposed
new facilities for the new license are intended to: (1) enhance employee/public safety; (2) improve
emergency communications and response capabilities; or (3) comply with either a City of Seattle
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mandate or previous mitigation commitments. Any proposed new facilities or modifications to
existing facilities with potential to impact environmental resources or adversely affect historic
properties will require environmental and NHPA Section 106 review and consultation and will be
subject to FERC review and approval. Further detail regarding the facilities, including maps
showing locations of proposed Project facilities and conceptual designs, will be included in the
Environmental Analysis (Section 4.2) of the FLA.

= Ross Powerhouse Concrete Pad for Spare Transformer — A spare transformer is currently being
stored directly in front of Ross Powerhouse, which is a historic structure. In an agreement with
the Washington Department of Archaeology and Historic Preservation (DAHP), City Light
agreed to construct a containment pad for the transformer at a new, not yet identified, site that
is away from the line of sight of the powerhouse yet still easily accessible.

= Diablo Lake Tour Dock — The existing Diablo Lake Tour Dock for Skagit Tours is
approximately 0.5-miles from the ELC, which is currently, and will likely remain, the check-
in site for the Skagit Tours. Tour participants either walk along a narrow road or take a shuttle
bus. This project would involve construction of a new tour dock on the shoreline of Diablo
Lake near the ELC. A new dock near the ELC would improve the tour experience for the
elderly and participants with disabilities by improving access and safety. The existing tour
dock would be removed, and the site repurposed for NPS use, potentially for a new
boathouse/dock or otherwise restored.

= Diablo Lake Ferry Kiosk— This small structure would be installed in the parking area for the
Diablo Lake Ferry to provide a place to post information on scheduled run times and other
updates.

= Newhalem Radio/Microwave Base Station — This project would improve 911 call transfer and
fire and other emergency communications. It would be done in conjunction with upgrades to
the existing Babcock and Diablo Dam base stations.

= EV Charging Stations — The City of Seattle has mandated that all City departments, including
City Light, transition to an all-electric fleet. Meeting this mandate will require installation of
additional EV charging stations at Project facilities. While the number and locations have not
yet been determined, likely sites include the powerhouses, Newhalem Service Yard, Diablo
warehouse, and Diablo Lake and Ross Powerhouse boat houses. Additional chargers for public
use may be installed as well.

Additionally, City Light may construct a second tunnel for the Gorge Development. This project,
which would not use any additional water, has already undergone environmental review and
consultation. It has been approved by FERC and is part of the existing Project license.

3.3.6 New Facilities Under Consideration

Several new facilities are under consideration during the new license term that would enhance
operational efficiency or facilitate employee engagement. Most of the projects are only conceptual
and will need additional design, cost/benefit analysis, and environmental and NHPA Section 106
review and consultation. Projects that proceed to the design/development phase would be proposed
for FERC approval as needed and executed during the new license term.
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= Diablo Firehouse — This project would involve building a new firehouse, built to modern
standards, outside the residential area in Hollywood. Like the Newhalem Firehouse, this
facility is critical to emergency response and fire control in the area.

= Newhalem Operations Building — This project would involve construction of a new, two story
building on the site of the exiting Sickler Building in the Newhalem Service Yard. This would
consolidate the administrative offices, shops, and warehouses in one area and improve
operational and energy efficiency. It would also lower greenhouse gas emissions associated
with Project operations by reducing vehicle trips between the existing Administration Building
and the Service Yard. It would also free up other buildings (a house currently used by
Communications and Cambridge House, now used as offices) for other uses.

= Newhalem Administration Building — Following construction of a new Operations Building,
the existing Administration Building in Newhalem would be repurposed as offices for the
security and fire/Emergency Management System departments. The security group currently
occupies an apartment, which would be converted back to lodging.

= Newhalem Firehouse — This project would relocate the firechouse to an area outside the
Newhalem residential area, possibly to the site of the existing Quonset Hut that currently serves
as a basketball court. The new facility would be built to modern firehouse standards. The
basketball court would be relocated to the Newhalem Operations Building.

= Newhalem Recreational Vehicle (RV)/Boat Storage — This project would involve developing
an area west of SR 20 to store employee-owned RVs, boats, and large trucks to reduce clutter
in the townsites and improve aesthetics. The site would be secured with fencing and screened
with vegetation.

= Newhalem Service Yard Employee Parking Area — This project would create an employee
parking area near the microwave building adjacent to the Service Yard. This new parking area
would improve safety and create more space in the Service Yard for heavy equipment and
large trucks.

= Newhalem Materials Storage Area — This project would redevelop approximately 3 acres of
land west of SR 20 for materials and equipment that are currently stored at the Aggregate
Storage Facility south of Newhalem. Moving aggregate storage to the west side of SR 20 would
protect a sensitive riparian habitat area and be closer to Newhalem operations. The area
proposed for redevelopment currently includes the sandblast building, the Lineman’s
Warehouse, and old garages, and is near WSDOT’s aggregate storage yard.

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 3-75 December 2022



4.0 ENVIRONMENTAL ANALYSIS

4.1 General Description of the River Basin

The Project’s generating facilities are located on the Skagit River in Whatcom County, although
Ross Lake, the most upstream reservoir, crosses the U.S.-Canada border and extends about one
mile into British Columbia. Power from the Project is transmitted via four powerlines that
terminate north of Seattle. The transmission lines parallel the Skagit River to about river mile (RM)
75 and also cross the Sauk, Stillaguamish, Snohomish, and Cedar-Sammamish watersheds. Project
fish and wildlife mitigation lands are located in the Skagit, Sauk, and South Fork Nooksack
watersheds. Towns along the Skagit River, from upstream to downstream, include Diablo and
Newhalem, located in Whatcom County and Marblemount, Rockport, Concrete, Sedro-Woolley,
and Mount Vernon located in Skagit County.

4.1.1 Description of Skagit River

The Skagit River, which is located primarily in the northwest corner of the State of Washington
(Figure 4.1-1), is the traditional territory of several Indian Tribes and Canadian First Nations. The
ecosystem supports important runs of anadromous fish that are key to the cultural and economic
health of the Tribes and the entire Puget Sound ecosystem, including the Southern Resident killer
whale (Orcinus orca). The river is approximately 135 miles long, with a total drainage area of
3,115 square miles (sq. mi.; U.S. Army Corps of Engineers [USACE] 2013). The northern end of
the basin extends about 28 miles into Canada, and about 381 sq. mi. of the total watershed area is
located in British Columbia (U.S. Geological Survey [USGS] 2019). The headwaters of the Skagit
River are at Allison Pass in the Canadian Cascades.

The reach of the Skagit River from the U.S.-Canada border to Gorge Dam flows through the three
Project reservoirs. Ross Dam (Project River Mile [PRM] 105.7 [USGS RM 105.1]) impounds Ross
Lake, the uppermost Project reservoir, which has a drainage area of approximately 1,008 sq. mi.
(USGS Hydrologic Unit Code [HUC] 12) and a length of 24 miles. Diablo Dam (PRM 101.6
[USGS RM 101.2]), located downstream of Ross Dam, impounds Diablo Lake, which is about 4.5
miles long, with a cumulative drainage area of about 1,135 sq. mi. (inclusive of the Ross Lake
drainage area) (USGS HUC 12). Gorge Dam (PRM 97.2 [USGS RM 96.6]) is located about 4
miles downstream of Diablo Dam and impounds a 4.5-mile-long reservoir; it has a cumulative
drainage area of 1,171.99 sq. mi. (USGS HUC 12).

Within the 40-mile reach downstream of the U.S.-Canada border, the channel elevation of the
Skagit River drops by 1,100 feet and then declines by another 500 feet over the remaining 95 miles
of river. The 2.5-mile-long reach of the Skagit River extending from Gorge Dam to Gorge
Powerhouse (bypass reach) flows through a steep, confined canyon that is characterized by
bedrock and large boulder substrate. The 39.6-mile-long reach of the Skagit River from Newhalem
to Concrete drops approximately 8 feet per mile. The upper half of this reach consists of a steep,
rough channel, often confined by rock wall or banks, with a bed composed largely of irregularly
shaped boulders and cobbles. The channel in the lower portion of this reach, i.e., from Rockport
to Concrete, flows through a valley that ranges from one to three miles wide. Simulated hydraulic
travel times from Gorge Dam to Concrete are shown in Table 4.1-1 (Annear and Stuart 2022).
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Table 4.1-1. Simulated hydraulic travel times, by season, in the Skagit River between Gorge
Dam and the Town of Concrete.
Simulated Travel Time (hours) and Season

Reach September March June

Gorge Dam to Cascade River 5.7 4.8 4.5

Cascade River to Sauk River 4.4 3.9 3.8

Sauk River to Baker River 4.1 3.5 2.8

Total 14.2 12.2 11.1

Source: Annear and Stuart (2022).

The 38.4-mile-long reach of the Skagit River from Concrete to Mount Vernon drops approximately
150 feet (an average of about 3.9 feet per mile [ft/mi.]); gradients range from 5.3 ft/mi. near
Concrete to 1.5 ft/mi. downstream of Sedro-Woolley. From Concrete to Sedro-Woolley, the Skagit
River flows through a wide valley (one to three miles wide), and below Sedro-Woolley the valley,
which falls to nearly sea level, widens to a flat, fertile plain. Within this reach, there are numerous
side channels, oxbows, and overbank erosion features that are relicts of past floods and gradual
changes in channel position. The riverbed material shifts from gravel to sand around PRM 21, near
Sedro-Woolley (GE-04 Skagit River Geomorphology between Gorge Dam and the Sauk River
Study [Geomorphology Study], City Light 2022a). Hydraulic travel time through this reach varies
with flow and is typically 15-20 hours at low flow to 10-15 hours at higher flows, although these
rates are at times exceeded (USACE 2013).

About 11 miles downstream of Sedro-Woolley, the channel bifurcates at the head of the delta,
where the channel transitions to the estuary and tides begin to dominate channel forming processes
(City Light 2022a). During moderate (10-year events) flood conditions, tidal influence extends
about 7 miles upstream from Skagit Bay on the North Fork and 5 miles upstream on the South
Fork. Channel gradient from Mount Vernon to Skagit Bay is about 2 feet per mile. Much of the
Skagit River downstream from Mount Vernon is confined by levees on both banks, as are the
North Fork and South Fork distributaries until they approach Skagit Bay.

4.1.1.1 Topography

The upper Skagit River basin is located in the Cascade Mountains, west of the crest (Figure 4.1-1).
Most of the eastern portion of the basin consists of mountainous terrain above an elevation of 6,000
feet and includes 22 peaks exceeding 8,000 feet (USACE 2013). The two most prominent
topographical features in the basin are Mount Baker (elevation 10,778 feet) on the western edge
of the Baker River basin and Glacier Peak (elevation 10,568 feet) in the Sauk River basin. Almost
all tributaries to the Skagit River originate in steep mountain drainages.

Much of the Skagit Valley floor east of Sedro-Woolley is bordered by moderately steep, timbered
hillsides with little development (USACE 2013). Below Sedro-Woolley, channel elevation is only
slightly above sea level, and the river flows through a flat outwash plain that merges with the
Samish River Valley, which joins from the northeast (USACE 2013). Downstream of Sedro-
Woolley, the floodplain forms a large delta between 11 and 19 miles wide.

Skagit River Hydroelectric Project Seattle City Light
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4.1.1.2 Climate

The primary factors that influence the climate of the Skagit River basin are terrain, proximity to
the ocean, and the position and intensity of semi-permanent high- and low-pressure centers over
the northern Pacific (USACE 2013). Maritime air currents create a humid climate with cool
summers and mild winters. Annual precipitation varies significantly due to the influence of
elevation and topography. The semi-permanent Aleutian Low generates strong storms that at times
produce heavy frontal rains in the basin, and during summer, conditions are relatively warm and
dry due to the increased influence of the semi-permanent East Pacific Ocean Subtropical High-
pressure center (USACE 2013).

Prevailing winds in the lower basin (i.e., downstream of Concrete) are generally from the south
from September — May and from the north from June — August. In summer, the Skagit Valley is
prone to gentle land breezes in the morning and strong sea breezes in the afternoon. In the higher
valleys above Concrete, airflow is subject to topographic funneling, generally moving upslope in
winter and downslope in summer (USACE 2013). At times during winter, cold continental air
from eastern Washington or British Columbia creates down-valley east winds (USACE 2013). In
winter, storm winds vary from 20-30 miles per hour and at times reach 60 miles per hour with 100
mile-per-hour gusts over the mountain peaks (USACE 2013). The Project reservoirs can
experience very strong east-west winds year-round. Modeling indicates no consistent future trend
in changes to extreme windstorms over western Washington outside of natural variability (Salathé
et al. 2014). The climate in the Pacific Northwest, including the Project vicinity, is greatly
influenced by global-scale patterns of climate variability such as the El Nifio—Southern Oscillation
(ENSO) and Pacific Decadal Oscillation (PDO) (Abatzoglou et al. 2014). According to Lee and
Hamlet (2011), warm phases of ENSO and the PDO produce warmer and drier winters in the
Skagit River basin, whereas cool phases of the ENSO and PDO result in cooler, wetter conditions.
When ENSO and the PDO are in phase, climate anomalies are intensified, and precipitation
anomalies are increased by about a factor of two.

Monthly air temperature and precipitation at weather stations near Diablo Dam, Concrete, and
Sedro-Woolley for the period 2000-2021 are shown in Table 4.1-2. As expected, average and
maximum air temperatures tend to increase with decreasing elevation and proximity to the coast
during the cooler months, whereas the opposite is true during the warmer months (due to maritime
and orographic influence). The pattern for low temperatures is less consistent. Mean winter
temperatures (December - February) near the Project hover just above freezing, whereas summer
maximum temperatures at times reach over a 100 degrees Fahrenheit (°F) (38 degrees Celsius
[°C]). Average precipitation totals during the colder months tend to be higher at Diablo Dam than
at the two lower elevation sites. Some precipitation typically occurs in every month in the Project
vicinity, but during July and August there is little or no rain. The highest precipitation typically
occurs from November through January, with the monthly peak precipitation typically occurring
in November.
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Table 4.1-2. Air temperature and precipitation at locations in the upper, middle, and lower Skagit River watershed (2000-2021).
Diablo Dam | Concrete | Sedro-Woolley

Air Temperature (°F)
Month Mean Max (year) Min (year) Mean Max (year) Min (year) Mean Max (year) Min (year)
Jan 344 55 (2015) 32 (2006) 38.3 58 (2021) 10 (2004) 41.1 68 (2015) 13 (2004)
Feb 36.4 59 (2005) 29 (2004) 39.7 68 (2005) 16 (2011) 40.9 63 (2007) 13 (2019)
Mar 40.6 75 (2004) 31 (2016) 435 81 (2019) 19 (2009) 453 80 (2004) 20 (2009)
Apr 47.3 89 (2016) 37 (2016) 48.8 87 (2016) 29 (2008) 49.9 84 (2016) 27 (2012)
May 55.1 93 (2006) 43 (2005) 55.2 94 (2008) 32 (2006) 56.0 92 (2008) 32 (2011)
Jun 60.3 110 (2021) 46 (2006) 59.7 100 (2021) 41 (2008) 60.4 98 (2021) 39 (2007)
Jul 66.2 104 (2006) 52 (2021) 64.6 99 (2009) 43 (2017) 64.4 98 (2009) 41 (2004)
Aug 66.7 104 (2020) 52 (2014) 65.5 96 (2020) 43 (2008) 64.6 92 (2020) 36 (2006)
Sep 59.9 96 (2020) 44 (2020) 60.3 92 (2006) 38 (2019) 59.7 87 (2017) 33 (2006)
Oct 49.5 80 (2003) 40 (2014) 51.5 80 (2020) 27 (2002) 51.4 78 (2011) 27 (2006)
Nov 39.9 62 (2020) 32 (2016) 433 67 (2003) 14 (2010) 45.1 69 (2010) 7 (2014)
Dec 34.1 59 (2007) 29 (2004) 37.7 63 (2014) 7 (2021) 39.7 67 (2005) 7 (2021)

Precipitation (inches)
Jan 12.56 21.90 (2006) 5.23 (2017) 10.54 20.18 (2006) 5.83(2017) 6.13 11.47 (2020) | 2.61(2017)
Feb 7.07 12.50 (2002) 1.61 (2004) 6.60 12.87 (2021) 1.90 (2005) 4.47 9.74 (2021) | 1.26(2005)
Mar 8.76 18.74 (2014) 1.10 (2019) 8.02 15.79 (2017) 1.98 (2019) 5.12 8.85(2014) | 2.45(2019)
Apr 4.44 7.74 (2002) 1.16 (2004) 4.92 9.32(2018) 0.93 (2004) 4.55 7.66 (2018) | 1.78(2021)
May 2.88 5.79 (2000) 0.62 (2018) 3.35 5.85(2010) 0.73 (2018) 3.19 6.04 (2014) | 0.41(2018)
Jun 2.07 3.73 (2002) 0.42 (2003) 2.47 4.22 (2012) 0.55 (2015) 2.40 5.01(2001) | 0.27 (2009)
Jul 0.88 2.14 (2012) 0.00 (2017) 0.97 2.18 (2012) 0.00 (2021) 1.04 4.77 (2011) | 0.01(2013)
Aug 1.51 5.26 (2004) 0.00 (2017) 1.45 6.68 (2004) 0.01 (2012) 1.52 7.54 (2004) | 0.03(2012)
Sep 3.94 10.82 (2013) 0.33 (2012) 3.80 9.08 (2013) 0.33 (2012) 3.31 6.39(2019) | 0.20(2012)
Oct 9.07 23.96 (2003) 0.36 (2002) 7.82 15.22 (2003) 1.36 (2002) 5.33 10.72 (2009) | 1.41(2002)
Nov 13.66 29.41 (2006) 4.53 (2019) 11.47 19.65 (2006) 4.78 (2000) 7.22 13.58 (2021) | 2.41(2000)
Dec 10.93 17.16 (2007) 4.77 (2013) 9.67 15.37 (2015) 4.25 (2000) 5.03 9.36 (2015) | 1.84(2009)
Annual 78.75 71.38 46.47
Source: National Oceanic and Atmospheric Administration (NOAA) 2022.
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Temperatures in Washington have generally increased since the early 1900s, particularly in winter,
resulting in a lengthening freeze-free season (Abatzoglou et al. 2014). In the Project vicinity,
records from the Cooperative Observer Program at Diablo Dam indicate that average annual
temperature has increased 0.1 °F per decade since the 1950s, and summer temperatures have
increased by about twice the average rate. Precipitation has changed less since the early 1900s,
except for increases in spring (Abatzoglou et al. 2014). Total precipitation over the water year has
increased about 1.2 inches per decade since 1920 (Mauger et al. 2016).

Rupp et al. (2016) projected increases in mean annual temperature of 5 to 9 °F in Washington, by
the end of the 21st century (depending on human activities), when compared to 1979-1990. At
Diablo Dam, annual average temperatures are projected to increase by 4.3 to 5.7 °F by the 2050s
(2040-2069), depending on human activities (University of Idaho 2019). According to Abatzoglou
and Barbero (2014), climate models project a continued increase in the occurrence of highest
temperature records and declines in the lowest temperature records through the mid-21st century.
At Diablo Dam, the number of days with a summer heat index > 90 °F is projected to increase by
four days per year by the 2050s (University of Idaho 2019). Inter-annual variability in temperatures
is projected to decrease slightly during the cool season and increase slightly during the warm
season (Rupp et al. 2016).

Significant seasonal changes in precipitation are also predicted for the Skagit River basin and
Pacific Northwest as a whole, including shifts in the seasonal timing of precipitation, along with
more severe flood and low streamflow events (Hamlet et al. 2013; Lee and Hamlet 2011; Mote
and Salathé 2010). By the 2050s, total annual precipitation at Diablo Dam is projected to increase
by about 5 inches, with increases in fall through spring, and decreases during summer (University
of Idaho 2019). Inter-annual variability in precipitation is projected to increase, especially during
fall. Greater variation in precipitation and more frequent dry days in summer will in turn result in
greater inter-annual variation in water availability in Washington (Rupp et al. 2016; Polade et al.
2015; Kharin et al. 2013).

Since the mid-20"™ century, the lowest 25 percent of annual streamflows in the Pacific Northwest
have been in decline, i.e., the driest years are becoming substantially drier (Luce and Holden 2009).
Changes in streamflows are largely associated with declines in spring snow-water-equivalent
(SWE) linked to warmer temperatures (Mote et al. 2005). In the western United States, the timing
of spring runoff in snowmelt-dominated rivers has shifted one to three weeks earlier over the latter
half of the 20™ century, attributed to warming temperatures (Stewart et al. 2004) and potentially
decreased mountain precipitation (Luce et al. 2014). Warming from anthropogenic climate change
has contributed to approximately 60 percent of the observed changes in western hydrology (Barnett
et al. 2008).

Projected changes in streamflow are anticipated due to higher levels of cool-season precipitation
coupled with a shift from snow to rain in many mid elevation regions. Low flows are expected due
to drier summer conditions, reduced snowpack, earlier snowmelt, and elevated evapotranspiration
(Salath¢ et al. 2014; Tohver et al. 2014; Lee and Hamlet 2011; Hamlet et al. 2013; Neiman et al.
2011).

The snow drought of 2015 has been considered a possible precursor of the potential future climate
in Washington (Marlier et al. 2017). During that year, over 80 percent of snow courses in the
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Western United States reported record low April 1 SWE due to exceptionally warm (+3.8 °F)
winter temperatures (Mote et al. 2016). However, a study by Marlier et al. (2017) found that the
North Cascades did not have extreme low April 1 SWE or winter (November—March) precipitation
(ranking thirteenth and fortieth over 1950-2015, respectively) despite the second warmest winter
(+3.4°F) on record. Comparing 2015 weather to projections for 2040-2069 in the North Cascades,
the average from 10 global climate models indicates higher winter temperatures, higher winter
precipitation, and lower SWE than 2015. This suggests a transition from precipitation to
temperature control of future droughts, although the likelihood of consecutive years of drought
would exacerbate 2015 conditions.

Warming is projected to result in about an 80 percent reduction in spring snowpack in the Cascades
by the 2080s compared to 1970-1999 (Gergel et al. 2017). Peak snowfall is projected to occur
earlier by 30-40 days (Stewart et al. 2004) and up to two months by the end of the 21st century
(Rauscher et al. 2008).

Currently, the Skagit watershed has more than 300 glaciers. The headwaters of several tributaries
to Ross Lake and Diablo Lake include glaciers, most notably in the Thunder Arm drainage of
Diablo Lake (Granshaw 2002). Warming associated with climate change has reduced the size of
glaciers and is affecting glacial runoff patterns.

4.1.2 Land and Water Uses

In addition to the area immediately surrounding the Project’s generation facilities, the Project
Boundary includes about 100 miles of transmission lines that carry the entire load from the Project
to the Bothell Substation, which is located north of Seattle. There are also “islands” of fish and
wildlife habitat mitigation lands and recreation sites within the Skagit, Sauk, and South Fork
Nooksack watersheds that are within the Project Boundary. The land within the Project Boundary
around the generating facilities is entirely in federal and City Light ownership. Lands within the
Project Boundary along the transmission lines include a mix of federal, state, county, and private
ownership, with most of the federal ownership north of Marblemount.

The Project’s generating facilities are located within the Ross Lake National Recreation Area
(RLNRA), which was established in 1968 to provide for the “public outdoor recreation use and
enjoyment of portions of the Skagit River and Ross, Diablo, and Gorge lakes”. The Federal Energy
Regulatory Commission (FERC or Commission) (formerly the Federal Power Commission [FPC])
also preserved and maintains jurisdiction over the Skagit River Hydroelectric Project, within the
RLNRA and existing hydrologic monitoring stations necessary for the proper operation of the
hydroelectric projects listed herein (Public Law 90-544. Sec. 505 dated October 2, 1968, as
amended by Public Law 100-668; Sec. 202 dated November 16, 1988). National Park Service
(NPS) manages the lands and waters of the RLNRA and ensures resource protection and provision
of visitor services. The lands adjacent to the RLNRA are within North Cascades National Park, 93
percent of which is also part of the Stephen Mather Wilderness Area.

The Skagit River downstream of the Project supports all five species of Pacific salmon and
steelhead. Federally recognized Indian Tribes with treaty reserved fishing rights harvest and rely
upon these fish species to support their tribal fisheries and cultural practices related to fisheries. In
addition, these fish species are important to non-Indian commercial and recreational fisheries.
Much of the land adjacent to the river from Newhalem to Sedro-Woolley is managed to preserve

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 4-8 December 2022



Draft License Application Exhibit E

riparian and wetland areas critical to the protection of aquatic habitat for salmonid spawning,
rearing, and foraging.

Land uses between the RLNRA boundary (near Bacon Creek) and Rockport include recreation,
small-scale agriculture, forestry, grazing, and rural residential. Other water uses in the Skagit River
basin downstream of the Project include recreation, domestic and industrial supply, irrigation,
commerce, and navigation. The floodplain along the middle and lower Skagit River has been
largely cleared of forest and is being maintained for human uses; a large percentage of the
floodplain is zoned for agriculture. The Skagit Valley downstream from the Town of Concrete
contains the largest residential and farming developments in the basin. The 32-mile-long valley
between Concrete and Sedro-Woolley is mostly made up of cattle and dairy pastureland and
wooded areas (USACE 2013). As noted above, the Project transmission lines cross a mixture of
public and private lands. Land uses adjacent to the transmission line include recreation, habitat
conservation, forestry, residential, and small-scale agriculture.

4.1.3 Tributaries to the Skagit River

Major tributaries to the Skagit River include Thunder Creek, which enters the Skagit River just
upstream of Diablo Dam, and the Cascade, Sauk, and Baker rivers, which enter the Skagit River
downstream of the Project near the towns of Marblemount, Rockport, and Concrete, respectively

(Table 4.1-3; see Section 4.2 of this Exhibit E for more detail).

Table 4.1-3. Named tributaries that flow into the Skagit River Project reservoirs and the
Skagit River to the Town of Concrete, WA.!

Tributary Name Coordinates at Tributary Mouth PRM

Tributaries to Ross Lake

Skagit River 49.016484, -121.062636 129.3

Hozomeen Creek 48.986842, -121.071659 127.1

Silver Creek 48.970321, -121.103924 125.7

Little Beaver Creek 48917841, -121.126283 121.2

Arctic Creek 48.902979, -121.075198 120.4

Noname Creek 48.894234, -121.063123 119.7

Lightning Creek 48.876296, -121.011004 117.5

Skymo Creek 48.851583,-121.035503 116.3

Dry Creek 48.853531, -121.013460 116.2

Devils Creek 48.823988, -121.031705 114.4

May Creek 48.786402, -121.029877 110.9

Big Beaver Creek 48.774879, -121.066489 110.3

Pierce Creek 48.772114, -121.066161 110.2

Roland Creek 48.769102, -121.024168 109.3

Berry Creek 48.721475, -121.010217 106.9

Lillian Creek 48.724102, -121.015708 106.9

Lone Tree Creek 48.722187, -121.006024 106.9

Ruby Creek 48.711306, -120.984976 106.9

Happy Creek 48.732068, -121.065492 105.8
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Tributary Name Coordinates at Tributary Mouth PRM
Tributaries from Ross Dam to Diablo Dam

Riprap Creek 48.729509, -121.073352 105.4
Horsetail Creek 48.721863,-121.071929 104.9
Colonial Creek 48.692100, -121.100518 102.9
Rhode Creek 48.689572, -121.095102 102.9
Thunder Creek 48.677634, -121.077118 102.9
Deer Creek 48.717630, -121.116239 102.1
Sourdough Creek 48.719350, -121.119820 102.1
Tributaries from Diablo Dam to Gorge Powerhouse

Stetattle Creek 48.717082, -121.149531 100.4
Pyramid Creek 48.712831, -121.153656 100.0
Gorge Creek 48.700237, -121.208436 97.3

Tributaries from Gorge Dam to the Sauk River Confluence

Ladder Creek 48.675407, -121.240445 94.7

Newhalem Creek 48.671376, -121.256080 93.8

Goodell Creek 48.672718, -121.264604 93.4

Babcock Creek 48.662470, -121.285029 92.1

Martin Creek 48.652921, -121.287166 91.4

Thornton Creek 48.648456, -121.304222 90.5

Sky Creek 48.629898, -121.327914 88.6

Damnation Creek 48.626058, -121.336772 88.1

Alma Creek 48.600021, -121.361291 85.6

Copper Creek 48.590653, -121.372832 84.4

Bacon Creek 48.585668, -121.393408 83.3

Diobsud Creek 48.559083, -121.412556 81.0

Taylor Creek 48.538696, -121.425637 79.4

Cascade River 48.521438, -121.431504 78.1

Olson Creek 48.526828, -121.446081 77.2

Corkindale Creek 48.504962, -121.485168 74.3

Rocky Creek 48.500800, -121.494661 73.8

Illabot Creek 48.498213,-121.504134 73.2

Sutter Creek 48.493538, -121.544098 71.0

Barr Creek 48.491919, -121.548903 70.8

Sauk River 48.481244, -121.605543 67.3

Tributaries between the Sauk River Confluence and Concrete

Miller Creek 48.484660, -121.653636 64.7

Aldon Creek 48.491353, -121.654639 64.2

Cooper Creek 48.505558, -121.696410 61.1

Jackman Creek 48.523010, -121.717394 58.5

Baker River 48.534744, -121.738544 56.8

1 Some of the tributaries listed in this table are sub tributaries to other tributaries and do not have a PRM since they
do not drain directly into the Skagit River. Sub tributaries were assigned the same PRM for the Skagit River

tributary that they flow into.
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414 Dams and Diversion Structures

In addition to the Skagit River Hydroelectric Project, there are two other hydroelectric projects in
the Skagit River drainage: the Baker River Hydroelectric Project (FERC No. 2150) located on the
Baker River and the Newhalem Creek Hydroelectric Project (FERC No. 2705) located on
Newhalem Creek (Figure 4.1-1). Table 4.1-4 includes select data for these two projects.

Table 4.1-4. Select data for the Baker River and Newhalem Creek hydroelectric projects.
Drainage Area | Gross Reservoir
Project Location (RM) of Upstream of Storage
Project Name Owner Project Dams In-Service Date | Dam (sq.-mi.) (acre-feet)
Hydroclectic | Seatle ity | Newhalem Creek
ydroelectric cattle MY | Diversion Dam 1921! 26.9 N/A
Project Light (RM 1.8)
(FERC No. 2705) ’
Baker River Upper Baker Dam
1959 210 274,221
Hydroelectric Puget Sound | (RM 9.35)
Project Energy Lower Baker Dam
(FERC No. 2150) (RM 1.2) 1925 297 146,279

1 The Newhalem Creek Project has not been operational since 2010.

4.1.4.1 Newhalem Creek Hydroelectric Project

The Newhalem Creek Hydroelectric Project, which is owned and operated by City Light, began
operation in 1921 to provide power for the Town of Newhalem and construction of the Skagit
River Project. The Project consists of a 45-foot-long, 10-foot-high dam located at RM 1.8 on
Newhalem Creek; a 2,700-foot-long tunnel; a 500-foot-long penstock; a powerhouse containing a
single Pelton turbine unit with a generating capacity of 2.3 megawatts (MW); a 350-foot-long
tailrace; and a 4,387-foot-long transmission line. The Project is operated in run-of-river mode and
has a diversion pool with a surface area of only 0.1 acres. With a minimum flow of 20 cubic feet
per second, the Project does not typically operate from late July through September. The
Newhalem Creek Project was in active use until 2010, when a series of equipment and structural
problems caused an extended shutdown. Based on an engineering and economic analysis of the
necessary repairs, City Light filed an application to surrender its license and decommission the
Project, which is currently pending in Project No. 2705.

4.14.2 Baker River Hydroelectric Project

The Baker River Hydroelectric Project (FERC No. 2150) is owned and operated by Puget Sound
Energy (PSE) under a FERC license issued in 2008. The Project is located on the Baker River in
Skagit and Whatcom counties, upstream of the Town of Concrete. The Project consists of the
Lower and Upper Baker developments.

The Lower Baker Development includes a concrete arch dam located 1.2 RMs upstream of the
confluence of the Baker and Skagit rivers, a seven-mile-long reservoir (Lake Shannon), a power
tunnel, and a single-unit powerhouse at RM 0.9 (PSE 2004). Lower Baker Dam is 285 feet high
and 550 feet long; the top of the dam is at elevation 450.62 feet mean sea level (msl; North
American Vertical Datum of 1988 [NAVD 88]). Lake Shannon has a surface area of 2,278 acres
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at the normal maximum water surface elevation of 442.35 feet mean sea level (msl [NAVD 88])
(PSE 2004). The gross storage capacity above elevation 343.75 feet msl (NAVD 88) is 146,279
acre-feet (PSE 2004). The minimum generating water surface elevation is 373.75 feet msl (NAVD
88), which provides usable storage of 116,770 acre-feet (PSE 2004). There are two powerhouses
for the Lower Baker Project: the original one constructed in 1925 and containing a single 79-MW
turbine and a new powerhouse completed in 2013 with a 30-MW turbine (Nigus et al. 2014).

The Upper Baker Development consists of a concrete gravity dam at RM 9.35, an earthen dike, a
nine-mile-long reservoir (Baker Lake), a two-unit powerhouse, and associated facilities (PSE
2004). Upper Baker Dam is 312 feet high and 1,200-feet long; the top of the dam is at elevation
735.77 feet msl (NAVD 88) (PSE 2004). Baker Lake is about 1 mile wide and has a surface area
of 4,980 acres at the normal maximum water surface elevation of 727.77 feet msl (NAVD 88)
(PSE 2004). The gross storage capacity of Baker Lake is 274,221 acre-feet. The minimum
generating water surface elevation is 677.77 feet msl (NAVD 88), which provides usable storage
of 180,128 acre-feet (PSE 2004). The Upper Baker powerhouse contains two turbine generator
units, which have an authorized installed capacity of about 90 MW (PSE 2004).

4.2 Proposed Action and Action Alternatives

This section describes the anticipated impacts of the Proposed Action on environmental resources,
including discussion of resources that would not be affected by the action. The following topics
are addressed for each resource: Affected Environment; Environmental Analysis; Existing and
Proposed Resource Measures and their effects on resources; and Unavoidable Adverse Impacts.

4.2.1 Geology and Soils
4.2.1.1 Affected Environment

This section summarizes the geology, soils, and geologic hazards of the Project vicinity and
describes the characteristics of the shorelines surrounding Project reservoirs and the Skagit River.
More specifically, this section provides information on (1) regional geology; (2) structural
geology; (3) lithology; (4) glacial geology; (5) mineral resources; (6) geologic hazards; (7) soils
of the Project area; (8) landforms; (9) reservoir shorelines and streambanks; and (10) sediment
deposition in reservoirs affecting resource areas.

In support of relicensing the Project, Seattle City Light (City Light) conducted the following
studies: (1) GE-01 Reservoir Shoreline Erosion Study, (2) GE-02 Erosion and Geologic Hazards
at Project Facilities and Transmission Line Right-Of-Way (ROW) Study (Erosion and Geologic
Hazards Study), (3) GE-03 Sediment Deposition in Reservoirs Affecting Resource Areas of
Concern Study (Sediment Deposition Study), and (4) GE-04 Skagit River Geomorphology
Between Gorge Dam and the Sauk River Study (Geomorphology Study). The first three studies
are discussed in this section, while information from the Geomorphology Study is discussed in the
Fish and Aquatic Resources Section (Section 4.2.3) of this Exhibit E.

As described in Section 4.2.9 of this Exhibit E, tribal resources include interests and/or rights in
natural resources of traditional, cultural, and spiritual value. As such, City Light has engaged with
Indian Tribes and Canadian First Nations regarding geology and soils to identify and address
Project impacts to such resources that may represent or be associated with tribal resources. While
geology and soils are not identified specifically in this section as tribal resources, City Light
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understands that Indian Tribes and Canadian First Nations have interests in geology and soils as,
or related to, tribal resources. City Light is consulting with the Indian Tribes and Canadian First
Nations regarding proposed measures to address Project impacts on these resources.

Regional Geology

The dams, reservoirs, powerhouses, many of the fish and wildlife mitigation lands, and
northeastern portion of the transmission line corridor are located in the North Cascades Range.
The North Cascades Range is a complex mosaic of geologic terranes that were formed as the
Pacific Ocean plate and the North American continental plate collided, breaking off pieces of
volcanic island arcs, deep ocean sediments, ocean floor, continental rocks, and subcrustal mantle
over the past 400 million years (Haugerud and Tabor 2009). These terranes were then uplifted,
thrust on top of each other, eroded, or buried to further complicate the geology in the area. About
40 million years ago, volcanoes developed on this mosaic of terranes, covering some areas with
lava and ash and intruding granite and granodiorite that were subsequently eroded and exposed.

Bedrock geology of the Project vicinity can be grouped into three major domains, all bounded by
fault zones: the Western Domain that includes low-grade metamorphic rocks and underlies the
western transmission line corridor and many of the fish and wildlife mitigation parcels; the
Metamorphic Core Domain of higher-grade metamorphic rocks under the dams and transmission
line from Marblemount to the middle of Ross Lake; and the Methow Domain under the northern
part of Ross Lake. In addition, recent sediments occur in all three domains (Figure 4.2.1-1 and
Table 4.2.1-1).

Structural Geology

The major fault zones bounding the geologic domains are the Straight Creek Fault and the Ross
Lake Fault Zone, which include the Hozomeen Fault (Figure 4.2.1-1; Haugerud and Tabor 2009).
The Straight Creek Fault is thought to be an approximately 250-mile-long, north-south trending,
strike-slip extensional fault. It begins in Central Washington and extends 130 miles into Canada.
The fault separates low-grade metamorphic rocks to the west from highly metamorphosed rocks
of the North Cascades core to the east. The Ross Lake Fault separates the metamorphic core of the
North Cascades from the sedimentary and volcanic deposits of the Methow Domain to the east.
The Ross Lake Fault System is part of a 310-mile-long zone of high angle faults that trends
northwest-southeast. The Big Beaver Valley and other sub-watersheds that drain into Ross Lake
are influenced by the preferential trend of this fault system. Tertiary arc plutons, primarily of the
Chilliwack Composite Batholith, have erased some evidence of both faults in Washington and
southernmost British Columbia. The Hozomeen Fault is east of Ross Lake and defines the trend
of upper Lightning Creek. Lesser faults include the Thunder Lake Fault, which crosses McMillan
Creek up into Arctic Creek and follows the trend of the Straight Creek Fault.

Skagit River Hydroelectric Project Seattle City Light
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Table 4.2.1-1.

Major geologic units in the Project vicinity.

Domain Map Symbol Name Age Description
Qa River valley Holocene, Valley bottom sand and gravel in rivers and
alluvium Pleistocene | streams.
QTl Landslide Holocene, Rocks, soil, and debris derived from
deposits Pleistocene, |landslides.
Tertiary
RCCfth Qlh Lahar deposits Holocene, Muddy, gravelly volcanic rock debris formed
Sediments Pleistocene |by catastrophic mudflows associated with
volcanic eruptions.
Qvt, Qvr Glacial till and Holocene, Glacial deposits ranging from consolidated
outwash Pleistocene | boulders, sand, gravel, and finer particles to
sand and gravel deposits of glacial outwash
rivers.
Tcai Intrusive rocks Tertiary Granodiorite and granite.
of the Index (Oligocene)
Family
TKwb Western Tertiary to  |Lightly —metamorphosed sandstone and
Me¢élange Belt Cretaceous |semischist interbedded with argillite and
phyllite. Can include other low-grade
metamorphic rocks.
TKeb Eastern Mélange Tertiary to | Mafic volcanic rocks and chert with a mix of
Belt Cretaceous |other metamorphic rocks.
Ked Darrington Cretaceous | Black phyllite with abundant small quartz
Western Phyllite veins, complexly folded.
Kes Shuksan Cretaceous | Fine-grained greenschist and blueschist.
Greenschist
Jph Mt. Josephine Jurassic Schist, phyllite.
semischist
JTRmc Bell Pass Jurassic to Mix of cherts, shale, basalt, and ultramafic
Melange Triassic rocks.
PDc Chilliwack Permianto |Gray to brown and black argillite and
Group Devonian sandstone with minor conglomerate, marble,
and chert.
Kg Granodiorite Cretaceous | Granodiorite and orthogneiss to tonalite
plutons plutons.
Kmd Marblemount Cretaceous | Quartz diorite, metatonalite, gneiss with light
plutons colored dikes.
TKsg Skagit Gneiss Schist, amphibole, rare marble and ultramafic
Complex rocks intruded by sills of igneous rocks;
. metamorphosed to orthogneiss.
1(\:/1:::morphlc TKso Othogneiss Tertiary to | Gneissic hornblende-biotite tonalite.
Cretaceous
TKgo Granodioritic Tertiary to | Granodioritic orthogneiss grading to tonalite.
orthogneiss Cretaceous
TKns Napeequa Schist Tertiary to | Fine-grained hornblende-mica schist and
Cretaceous | amphibolite-quartz schist.
TKsx Skymo Complex Tertiary to | Metamorphosed gabbro and ultramafic rocks.
Cretaceous
Skagit River Hydroelectric Project Seattle City Light
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Domain Map Symbol Name Age Description
TKm Metamorphosed Tertiary to | Metamorphosed shale, sandstone, and
rocks of the Cretaceous | conglomerate.
Methow Ocean
Tcas Intrusive rocks Tertiary Tonalite, granodiorite, granite, and rare
of the (Miocene and | gabbro.
Snoqualmie Oligocene)
family
Tcao Volcanic and Tertiary Basalt, andesite, and rhyolite.
Methow sedimentary (Oligocene)
rocks of the
Ohanapecosh
episode
MzPzh Hozomeen Mesozoic and | Basalt, sandstone, shale, and chert.
Group Paleozoic
Lithology

Rocks of the Western Domain include a folded stack of lightly metamorphosed terranes that were
thrust and folded, intruded by younger volcanic rocks, and eroded to expose older rocks on top of
younger rocks (Haugerud and Tabor 2009; Tabor and Haugerud 1999). Geologic units include the
Western and Eastern Mélange Belts, lightly metamorphosed sandstone, semischist, argilite, and
volcanic rocks of oceanic origin; the Darrington Phyllite that is deep ocean mud and sand that has
been metamorphosed; and the Shucksan Greenschist formed from ocean floor basalt that was
altered at shallow depths in a relatively cool geologic environment and contains an unusual dark
blue amphibole. Rocks of the Chilliwack Group (lightly metamorphosed argillite and sandstone)
are thought to have been deposited on long-lived volcanic arcs about 375 to 250 million years ago.
These terranes were intruded by granodiorite and granite about 30-35 million years ago by magma
of the Cascade Magmatic Arc.

Rocks of the Metamorphic Core Domain display higher levels of metamorphism and are more
resistant to weathering and erosion, resulting in the high peaks of the North Cascades. These
geologic units include gneiss, orthogneiss, and schist that underlie the Project dams, Gorge Lake,
Diablo Lake, and the southern part of Ross Lake. While resistant to erosion, the steep valleys
formed in these hard rocks are subject to rockfalls, landslides, and avalanches. North of Ross Dam,
rocks of the Skymo Complex and Methow Ocean metamorphic rocks form the shoreline of Ross
Lake and include metamorphosed units of gabbro, ultramafic rocks, shale, sandstone, and
conglomerate. Several areas of Tertiary intrusive volcanic rocks occur in the Metamorphic Core
Domain and include granodiorite, orthogneiss, and quartz diorite.

Rocks of the Methow Domain around the northern part of Ross Lake include the Hozomeen Group
as well as Tertiary volcanic intrusive and extrusive rocks. The Hozomeen Group consists of ocean-
floor basalt, sandstone, shale, and chert. The archaeological record demonstrates Hozomeen Chert
was quarried for use for tools and weapons by Native American and First Nation peoples.

In the Project vicinity, river valleys and the Puget Lowland are dominated by surficial deposits
and include till and outwash left during Pleistocene ice advances as well as recent stream alluvium.
These deposits vary from consolidated till (containing clay to boulder particles) to unconsolidated
stream sand and gravel.
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Glacial Geology

Both local and regional drainage patterns have been altered by glaciation (Riedel et al. 2007).
Continental and alpine glaciers covered much of the area in the Project vicinity during the
Quaternary period, with several major advances of thick continental ice from the north and smaller
alpine glaciers originating from mountain peaks. The North Cascade Range and Puget Lowland
were inundated by the south-flowing Cordilleran Ice Sheet during the Fraser Glaciation 35,000 to
11,500 years ago. The Cordilleran Ice Sheet that advanced into the area from the north was greater
than one mile thick at what is now Ross Lake and in the Puget Lowland (Armstrong et al. 1965;
Porter and Swanson 1998). The most recent continental glacial advance, culminating
approximately 15,000 years ago, resulted in many of the surficial geologic features and deposits
in the North Cascades and all the surficial geology in the Puget Lowland portion of the Project
vicinity where the southwestern portion of the transmission line is located. Glacial ice dams
blocked the northerly flowing Skagit River and created lakes that drained to the south, forming
deep canyons. After the ice sheet retreated, the Skagit River and nearby creeks were re-directed
from draining into the Fraser River to flow south in its current configuration (Riedel et al. 2012).

Currently, the Skagit River watershed is the most heavily glaciated river valley in the lower 48
states with more than 390 glaciers. Overall, glaciers in the North Cascades have declined by
approximately 50 percent since 1900 due to global trends of ice loss (Skagit Climate Science
Consortium 2015). The headwaters of several tributaries to Ross Lake and Diablo Lake include
glaciers, most notably in the Thunder Arm drainage in Diablo Lake (Granshaw 2002).

Mineral Resources

The metamorphic and volcanic rocks of the North Cascades host numerous mineral deposits
including gold, silver, copper, lead, and zinc. Nonmetallic minerals and resources include sand,
gravel, and building stone. According to “The Diggings,” Whatcom County has 2,115 mining
claims listed on public lands that are managed by the Bureau of Land Management (BLM) and
365 records of mineral deposits listed by the U.S. Geological Survey (USGS) (The Diggings 2019).
The largest mineral claims in the county are gold (147), chromium (76), copper (30), limestone
(29), and silver (26). Of these claims, 98 percent are currently closed and only two percent (~47)
are still active. There are still several active mines located in the Project vicinity in the communities
of Newhalem and Diablo. Newhalem includes 97 nearby mines, 94 of which are currently closed,
and 3 remaining active. Diablo includes 402 mines, of which 375 are currently closed, and 27
remaining active (The Diggings 2019). A portion of mitigation land near Bacon Creek was used
as a commercial gravel borrow pit prior to acquisition by City Light.

Geologic Hazards

Seismicity

The major fault zones in the region are shown above on Figure 4.2.1-1 and include: the Straight
Creek Fault, the Entiat Fault, the Ross Lake Fault System, and the Darrington-Devils Mountain
Fault Zone (Tabor and Haugerud 1999; Dragovich et al. 2002). No appreciable Holocene (last
10,000 years) tectonic activity has been documented along any of the fault systems in the North
Cascades (Riedel et al. 2012). Older, inactive thrust faults are also present near the Project, but

these faults have not been shown to have had Quaternary-age movement. The Darrington-Devils
Mountain Fault Zone is designated by the USGS as a Class A fault that is capable of generating
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an earthquake. The most recent prehistoric deformation associated with the Darrington-Devils
Mountain Fault Zone is Late Quaternary, or less than 130,000 years ago (Johnson et al. 2001). The
steeply dipping (45 to 90 degrees), left-lateral Darrington-Devils Mountain Fault Zone has a slip
rate of less than 0.2 millimeters/year (Johnson et al. 2001). No data on the recurrence interval or
the maximum credible earthquake for the Darrington-Devils Mountain Fault Zone are available.
The southern end of the transmission line corridor crosses the Southern Whidbey Island Fault
Zone; no movement on this fault is recorded in the Holocene (Sherrod et al. 2008).

The two most recent large earthquakes affecting the North Cascades, occurring in 1872 (magnitude
7.3) and 1915 (magnitude 5.6), were centered approximately 25 miles and 45 miles from the Gorge
Development, respectively. The 7.3 magnitude earthquake in 1872 was the largest recorded in the
region and is believed to have occurred somewhere between the south end of Ross Lake and the
north end of Lake Chelan. The most recent earthquakes affecting the Project have been in the 3-4
magnitude range and centered west of the Project reservoirs (Riedel et al. 2012). Additional
information describing large earthquakes in northwestern Washington since 1915 is included in
the Pre-Application Document (PAD) (City Light 2020).

Lahars and Volcanic Hazards

Lahars and ash fall hazards are associated with the active volcanoes in the Cascades; the two
volcanoes closest to the Project are Mt. Baker and Glacier Peak. The primary hazard to the Project
from Mt. Baker is from ash fall since no Project features are downstream from the mountain.
Hazards from Glacier Peak include lahars and ash fall. Glacier Peak is located south and east of
the Project, and the transmission line corridor crosses historic Glacier Peak lahar runout zones.
Since the continental ice sheets receded from the region approximately 15,000 years ago, Glacier
Peak has erupted during at least six episodes with the most recent lahar approximately 1,800 years
ago. Two of these eruptions were among the largest in the Cascades during this time period. Figure
4.2.1-2 shows lahar hazard zones originating from Glacier Peak (Cascades Volcano Observatory
2019).
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Figure 4.2.1-2. Lahar hazards from Glacier Peak.

Mass Wasting

Steep topography, narrow valleys, and heavy precipitation combine to produce mass wasting
hazards within the North Cascades region of the Skagit River Project. In the past, large debris
avalanches have occurred throughout the watershed as a result of fall and winter rain events. Some
of these landslides delivered substantial amounts of sediment to creeks and caused aggradation,
flooding, and downstream erosion. State Route (SR) 20 through the Skagit Gorge is often closed
during the winter due to hazards from rock falls, debris avalanches, and snow slides (Riedel et al.
2012).

There are limited mass wasting hazards along the transmission line from the Bothell Substation
through the Puget Lowlands (approximately 20 miles), but mass wasting and rockfall along the
transmission line corridor throughout many sections of the 80-mile traverse through the Cascade
Foothills and North Cascades region pose a hazard. Rockfall and debris avalanche hazards exist in
steep areas of the transmission line corridor north of Newhalem. The highest spatial density of
deep-seated landslides in the GE-02 Erosion and Geologic Hazards Study (mass wasting study
area) occurs along the slopes that border the North Fork (NF) Stillaguamish River. Large slope
failures are common both in the rocks that compose the upper slopes and in the glacial deposits
that form broad and continuous benches that line the lower slopes both north and south of the NF
Stillaguamish. Along the upper slopes on the north side of the valley, landslides are particularly
concentrated where numerous tributaries of the NF Stillaguamish River have deeply incised into
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the rocks of the Helena-Haystack mélange and overlying glacial till. Landslides are also
concentrated along the benches above the valley floor.

Details on mass wasting near the Project and a summary of results of the GE-02 Erosion and
Geologic Hazards Study are included in Section 4.2.1.2 of this Exhibit E.

Flooding

Flooding in narrow canyons and on floodplains presents a hazard. Steep valley walls and small
streams deliver water rapidly to larger streams, causing them to quickly rise and increase velocities.
Flooding can also present a hazard at stream crossings along the transmission line corridor, but the
majority of transmission towers and transmission line ROW access roads are located outside of
floodplains. Channel migration and bank erosion at stream crossings in wide alluvial valleys may
pose a more significant hazard to transmission line towers. Several transmission line towers have
been relocated or protected from bank erosion by protection measures to minimize hazards in select
locations (e.g., Boulder River, French Creek, Diobsud Creek). At the Skagit River crossing near
Marblemount (Corkindale Creek vicinity), power poles have been designed with deep foundations
to allow the Skagit River to migrate around them without risk of undermining.

Erosion and Geologic Hazards Study at the Project Facilities and Transmission Right-of-way
(ROW)

The GE-02 Erosion and Geologic Hazards Study evaluated how Project operation and maintenance
(O&M) may affect mass wasting, erosion, channel migration, and stream/riparian resources along
the transmission line ROW.

The goals of the Erosion and Geologic Hazards Study were two-fold:

= Goal 1: to characterize where Project O&M activities are affecting erosion, mass wasting, and
runoff that could affect the following resource areas—cultural; terrestrial; aquatic; fisheries;
riparian; and rare, threatened, and endangered plants; and

= QGoal 2: to determine where existing erosion, mass wasting, and channel migration/bank
erosion have the potential to affect Project facilities.

Specific objectives supporting these goals included:

= Identify, map, inventory, and characterize areas of erosion, runoff, mass wasting, and culvert
conditions that are affected by Project facilities, townsites, transmission towers, and study
routes (Goal 1).

= Jdentify where Project maintenance activities (e.g., road grading, ditch maintenance,
vegetation management, streambank protection) along the transmission line ROW and study
routes have the potential to cause erosion or sedimentation or altered hydrologic connectivity
to water bodies (Goal 1).

= Identify the current instream and riparian habitat conditions within and immediately upstream
and downstream of transmission line stream crossings where channel migration, bank erosion,
or mass wasting are potentially affected by Project operations (Goal 1).
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= Jdentify mass wasting (landslide, rockfall) and channel erosion hazards (e.g., channel
migration, bank erosion) that could affect Project facilities, transmission towers, or study
routes (Goal 2).

= Characterize study route-stream crossing structures so that hydraulic capacity, erosion, and
biological effects (e.g., fish passage) can be assessed (Goals 1 and 2).

Mass Wasting

Mass wasting includes landslides and rockfalls, including mapping past mass wasting within,
originating from, or affecting areas within the Project Boundary. The study: (1) developed a Mass
Wasting Inventory of existing mass wasting features (e.g., landslide and rockfall); and (2) provided
a regional assessment of susceptibility of slopes to the dominant types of mass wasting based
primarily on existing mass wasting features, slope characteristics, and local geology.

Methods

The analysis of mass wasting hazards included the compilation of reports, published maps, existing
geospatial data, and similar studies relevant to the identification of unstable slopes in the mass
wasting study area. Information was collected and interpreted according to a generally accepted
protocol from the Washington Geological Survey (WGS) regarding compiling mass wasting
feature inventories. The WGS protocol provides guidelines for identifying, characterizing,
mapping, and inventorying landslides, fans, and rockfall by mapping geomorphic features
including landslide deposits; landslide headscarps, flank scarps, and internal scarps; fan deposits;
rockfall deposits and scarps; and recent landslides (typically less than 150 years since occurrence).
In addition to mapping the features listed above, the protocol also extends to collecting additional
quantitative and qualitative data of each feature including, but not limited to, material composition,
movement type, identification confidence, and a general relative age of movement (e.g., pre-
historic, historic, active). Field verification is being conducted in Fall 2022 for specific sites of
interest.

Mass Wasting Summary

As part of the mass wasting inventory, 3,612 mass wasting features were identified (Table 4.2.1-
2).

Table 4.2.1-2. Mass wasting features included in the Mass Wasting Inventory.

Median Area (Range) (square feet
Mass Wasting Feature Number [ft2])
Deep-seated Landslide 1,210 (1,210 scarps) 216,000 (2200 — 84,638,000)
Shallow Landslide 58 (58 scarps) 36,000 (3300 — 559,000)
Rockfall 567 talus piles (745 scarps) 193,000 (1200 —27,792,000)
Debris Flood Fan 301 138,000 (1900 — 24,107,000)
Debris Flow Fan 813 61,000 (900 — 8,181,000)
Alluvial Fan 63 70,000 (1800 —30,518,000)
Skagit River Hydroelectric Project Seattle City Light
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Landslides, rockfall, and debris flows are generally prevalent within the mass wasting study area.
However, the spatial distribution of these features is not uniform and, as demonstrated by the
susceptibility analyses, slope failures tend to concentrate in areas that exhibit specific conditions
that predispose a slope to fail. These conditions include, but are not limited to, specific
combinations of geology type and slope geometries. Based on the Mass Wasting Inventory and
the susceptibility analyses, some generalizations can be made about patterns of slope failures in
the mass wasting study area and contributing factors, focusing on areas that overlap Project
facilities.

Erosion and Runoff from Project-Related Townsites and Study Routes

The analysis of erosion and runoff from Project-related townsites and study routes includes
compiling existing data and Geographic Information System layers; a pre-field analysis of routes
and stream connectivity; a field inventory of study routes, culvert, and townsite erosion and runoff
conditions (referred to as the Phase I Study Route Inventory); a culvert/bridge fish passage
assessment (referred to as the Phase II Fish Passage Assessment); and a post-field summary and
analysis.

During 2021, existing information was collected, and the Phase I Study Route Inventory was
conducted, compiling information on routes, culverts, and townsite erosion and runoff conditions.
The 2021 analysis of erosion and sedimentation along study routes and townsites included
assessing:

= Hydrologic connectivity of study route segments;

= Erosion potential (surface erosion, gullying, and mass wasting);

= Culvert, bridge, and drainage structure characteristics and condition; and

= Project townsite runoff and erosion.

A field inventory of study routes, including townsite routes, and culvert conditions was made

during the summer of 2021, and field measurements in 2022 were used to assess fish passage at
road crossings over potential fish-bearing streams.

Channel Migration and Stream Crossings

The short section of the Skagit River between Diablo Dam and the head of Gorge Lake is regulated
by daily discharge from the Diablo Powerhouse and the level of Gorge Lake. The entire left bank
and canyon section of the right bank is primarily bedrock; the lower portion of the right bank
consists of fill from construction of the road and townsite.

Flow in the Skagit River between Gorge Dam and Gorge Powerhouse, also known as the bypass
reach, is limited to tributary and groundwater inflow during most of the year and occasional spills
from Gorge Dam. This 2.5-mile reach is a narrow bedrock canyon; river shorelines are composed
primarily of bedrock and large boulders.

Downstream of the Gorge Powerhouse, the Skagit River flows 94 miles to Puget Sound. Major
tributaries include the Cascade River, Sauk River, and regulated Baker River, which are 16, 27,
and 38 miles downstream from Gorge Powerhouse, respectively. A recent inventory of hydro-
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modified banks (riverbanks stabilized by rip rap) found that approximately 14.5 percent of the
right bank of the Skagit River between Gorge Powerhouse and the Sauk River was hydro-modified,
with 1.5 percent of the left bank protected by rip rap (Hartson and Shannahan 2015). In the Middle
Skagit River, between the Sauk confluence and the Highway 9 Bridge, approximately 17 percent
of the right bank and 10 percent of the left bank was hydro-modified.

The Channel Migration and Stream Crossings analysis component of GE-02 Erosion and Geologic
Hazards Study will provide an analysis of the interaction of streams with the transmission line
ROW and streamside facilities in Project-related townsites, including maintenance procedures near
streams and bank protection. Most of this work including assessments of channel migration zones
and aquatic/riparian habitat is in process or was not completed in time to be included in this Draft
License Application. Results will be reported in the Updated Study Report (USR).

The channel migration and stream crossing part of the study includes four elements:

= Channel migration analysis;
= Compilation of transmission line maintenance procedures near stream crossings;
= Collecting information on Project-related townsite streambank conditions; and

= Collecting information on stream/riparian/bank conditions at channel migration and
transmission line maintenance locations.

City Light’s transmission line ROW vegetation, study route, and slash management practices
include trail and road maintenance (grading, improving gravel surfaces, and ditch cleaning);
vegetation management techniques to keep trees/shrub heights short enough that limbs are more
than 20 feet from transmission lines; brush cutting and mowing, slash management, and bank
protection around transmission line towers.

Newhalem and Diablo are the two townsites associated with Project facilities. Diablo includes two
areas: Reflector Bar (north of the Diablo Powerhouse) and Hollywood (south of the Diablo
Powerhouse and adjacent to Stetattle Creek). Information collected on streambank conditions in
Project townsites include the presence and condition of hydromodifications (rip rap and slush-
grouted rip rap). Boulders and coarse sediment line the banks of the Skagit River along the terrace
adjacent to Newhalem, and rip rap protects short sections of the left bank around the Gorge
Powerhouse. Hydromodifications in the Diablo/Hollywood areas include rip rap and older, more
informal bank protection along portions of the Skagit River, and rip rap and shotcrete along the
Stetattle Creek levee (Figure 4.2.1-3). Portions of the Stetattle Creek shotcrete are undercut in
places.
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Figure 4.2.1-3. Diablo-Hollywood townsite area hydromodifications.
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Soils of the Project Area

Soils in the Project vicinity reflect the underlying bedrock and landforms, with primarily thin,
rocky soil around Project reservoirs and powerhouses and thicker soils in valley bottoms and along
the transmission line corridor. Soils in the Project vicinity are shown on Figure 4.2.1-4, and
characteristics within the Project Boundary and fish and wildlife mitigation lands are listed in
Tables 4.2.1-3 and 4.2.1-4.

Dominant soils around Project reservoirs, dams, and the transmission line corridor down to Bacon
Creek include (U.S. Department of Agriculture [USDA] et al. 2012):

= Tricouni-Ragged-Easy complex, 5 to 50 percent slopes. This soil unit includes 50 percent
Tricouni soils, 25 percent Ragged soils, 15 percent Easy soils, and 10 percent other minor
components. It forms on debris cones and valley walls from volcanic ash over glacial drift or
alluvium, is characterized by gravelly ashy loam and sand, and is very erodible.

= Thorton-Ragged-Damnation complex, 35 to 100 percent slopes. This soil unit includes 40
percent Thorton soils, 25 percent Ragged soils, 15 percent Damnation soils, and 20 percent
other minor components. It forms on mountain flanks and valley walls from volcanic ash over
glacial drift or alluvium, is characterized by gravelly to cobbly ashy loam and sand, and is very
erodible.

= Thorton-Ragged-Ledeir complex, 15 to 65 percent slopes. This soil unit includes 40 percent
Thorton soils, 25 percent Ragged soils, 15 percent Ledeir soils, and 20 percent other minor
components. It forms on mountain flanks, debris aprons, and valley walls from volcanic ash
over glacial drift or alluvium, is characterized by gravelly ashy loam and sand, and is very
erodible.

= Roland-Skymo-Deerlick complex, 0 to 25 percent slopes. This soil unit includes 40 percent
Roland soils, 25 percent Skymo soils, 20 percent Deerlick soils, and 15 percent other minor
components. It forms on fans, terraces, and debris aprons from volcanic ash over glacial drift
or alluvium, is characterized by fine sandy loam to loamy sand, and is very erodible.

= Damnation-Ragged-Rock outcrop complex, 35 to 100 percent slopes. This soil unit includes
50 percent Damnation soils, 25 percent Ragged soils, 15 percent rock outcrop, and 10 percent
other minor components. It forms on bedrock benches and valley walls from volcanic ash over
glacial drift or alluvium, is characterized by cobbly ashy sandy loam and sand or rubble on the
rock outcrop areas, and is very erodible.

= Despair-Goode-Rock outcrop complex, 35 to 100 percent slopes. This soil unit includes 40
percent Despair soils, 30 percent Goode soils, 15 percent rock outcrop, and 15 percent other
minor components. It forms on bedrock benches, valley walls, and debris aprons from volcanic
ash over glacial drift or alluvium, is characterized by gravelly ashy sandy loam or rubble on
the rock outcrop areas, and is very erodible.

= Farway-Sawtooth-Despair complex, 35 to 100 percent slopes. This soil unit includes 50
percent Farway soils, 25 percent Sawtooth soils, 15 percent Despair soils, and 10 percent other
minor components. It forms on debris aprons, bedrock benches, and valley walls from volcanic
ash over colluvium or glacial drift, is characterized by cobbly ashy sandy loam, and is very
erodible.
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Manlywham-Nohokomeen-Roland complex, 0 to 5 percent slopes. This soil unit includes 60
percent Manlywam soils, 15 percent Nohokomeen soils, 15 percent Roland soils, and 10
percent other minor components. It forms in depressions and on floodplains and terraces from
volcanic ash over alluvium or glacial drift, is characterized by gravelly sandy loam to fine
sandy loam, and is slightly erodible.

Chilliwack-Perfect-Terror complex, 15 to 65 percent slopes. This soil unit includes 40 percent
Chilliwack soils, 30 percent Perfect soils, 15 percent Terror soils, and 15 percent other minor
components. It forms on debris cones and debris aprons from volcanic ash over colluvium or
glacial drift, is characterized by gravelly sandy loam to gravelly loamy sand, and is very
erodible.

The transmission line corridor follows river valleys and rolling hills along the Sauk River and
North Fork Stillaguamish River valleys to the Puget Lowland and the Bothell Substation. This area
contains a mix of soils that include (Debose and Klungland 1983; USDA 2019):

Tokul gravelly medial loam, 0 to 8 percent slopes. This moderately deep, moderately well
drained soil forms on till plains from glacial till and volcanic ash. It is composed of gravelly
loam to gravelly fine sandy loam with moderate to low permeability and presents a slight
erosion hazard.

Tokul-Winston gravelly loams, 25 to 65 percent slopes. This soil unit is about 50 percent Tokul
gravelly loam and 30 percent Winston gravelly loam with 20 percent other minor components.
Soils are moderately deep to very deep and formed on glacial till and outwash with volcanic
ash. It is composed of gravelly loam to gravelly fine sandy loam with moderate permeability
and presents a slight erosion hazard on Tokul soils and a severe erosion hazard on Winston
soil areas.

Barneston gravelly ashy loam, 0 to 8 percent slopes. This soil is very deep, well-drained,
formed in volcanic ash and loess over outwash and occurs on glacial outwash terraces and till
plains. It is composed of gravelly ashy loam to gravelly sand and has a slight erosion hazard.

Greenwater loamy sand. This very deep, excessively drained soil forms on low gradient
terraces in alluvium derived from andesite and pumice. It is characterized by loamy sand and
erosion hazard is slight.
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Figure 4.2.1-4. Soils in the Project vicinity (page 1 of 3).
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Figure 4.2.1-4. Soils in the Project vicinity (page 2 of 3).
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Table 4.2.1-3.

Soil occurrence and characteristics within the Project Boundary.

Average
Slope
Percent | Gradient Erosion
Soil Name Acres | of Area (%) Drainage Class Potential
Alderwood gravelly sandy loam, 0 to § 83 0.9% 2 Moderately well Slight
percent slopes drained
Alderwood-Everett gravelly sandy loams, 6 0.1% 48 Moderately well Severe
25 to 70 percent slopes drained
Andic Xerochrepts, warm-Rock outcrop 6 0.1% 78 Well drained Severe
complex, 65 to 90 percent slopes
Barneston gravelly ashy loam, 0 to 8 147 1.6% 4 Somewhat excessively Slight
percent slopes drained
Barneston gravelly ashy loam, 30 to 65 11 0.1% 45 Somewhat excessively Severe
percent slopes drained
Barneston gravelly ashy loam, 8 to 30 26 0.3% 15 Somewhat excessively Moderate
percent slopes drained
Barneston very cobbly sandy loam, 0 to 8| 75 0.8% 4 Somewhat excessively Slight
percent slopes drained
Bellingham silty clay loam 37 0.4% 2 Poorly drained Slight
Birdsview loamy sand, 0 to 8 percent 26 0.3% 4 Somewhat excessively Slight
slopes drained
Chilliwack-Perfect-Terror complex, 15to| 110 1.2% 35 Well drained Severe
65 percent slopes
Custer fine sandy loam 19 0.2% 1 Poorly drained Slight
Damnation-Ragged-Rock outcrop 377 4.0% 75 Well drained Severe
complex, 35 to 100 percent slopes
Despair-Goode-Rock outcrop complex, 768 8.1% 65 Well drained Severe
35 to 100 percent slopes
Dystric Xerochrepts, 45 to 70 percent 8 0.1% 58 Well drained Severe
slopes
Dystric Xerorthents, 50 to 80 percent 31 0.3% 65 Excessively drained Severe
slopes
Everett very gravelly sandy loam, 0 to 8 37 0.4% 5 Somewhat excessively Slight
percent slopes drained
Everett very gravelly sandy loam, 8 to 15 19 0.2% 10 Somewhat excessively Moderate
percent slopes drained
Farway-Lyall-Inspiration complex, 5 to 104 1.1% 35 Well drained Severe
65 percent slopes
Farway-Sawtooth-Despair complex, 35 526 5.6% 65 Well drained Severe
to 100 percent slopes
Giles variant silt loam 72 0.8% 2 Well drained Slight
Greenwater loamy sand 140 1.5% 2 Somewhat excessively Slight
drained
Greenwater sandy loam 68 0.7% 2 Somewhat excessively Slight
drained
Indianola loamy sand, 0 to 5 percent 12 0.1% 3 Somewhat excessively Slight
slopes drained
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Slope
Percent | Gradient Erosion
Soil Name Acres | of Area (%) Drainage Class Potential
Indianola loamy sand, 15 to 30 percent 6 0.1% 20 Somewhat excessively Severe
slopes drained
Larush silt loam 19 0.2% 2 Well drained Slight
Lynnwood loamy sand, 0 to 3 percent 11 0.1% 2 Somewhat excessively Slight
slopes drained
Lynnwood-Nargar complex, 65 to 90 7 0.1% 78 Somewhat excessively Severe
percent slopes drained
Manlywham-Nohokomeen-Roland 393 4.2% 1 Poorly drained Slight
complex, 0 to 5 percent slopes
Marblemount-Rock outcrop complex, 65 28 0.3% 78 Well drained Severe
to 90 percent slopes
Menzel silt loam, 0 to 3 percent slopes 90 1.0% 2 Well drained Slight
Mesahchie-Inspiration-Lyall complex, 15| 93 1.0% 35 Well drained Severe
to 65 percent slopes
Montborne very gravelly silt loam, 3 to 15 0.2% 17 Moderately well Severe
30 percent slopes drained
Mukilteo muck 59 0.6% 1 Very poorly drained Slight
Nargar fine sandy loam, 0 to 15 percent 44 0.4% 8 Well drained Moderate
slopes
Nargar-Lynnwood complex, 30 to 65 38 0.4% 48 Well drained Severe
percent slopes
Norma loam 56 0.6% 2 Poorly drained Slight
Pastik silt loam, 0 to 8 percent slopes 38 0.4% 4 Moderately well Moderate
drained
Pastik silt loam, 25 to 50 percent slopes 14 0.1% 38 Moderately well Severe
drained
Pastik silt loam, 8 to 25 percent slopes 11 0.1% 17 Moderately well Severe
drained
Pilchuck loamy sand 22 0.2% 2 Excessively drained Slight
Puget silty clay loam 25 0.3% 1 Poorly drained Slight
Puyallup fine sandy loam 8 0.1% 2 Well drained Slight
Ragged-Tricouni-Cosho complex, 15 to 297 3.1% 35 Well drained Severe
65 percent slopes
Ragnar fine sandy loam, 0 to 8 percent 13 0.1% 4 Well drained Moderate
slopes
Ragnar fine sandy loam, 8§ to 15 percent 7 0.1% 12 Well drained Severe
slopes
Rinker very channery loam, 30 to 65 17 0.2% 48 Well drained Severe
percent slopes
Riverwash 25 0.3% 2 Somewhat excessively Not rated
drained
Rock outcrop 7 0.1% 75 n/a Not rated
Rock outcrop-Despair complex, 35 to 13 0.1% 90 n/a Not rated
100 percent slopes
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Average
Slope
Percent | Gradient Erosion
Soil Name Acres | of Area (%) Drainage Class Potential
Roland-Skymo-Deerlick complex, 0 to 510 5.4% 10 Moderately well Severe
25 percent slopes drained
Sauk silt loam 12 0.1% 2 Well drained Slight
Skykomish very gravelly loam, 0 to 8 33 0.3% 4 Somewhat excessively Slight
percent slopes drained
Snohomish silt loam 10 0.1% 1 Poorly drained Slight
Sorensen very gravelly silt loam, 3 to 30 33 0.4% 17 Well drained Severe
percent slopes
Spickard-Tepeh-Maggib complex, 15 to 13 0.1% 75 Well drained Severe
100 percent slopes
Squires very gravelly silt loam, 30 to 65 13 0.1% 48 Well drained Severe
percent slopes
Sulsavar gravelly loam, 0 to 8 percent 26 0.3% 4 Well drained Slight
slopes
Sultan variant silt loam 14 0.2% Well drained Slight
Terric Medisaprists, nearly level 18 0.2% Very poorly drained Slight
Thorton-Ragged-Damnation complex, 35| 967 | 10.2% 65 Well drained Severe
to 100 percent slopes
Thorton-Ragged-Ledeir complex, 15 to 1,362 | 14.4% 35 Well drained Severe
65 percent slopes
Tokul gravelly medial loam, 0 to 8 341 3.6% 2 Moderately well Slight
percent slopes drained
Tokul gravelly medial loam, 15 to 30 44 0.5% 20 Moderately well Severe
percent slopes drained
Tokul gravelly medial loam, 8 to 15 141 1.5% 10 Moderately well Moderate
percent slopes drained
Tokul silt loam, 2 to 8 percent slopes 17 0.2% 5 Moderately well Moderate
drained
Tokul-Ogarty-Rock outcrop complex, 25 36 0.4% 45 Moderately well Severe
to 65 percent slopes drained
Tokul-Winston gravelly loams, 25 to 65 126 1.3% 45 Moderately well Severe
percent slopes drained
Tricouni-Ragged-Easy complex, 5 to 50 | 1,475 | 15.6% 25 Well drained Severe
percent slopes
Vanzandt very gravelly loam, 15 to 30 29 0.3% 23 Moderately well Severe
percent slopes drained
Winston gravelly loam, 0 to 3 percent 29 0.3% 2 Somewhat excessively Slight
slopes drained
Winston gravelly silt loam, 0 to 8 percent | 83 0.9% 4 Well drained Slight
slopes
Wiseman channery sandy loam, 0 to 8 22 0.2% 4 Somewhat excessively Slight
percent slopes drained
Source: USDA 2019.
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The Project fish and wildlife mitigation lands include parcels within the Skagit, Sauk, and South
Fork Nooksack watersheds that are managed for wildlife and aquatic habitat resources. Soils
within the mitigation lands are listed in Table 4.2.1-4.

Major soil types on the mitigation lands include (Klungland and McArthur 1989):

Dystric Xerorthents, cool, 60 to 90 percent slopes. This soil is very deep, well-drained, and
formed predominantly on glacial till or outwash. It is composed of gravelly sandy loam to
loamy sand and has a severe erosion hazard due to the steep slopes.

Jackman gravelly loam, 30 to 65 percent slopes. This very deep, well-drained soil forms on
mountainsides in colluvium containing volcanic ash and glacial till. It is composed of gravelly
loam to gravelly sandy loam and has a severe erosion hazard.

Pilchuck loamy sand. This soil is very deep, somewhat excessively drained, and forms on
floodplains. It is composed of river floodplain deposits and is loamy sand to gravelly loam.
Erosion hazard is slight.

Rinker very channery loam, 30 to 65 percent slopes. This soil is moderately deep, well drained,
and forms on mountainsides from volcanic ash, glacial till, and colluvium derived from
underlying phyllite. Texture ranges from very channery loam to silt loam and has a severe
erosion hazard.

Saxon silt loam, 0 to 30 percent slopes. This soil is moderately well drained and forms on hills
and terraces in areas of volcanic ash underlain by glaciolacustrine sediments. It includes silt
loam to silty clay loam, and erosion hazard is severe.

Squires very gravelly silt loam, 30 to 65 percent slopes. This moderately deep, well-drained
soil forms on mountainsides in colluvium derived from underlying phyllite, ash, and glacial
till. Texture ranges from gravelly silt loam to gravelly loam. Erosion hazard is severe.
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Table 4.2.1-4.

Soil occurrence and characteristics in the Project fish and wildlife mitigation lands.

Skagit River
watershed Skagit River
downstream watershed
South Fork from Sauk upstream from
Nooksack Sauk River River Sauk River Average
watershed watershed confluence confluence slope
Percent Percent Percent Percent of| gradient Erosion
Soil Name Acres | of Area | Acres | of Area | Acres | of Area | Acres Area (%) Drainage Class | Potential
Andic Cryochrepts-Rock outcrop 0 0.0% 0 0.0% 280 17.1% 187 4.4% 78 Well drained Severe
complex, 65 to 90 percent slopes
Andic Xerochrepts, warm-Rock 39 0.9% 0 0.0% 0 0.0% 58 1.4% 78 Well drained Severe
outcrop complex, 65 to 90 percent
slopes
Andic Xerochrepts-Rock outcrop 209 4.7% 0 0.0% 206 12.6% 47 1.1% 78 Well drained Severe
complex, 65 to 90 percent slopes
Barneston gravelly ashy loam, 0 to 8 2 0.0% 0 0.0% 0 0.0% 437 10.3% 3.9 Somewhat Slight
percent slopes excessively
drained
Barneston gravelly ashy loam, 30 to 65| 0 0.0% 0 0.0% 186 | 11.4% 48 1.1% 429 Somewhat Severe
percent slopes excessively
drained
Barneston gravelly ashy loam, 8 to 30 0 0.0% 0 0.0% 1 0.0% 347 8.2% 14.4 Somewhat Moderate
percent slopes excessively
drained
Barneston very cobbly sandy loam, 0 0 0.0% 0 0.0% 0 0.0% 17 0.4% 4 Somewhat Slight
to 8 percent slopes excessively
drained
Birdsview loamy sand, 0 to 8 percent 0 0.0% 0 0.0% 0 0.0% 108 2.6% 4 Somewhat Slight
slopes excessively
drained
Birdsview loamy sand, 50 to 80 0 0.0% 0 0.0% 25 1.6% 0 0.0% 63.1 Somewhat Severe
percent slopes excessively
drained
Cokedale silt loam 103 2.3% 0 0.0% 17 1.0% 0 0.0% 2 Somewhat poorly | Slight
drained
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Skagit River
watershed Skagit River
downstream watershed
South Fork from Sauk upstream from
Nooksack Sauk River River Sauk River Average
watershed watershed confluence confluence slope
Percent Percent Percent Percent of| gradient Erosion
Soil Name Acres | of Area | Acres | of Area | Acres | of Area | Acres Area (%) Drainage Class | Potential

Crinker-Rock outcrop complex, 30 to 0 0.0% 0 0.0% 0 0.0% 8 0.2% 48 Well drained Severe
65 percent slopes
Dystric Xerochrepts, 45 to 70 percent 0 0.0% 0 0.0% 0 0.0% 39 0.9% 58 Well drained Severe
slopes
Dystric Xerorthents, 0 to 5 percent 241 5.5% 0 0.0% 0 0.0% 0 0.0% 3 Excessively Slight
slopes drained
Dystric Xerorthents, 50 to 80 percent 0 0.0% 0 0.0% 3 0.2% 197 4.6% 65 Excessively Severe
slopes drained
Dystric Xerorthents, cool, 60 to 90 672 15.2% 0 0.0% 0 0.0% 0 0.0% 75 Moderately well Severe
percent slopes drained
Etach very gravelly sandy loam, 30 to 0 0.0% 0 0.0% 0 0.0% 2 0.0% 48 Somewhat Severe
65 percent slopes excessively

drained
Getchell gravelly silt loam, 30 to 65 0 0.0% 0 0.0% 0 0.0% 79 1.9% 48 Moderately well Severe
percent slopes drained
Giles silt loam 0 0.0% 0 0.0% 0 0.0% 16 0.4% 2 Well drained Slight
Gilligan silt loam 0 0.0% 0 0.0% 92 5.7% 0 0.0% 2 Well drained Slight
Greenwater sandy loam 0 0.0% 0 0.0% 12 0.8% 0 0.0% 2 Somewhat Slight

excessively

drained
Heisler gravelly silt loam, 30 to 65 0 0.0% 0 0.0% 0 0.0% 159 3.8% 48 Well drained Severe
percent slopes
Indianola loamy sand, 0 to 5 percent 0 0.0% 0 0.0% 0 0.0% 141 3.3% 3 Somewhat Slight
slopes excessively

drained
Jackman gravelly loam, 30 to 65 519 11.8% 0 0.0% 0 0.0% 0 0.0% 48 Well drained Severe
percent slopes
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Skagit River
watershed Skagit River
downstream watershed
South Fork from Sauk upstream from
Nooksack Sauk River River Sauk River Average
watershed watershed confluence confluence slope
Percent Percent Percent Percent of| gradient Erosion
Soil Name Acres | of Area | Acres | of Area | Acres | of Area | Acres Area (%) Drainage Class | Potential
Jug very gravelly loam, 0 to 30 percent| 115 2.6% 0 0.0% 0 0.0% 0 0.0% 15 Somewhat Moderate
slopes excessively
drained
Kindy gravelly silt loam, 30 to 65 162 3.7% 0 0.0% 0 0.0% 18 0.4% 48 Moderately well Severe
percent slopes drained
0 0.0% 0 0.0% 0 0.0% 5 0.1%
Larush fine sandy loam 0 0.0% 6 1.7% 77 4.7% 119 2.8% 3 Well drained Moderate
Larush silt loam 0 0.0% 0 0.1% 50 3.0% 261 6.2% 2 Well drained Slight
Manlywham-Nohokomeen-Roland 0 0.0% 0 0.0% 0 0.0% 50 1.2% 1.6 Poorly drained Slight
complex, 0 to 5 percent slopes
Marblemount-Rock outcrop complex, 0 0.0% 0 0.0% 0 0.0% 2 0.1% 78 Well drained Severe
65 to 90 percent slopes
Montborne very gravelly loam, 30 to 105 2.4% 0 0.0% 0 0.0% 0 0.0% 48 Moderately well | Severe
65 percent slopes drained
Montborne-Rinker complex, 30 to 65 85 1.9% 0 0.0% 0 0.0% 0 0.0% 48 Moderately well | Severe
percent slopes drained
No Digital Data Available 161 3.7% 0 0.0% 3 0.2% 39 0.9% <Null> <Null> Not rated
Norma loam 0 0.0% 14 4.3% 0 0.0% 0 0.0% 2 Poorly drained Slight
Norma silt loam 0 0.0% 6 1.8% 0 0.0% 0 0.0% 2 Poorly drained Slight
Pilchuck loamy sand 0 0.0% 193 59.4% 102 6.2% 341 8.1% 2 Somewhat Slight
excessively
drained
Puyallup fine sandy loam 0 0.0% 60 18.3% 0 0.0% 0 0.0% 2 Well drained Slight
Rinker very channery loam, 30 to 65 456 10.3% 0 0.0% 356 | 21.8% 263 6.2% 48 Well drained Severe
percent slopes
Riverwash 0 0.0% 46 14.2% 0 0.0% 69 1.6% 2 <Null> Not rated
Rock outcrop 14 0.3% 0 0.0% 0 0.0% 11 0.3% 75 <Null> Not rated
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Skagit River
watershed Skagit River
downstream watershed
South Fork from Sauk upstream from
Nooksack Sauk River River Sauk River Average
watershed watershed confluence confluence slope
Percent Percent Percent Percent of| gradient Erosion
Soil Name Acres | of Area | Acres | of Area | Acres | of Area | Acres Area (%) Drainage Class | Potential
Roland-Skymo-Deerlick complex, 0 to 0 0.0% 0 0.0% 0 0.0% 88 2.1% 8.2 Somewhat poorly | Severe
25 percent slopes drained
Sandun very gravelly sandy loam, 30 5 0.1% 0 0.0% 0 0.0% 0 0.0% 48 Well drained Severe
to 65 percent slopes
Sauk silt loam 0 0.0% 0 0.0% 12 0.8% 106 2.5% 2 Well drained Slight
Saxon silt loam, 0 to 30 percent slopes | 733 16.6% 0 0.0% 0 0.0% 0 0.0% 15 Moderately well Severe
drained
Skiyou gravelly silt loam, 15 to 30 0 0.0% 0 0.0% 0 0.0% 175 4.1% 23 Well drained Severe
percent slopes
Skykomish very gravelly loam, 0 to 8 131 3.0% 0 0.0% 0 0.0% 0 0.0% 4 Somewhat Slight
percent slopes excessively
drained
Skykomish very gravelly sandy loam, 18 0.4% 0 0.0% 0 0.0% 0 0.0% 48 Somewhat Severe
30 to 65 percent slopes excessively
drained
Sorensen very gravelly silt loam, 30 to | 520 11.8% 0 0.0% 0 0.0% 0 0.0% 48 Well drained Severe
65 percent slopes
Springsteen very gravelly loam, 30 to 0 0.0% 0 0.0% 191 11.7% 0 0.0% 48 Well drained Severe
65 percent slopes
Squires very gravelly silt loam, 30 to 115 2.6% 0 0.0% 15 0.9% 386 9.1% 48 Well drained Severe
65 percent slopes
Sultan variant silt loam 0 0.0% 1 0.3% 0 0.0% 0 0.0% 2 Well drained Slight
Sumas silt loam 0 0.0% 0 0.0% 0 0.0% 123 2.9% 2 Poorly drained Slight
Thorton-Ragged-Damnation complex, 0 0.0% 0 0.0% 0 0.0% 23 0.6% 61.5 Well drained Severe
35 to 100 percent slopes
Tricouni-Ragged-Easy complex, 5 to 0 0.0% 0 0.0% 0 0.0% 31 0.7% 21.5 Well drained Severe
50 percent slopes
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Skagit River
watershed Skagit River
downstream watershed

South Fork from Sauk upstream from

Nooksack Sauk River River Sauk River Average

watershed watershed confluence confluence slope

Percent Percent Percent Percent of| gradient Erosion
Soil Name Acres | of Area | Acres | of Area | Acres | of Area | Acres Area (%) Drainage Class | Potential
Typic Cryorthods-Rock outcrop 0 0.0% 0 0.0% 0 0.0% 199 4.7% 78 Moderately well | Severe
complex, 65 to 90 percent slopes drained
Vanzandt very gravelly loam, 0 to 15 0 0.0% 0 0.0% 0 0.0% 0 0.0% 7 Moderately well | Severe
percent slopes drained
Vanzandt very gravelly loam, 30 to 65 0 0.0% 0 0.0% 0 0.0% 23 0.5% 48 Moderately well | Severe
percent slopes drained
Winston gravelly silt loam, 0 to 8 0 0.0% 0 0.0% 0 0.0% 1 0.0% 4 Well drained Slight
percent slopes
Wiseman channery sandy loam, 0 to 8 7 0.2% 0 0.0% 3 0.2% 9 0.2% 4 Somewhat Slight
percent slopes excessively
drained

Wollard-Springsteen complex, 30 to 0 0.0% 0 0.0% 0 0.0% 4 0.1% 48 Moderately well | Severe
65 percent slopes drained
Total 4,412 326 1,632 4,239
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Landforms

Landforms have been mapped by National Park Service (NPS) for areas within Ross Lake National
Recreation Area (RLNRA) (Riedel et al. 2012). Landform mapping provides information on
surficial geologic features and processes by grouping areas of the landscape into units formed by
discrete geologic processes and includes features that are depositional in nature (e.g., moraines,
alluvial fans) or erosional (horns, bedrock benches). Landform information is shown on Figure
4.3-5 of the PAD (City Light 2020).

Watersheds on the western side of Ross Lake include 56 percent valley wall and 13 percent high
elevation cirque, with less than 1 percent riparian areas (floodplain, valley bottom, and alluvial
fan). The Big and Little Beaver creeks are situated in classic U-shaped glacial valleys with flat
valley bottoms, straight profiles, and low gradients. Other glacial characteristics of the valleys
include over-steepened valley walls, hanging tributary valleys, and truncated valley spurs. Mass
movement landforms cover three percent of the landscape, with debris avalanches delivering
sediment to streams.

Watersheds to the east of Ross Lake include 58 percent valley wall and 2 percent river canyon,
reflecting the steep and narrow nature of the V-shaped east side tributaries. Lightning Creek is an
example of glacial rearrangement of the drainage network due to the advance/retreat of the
Cordilleran Ice Sheet. On the east side of Ross Lake, mass movements constitute three percent of
the landforms.

Reservoir Shorelines and Streambanks
Reservoir Shoreline Erosion — Previous Studies

Reservoir shorelines are subject to erosion from waves, currents, freeze-thaw action, mass
movements, and groundwater and overland flow. Manipulation of reservoir levels contributes to
lake shoreline erosion by focusing wave energy on different parts of the bank and exposing areas
within the drawdown zone to wave action, freeze-thaw, and overland flow. During reservoir
drawdown and filling, previously eroded material is transported downslope and deposited in lower
elevations of the reservoirs.

An inventory of shoreline conditions was completed for the current Project license (Riedel 1990).
Shorelines along the three Project reservoirs (Ross, Diablo, and Gorge lakes) are composed of a
variety of materials based on the underlying geology and soils materials (Table 4.2.1-5). Much of
the shoreline length on all three reservoirs consists of stable bedrock and talus as well as stable SR
20 road fill along Gorge Lake. Colluvium comprises a portion of the shorelines and can be unstable
on steep slopes, but is thin, resulting in limited erosion volumes. Glacial till along the shorelines
of Ross and Diablo lakes is generally consolidated and stable, but in some areas the till is
unconsolidated and erodible. Less stable deposits (outwash, unconsolidated areas of alluvial fan,
alluvium, and landslide deposits) are subject to erosion.
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Table 4.2.1-5. Length (feet) and percentage of shoreline composed of various material.
Material Ross Lake Diablo Lake Gorge Lake
Bedrock 95,670 (33%) 38,090 (48%) 19,195 (40%)

Talus 18,440 (6%) 5,250 (7%) 8,365 (17%)
Colluvium 56,675 (20%) 8,990 (11%) 1,970 (4%)
Undifferentiated 0 985 (1%) 655 (1%)
Glacial Till 67,750 (23%) 8,840 (12%) 0
Outwash 8,675 (3%) 0 0
Alluvial Fan 28,740 (10%) 8,775 (11%) 7,710 (16%)
Alluvium 2,295 (<1%) 1,805 (2%) 1,970 (4%)
Landslide 2,625 (<1%) 0 0
Fill 5,415 (2%) 6,238 (8%) 8,040 (17%)
Total 286,285 78,973 47,905

Source: Riedel 1990.

As part of the 1990 shoreline condition inventory (Riedel 1990), information on bank material,
bank slope, bluff height, sediment thickness, site aspect, and evidence for slope instability were
recorded. Each eroding site was classified based on erosion type and extent based on the following
criteria:

= (Class I —over 1,000 cubic feet of mass movement had or could occur;

= (lass II — less than 1,000 cubic feet of mass movement had or could occur with bluffs over 3-
5 feet; and

= (lass III — less than 1,000 cubic feet of mass movement had or could occur with bluffs less
than 3-5 feet.

Shoreline conditions at Ross, Diablo, and Gorge lakes varied considerably at the time of the 1990
report (Table 4.2.1-6). Approximately 26 percent of the Ross Lake shoreline was eroding to some
extent, with 2 percent of the shoreline in Class I sites, 14 percent in Class II sites, and 10 percent
in Class III sites. Most of the erosion sites were located in the lower and mid valley sections of the
reservoir where colluvium and glacial sediments occur on steep valley slopes. Bluff sites at the
Class I areas ranged from 5 to over 50 feet. Dominant processes affecting erosion were waves
(wind waves and boat waves) undercutting the base of bluffs and some freeze-thaw activity or
groundwater seepage contributing to instability.

Erosion monitoring at five sites on Ross Lake has taken place over the period of the current Project
license (NPS 2021). The greatest total amount of bank recession is at three sites with thick glacial
deposits, where 14 to 18 feet of the bank have been eroded over 21 years. Relatively low rates of
erosion were observed at the other two sites; one is a rocky slope with colluvial soils, and the other
is composed of very dense glacial till.

At Diablo Lake, 10 percent of the shoreline was eroding during the 1990 inventory; much of the
lake perimeter consists of relatively stable material. The eroding areas were glacial till and
colluvium; wave action was the primary cause of eroding areas. The Gorge Lake shoreline is
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composed of very stable material; only 2 percent of the shoreline was eroding in 1990, primarily
from mass wasting due to waves undercutting areas of unstable soil.

Table 4.2.1-6. Number of erosion sites and length feet (ft) and percentage of total shoreline
eroding in 1990.
Erosion Class Ross Lake Diablo Lake Gorge Lake
Class I 34 sites; 6,529 ft; 2% 5 sites; 1,801 ft; 2% 3 sites; 312 ft; <1%
Class II 719 sites; 40,072 ft; 14% 17 sites; 2,310 ft; 3% 3 sites; 341 ft; <1%
Class III 390 sites; 29,878 ft; 10% 56 sites; 3,927 ft; 5% 11 sites; 2721t; <1%
Total 1,143 sites; 76,479 ft; 26% 78 sites; 8,038 ft; 10% 17 sites; 925 ft; 2%

Source: Riedel 1990.

Reservoir Shoreline Erosion — Recent Study

The GE-01 Reservoir Shoreline Erosion Study (City Light 2022a) was carried out to characterize
existing areas of erosion along Project reservoir shorelines and to identify any Project-related
factors resulting in erosion at each locale. The results include pre-field analysis of existing
information and two seasons of field work to inventory existing areas of shoreline erosion, and
post-field analysis and report writing. The GE-01 Reservoir Shoreline Erosion Study Interim
Report (City Light 2022a) includes a summary of the pre-field analysis of existing information
and the first season (2021) of field work. Work carried out in the Spring of 2022 included the
reservoir shoreline assessment for Gorge Lake and preliminary results from Ross Lake tree stump
measurements. Additional study data and results from the Ross Lake drawdown/erosion analysis
will be submitted with the USR. All finalized study results will be reported in the USR and
summarized in the Final License Application (FLA).

The study area for the GE-01 Reservoir Shoreline Erosion Study included shorelines at and near
normal maximum water surface elevation of Ross Lake (within waters of the United States),
Diablo Lake, and Gorge Lake, and riverine sections between the three lakes (Figure 4.2.1-5).

Five additional sites where Riedel (1990) measured the depth of erosion within the Ross Lake
drawdown zone (Table 7 in Riedel 1990) were added to the study area as recommended in the
Federal Energy Regulatory Commission’s (FERC or Commission) Study Plan Determination
(SPD) to compare erosion as measured by stump/tree root exposure in the field when Ross Lake
is likely at its lowest elevation (March/April 2022):

= 10 Mile Island;

= Lightning Creek;

= Big Beaver;

= Rowland Creek; and

= Arctic Creek.
In addition, the drawdown zone of Ross Lake was included in the GE-01 Reservoir Shoreline

Erosion Study area (1,548.33 and 1,537.01 feet North American Vertical Datum of 1988 [NAVD
88; 1,542.07 and 1,530.75 feet City of Seattle datum (CoSD))); erosion and deposition mapping
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took place in March/April 2022 to fulfill a commitment in the June 9, 2021 Notice, and that
information will be presented in the USR.

Relevant existing reservoir erosion information from NPS, Light Detection and Ranging (LiDAR),
landform mapping, geologic mapping, and aerial photographs were compiled for the GE-01
Reservoir Shoreline Erosion Study. A field inventory of reservoir shoreline areas at or near normal
maximum water surface elevation was conducted to identify, map, and collect information on the
status of erosion areas along the shorelines of Ross and Diablo lakes. The inventory was conducted
by boat and foot under near normal maximum water surface elevation conditions. Relevant
characteristics of each erosion site were collected as well as a comparison with erosion sites
identified during the 1990 erosion inventory (Riedel 1990).

Six erosion processes were observed during the reservoir erosion inventory:

=  Undercut banks — Undercut banks occur in locations where the soil or rock is consolidated
enough to form steep, sometimes nearly vertical, banks. Erosion occurring at the base of a bank
removes material, which results in an undercut bank. The undercutting proceeds until the
weight of the overlying material exceeds the material strength, the bank topples or slides, and
the process repeats. Roots and vegetation can provide additional strength to material at the top
of the bank, which often results in overhanging vegetation, roots, and a thin surficial soil layer
that is bound by roots.

= Shallow translational slides — Shallow translational slides occur on steep banks. The surficial
soil layer (generally 3 to 5 feet thick) slides down the slope. Shallow translational slides can
be initiated by removal of toe support or by saturated soils within or at the base of the slope.

* Slumping — Slumping is a rotational mass movement of material that often occurs in more
homogeneous, fine-grained sediments. Slumping can be initiated by removal of toe support or
saturated soils within or at the base of the slope.

= Raveling — Raveling is a loose, grain-by-grain movement of material downslope. It often
occurs in unconsolidated material on steep slopes when vegetative cover is removed.

= Rills/gullies — Rills and gullies form when surface runoff is concentrated and has enough
energy to erode and transport soil particles.

= Trampling — Trampling occurs in locations where people congregate, trample vegetation,
travel up and down shorelines, and scuff underlying soils.

Surficial geology around Project reservoirs includes Quaternary and Holocene glacial deposits,
alluvial fan/debris cone deposits, and colluvium derived from local soils and underlying geologic
units. These surficial materials are generally unconsolidated and subject to shoreline erosion.
Unconsolidated alpine till (material deposited in contact with glacial ice), outwash (glacial river
deposits), lacustrine (lake) deposits as well as stream alluvium and fine-grained colluvium are the
most erodible units observed along reservoir shorelines. Alluvial fan and debris fan deposits were
rarely subject to shoreline erosion, likely due to the low gradient and coarse-grained nature of these
deposits. Smaller thinner debris cone deposits at the base of small bedrock chutes were observed
in several locations along portions of the reservoir in steep, narrow canyon areas (e.g., Diablo
canyon, Thunder Creek canyon, Devil’s canyon). These deposits were subject to shoreline erosion
due to their precarious location on extremely steep canyon walls.
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Field Inventory

The reservoir erosion inventory conducted in 2021/2022 identified a total of 306 erosion sites
covering 74,272 feet (19 percent) of reservoir shoreline length in Ross Lake, 43 sites (4,556 feet
or 4 percent of shoreline length) in Diablo Lake, and 13 sites (3,874 feet or 6 percent of the
shoreline length) in Gorge Lake. These sites are shown on Figure 4.2.1-5. Note that the 2021
Reservoir Shoreline Erosion Sites Mapbook with detailed locations of erosion sites was included
in the GE-01 Reservoir Shoreline Erosion Study Interim Report (City Light 2022a); the 2022 sites
in Gorge Lake will be included in the USR. In Ross Lake, 87 of the sites shown on the 1990 map
were stabilized, and 79 new sites were identified. In Diablo Lake, 49 of the 1990 sites were
stabilized, and 15 new sites were mapped.

In Gorge Lake, 13 of the sites shown on the 1990 map were stabilized, four sites were categorized
as eroding in both inventories, and nine new eroding sites were found in 2022. It should be noted
that in Gorge Lake, the 2022 inventory included the area upstream from the SR 20 bridge crossing,
including the riverine section up to Diablo Dam. This portion of the river was included as a riverine
section rather than part of Gorge Lake in the 1990 inventory (Riedel 1990); no erosion sites were
denoted in the 1990 data in this riverine area. Stabilized sites include those where erosion control
measures have been implemented and sites that have re-vegetated.

Eroding banks were classified by the primary type of erosion observed. In 2021, undercut banks
were the primary type of erosion in Ross Lake (86 percent of eroding length) with raveling (12
percent) and slumps/shallow slides (3 percent) comprising the remainder of the banks. Note that
the erosion mechanism on undercut banks is by wave erosion of the toe of the slope followed by
failure of the overlying material, most likely block failure or slumping. The majority of the
undercut banks are in relatively consolidated deposits with an overlying mantle of vegetation/roots.
On Diablo Lake, erosion mechanisms included undercut banks (48 percent of eroding length) and
raveling (44 percent) with slumps and shallow slides on 8 percent of the eroding length. The higher
proportion of raveling on Diablo Lake is likely due to the bank composition; much of Diablo Lake
is situated in a narrower canyon with debris cones and shallow colluvium that are subject to ravel.
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Figure 4.2.1-5. Reservoir shoreline erosion sites.
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Sites with Existing Control Measures

Thirty-two sites where erosion control measures have been implemented were evaluated as part of
the GE-01 Reservoir Shoreline Erosion Study inventory—29 sites on Ross Lake and three sites on
Diablo Lake (Figure 4.2.1-6). Observations made at each site are included in Table 4.2.1-7.
Erosion control measures included installation of rock walls, rock stairs to access the lake, log
walls, wood cribbing, and rerouted sections of trails and log booms at boat-in campsites, along
trails, and at other recreation facilities (trailheads, docks).
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Figure 4.2.1-6. Existing erosion control site locations.
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Table 4.2.1-7.

Status of sites with existing erosion control measures or improvements.!

1990 Site Name and Erosion Year
Reservoir | Number Control Method Constructed Condition Assessment Summer 2021
Ross E-40 McMillian - rock wall 33 ft 2004 Rock wall is a jumble (failing) but still
x 3 ft providing erosion protection.
Ross E-47 May Creek - rock wall 39 ft 2002 North side of wall needs fill around base
x 4.5 ft (north of dock) 4 ft rocks. South side good.
x 4.5 ft (south of dock)
Ross E-56 Rainbow Point - rock wall N/A Not found. Note that there is piping of
170 ftx 4 ft sediment from behind the Rainbow Point
dock footings.
Ross E-64 East Bank Trail - reroute 2003 Not visited.
120 ft x 3 ft (height
estimated)
Ross E-68 East Bank Trail - rock wall 2003 Not found.
80 ftx 4 ft
Ross E-70 (A-1) | East Bank Trail - cribbing 1995 Cribbing in good condition.
30 ft x 60 ft
Ross E-70 East Bank Trail - cribbing 1997-98 Cribbing in good condition.
(A-1A)
Ross E-70 (A-2) | East Bank trail - cribbing 1996-97 Cribbing in good condition.
upper tier: 35 ft x 6 ft
Lower tier: 30 ft x 6 ft
Ross E-70 (A-3) | East Bank trail - cribbing 1998 Cribbing in good condition.
100 ftx 15 ft
Ross E-70 (A-4) | East Bank trail - cribbing 2001 Cribbing in good condition.
45 ftx 25 ft
Ross E-70 (A-5) | East Bank trail - cribbing 1995 Cribbing in good condition.
30 ft x 3 ftand 50 ft x 10 ft;
also 40 ft x 5 ft mid-section
Ross E-70 East Bank trail - cribbing 1997 Cribbing in good condition.
(A-5A)
Ross E-70 (A-6) | East Bank trail - cribbing 2000-2001 Cribbing in good condition.
No rebuild, only reveg.
2,000 sq ft
Ross E-80 (A) | Devils Junction - rock wall 1992 Cribbing in good condition.
103 ftx 4.5 ft
Ross E-80 (B) | Devils Junction - rock wall 2004 Cribbing in good condition.
44 ftx2to 3 ft
Ross E-100 10 Mile - rock wall and 2001 Walls in good shape.
logs 54 ft x 3.5 ft (E of NE
point) 60 ft x 4 ft (W of N
point)
Ross E-112 Dry Creek - rock wall & 1999 Rock wall in good condition but could use
logs 23 ft x 3 ft (SE corner fill around base rocks.
of campground) 45 ft x 4.5
ft (S shore of campground)
Ross E-87 Ponderosa - rock wall 141 2003 Wall to south side of stairs needs fill around
ftx5ft base rocks.
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1990 Site Name and Erosion Year
Reservoir | Number Control Method Constructed Condition Assessment Summer 2021
Ross E-92 Lodgepole - two rock walls 2004 Walls not found; site eroding.
10 ftx 3-4 ft
Ross E-95 Lightning Horse - rock wall 1998-99 Wall looks to be in good shape but could
287 ft x 4 ft faced with 2-3 use fill around base rocks in a few spots.
ft diameter rocks
Ross E-116 Lightning Trail - reroute unknown Trail re-route not found; large wood
about 350 ft long anchored along shoreline.
Ross E-117 Lightning Trail - rock wall 2000 New section of wall is in good shape; old
60 ftx2to 3 ft section of wall is failing in spots because
rocks are too small.
Ross E-118A | Lightning Camp - log wall 2000 In good shape; accumulating wood at base
Two 20 ftx 1 ft walls of wall.
Ross E-118B | Lightning Camp - rock wall 2000 In good shape; accumulating wood at base
45 ftx 1 ft of wall.
Ross E-134A | CatIsland - rock wall 18 ft 2000 Wall generally in good shape, but a few
x <2 ft rocks fallen off wall on east end. Logs
cabled parallel to shoreline.
Ross E-134B | Cat Island - rock wall 50 ft 2001 Wall in good shape. Base of dock support is
x 6 ft (W of dock) 68 ft x being undermined by waves.
3.5 ft (Further W of
bedrock)
Ross E-150 Desolation Peak Trailhead unknown Rock wall has failed; not long enough,
rock wall eroding.
Ross E-181 Boundary bay - rock wall 1993 Needs fill around base rocks in several
155ftx4to5ft locations. Raveling on north end of wall.
Ross W-34 Big Beaver trail - rock wall 1996 Wall generally in good shape. Needs fill
200 ftx 3 ft around base rocks on east end.
Ross W-36 Big Beaver - rock wall 50 ft 2002 In good shape.
x 2 ft
Ross W-124 Little Beaver - rock wall, 1998 Rock wall and dock anchor are being
steps, stairs are 25 ft section undermined by wave action. Stairs are
raveling.
Ross W-125 | Little Beaver - rock wall 70 N/A Rock wall not found. Log boom parallel to
ftx5t06 ft shore.
Ross W-126 Little Beaver Trail - N/A Not removed yet. Cribbing failing.
cribbing and dock removal
Diablo D-11 Thunder Point - rock wall 2005 Needs fill around base rocks along wall.
290 ftx 2 to 3 ft Dock anchor wall being undermined.
Diablo D-40 Power Line - rock & log 2005 Log boom in good shape. Did not see wall;
boom 93 ftx 2-3 ft area not eroding.
Diablo D-43 Buster Brown - rock wall 2005 West end of wall is tumbling down because
100 ftx 3.5 ft fill behind wall is eroded (piping through
wall?). Wall could use fill under base rock
in several places. Dock footings are in good
shape.

1 Site Number, Erosion Control Method, and Year Constructed based on NPS data. Crib walls at Ross E-70 and E-
80 are differentiated by letters in this table but shown as single locations on Figure 4.2.1-6 due to map scale.
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Bank Retreat
Bank Retreat Rates (NPS Erosion Monitoring Transects)

As mentioned, NPS has monitored five 1990 Class I bank erosion sites (22 total transects) in Ross
Lake as part of the Erosion Control Plan (Ebasco Environmental and NPS 1990). The 1990 Class
I sites were assumed to have the highest erosion rates compared to Class II or III sites. The most
recent monitoring occurred in 2021. Each of the five sites monitored has a different rate of erosion
because of varying bank material, aspect, and slope (NPS 2022).

Of'the 22 individual transects that were measured as part of the five erosion site areas, the majority
had less than 10 feet of erosion over the 27-year monitoring period; the transect with the highest
erosion rate had nearly 65 feet of bank retreat. This transect was located in an area of
unconsolidated soil. The greatest total amount of bank recession is at three sites with thick
unconsolidated glacial deposits (E9, E55, and W63), where erosion has a mean of 14 to 19 feet of
bank retreat in 24 years. Relatively low rates of erosion were observed at the other two sites (sites
E99 and W78) with a mean of less than 6 feet of erosion in 24 years. Site E99 is a rocky slope with
colluvial soils, while site W78 has a shoreline composed of consolidated glacial till. Average
annual bank retreat rates measured by NPS are shown in Table 4.2.1-8.

Table 4.2.1-8. National Park Service shoreline erosion monitoring on Ross Lake, 1994-2021.
Average annual bank
retreat 1994-2021 (feet
NPS 1990 Site ID Material type per year [ft/yr])

E-9 Glacial outwash (unconsolidated) 3.2
E-55 Glacial lake silt and clay 2.5
E-99 Colluvium over bedrock 0.8
W-63 Glacial till over glacial silt and clay 3.7
W-78 Dense glacial till (consolidated) 0.6

Source: NPS 2022.

Bank Retreat Rates (Aerial Photographs)

The shoreline position on the 1990 and 2018 aerial photographs was compared to determine if a
measurement of bank retreat could be made using this method. No difference in shoreline location
was seen along the majority of the reservoir shorelines; however, at 42 sites in Ross Lake, a
difference in shoreline position could be seen. The maximum distance of bank retreat at these sites
ranged from 7 to 80 feet but most of the occurrences had either no retreat or much less retreat than
the maximum based on the aerial photograph comparison (Table 4.2.1-9).

Table 4.2.1-9. Bank retreat measured from 1990-2018 aerial photographs.

Maximum bank
2021 Site ID retreat (ft) Geology Bank height (ft)
2009 15 Till/outwash (unconsolidated) 20-30
2011 40 Till (unconsolidated) 20-50
2012 80 Till/outwash (unconsolidated) 150
2014 12 Till/outwash (unconsolidated) 3-7
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Maximum bank
2021 Site ID retreat (ft) Geology Bank height (ft)

2019 15 Till (unconsolidated) 45
2029 18 Till (unconsolidated) 5-7
2031 