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ABSTRACT

The U.S. Department of the Interior (DOI), through the Bureau of Reclamation and
National Park Service (NPS), proposes to develop and implement a Long-Term Experimental
and Management Plan (LTEMP) for operations of Glen Canyon Dam. The LTEMP would
provide a framework for adaptively managing Glen Canyon Dam operations over the next
20 years, consistent with the Grand Canyon Protection Act of 1992 (GCPA) and other provisions
of applicable federal law. The LTEMP would determine specific options for dam operations,
non-flow actions, and appropriate experimental and management actions that will meet the
GCPA’s requirements and minimize impacts on resources within the area impacted by dam
operations, including those of importance to American Indian Tribes.

The Final Environmental Impact Statement (FEIS) was developed in accordance with the
National Environmental Policy Act of 1969, as amended (NEPA), and followed the
implementing regulations developed by the President’s Council on Environmental Quality in
Title 40 Code of Federal Regulations (CFR) Parts 1500 to 1508 and DOI regulations
implementing NEPA in 43 CFR Part 46. The FEIS analysis draws on the scientific information
that has been collected under the Glen Canyon Dam Adaptive Management Program over the
last 20 years to identify the potential environmental effects associated with taking no action, as
well as a reasonable range of alternatives to no action for implementing the proposed federal
action. Seven alternatives were considered and analyzed for the LTEMP EIS—a no action
alternative (Alternative A), a hydropower-focused alternative (Alternative B), three condition-
dependent alternatives (Alternatives C, D, and E), and two steady flow alternatives
(Alternatives F and G). These alternatives incorporated a broad range of operations and
experimental actions that together allowed for a full evaluation of possible impacts of the
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proposed action. Based on the impact analyses conducted, DOI has chosen Alternative D as both
the preferred and the environmentally preferred alternative. Alternative D is expected to result in
an improvement in conditions for humpback chub, trout, and the aquatic food base; have the
least impact on vegetation, wetlands, and terrestrial wildlife; improve sandbar building potential
and conserve sediment; sustain or improve conditions for reservoir and river recreation; improve
preservation of cultural resources; respect and enhance Tribal resources and values; and have
limited impacts on hydropower resources.

For additional information, visit http://Itempeis.anl.gov or contact:

Rob Billerbeck Katrina Grantz

Colorado River Coordinator Chief, Adaptive Management Group
National Park Service Bureau of Reclamation
Intermountain Region Upper Colorado Region

12795 West Alameda Parkway 125 South State Street

Lakewood, CO 80228 Salt Lake City, UT 84138-1147
Phone: 303-987-6789 Phone: 801-524-3635

Email: rob_p_ billerbeck@nps.gov Email: kgrantz@usbr.gov

v



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS

ABSTRACT ..ottt ettt ettt ettt et e bt et satenae et il
ACRONYMS AND ABBREVIATIONS ..ottt Ixiii
I INTRODUCTION ...cooiiiiiieiieie ettt sttt esaesteensesneenseenseeneennas 1-1
1.1 Description of the Proposed ACHON .........cceevviieiiiiiieiiieiieeieeeie e 1-4
1.2 Purpose of and Need for ACHON .......ccccvieeiiieeiiecieeceecee e 1-5
1.3 Lead and Cooperating Agencies and Consulting Tribes ..........cccceeveveerierieneenens 1-9
1.3.1  Lead AQENCICS...ccciiiiiieiieeiieeieeeiie et eite et e e sereeteesaaeebeessaeensaeense e 1-9
1.3.2  Cooperating Agencies and Consulting Tribes .........cccccveevevieerciieenveeennnen. 1-9
1.4  Objectives and Resource Goals of the LTEMP...........cccoiiiiiiiiiiniiiiiiieeiees 1-10
I1.5  Scope of the EIS......ooi ettt ea 1-13
1.5.1 Affected Region and Resources..........ccceeevuveeviieeiiiencieeeiie e 1-13
1.5.2  Impact Topics Selected for Detailed Analysis........cccceeeveerveeciienieennenne. 1-14
1.5.3  Impact Topics Dismissed from Detailed Analysis.......c.cccoceeverciereennennee. 1-15
1.6 Role of Adaptive Management...........cccuveeeureeriieeiiieeiieeeieeeeieeeeneeesseeesereeesaveens 1-16
1.6.1  History of the Existing Adaptive Management Program......................... 1-16

1.6.2  Relationship of Adaptive Management to NEPA and Changes
170N @ 0TS -1 o) s LSRR 1-17
1.7  Role of Decision Analysis in the EIS Process..........cccccoevuieiieniienieeiiienieeiieeens 1-17
1.8  History, Location, and Setting.............cccueevuieriieiiierieeiienie et ereeseae e 1-18
1.8.1  History and Purpose of Glen Canyon Dam...........cccceeevveeviiieenciveenieeenneen. 1-18
1.8.2  Location of Glen Canyon Dam and LTEMP Affected Area.................... 1-19
1.8.3  Operation of the Glen Canyon Dam ............c.cccceveviieiieiiiinieeiieeeeeenne 1-20

1.8.4  History, Purpose, and Significance of the National Park System

UTIES ettt ettt et sb et ettt e e et e s bt sneenbeens 1-22
1.8.4.1 Grand Canyon National Park ............cccevvvieiiiniiinieniieieeee. 1-22
1.8.4.2  Glen Canyon National Recreation Area..........c.cccecvveeeveeennenn. 1-24
1.8.4.3  Lake Mead National Recreation Area.........ccoecvevieeveeninennen. 1-24
1.8.5  Tribal Lands ......cccueoeeiiirieiiieiieiesieee ettt 1-25
1.8.5.1  Fort Mojave Tribe ......cccueeeeiiieiiieeieece e 1-26
1.8.5.2  Havasupai TTibe .......ccccceieiiieniiiiieieeiiee e 1-26
1.8.5.3  HOPI TTIDC c.eveiiiieiieieeieeee et 1-27
1.8.5.4  Hualapai Tribe........cceeeiiiiiiieeiie et 1-27
1.8.5.5  Navajo Nation.......cceeeuieriieiiieiiieiiesie et 1-27
1.8.5.6  Pueblo of Zuni......cccoevuiiieiiiiiiiieieeeeeee e 1-28
1.8.5.7  Southern Paiute Tribes ........c.ccevieriiieniiniiiieiiceieeeeeeen 1-28

1.9  Laws and Regulations Related to Operations of Glen Canyon Dam and
Park Management..........ccueeeiuiieriieeiiieeciee ettt e 1-29
1.9.1  Environmental Laws and Executive Orders ..........cccccevieriieniiennieniennne. 1-29
1.9.2  Cultural/Historical Laws and Executive Orders ............ccoeeeerveenieennnnnne. 1-30



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)

1.9.3  American Indian and Tribal Consultation Laws and Executive

OTAETS .ttt sttt st sa e 1-31
1.9.4 Laws Establishing Criteria Related to Power Marketing......................... 1-31
1.9.5  Law 0f the RIVET ...eviiiiiieciieceece et e 1-31
L.10  Related ACHONS ..covieuiiriieiieieiitesieete ettt ettt et st s e s 1-31
1.10.1 Biological OPINionsS ........ccccueeeeuireriiireeiieeciieesieeereeeeeeeeareeereeesveeeesveees 1-33
1.10.2 Environmental Impact Statements and Related Documents.................... 1-33
1.10.3 Environmental Assessments and Related Documents.............c.ccceu...... 1-35
1.10.4 Other Actions, Programs, Plans, and Projects ..........c.ccccoeevveeviveenveennnnen. 1-36
2 DESCRIPTION OF ALTERNATIVES ..ot 2-1
2.1  Development of AItCINAatiVES. ......cc.eeriieriieriieiierieeiie ettt st e b seneeneees 2-2
2.2 Descriptions of Alternatives Considered in Detail..........cccoeevveviiviiiinieiiieenienen. 2-4
2.2.1  Alternative A (No Action AIternative) .........cccccveeeeureerciieenieeerieeeevee e 2-8
222 AErnative Bo.....cooooiiiiiii s 2-20
2.2.3  AREINAtIVE Cooueieniieiiesiieieeeeee ettt 2-23
2.2.3.1 Base Operations under Alternative C..........cccceecvveevveeenreennen. 2-25
2.2.3.2  Implementation Process for Experiments under
AREINAtIVE € .o 2-27
2.2.3.3 Sediment-Related Experiments To Be Evaluated under
AIEINAtiVE C ...t 2-37
2.2.3.4  Aquatic Resource-Related Experiments To Be
Evaluated under Alternative C..........coooveiiiiiiiinieiiieiceee 2-38
2.2.4  Alternative D (Preferred AIternative) ..........cceveeeeeueeeeiieecciee e, 2-41
2.2.4.1  Base Operations under Alternative D............ccceevveeireniiennenne. 2-44
2.2.4.2  Operational Flexibility under Alternative D ...........c.cccueee.e. 2-46
2.2.43 Implementation Process for Experiments under
AREINative D ..o 2-48
2.2.44  Communication and Consultation Process for
AIernative D .....ouiiiiiiiiiiicee e 2-57
2.2.4.5 Sediment-Related Experiments To Be Evaluated under
Aternative D ..o 2-58
2.2.4.6  Aquatic Resource-Related Experiments To Be
Evaluated under Alternative D..........cocevieviiieniieniiiceieeee 2-62
2.2.47  Conservation Measures under Alternative D ............ccceeeeeee. 2-72
2.2.5  AIErnative E ..o.cooiiiiiiiiiii e 2-72
2.2.5.1 Base Operations under Alternative E ............cccccovevvieniennenne. 2-72
2.2.5.2  Experimental Framework for Alternative E............c...c.......... 2-75
2.2.6  AErnative F ..oc.cooiiiiiiiiiie s 2-80
227  ANEINAVE Guooeieniieiieiieieeeee ettt 2-81
2.3 Alternatives Considered and Eliminated from Detailed Study .........ccccceeveeenneen. 2-84
2.3.1 Modified Low Fluctuating Flows with Extended Protocols.................... 2-84

Vi



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

3

CONTENTS (Cont.)

2.3.2  Naturally Patterned Flow Alternative ...........ccoocceeviieiieniieiienieciiee 2-85
2.3.3  Seasonal Fluctuations with Low Summer Flow Alternative ................... 2-85
2.3.4  Grand Canyon First! AIternative .........ccceevveeeiiiieciiie e 2-86
2.3.5 Species Community and Habitat-Based Alternative...........ccccceceereenenee. 2-86
2.3.6  Stewardship AItErNatiVe........ccveviieriieriieiieeie ettt 2-86
2.3.7 Twelve-Year Experiment of Two Steady-Flow Alternatives.................. 2-87
2.3.8 Decommission Glen Canyon Dam Alternative.........c.cccccevvvereenenvcnneenne. 2-87
2.3.9  Fill Lake Mead First AIternative...........ccocueveevierieneenienienienienieseeeeen 2-88
2.3.10 Full-Powerplant Capacity Operations Alternative...........c.ccceeevveernveeennee. 2-88
2.3.11 Run-of-the-River AIErnative..........ccccecveeeeiiieeiiieeeiie e 2-88
2.4  Alternative Elements Eliminated from Detailed Study...........cccovvivniiiiiennnnnen. 2-89
241 New INfrastructure ......oooeeiieiiieieeeee e 2-89
2.4.2  Flow and Non-FIoW ACtIONS........ccccueeeiiiieeiiiieiiieeeiee et evee e 2-90
2.5 Summary Comparison of AIteTNatiVES .........cceeeiieiiieiiieiiieiierie et 2-91
AFFECTED ENVIRONMENT .....ooiiiiiiiiiiietetent ettt st 3-1
T B o (0} (11 002N (< H USROS 3-1
3.1.1  Colorado River Setting ..........cceecueeriieiiienieeiieniieeie et 3-1
3.1.2  GEOlOZIC SELUNG.....ccviiiieeiiieiiecieeiieeie ettt ettt re e e 3-3
3.1.2.1  Tribal Perspectives on Geologic Setting .........ccccceevveerveeennenn. 3-3
3.1.3  ClMAtiC SEHNG ....eevieeiiieiieeiieiie ettt ettt et eee et saeebeesaeeebeennees 3-4
3.1.4  Glen Canyon Dam Releases and FIOW.........c.cccceevvievienciieniiniiiciieeienee, 3-5
3.1.5 Colorado River Ecosystem Resource Linkages..........cccccccueevvveenrieennenn. 3-6
3.2 Water RESOUICES.....ceiuiiiiiiiiiiiiieeiieeeeee ettt et 3-6
3.2.1  HYArOIOZY .eviieiieiiieeieee ettt 3-7
3.2.1.1 Lake Powell Hydrology........ccccoueeviieiiiieeiiecieeeee e 3-8

3.2.1.2 Hydrology of the Colorado River Downstream of Glen
Canyon Dam.........ccccveriiiiiiiieeiieeieeeee e 3-11
3.2.1.3 Lake Mead Hydrology..........cccoceeeviieeiiiienieeeiie e 3-13
3.2.1.4  Seeps and SPringS......ccceeeveerieeiieenieeiieniieeeeenieeeaeeieesneeaeens 3-14
3.2.2  Water QUAlity.....coieiiieiiiiiieiece ettt 3-16
3.2.2.1 Lake Powell Water Quality.........ccccceeeriieeviieniieeieeeieeeee, 3-16
3.2.2.2  Colorado River Water Quality .........ccceverriiienieniieienieeiens 3-19
3.2.2.3  Lake Mead Water QUality .........ccceeevveerieniieniieniieiieeeeeiee e 3-27
3.2.3  Tribal Perspectives on Water ReSources.........cccoecveeeciveeniieenieeeniieeeeeenn 3-29
3.2.4 Hydrology and Climate Change.............cccceevveerieniienieeieenie e 3-32
3.2.4.1 Basis for Runoff Estimates..........ccocccevieiiiiniiniiiniciecnicen, 3-32
3.2.4.2  Water Variability and Availability..........ccccceervveercieennieennn. 3-33
3.2.43  Seasonal Timing Shifts..........cccooviriiiniiiiiiiniieieeeeee e, 3-34
3244  Water QUALILY ...oocvveiiieiieiieeie et 3-35
3.3 Sediment RESOUICES ........oeruiiiiiiiiiiieeiie ettt ettt 3-35
3.3.1 Background: Geomorphology of the Colorado River.............ccccueenenne. 3-35

Vil



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)

3.3.1.1  Geomorphic Features of the Colorado River ..........c...ccccuee.e. 3-37
3.3.1.2  Glen Canyon Geomorphology..........cccceevviienieniiienieeieenieeen. 3-40
3.3.1.3 Marble and Grand Canyon Geomorphology ............ccccceruuennn. 3-41
3.3.2  Sediment Characteristics and Transport Mechanisms .........c..ccccceeeeeenee. 3-43
3.3.2.1 Particle Size and Sediment SUppPly.......ccccvvevveriienieniiieriene. 3-45
3.3.2.2  Sediment Transport Capacity ........cccceevveeercveeerreeerieeerveeenneennn 3-46
3.3.2.3  RIVET StAZE c.eoviiiiiiiiiiieeieeteeee sttt 3-46
3.3.3  Sediment SOUICES.....cc.uiruieiiiiiitieieete sttt saees 3-46
3.3.3.1 Gaged Tributari€s ......ccccuveeeieeeiiieeeiieeeiie e eeeeeeveeesvee e 3-48
3.3.3.2  Ungaged Tributaries ........cccevereereinienieneeienicneeieeeeeeeeene 3-48
3.3.4  Sediment Transport and StOrage..........cceceevveeriieriienieenienie e 3-50
3.3.4.1  Sediment TranSport .........cccuveeecieeeriieeeriieeeieeeereeesveeesreeeeveees 3-50
3.3.4.2  Sediment StOrage.........ccceevuereenerienienieeienienieeee e 3-51
3.3.43 High-Flow EXperiments ............cccoocveeiienieniieeniieeieeiiesveeeens 3-51
3.3.4.4  Sediment Supply Limitation.........cccceevvieeriieeniieeniee e 3-53
3.3.4.5 Sandbar Deposition and Retention...........ccccceceevveneniineennenne 3-53
3.3.5  LaKe DEItas ...ocverueeieiiiiniieieeieeiee ettt 3-56
3.4 NAtUTAl PTOCESSES ...couviitiiiiiieiieeiieeee ettt ettt e 3-57
3.5 AQUAtIC ECOLOZY ..uuiiiiiiiiieie e 3-59
3.5.1  Aquatic FOOd BaSE......cc.eoiiiiiiiiiiiiieiiecitee e 3-59
3.5.1.1  Periphyton and Rooted Aquatic Plants............cccccccvveervieennnenn. 3-61
3.5.1.2  Plankton.....ocooiiiiiiieeee e 3-63
3.5.1.3  Macroinvertebrates .........ceveruerierienenienienieeie e 3-63
3.5.1.4 Nonnative Invasive SPECIES......c.eervrrrrrirerirreeeiieeereeesreeennens 3-66
3.5.1.5 Food Web DynamicCs .......c..ccccervereinienieneenienienieesieeeesieeeenne 3-69
3.5.2 Native Fish...ooiiiiiiii e 3-70
3.5.2.1  Special Status Fish Species .......cccccverviiirciiiniieecieeeiee e 3-72
3.5.2.2  Other Native SPECIES ......cevueeuiriiniiiieniienieeieete st 3-86
3.5.3  Nonnative Fish.....cooiiiiiiiiiiiiicee e 3-90
3.5.3.1 Coldwater Nonnative SPECIES .......cceervurrerureerrieeriieerreeenenennn 3-94
3.5.3.2  Warmwater Nonnative SPECIes .........cecverueeruerviereenieereeneenieenn. 3-100
3.5.3.3 Interactions with Native SPecies ........cccccceervvreriienireriienreeieans 3-101

3.5.3.4 Nonnative Fish Control Activities and Effects of Flow
CONAILIONS ...ttt 3-104
3.6 VEEETATION ..ueeiiiieiiieeiiteeiie ettt ettt e ettt et e e bt e st e e ssaeenteebeeenbeenseesnseenseaens 3-109
3.6.1 Historic and Remnant Riparian Plant Communities..............ccccceveeennenn. 3-110
3.6.2  Existing Riparian Vegetation Downstream from Glen Canyon Dam...... 3-111
3.6.2.1  Tribal Perspectives on Vegetation.........ccceeeveeriveeieenieeeneennens 3-119
3.6.3  Special Status Plant SPeCies........ccccveeriiieiiieeiiiecieeeee e 3-121
3.7 WILAIIER. ..ottt ettt st e s et esaeeseenaennnens 3-124
3.7.1  INVEITEDIALES. ....eetieieiiieiieiecieree ettt 3-125
3.7.2  Amphibians and Reptiles ..........ccecvviiviiiiiiiiiiiieieee e 3-126
373 BATAS it 3-127

Viii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

3.8

3.9

3.10

3.11

3.12

CONTENTS (Cont.)
3.7.4  MaAMMAlS......ooiiiiiiiiiieieee ettt 3-129
3.7.5 Special Status Wildlife Species .........ccceeveeriiiiiiiiieieeieeie e 3-131
3.7.5.1  INVETtEDIALES ....eeeeiieiiieiieeieeie et 3-132
3.7.5.2  Amphibians and Reptiles..........cccevvieiiiniiiiiiiniieeieeeee 3-136
3.7.5.3  BIAS oot 3-136
3.7.5.4  MammalS ......oooueiiiiiiiiiii e 3-142
3.7.6  Tribal Perspectives on Wildlife ...........ccccoeiiiiiiiiiiniiieeeeee, 3-142
CUultural RESOUICES .....ccuviriiiiiiiieiieiieieeese ettt st 3-144
3.8.1  Area of Potential Effect ..........coocoiiiiiiiii 3-146
3.8.2  Description of Cultural Resources and Site Types ......c.cceceevvervenernennee. 3-149
3.8.2.1  Archaeological ReSOUICES ........ccceeveuieriiieiiiiieiieieeeee e 3-149
3.8.2.2  HiStoriC RESOUICES......cocueeiiiiiiiiiiiiieiiecceee e 3-153
3.8.2.3  Cultural LandScapes ........ccccevuerveriinerieneeienicncerieeeeeeeeeeene 3-155
3.8.2.4  Traditional Cultural Properties and Ethnographic
RESOUICES. ..ttt 3-156
TTIDAl RESOUICES....c.ueiiiiieiiieiie ettt sttt e 3-156
3.9.1  Fort Mojave Indian Tribe..........cccoeviriiiiniieiieiecieeee e 3-157
3.9.2  HaAVASUPAL...utiiiiiieiiieeeiieeeieeesteeestee et e e eteeesateesaaeesssaeessseeenssaeessaeensseens 3-158
3093 HODu it eiieeiiee ettt sttt e e ae e ene et 3-158
3.9.4  HUAIAPAL c..ooiiiiiiciiecie e st 3-159
3.9.5  NAVAJO NAtION ..eeiiuiiiiiiieciiie et eeee et e et e e e e etaeesaaeeeaeeesaseeesnseeens 3-162
3.9.6  Pueblo Of ZUNi...cccuoiiiiiiiiiieiie e 3-164
3.9.7  Southern Paiute TribeS........ccccerieriiriiriiiiiienieiese e 3-167
3.9.8 Indian Trust Assets and Trust Responsibility .........ccccceevciveerciieencieeennnenn. 3-168
Recreation, Visitor Use, and EXPerience...........ccoecueeruirniienieniiienieeiceie e 3-168
3.10.1 Glen Canyon Reach of the Colorado River in Glen Canyon
National Recreation AT€a.........ccceevieeiiieiiieiienieeieeee e 3-169
3.10.1.1 Lees Ferry Recreational Fishery..........ccccccooviiiiiiiiiiiinnnnn. 3-169
3.10.1.2 Day-Rafting, Boating, and Camping in the Glen
Canyon Reach.........cccoooiiiiiiiiieceee e, 3-174
3.10.2 The Colorado River in Grand Canyon National Park.............c.cccccceneeee. 3-178
3.10.2.1 Campsites in Grand Canyon National Park.............cc..coceeuee. 3-179
3.10.2.2 River Flow and Fluctuation..........c.cccoeceiiiiniiniiininnceieee, 3-183
3.10.2.3 Hualapai Tribe Recreation Program.............cccoceevieniiennnnen. 3-186
3.10.3 Recreation Use on Lake Mead and Lake Powell............ccccceceviininnnee. 3-187
3.10.3.1 Lake Mead National Recreation Area..........ccceceeevueerveeneennen. 3-187
3.10.3.2 Lake Powell, Glen Canyon National Recreation Area............ 3-187
3.10.4 Park Operations and Management .............ccceeeeveereeeeveeneenieeneeseeenneennnes 3-187
WILAEINIESS ..ttt ettt ettt et e saeeebee e 3-188
3111 Law and POLICY .....ooouiiiiiiiieceee e 3-189
3.11.2 Defining Wilderness Character.............ccceevveriieniieniieniieeieeieeeie e 3-190
ViISUAL RESOUICES ....couuiiiiiiiieiiieiie ettt e 3-192
3.12.1 Glen Canyon National Recreation Area ...........cocceveeeeeieneencneenecnnennne. 3-193

ix



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
3.12.2  Grand Canyon and the Colorado River.........c..ccccevviiniiiiniiniininiceeene 3-195
3.12.3 Lake Mead National Recreation Area..........cccecvevveereieeieeneenieeieeereenees 3-198
3,13 HYATOPOWET ...c.eeiiieiiieeiie ettt et e ettt e et e et e et eestaeesssaeessseeessseeessseeennseeans 3-198
3.13.1  POWET OPEIAtiONS.....ccvieueeriieiieiieniieieeiieeieeste ettt ettt 3-199
3.13.1.1 Hydropower Generation.............cceeeueerueeeveeneesveenieeeeeeneeesnnens 3-199
3.13.1.2 Basin Fund........ccooieiiiiiieeeeee e 3-200
3.13.1.3 Operational FIexibility .......cccccoceeviriiniininiiniiiniceceeeee, 3-201
3.13.1.4  Scheduling......c.coocviiiiiiiieiieieeee e 3-202
3.13.1.5 Load/Generation Following and Regulation.......................... 3-203
3.13.1.6  Capacity RESEIVES .......ccceevuiriiniiiiniiiicicniceee e 3-205
3.13.1.7 Disturbances and Emergencies and Outage Assistance........... 3-205
3.13.1.8  Transmission SYStEIM........ccceeerueeeruieeeiieeeiieeeieeeeieeesveeeseneeens 3-206
3.13.2 Power Marketing.........ccoeeuieiieiiieiieeieeie et 3-206
3.13.2.1 Wholesale Rates .........coceevuiriiniiiiniiieeeseeee e 3-209
3.13.2.2 Retail Rates....cc.coviiiiiiiiiiiieccieeee e 3-209
3.14 Socioeconomics and Environmental JUStICE .........cccevvuvieviieeiiieeiiieeiee e 3-209
3.14.1 The Six-County Region of Influence...........c.ccccueeeieriieiiiniiiiiiieee, 3-210
3.14.1.1  Population.......cccueeeiiieiiiieciie ettt 3-210
314 1.2 INCOME ...eiieiiiiieeeeiiieeeeeieee e etee e et e e et e e e eerre e e e araaeeeeneeas 3-211
3.14.1.3 EMPIOYMENL ..ottt 3-211
3.14.1.4  Unemployment .........ccecuvieeiiiieeiiiieniie e eeieeeeveeesveeeevee e 3-213
3.14.1.5 Environmental JUStICE .......cccevvviieiiiiiiiiiieciee e 3-213
3.14.2 The Seven-State Region of Influence ............cccceeevievieeiieniieiieniceee, 3-221
3.14.2.1 Population.......cccueeeciiieiiiieeiie ettt 3-221
3.14.2.2  INCOMEC ...ciieeiiiieeeeiiiie e ettt e ettee e et e e e srae e e et e e e e enreeeeeenaeas 3-222
3.14.2.3 EMPIOYMENL ....ooiiiiiiieiieciiieiie ettt 3-224
3.14.2.4 UnemplOoyment .........cceouvieeiuiieeiiieeieeeeieeesieeesreeesveeeaveeenneeas 3-226
3.14.2.5 Environmental JUStICE .......cceeevviiieiiiieiiiiiecieeecee e 3-226
3.14.3 NON-USE ValUC.....ooiiiiiiiiiiiiiiiiiesteeeeseee ettt 3-228
305 AGT QUALIEY .ottt ettt ettt sttt st neeens 3-229
3.15.1 Local Air QUALILY ...ccueeiiieiieeiieiie ettt 3-229
3.15.2 Regional Air QUAlILY .......cccieruiieiiiirieeiieie et 3-231
3.15.3 Regional Air EMISSIONS .....ceeecuiieiiiiiiiiiiieeiieecieeeeieeesieeeeieeesveeeevee e 3-234
3.16  ClMAte ChANZE .....eoveiiiiriiiiieieeieee ettt sttt 3-236
4 ENVIRONMENTAL CONSEQUENCES .......coieiiieeeecieeee e 4-1
4.1  Overall Analysis and Assessment APProach...........ccceeceeeeveeciienieiiiienieeieeseeenenn 4-1
4.2 Water RESOUICES...ccuuuiiiiiiiiiiiiiiieeee ettt et 4-9
4.2.1  Analysis MethOdS......c.ccoiiiiiiiiiiiieiieieee e 4-10
4.2.1.1  Hydrology....cccooieeiieiieeiiecieeeeeieese et 4-10
4.2.1.2  Water QUality ....ceeeeiiiieiiieeeiieeeiee e 4-13
422 Summary of IMPactS........ccceereiiiriiiiieiieeieee et 4-14



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)

4221  Hydrology....ccooeeiiieieieeeee e 4-14

4222  Water QUality .....cccvieiiiiiieieeiieee e 4-37

4.2.3  Alternative-Specific IMPacts ........cccueeeiiiieeiiieeiieee e 4-47
4.2.3.1 Alternative A (No Action Alternative)........ccccceeveeevveeeceveennnen. 4-48

4.2.3.2 AIernative B .....cccoooiiiiiiiiiii e 4-49

4233 ARErnative C ....oooeieiiiiiiieieeeee e 4-53

4.2.3.4 Alternative D (Preferred Alternative).........cccceevvveeeveeecveennneen. 4-55

4.2.3.5  Alternative E......ccooiiiiiiiiiiiiiee e 4-58

4.2.3.6  Alternative F......oooiiiiiiiiie e 4-60

4237  AIErnative G.....c.eeeeviieeiieeeiieeeiee e 4-62

4.3 Sediment RESOUICTES .......coeeriiriiriieriieieeitete ettt ettt ettt st 4-65
4.3.1  Analysis MethOods........cccuveeiiiiiiiieciie e 4-66
4.3.2  Summary of IMPacts ........cocuerieririiniiniieicneeeeeeteeee e 4-70
4.3.3  Alternative-Specific IMPacts ........cccceevieiiiiiiiiiieieceee e 4-72
4.3.3.1 Alternative A (No Action Alternative)........cccceeeveeevveeerveennen. 4-75

4332 Alternative B .......ooooiiiiiiiee e 4-77

4.3.3.3 ARENative C ....ooveeeieiiiieiieieeieeee e 4-80

4.3.3.4 Alternative D (Preferred Alternative).........ccceeevvveerveeeeveennneen. 4-81

4.3.3.5 Alternative E.....ccooeiiiiiiiieeeee e 4-84

4.3.3.6  AIernative F......cccoooiiniiiiiiiiiieee e 4-85

4.3.3.7  ARErnative G ..oc.ooeeeeiiiiiiieieeieee e 4-86

4.4 NAUTA] PIOCESSES ..ouvviiiiiiieiiieiiiee et e eieeeeiee et e erteeeseaeestaeeeaaeessseeesssaeessseeesseens 4-87
4.4.1  Analysis MethOdS......c.ccoiiiiiiiiiiiiieiiece e e 4-88
4.42  Summary of IMPacts ......cccocueeeiiiieiiiecieece e 4-88
4.4.3  Alternative-Specific Impacts ..........coceeveriiriiiiniinieeeiccececeen 4-97
4.43.1 Alternative A (No Action Alternative)........c.cccceveeeeveeeenreeennee. 4-97

4432  Alternative B .....coooiiiiiii e 4-97

4.43.3  AIErnative C ....coeeeeiiieeiieecee e 4-98

4.43.4 Alternative D (Preferred Alternative).........ccccoeevveeeveeeenveeenneen. 4-99

4.43.5 Alternative E......ooooiiiiiiiii e 4-99

4.43.6 Alternative F......ccoooiiiiiiiicece e 4-100

4437  ARENAtIVE G ..ot 4-101

4.5  AQUAIC ECOIOZY oottt ettt e e e 4-102
4.5.1  Analysis Methods........cooiiiiiiiiiiiieie e 4-102
4.5.1.1 Aquatic FOOd Base ........ccccooveiiieniiiniieieeieeeeeee e 4-102

4.5.1.2  Nonnative Fish ..., 4-103

4.5.1.3  Native Fish c...coooiiiiiiieeeeeeee e 4-106

4.5.1.4  AQuatic Parasites ........ccccceerieriieniieniieieeie e 4-107

4.5.2  Summary of IMPacts.......ccccueieiiiiiiiieeieece e e 4-107
4.52.1 Aquatic FOOd Base ........ccceeoueiiiiiiiiiiienieeecc e 4-107

4.52.2  Nonnative Fish .......cccccooviiiiiiiiiiiiiceeee e, 4-119

4.52.3  Native FiSh c..oooiiiiiiieeeeee e 4-127

4524  AQquatic Parasites ........ccccceerieeiiieniieiienie e 4-135

Xi



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)

4.5.3  Alternative-Specific Impacts on Aquatic Resources ..........cccccecuereenennee. 4-137
4.53.1 Alternative A (No Action Alternative)........c.cccceveeeeveeecnreennen. 4-137

4.53.2  Alternative B .....cooiiiiiiiiie 4-140

4.53.3  AIErnative C ....c.oeeeeiiieeiieeceeeeee et 4-143

4.5.3.4 Alternative D (Preferred Alternative).........ccccceevveeeveeeenveeenneen. 4-148

4.53.5  Alternative E......ooooiiiiiiiii e 4-154

4.53.6 Alternative F......ccoooiiiiiiiiiieceeee e 4-157

4.5.3.77  ARENAtiVE G .c.ooeuveiiiiieieiieieeeeeee e 4-160

O Ve (< 715 10 NS USSP 4-163
4.6.1  Analysis Methods........ccoiiiiiiiiiiiieie e 4-164
4.6.2  Summary of IMPactS........ccceereiieriiiiieieeie et 4-168
4.6.2.1 Impacts on Old High Water Zone Vegetation......................... 4-177

4.6.2.2  Impacts on New High Water Zone...........cccceevveriinenninncnnne 4-179

4.6.2.3  Wetlands....ccceovievieiiirieieceee e 4-185

4.6.2.4  Special Status Plant Species.......ccccevvvierriieriieeniieeeiee e 4-187

4.6.3  Alternative-Specific Impacts ..........coceeveriiniiiiniiniiiieceeeeceen 4-190
4.6.3.1 Alternative A (No Action Alternative)........c.ccceeveeeeveeeenreeennen. 4-191

4.6.3.2  Alternative B ......oooiiiiiii e 4-192

4.6.3.3  AIernative C ....c.oeeeeiiieeiieeeeeeee e e 4-194

4.6.3.4 Alternative D (Preferred Alternative).........ccccceeveeeeveeecnveeenneen. 4-196

4.6.3.5 Alternative E......ooooiiiiiiiii e 4-197

4.6.3.6 Alternative F......ccooooiiiiiiiiiiiece e 4-199

4.6.3.7  ARENAtiVe G ....oovereieiiiieiieieeeeeeee e 4-201

AT WILAIT ..ottt ettt et ne e enees 4-203
4.7.1  Analysis Methods........cooiiiiiiiiiiiieiee e 4-203
4.7.2  Summary of IMPactS........ccceereiieriiiiieiieeieee e e 4-204
4.7.2.1  Terrestrial Invertebrates ...........cocceviiriiiniiniiinieeeee, 4-204

4.7.2.2  Amphibians and Reptiles..........ccccceevieniiiiiiniiiiiiiieeee 4-210

4.7.2.3  BAIAS ceeeiieiieieee e 4-212

4724 MammalsS .......cooeeiiiiiiiiiieie e 4-214

4.7.2.5  Special Status SPECIES .....c..ceveruiriereriiiniierieeieneene e 4-216

4.7.3  Alternative-Specific Impacts on Wildlife...........ccccoevieniiieiiiniiiiene, 4-227
4.7.3.1 Alternative A (No Action Alternative)........cccceeevveerveeereveennnen. 4-227

4.73.2  Alternative B ........oooiiiiiieee e 4-229

4.7.3.3  ARENative C ....ooveeiieiiiieiieieeieeeeee e 4-230

4.7.3.4  Alternative D (Preferred Alternative).........ccceeevvveeeveeeeveeenneen. 4-231

4.73.5 Alternative E......cooooiiiiiiiieiece e 4-232

4.7.3.6  AIernative F......cccoooiiiiiiiiiiiiiieeeeee e 4-233

4.7.3.7  ARErnative G .....cooueeiiiiiieiieieee e 4-234

4.8 Cultural RESOUICTES .....cccuviiiiuiiiiiiieciieeciteeeiee et e esteeesaaeesaaeeeaaeesssaeesssaeenasaeesseeas 4-235
4.8.1 Compliance with Federal Regulations.............ccccoevieriiienienciiiniecieees 4-235
4.8.2  Analysis Methods........cccueeiiiiiiiiieiiie e 4-235
4.8.3  Summary of IMPacts ........cocuerieririiriiniiiicneeeeeeee e 4-238

Xii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)

4.8.4  Alternative-Specific Impacts ..........coceeveriiriiiiniiniieeiceceeeceen 4-246
4.84.1 Alternative A (No Action Alternative)........c.cccceveeevveeeenreennen. 4-246
4.8.42  Alternative B ......oooiiiiiii 4-246
4.84.3  AIernative C ....coeeeeiiieeiieeeie et 4-247
4.84.4  Alternative D (Preferred Alternative).........ccccoeeveeeeveeeenveeenneen. 4-248
4.8.4.5 Alternative E......ooooiiiiiiiii e 4-248
4.84.6 Alternative F......ccoooviiiiiiiceeeeee e 4-249
4.8.4.7  ARENAtIVE G ...oovvviiieiiiieiieieeieeeee e 4-250
4.9 Tribal RESOUITES......ceiuiiiiiiiiiiiieiie ettt ettt ettt et eee 4-251
4.9.1  Tribal Resource Goals.........cccceciieeiiiieeiiieeiieeeie et 4-251

4.9.1.1 Increase the Health of the Ecosystem in Glen, Marble,
and Grand Canyons ......c..ceecuveeecuieeriiieenirieeeieeesieeeereeesereeennnees 4-252
4.9.1.2  Protect and Preserve Sites of Cultural Importance.................. 4-254
4.9.1.3  Preserve and Enhance Respect for Canyon Life ..................... 4-256

4.9.1.4  Preserve and Enhance the Sacred Integrity of Glen,

Marble, and Grand Canyons..........c.cceeeeveervenernieneeneenieneenne 4-258

4.9.1.5 Maintain and Enhance Healthy Stewardship
Opportunities and Maintain and Enhance Tribal

Connections to the Canyons.........cccceeceereeneerienieneniicneeneennen 4-259

4.9.1.6  Economic OPPOTtUNILY .....ccceeeevierieeriienieeiieeieenieeeveenieeeeneenens 4-259

4.9.1.7 Maintain Tribal Water Rights and Supply .......cccceeevveeruveennnen. 4-260

4.9.1.8  LTEMP ProCeSS....cccutteriiiiiiiieiiieeeiieeeiteeete et 4-261

4.9.2  Analysis MethOdS........ccoiiiiiiiiiiiieiieieeeee e 4-261
4.9.3  Summary of IMPacts.......ccccueeeiiiieiiiecieece e e 4-262
4.9.4  Alternative-Specific Impacts ..........coceeveriinieiinienieiececeeceen 4-268
494.1 Alternative A (No Action Alternative)........c.cccceveeevveeeenreeennen. 4-268

4.9.42  Alternative B ......oooiiiiiii 4-270

4.9.43  ARErnative C ....ooeeieiiieiieieeeee et 4-271

4.9.4.4  Alternative D (Preferred Alternative).........ccccceeveeevveeeenreeennenn. 4-273

4.9.45 Alternative E......ooooiiiiiiii e 4-274

4.9.4.6  Alternative F......occioiiiiiiiiieee e 4-276

4947  AREINAIVE G oo 4-277

4.10 Recreation, Visitor Use, and EXPerience.........cccceeevvveeriieeiiieeniee e evee e 4-279
4.10.1  Analysis Methods........ccoeeiiiiiiiiiiieiiee e 4-279
4.10.2  Summary of IMPactS........ccceereiieriiiiieieeieee e 4-281
4.10.2.1 Glen Canyon Fishing..........ccceeviieeiiiieiiiieiie e 4-281
4.10.2.2 Glen Canyon Day Rafting ..........ccccoveeviniiniinniniininicnecee 4-290
4.10.2.3 Glen Canyon Recreational Facilities.........c.cccoceeveevienieniennnene. 4-291
4.10.2.4 Whitewater Boating...........ccceevviieriiieniiieeie e 4-291
4.10.2.5 Reservoir Activities and Facilities ...........cccoeeeevieniiiencennennne. 4-292
4.10.2.6 Tribal Recreation Operations ...........ceceveerueeeieenieeneeeneeeeneennns 4-293
4.10.2.7 PeArCE FeITY....uviiieiiiiiieiiiiie ettt 4-296
4.10.2.8 Park Operations and Management ............ccccceeevueenueneeniennene 4-296

Xiii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)

4.10.3 Alternative-Specific ImpPacts ..........coceeveriirieiiriiniieeiecceececeee 4-297
4.10.3.1 Alternative A (No Action Alternative)..........cceeeverveerueennnenne. 4-297
4.10.3.2 AIernative B ......cooiiiieieiieiee e 4-298
4.10.3.3 AIernative C ...cc.vveeeeiiieeiieecee e 4-300
4.10.3.4 Alternative D (Preferred Alternative).........c.ccceeveveeveeeenreeenneen. 4-301
4.10.3.5 Alternative E......ccooieiieiiiieeeeee e 4-303
4.10.3.6 Alternative F........coooviiiiiiiecieeee e 4-304
4.10.3.7  ARENatiVe G ....ooveruieiiiieiiieieeieeeeieeeeee e 4-306

1T WILAETINIESS ..ttt ettt ettt et e st et e s ate e beesaee s 4-307

4.11.1  Analysis Methods........ooouiiiiiiiiiiiieieeeeee e 4-307

4.11.2 Summary of IMPactS........cccueeeiieriiiiieiieeie et 4-308

4.11.3 Alternative-Specific IMPaCtS ........cccveeviiieeiiieeieeeee e 4-313
4.11.3.1 Alternative A (No Action Alternative)........cccccecvveevveeeerveennnen. 4-314
4.11.3.2 AIernative B .....ccooieiiiiiiiiicieeee e 4-314
4.11.3.3  ARENAtiVE C ..ot 4-315
4.11.3.4 Alternative D (Preferred Alternative).........cccceeeveeeeveeeeveennneen. 4-316
4.11.3.5 Alternative E.....cocooiiiiiiiiiiicieeeee e 4-317
4.11.3.6 AIErnative F......cccooieiieiiiieieeeeeee e 4-317
4.11.3.7 AIernative G....cc.eeeevieeeiieeciie et 4-318

412 ViSUAL RESOUICES ....couviiiiiieiiiiiesiieie ettt sttt sttt et st 4-319
N B I & 1 10010 A /< oS 4-322

4.13.1  Analysis Methods........ccoiiiiiiiiiiiieieeeee e 4-322
4.13.1.1 Hydropower Resource and Capacity Expansion Impacts ....... 4-323
4.13.1.2 Wholesale Rate Impacts..........ccceeeviieeciieeiiieeiie e 4-330
4.13.1.3 Retail Rate Impacts .........ccccueeriieiiiinieniieieeeeee e 4-332
4.13.1.4 Hoover Dam Impacts..........cccceevueeriiiiniiiiiniieiiie e, 4-333

4.13.2 Summary of Hydropower Impacts..........cccveeriiieniieeniieeciee e 4-334
4.13.2.1 Monthly Water Release Impacts .........cccceeeevieriinenncnecnnennee 4-334
4.13.2.2 Hydropower Power Generation and Capacity Impacts........... 4-340
4.13.2.3 Economic IMpacts ........cccceeevieerieeeiiieeieeeie e 4-343
4.13.2.4 Change in FES Wholesale Rates..........cccccocvevirvinienenncnnne. 4-349
4.13.2.5 Retail Rate and Bills Impacts ..........cceevveeviveniiiiieniieieeenee 4-350
4.13.2.6 Impacts of LTEMP Alternatives on Hoover Dam Power

ECONOMICS ....viiiiiiiciieceeee e 4-351

4.13.3 Alternative-Specific IMPacts ........cccceevieriiiiiiiiiieieeeeie e 4-353
4.13.3.1 Alternative A (No Action Alternative)........ccccceevveevveeereveennnen. 4-353
4.13.3.2 Alternative B .......ooooviiiiiiece e 4-353
4.13.3.3  ARErnative C ....ooveeuieniiiieiieieeeteeee e 4-354
4.13.3.4 Alternative D (Preferred Alternative).........cccceevveeeeveeeeveennneen. 4-355
4.13.3.5 Alternative E......c.ooooiiiiiiieecieeee e 4-358
4.13.3.6  AIternative F......ccccooioiiiiiiiiiiieeeeeee e 4-359
4.13.3.7 AREINAtIVE G ..ot 4-360

Xiv



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
4.14 Socioeconomics and Environmental JUStICE .........ccceeviiniiiiniiiiiiniiiieeeeeen 4-362
4.14.1  Analysis MethOdS........ccoieiiiiiiiiiieiiecieee e 4-362
4.14.1.1 Recreational Use and Environmental Non-Use Values .......... 4-362
4.14.1.2 Recreational Economic Impacts...........ccceceeeveenieniieenieeieenen. 4-364
4.14.1.3 Electricity Bill Increase and Generation Capacity
Expansion IMpPacts .........cccceecveeeeieeeiiieeieeeee e 4-364
4.14.1.4 Environmental JUStICE .........ceecuieriiiiiieniieiierieeee e 4-365
4.14.2 Summary of Impacts on Socioeconomics and Environmental
JUSHICE . 4-365
4.14.2.1 Recreational Use Values ..........ccccceevieniiiiieniiiienieeceeeee 4-365
4.14.2.2 Environmental Non-Use Values........ccccoceevervieniinenineenene 4-378
4.14.2.3 Recreational Economic Impacts.........ccccceeveveeenciieincieeenieeenneen. 4-379
4.14.2.4 Customer Utility Electricity Generation Capacity and
Residential Rate Increase Impacts...........ccceeeeeeriieeieeneeeneenne. 4-382
4.14.2.5 Environmental Justice Impacts..........cccccuveeviieeniieenieeeieeenee, 4-384
4.14.3 Alternative-Specific ImpPacts ..........coceeveriiniiiiniiniieeieeceeeeceeen 4-390
4.14.3.1 Alternative A (No Action Alternative)........c.cceeeveeveeneeennenne. 4-390
4.14.3.2 AIernative B .....ccooieiieiieeeeee e 4-391
4.14.3.3  ARErnative C ..o.eeeeieiieiiieie et 4-393
4.14.3.4 Alternative D (Preferred Alternative).........ccccceeveeevveeeenreeenneen. 4-395
4.14.3.5 Alternative E......ccooviiieiiieeeeeee e 4-396
4.14.3.6 Alternative F......ooooiiiiiiiiiie e 4-398
4.14.3.7 ARENAtiVE G ...oovuveiieiiiieiiieeeeeeeee e 4-400
415 AT QUALIEY .ottt ettt ettt ettt et ste e eneas 4-402
4.15.1  Analysis Methods........ccoiiiiiiiiiiiieiee e 4-402
4.15.2 Summary of IMPactS........ccceerviieriiiiieiieeieee e 4-403
4.15.3 Alternative-Specific IMPacts ........cccueeviiieeiiieeiieeeee e 4-409
4.15.3.1 Alternative A (No Action Alternative)........ccccceeveeevveeeerveennnen. 4-409
4.15.3.2 AIernative B .....ccooiiiiiiiiiiiei e 4-409
4.15.3.3  ARENAtiVe C ...oooneiieiieieceeeee e 4-410
4.15.3.4 Alternative D (Preferred Alternative).........cccceeeveeevveeecnveennneen. 4-410
4.15.3.5 Alternative E......ccooiiiiiiiiiiiieeeee e 4-410
4.15.3.6 AIErnative F.......ccooovoiieiiiiieieeeeee e 4-411
4.15.3.7 ARErnative G ....ooevieiieeiieiieeieese et 4-411
4.16  ClHMALe CRANGE ....c..eeeeiieiieeieeiie ettt ettt ettt et ee e e beesabeeaeesnbeensneenseas 4-411
4.16.1 Analysis Methods........cccueeeiiiiiiiiieciie e 4-412
4.16.1.1 Effects of LTEMP Alternatives on Climate Change............... 4-412
4.16.1.2 Effects of Climate Change on Hydrology and
Downstream ReSOUICES .........cooviiiiiiiiiiiiiniieenieeececceeen 4-413
4.16.2  Summary of IMPactS ........cocueriiririiniiiieicre e 4-414
4.16.2.1 Effects of LTEMP Alternatives on Climate Change............... 4-414
4.16.2.2 Eftects of Climate Change on Hydrology and
Downstream ReSOUICES .........ceevuierriiiiiiiiieriieeeiiceeeeeiee e, 4-419

pay



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
4.16.3 Alternative-Specific Impacts ..........coceeveriirieiiiiiniieeieceeeceen 4-421
4.16.3.1 Alternative A (No Action Alternative)........c.cccceveeeeveeeenveennen. 4-421
4.16.3.2 AIernative B ......cooieiieiiieieeeee e 4-424
4.16.3.3 AIernative C ....c.oeeeeiieeeiieeciie e 4-424
4.16.3.4 Alternative D (Preferred Alternative).........ccccceeveeevveeeenveeenneen. 4-424
4.16.3.5 Alternative E......cccoooviiiieiiieieeeeeee e 4-425
4.16.3.6 Alternative F......cccoooviiiiiiieieeeee e 4-425
4.16.3.7 AIErnative G .....coccvieruieiiieiiecieeeie ettt 4-426
4.17  Cumulative TMPaCTS.....c.veieeiieeiiie e see et e e tee e ssreeeseaeeenaee s 4-426
4.17.1 Past, Present, and Reasonably Foreseeable Future Actions
Affecting Cumulative ImpactS........c.occceeeeiieniieiiieniiieeeie e 4-426
4.17.1.1 Past and Present (Ongoing) ACtionS..........cccuveevveeerveeerveennnnes 4-427
4.17.1.2 Reasonably Foreseeable Future Actions ...........cccceceeevueeennennee. 4-442
4.17.2 Climate-Related Changes..........ccceevveeriiiiiieniieiiecieeieeeee e 4-445
4.17.3 Cumulative Impacts Summary by Resource..........cccceeevveevvieeniieenreeennen. 4-446
4.17.3.1 Water RESOUICES.......ccevviiiieeeiiiieeeciiee et eeveee e e e 4-446
4.17.3.2 Sediment RESOUICES ........ccceeruireiienieeiienieeieeeie e 4-457
4.17.3.3 Natural ProCesSes ........ccvvrerruireriieeeiieeeieeesieeeeveeeeeveeennee s 4-458
4.17.3.4 Aquatic ECOlOZY .....ooiuiiiiiiiiiiiieieccee e 4-458
4.17.3.5 VEZEAtION ...eeeiiieiiieiieeiiecie ettt ettt et 4-461
4.17.3.6  WILAITe...coiieieiieieeee e 4-463
4.17.3.7 Cultural RESOUICES ......cccvrieriiieiieeeiieeeieeeeiee e e 4-466
4.17.3.8  Tribal RESOUICES......ccueeriieiieriiieiieeie ettt 4-467
4.17.3.9 Recreation, Visitor Use, and Experience..........cccccceveeeuveennnee. 4-468
4.17.3.10 WIldEINESS ....veeevvieeiiieeiie ettt et e e 4-469
4.17.3.11 Visual RESOUICES .....cc.ceevuiriiiiiiieiieeieeiie ettt 4-470
4.17.3.12 HYATOPOWET ....cccevieeiiieeiiieeiiee ettt eieeeetreeeveeeeaeeesvee e eevee e 4-471
4.17.3.13 Socioeconomics and Environmental Justice ............c.cceeen..ee. 4-472
4.17.3.14 Air Quality and Climate Change............cccceeevveenverciieniennenne. 4-472
4.18 Unavoidable Adverse IMpacts.........c.cceovieeiiieeiieeeiieecie e 4-474
4.19 Relationship between Short-Term Use and Long-Term Productivity................... 4-475
4.20 Irreversible and Irretrievable Commitments of Resources..........ccccceeevverveeinennen. 4-475
5 CONSULTATION AND COORDINATION .....ccccoiiiiiiiiiiieiienee ettt 5-1
5.1  Consultation and Coordination with Other Agencies and Programs .................... 5-1
5.1.1  U.S. Department of the INterior ..........ccceceeriienieniiienieeieerie e 5-1
5.1.2  CoOPErating AZENCIES ....cccuveeerureeeireerireeaieeesreeesreeesreessreeeseeesseessseeens 5-1
5.1.3  American Indian Tribes .......ccccuveeiiieiiiieeiiieeeeeee e 5-2
5.1.4  Other ConsSultations ..........ccoeceeeiierieiiiienieeieesie ettt 5-6
5.1.4.1  National Historic Preservation Act........ccccceevvuveerciieencieennnennne 5-6
5.1.4.2  State and Local Water and Power Agency Coordination........ 5-7
5.1.4.3  U.S. Fish and Wildlife Service.........cccceveeriiienieniieieiieeanens 5-7

xvi



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
5.2 Public INVOIVEMENL. .....cocuiiiiiiiiiie e 5-8
5.2.1  Public Scoping Process and Comments Received...........ccceevvreuiennnnne. 5-8
5.2.2  Public Meetings on AIternatives.........cceecveeerieeeiieeeiiieeeiee e eevee e 5-10
5.2.3  Glen Canyon Dam Adaptive Management Working Group.................... 5-11
5.2.4 Public Involvement on the LTEMP DEIS..........cccoiiiiiiniiniiiniieeccene 5-11
6 REFERENCES ...ttt ettt sttt saees 6-1
7  LIST OF PREPARERS. ...ttt 7-1
8 GLOSSARY ottt ettt et ae et nae e 8-1
APPENDIX A: Adaptive Management Working Group Desired Future Conditions .......... A-1
A.1  Desired Future Conditions: Colorado River Ecosystem ...........cccccceevvveenveennnenn. A-5
A. 1.1 DFC DESCIIPHION ..ottt sttt et A-5
A.1.2  DFC Background and Legislation .............cccocceereiieiiienieinienieeiiecie e A-6
A.1.3  Why the Colorado River Ecosystem DFCs Are Important...................... A-6
A.1.4 Colorado River Ecosystem DFCs ........ccccoceiiiiiniininiiniinenicnccceeee, A-6
A.1.4.1 Sediment-Related Resources DFCs........c.cccccevvinienenienennnene. A-6
A.1.4.2  Water Quality DFCS......cccoooiiiiiiieeieeceeecee e A-7
A.1.4.3 Colorado River Ecosystem Aquatic Resource DFCs.............. A-7
A.1.4.4 Colorado River Ecosystem Riparian Resource DFCs............. A-9
A.1.5 Colorado River Ecosystem DFCs Additional Information...................... A-9
A.1.5.1 Colorado River Ecosystem Linkages .........c..cccceevuereenernicnnnnne A-9
A.1.5.2 Colorado River Ecosystem Metrics.........c.cceevveerreerienueennennne. A-10
A.2  Power Desired Future Conditions ............ccceeeiieiiiiiieniieiienieeeeseeeee e A-10
A.2.1 Power DFC DeSCriPtiOn.......ccoueeuirieniieienienieeienieesieetesie et A-10
A.2.2  Power DFC Background and Legislation .............cccceevuievieniienieniennnnns A-10
A.2.3  Why the Power DFC Is Important ...........ccccceeeeiiieeiiieniieeciie e A-11
A2:4  POWET DFCS..ciiiiiiiiiiiieeee e A-11
A.2.5 Power DFC Additional Information ...........c.ccceceeverienennenienennienienene A-12
A.2.5.1 Power LINKages .....cccceevvieeiiieeiieeeeeete et A-12
A.2.52 POWET MEIICS....ueiiiiiiiiiieeiiee et A-12
A.3  Cultural Resources Desired Future Conditions...........coceevveeuerieneniienieneeieneenne. A-13
A.3.1 Cultural Resources DFC DesCription.........c.cceecveeeeieencvieesiiieenieeeeiee e A-13
A.3.2 DFC Background and Legislation ..........c.cccocevvievienenicnienenicneciceeene, A-13
A.3.3  Why the Cultural Resources DFCs Are Important ...........cccceeevvenienennn. A-13
A.3.4 NRHP Eligible Historic Properties DFCs.......c.cccccceeviiieeciieecieeeieeee. A-14
A.3.4.1 Prehistoric Archaeological Sites and Historic Sites................ A-14
A.3.42 Traditional Cultural Properties.........cccccceervueeviienreenieenieeieenne, A-14
A.3.5 NRHP Eligible Historic Properties DFC Additional Information........... A-15
A.3.5.1 NRHP Eligible Historic Properties Linkages..............cccc........ A-15

XVii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
A.3.5.2 NRHP Eligible Historic Properties Metrics ...........ccccceevueennee. A-16
A.3.6 Resources of Traditional Cultural Significance but Not NRHP
21 141 o) (<SSR A-16
A.3.7 Resources of Traditional Cultural Significance DFCs........cc..cccccoveunnee. A-16
A.3.8 Resources of Traditional Cultural Significance Linkages ....................... A-17
A.3.9 Resources of Traditional Cultural Significance Metrics.............cccuveene... A-17
A.4 Recreation Desired Future Conditions ...........ccccueeeeieeeiieeciieeeie e A-17
A.4.1 Recreation DFC DeSCription........cceeeueeeiieniieniiieniienieenieesieeieeeneeseeesneens A-17
A.4.2 DFC Background and Legislation ..........cccccceevvieviiiencieeeiie e A-17
A.43 Why the Recreation DFC Is Important..........c..coceverviinieninicnicncnnennen. A-18
A.4.3.1 Grand Canyon National Park ............cccccoeviiiiiiniiniiienieeiene, A-18
A.4.3.2 Glen Canyon National Recreation Area...........ccceevvveeenveennen. A-18
A.4.4  Recreation DFCS.......ooociiiiiiecieeceeeeeee e A-18
A.4.4.1 River Recreation in Grand Canyon National Park .................. A-18
A.4.42 River Recreation in Glen Canyon National Recreation
F N (< USRS A-19
A.4.4.3 Blue Ribbon Trout Fishery in Glen Canyon National
Recreation AT€a.........cceiieiiiiiiienieiieee e A-19
A.4.4.4 River Corridor Stewardship........cccccoveeveriiniiiiiniinincnicen A-19
A.4.5 Recreation DFC Additional Information .............cccceevevienieniiiniencieencns A-20
A.4.6  Recreation Linkages........ccoovieeiiiiiiieeiiie e A-20
A47T  ReCTeation MELIICS .....ccviieeiiieeiieeciieeceiee et et evee e ree e e e seveeeeaveeeareas A-20
A5 RETETEINCE...c..eitiiiieiieee ettt A-21
APPENDIX B: Performance Metrics Used to Evaluate Alternatives ...........cccccoevveeeieennnns B-1
B.1  AQUAtIC ECOIOZY ..iiiiiiiiiiieeieeee ettt et e e e e e e s B-3
B.1.1  Humpback Chub .........ccccoiiiiiiiiiiice e B-3
B.1.2  Other Native Fish......c.ccooiiiiiiiieeeee e B-5
B.1.3  Trout FISheTy...ccuoieiiecie et B-5
B.1.4  Nonnative AQUAatiC SPECIES .....eerurreriierieeriierireiieereesieeeeeeteesereeseeseeeenne B-6
B.2  Archaeological and Cultural RESOUICES ........ccceeevieriiiiieiiieiiecie e B-7
B.3  Hydropower and ENEIZY ........ccccviiiiiiiiiiiiieiieeeiee ettt B-9
B4 Natural PrOCESSES ....c.cevueriiriiiiiiieiiieieeie sttt sttt st B-10
B.5 Recreational EXPeriCNnCe......c.cccveviieiiiiiiieiiieeieeieeciie ettt eveeseeeeveesaeessveesaneenvaens B-11
B.5.1  Grand Canyon MeEtriCS .....cccuieruieerieeeiiieeiieeeieeeeieeesreeesiveeeseeeesneeesnneees B-11
B.5.2  Glen Canyon MELIICS .......cccuieriieiiienieeiiesiieiie e eiee st eieesiaeeseeesreeaee e B-15
B.6  Riparian Vegetation.........c.ceoieriieiiieeiieiieeieeiieeieesieeeteeseeeseesseeseseesseessseessaeensees B-16
B.7  SEAIMENL ..ottt st ettt B-18
B.8  Tribal RESOUICES.....ccviiiiiiiiiiiiiiiieieeetee ettt B-18
B9 Water DEIIVEIY ....eoiiiiiieeiiieieece ettt ettt st sbe et e e sbeessaeense s B-24
B.10 RETETEINCES ...ttt et sttt e as B-25

XViii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)

APPENDIX C: Decision Analysis to Support Development of the Glen Canyon Dam

Long-Term Experimental and Management Plan.............ccccoooveeiiiiiniiiinie e, C-1
APPENDIX D: Hydrology Technical Information and Analysis..........c.ccccecveeveenieeiieennnnns D-1
D.1  AnalysisS MEthOAS ......ccueeiiiiiiieiiieiieeie ettt et s D-3
D.1.1  Background.........cccoecuieiiiiiiiiiieeieeieece ettt D-3
D.1.2  Initial Conditions ........cccceeeiieeiiiiiiieie ettt D-4
D.1.3  ReServoir OPEIations .........cceeeeeeriierieeiiienieeieeeeeenieesaeesseesseessnesseessneans D-4
D.1.3.1 Upper Basin Reservoirs above Lake Powell............................ D-4
D.1.3.2 Lake Powell and Lake Mead.........cccccoovuiiiiiniiininniiiicene D-5
D.1.3.3 Lake Mohave and Lake Havasu...........ccceceevieniienienieeenen. D-9
D.1.4 Representation of the Different Alternatives in CRSS ..........cccceviennee. D-9
D.1.4.1 Experimental Components Modeled in CRSS ........................ D-22
D.1.5  Input HYdrology......cooieriiiiiiiieeiieieeet ettt D-23
D.1.6  Input Demands.........ccccciieriiiieiiieeriie ettt D-26
D.1.7 Other Key ASSUMPLIONS......ueieiiieeriiieeiiieeeiieeeiieeeieeesreeesveeeseneeeseneeensnens D-26
D.2  Supplemental Information on Impact Modeling ............cccceverieriiniininiencenennne. D-27
D.2.1  Low Summer FIOWS ......cccooiiiiiniiiieierieeeeseeee e D-27

D.2.2 Modeled Annual Releases Extending beyond the End of the Water
Y AT et D-28
D.2.3  Lake EleVation .......cccoocieiiiiiiieiieieeieeeeeeeee e D-29
D3 RETEIEICES ..ttt et ettt st sbe e st e e e sareens D-36
APPENDIX E: Sediment Resources Technical Information and Analysis........c..ccccveeeneen. E-1
E.l  INtrOAUCHION .ooutiiiiiieicceeee ettt et st E-3
E.1.1  Analysis Period ......c.coocuiieiiiieiieeiee et E-3
E.1.2 General SCOPE ....cceiuiiiiriiiiiiieriecteetese ettt E-3
B2 MEhOAS ..ot et E-4
E.2.1  Sand Budget Model..........ccccuieeiiieiiiieciieceeeee e E-4
E2.1.1  Model DeSCription.......cccueerueeiiieniieiienie e E-4
E.2.1.2  Sand Budget Model Modifications............cccccceereverrirenieenenne. E-5
E.2.1.3 Modified Sand Budget Model Inputs...........cccceecveeeriieenrennen. E-6
E.2.2  Sediment MELIICS .....uieiiiieiiiieciieeeiieeeitee ettt e e e e e E-8
E.2.2.1  Sand Load INdeX.......ccceeveiiirieniiiiiieneeicnieceeee e E-9
E.2.2.2 Standard Deviation of High Flows........c.cccccvvvviiiiniiiiiene. E-9
E.2.2.3 Sand Mass Balance IndeX..........cccceceveieeiiiiniieeciie e E-10
B3 RESUILS ..ottt sttt E-10
E.3.1 HFEs Determined by AIternative...........cccccueeevieeecieeniieeeiieeeiee e E-10
E.3.2  IMETICS uuviiiiiie ettt ettt e et e e e e e naaeeaseeenaeeesaeeennnas E-11
E.3.2.1  Sand Load INdeX.......ccceeveiiirieniiiinienieeienieiceeee e E-12
E.3.2.2 Standard Deviation of High Flows........c.ccccccvvvviiiiiniiieieene. E-12

Xix



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
E.3.3  Sand Mass Balance IndeX ..........cccoeiiriiiniiiiiiniieeceecee e E-12
E.3.4 Alternative Performance under Climate Change Scenarios..................... E-13
E.3.5 Relative Impacts of Dam Operations and Hydrology on
Performance ..........ooueeiiiiiiee s E-13
Eid LaKe DEItas......ooiiiiiiiiiiieeceteee ettt E-15
E.5 Limitations and Known ISSUES ...........coiiiiiiiiiiiiiiiiiiiieeiceee e E-17
E.5.1  GeographiC SCOPE .....coueevueriiriiiiieiienieeie ettt E-17
E.5.2 Modeling ImMprovements............ccceeeveeriieniieniieeiieniiesieesiie e esveeiee s ens E-17
B0 RETEIEINCES ..cuveiiiiiiiieiiiee ettt et e as E-18
APPENDIX F: Aquatic Resources Technical Information and Analysis.........c.ccceeeveeenneen. F-1
Fl INtrOdUCHION .eoueeiiiiieiccteeee ettt st F-3
F.2  Aquatic FOod Base ASSESSMENL .........cccuiieiiiieeiiieeiieeeiie e eereeeeveeeseveeesevee e F-4
F.2.1 Description of the Aquatic Food Base Downstream from Glen
Canyon Dam ......cocuiiiiiiiiiiieee e F-4
F.2.1.1  The Aquatic Food Base Prior to Construction of Glen
Canyon Dam..........cocceeiiiiiiiiiiiicceceeeee F-5
F.2.1.2  The Aquatic Food Base of the Colorado River
Downstream from Glen Canyon Dam............ccccceeevcvvrennnennne. F-5
F.2.1.3 Influence of New Zealand Mudsnail on the Aquatic
FOOA BASE .....ioiiiiiiiiiieiiecceee s F-13
F.2.2  Impacts of LTEMP Alternatives on the Aquatic Food Base. ................... F-14
F.2.2.1 Flow Effects on the Aquatic Food Base...........ccccccueerirnnennne. F-15
F.2.2.2 Temperature Effects on the Aquatic Food Base...................... F-23
F.2.3  CONCIUSION ...ttt F-26
F.3  Modeling Effects of LTEMP Alternatives on Rainbow Trout and
HUumpback Chub.........coooiiiiiiiiieie ettt F-28
F3.1  MOdel OVEIVIEW ....coouiiiiiiiiiiiieiieete et F-28
F3.1.1  Glen Canyon Trout Submodel........c..cccccevveriininiininninicnene F-29
F.3.1.2  Trout Movement Submodel...........ccoceeviriiniiiiniininienieee F-36
F.3.1.3 Humpback Chub Population Submodel............c..ccccvvreurennnn.e. F-40
F.3.2  Results for LTEMP AIernatives .........cccocoeeriieniienieeniienieeiiesie e F-52
F.3.2.1 Rainbow Trout Performance Measures.........c..ccoceevuereenuennnene F-52
F.3.2.2  Humpback Chub Performance Measures..............cceeeruveennnee. F-60
F.4  Modeling the Effects of LTEMP Alternatives on Temperature Suitability .......... F-62
Fi4.1  MOdel OVEIVIEW ...coviiiiiiiiiiiiieniteieeesitee ettt F-64
F.4.2 Humpback Chub Aggregations..........ccccueeeireeeiieesiiieenieeesiee e eevee e F-67
F.4.2.1 Historic Temperature Suitability for Humpback Chub........... F-69
F.42.2 Results for LTEMP Alternatives.......c.ccoceveevierieneeniennennenne F-70
F.4.3  Other Native FiSh.......ccoooiiiii e F-71
F.4.3.1 Historic Temperature Suitability for Native Fish................... F-73
F.4.3.2 Results for LTEMP Alternatives.......cc.ccccceveeverieneeniennennenn F-73

XX



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
F.4.4  Nonnative Fish.......ccooooiiiiiiiiiieee e F-78
F.4.4.1 Historic Temperature Suitability for Nonnative Fish.............. F-79
F.4.42 Results for LTEMP Alternatives.........cccocceeriieinieniieenienieene. F-79
F4.5  AQUatic Parasites.........cccieiiiiriieiiieiieeiieeie ettt F-81
F.4.5.1 Historic Temperature Suitability for Aquatic Parasites .......... F-84
F.4.5.2 Results for LTEMP Alternatives.........cccocoeerieinienieenienicene. F-86
F.5  REIETIEINCES ..uviiiiiiieiie ettt ettt e e e e e st e e s abaeesaseeenaeeas F-90
APPENDIX G: Vegetation Technical Information and Analysis.........cccceecereenerieneennenne G-1
G.1  ANalysis MEthOAS ......c.eeiiiiiieiiieiieie ettt ettt e seveeaea e G-3
G.1.1  Old High-Water Zone ANalysiS ........cccceeevuiierrieeniieeniieeeiieeereeeevee e G-4
G.1.2  New High-Water Zone.........cccoeviieiiiiiieiieniieeieeee et G-5
G.1.2.1  Native Cover MEtriC......cevveruirierienieeieniieieeee e G-6
G.1.2.2  Native DIVersity MetriC.....ccccevvuieerieeeiieeeiieeeiieeeveeeevee e G-7
G.1.2.3  Native/Nonnative Ratio Metric .........ccceevvveeiienieeiienieeieeens G-7
G.1.2.4  Arrowweed MELIIC ..coueeueeiieiieiieriieieeeee e G-8
G.1.2.5  OVverall SCOTE.....ccueiiiiiiiiiiieeieee e G-8
G.1.3 WEtlands ....oc.eeeeeiiiiieiieieeee e G-9
G.2  Alternative-Specific IMPaCTS.......c.cecuieriieiiieiieeiieie ettt e G-10
G.2.1 Alternative A (No Action AIternative) ........cccueeevveeeeieenciieenieeesieeeeveens G-10
G.2.2  AIternative B.....ooooiiiiiiiiiicieceeee e G-10
G.2.3  AIErNAtIVE Cneeeeieiieeieeee ettt st G-10
G.2.4 Alternative D (Preferred AIternative) .........coecveeevveeeeieesciieeeiie e G-11
G.2.5 AIernative E .....oo.oiiiiiiiiiieceee e G-11
G.2.6  AIternative F .....oouiiiiieieeeee e G-12
G.2.7  ARErNative Gi...oooeiieieiiieeeeee et G-12
G.3 SUIMMATY ettt ettt st e e st e e s atee e nbeeesabeeenbeeeaseeeaneen G-12
G4 RETEIENCES ...ueeeiieeiiieieeeee ettt et e G-13
APPENDIX H: Cultural Resources Technical Information and Analysis.............ccceevvennnnn. H-1
H.1 Wind Transport of Sediment............coceeviriiniiiiniiniiieeeeceeeeeee e H-3
H.1.1 Wind Transport of Sediment—Methods ...........cccceevvvievieniienieniiiiieee, H-4
H.1.2 Wind Transport of Sediment—Results ...........cccccveveviieniiiiniieiiecee e, H-5
H.2 Flow Effects on Cultural Resources in Glen Canyon ..........ccccceceeveeieneencnicneennens H-8
H.2.1 Flow Effects on Cultural Resources in Glen Canyon—Methods............... H-9
H.2.2 Flow Effects on Cultural Resources in Glen Canyon—Results................. H-10
H.3 Time Off RIVET...c.uiiiiiiieiie ettt ettt e st e e sab e e esaveeenaee s H-13
H.3.1 Time Off River—Methods .........ccceeviriiiniiniiiinieieciesceeeeeeeee H-13
H.3.2 Time Off RIver—ReSUltS .......coceiiiiiiiiiiiieceeeee e H-14
H.4 RETCIONCES ...oecutiiieiiie ettt et e et eaa e s aa e e saraeesabaeeearaeennneas H-16

xxi



Glen Canyon Dam Long-Term Experimental and Management Plan
Final Environmental Impact Statement

CONTENTS (Cont.)

APPENDIX I: Tribal Resources Technical Information and Analysis .......................
.1  Quantifiable Measures Used to Assess Impacts on Tribal Resources..........
L1.1  Riparian DIVersity......cccccevoiiiiiieniieiieieeie et

1.2 Wetland AbUndance...........ccoeeveeriieiieniieieeie e

[.L1.3  Trout Management FIOWS ........c.ccccciiiiiiieiiieeiie e

[.L1.4  Mechanical Removal of Trout..........cccceeeviieniiiiiiiieieie e,

I.L1.5  Water Levels at Lake Powell .........cccoocvieiiiiiiiiiiiieieceeee,

L1.6  Access t0 RESOUICES. .....cceeriuuiieeiiiiiieeeiiiee e

L2 RETEICICES ..oovviiiiiiiieeiie ettt ettt ettt ettt e s ebeesaesaaaens

APPENDIX J: Recreation, Visitor Use, and Experience Technical Information and

ALY SIS, .ttt euiiieeiiie ettt ettt e et e et e e e e et e e et e e ettt e eateesnbaeeebeeeenseeens
J.1  Recreational EXperience MELIiCS........coviiriieriieeiieniieeieeieeeie et
J.1.1 Grand Canyon MEtTiCS......ccueevieruieeiiieriieeieeiie e eiee e eve e

J.1.2 Glen Canyon MEtTICS ......cccueieeiiieeriieeeiieeeieeeveeeeveeevreeeveeeeaee e

J.2 Metric Definitions, Analysis Methods, and Results...........c.cccccevieriencnnene.
J2.1  Camping Area INAeX .....ccoovvieiiiriieiieieeieeieeee e
J.2.1.1  Camping Area Index—Methods .........ccceevevieriieennnnns

J.2.1.2  Camping Area Index—Results...........cccoevveriieniennnnnen.

J.2.2 Navigational Risk IndeX ..........cccceeviiriieiieniieiieieceeeeee e,
J.2.2.1  Navigational Risk Index—Methods...........cccceevveernneenn.

J.2.2.2  Navigational Risk Index—Results ............cccceverienennnen.

J.2.3  Fluctuation INdeX ......cc.eevieiieiiiiiiiieieeeeeeecee e
J.2.3.1  Fluctuation Index—Methods..........cccoooeeiiiiniinnncnnen.

J.2.3.2  Fluctuation Index—Results........c.cceceeevieniiiecieniieicne.

J2.4  Time Off RIVET...ooiiiiiiiiiiiiiiiieteeee e
J.2.4.1  Time Off River Index—Methods..........cccoeeviieiinnnnnen.

J.2.42  Time Off River Index—Results ..........cccooveeiveniennennen.

J.2.5  Glen Canyon Rafting UsSe .........cccueevriiriieiiieniieiiecie e
J.2.5.1  Glen Canyon Rafting Use Metric—Methods.................

J.2.5.2  Glen Canyon Rafting Use Metric—Results...................

J.2.6  Glen Canyon Inundation MEtric ........ccceevvierieeiiienieeieenieeieeeeee,
J.2.6.1  Glen Canyon Inundation Metric—Methods...................

J.2.6.2  Glen Canyon Inundation Metric—Results.....................

J.3 Lake Powell and Lake Mead Dock ACCESS.....cccuevueerueeieniieniiiieeieiceieeeen
Ji4  SUMMATY .ottt e e e et e e e entaeeeennes
J.5 REIETICNCES ..ot

XXii

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
APPENDIX K: Hydropower Systems Technical Information and Analysis.............c.......... K-1
K.1  Economic Value of Glen Canyon Dam Powerplant Capacity and Energy
PrOAUCLION ...eiiiiieiiee ettt K-3
K.1.1  Power Systems Background .............ccccoueeviiieniiieniiiieciee e K-3
K.1.2  Glen Canyon Dam, Reservoir, and Powerplant Background .................. K-5
K.1.3  Power Systems Geographic SCOPE.........ceevuieruieriieniieiiieiieeieeie e K-8
K.1.3.1 Top Tier: General Western Interconnection Perspective
MOAEIING ..ttt K-9
K.1.3.2 Middle Tier: LTF Customer Utility Systems ............ccccceuveeee. K-11
K.1.3.3 Bottom Tier: WAPA SLCA/IP Hydropower Resources......... K-15
K.1.4 Overview of Power Systems Methods..........cccccoceeviiiiniininncnicncnene. K-16
K.1.5 Description of Individual Power System Models ........c..ccccceverienennnnnen. K-20
K.1.5.1 Colorado River Simulation System Model ...............ccc.......... K-20
K.1.5.2 Representative Trace ToOl........cccceeviieniieiieniiiiienieeeeeee K-21
K.1.5.3 Hydropower Outage Model...........c.cceevirriieninniieiienieeeeen. K-21
K.1.5.4 Generation and Transmission Maximization-Lite................... K-21
K.1.5.5 Sand Budget Model.........ccccoeeiiniinininiiieicceeceee K-29
K.1.5.6 Large SLCA/IP Powerplant Spreadsheets.............ccccocueeueeneen. K-29
K.1.5.7 Small SLCA/IP Powerplant Spreadsheet.............cccvvveeurennnee. K-30
K.1.5.8 Loads Shaping Algorithm ..........ccccceveeveniininiiniiinineneeee K-30
K.1.59  AURORA ..ot K-31
K.1.5.10 LMP Calibration Spreadsheet ...........cccccveeveiierciiencieiieeenen. K-34
K.1.5.11 Firm Capacity Spreadsheet...........ccoceevueriininnicniinennenicnnenn K-35
K.1.6 SLCA/IP Market System, Data Sources, and Model...............c.cccuvennee..e. K-38
K.1.6.1 Historical Data SOUICES ........ccceeevuieriiriiiiniieiieieeee e K-38
K.1.6.2 AURORA Model Dispatch Results for 2013 ...........c..cceeneee K-42
K.1.6.3 SLCA/IP Market System Projections..........c.ccceeeveeveerueennnenne. K-43
K.1.7 Glen Canyon Dam Powerplant Capacity Cost and Benefit
MEthOOLOZY ...ttt K-59
K.1.7.1 Treatment of Glen Canyon Dam Capital and Fixed
O&M COSES...eeiiiiiiiiieeite e K-61
K.1.7.2  WAPA’s SLCA/IP LTF Obligations and Glen Canyon
Dam Replacement Capacity ........cccccueeeeeeriienieeniienieenieeieene K-61
K.1.7.3  WAPA SLCA/IP Firm Hydropower Capacity ...................... K-62
K.1.7.4  Firm Capacity Curves for LTEMP Power Systems
Analyses for the Peak Month of August ..........cccceveevirienene K-79
K.1.7.5 AURORA Capacity Expansion Reserve Margin Targets
and Capacity AddItions .........cccceeveereeneeienienenieneeeeeneee K-82
K.1.7.6  Dispatch Performed by AURORA Model Capacity
EXpansion RUNS.......cccocciiiiiiieiieeeeeeee e K-86
K.1.7.7 Rationale for the Selection of Hydrology Conditions
Used for Capacity Expansion Runs...........ccccceevieviieniennnene. K-90

XXiii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
K.1.8 Glen Canyon Dam Energy Economic Benefits Methodology................. K-90
K.1.9 Net Present Value Calculations and Study Period Adjustments.............. K-94
K.1.10 Power Systems ReSults ..........cccvuieeiiiiiiiiieiiecieeee e K-96
K.1.10.1 Main Drivers of Differences among Alternatives................... K-97
K.1.10.2 Capacity Expansion Modeling ..........cccceevverveneenenieneeniennne K-101
K.1.10.3 Economic ImMpacts .........ccceeevieeriieeiiieeieeeie e K-108
K.1.10.4 Sensitivity of Results to Exceedance Level ............cccccoeeueee. K-116
K.1.10.5 Sensitivity of Results to Discount Rate.............cceecveeueennnnne. K-121
K.1.10.6 Sensitivity of Results to the Base Capacity Expansion
Path.c.ooceeeceee s K-121
K.1.10.7 Sensitivity of Results to the Assumed Future
Hydrological Conditions ..........ccceeevveeriieeeiieeeieeeiee e K-123
K.1.10.8 Sensitivity of Results to Changes in Ancillary Services......... K-125
K.1.10.9 Sensitivity of Results to Customer Capacity Expansion
ASSUMPLIONS ..ot eiiie et e eteeereeeaeeesareesaeeesseeessseeenseas K-129
K.1.10.10 Summary of Economic Ranking ..........cccccecveviiiiniiniencnnne K-131
K.2  WAPA’s SLCA/IP Firm Electric Service Rate Impacts .........ccccevveviierienieennnne K-131
K.2.1 Relationship between the Economic Impacts of LTEMP
Alternatives and Impacts on SLCA/IP FES Rates........cccccoceverienicnnenne K-133
K.2.2 Temporal Scope of the Analysis and Input Data...........cccceeverieneneen. K-133
K.2.3  SLCA/IP Rate SEttNg .....ccevuieiiieieiieieeiiesieeie et K-134
K.2.4 Calculation of Net Electrical Energy Expense.........ccccceceveeveniicneenennee. K-135
K.2.4.1 SLCA/IP Electrical Production ..........c..cccceevuerieneniieneeniennne K-135
K.2.4.2 Sustainable Hydropower and Available Hydropower
Capacity and ENergy ......c.ccoceeveriiniiniiniinieenicneceeeceeene K-135
K.2.5 Calculation of Capacity Expenses and Total Net Costs...........ccceeveennennne K-139
K.2.6 WAPA Replacement RESOUICES ........ccccueeviiieriiieiiieeciee e K-143
K.2.7 Post-2024 Marketing Period ...........cccoocieniiiiiiiiiieieieeiee e K-144
K.2.8 Power Repayment Studies to Determine Rate Impacts .........cccccecvenenee. K-146
K.2.8.1  PRS EXPENSES...cceiiiiiiiiiiiiiieieiiiee et K-146
K.2.8.2 PRS Revenue Distribution...........cccecceeviienieniieenienieeiieeeenee K-149
K.2.8.3  The SLCA/IP PRS....coiiiiieeeeeeee e K-149
K.2.8.4 Standard PRS Rate-Setting Method Versus the Method
Used in This ANalysis......cccceverieriinienieneenienieneesieeeeseereene K-150
K29 RESUIS ...ttt K-150
K.2.9.1  Pinch-Point Year ........ccoccooiiiniiiiiiiiiieceeceeee e, K-152
K.2.10 Definitions Used in Section K.2 .......ccccoeiiiiiiiiiiniiiieeeee e K-153
K.3 Impacts on Retail Electricity Rates ..........cccceeviieiiiiiiieiiieiiecieeeece e K-154
K.3.1  Analysis APProach........ccccccuiieiiiieiiieciieeeeee e K-154
K.3.1.1 Database of Sales, Rates, and SLCA/IP Allocation for
Retail Utility SyStems.......cccueevvieriieiieriieiieeieeie e K-156
K.3.1.2 Incorporation of Power Systems Analysis and Capital
Recovery Factors........oovuiiiiiiiiiiiiiicicecececceee e K-158

XXiv



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)

K.3.1.3 Inflation Rates, Sales Growth, and Interest Rates from

ELA s K-161
K.3.1.4 Calculation Process for Computing Rate and Bill Impacts..... K-162
K32 RESUIS ..ot et K-167
K.3.2.1 Grid Cost Changes Relative to WAPA Wholesale
REVENUES ..ottt K-168
K.3.2.2 Retail Rate Changes for Individual Systems and
SLCA/IP Power Relative to Total Resources.........c..cccueeueeneee. K-169
K.3.2.3 Using Regression Equations to Approximate Retail
Rate Changes for Systems Not Included in the Database........ K-171
K.3.3  Summary of IMPactS........ccceeeeiieriiiiieieeiieie et K-172
K.3.3.1 Average Rate Impacts under LTEMP Alternatives over
the 20-Year LTEMP Period .......cccoooeviieniiiiiiiiiiee e, K-172
K.3.3.2 Average Year-by-Year Rate Impacts .........ccccceeeuveeiieiiennenne. K-174
K.3.3.3 Individual System Impacts and Summary Descriptions
Of LTEMP AIternatives .......cccueeveeeieeniieeiieniieeieeiee e K-179
K.3.4 TImpacts on Small SyStems ........cccceeviiriiiiniieiiieiieeiie et K-185
K.3.5 Alternative-Specific IMPacts .........cccceeveeeiiieeiiiecieece e K-187
K351 ARErnative A ..oooeeieeieieeeeee e K-187
K.3.52  Alternative B .....oc.ooiiiiiiiiiiiiiieeeee e K-187
K.3.5.3  ARErnative € .....oouiiiiiiiieeeeeee e K-188
K.3.5.4  AIernative D ....ooueieiiiiieieeeee e K-189
K.3.55 Alternative E.....ooovoiiiiiiiiiiiieeeee e K-189
K.3.5.6  Alternative Fu...c.oooiiiiiiii e K-190
K.3.5.7  ARErnative G .....oooueeeeieiiiiiieeieeeee et K-190
K.4  Financial Impacts of LTEMP Alternatives on American Indian Tribes ............... K-190
K.4.1 Contractual Requirements for Calculating and Delivering Benefits
0 TTIDES ..ottt et st K-192
K.4.2 Calculation of Tribal Benefit Baseline under Alternative A
(NO Action AItETNALIVE) .....eeeeiiieciieeeiiieeeiee et e eiteeeve e et e eveeesaeeeeaeeens K-193
K.4.3 Calculation of Change in Tribal Benefit as a Result of LTEMP EIS
ACINALIVES ...ttt ettt et K-193
K.4.4 Impacts on Tribes through a Change in the Retail Rate of the
Electrical Supplier to Tribal Lands.........cccccoceeverieniininniniininicnecee K-194
K.4.5 Calculation of Tribal Impacts for Tribes That Are Direct SLCA/IP
RECIPIENLS....viieieeeiee ettt e e et e e e e e enenes K-195
K.4.6 Total Impact of LTEMP EIS Alternatives: Benefit Change and
RaAte EIFECT ..ot K-196
K.4.7 Total Impact on Tribes and Tribal Members Versus Retail Rate
Changes to HOuseholds.........ccooviviiiiniiniiiiniieccsceccececceee K-202
Ki4.8  CONCIUSIONS ..ottt ettt st saees K-202
K.5 Impacts of LTEMP Alternatives on Lake Mead and the Hoover Dam
POWETPLANT ...ttt et ettt et K-206

XXV



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
K.5.1 Hoover Analysis Methods, Model, and Supporting Data........................ K-209
K.5.2 Hoover Monthly Energy Production and Water-to-Power
CONVETSION ...ttt ettt ettt ettt st sbe et e be e K-210
K.5.3 Hoover Maximum Operational Capacity and Firm Capacity.................. K-213
K.5.4 Economic Value of Hoover Powerplant Energy.........c.ccccceeevienieiciiennnns K-213
K.5.5 Sensitivity of Model Results..........ccccoovveeiiiiiiiiieiieeeeceeeee e K-214
Kl RETETEICES ...ttt ettt ettt e e ens K-215
Attachment K.1:  Geographic Scope of the Analysis..........ccceecvveviieniiiinieniieiecieeeeee K-219
Attachment K.2:  AURORA Western Interconnection Spot Market Energy Prices
AJUSTMENLS ...ttt ettt et saeebeeesbeebeaesbeensaeensaas K-223
Attachment K.3:  Selection of Representative Trace .........c.ccecevieveivienicninienicneeiceeee, K-226
Attachment K.4:  Discounting Procedures...........cccuevieeiiiiiienieeiieiesieeiee e K-244
Attachment K.5:  Forced Outage Scenario Generation for Hydroelectric Power
FaCHITIES ... eutitetietceteei ettt K-247
Attachment K.6:  Forecast of Monthly Peak Loads and Energy by SLCA/IP
Long-Term Firm CuStOmMET..........coovvieiiiieeiiieeieeeieeeiee e eeiee e K-250
Attachment K.7:  Analysis of the Timing of the Peak Load............ccooviiiiiiiiniiniis K-252
Attachment K.8:  Analysis of Capacity Determinations — Comparing Results Using
a Range of Exceedence Levels and Two Summer Peak Months............ K-258
Attachment K.9:  Results of a Survey of Electric Utility Integrated Resource Plans......... K-260
Attachment K.10: Indices Used for Converting Dollars from One Year to Another........... K-270
Attachment K.11: Summary IRP of Capacity Additions in the Joint System and
Surrounding Utility Systems through the End of CY2034..................... K-275
Attachment K.12: Annual SLCA/IP Allocations to American Indian Tribes
and Benefit Information.............ccooieeiiiiiiiiiini e K-277
APPENDIX L: Socioeconomic Technical Information and Analysis.........cccceeeveercnveenenn. L-1
L.1  Recreation ECONOMIC ANALYSES.......cccviviieriiieiieriieeiieniieeieesiieereesveeveesseeneeeennees L-3
L.1.1  Recreation Use Values.........ccccceieviiriiiniiniiiiiniiiecicnecieecsecieeeeeeee L-3
L.1.1.1  Lake Full Utility Model.........cccccociinirniniiniiiiniinieceicee L-4
L.1.1.2  GCRec_ Full Utility Model.........ccceeveriiiiiniieieeieeeeeveene L-5
L.1.2  Recreation Non-Use Values.........ccccecevieniiiiniininiinieniecncseeeceeee L-6
L.1.3  Regional Recreation Economic Impacts.........ccccceeveeriienieniiinienieeene L-10
L.1.4 Estimates of Recreational Economic Impacts...........cccceeveeeiieniincieennnns L-12
L.2  Regional ElectriCity ANAlYSES ......ccccviviiiiiriiiieiiieeciieestee et evee e L-13
L.2.1 Regional Electricity Price IMpacts.........ccccceevuieriiienieniiienieeiienieeieeee L-13
L.2.2 Regional Electricity Generating Capacity Expansion Impacts................ L-15
L.3  Additional Socioeconomic Data...........ccccoieiiriiniiniiiiiniiniecceeeeeeee L-15
L.3.1 Urban Population in the Six-County Region ..........cccceeceevervieniencnncnnen. L-15
L.3.2 Urban Income in the Six-County Region...........c.ccccvevevienienciienieniieennnnnns L-20
L4 REfEIENCES . ..ottt L-21

XXVi



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)

APPENDIX M: Air Quality and Climate Change Technical Information and Analysis ..... M-1
M.1  Analysis MEthOAS .......ccoeiiiiiiiiiieiiicieee ettt ees M-4
M.1.1 System PoOwer Generation...........ccccueeevuveeeiiieeniiieeniieeeiieeeiee e esveeeeeees M-4

M.1.2  SPOt MarKet.....ccuvieeiiieeiie et M-5

M.1.3  Generation TYPE......ccceevuierieeiiieiieeiieeie ettt ettt ettt M-6

M2 RESUILS -ttt sttt ettt et et e b et et e sneeae e M-6
M.2.1 SO2 aNA NOK .cveetieiieieeiieie ettt ettt et te e e eneas M-6

M.2.2  GHG EMISSIONS ..veiutiriieiiiiiniieniteieeiesic ettt st M-8

M.3 RELEIEICES ..cuviiiiiiiieeiieeite ettt ettt et e as M-9

APPENDIX N: Government-to-Government and National Historic Preservation

ACE CONSUITATION ..ottt ettt et e st e e st e et esnteeseesaeean N-1
N.1  Government-to-Government Consultation..............coeceereerierienienieneeneeiesceeenn N-3
N.2  Consultation with the State Historic Preservation Office ............coceeniiniinneenne. N-31
N3 RETEIEICE. ...cueiiiiiiieieeieee ettt sttt et N-31
ATAChMENt NLT oot ettt ettt st N-33
AACAMENE INL2 (..ot sttt e N-75
ATAChMENt IN.3 ..ottt st ettt sbe e st N-137
APPENDIX O: Biological Assessment for the Glen Canyon Dam Long-Term
Experimental and Management Plan .............ccccooiiiiiiiiiniiniicecccce O-1
APPENDIX P: High-Flow Experiment Protocol for the Preferred Alternative ................... P-1
P.1  Decision-MaKing ProCess.........ceevuieiuiiiiiiniieniieiieeie ettt ettt P-3
Poll  Planning .....occoeeoiiiiiiieiieeieeieeeee ettt ettt et e e e ees P-4
o Y, (q T (57 533 VS P-5
P.1.3  Decision and Implementation .............ccceeveeeiiieiieeiiienieeiiesie e P-8
P.2  Operation of Glen Canyon Dam under the HFE Protocol............cccccccenieninnnnnnen. P-9
P.2.1  Potential Operation of Glen Canyon Dam during the Fall
HFE Implementation Window .............coecueiiiiiiiieniiiiieiie e P-10
P.2.2  Potential Operation of Glen Canyon Dam during the Spring
HFE Implementation Window ............cceeeviieeiiieeiiieciee e P-10
P.3  High Flow Experiments to be Evaluated under the Preferred Alternative............ P-11
P.3.1  Sediment-Triggered Spring HFES..........cccccooviiiiiiniiiiieieeceeeee, P-11
P.3.2  Proactive Spring HFES.......cccoooiiiiiieee e P-12
P.3.3  Sediment-Triggered Fall HFES .......c.cccccoviiniiiiniiniiiieccececee P-13
P.3.4 Extended-Duration Fall HFES.........ccccoocoviiiiiiiiiniineecccceee e P-13
REFERENCES ... .ottt ettt ettt ettt ente et e sneenaeeneas P-14

APPENDIX Q: Responses to Public Comments on the Glen Canyon Dam Long-Term
Experimental and Management Plan Draft Environmental Impact Statement................ Q-1

XXVil



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

FIGURES

1-1 Generalized Locations of Glen Canyon Dam, Lake Powell, the Colorado

River between Lake Powell and Lake Mead, and Adjacent Lands ......................... 1-5
1-2 Glen Canyon Dam..........coeiiiiiiiiiiiiieee e e 1-6
1-3 Map of the Colorado River between Lake Powell and Lake Mead......................... 1-20
1-4 Indian Reservations within or Adjacent to the LTEMP EIS Project Area............... 1-25
2-1 Mean, Minimum, and Maximum Daily Flows under Alternative A in an

8.23-maf Year Based on Values Presented in Table 2-3 .........ccccoociiiiiiiienieeienne, 2-18
2-2 Simulated Hourly Flows under Alternative A in an 8.23-maf Year..........c..ccccceu. 2-18
2-3 Simulated Hourly Flows under Alternative A for a Week in July in an

8.23-maf Year Showing Typically Lower Weekend Flows ........c..cccceeveniininnnenen. 2-19
2-4 Mean, Minimum, and Maximum Daily Flows under Alternative B in an

8.23-maf Year Based on Values Presented in Table 2-4 ..........ccccvveeiiieicieeecieeenen. 2-21
2-5 Simulated Hourly Flows under Alternative B in an 8.23-maf Year ........................ 2-22

2-6 Simulated Hourly Flows under Alternative B for a Week in July in an

8.23-maf Year Showing Typically Lower Weekend FIOWS ........c.cccccvvveeviieniennnnee. 2-22
2-7 Example Mean, Minimum, and Maximum Daily Flows for a Hydropower

Improvement Experiment under Alternative B in an 8.23-maf Year ...................... 2-24
2-8 Simulated Hourly Flows for a Hydropower Improvement Experiment under

Alternative B in an 8.23-maf Year........cccooeviiiiiiiniiniiieecceeee 2-24
2-9 Simulated Hourly Flows for a Hydropower Improvement Experiment under

Alternative B for a Week in July in an 8.23-maf Year.........ccccceevriiiiiieeiiieeiees 2-25

2-10 Mean, Minimum, and Maximum Daily Flows under Base Operations of
Alternative C in an 8.23-maf Year Based on the Values Presented in Table 2-5.... 2-26

2-11  Simulated Hourly Flows under Alternative C in an 8.23-maf Year ..........ccceeueeee. 2-28

2-12 Simulated Hourly Flows under Alternative C for a Week in July in an
8.23-maf Year Showing Typically Lower Weekend FIOws ........c.ccccceeviinieninnnnnne. 2-28

2-13 Decision Tree for Sediment-Related Actions under Alternative C..........eeeeeeeeeee... 2-29

XXVIii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
FIGURES (Cont.)

2-14  Decision Tree for Humpback Chub-Related Actions under Alternative C ............. 2-30
2-15  Example Implementation of a Two-Cycle TMF in June and July with

Resumption of Normal Fluctuations between Cycles and Afterward ..................... 2-40
2-16  Mean, Minimum, and Maximum Daily Flows under Triggered Low Summer

Flows of Alternative C in an 8.23-maf Year Based on the Values Presented in

TADIE 276 .. ettt 2-42
2-17  Mean, Minimum, and Maximum Daily Flows under Alternative D in an

8.23-maf Year Based on Values Presented in Table 2-8 ...........ccccovveiiiiiiiniienenne. 2-45
2-18  Simulated Hourly Flows under Alternative D in an 8.23-maf Year..........cccc.ce... 2-47
2-19  Simulated Hourly Flows under Alternative D for a Week in July in an

8.23-maf Year Showing Typically Lower Weekend Flows ........c..cccceeveniininnnenen. 2-47
2-20  Decision Tree for Implementation of Sediment-Related Experimental

Treatments under AIternative D.........ccccooeiiiiiiiiiiiie e 2-55
2-21  Decision Tree for Implementation of Aquatic Resource-Related Experimental

Treatments under AIternative D..........cccooeiiiiiiiiiiiie e 2-56
2-22  Mean, Minimum, and Maximum Daily Flows under Triggered Low Summer

Flows of Alternative D in an 8.23-maf Year Based on the Values Presented in

TADIE 2-10 .ttt e 2-69
2-23 Mean, Minimum, and Maximum Daily Flows under Alternative E in an

8.23-maf Year Based on the Values Presented in Table 2-11 ..........ccceeiieiiennnnn 2-74
2-24  Simulated Hourly Flows under Alternative E in an 8.23-maf Year.........c..ccccceueenee. 2-74
2-25  Simulated Hourly Flows under Alternative E for a Week in July in an

8.23-maf Year Showing Typically Lower Weekend Flows ..........cccccevieniininenne. 2-75
2-26  Decision Tree for Sediment-Related Actions under Alternative E ...................c.... 2-76
2-27  Decision Tree for Trout-Related Actions under Alternative E............c.cccceeeiienennn. 2-77
2-28  Mean, Minimum, and Maximum Daily Flows under Base Operations of

Alternative F in an 8.23-maf Year Based on the Values Presented in

TADLE 2-12 ..ttt ettt ettt 2-82

XXX



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
FIGURES (Cont.)

2-29  Mean, Minimum, and Maximum Daily Flows under Alternative G in an

8.23-maf Year Based on Values Presented in Table 2-13 .........cccoceeviiiniencnnennn. 2-83
3.1-1 LTEMP Project Area and Surrounding Lands..........cccccoceeveiviniinininiinenicneens 3-2
3.2-1 Map of Lake Powell and Associated Major Tributaries ...........ccceeeevveeecueeenveeennnenne 3-8
3.2-2  Pattern of Annual Historic Flows at Lees Ferry .........ccoovvviiniiiniiniieieieeieee, 3-12
3.2-3  Map of Lake Mead and Associated Major Tributaries ..........ccccoeveeveieiiieneeeieennen. 3-13
3.2-4  Profile of Lake Powell from Glen Canyon Dam to the Inflow of the Colorado

RIVET .ttt ettt et e st e bt e st e e bt e snteeseesateas 3-16
3.2-5  Water Temperature at Lees Ferry .......ooovviiiiiiiiiiiiiie e 3-18
3.2-6  Water Temperatures at Four Stations along the Colorado River from

Lees Ferry to Diamond Creek, 1995-2014..........cooiieeiiiiiieeeeeecee e 3-21
3.2-7  Mid-June Warming above Release Temperatures Measured at Diamond

Creek, 1994-2004, as a Function of Mean Weekly Discharge...........c.cccccvveennennnne. 3-22
3.3-1  Geomorphic Features of the Colorado RiVer..........c.ccccevvviieniiiiiiiniieiieieeeee, 3-36
3.3-2  Schematic Diagram of the Fan-Eddy Complex on the Colorado River................... 3-38
3.3-3  River Cross Section Depicting Sediment Entrapment and Sandbar Building ......... 3-38
3.3-4  Aeolian and Fluvial Sand Deposits along the Colorado River ............ccccceevuveennennee. 3-40
3.3-5  Debris Fans and Variation in Water-Surface Elevation and Channel Width for

Colorado River Flows below Glen Canyon Dam ...........cccceevievieeiiienieeieeie e, 3-42
3.3-6  Comparison of Sandbars Used as Campsites, based on Inventories Conducted

1N 1973, 1983, and 19971 ....coiiiiieee s 3-42
3.3-7  Repeated Photography Illustrating Sediment Losses and Sandbar Changes

along the Colorado RIVET .........ociiiiiiiiiiiieiecieee ettt 3-44
3.3-8  Annual Sediment Contributions from the Paria and Little Colorado Rivers........... 3-49
3.3-9  Matched Photographs of RM 172 Illustrating Positive Depositional Response

t0 the 2008 HFE ......ociiiiiiieiecieeee ettt 3-52

XXX



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

3.3-10

3.3-11

3.3-12

3.5-1

3.5-2

3.5-3

3.5-4

3.5-5

3.5-6

3.5-7

3.6-1

3.7-1

3.7-2

3.8-1

3.8-2

FIGURES (Cont.)

Conceptual Diagram of the Dependency between Net Sandbar Size, Duration
and Frequency of HFEs, and Post-HFE Erosion Rates.........c.cccoceviriiniininiennenne. 3-54

Average Campsite Area above the References Stage: before, after, and
6 Months following the 2008 HFE .........ccccccooiiiiiiiiiiieeeeeeeeeee e 3-55

Longitudinal Profiles of the Mainstem Colorado Riverbed Upstream of the
Hoover Dam in 1935, 1948, 1963, and 2001 ..........c.ccoceeiiieiiiiiiiiiiencneeeeceeeee 3-57

Temperature Ranges for Spawning, Egg Incubation, and Growth by Native
and Nonnative Fishes of the Colorado River System below Glen Canyon Dam .... 3-71

Humpback Chub Aggregation Areas along the Colorado River between Glen
Canyon Dam and Lake Mead...........cccueviiieniiiiiiiniiiiieieeieeee et 3-74

Estimated Adult Humpback Chub Abundance from Age-Structured Mark-
Recapture Model Incorporating Uncertainty in Assignment of Age..........ccceeueeee. 3-75

Estimated Total Adult Abundance of Humpback Chub in the Lower 8 mi
of the Little Colorado River and a 2-mi Portion of the Colorado River Just

Downriver of the Confluence of the Little Colorado and Colorado Rivers, for
September, 2009 through 2012 ........cciiiiiiiiiiiee e 3-76

Water Temperatures at Lees Ferry and the Little Colorado River Confluence,
1995 10 PIrESENL......ueiiiieeiiiee ettt e e et e e ettt e e e e tte e e e enaaeeeesnssaeeeennaeeeennnns 3-81

Mean Electrofishing Catch Rates of Rainbow Trout in the Glen Canyon
Reach, 1991-2013......oi ettt ettt ettt e s e e eneees 3-96

Mean Electrofishing Catch Rates of Brown Trout in the Colorado River
between Lees Ferry and Lake Mead, 20002000 ..........cccoeiiieniieiieniiiienieeeeee. 3-99

Riparian Vegetation Zones along the Colorado River below Glen Canyon Dam ... 3-114

Riparian Zones Used by Nesting Birds...........ccccceeviieiieniiieiieniieiecieeeeceeiee e 3-124
Threatened, Endangered, and Sensitive Species Observed along the Colorado

RIVET COITIAOT ...ttt st 3-135
Spencer SteaAmMDOAL .........cc.eviiriiiiiiieeeet e 3-148
A Roasting Pit Feature in a Grand Canyon DUune...........ccccoceeecivieeiiienciee e 3-148

XXX



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

3.8-3

3.8-4

3.8-5

3.8-6

3.10-1

3.10-2

3.10-3

3.10-4

3.10-5

3.10-6

3.10-7

3.10-8

3.10-9

FIGURES (Cont.)

An Archaic Period Site on the Colorado River in GCNP..........ccccooiiiiiiiiininnen. 3-151
Glen Canyon Linear Style Petroglyph in GCNRA .........cccoieiiiiiiieeceeeee e 3-151
Puebloan Era Architecture along the Colorado River in GCNP...........ccccecuvviennne 3-152
Lees Ferry and Lonely Dell Ranch Historic District Located in GCNRA .............. 3-155
Glen Canyon Reach Rainbow Trout ..........c.ceecvieeiiieeiiieciieeieccee e 3-170
Mean Rainbow Trout Catch Per Unit Effort of Both Boat Anglers and Shore-

Line Anglers from Creel Surveys at Lees Ferry ......coovvvvviviiieiiiincieecieeeie e 3-171
Fishing User Days by Month in the Glen Canyon Reach for 2006 and 20009.......... 3-172
Angler Days in the Glen Canyon Reach from 1965 through 2011...........ccccceeneee 3-173
Designated Campsite Areas in the Glen Canyon Reach............ccccooeeevvieniiennennne. 3-175

Shoreline Environment with Steep Erosion Banks at Glen Canyon Reach

Ferry Swale Campsite .......cccueiiiiieeiiieeiieeeiee ettt rre e e svee e seaeeennee e 3-176
Pontoon Raft Operated by Colorado River DiSCOVery........cccoeevierierciieniieeiieireenen. 3-176
Boating in Grand Canyon, Anticipated Annual Use by Month ............c.ccceneenee 3-179

Change in Camp Size over Time in the Lees Ferry to Diamond Creek Reach
OF GONP ...t ettt et ettt et e et e b e saae e 3-181

3.10-10 Total High-Elevation Campsite Area for Each Survey between 1998 and 2006 .... 3-182

3.10-11 High-Elevation Campsite Area in Critical and Noncritical Reaches between

3.12-1

3.12-2

3.12-3

3.12-4

1998 aNd 2000........eeeiieieeieeieeeeee ettt st ne e ns 3-182
Glen Canyon Viewed from the Colorado RIVeTr ..........ccccevciieiiiiiiiiniiciieiecieee 3-194
HOrseShoe Bend ........cooouviiiiiiicieieee e e e 3-194

Typical View of the Colorado River and Grand Canyon Afforded
Recreationists on @ RIVET TTIP ..ooveeuiiiiiiiieiiieiee e 3-196

Colorado River and Granaries at Nankoweap..........ccccveerereeiieeeiieeciieeeiee e 3-196

XXXi1



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
FIGURES (Cont.)

3.12-5 Entrance to Havasu Canyon.......c.ccccovvieiieriiiiiienieeiieieeecseeeieesee e 3-197
3.12-6  Vasey’s ParadiSe .....ccuieeiuiiiiiiiiiiie ettt e 3-197
3.14-1 Minority Population Groups in the 11-County Area ........c.cccocevveereeneeienienenneennen. 3-219
3.14-2 Low-Income Population Groups in the 11-County Area.........ccccoeeeeveeviervenennuennen. 3-220
3.15-1 Nonattainment Areas for SO5, 8-Hour O3, PM> 5, PMj¢, and Pb in the

TT-SEALE ATCA ettt ettt ettt e st e s bteesabe e 3-233
3.15-2 PSD Class I Areas in the 11-State Affected Area.........ccoeoeeriiiiiiiiiiniiiiienieee 3-235
3.16-1 Historical Supply and Use and Projected Future Colorado River Basin Water

Supply and Demand............ooooviieeiiiiiiiieee e e 3-238
4-1 Integrated Multiple-Resource Modeling Framework Showing Inputs,

Intermediate Calculations, and OULPUL ..........cccevieiiieeiiiecieeee e 4-3
4-2 Example Box-and-Whisker Plot for Alternatives and Their Resource Metric

VAALUES ..ttt et sttt et et 4-6
4.2-1  Monthly Releases under Each Alternative in Years with Different Annual

Release VOIUMES........ooiuiiiiiiiieiieee e 4-22
4.2-2  Mean Monthly Volume under the LTEMP Alternatives Showing the Mean,

Median, 75th Percentile, 25th Percentile, Minimum, and Maximum Values for

21 Hydrology Scenarios and Three Sediment Scenarios..........coceeeeevereenienuenneenne. 4-24
4.2-3  Mean Daily Flows by Month under the LTEMP Alternatives Showing the

Mean, Median, 75th Percentile, 25th Percentile, Minimum, and Maximum

Values for 21 Hydrology Scenarios and Three Sediment Scenarios ............c..c....... 4-27
4.2-4  Mean Daily Change in Flows by Month under the LTEMP Alternatives

Showing the Mean, Median, 75th Percentile, 25th Percentile, Minimum, and

Maximum Values for 21 Hydrology Scenarios and Three Sediment Scenarios...... 4-29
4.2-5  Lake Powell and Lake Mead End of Calendar Year Pool Elevation for

21 Hydrology Traces and Seven AIternatives ..........cccccveeeeieeercieeenieeenieeesieeesiee s 4-32
4.2-6  Percentage of Traces below Lake Powell’s Minimum Power Pool and

Percentage of Traces with a Lower Basin Shortage for 21 Hydrology Traces

and Seven AIETNALIVES .......cocuiiiuieiiieiie ettt ettt ettt seeeaee e 4-33

XXXI11



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

4.2-7

4.2-8

4.2-9

4.2-10

4.2-11

4.2-12

4.2-13

4.2-14

4.3-1

4.3-2

4.3-3

4.3-4

4.3-5

4.3-6

4.3-7

4.4-1

FIGURES (Cont.)

Percentage of Time in Different Operating Tier than Alternative...........ccccoeenenee. 4-34

Frequency of Lake Powell Operating Tiers from 2014 to 2026 under Each of

the Alternatives for 21 Hydrologic Traces..........coccceevieriiiiieniienieeieeeeeeeee e 4-35
Frequency of Lake Powell Operating Tiers from 2027 to 2033 under Each of

the Alternatives for 21 Hydrologic Traces..........coccceevieriiiiieniienieeieeeeeeeee e 4-36
Frequency of Occurrence of Modeled Annual Releases Extending Beyond the

Water Year per 20-Year Trace for Each of the Alternatives ..........c.ccoceeviiennenen. 4-37
Comparison of Mean Water Temperatures for Representative Wetter,

Moderate, and Drier Hydrology Traces for Glen Canyon Dam Releases ............... 4-39
Seasonal Glen Canyon Dam Release Temperatures for LTEMP Alternatives........ 4-40
Seasonal Temperature Trends under the Seven LTEMP Alternatives .................... 4-42

Projected Mean Salinity Concentrations under the LTEMP Alternatives at

LLEES FOITY .ttt ettt sttt e et e e e e 4-46
Conceptual Depiction of the Sand Load IndeX ..........coceveinieiiinicniniinicniicicneene, 4-67
Conceptual Depiction of the Sand Mass Balance Model.............ccccccevvveeiiiennnnnee. 4-68

Variation in Lake Powell Pool Elevation Relative to Full for 21 Hydrology
Traces and Seven AIErNatiVES.........ooiuiiiiieiiiiiiieie et 4-75

Variation in Lake Mead Pool Elevation Relative to Full for 21 Hydrology
Traces and Seven AIErNAtiVES.........ooiuiiiiiaiiiiiiiiie et 4-76

Number and Type of HFEs Expected to Occur during the 20-Year LTEMP
Period under the Seven AIternatives.........c.ccecveveeriiriiiniiniiiinieeecneeceeeeee 4-77

Sand Load Index Values for the 20-Year LTEMP Period under the Seven
ATLEIMIALIVES . oo et e e e e e e e e e e e e e e e e e e eee e e aaeeeeenenannns 4-78

Sand Mass Balance Index Values for the 20-Year LTEMP Period under the
SEVEN ALETNIATIVES ...ceeeeeeeee et e e e e e et e e e e e e e e e eeeae e aeaeeeeeeeeaeenaaens 4-79

Anticipated Relationships among Dam Releases, Physical Conditions,
Habitats, and Ecological Resources in the Colorado River Ecosystem................... 4-89

XXXTV



Glen Canyon Dam Long-Term Experimental and Management Plan

Final Environmental Impact Statement

4.5-1

4.5-2

4.5-3

4.5-4

4.5-5

4.5-6

4.5-7

4.5-8

4.5-9

4.5-10

4.6-1

FIGURES (Cont.)

Modeled Average Population Size of Age-1 and Older Rainbow Trout in the
Glen Canyon Reach during the 20-Year LTEMP Period under the LTEMP
Alternatives Showing the Mean, Median, 75th Percentile, 25th Percentile,
Minimum, and Maximum Values for 21 Hydrology Scenarios .......c..cccccecueveennenne

Modeled Annual Average Number of Rainbow Trout Emigrating into the
Marble Canyon Reach from the Glen Canyon Reach during the 20-Year
LTEMP Period under the LTEMP AIternatives .........cccceeevveveenienienienenieneenienns

Modeled Mean Annual Number of Rainbow Trout in the Glen Canyon Reach
Exceeding 16 in. Total Length during 20-Year Simulation Periods under the
LTEMP ALEINAtIVES ...c..eetiiniiiiiiniieiietenieee ettt ettt

Modeled Mean Annual Temperature Suitability for Rainbow and Brown Trout
under LTEMP Alternatives at Four Locations Downstream of Glen Canyon

Modeled Mean Annual Temperature Suitability for Warmwater Nonnative
Fish under LTEMP Alternatives at Four Locations Downstream of Glen
L7111 70) 1 B D 11 1 RSO T T PPRPRPR

Mean Annual Mainstem Temperature Suitability for Humpback Chub under
LTEMP Alternatives at Reported Aggregation Locations and Combined
Temperature Suitability for RM 157 and RM 213 Locations..........cccceeeevveeeeveennee.

Mean Modeled Total Length Attained by December 31 for YOY Humpback
Chub Based on Predicted Mainstem Water Temperatures at the Little
Colorado River Confluence and at Pumpkin Spring under Each Alternative..........

Modeled Minimum Population Size for Humpback Chub during the 20-Year
LTEMP Period under LTEMP AIternatives ..........ccceeeeuiieeiiieeeiiieeiie e eevee e

Modeled Mean Annual Temperature Suitability for Native Fish under LTEMP
Alternatives at Four Locations Downstream of Glen Canyon Dam........................

Overall Modeled Mean Annual Temperature Suitability under LTEMP
Alternatives for Aquatic Fish Parasites at Four Locations Downstream of

Glen Canyon Dam..........cociiiiiiiiieiiieiiecie ettt

Dominant Factors Affecting Riparian Plant Communities below Glen Canyon

XXXV

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

4.6-2

4.6-3

4.6-4

4.8-1

4.8-2

4.10-1

4.13-1

4.13-2

4.13-3

4.15-1

4.16-1

4.16-2

4.16-3

D-1

D-2

FIGURES (Cont.)

Comparison among Alternatives for Four Riparian Vegetation Metrics as

Predicted by a Vegetation Model...........cccooeeiiiiiiieiiiiniiiiieieeeee e 4-178
Comparison among Alternatives for Combined Riparian Vegetation Metrics as
Predicted by a Vegetation Model...........cccoeeiiieiiiiiiiinieiieeieeeee e 4-179
Comparison among Alternatives for Wetland Cover as Predicted by a

Vegetation MOAEL.........ooviiiiiiiieiiecie ettt e 4-187
Number of Days per Year Flows Would Be >23,200 cfs under LTEMP

ARETNATIVES ...ttt sttt sttt 4-243
Wind Transport of Sediment Index Values for LTEMP Alternatives...................... 4-245
Recreation, Visitor Use, and Experience Metric Results for LTEMP

ALETNALIVES ...ttt ettt et e st e et e st e e bt et eeabeesbeeenbeeseeenneas 4-288
Flow Diagram of the Power Systems Methodology Used in the LTEMP EIS........ 4-326
Average Daily Glen Canyon Dam Generation under Representative

Hydrological Conditions under LTEMP Alternatives ..........ccccceeeevveeniieencieeenneeens 4-341
Total NPV of Hoover Powerplant Energy over a 20-Year Period under

LTEMP AILEINAtIVES ...c..eeviiniiiiiiniieiietesitee ettt ettt sttt 4-352
Annual Power Generation by Alternative over the 20-Year LTEMP Period........... 4-407

Weights Used To Reflect the Expected Frequency of Hydrologic Conditions
under Clmate Change...........ocviecuieiiiiiiieiieeieeeie ettt et enees 4-415

Mean Annual Inflow Showing the Mean, Median, 75th Percentile,

25th Percentile, Minimum, and Maximum Values for 112 Climate-Change

Inflow Traces and 21 Historic Inflow Traces ..........ccocuveeeeciiiiieeiiiieeeeiee e 4-416
Differences between Historic and Climate-Change-Weighted Values of Mean

Daily Flow and Mean Daily Change in Flow by Month for LTEMP

ACINALIVES ...ttt e et e e e ettt e e e et e e e e eetaeeeeenseeeeeenaeeeans 4-420

Operating Tiers as Specified by the 2007 Interim Guidelines for the
Operations of Lake Powell and Lake Mead...........cccccoceviiiiniiniininniniiiccicene, D-7

Monthly Releases for Each Alternative in an 8.23-maf Release Year..................... D-21

XXXVi



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
FIGURES (Cont.)

D-3 Locations of CRSS 29 Natural FIow NOAES ........cceevieiiiieiiieiienieeiieieeieeee e D-24
D-4 Comparison of CRSS Results Generated Using 105 Traces and 21 Traces for

Lake Powell Annual Inflow, Lake Powell Water-Year Release Volume, and

Lake Powell Monthly Release Volume ............ccoocuieiiiiiieiieniieicceeecee e D-25
D-5 Comparison of CRSS Results Generated Using 105 Traces and 21 Traces for

Lake Powell End-of-December Water Elevations at the 10th, 50th, and

O0th PerCentiles ........eeiiiiiiiiiieiieee ettt ettt et e D-25
D-6 Occurrences of Low Summer Flows in Applicable Alternatives ............c.ccceeneene. D-28
D-7 Frequency of Occurrence of Modeled Annual Releases Extending beyond the

End of the Water Year per 20-yr Trace for Each of the Alternatives....................... D-29
D-8 Median Volume of Modeled Annual Releases Extending beyond the End of

the Water-Year Releases by Trace for Each of the Alternatives ...........cccceveennene D-30
D-9 Lake Powell and Lake Mead End-of-December Pool Elevation for

21 Hydrology Traces under Alternatives A and B.........c.ccooceeviniininiiniininiceee, D-30
D-10  Lake Powell and Lake Mead End-of-December Pool Elevation for

21 Hydrology Traces under Alternatives A and C.........cccooeevienienerieneenenieneene, D-31
D-11  Lake Powell and Lake Mead End-of-December Pool Elevation for

21 Hydrology Traces under Alternatives A and D ........ccccooeevenieniniinienenienenee, D-31
D-12  Lake Powell and Lake Mead End-of-December Pool Elevation for

21 Hydrology Traces under Alternatives A and E..........ccccooevieiiiiiniininiiinieee D-32
D-13  Lake Powell and Lake Mead End-of-December Pool Elevation for

21 Hydrology Traces under Alternatives A and F.........ccccoooevviniininiiniininienee, D-32
D-14  Lake Powell and Lake Mead End-of-December Pool Elevation for

21 Hydrology Traces under Alternatives A and G ........ccccoeeevverieneniienienenieeeene, D-33
D-15  Percentage of Traces below Lake Powell’s Minimum Power Pool and

Percentage of Traces with a Lower Basin Shortage for 21 Hydrology Traces

under Alternatives A and Bo..........cooiiiiiiiii e D-33
D-16  Percentage of Traces below Lake Powell’s Minimum Power Pool and

Percentage of Traces with a Lower Basin Shortage for 21 Hydrology Traces

under Alternatives A and C........ccooiiiiiiiiiiieiee e D-34

XXXVIl



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

D-17

D-18

D-19

D-20

E-2

E-3

E-4

E-5

E-9

E-10

FIGURES (Cont.)

Percentage of Traces below Lake Powell’s Minimum Power and Percentage of
Traces with a Lower Basin Shortage for 21 Hydrology Traces under
Alternatives A and D ......coooiiiiiiiiiii e D-34

Percentage of Traces below Lake Powell’s Minimum Power Pool and

Percentage of Traces with a Lower Basin Shortage for 21 Hydrology Traces

under Alternatives A and E..........coooiiiiiiii e D-35
Percentage of Traces below Lake Powell’s Minimum Power Pool and

Percentage of Traces with a Lower Basin Shortage for 21 Hydrology Traces

under Alternatives A and F.........ooioiiiiiiiiiie e D-35
Percentage of Traces below Lake Powell’s Minimum Power Pool and

Percentage of Traces with a Lower Basin Shortage for 21 Hydrology Traces

under Alternatives A and G .......cc.oooiiiiiiiiiiiie e D-36

Comparison of Calendar, Water, and Sediment Years .........ccccceeeverieneenienieneenne. E-20

Model Flow Diagram for Analyses Showing Inputs, Intermediate
Calculations, and OULPUL..........ccuieiiieriieiiieiieeie ettt ettt saeeaee e E-21

Conceptual Schematic of the Sand Budget Model............ccccooerviniiniiiinininn. E-22

Historical Paria Sediment Load per Accounting Period and the 20.5-year Load
for the Trace That Begins in Each Fall Accounting Period...........cccoooeeniiiiinnen. E-22

Sediment Traces s1, s2, and s3 for the Paria River Used in the Modeling to
Account for Uncertainty in Future DeliVery ........ccccooeeveriiiniininiiniiceicecieee E-23

Little Colorado River Sediment Traces for s1, s2, and s3 Used in the
Modeling to Account for Uncertainty in Future Delivery ........cccoceeveniinennicnnenne. E-23

Conceptual Representation of the Sand Mass Balance IndeX............cccccecvveennennee. E-24

Average Sediment and Hydrology Triggered HFE Count by Type for Each
LoNG-Term STrateEY .....ccccuviieeiiiiieeeriiiee et ettt e et e e e et e e e e e e e e saaeeessnsaeeeennns E-24

Average HFE Count for Sediment Traces s1, s2, and s3 for Each Long-Term
0 e 115 o PSPPSR E-25

Definition of the Statistics Represented by the Box and Whisker Plots Used in
ThiS ANALYSIS 1..uviieeiiieeiieeciee ettt e st e et e e e e e b e e saaeeensaeeensneennnes E-25

XXXVIii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

E-13

E-14

E-15

E-16

E-17

E-18

E-19

E-20

E-21

E-22

E-23

E-24

E-25

E-26

E-27

E-28

E-29

FIGURES (Cont.)

Sand Load Index Statistics from 63 Simulations for Each Long-Term Strategy..... E-26

Standard Deviation of High Flows Statistics from 63 Simulations for Each
Long-Term Strate@y ........ccccueeriiriiiiienieeeeee ettt E-26

Correlation between SDHF and SLI.....ooovemmnieieieeeeeeee e E-27

Sand Mass Balance Index Statistics from 63 Simulations for Each Long-Term

0 ¢ 115 o RS PRPRP E-27
Correlation between SMBI and SLI ..........ccccocooiiiiiiiiiiiiiieeccccene E-28
Sand Load Index for Long-Term Strategies Using Climate Change Weights......... E-28
Comparison of the Sand Load Index between Climate Change and Historical

WRIZILS ..ttt ettt ettt e et e bt e et e e bt e s nbeebeeenteens E-29
Standard Deviation of High Flows Using Climate Change Weights....................... E-29
Comparison of the Standard Deviation of High Flows between Climate

Change and Historical Weights ..........cccoeeiiiieiiiiiiiecieceee e E-30
Sand Mass Balance Index Using Climate Change Weights ............ccccceviieiiennennne. E-30
Comparison of the Sand Mass Balance Index between Climate Change and

HisStorical WeIghES .....coouiieiiiiiieiiee ettt e E-31
Comparison of Long-Term Strategies C1 and C2 for Hydrology Trace 1,

Sediment TIACE 3 ....cc.oouiiiiiiiieieeeee et E-31
SMBI for Alternative E Plotted against Alternative C .........ccccocevieniincnicnennennne. E-32
SLI for Alternative E Plotted against Alternative C ..........cccccvveveveencieenciieeieeeee. E-32
Load-Following Curtailment Effects on SLI and SMBI...........ccccoceniiiiniinnnnnn E-33
Low Summer Flows for WY 2014, Hydrology Trace 1, Sediment Trace 1............ E-34
Hydrology Impacts on the Sand Load Index .........cccceeviieeiiienciiieieecee e E-35
Hydrology Impacts on the Sand Mass Balance IndeX ...........cccceveevieniiniiiiinienenne E-35
Conceptual Diagram of Water Surface Elevation Affecting Delta Location........... E-36

XXXIX



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

E-30

E-31

E-32

F-1

F-2

F-3

F-4

F-5

F-9

F-10

FIGURES (Cont.)

Historical Cumulative Sand Load Leaving Marble Canyon and Reaching the
Gage above Diamond Creek .........cooviiiiiiiiiiiieiiiciee e E-36

Hydrology Impacts of Lake Powell Pool Elevations by Month across
ARETNATIVES «..cniniiieiieiieitet sttt sttt sttt E-37

Hydrology Impacts of Lake Mead Pool Elevations by Month across
ARETNATIVES ...ttt sttt s sttt E-37

Fit of Regressions Predicting the Log of Recruitment of Rainbow Trout in the
Glen Canyon Reach Estimated by the Korman et al. Stock Synthesis Model as
a Function of the Annual Release Volume from Glen Canyon Dam, the Range
of Mean Daily Flows during May—August, and the Maximum Flow Each Year.... F-31

Relationship between Annual Estimates of the Asymptotic Length of Rainbow
Trout in Lees Ferry Predicted by the Stock Synthesis Model as a Function of
the Estimated Abundance for Fish >150 mm Each Year.......c..ccccoceniininiinienenne F-32

The Relationship between Annual Recruitment of Rainbow Trout in Lees Ferry
Estimated by the Korman et al. Stock Synthesis Model and the Number of

Trout That Emigrate from Lees Ferry into Marble Canyon the Following Year.... F-35
Fit of the Glen Canyon Rainbow Trout Simulation Model to Predictions of

Recruitment, Asymptotic Length, and the Number of Out-migrants Predicted

by the Korman et al. Stock Synthesis Model...........ccccooiiviriiniininiiniiiiiciicnee F-37
Predicted and Observed Annual Catch of Rainbow Trout by Year and River

Best-Fitting Distributions Describing Monthly Movement of Rainbow Trout in

Marble Canyon Assuming Either a Normal or Cauchy Distribution....................... F-43

Visual Summary of Humpback Chub Population Model Structure......................... F-44

Modeled Effects of Trout Abundance and Temperature on Humpback Chub
Survival and Growth .........c..cociiiiiiiiiiiee e F-48

Simulated Adult Abundances from Backcasted Model Compared to Patterns
Reported in Coggins and Walters ..........coocveiiiiiieiiieeieeeeeeeee e e F-51

Modeled Average Population Size of Age-1 and Older Rainbow Trout in the

Glen Canyon Reach during the 20-year LTEMP Period under LTEMP
Alternatives and Long-Term Strategies ........ccceveevuiriireeneniieneenieeieeeeseceeeeniene F-54

xl



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

F-12

F-13

F-14

F-15

F-16

F-17

F-18

F-19

F-20

F-21

FIGURES (Cont.)

Modeled Mean Annual Number of Rainbow Trout in the Glen Canyon Reach
Exceeding 16 in. Total Length during the 20-year LTEMP Period under the
LTEMP Alternatives and Long-Term Strate€@ies........cccveevvreerereeeieeeeniieeeieeesveeenns F-55

Relationship between Modeled Mean Rainbow Trout Abundance in the

Glen Canyon Reach and the Mean Number of Rainbow Trout Exceeding

16 in. Total Length during the 20-year LTEMP Period under the LTEMP

Alternatives and Long-Term Strat@@ies ........c..cccveerueerieeiiienieeieeieeieeniee e eniee e F-56

Modeled Mean Annual Angler Catch Rate for Rainbow Trout in the Glen
Canyon Reach during the 20-year LTEMP Period under the LTEMP
Alternatives and Long-Term Strate€@ies ........ccecureeriieriiiieniieeeiee e eeieeesveeevee e F-57

Relationship between Modeled Mean Rainbow Trout Abundance in the Glen
Canyon Reach and Mean Angler Catch Rates during the 20-year LTEMP
Period under the LTEMP Alternatives and Long-Term Strategies..........c.ccccceeunee.e. F-58

Modeled Annual Average Number of Rainbow Trout Emigrating into the
Marble Canyon Reach from the Glen Canyon Reach during the 20-year
LTEMP Period under the LTEMP Alternatives and Long-Term Strategies ........... F-59

Modeled Frequency of Triggered Mechanical Removal for Rainbow Trout in
the Little Colorado River Reach during the 20-year LTEMP Period under the
LTEMP Alternatives and Long-Term Strate€@ies........ccccveevvreeiereeeiieeeniieeeieeerveeenns F-61

Modeled Minimum Population Size for Humpback Chub during the 20-year
LTEMP Period under the LTEMP Alternatives and Long-Term Strategies ........... F-62

Relationship between Modeled Mean Numbers of Rainbow Trout Out-migrants

from the Glen Canyon Reach and the Modeled Mean Minimum Abundance of

Adult Humpback Chub during the 20-year LTEMP Period under the LTEMP
Alternatives and Long-Term Strat@@ies ...........cccveevuierieriiienieeieeniieeieesiee e eseee e F-63

Suitability for Spawning, Egg Incubation, and Growth of Humpback Chub as
a Function of Water TempPerature ...........ccoeveeeiierieiiiieniie ettt F-68

Months for Which Annual Temperature Suitability for Specific Life History
Aspects of Humpback Chub Were Calculated............ccoovvieiieniiieniiniiiieeieeeee, F-68

Modeled Historic Water Temperatures in the Colorado River at Humpback
Chub Aggregation Locations, Water Years 19902012 ........ccccccevviiviinenieneenennnn. F-70

xli



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

FIGURES (Cont.)

F-22  Output from the Temperature Suitability Model for Humpback Chub
Aggregation Locations Based on Modeled Water Temperatures for Water
Years 1990-2012 ..ottt F-71

F-23  Mainstem Temperature Suitability for Humpback Chub Aggregation
Locations under LTEMP Alternatives and Long-Term Strategies...........ccceeeuvennnn. F-72

F-24  Suitability of Water Temperatures for Spawning, Egg Incubation, and Growth
OF Native FiSh SPECIES ...oeevuviiiiiiieiiiecie et e F-74

F-25  Months for Which Temperature Suitability for Specific Life History Aspects
Were Considered for Native Fish Species .......ccccoevviieeiiiiiiiieeiieecee e F-74

F-26 ~ Modeled Historic Water Temperatures in the Colorado River Downstream of
Glen Canyon Dam, Water Years 1990-2012 .......cccoovuiieiiieeiiieeieecee et F-75

F-27  Annual Temperature Suitability Scores for Growth, Spawning, and Egg
Incubation of Native Fish Species at RM 225 Based on Modeled Water
Temperatures for Water Years 1990-2012........cociiiiiiiiiiiiiiieiiieeeeeee e F-76

F-28  Annual Temperature Suitability Scores for Native Fish by Assessment
Location Based on Modeled Water Temperatures for Water Years 1990-2012..... F-77

F-29  Mean Annual Overall Temperature Suitability for Native Fish by Assessment
Location Based on Modeled Water Temperatures for Water Years 1990-2012..... F-77

F-30  Mean Annual Mainstem Temperature Suitability for Native Fish under
LTEMP Alternatives and Long-Term Strategies at RM 61, RM 157, and
RM 225, and Overall Mean for RM 61-225.......ccoovioiiiiiiiiiiiieiiiiieeeeee e F-78

F-31  Suitability of Water Temperatures for Spawning, Egg Incubation, and Growth
Of Nonnative FiSh SPECIES ......occuiiiiiiiiiiiiieiieeie ettt e F-80

F-32  Months during Which Temperature Suitability for Specific Life History
Aspects Were Calculated for Nonnative Fish Species.........cccocceeviiviienieiciienneenen. F-81

F-33  Annual Temperature Suitability Scores for Spawning, Incubation, and Growth
of Nonnative Fish Species at RM 225 Based on Modeled Temperatures for
Water Years 1990 10 2012 ..o F-82

F-34  Mean Annual Temperature Suitability Scores for Nonnative Fish Species and
for Temperature Groups by River Location Based on Modeled Water
Temperatures for Water Years 1990-2012........cooiiiiioiiiiiiiieeiieeeeeeee e F-83

xlii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016

Final Environmental Impact Statement

FIGURES (Cont.)

F-35  Mean Annual Overall Temperature Suitability Scores for Coldwater and
Warmwater Nonnative Fish Species Groups Based on Modeled Historic
Temperatures for Water Years 1990-2012........cccovvieiiiieiiieeiiiecie e

F-36  Mean Annual Mainstem Temperature Suitability for Coldwater Nonnative
Fish under LTEMP Alternatives and Long-Term Strategies at RM 15, RM 61,
RS 157, and RM 225 ..o

F-37  Mean Annual Mainstem Temperature Suitability for Warmwater Nonnative
Fish under LTEMP Alternatives and Long-Term Strategies at RM 0, RM 61,
RM 157, and RIM 225 ...ooiiiieiieeeeeee ettt

F-38  Suitability of Various Water Temperatures for Host Activity and Infestation
Rates of Parasite SPECIOS ......ccveevieeiiieriieiieiie ettt et

F-39  Annual Temperature Suitability Scores for Parasite Species at RM 225 Based
on Modeled Water Temperatures for Water Years 1990-2012.......c..ccccevvevvnnennen.

F-40  Mean Annual Temperature Suitability Scores for Parasite Species by River
Location Based on Modeled Water Temperatures for Water Years 1990-2012.....

F-41  Overall Means of Annual Suitability Scores for Parasite Species across All
River Locations during the 1990-2012 Water Years ........cccceveevueeierveneneeneennennn

F-42  Overall Modeled Mean Annual Temperature Suitability under LTEMP
Alternatives and Long-Term Strategies for Aquatic Fish Parasites at Four
Locations Downstream of Glen Canyon Dam ..........ccccceeviieeiiieeiiiencieeeiie e

G-1 Native Cover Metric for the LTEMP Alternatives and Associated Long-Term
8§21 )0 (L USRS

G-2 Native Cover Metric under Climate Change for the LTEMP Alternatives and
Associated Long-Term Strate@ies........cccevuieeriiieeiiieeiiee e eere e ereeeeree e

G-3 Native Diversity Metric for the LTEMP Alternatives and Associated Long-
TEIM SITATEZICS ..eeeuvvieeiiieeiieeeeeeeiee e etee et ee et e et e e e e e e eaaeeesaeesssaaesssaeensseeenssaeensnes

G-4 Native Diversity Metric under Climate Change for the LTEMP Alternatives
and Associated Long-Term Strate€@ies .........cevvuieeriieeiiieeiiieeie e esieeeeveeesvee e

G-5 Native/Nonnative Ratio Metric for the LTEMP Alternatives and Associated
LoNg-TErm SIrat@ZICS .....eeevvreeeiieeiiieeeiieerieeesteeesteeereeetaeessaeesseeessseeessseeessseeenns

xliii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
FIGURES (Cont.)

G-6 Native/Nonnative Ratio Metric under Climate Change for the LTEMP

Alternatives and Associated Long-Term .........ccccoeveeriiiiieniieiienieeieecee e G-48
G-7 Arrowweed Metric for the LTEMP Alternatives and Associated Long-Term

Strategies; Higher Values Indicate Less .......cccoevieiiiiniiieiienieeiieieeicee e G-49
G-8 Arrowweed Metric under Climate Change for the LTEMP Alternatives and

Associated Long-Term Strategies; Higher Values Indicate Less Arrowweed ........ G-49
G-9 Overall Combined Score for the LTEMP Alternatives and Associated Long-

TEIM STrALEZICS ...vveevvieiieeiieeiie ettt ettt ettt e e et e s tte et e sabeesbeeesseesaeenseeseaans G-50
G-10  Overall Combined Score under Climate Change for the LTEMP Alternatives

and Associated Long-Term Strat@@ies ...........ccvueerieriieriienieeniienieeiee et esieeeveeieens G-50
G-11  Relative Change in Wetland Cover for the LTEMP Alternatives and

Associated Long-Term Strate@ies........ccuevuierieriiienieeieerie et esee et seeeree e eree e G-51
G-12  Relative Change in Wetland Cover under Climate Change for the LTEMP

Alternatives and Associated Long-Term Strategies..........cccceevveerveeiiienieesiienneennen. G-51
H-1 Wind Transport of Sediment Index Values for the LTEMP Alternatives and

Associated Long-Term Strate@ies........ccuevuierieriiieniieeieerie et eeeeeiee e eeee e H-6
H-2 Average Number of HFEs in the 20-Year LTEMP Period........c..cccooveiiiniinnnnnen. H-7
H-3 Daily Maximum Discharge in a Typical 8.23-maf Water Volume Release

Year from the Glen Canyon Dam during the Windy Season of March—June ......... H-8
H-4 Number of Days per Year Flows Would Be >23,200 cfs under LTEMP

Alternatives and Long-Term Strategies ........coceveevueriireineniienienieeieeeereeieeeeneene H-10
H-5 Average Number of Days of an HFE Event per Year.........ccccccceveviieniieeccieeieens H-11
H-6 Modeled Glen Canyon Dam Discharge for the Same Year..........cccocovevveeiiennnnnen. H-12
H-7 Time Off River Index Values for All LTEMP Alternatives and Associated

LoNng-Term Strat@@IES .......cceeevuierieeiiieiieeitieeieetteeteesieesteesteesbeesseesseesseesnseenssesnseas H-14
H-8 Daily Average Discharge for Representative Long-Term LTEMP Strategies ........ H-15
I-1 Riparian Diversity for the LTEMP Alternatives and Associated Long-Term

SHEALEEIES ..ottt ettt ettt ettt et et b ettt sbe ettt e bt et I-6

xliv



Glen Canyon Dam Long-Term Experimental and Management Plan

Final Environmental Impact Statement

I-2

I-3

I-5

I-6

I-7

I-8

I-9

I-10

J-1

J-3

J-4

J-5

J-6

J-7

FIGURES (Cont.)
Riparian Diversity under Climate Change Assumptions for the LTEMP
Alternatives and Associated Long-Term Strategies .........ccccceevveerieeiiieneeeieenneennen.

Wetland Abundance for the LTEMP Alternatives and Associated Long-Term
SHTALEZICS .. vvteuvieeeteeiee ettt et et e et et e et estt e e bt esaeeeabee s st e esbeensaeenseeesseenseeenseenseennseenne

Wetland Abundance under Climate Change Assumptions for the LTEMP
Alternatives and Associated Long-Term Strategies..........ccccveevveerveeiiieneeenieenneennen.

Frequency of Trout Management Flows for the LTEMP Alternatives and
Associated Long-Term Strate@ies........cceevueeruierieeiiienieeieesieeree e eiee e eeeeseve e

Frequency of Trout Management Flows under Climate Change Assumptions
for the LTEMP Alternatives and Associated Long-Term Strategies.......................

Frequency of Mechanical Removal for the LTEMP Alternatives and
Associated Long-Term Strate@ies........cceevieeriierieeiiieiieeiiesieeieeseeeiee e eeeeseaeeeees

Frequency of Mechanical Removal under Climate Change Assumptions for the
LTEMP Alternatives and Associated Long-Term Strategies ...........ccceecveevveerinennnen.

Lake Powell Water Levels for the LTEMP Alternatives and Associated Long-
TEIM SErALEZICS ...vveevvieiieeiieeiie ettt ettt ettt et s e et e st e et e sateenbeeesseeseesnseeseanns

Lake Powell Water Levels under Climate Change Assumptions for the
LTEMP Alternatives and Associated Long-Term Strategies ...........cccoecveevveerevennnen.

Camping Area Index for LTEMP Long-Term Strategies ........c..cccccvveerervieneennennne.
Sand Load Index for LTEMP Long-Term Strategies ...........cccceevvveerveeenveeeeieeennen.
Navigational Risk Index Values for the LTEMP Long-Term Strategies.................
Fluctuation Index for LTEMP Long-Term Strategies ..........cccceeveerervienvenenueneenne.
Time Off River Index for LTEMP Long-Term Strategies..........c.ccceeeveeerveeennneennne.

Average Daily Discharge for All Modeled Traces and Years under LTEMP
ALETNATIVES ...ttt ettt et e st e e st e bt e et e bee et s

Glen Canyon Rafting Metric for All LTEMP Long-Term Strategies.............c........

xlv

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan

Final Environmental Impact Statement

J-8

J-11

J-12

J-13

K.1-1

K.1-2

K.1-3

K.1-4

K.1-5

K.1-6

K.1-7

K.1-8

K.1-9

K.1-10

K.1-11

FIGURES (Cont.)
Average Number of HFEs in the 20-Year LTEMP Period for LTEMP Long-
TEIM STrALEZICS ...vveevvieiieeiieetie ettt ettt ettt et et e et e st e et e sabeesbeesnseeseesnseeseanns
Glen Canyon Inundation Metric for All LTEMP Long-Term Strategies ................

Percentage of Traces Lake Powell Elevation Equal to or below 3,580 ft AMSL
for the SUMMET SEASON .......oiiiiiieiie e e e

Percentage of Traces Lake Powell Elevation Equal to or below 3,580 ft AMSL
for the Fall and Spring S€aSOMS .......c..ccoeeviirieriiiiniinieeieeeeeee e

Percentage of Traces Lake Mead Elevation Equal to or below 1,050 ft AMSL
for the SUMMET SEASON .......oiiiiiiiiie e e e

Percentage of Traces Lake Mead Elevation Equal to or below 1,050 ft AMSL
for the Fall and Spring S€aS0mS ..........ccceevieriiriiiiniinieeieeerieee e

Network Topology Used by the AURORA Western Interconnection Model .........
Percentage of Total Generation Resources Owned by Individual Customers.........
Simplified Network Topology of the SLCA/IP Market System...........cccccecveveennenn
Percentage of SLCA/IP Federal Hydropower Nameplate Capacity by Facility......
Flow Diagram of the Power Systems Methodology Used in the LTEMP EIS........
[lustration of a Typical GTMax-Lite Result for a 24-Hour Period........................

GTMax-Lite Network Topology for the Large SLCA/IP Hydropower
Resources Other Than Glen Canyon Dam...........cccceceviiiiniiniininiicnicnenieneeee

[lustration of Temporal Modeling Method Used in the GTMax-Lite Five
Large SLCA/IP Plant Configuration............ccccevueeiiniiniiniinenienecieeenceieeeeeeene

Example of the Load Scaling Algorithm LDC .........cccovviiiiieiiieeeee e
Example of the Load Scaling Algorithm Chronological Hourly Loads ..................

Projected Annual Average Calibrated AURORA LMPs at the Palo Verde
Market HUD .....oo.ooiiiii e

xlvi

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
FIGURES (Cont.)
K.1-12 Historical Palo Verde On- and Off-Peak Electricity Prices Compared to
NAtUTal GAS PIICES.....couiiiiiiiiiieiieiieteee ettt e K-36
K.1-13 2014 AEO Projected Delivered Utility Natural Gas Prices .........ccoccevvveverveneennenne K-37

K.1-14

K.1-15

K.1-16

K.1-17

K.1-18

K.1-19

K.1-20

K.1-21

K.1-22

K.1-23

K.1-24

K.1-25

K.1-26

K.1-27

K.1-28

Comparison of Modeled and Actual Annual Aggregated Generation Levels for
Natural Gas, Coal, and Nuclear Powerplants under the No Action Alternative......

Total Non-coincidental Peak Loads for the SLCA/IP Market System.....................
Total Monthly Loads for the SLCA/IP Market System........c.ccccceeveerieneniieneenennne.
Projected 2014 AEO Natural Gas Prices at the Henry Hub..........ccccccooininninnne.

2014 AEO Electricity Market Module Regions and the Mapping of States to
REZIOMS ...ttt ettt ettt et e st e e beesneeeaneen

Projected AEO 2014 Coal Prices by Electricity Market Module Region................
WAPA SLCA/IP Hydropower Powerplants............ccccoecverieeiienieniiieieeieeee e
SLCA/IP Federal Hydropower Capacity Uses and Variability Factors...................
Reductions in Operating Range when Providing Ancillary Services......................

[lustration of the Trapezoidal Method Used to Compute Capacity at Flaming
L€ 10 oLC D 7 1 1 o BRSSPSR

[lustration of Ramping Time Increase as a Function of Increasing Water
Volumes at Flaming Gorge Dam ............ccccvieiiiiiiiieeriieeeeeeeee e

Capacity Values at Flaming Gorge Dam Calculated over a Wide Range of
Daily Water Releases Using the Trapezoidal Method...........ccccoeeeivieciiieciieeieens

Average Historical Non-coincidental Annual Peak Loads for the Eight Large
Customers and Percentages Relative to the Total...........cccoeeviiiiniiiiniiiciee

Historical Coincidental Annual and Average Peak Loads for the Eight Large
Customers during the CY 2006 through CY 2009 Time Period...........cccccvveeunnennnee.

Historical Coincidental Annual and Average Peak Loads for Six Large
Customers during the CY 2010 through CY 2012 Time Period...........cccccvveennnennnee.

xlvii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
FIGURES (Cont.)

K.1-29 SLCA/IP Models Used for Estimating SHP Capacity .......c..cccceevveneeveniineenecnnene. K-78
K.1-30 Historical SHP Capacity Obligation and WAPA Estimated Risk Level in July ..... K-80
K.1-31 Historical SHP Capacity Obligation and WAPA Estimated Risk Level in

AUZUSE ..ttt e e e et e e ettt e e e e bt ee e e e abaee e e ataeeeeanateeeenbaaeeeentaeeeanns K-80
K.1-32 Comparison of Firm Marketable Capacity Determinations across Alternatives,

Exceedance Levels, and Summer Peak Months.............eeuveeeeeeieeeeieieieeeeeeeiieeeiienees K-81
K.1-33 Timing of Capacity Additions in AURORA ..........cccooeiiiniiiiiiiieieeeeeee e, K-83
K.1-34 Annual Average Hydropower Generation for the Glen Canyon Dam

Powerplant and the Aggregate Generation for All Other SLCA/IP Resources....... K-88
K.1-35 Average Daily Glen Canyon Dam Powerplant Hydropower Generations by

Month Based on the Average of All 21 CRSS/SBM Hydrology Traces................. K-89
K.1-36 Average Annual Glen Canyon Dam Powerplant Generation for the

Representative CRSS/SBM Hydrology Trace..........cceevveeiieriieniieiieeieeieeeee e K-92
K.1-37 Representative Trace Average Daily Glen Canyon Dam Powerplant

Generations by MONth.........ccoiiiiiiiiiiiciee e K-93
K.1-38 Average Daily Generation by Month for Each Alternative ..........cccccoceeveniineenncne K-97
K.1-39 Palo Verde Average Daily Electricity Market Price Statistics by Month during

the 20-Year LTEMP Period .........coouieiiiiiiiiieiiieiee ettt K-98
K.1-40 Typical Hourly Winter/Summer Price Patterns in the Western United States ........ K-99
K.1-41 Average Number of HFEs by Alternative for All 21 Hydrology Traces of

SedIMENt TTACE 2 ...c..eiuiiiiiiiieiiiieeeet ettt K-100
K.1-42 Average Amount of Non-Power Water Releases by Alternative for All

21 Hydrology Traces of Sediment Trace 2.........ccovveeeviieeciieeieeciie e K-100
K.1-43 Average Annual Number of Hours the Lake Powell Elevation Is below the

Penstock Intake by Alternative for All 21 Hydrology Traces of Sediment

TTACE 2 ettt ettt ettt e et e et e st e s bbeesbne e s K-101
K.1-44 2014 Annual Energy Outlook Projections of Capacity Additions in the

Western Interconnection over the LTEMP Period..........ccoccoeviiiiiiiiiiiiiiiiiciee. K-104

xlviii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

K.1-45

K.1-46

K.1-47

K.1-48

K.1-49

K.1-50

K.1-51

K.1-52

K.2-1

K.2-2

K.3-1

K.3-2

K.3-3

K.3-4

K.3-5

K.3-6

K.3-7

FIGURES (Cont.)

Cumulative Capacity Additions for Alternative A .........ccoceevervenienenicnicncneenne. K-106

Cost Difference of Alternatives Compared to Alternative A at
50% Exceedance Level and 3.375% Discount Rate ............cccceeeevieiiiiiciieccieeeee, K-119

Cost Difference of Alternatives Compared to Alternative A at
90% Exceedance Level and 3.375% Discount Rate ............ccceeeevvieiiieecieeecieeenee, K-119

Cost Difference of Alternatives Compared to Alternative A at
99% Exceedance Level and 3.375% Discount Rate ............ccceeeevieiiiiiciieecieeene, K-120

Cost Difference of Alternatives Compared to Alternative A at
90% Exceedance Level and 1.4% Discount Rate ...........ccceeeeiieeciiiecciieeciieecee e, K-122

Cost Difference of Alternatives Compared to Alternative A at
90% Exceedance Level and 3.375% Discount Rate, Assuming All
Alternative A New Capacity Additions Are Advanced Combustion Turbines........ K-123

Cost Difference of Alternatives Compared to Alternative A at

90% Exceedance Level and 3.375% Discount Rate, Assuming All

Alternative A New Capacity Additions Are Advanced Combined Cycle............... K-124
Cost Difference of Alternatives Compared to Alternative A at

90% Exceedance Level and 3.375% Discount Rate Assuming Average

Hydropower Conditions.........cc.eevuiriirieiierienieeieeie ettt K-125

Determination of Energy Hourly Expense or Revenue ...........cccoooovveeiiieeiiieeinens K-140

Determination of Total Net Expense or Revenue by Year for Each Alternative..... K-142

Flowchart Diagram of Rate Impact Analysis Process .........ccecceevveriieniinieenenniene K-156
Projected Carrying Charge Rates Used in Rate Impact Analysis.......cccccccvveennennnee. K-161
Flowchart Diagram of Allocation Process ..........ccccoveeveriineiiiinienieieneeniecieeee K-162
Load Factors of SLCA/IP POWET ......ccc.eiiiiiiiiiiieiieeee e K-165
Scatter Plot of Preference Ratio and Annual Retail Sales ...........ccoccoeoiiinnnnnn K-169
Scatter Plots of Percent Retail Rate Change and the Preference Ratio.................... K-171
Retail Rate Distribution under Alternative A ..........cccoveeeiieiiieiienieeieceeeee e K-173

xlix



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

K.3-8

K.3-9

K.3-10

K.3-11

K.3-12

K.3-13

K.4-1

K.4-2

K.4-3

K.4-4

K.4-5

K.4-6

K.4-7

K.5-1

K.5-2

K.5-3

FIGURES (Cont.)

Monthly Residential Bill Distribution under Alternative A ..........ccceveeiienieennnn. K-173

Average Retail Rate Impacts under LTEMP Alternatives Relative to
ATLEINATIVE A..ooieiiieciiee ettt et e ettt e e taeestaeeebaeesssaeessbaeessseeessseeensseessseeans K-175

Average Residential Bill Impacts under LTEMP Alternatives Relative to

AETNATIVE A ..ottt et ettt e sttt e et e st e sabeesaeeenbeenneas K-175
Average Retail Percent Revenue Increase Relative to Alternative A...................... K-176
Average Monthly Residential Bill Changes Relative to Alternative A ................... K-177
Retail Rates under AIternative A ..........cooeieiiiiriieiienieeieeee e K-188

Calculation of Change in Tribal Benefit Resulting from LTEMP EIS
ATLCINATIVES ...veeeiiieeeiie et tee et e ettt e et e e et eeetaeesteeeebaeeessaeeessaeessseeensseeensseeesseens K-194

Financial Impacts under Alternative B Relative to Alternative A for Tribal and
NON-TTIDAL ENTILIES ...vveeiviieeiiieciie ettt et e eav e e eaae e saaeeeas K-203

Financial Impacts under Alternative C Relative to Alternative A for Tribal and
NON-TTIDAL ENTILIES ...vveeeiviieeiiieciie ettt et e eav e eaae e eaaeeeas K-203

Financial Impacts under Alternative D Relative to Alternative A for Tribal and
NON-TTIDAL ENTILIES ...vveiiviieiiiieciie ettt et e e e eaaeeeaaeeens K-204

Financial Impacts under Alternative E Relative to Alternative A for Tribal and
NON-TTIDAL ENTILIES ...vveeeiviieeiiieciie ettt e eaaeesaaeeens K-204

Financial Impacts under Alternative F Relative to Alternative A for Tribal and
NON-TTIDAL ENTILIES ...vveiiviieeiiieciie ettt e eeaaeesaaeeens K-205

Financial Impacts under Alternative G Relative to Alternative A for Tribal and
NON-TTIDAL ENTILIES ...vveiiviieeiiieciie ettt e e e eaaeeeaaeeeas K-205

Change in Lake Powell Monthly Water Release Volumes under LTEMP
ATLCINATIVES ...ttt ettt et ettt e et e e et eeetaeestaeesabaeeesbaeeessaeessseeesseeennseeesseens K-207

Average Lake Mead EOM Pool Elevations under LTEMP Alternatives................ K-207

Average Monthly Difference in Turbine Water Releases Relative to
ARCINALIVE A ..ottt st K-212



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

K.5-4

K.5-5

L-1

L-2

L-3

L-4

L-5

P-1

FIGURES (Cont.)

Average Monthly Hoover Powerplant Generation for All Power Systems

under Primary LTEMP EIS Aternatives .........ccceevverieeiiienieeieeeie e K-212
NPV of Hoover Powerplant Benefits Relative to Alternative A Resulting from

LTEMP AEINAtiVES .....eeuviiiiiiiniiiieeieeiteteietetete sttt st K-214
Elements of the Lake Full Utility Model ............cocoeviniininiiniiiicniceceeee L-5
Elements of the GCRec Full Utility Model ..........ccoeeviiieiiieeiieeeeeeeeceeee e L-6
Elements of the Regional Recreation Impacts Analysis..........cceeeveviienieenieeninennnnn. L-11
Elements of the Regional Electricity Price Impacts Analysis.........cccceeveeevieniennnnnne L-16

Elements of the Regional Electricity Generating Capacity Expansion Impacts
ALY SIS ..ttt ettt ettt et e e et e et esabeenbeeeneas L-17

Average Monthly Sand Load from the Paria River and Little Colorado River

Showing the Fall and Spring HFE Accounting Periods and Implementation
WINAOWS ..ottt st P-4

li



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

1-1

1-2

2-1

2-3

2-4

2-5

2-6

2-7

2-8

2-10

2-11

2-12

2-13

2-14

3.5-1

3.5-2

3.5-3

3.5-4

TABLES

Glen Canyon Dam Release Constraints under Modified Low Fluctuating

FLOWS ..ttt ettt ettt ettt e bt e st e enee 1-21
Selected Documents Included in the Law of the River...........ccoceveviiniininiincnnns 1-32
Operational Characteristics of LTEMP Alternatives.........cccccccevveererncnecnenieneenne. 2-9
Condition-Dependent and Experimental Elements of LTEMP Alternatives........... 2-11
Flow Parameters under Alternative A in an 8.23-maf Year ........cccccevevvevenueneenne. 2-17
Flow Parameters under Alternative B in an 8.23-maf Year.........cccccoeviieiinninnnnn. 2-21
Flow Parameters under Alternative C in an 8.23-maf Year......c...ccocceeviiiieencncnn. 2-26
Implementation Criteria for Experimental Treatments of Alternative C................. 2-31

Flow Parameters for a Year with Low Summer Flows under Alternative C in an

B.23-MMAT YRAT ..evtieiiieiieee ettt ettt et e naeeenne 2-42
Flow Parameters under Alternative D in an 8.23-maf Year .........cccccecvvevvieennennne. 2-45
Implementation Criteria for Experimental Treatments of Alternative D................. 2-50

Flow Parameters for a Year with Low Summer Flows under Alternative D

1N AN 8.23-MAF Y AT ..ot 2-68
Flow Parameters under Alternative E in an 8.23-maf Year......c..cccccevvevirieneenncnne 2-73
Flow Parameters under Alternative F in an 8.23-maf Year...........ccoceeveeniinnnnnnen. 2-82
Flow Parameters under Alternative G in an 8.23-maf Year ..........cccceveeiieenenncnn. 2-83
Summary of Impacts of LTEMP Alternatives on Resources..........cccceveevuerveneennens 2-93
Native Fish of the Colorado River through Glen and Grand Canyons.................... 3-72

Nonnative Fish Found in the Colorado River through Glen and Grand Canyons... 3-91

Mean Water Temperature and Turbidity for Selected Sites in the Colorado
River Mainstem from 2006 t0 2009.........cccuiiiiuiiieiiieeiee et 3-94

Nonnative Warmwater Fish Species Reported from the Little Colorado River
WALEISHE ... 3-102



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016

Final Environmental Impact Statement

TABLES (Cont.)
3.6-1 Plant Communities Occurring on Reattachment Bars, Separation Bars, and
Channel Margins ........ccuieruieeieeiiienie ettt ettt ettt e et esteeebeeseeeesbeeaeeesseeseesnseenne

3.6-2  Special Status Plant Species Known to Occur along the Colorado River from
Glen Canyon Dam to Lake Mead .........ccccoevuiiiiiiiiiiiieiieeieeee et

3.7-1  Habitat and Distribution of Threatened, Endangered, and Sensitive Wildlife
Species along the Colorado River Corridor between Glen Canyon Dam and
Lake MEad ....co.eiiiieee et
3.10-1 Colorado River Discovery Commercial Rafting Passengers 2009-2013 ................

3.10-2 Tolerable Daily Flow Fluctuations Reported by Commercial and Private Trip
LEAAETS ...ttt

3.13-1 Energy and Capacity Characteristics of the Eight Largest WAPA Customers,

2003ttt et
3.14-1 Population in the Six-County Region .........cccevieviiiiiniininiiiniiiicicecieceeeeeen
3.14-2 Income in the Six-County ReZION.........ccceeviiiiiiiiiiiiiie et
3.14-3 Employment in the Six-County RegiOn .........ccceoiiriiiniiiiiiiiieiieie e
3.14-4 Employment by Sector in 201 1........cceeiiiriiiiiniiniiniieececeeeseeeee e
3.14-5 Unemployment Rates in the Six-County Region...........cccceevuviivciiiinciieeniieeeiee e,
3.14-6 Minority and Low-Income Populations in the 11-County Area.........cccccoceeveenennen.
3.14-7 Population in the Seven-State Region of Influence ..........cccccocevveriiniiiincncnnennn.
3.14-8 Income in the Seven-State Region of Influence............ccceevvvievciiiciiiinieeee e
3.14-9 Employment in the Seven-State Region of Influence...........ccceeevieniininiinnnnnnn.
3.14-10 Employment by Sector in 2011 in the Seven-State Region of Influence.................
3.14-11 Unemployment in the Seven-State Region of Influence...........cccoeevveeriieenieennnnn.
3.14-12 State Minority and Low-Income Populations, 2010 .........c.cccccevveriinienienienenennn.
3.15-1 Clean Air Act Prevention of Significant Deterioration Designations......................

liii



Glen Canyon Dam Long-Term Experimental and Management Plan

Final Environmental Impact Statement

3.15-2

3.15-3

4.1-1

4.2-1

4.2-2

4.3-1

4.4-1

4.4-2

4.5-1

4.5-2

4.6-1

4.6-2

4.6-3

4.6-4

4.6-5

4.6-6

4.7-1

TABLES (Cont.)
Criteria Pollutant and VOC Emissions in Counties Encompassing Grand
Canyon National Park and for the Navajo Generating Station, 2011 ......................

Criteria Pollutant and VOC Emissions for 2011, and GHG Emissions for 2010,
over the 11-State Affected Area within the Western Interconnection.....................

Experimental Elements Included in Long-Term Strategies Associated with
Each LTEMP AErNatiVe ........ccccoceeieiiiiiiniinieniinieeeeteeeeeteesee st

Summary of the Impacts of LTEMP Alternatives on Hydrology and Water
Summary of Seasonal Temperature Data for LTEMP Alternatives from

Lees Ferry to Diamond Creek...........oocvieiieiiiiinieeiierieeie et
Summary of Impacts of LTEMP Alternatives on Sediment Resources ..................

Indicators Used To Examine Natural Processes under Each LTEMP
ATLETIIATIVE ..ot e e e e e e e e e e e e e e e e eaaaeeee e e e eaae e aaaeeaeeeaananans

Summary of Impacts of LTEMP Alternatives on Natural Processes Associated
with Flow, Water Temperature, Water Quality, and Sediment Resources..............

Summary of Impacts of LTEMP Alternatives on Aquatic Ecology .........cccc.c........

Impact of High-Flow Experiments from Glen Canyon Dam on the Aquatic
FOOA BASE.....ouiiiiiiieiict et

Vegetation States, Plant Associations, and Corresponding Submodels ..................
Vegetation States and Corresponding Mapped Vegetation Types........ccccecveveennnee
Summary of Impacts of LTEMP Alternatives on Vegetation............cccceevveeeuveenneee.

Transitions between Riparian Community Types and the Flows That Initiate
TTANSTHIONS  ..cevieitieiieieee ettt sttt

Priority Nonnative Species Identified for Control within the Colorado River

Summary of Impacts of LTEMP Alternatives on Special Status Plant Species.......

Summary of Impacts of LTEMP Alternatives on Wildlife.............coccooveiiiniininnns

liv

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

4.7-2

4.8-1

4.9-1

4.9-2

4.10-1

4.10-2

4.11-1

4.13-1

4.14-1

4.14-2

4.14-3

4.14-4

4.14-5

4.14-6

4.14-7

4.14-8

TABLES (Cont.)

Summary of Impacts of LTEMP Alternatives on Special Status Wildlife

SPECIES ..ttt ettt ettt ettt et et et e ettt e et e tt e e bt e eabeenbeeenbeesaennaeenne 4-217
Summary of Impacts of LTEMP Alternatives on Cultural Resources in Glen

ANA GTand CanYONS ........cccuieruieeiiieriieeieerite et erite ettt e s teesteeesbeeseessbeeseessseeseessseenne 4-239
Vegetation Community Diversity and Change in Tamarisk Cover...........cccco.e.... 4-253
Summary of Impacts of LTEMP Alternatives on Tribal Resources........................ 4-263
Summary of Impacts of LTEMP Alternatives on Recreation, Visitor Use, and

25 q 0153 4 1<) 1 Lo URPPRRPPPRRPSRN 4-282
Amount of Sediment Transported Out of Marble Canyon under the LTEMP

Alternatives over the 20-Year LTEMP Period ..........ccocooiiiiniiniiiininiiiiicee 4-295
Summary of Impacts of LTEMP Alternatives on Wilderness Experience.............. 4-310
Summary of Impacts of LTEMP Alternatives on Hydropower Resources ............. 4-335

Summary of Impacts of LTEMP Alternative on Socioeconomics and
Environmental JUSTICE .......cccueiiiiiiiiiie ettt e e 4-366

Mean Annual Net Economic Value of Recreation Associated with LTEMP
ATLETTIATIVES .o et e e e e e e e e e e e e e e e e e e e e eea e aaeeeeeeeaeaenaaaeaaeeeeeeeannns 4-376

Recreational Visitation by Activity in Lake Powell, Upper and Lower Grand
Canyon, and Lake Mead, 2012 ........cooiiiiiiiiiiiieieeee et 4-380

Mean Annual Employment Associated with Recreational Expenditures
under LTEMP AREINAtiVES......ccccuiieiiieeiiieeciee ettt e e eaveeeanee s 4-380

Mean Annual Income Associated with Recreational Expenditures
under LTEMP AREINAtiVES......ccccuvieiiiieiiieeciiee ettt eree e e e 4-381

Seven-State Economic Impacts under LTEMP Alternatives of Additional
Generating Capacity for the Eight Largest Customer Ultilities, 2015-2033............ 4-383

Average Annual Impacts on Economic Activity from Changes to Residential
Electricity Bills of Largest Eight Customer Utilities, 2015-2033, Relative to
ARCINALIVE Aottt ettt sttt ettt 4-384

Financial Impacts on Tribal and Non-Tribal Electricity Customers........................ 4-389

Iv



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

4.15-1

4.15-2

4.16-1

4.16-2

4.17-1

4.17-2

5.1-1

B-1

D-1

D-2

D-3

D-4

D-8

D-9

D-10

TABLES (Cont.)

Summary of Impacts of LTEMP Alternatives on Visibility and Regional Air

QUALIEY .ttt et et ettt ettt e et e et e et e et e et e e bt e enbeentaeenbeennaeens 4-404
Distributions of SO, and NOy Emissions Averaged over the 20-Year LTEMP

Period by AIEINAtIVE ......oouiiiiieiieeieeieece ettt et e e 4-408
Summary of Impacts of LTEMP Alternatives on GHG Emissions...........cc.ccceeuue.. 4-417

Expected Impact of LTEMP Alternatives on Downstream Resources under
Climate Change Compared to Those under Historic Conditions............ccccceeeuneneee. 4-422

Impacting Factors Associated with Past, Present, and Reasonably Foreseeable

Future Actions and Basin-Wide Trends in the LTEMP Project Area...................... 4-428
Summary of Cumulative Impacts and Incremental Contributions under LTEMP
ALETNALIVES ..ottt ettt et ettt e st e e bt e seeeabeesaeeenbeenseeenneas 4-447
Summary of Cooperating Agency Involvement ............cccceeeviierciieenciee e, 5-3
Tolerable Flow Fluctuations for Recreational River Use ........ccccceceevievieniencnnennn. B-13
Initial Reservoir COnditionsS ..........cccueeiiieiiienieeiieeie ettt D-5
Monthly Release Volumes by Water-Year Release for Alternative A..................... D-11
Monthly Release Volumes by Water-Year Release for Alternative B .................... D-12
Monthly Release Volumes by Water-Year Release for Alternative C .................... D-13
Monthly Release Volumes by Water-Year Release for Alternative C with Low

SUMMET FIOWS ..ot D-14
Monthly Release Volumes by Water-Year Release for Alternative D.................... D-15
Monthly Release Volumes by Water-Year Release for Alternative D with Low

SUMMET FIOWS ... D-16
Monthly Release Volumes by Water-Year Release for Alternative E .................... D-17
Monthly Release Volumes by Water-Year Release for Alternative E with Low

SUMMET FIOWS ...ttt D-18
Monthly Release Volumes by Water-Year Release for Alternative F..................... D-19

i



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
TABLES (Cont.)

D-11  Monthly Release Volumes by Water-Year Release for Alternative G.................... D-20
D-12 Minimum Release Constraints Used for Each Alternative ..........cocccoveeviniinencne D-21
D-13  Input Demands DY State.........ccccieiuieiiiiiiieiieeiiece et D-27
E-1 Sources for Historical Tributary Sediment Load Data...........ccccoeeeniiiiniininnnnnne. E-38
E-2 Historical Periods Used for Paria Sediment Traces s1, s2, and S3 ..........coeevvvveeenn. E-38
E-3 Historical Periods Used for Little Colorado River Sediment Traces sl1, s2,

ANA S3 ..ttt ettt et E-38
E-4 List of HFEs Available for Sediment-Triggered Experiments .............ccccccveevuvennee. E-39
F-1 Average Mean Habitat-Weighted Invertebrate Biomass at Select Sites in the

Colorado River, July 2006—June 2009...........cccueriiierieeiieniieeieeie e F-8
F-2 Average Mean Habitat-Weighted Invertebrate Production at Select Sites in

the Colorado River, July 2006—June 20009 ............ccoevieriieiieniieieeeeee e F-9
F-3 Average Mean Habitat-Weighted Invertebrate Abundance at Select Sites in

the Colorado River, July 2006—June 20009 ............ccoeviiriieiieniieieeeeee e F-10
F-4 Distribution, Ecological Importance, and Favorable Temperature Range for

Select Primary ProducCers.........c.oooiieiiiriiiiieieeieeie ettt F-11
F-5 Temperature Requirements for Common Zooplankton...........ccccceceeveevcniinenncnnne. F-24
F-6 Distribution, Importance to Higher Trophic Levels, and Temperature Range

for Common Benthic Macroinvertebrates Downstream of Glen Canyon Dam....... F-25
F-7 Temperature Requirements for the Asian Tapeworm, Anchor Worm, and

Trout Nematode .........cocveriiiiiiiniii e F-26
F-8 Summary of Metrics Values from the Rainbow Trout-Humpback Chub Model .... F-53
F-9 Description of Input Parameters for the LTEMP Temperature Suitability

IMOAET ...ttt et F-66
F-10  Humpback Chub Aggregation Locations............coceevuerienerniinieneenenieneeieeeeneenee F-67
F-11  Locations Used for Temperature Suitability Modeling of Native Fish,

Nonnative Fish, and ParasSites ........coooeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e F-73



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

TABLES (Cont.)

G-1 Vegetation States, Plant Associations, and Corresponding Submodels .................. G-15
G-2 Hydrologic Events Considered in the Riparian Vegetation Model ......................... G-16
G-3 Riparian Vegetation Model Transition Rules ............cccoeeieiieniiiinieniiieieeieeeeen G-17
G-4 New High-Water Zone and Old High-Water Zone Vegetation Classes

Mapped from Lees Ferry to Diamond Creek..........coooveviieriieiieniiiiieeieececieee G-22
G-5 Vegetation States and Corresponding Mapped Vegetation Types........ccccccueveennnne G-24
G-6 Example Results for the Native Cover MetriC.......cccveviveeiieeeiiiieeiieeeiieeeiee e G-25
G-7 Example Results for the Arrowweed MEtriC........cceevveeiiiiiieniiecieeieeieeeeeee e G-25
G-8 Results for AIETNAtIVE A ....oooueiiiieiieeiie ettt G-26
G-9 Results for Alternative B, Long-Term Strategy Bl ........cooovveviiiieiiiiiieeeeeiees G-27
G-10  Results for Alternative B, Long-Term Strategy B2 .........ccccocvveviiiiiiinieniieieeeene, G-28
G-11  Results for Alternative C, Long-Term Strategy Cl .......ccccoceeviriiiniinenniiniienenienen. G-29
G-12  Results for Alternative C, Long-Term Strate@y C2.......ccccoovvveeviieeiiieeiiieeiee e G-30
G-13  Results for Alternative C, Long-Term Strategy C3........ccccovviieviieniiienieniieieeieene G-31
G-14  Results for Alternative C, Long-Term Strategy C4 ..........cocoevirviiniinennienieenenniennen. G-32
G-15  Results for Alternative D, Long-Term Strategy D1.......ccccooovvieviiiiiiieeiiieeieeee, G-33
G-16  Results for Alternative D, Long-Term Strategy D2.........ccccocveviiriiinieniiieieeeene G-34
G-17  Results for Alternative D, Long-Term Strategy D3.......ccccooeevirviniininiiniineniene. G-35
G-18  Results for Alternative D, Long-Term Strategy D4.........cooovvvievvieiiiiiieiieeiee e G-36
G-19  Results for Alternative E, Long-Term Strategy El..........cccooviiviiiiiiiiiiiniiiieeee, G-37
G-20  Results for Alternative E, Long-Term Strategy E2..........ccccooviiiininiiniininiinees G-38
G-21  Results for Alternative E, Long-Term Strategy E3..........cccooviieiiiiiiiieeiieecee e, G-39

lviii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
TABLES (Cont.)

G-22  Results for Alternative E, Long-Term Strategy E4...........cccoiiiiiniiiiniinniinees G-40
G-23  Results for Alternative E, Long-Term Strategy ES........ccccoovvveeiiiiiiiiieieeeeeee, G-41
G-24  Results for Alternative E, Long-Term Strategy E6..........cccooovvvviiiiiiniiiniieiieeee, G-42
G-25  Results for AIternative F.......ccocooiiiiiiii e G-43
G-26  Results for AIErNative G ......cooeiiiiiiiiiiieieee e G-44
G-27  The Effects of LTEMP Long-Term Strategies on Wetlands ...........ccccoeeeveeniennennee. G-45
I-1 Federal Regulations and Executive Orders Pertaining to Consultation with

TTIDES ..ottt sttt sttt ettt et I-3
I-2 VEZELation STALES ....cceeruiiiiriiiriiiieeteee ettt ettt I-5
J-1 Reported Mean Tolerable Daily Changes in Flow Levels for Commercial

Motor Guides, Commercial Oar Guides, and Private Trip Leaders Who Have

Experienced Daily Fluctuations of at Least 15,000 cfs in the Grand Canyon......... J-12
J-2 Recreation Response to Daily Maximum FIOW .........ccccooiiviiiiniininiiniiiiceee, J-20
J-3 Summary of Recreation, Visitor Use, and Experience Metrics ..........cccccveeeenveenneen. J-26
K.1-1  Cost and Performance Characteristics of Capacity Expansion Candidates.............. K-51
K.1-2  Cumulative Annual Percentage Increase in Natural Gas Prices at the Henry

HUD .ttt K-55
K.1-3  Cumulative Annual Percent Increase in Regional Coal Prices.........c.cccccevveneennne. K-58
K.1-4 Cumulative Annual Percentage Increase in Regional Distillate Fuel Prices........... K-60
K.1-5 Assumed Ancillary Services Provided by SLCA/IP Hydropower Facilities

frOM 2013 £0 2030 . .eieiii ettt sttt et e K-65
K.1-6  Summary of Utility IRPs for Four Large SLCA/IP Customers and Other

Large Utilities in Areas Neighboring the SLCA/IP System .........ccccoeeveeecvveenneennee. K-87
K.1-7 SLCA/IP Marketable Capacity at the 90% Exceedance Level............c.ccccceeuvennenne. K-102
K.1-8 Difference in Cumulative Capacity Additions of Each Alternative Relative to

AREINATIVE A ..ottt ettt et sb e st et et sbeeeae e K-105



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

K.1-9

K.1-10

K.1-11

K.1-12

K.1-13

K.1-14

K.1-15

K.1-16

K.1-17

K.2-1

K.2-2

K.2-3

K.2-4

K.2-5

K.2-6

K.2-7

K.3-1

TABLES (Cont.)

Comparison of the Amount and Timing of New Capacity Additions for

Alternatives A and F........cooooiiiiiiiiiiiiiicccc s K-107
Total Economic Impacts by Alternative at the 90% Exceedance Level.................. K-109
Estimated Cost of LTEMP EXPeriments..........cccceecveeeriieeiieesiiieeeieeeieeeeveeesvee e K-116

Comparison of Marketable Capacity, Replacement Capacity, and Capacity
Additions by Exceedance Level.........cooovviiiiiiiiiiiiieieceeeeeee e K-117

Firm SLCA/IP Federal Hydropower Capacity at Various Exceedance Levels
at Glen Canyon Dam by Alternative and Ancillary Service Scenarios ................... K-127

Comparison of Capacity and Energy Values at Glen Canyon Dam by
Alternative and Ancillary Services Scenarios at the 90% Exceedance Level ......... K-128

Difference Relative to Alternative A ..........ccccceviriiininieieiencneneseeeeeeeeeeen K-128
Alternative Cost Increase Estimates for Mixed NGCC/CT Technology
Capacity Replacement Relative to CT Only Replacement as Estimated
USING GTIMAX-LILE.....ueiiciiieciieeeiee ettt et e e et e e st eeenseeesnaeeenaee s K-130
Summary of Economic Rankings for Baseline and All Sensitivity Scenarios ........ K-132
SHP Contractual Obligations and Project Use Required Deliveries by Month....... K-136

SHP Hourly Load Shapes by Month and Type of Day........ccccceeevveeviieenieeeieeee, K-137

Total Levelized Capital and Fixed O&M Cost for System Capacity Expansion
by AIErnative and YEar ........c.ceecuieeiiieeiiie ettt et e e e e eeenaaeeeeaee s K-141

Total Levelized Capital and Fixed O&M Cost for System Capacity Expansion
by Alternative and Year Expressed as the Difference from Alternative A.............. K-143

Total Net Purchase Power Expenses by Year and Alternative for the
Continuous Current Obligations SCENATIO ......c..eeevvveeriuiieeiieeeieeeeree e e K-147

Total Net Purchase Power Expenses by Year and Alternative for the Reduced

Obligations to Match Resource SCenario.........c.ccccveeevieerciieenieeeniee e e K-148
SLCA/IP Rate Impact by AIEINatiVe .......cceeevierieeiieiieeieeie e K-151
Energy Allocations for Systems Receiving Indirect SLCA/IP Allocations............. K-157

Ix



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
TABLES (Cont.)

K.3-2  Coverage of Retail Information from EIA Database Relative to SLCA/IP

Preference Power AllOCAtioN ............coeevieriiniiiiiniiniieiesteece e K-159
K.3-3  Average Annual Grid Cost Relative to SLCA/IP Wholesale Revenues

Relative to AItErNative A .......ooueiiiiiiiieieriteeeet e K-168
K.3-4 Summary Table of Comparative Values..........ccceoerieriininiiniiiinineeiceeneeen K-178
K.3-5 Individual Systems with the Largest Percent Retail Rate Impacts Relative to

F N 115 00 E21 5 A SRRSO K-180
K.3-6 Individual Systems with the Smallest Percent Retail Rate Impacts Relative to

YN 11 0 E:1 5 A SRR PPR PR K-182
K.3-7 Individual Systems with the Largest Monthly Residential Bill Impacts

Relative to AILEINAtIVE A ....cocueiiiieiieeie ettt ettt K-183
K.3-8 Individual Systems with the Smallest Monthly Residential Bill Impacts

Relative to AILEINAtiVE A .....cc.eiiiiiiie ettt ettt e K-184
K.3-9 Size and Preference Ratio for Utility Systems with Large Rate Impacts ................ K-186
K.3-10 Rate Impacts for Selected Groups in Maximum Impact Year...........cccceecveerueennnnne. K-186
K.4-1 Monthly Change in Residential Electric Utility Bill for Tribes by Alternative....... K-197
K.4-2  Total Dollar Annual Impact on Tribes under LTEMP Alternatives Relative to

AETNATIVE A ..ottt ettt ettt et e et e e bt e snteesaeeenbeeeneas K-199
L-1 Total Regional Economic Impacts of Non-Local Recreation Expenditures,

2 (TSRS L-13
L-2 Urban Population, Income, and Poverty in the Six-County Region........................ L-18
M-1 Emission Factors by Plant for System Power Generation and Spot Market............ M-10
M-2  Power Generation Averaged over the 20-Year LTEMP Period by Alternative ...... M-12
M-3 Summary of Potential Impacts of LTEMP Alternatives on Visibility and

Regional Air QUALIEY .......eeiuiiiiiiiieeiiee e M-15
M-4 Annual SO Emissions Averaged over the 20-Year LTEMP Period by

F N 1157 00 F21 5 A SO M-16

Ixi



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement
TABLES (Cont.)

M-5 Annual NOx Emissions Averaged over the 20-Year LTEMP Period by

ARETNATIVE. ...ttt st s M-19
M-6 Summary of Impacts of LTEMP Alternatives on SO and NOy Emissions............ M-22
M-7  Annual Greenhouse Gas Emissions under LTEMP Alternatives ............ccccceeeueenee. M-23
M-8  Summary of Impacts of LTEMP Alternatives on COze Emissions.........c..ccc.ceue.... M-26
N-1 Summary of Tribal Participation Status.........cccceeceereeiienienenieneeeeienecerecseeeen N-5
N-2 Summary of Tribal CorreSpondence...........ccecvveeriieiriiieeiiie e N-6
N-3 Summary of Major Face-to-Face Meetings, Webinars, and Conference Calls

INVOIVING TTIDES ..eeeiviieiiie ettt e e e e e e esaeeeesaeeensaeeeanes N-25
N-4 Summary of Individual Tribal Consultation Meetings to Date..........cccccecvereenenee. N-27
N-5 Index of Project Tribal Government Consultation and Coordination

COTITESPONACTICE. ......evieneieeiiieiie et ettt ettt et e et e et e eabeeteesnbeeseeesseenseessseenseennseenne N-29
P-1 List of HFEs Available for Sediment-Triggered Experiments under the

Preferred AIEINatiVe. ......c.ocveiiiiniiiniiieicceceese e P-7
Q-1 Comment Issues and Location in the Report ..........ccccoceeveiiiiiiniininicnicieeicee, Q-6
Q-2 Commenter Distribution by State ..........ccccvveeiiiiiiiieiiiieee e Q-10
Q-3 Commenter, Affiliation, and Location Where Responses Are Found...................... Q-88

Dxii



Glen Canyon Dam Long-Term Experimental and Management Plan

October 2016

Final Environmental Impact Statement

ac
ac-ft
ACHP
AML
AMSL
AMWG
AQOP

APE
Argonne
ASMR
AZGFD
AZ-SGCN

BA

BGEPA
BIA
BO

C

CAA
CAAA
CAEDYM
CCC
CEQ
CFMP
CFR
cfs

CHy
CcO
COy
COse
CPUE
CRBC
CRCN
CRD
CREDA
CRMP
CRSP
CRSPA
CRSS
CSU

ACRONYMS AND ABBREVIATIONS

acre(s)

acre-foot (feet)

Advisory Council on Historic Preservation
abandoned mine land

above mean sea level

Adaptive Management Work Group

Annual Operation Plan for Colorado River Reservoirs
Area of Potential Effect

Argonne National Laboratory

Age-Structured Mark Recapture Model
Arizona Game and Fish Department

Arizona Species of Greatest Conservation Need

Balancing Authority (in Chapter 3 only)
Biological Assessment (in all other sections)
Bald and Golden Eagle Protection Act of 1940
Bureau of Indian Affairs

Biological Opinion

Celsius

Clean Air Act

Clean Air Act Amendments

Computational Aquatic Ecosystem Dynamics Model
Civilian Conservation Corps

Council on Environmental Quality
Comprehensive Fisheries Management Plan
Code of Federal Regulations

cubic feet per second

methane

carbon monoxide

carbon dioxide

carbon dioxide equivalent

catch per unit effort

Colorado River Board of California
Colorado River Commission of Nevada
Colorado River Discovery

Colorado River Energy Distributors Association
Colorado River Management Plan

Colorado River Storage Project

Colorado River Storage Project Act of 1956
Colorado River Simulation System
Colorado Springs Utilities

Ixiii



Glen Canyon Dam Long-Term Experimental and Management Plan

October 2016

Final Environmental Impact Statement

DEIS
Deseret
DFC
DO
DOE
DOI
DPS

EA
eGRID
EIA
EIR
EIS
ELCOM
EMS
E.O.
EPA
EPT
ESA

F
FCPP
FES
FONSI
FR

ft

FWS
FY

GCDAMP
GCM
GCMRC
GCNP
GCNRA
GCPA
GHG
GMP
GW
GWh
GWP

H»S
HBC
HFC
HFE
hr

Draft Environmental Impact Statement

Deseret Generation and Transmission Cooperative
desired future condition

dissolved oxygen

U.S. Department of Energy

U.S. Department of the Interior

Distinct Population Segment

Environmental Assessment

Emissions & Generation Resource Integrated Database
Energy Information Administration
Environmental Impact Report

Environmental Impact Statement

Estuary, Lake and Coastal Ocean Model
emergency medical services

Executive Order

U.S. Environmental Protection Agency
Ephemeroptera, Plecoptera, and Trichoptera
Endangered Species Act of 1973, as amended

Fahrenheit

Four Corners Power Plant

Firm Electric Service

Finding of No Significant Impact
Federal Register

foot (feet)

U.S. Fish and Wildlife Service
fiscal year

Glen Canyon Dam Adaptive Management Program
general circulation model

Grand Canyon Monitoring and Research Center
Grand Canyon National Park

Glen Canyon National Recreation Area

Grand Canyon Protection Act of 1992
greenhouse gas

General Management Plan

gigawatt(s)

gigawatt-hour(s)

global warming potential

hydrogen sulfide
humpback chub
hydrofluorocarbon
high-flow experiment
hour(s)

Dxiv



Glen Canyon Dam Long-Term Experimental and Management Plan
Final Environmental Impact Statement

HRR

in.
IPM
IRP
ISM

kaf
kWh

Ib
LCRMSCP
LMM
LMNRA
LROC
LTEMP
LTEP

LTF

maf
MAMB
MBTA
MCL
mi
MLFF
MMt
MOA
MT
MW
MWh

N>O
NAAQS
NAU
NC
NEPA
NERC
NEV
NGO
NHPA
NM
NO»
NO3
NOI
NOx
NPS

Hualapai River Runners

inch(es)

Integrated Pest Management
integrated resource plan
Indexed Sequential Method

thousand acre-feet
kilowatt-hour(s)

pound(s)

Lower Colorado River Multi-Species Conservation Program

Lake Mead Model

Lake Mead National Recreation Area
Long-Range Operating Criteria

Long-Term Experimental and Management Plan
Long Term Experimental Plan

long-term firm

million acre-feet

miscellaneous algae, macrophytes, and bryophytes
Migratory Bird Treaty Act
maximum contaminant level
mile(s)

Modified Low Fluctuating Flow
million metric tons
Memorandum of Agreement
metric ton(s)

megawatt(s)

megawatt-hour(s)

nitrous oxide

National Ambient Air Quality Standards
Northern Arizona University

no change

National Environmental Policy Act of 1969, as amended
North American Electric Reliability Corporation
net economic use value

nongovernmental organization

National Historic Preservation Act

national monument

nitrogen dioxide

nitrate-nitrogen

Notice of Intent

nitrogen oxides

National Park Service

Ixv

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan
Final Environmental Impact Statement

NPV
NRHP
NTUA

O&M
O3
OPAC
OSMRE

PA
Pb
PEPC
PFC
P.L.
PM
PM3 5
PMjg
POM
PSAR
PSD

RA
Reclamation
RM

RMP

ROD

RSG

SAAQS
SBM
SCP

SD

SDA

SE
Secretary, the
SFe¢
SHPO
SLCA/IP
SO

SO

SPC

SRP
SRSG

TCD
TCP

net present value
National Register of Historic Places
Navajo Tribal Unit Authority

operation and maintenance

ozone

Office of Planning and Compliance

Office of Surface Mining Reclamation and Enforcement

Programmatic Agreement

lead

Planning, Environment, and Public Comment
perfluorocarbon

Public Law

particulate matter

particulate matter <2.5 um in aerodynamic diameter
particulate matter <10 pm in aerodynamic diameter
particulate organic matter

preventative search and rescue

Prevention of Significant Deterioration

resource available

Bureau of Reclamation
river mile

Resource Management Plan
Record of Decision
Reserve Sharing Group

State Ambient Air Quality Standards
Sand Budget Model

Salinity Control Project

standard deviation

Structured Design Analysis

standard error

Secretary of the Interior

sulfur hexaflouride

State Historic Preservation Officer
Salt Lake City Area Integrated Projects
Secretarial Order

sulfur dioxide

Southern Paiute Consortium

Salt River Project

Southwest Reserve Sharing Group

temperature control device
traditional cultural property

Devi

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan
Final Environmental Impact Statement

TDS
THPO
TL

TMF
Tri-State
TWG

UAMPS
UBWR
UCRC
UMPA
USC
USFS
USGS

VOC

WACM
WALC
WAUW
WECC
Western

YOY
yr

ZHHPO

total dissolved solids

Tribal Historic Preservation Officer

total length

trout management flow

Tri-State Generation and Transmission Association
Technical Working Group

Utah Associated Municipal Power Systems
Utah Board of Water Resources

Upper Colorado River Commission

Utah Municipal Power Agency

United States Code

U.S. Forest Service

U.S. Geological Survey

volatile organic compound

Western Area Colorado-Missouri Region
Western Area Lower Colorado Region
Western Area Upper Great Plains West Region

Western Electricity Coordinating Council
Western Area Power Administration

young-of-year
year(s)

Zuni Heritage and Historic Preservation Office

Ixvii

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

This page intentionally left blank

Dxviii



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

APPENDIX O:

BIOLOGICAL ASSESSMENT FOR THE GLEN CANYON DAM LONG-TERM
EXPERIMENTAL AND MANAGEMENT PLAN



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

This page intentionally left blank

0-2



Biological Assessment for the Glen
Canyon Dam Long-Term
Experimental and Management

Plan (LTEMP)

U.S. Department of the Interior August 2016




Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

0-4



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS

ACRONYMS AND ABBREVIATIONS ......ooiieieeeeee et ix
1 INTRODUCTION AND BACKGROUND.......cctiieiieieciieieeieseeie et 1
1.1 Synopsis of the Proposed ACHON ..........cccuieiieriieiieiii et 3
1.2 Description of the Federal ACtiONn ..........cceoviiiieiiiiiiiiecie e 4
1.2.1  Regulatory CONEXt.......cceevuiriiriiiiniienieeieneteie ettt sttt 4
1.2.2 ACHION AT@A .ottt ettt ettt sae e 5
1.2.3  Project DESCIIPLION ...cccuviieeiiieeiieeeiieeeieeeeteeeeieeeeree e e e eaae e s e e eneeeenee 6
1.2.4  Conservation MEASUIES ..........ceerueeruieeiiieniieeiienieeeieesieesteesiee e e seeesseesaee e 10
1.2.4.1 Humpback Chub........cccooviiiiiiiiiiieieeee e 10
1.2.4.2 Razorback SUCKET..........cociiiiiiiiiiiiiieeeeee e 12
1.2.4.3 Nonnative Species — Removal and Control Actions..................... 13
1.2.4.4 Southwestern Willow Flycatcher and Yuma Ridgway’s Rail....... 14
| T 5 : TSN 0 0 1S3 110 ) USRS 15
1.2.6  Operational FIEXibility ........cccccoviiiiiriiiniiiiiiiieeiceceecceeeeee e 15
1.2.7 Implementation of Experimental Elements..........cccccocevvverieniiiiiniienenniennne 18
1.2.8  Overall Implementation Process for Experiments............ccccceevveercvveenneeenee. 18
1.2.9 Sediment-Related Experimental Treatments............coceeverveneeneniieneenennens 24
1.2.9.1 Sediment-Triggered Spring HFES..........ccoooivviiiniiniiiieieeee 26
1.2.9.2  Proactive Spring HFES .........ccooiiiiiiiiiieieeeeeeeeee e 27
1.2.9.3 Sediment-Triggered Fall HFES ........c.cccoceiiniiniiiiniiiicee 28
1.2.9.4 Extended-Duration Fall HFEs..........cccccociiiniiiniiniiiiiiiee 28
1.2.10 Aquatic Resource-Related Experimental Treatments ............cccccecvveeenneennnne. 30
1.2.10.1 Trout Management FIOWS ..........cccccoeiiiiiiiniiiiiieccee e 31
1.2.10.2 Tier 1 Conservation Actions for Humpback Chub........................ 34
1.2.10.3 Tier 2 Mechanical Removal of Nonnative Fish ..............c...c......... 35
1.2.10.4 Low Summer FIOWS .......ccccoiiiiiiiiiiiiiieeeeeeee e 36

1.2.10.5 Low Steady Weekend Flows for Macroinvertebrate
Production ........coc.ooiiiiiiiiii e 40
1.2.11 Native and Nonnative Plant Management and Experimental Actions......... 41
2 ENVIRONMENTAL BASELINE......cottitiiiitiieeeee ettt 43
2.1 Description of Species Identified for Analysis .......ccccveeviieeiiieeiiiecie e 43
2.1.1  Kanab Ambersnail..........coocieiiiiiiiniiiie e 43
2111 Le@al StatUS ..ccvieieeeiieeiieeiie ettt et 43
2.1.1.2  Recovery Goals and Status...........ccceeevveeeriieeniieeieecee e 43
2.1.1.3 Historic and Current Range...........coceevueriineeienienennieneenieeieneenee 44
2.1.1.4  HabItal.ooeieiiiiieieceeeeeeeee e e 44
2,115 Life HiStOTY wooiiiieeiiiecie ettt et e 44
2.1.2 Humpback Chub........ccccociiiiiiiiiiiiiiinccceeee e 45
2.1.2.1  Le@al StatUS ..cceieeiieeiieeiieeie ettt ettt et et 45
2.1.2.2 Recovery Goals and Status...........ccceeevveeeriieeniieeieeeee e 45

i



Glen Canyon Dam Long-Term Experimental and Management Plan
Final Environmental Impact Statement

2.2

3 EFFECTS ANALYSIS OF PROPOSED ACTION

3.1

CONTENTS (Cont.)

2.1.2.3 Historic and Current Range...........ccceveevervineenienicnens
2.1.2.4 Population within the Action Area..........cccceveereruenncnne
2.1.2.5  Habitat...oooooiiiiiiiiicc e
2.1.2.6  Life HiStOry ..ccueeiuieiiieiieieeieeee e

2.1.2.7 Factors Affecting Distribution and Abundance in the
Grand Canyon ..........cccveeeieeerieeenieeeiee e ereeeeree e
2.1.3  Razorback SUCKET.........ccoiiiiiiiiiiiieee e
2.1.3.1  Le@al StatusS...ccveeeeeiieeieeieeeeeeteeeee e
2.1.3.2 Recovery Goals and Status..........cccceeeveeeeieencieenreeenen.
2.1.3.3 Historic and Current Range...........ccccveevervineencnecnens
2.1.3.4 Population within the Action Area...........ccceveerueruennenne
2.1.3.5  Habitat...oocoooiiiiiiieicicc e
2.1.3.6  Life HiStOry ..oceeeiieeiiieiieie et

2.1.3.7 Factors Affecting Distribution and Abundance in the
Grand Canyon ..........cccveeeieeerieeeiieeeie e e sree e
2.1.4  Southwestern Willow Flycatcher .......cc..coceveiviniininninncncnnenne.
2.1.4. 1  Le@al StatUS...cceeeeeeiieeieeieeeeeeieeeee et
2.1.4.2 Recovery Goals and Status..........cccceeeveeveieencieenieeenen.
2.1.4.3 Historic and Current Range...........coceveevervineeneniecnens
2.1.4.4 Population within the Action Area..........ccccveveevueruenennne
2.1.4.5 Lees Ferry to Diamond CreeK.........ccccevvevvveeieeecieennnenn.
2.1.4.6 Lower Grand Canyon.........cc.cecerveeneerieneeneenieneeneneenn
2.1.4.7 Life History and Habitat............cccccceeviiiriiiniiiiienieeie,

2.1.4.8 Factors Affecting Distribution and Abundance in the
Grand Canyon ........ccceceeveevienieneenienieneeeeeee e
2.1.5 Yuma Ridgway’s Rail .......ccccccereiiiiniiiiiiieieeceece e
2.1.5.1  Le@al Status....ccceecveeeiiieeieeeeeee e
2.1.5.2 Recovery Goals and Status........c..cceceevuereenervieneenennne
2.1.5.3 Historic and Current Range.............cccceevieviiienieniiennen.
2.1.5.4 Population within the Action Area.........cccceevvveeeeveennee.
2.1.5.5 Habitat and Life HiStory.........cocceeiieiiiiiiiiiieceieeee

2.1.5.6 Factors Affecting Distribution and Abundance in the
Grand Canyon ..........cccveeeieeerieeeiieeeie e e e eree e
Baseline Take Resulting from Handling and GCDAMP Research............
2.2.1  Humpback Chub.........ccccoiiiiiiiiiiiieiecicceee e
2.2.2  Razorback SUCKET.........coceviriiiriiiiiiiiciiceccecceeee

Effects of the Proposed Action on Kanab Ambersnail ...........cccccoceenenene

3.1.1  Direct and Indirect Effects .........cccccovieviniiniiiniiiiiiiniccee
3.1.1.1 Effects of Sediment-Related Experiments .....................
3.1.1.2  Effects of Vegetation Management.............c.ccecuereennnne

v

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

CONTENTS (Cont.)
3.1.1.3  Effects of Climate Change ..........cccceevvereeneriiinienenieneerieeieneene 78
3.2 Effects of the Proposed Action on Humpback Chub ............cccoeeiieiiiniiininiiee, 78
3.2.1 Direct and Indirect Effects ........cccoooiiiiiiniiiiiiieeee, 79
3.2.1.1 Effects of Base Operations...........ccceecvereevieriieneeneneeneenieeeeneeenne 79
3.2.1.2  Effects of Dam Operational Flexibility..........ccccevvervirienienennene. 82
3.2.1.3 Overall Implementation Process for Experiments ........................ 84
3.2.1.4 Effects of Sediment-Related Experiments ..........c.cccceveevueriennnene. 84
3.2.1.5 Effects of Trout Management Flow Experiments......................... 88
3.2.1.6 Effects of Triggered Conservation Actions and Mechanical
Removal of Nonnative Fish Experiments .............cccccoeviiniinnnnnnne 90
3.2.1.7 Effects of Low Summer Flow Experiments.............c.ccccoeevurennennne. 91
3.2.1.8 Effects of Low Steady Weekend Flows for Macroinvertebrate
Production EXperiments ..........cccceeueerieniiinieniieiie e 92
3.2.1.9 Effects of Ongoing Conservation Measures.............cccceveruveennennne. 93
3.2.1.10 Effects of New Conservation Measures............ccceeveeeneereeenneenne 98
3.2.1.11 Effects of Native and Nonnative Plant Management
Experimental ACHONS.........cocuiiriieriieriieieeieeieeee e 98
3.2.1.12 Effects of Activities to Preserve and Protect Historic
Properties and Cultural Sites.........cccoceevieiiniininiiniinieceicee 98
3.2.1.13 Effects of Climate Change .........cccceeeeeriieriieniieeiienieeieeie e 98
3.3  Effects of the Proposed Action on Razorback Sucker ...........cccocvvveviieniiiiiiiieieen, 99
3.3.1 Direct and Indirect Effects .........ccoocuieiiiniiiiiiiiiieeeeeeee e 100
3.3.1.1 Effects of Base Operations............cceeeeeriieriienieeniienieeie e 100
3.3.1.2 Effects of Sediment-Related Experiments and Low Summer
FLOWS et 102
3.3.1.3 Effects of Low Steady Weekend Flows for Macroinvertebrate
Production EXperiments ..........cccceecuvieeriieeecieeeiee e 103
3.3.1.4 Effects of Trout Management Flow Experiments......................... 103
3.3.1.5 Effects of Triggered Conservation Actions and Mechanical
Removal of Nonnative Fish Experiments ..........cccccceevevieveiieennneen. 104
3.3.1.6  Effects of Conservation Measures...........ccecceerueerieeneeenieeneeenneennn 105
3.3.1.7 Effects of Climate Change ...........cceeeeeeiieriienieeiieeieeeeeie e 108
3.4  Effects of the Proposed Action on Southwestern Willow Flycatcher....................... 108
3.5  Effects of the Proposed Action on Yuma Ridgway’s Rail..........ccccceviiniininnnnn 109
3.6 Cumulative EIFECtS ...c.eiiiiiiiiiiiic e 110
3.6.1 Grand Canyon Escalade ...........cccccuviiiiiiiiiiiiiiieceeeeceeeee e 110
3.6.2  Uranium Mining on State and Private Lands ..........ccccoceviiniiiiniinincnnns 111
3.6.3 Increased Municipal and Agricultural Water Demand................cccccveennenne. 112
3.6.4 Urban and Agricultural Runoff .............cccoviiiiiiiniii e, 112
3.6.5 Nonnative Vegetation and Defoliating Nonnative Insect Expansion........... 112
3.6.6  Cumulative Effects SUmmary ............cccooevieiiiiiiiiniiiiieie e 113
3.6.6.1 Aquatic Species — Humpback Chub, Razorback Sucker, and
Kanab Ambersnail.........cccccooiiiiiiiiiii e 113
A%



Glen Canyon Dam Long-Term Experimental and Management Plan

Final Environmental Impact Statement

CONTENTS (Cont.)
3.6.6.2  WILAIIfe....ccvieiiiieeeeceee e
3.6.7 Summary of Climate-Related Changes ............ccccccveeeiienieiciienieiiieeieeeee
4 CONCLUSIONS AND DETERMINATIONS OF EFFECT .....ccoovioiiiieeeeeeeeeee
4.1  Listed Species Determinations ........c..cecueeeereerierieneerieneeneerieeee et
4.2 HUumpback ChUD.......c.coouiiiiiiiieii ettt et
4.3 RAzorback SUCKET ......coiiiiiiiiiee e e
4.4 Kanab AmDErsNail..........ccciiiiiiiiiiiiiicciee ettt e as
4.5  Southwestern Willow FlycatCher ............ccooiieiiiiiiiiiiieniiceeee e
4.6 Yuma Ridgway’s Rail ......c.cccooiiiiiiiiiiiice et
5 LITERATURE CITED ..ottt ettt nne e

APPENDIX A: Southwestern Willow Flycatcher Detections and Nest Sites,

Grand Canyon National Park, Arizona, 19822012 ........ccccceevveveveevcrieeennen.

APPENDIX B: Southwestern Willow Flycatcher Historic and Recent Territories and

Nesting Sites, Grand Canyon National Park, Arizona...........cccceeceevevieneenne.

APPENDIX C: Ridgway’s Rail Historic Records at Grand Canyon

National Park, ATIZONA.........cooovuuiiiiiiiiiiiieieieieeee et e e

APPENDIX D: Proposed Action Triggers for the Management of Humpback Chub

Colorado River, Grand Canyon ..........cccceecueeeeiieeniieeiieeeiee e eieeesvee e

FIGURES

Locations of Glen Canyon Dam, Lake Powell, and the Colorado River between
Lake Powell and Lake Mead, and Adjacent Lands............ccceceeviieiienineniienieeiee,

Mean, Minimum, and Maximum Daily Flows under the Proposed Action in an
823 MAT Y AT ..eiieiieeiie et et a e e e e e b e e enaree s

Simulated Hourly Flows under the Proposed Action in an 8.23-maf Year ..................

Decision Tree for Implementation of Sediment-Related Experimental Treatments
under the Proposed ACHION.........c.eiiiiiiiiiiiieiiee ettt

Example Implementation of a Two-Cycle Trout Management Flow in June and
July with Resumption of Normal Fluctuations between Cycles and Afterward...........

Vi

October 2016



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

6

10

11

12

13

C.1

C.1

Mean, Minimum, and Maximum Daily Flows under Triggered Low Summer
Flows of the Proposed Action in an 8.23-maf Year Based on the Values Presented
TN TADIC 4 .ottt e 38

Closed Chapman Petersen Abundance Estimates of Humpback Chub >150 mm
and >200 mm in the Little Colorado River during Spring and Fall Seasons................ 49

Estimated Adult Humpback Chub Abundance from Age-Structured Mark-
Recapture Model Incorporating Uncertainty in Assignment of Age.......c..ccceveenuennnene 51

Estimated Total Adult Abundance of Humpback Chub in the Lower 8 mi of
the Little Colorado River and a 2-mi Portion of the Colorado River Just
Downriver of the Confluence of the Little Colorado and Colorado Rivers,

for September 2009 through 2012 .......cccoiiiiiiiiiieeiteeee e 51
Total Abundance of Humpback Chub in Havasu Creek, Based on Annual

Population Estimates between 2012 and 2015........cccooiiiriiiiiinieeiee e 53
Humpback Chub Aggregation Areas along the Colorado River between

Glen Canyon Dam and Lake Mead..........cccoeciiieiiiiieiiieciieecee e 53
Water Temperatures at the Little Colorado River Confluence, 1995 to Present .......... 60
Historic and Present Range of Razorback Sucker in the Colorado River Basin .......... 62

Threatened, Endangered, and Sensitive Species Observed along the Colorado

RIVET COTTIAOT ..ttt ettt ettt ettt e e e et e st e e bt e C-3
TABLES

Federally Listed Species Occurring within the Project Area..........ccocevveveriienienennns 1

Flow Parameters under the Proposed Action in an 8.23-maf Year...........cccccecuvvennenns 16

Implementation Criteria for Experimental Treatments under the Proposed Action..... 20

Flow Parameters for a Year with Low Summer Flows under the Proposed
Action in an 8.23-mMaf YEAT ....couiiiiiiiiiieeee e 37

Temperature Requirements for Spawning, Incubation, Growth, and Lethality
of 36 Native and Nonnative Fish Species of the Colorado River and

Its Tributaries in and near the Project Area........cccveeeviiiieiiiieiiie e 83
Summary of Effects Determinations for the Five Listed Species..........ccccceeeverienneee 118
Ridgway’s Rail Historic Records at Grand Canyon National Park, Arizona............... C-3

Vil



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

This page intentionally left blank

Viii

0-10



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

ACRONYMS AND ABBREVIATIONS

ac acre(s)

ac-ft acre-foot (feet)

AMWG Adaptive Management Work Group

ASMR Age-Structured Mark Recapture Model
AZGFD Arizona Game and Fish Department

BA biological assessment

BIA Bureau of Indian Affairs

BO Biological Opinion

C Celsius

CFMP Comprehensive Fisheries Management Plan
CFR Code of Federal Regulations

cfs cubic feet per second

cm centimeter(s)

CRSP Colorado River Storage Project

CRSPA Colorado River Storage Project Act of 1956
DOI U.S. Department of the Interior

EA environmental assessment

EIS Environmental Impact Statement

EPA U.S. Environmental Protection Agency
EPT Ephemeroptera, Plecoptera, and Trichoptera
ESA Endangered Species Act of 1973, as amended
F Fahrenheit

FR Federal Register

ft foot (feet)

ft3 cubic foot (feet)

FWS U.S. Fish and Wildlife Service

GCDAMP Glen Canyon Dam Adaptive Management Program

GCMRC Grand Canyon Monitoring and Research Center
GCNP Grand Canyon National Park

GCNRA Glen Canyon National Recreation Area

GCPA Grand Canyon Protection Act of 1992

HBC humpback chub

HFE high-flow experiment

Hg mercury

hr hour(s)

ix

0-11



Glen Canyon Dam Long-Term Experimental and Management Plan

October 2016

Final Environmental Impact Statement

IKAMPT
n.

JICM

kaf
km

1b
LCRMSCP
LMNRA
LTEMP

maf

NEPA
NHPA
NPS

NRHP

OSMRE

ppb

Reclamation
RM
ROD

Se
SNARRC

TL
TMF
TWG

UCRC
USC
USFS
USGS

Interagency Kanab Ambersnail Monitoring Team
inch(es)

juvenile chub monitoring

thousand acre-feet
kilometer(s)

pound(s)

Lower Colorado River Multi-Species Conservation Program

Lake Mead National Recreation Area

Glen Canyon Dam Long-Term Experimental and Management Plan

million acre-feet

mile(s)

Modified Low Fluctuating Flow
millimeter(s)

Minimum Viable Population

National Environmental Policy Act of 1969, as amended
National Historic Preservation Act

National Park Service

National Register of Historic Places

Office of Surface Mining Reclamation and Enforcement
part(s) per billion

Bureau of Reclamation
river mile
Record of Decision

selenium
Southwestern Native Aquatic Resources and Recovery Center

total length
trout management flow
Technical Working Group

Upper Colorado River Commission
United States Code

U.S. Forest Service

U.S. Geological Survey

0-12



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

WAPA Western Area Power Administration

YOY young-of-the-year

Xi

0-13



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

This page intentionally left blank

Xii

0-14



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016

Final Environmental Impact Statement

1 INTRODUCTION AND BACKGROUND

The Bureau of Reclamation (Reclamation) has prepared this biological assessment (BA)
to analyze the potential effects of the proposed Glen Canyon Dam Long-Term Experimental and
Management Plan (LTEMP) as described in the associated Environmental Impact Statement
(EIS) on federally listed species. The BA analyzes the effects of implementation of flow and
non-flow actions over a 20-year period at Glen Canyon Dam and in the Colorado River
downstream of Glen Canyon Dam within Glen Canyon National Recreation Area (GCNRA) and
Grand Canyon National Park (GCNP), Coconino County, Arizona, to Lake Mead National
Recreation Area (LMNRA) (Figure 1). This BA was prepared by Reclamation as part of its
compliance with the Endangered Species Act of 1973, as amended (ESA; 87 Stat. 884;

16 U.S.C. §1531 et seq.). A BA evaluates the potential effects of the action on listed and
proposed species and designated and proposed critical habitat and determines whether any such
species or habitat are likely to be adversely affected by the action (50 CFR 402.12).

A total of nine species currently listed under the ESA occur within the project area
(Table 1). Five species are addressed in this BA due to potential effects from the proposed
action: humpback chub (Gila cypha), razorback sucker (Xyrauchen texanus), southwestern
willow flycatcher (Empidonax traillii extimus), Ridgway’s Rail (formerly Yuma Clapper Rail)
(Rallus obsoletus), and the Kanab ambersnail (Oxyloma kanabensis). Reclamation made “No
effect” determinations for the Mexican spotted owl (Strix occidentalis lucida), the western
yellow-billed cuckoo (Coccyzus americanus), and sentry milk-vetch (Astragalus cremnophylax
cremnophyla). None of these species, or their habitat, occur in the area where activities would be
implemented, and thus they are not considered further in this analysis. Reclamation has
previously consulted on the bald eagle (Haliaeetus leucocephalus), American peregrine falcon
(Falco peregrinus anatum), and California condor (Gymnogyps californianus). The California
condor is an endangered species that would not be affected by this action, and the condors
released in Arizona are designated as a non-essential, experimental population under the
10(j) rule of the ESA. The peregrine falcon and bald eagle have been removed from the list of
threatened and endangered species and are not addressed in this BA.

TABLE 1 Federally Listed Species Occurring within the Project Area

Name

Species

Status

Mexican Spotted Owl
Southwestern Willow Flycatcher
California Condor

Strix occidentalis lucida
Empidonax traillii extimus
Gymnogyps californianus

Threatened

Endangered

Considered Threatened in National Parks;
Experimental Non-Essential population
in Northern Arizona

Western Yellow-billed Cuckoo Coccyzus americanus Threatened

Yuma Ridgway’s (formerly Rallus obsoletus yumanensis Endangered
Yuma Clapper) Rail

Kanab Ambersnail Oxyloma haydeni kanabensis Endangered

Humpback Chub Gila cypha Endangered

Razorback Sucker Xyrauchen texanus Endangered

Sentry Milk-vetch Astragalus cremnophylax cremnophylax ~ Endangered
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The BA provides the information and analysis to support Reclamation’s conclusions
concerning possible effects on the species and habitats listed in Table 1. Based upon the
information contained in this BA, Reclamation has determined that the proposed action may
affect, but is not likely to adversely affect, the southwestern willow flycatcher and Ridgway’s
Rail, and requests concurrence from the U.S. Fish and Wildlife Service (FWS). Reclamation has
also determined that the proposed action may affect and is likely to adversely affect the
humpback chub and its critical habitat, the razorback sucker and its critical habitat, and the
Kanab ambersnail, and provides this information to the FWS to initiate formal consultation.

Reclamation is the lead agency within the U.S. Department of the Interior (DOI) that
operates Glen Canyon Dam of the Colorado River Storage Project as a multipurpose storage
facility in northern Arizona. Construction and operation of the dam were authorized by the 1956
Colorado River Storage Project Act. Operation of the dam is governed by a complex set of
compacts, federal statutes and regulations, court decrees, and an international treaty collectively
and commonly referred to as the Law of the River.

Development of the proposed action included the evaluation of specific alternatives that
could be implemented to meet the Grand Canyon Protection Act’s (GCPA’s; 1992) requirements
and to minimize, consistent with law, adverse impacts on the downstream natural, recreational,
and cultural resources in the two park units, including resources of importance to American
Indian Tribes. The need for the proposed action stems from the need to use scientific information
developed since the 1996 Record of Decision (ROD) and the Operation of Glen Canyon Dam
Final Environmental Impact Statement (1995 EIS) to better inform DOI decisions on dam
operations and other management and experimental actions so that the Secretary of the Interior
(Secretary) may continue to meet statutory responsibilities for protecting downstream resources
for future generations, conserving federally listed species, avoiding or mitigating impacts on
National Register-eligible properties, and protecting Native American interests, while meeting
obligations for water delivery and the generation of hydroelectric power. The action will provide
a framework for adaptively managing Glen Canyon Dam over the next 20 years consistent with
the GCPA and other provisions of applicable federal law. Several key issues related to natural
resources downstream of Glen Canyon Dam and new scientific information related to them are
summarized below.

The Colorado River downstream from Glen Canyon Dam is depleted of its natural
sediment load due to the presence of the dam, and many types of ongoing dam releases further
deplete sediment delivered to the main channel by causing erosion. However, high-flow releases,
between approximately 30,000 and 45,000 cfs that are triggered when there is sufficient
sediment from the Paria River, mobilize sand stored in the river channel and redeposit it as
sandbars and beaches and associated backwater and riparian habitats (Melis et al. 2011). Because
sandbars are one of the natural resources addressed by the GCPA that are to be protected,
mitigated, and, where possible, improved, the LTEMP EIS uses current comprehensive scientific
data and modeling to consider possible improvements related to the use of high-flow
experiments (HFEs), as well as possible intervening flow operations, that may help better
achieve the goal of retaining sandbars.
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Since the 1995 EIS, the status of the endangered humpback chub has continued to be an
issue of concern since the population in Grand Canyon, the largest in existence, declined during
the late 1990s coincident with cooler water temperatures and high nonnative trout abundance and
other factors. The cause of the decline was probably the result of a combination of factors, and
based on Age-Structured Mark Recapture (ASMR) and multi-state models (see Figure 8), the
species has since rebounded over the last decade, when water temperatures were warmer and
trout abundance lower (Yackulic et al. 2014; Yard et al. 2011). Until recently, Rainbow trout
have been the nonnative species of concern, but brown trout and warmwater nonnatives are
becoming or are likely to become an additional concern. Uncertainty remains as to future
humpback chub population response to changes in flows, nonnative species, and water
temperatures that are largely driven by reservoir elevation.

There is concern among managers and scientists that nonnative fish compete with or prey
upon the native or endangered fish to varying degrees (Yard et al. 2011; Whiting et al. 2014;
Gloss and Coggins 2005). The effects of dam operations were examined in the 1995 EIS, and
much additional information has been accumulated about the effects of dam operations on native
and nonnative fish since that time. The LTEMP EIS applies the best available science and
modeling methods to further consider the impacts of a variety of dam operations on native and
nonnative fish and to determine what future experimentation is needed regarding these flow
regimes to reduce the negative interactions of nonnative fish with native fish.

In addition to humpback chub, other important fish fauna found in the Colorado River
below Glen Canyon Dam include razorback sucker (also listed as endangered), and three other
native fish, flannelmouth sucker (Catostomus latippinis), bluehead sucker (Catostomus
discobolus), and speckled dace (Rhinichthys osculus). Razorback sucker were thought to be
extirpated from the Grand Canyon, but adults (Arizona Game and Fish Department [AZGFD],
2012 Data) and larval razorback sucker (Albrecht et al. 2014) have recently been found in the
western Grand Canyon. Populations of bluehead and flannelmouth suckers have fluctuated in the
Colorado River in the Grand Canyon since the 1995 EIS (Rogowski et al. 2015).

1.1 SYNOPSIS OF THE PROPOSED ACTION

The LTEMP EIS proposed action (Alternative D) affects monthly, daily, and hourly
releases from Glen Canyon Dam but does not affect annual water release determinations. Under
the proposed action (Alternative D of the EIS), the total monthly release volume of October,
November, and December would be equal to that under Modified Low Fluctuating Flows
(MLFF), the current operations, to avoid the possibility of the operational tier differing from that
of MLFF, as established in the Interim Guidelines (Reclamation 2007a). The August volume was
set to a moderate volume level (800 kaf in an 8.23-maf release year) to balance sediment
conservation prior to a potential fall HFE, and power production and capacity concerns. January
through July monthly volumes were set at levels that roughly track Western Area Power
Administration’s (WAPA’s) contract rate of power delivery. This produced a redistribution of
monthly release volumes under the proposed action and results in a relatively even distribution of
flows. Under the proposed action, the allowable within-day fluctuation range from Glen Canyon
Dam would be proportional to the volume of water scheduled to be released during the month
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(10 x monthly volume in kaf in the high-demand months of June, July, and August and

9 x monthly volume in kaf in other months), with a maximum daily fluctuation of 8,000 cfs. The
down-ramp rate would be increased to 2,500 cfs/hr, but the up-ramp rate would remain
unchanged at 4,000 cfs/hr.

Experimentation under the proposed action includes testing the effects of the following
actions:

1. Sediment-triggered spring and fall HFEs through the entire 20-year LTEMP
period,

2. 24-hr proactive spring HFEs in high volume years (>10 maf release volume);

3. Extension of the duration of up to 45,000 cfs fall HFEs for as many as 250 hr
depending on sediment availability;

4. Proactive conservation actions for humpback chub if triggered by declines in
humpback chub abundance and mechanical removal of nonnative fish near the
Little Colorado River confluence, if proactive conservation actions fail to
arrest humpback chub population decline;

5. Trout management flows;

6. A test of low summer flows in the second 10 years of the LTEMP period to
allow greater warming; and

7. Sustained low flows to improve the aquatic food base.

A wide range of possible hydrologic conditions will occur over the LTEMP
implementation time frame in response to intra-annual and inter-annual variability in basin-wide
precipitation cycles. Within a year, monthly operations are typically adjusted (increased or
decreased) based on changing annual runoff forecasts, and, since 2007, application of the Interim
Guidelines for Lower Basin Shortages and Coordinated Operations for Lake Powell and
Lake Mead (Reclamation 2007a).

1.2 DESCRIPTION OF THE FEDERAL ACTION

1.2.1 Regulatory Context

Past consultations have evaluated the impact of proposed actions on the threatened and
endangered species that live in the Colorado River and its floodplain between Glen Canyon Dam
and at the time, Separation Canyon, near the inflow area of Lake Mead, Coconino and Mohave
Counties, northern Arizona. This BA focuses on the area of the Colorado River from Glen
Canyon Dam to Lake Mead below Pierce Ferry Rapid (river mile [RM] 280, [451 km)]), although
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the impacts of some elements of the proposed action could extend downstream and upstream of
this area, and into tributary streams. The anticipated area of effect lies within the State of
Arizona and in LMNRA, GCNRA, and GCNP. The area is bordered by, or is in proximity to, the
Navajo Nation, Havasupai, and Hualapai tribal lands.

1.2.2 Action Area

The action area for this proposed federal action is the Colorado River corridor from Glen
Canyon Dam in Coconino County, Arizona, downstream to the Colorado River Inflow in Lake
Mead. The action area includes the area potentially affected by implementation of the LTEMP
(normal and experimental operations of Glen Canyon Dam and non-flow actions). This area
includes Lake Powell, Glen Canyon Dam, and the river downstream to Lake Mead (see Figure 1
for the locations of Lakes Powell and Mead, Glen Canyon Dam, the Colorado River, and
adjacent lands). More specifically, the scope primarily encompasses the Colorado River
Ecosystem, which includes the Colorado River mainstream corridor and interacting resources in
associated riparian and terrace zones, located primarily from the forebay of Glen Canyon Dam to
the western boundary of GCNP. It includes the area where dam operations impact physical,
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FIGURE 1 Locations of Glen Canyon Dam, Lake Powell, and the Colorado River between Lake
Powell and Lake Mead, and Adjacent Lands
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biological, recreational, cultural, and other resources. Portions of GCNRA, GCNP, and LMNRA
are included within this area.

1.2.3 Project Description

The DOI has identified several primary objectives of operating Glen Canyon Dam under
the LTEMP, as well as more specific goals to improve resources within the Colorado River
ecosystem (primarily from Glen Canyon Dam downstream to the headwaters of Lake Mead)
through experimental and management actions. These objectives and resource goals were
considered in the formulation and development of alternatives in this EIS.

The following is a list of the objectives of the LTEMP:

* Develop an operating plan for Glen Canyon Dam in accordance with the
GCPA to protect, mitigate adverse impacts on, and improve the values for
which GCNP and GCNRA were established, including, but not limited to,
natural and cultural resources and visitor use, and to do so in such a manner as
is fully consistent with and subject to the Colorado River Compact, the Upper
Colorado River Basin Compact, the Water Treaty of 1944 with Mexico, the
decree of the U.S. Supreme Court in Arizona v. California, and the provisions
of the Colorado River Storage Project Act (CRSPA) of 1956 and the Colorado
River Basin Project Act of 1968 that govern the allocation, appropriation,
development, and exportation of the waters of the Colorado River Basin and
in conformance with the Criteria for Coordinated Long-Range Operations of
Colorado River Reservoirs as currently implemented by the 2007 Interim
Guidelines for Lower Basin Shortages and Coordinated Operations for
Lake Powell and Lake Mead.

» Ensure water delivery to the communities and agriculture that depend on
Colorado River water consistent with applicable determinations of annual
water release volumes from Glen Canyon Dam made pursuant to the Long-
Range Operating Criteria for Colorado River Basin Reservoirs, which are
currently implemented through the 2007 Interim Guidelines for Lower Basin
Shortages and Coordinated Operations for Lake Powell and Lake Mead.

» Consider potential future modifications to Glen Canyon Dam operations and
other flow and non-flow actions to protect and improve downstream
resources.

* Maintain or increase Glen Canyon Dam electric energy generation, load
following capability, and ramp rate capability, and minimize emissions and
costs to the greatest extent practicable, consistent with improvement and long-

term sustainability of downstream resources.

* Respect the interests and perspectives of American Indian Tribes.
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» Make use of the latest relevant scientific studies, especially those conducted
since 1996.

» Determine the appropriate experimental framework that allows for a range of
programs and actions, including ongoing and necessary research, monitoring,
studies, and management actions in keeping with the adaptive management
process.

* Identify the need for a Recovery Implementation Program for endangered fish
species below Glen Canyon Dam.

* Ensure Glen Canyon Dam operations are consistent with the GCPA, ESA,
National Historic Preservation Act (NHPA), CRSPA, and other applicable
federal laws.

Reclamation and the National Park Service (NPS) developed resource goals considering
public input and desired future conditions (DFCs) previously adopted by the Glen Canyon Dam
Adaptive Management Work Group (AMWG). The following resource goals were identified:

1. Archaeological and Cultural Resources. Maintain the integrity of potentially
affected National Register of Historic Places (NRHP)-eligible or listed
historic properties in place, where possible, with preservation methods
employed on a site-specific basis.

2. Natural Processes. Restore, to the extent practicable, ecological patterns and
processes within their range of natural variability, including the natural
abundance, diversity, and genetic and ecological integrity of the plant and
animal species native to those ecosystems.

3. Humpback Chub. Meet humpback chub recovery goals, including maintaining
a self-sustaining population, spawning habitat, and aggregations in the
humpback chub’s natural range in the Colorado River and its tributaries below
the Glen Canyon Dam.

4. Hydropower and Energy. Maintain or increase Glen Canyon Dam electric
energy generation, load following capability, and ramp rate capability, and
minimize emissions and costs to the greatest extent practicable, consistent
with improvement and long-term sustainability of downstream resources.

5. Other Native Fish. Maintain self-sustaining native fish species populations

and their habitats in their natural ranges on the Colorado River and its
tributaries.
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6. Recreational Experience. Maintain and improve the quality of recreational
experiences for the users of the Colorado River ecosystem. Recreation
includes, but is not limited to, flatwater and whitewater boating, river corridor
camping, and angling in Glen Canyon.

7. Sediment. Increase and retain fine sediment volume, area, and distribution in
the Glen, Marble, and Grand Canyon reaches above the elevation of the
average base flow for ecological, cultural, and recreational purposes.

8. Tribal Resources. Maintain the diverse values and resources of traditionally
associated Tribes along the Colorado River corridor through Glen, Marble,
and Grand Canyons.

9. Rainbow Trout Fishery. Achieve a healthy high-quality recreational rainbow
trout fishery in GCNRA and reduce or eliminate downstream trout migration
consistent with NPS fish management and ESA compliance.

10. Nonnative Invasive Species. Minimize or reduce the presence and expansion
of aquatic nonnative invasive species.

11. Riparian Vegetation. Maintain native vegetation and wildlife habitat, in
various stages of maturity, such that they are diverse, healthy, productive,
self-sustaining, and ecologically appropriate.

The preferred alternative in the LTEMP EIS is Alternative D, which was developed by
the DOI after a full analysis of the other six LTEMP alternatives had been completed.
Alternative D adopted operational and experimental characteristics from other alternatives, after
the effects of operations under other alternatives were modeled, and the results of that modeling
suggested ways in which characteristics of each could be combined and modified to improve
performance and reduce impacts, while meeting the purpose, need, and objectives of the LTEMP
EIS. Alternative D features condition-dependent flow actions (operations at Glen Canyon Dam)
and non-flow actions that would be triggered by resource conditions. Operations under the
preferred alternative would use only existing dam infrastructure. There are a number of
experimental and management actions that are a part of the preferred alternative; these are
described briefly in the list below.

» Spring and fall HFEs would be implemented when triggered to rebuild
sandbars. These HFEs include sediment-triggered HFEs in spring or fall,
proactive spring HFEs as triggered by high annual release volume (> 10 maf),
and extended duration (>96 hr) fall HFEs (Section 1.2.9).

» Nonnative fish control actions would be implemented if the Little Colorado
River humpback chub population declined, and proactive conservation actions
had failed to reverse declining populations. Two different tiers of population
metrics would be used to trigger responses such as actions to increase growth
and survival of humpback chub (Tier 1), or mechanical nonnative fish control
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(Tier 2), which would only be implemented when Tier 1 actions fail to slow or
reverse the decline in the humpback chub population (Section 1.2.10;
Appendix D).

» Experimental trout management flows (TMFs) could be used to control annual
trout production in the Glen Canyon reach for the purposes of managing the
trout fishery and for limiting emigration to Marble Canyon and the Little
Colorado River reach. Trout management flows will be tested early in the
experimental period, preferably in the first 5 years (Section 1.2.10).

* Low summer flows may be tested in the second 10 years of the LTEMP
period, for the purpose of achieving warmer river temperatures (> 14°C) to
benefit humpback chub and other native species. Under low summer flows,
daily fluctuations would be less than under base operations
(e.g., approximately 2,000 cfs) (Section 1.2.10).

» Low steady weekend flows for macroinvertebrate production, “bug flows.”
The primary objective of bug flows is to test whether these flows will increase
insect abundance. On an experimental basis, for example, flows would be held
low and steady for 2 days per week (weekends) from May through August to
attempt to improve the productivity of the aquatic food base, and increase the
diversity and abundance of mayflies (Ephemeroptera), stoneflies (Plecoptera),
and caddisflies (Trichoptera), referred to as EPT. While seeing EPT in the
canyon is a worthwhile goal, it is a very long-term goal and unlikely to occur
during initial experimentation (Section 1.2.11).

* Preservation of historic properties through a program of research, monitoring,
and mitigation to address erosion and preservation of archeological and
ethnographic sites and minimize loss of integrity at National Register historic
properties.

* Continued adaptive management under the Glen Canyon Dam Adaptive
Management Program (GCDAMP), including a research and monitoring
component. Research projects have been developed on a 3-year funding cycle
under the direction of the GCDAMP, which would continue under the
proposed action. The level of fisheries monitoring will be expected to remain
the same, or increase slightly, in order to address uncertainties and monitor
responses to experiments and changed operations.

In addition, the joint-lead agencies have established “sideboards” that constrain the
breadth and nature of the implementation of flow and non-flow actions of the proposed action.
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1.2.4 Conservation Measures

Conservation measures identified in the 2011 Biological Opinion (BO) on operations of
Glen Canyon Dam (FWS 2011a) included the establishment of a humpback chub refuge,
evaluation of the suitability of habitat in the lower Grand Canyon for the razorback sucker, and
establishment of an augmentation program for the razorback sucker, if appropriate. Other
measures include humpback chub translocation; Bright Angel Creek brown trout control; Kanab
ambersnail monitoring; determination of the feasibility of flow options to control trout, including
increasing daily down-ramp rates to strand or displace age-0 trout, and high flow followed by
low flow to strand or displace age-0 trout; assessments of the effects of actions on humpback
chub populations; sediment research to determine effects of equalization flows; and Asian
tapeworm (Bothriocephalus acheilognathi) monitoring. Most of these conservation measures are
ongoing and are elements of existing management practices (e.g., brown trout control, humpback
chub translocation, and sediment research to determine the effects of equalization flows), while
new conservation measures or adjustments to the existing ones have been developed for the
proposed action. These include experimental and management actions at specific sites such as
nonnative plant removal, revegetation with native species, and mitigation at specific and
appropriate cultural sites.

Five species listed under the ESA are addressed in the BA: humpback chub (Gila cypha),
razorback sucker (Xyrauchen texanus), Kanab ambersnail (Oxyloma kanabensis), southwestern
willow flycatcher (Empidonax traillii extimus), and Yuma Ridgway’s rail (Rallus longirostris
yumanensis). Conservation measures to minimize or reduce the effects of the proposed action or
benefit or improve the status of listed species as part of the LTEMP are organized by species
below.

1.2.4.1 Humpback Chub
Ongoing actions for the humpback chub include the following:

* Reclamation will continue to support the NPS, FWS, Grand Canyon
Monitoring and Research Center (GCMRC), and the GCDAMP in funding
and implementing translocations of humpback chub into tributaries of the
Colorado River in Marble and Grand Canyons, and in monitoring the results
of these translocations, consistent with agencies’ plans and guidance
(e.g., NPS Comprehensive Fisheries Management Plan [CFMP], FWS
Humpback Chub Genetics Management Plan, and Translocation Framework,
and GCMRC Triennial Work Plan). Specifically, the following will occur:

— Humpback chub will be translocated from the lower reaches of the Little
Colorado River to areas above Chute Falls in an effort to increase growth
rates and survivorship.

— Monitoring will be conducted annually, or as needed, depending on the
data required, to determine survivability, population status, or genetic
integrity of the Havasu humpback chub population. Intermittent
translocations of additional humpback chub in Havasu Creek will be
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conducted if the FWS and NPS determine it is necessary to maintain
genetic integrity of the population.

* Reclamation will continue to fund a spring and fall population estimate
annually, using a mark recapture based model for the Little Colorado River or
the most appropriate model developed for the current collecting techniques
and data.

» Reclamation will continue to fund control or removal of nonnative fish in
tributaries prior to chub translocations depending on the existing fish
community in each tributary. Reclamation, NPS, and FWS will lead any
investigation into the possibility of using a chemical piscicide, or other tools,
as appropriate. Tributaries and the appropriate control methods will be
identified by the FWS, NPS, Reclamation, and GCMRC, in consultation with
the AZGFD. Depending on the removal methods identified, additional
planning and compliance (e.g., National Environmental Policy Act [NEPA],
NHPA) may be necessary.

* Reclamation will continue to fund the FWS in maintenance of a humpback
chub refuge population at a federal hatchery (Reclamation has assisted the
FWS in creating a humpback chub refuge at the Southwestern Native Aquatic
Resources and Recovery Center [SNARRCY]) or other appropriate facility by
providing funding to assist in annual maintenance (including the collection of
additional humpback chub from the Little Colorado River for this purpose). In
the unlikely event of a catastrophic loss of the Grand Canyon population of
humpback chub, a humpback chub refuge will provide a permanent source of
sufficient numbers of genetically representative stock for repatriating the
species.

* Reclamation will continue to assist the FWS, NPS and the GCDAMP to
ensure that a stable or upward trend of humpback chub mainstem aggregations
can be achieved by:

— Continuing to conduct annual monitoring of the Little Colorado River
humpback chub aggregation (e.g., juvenile chub monitoring [JCM]
parameters). Periodically, an open or multistate model should be run to
estimate abundance of the entire Little Colorado River aggregation
inclusive of mainstem fish.

— Supporting annual monitoring in the mainstem Colorado River to
determine status and trends of humpback chub and continuing to
investigate sampling and analytical methods to estimate abundance of
chub in the mainstem.

— Conducting periodic surveys to identify additional aggregations and
individual humpback chub.

— Evaluating existing aggregations and determining drivers of these
aggregations, for example, recruitment, natal origins, spawning locations,
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and spawning habitat (e.g., consider new and innovative methods such as
telemetry or the Judas-fish approach) (Keggeries et al. 2015).

— Exploring means of expanding humpback chub populations outside of the
Little Colorado River Inflow aggregation. Evaluate the feasibility of
mainstem augmentation of humpback chub that would include larval
collection, rearing, and release into the mainstem at suitable areas outside
of or within existing aggregations.

An ongoing action for the humpback chub that needs enhancement is the following:

* Reclamation will, through the GCDAMP, conduct disease and parasite
monitoring in humpback chub and other fishes in the mainstem Colorado. The
U.S. Geological Survey (USGS) and GCMRC are currently conducting
parasite monitoring in the Little Colorado River. However, in order to better
understand how/if disease and parasites (primarily Asian tapeworm) are
affecting chub and how temperature differences may affect parasite
occurrence, this work will be expanded to include investigations of parasites
in humpback chub (and surrogate fish if necessary) in the mainstem.

New actions for the humpback chub include the following:

* Reclamation will collaborate with the FWS, GCMRC, NPS, and the
Havasupai Tribe to conduct preliminary surveys and a feasibility study for
translocation of humpback chub into Upper Havasu Creek (above Beaver
Falls). The implementation of surveys and translocations, following the
feasibility study, will be dependent on interagency discussions, planning and

compliance, and resulting outcomes of Tribal consultation under Section 106
of the NHPA.

* Reclamation will, in cooperation with the FWS, NPS, GCMRC, and AZGFD,
explore and evaluate other tributaries for potential translocations.

1.2.4.2 Razorback Sucker
Ongoing actions for the razorback sucker include the following:

* Reclamation will continue to assist the NPS, FWS, and the GCDAMP in
funding larval and small-bodied fish monitoring in order to:
— Determine the extent of hybridization in flannelmouth and razorback
sucker larvae collected in the western Grand Canyon through genetic
analysis.
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— Determine habitat use and distribution of different life stages of razorback
sucker to assist in future management of flows that may help conserve the
species. Sensitive habitats to flow fluctuations could be identified and
prioritized for monitoring.

— Assess the effects of TMFs and other dam operations on razorback sucker.

1.2.4.3 Nonnative Species — Removal and Control Actions (for all native
aquatic species)

Nonnative fish are important stressors contributing to the decline of native and
endangered fish species in the Colorado River. While many of these species are ubiquitous and
likely impossible to remove or control, actions targeted on particular species and locations can
decrease nonnative effects on endangered species. Reclamation maintains, through the
GCDAMP, the experimental fund that retains funding for emergency needs such as removal of
nonnative fish.

Reclamation will continue, in cooperation with, the NPS, FWS, AZGFD, GCMRC, and
GCDAMP, funding and implementation of the following ongoing actions:

* Reclamation, in collaboration with the NPS and FWS, and in consultation
with the AZGFD, will investigate the possibility of renovating Bright Angel
and Shinumo Creeks with a chemical piscicide, or other tools, as appropriate.
Additional planning and compliance, and Tribal consultation under Section
106 of the NHPA, would be required. This feasibility study is outlined in the
CFMP (see “Feasibility Study for Use of Chemical Fish Control Methods™).

* Reclamation will continue to fund efforts of the GCMRC and NPS to remove
brown trout (and other nonnative species) from Bright Angel Creek and the
Bright Angel Creek Inflow reach of the Colorado River, and from other areas
where new or expanded spawning populations develop, consistent with the
NPS CFMP. After 5 years of removal efforts are completed (in 2017), an
analysis of success will be conducted. Piscicides may be considered for
removal of nonnative species if determined to be appropriate and following
completion of the necessary planning and compliance actions.

Reclamation will continue, in cooperation with, the NPS, FWS, AZGFD, GCMRC, and
the GCDAMP, funding and implementation of the following new actions:

* Reclamation will explore the efficacy of a temperature control device at the
dam to respond to potential extremes in hydrological conditions due to climate
change and could result in nonnative fish establishment. Evaluations would be
ongoing for all current and evolving technological advances that could
provide for warming and cooling the river in both high- and low-flow
discharge scenarios, high and low reservoir levels. These studies should
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include evaluating and pursuing new technologies, an analysis of the
feasibility, and a risk assessment and cost analysis for any potential solutions.

* Reclamation will pursue means of preventing the passage of deleterious
invasive nonnative fish through Glen Canyon Dam. Because Glen Canyon
Dam release temperatures are expected to be warmer under low reservoir
elevations that may occur through the LTEMP period, options to hinder
expansion of warmwater nonnative fishes into Glen and Grand Canyons will
be evaluated. Potential options to minimize or eliminate passage through the
turbine or bypass intakes, or minimize survival of nonnative fish that pass
through the dam will be assessed (flows, provide cold water, other). While
feasible options may not currently exist, technology may be developed in the
LTEMP period that could help achieve this goal.

* Reclamation will, in consultation with the FWS and AZGFD, fund the NPS
and GCMRC on the completion of planning and compliance to alter the
backwater slough at RM-12, making it unsuitable or inaccessible to
warmwater nonnative species. Depending on the outcome of NPS planning
and compliance, Reclamation will implement the plan in coordination with the
FWS, AZGFD, NPS and GCMRC. Additional coordination will be conducted
to determine and access any habitats that may support warmwater nonnatives.

* Reclamation will support the GCMRC and NPS in consultation with the FWS
and AZGFD on the completion of planning and compliance of a plan for
implementing rapid response control efforts for newly establishing or existing
deleterious invasive nonnative species within and contiguous to the action
area. Control efforts may include chemical, mechanical, or physical methods.
While feasible options may not currently exist, new technology or innovative
methods may be developed in the LTEMP period that could help achieve this
goal. Rapid response to new warmwater fish invasions may become a more
frequent need in the future with lower reservoir elevations and warmer dam
releases.

* Reclamation, in cooperation with the GCDAMP, will explore the use of flow
(e.g., TMFs) to inhibit brown trout spawning and recruitment in Glen Canyon,
or other mainstem locations.

1.2.4.4 Southwestern Willow Flycatcher and Yuma Ridgway’s Rail

Reclamation will fund the NPS to conduct southwestern willow flycatcher and Yuma
Ridgway’s rail presence/absence, nest surveys, and on-the-ground monitoring of habitat
throughout the action area throughout the life of the LTEMP. Specifically, the following will
occur:
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* Reclamation will partially assist in funding NPS to conduct Yuma Ridgway’s
rail surveys once every 3 years for the life of the LTEMP.

» Reclamation will partially assist in funding NPS to conduct southwestern
willow-flycatcher surveys once every 2 years for the life of the LTEMP.

1.2.5 Base Operations

Under the proposed action, monthly water release volumes correspond closely to the
monthly hydropower demand as shown in Table 2. The total monthly release volume of October,
November, and December is equal to that under current operations (MLFF) to minimize the
possibility of the operational tier differing from that of current operations, as established in the
Interim Guidelines (Reclamation 2007a). The distribution of monthly release volumes under the
proposed action results in a more even distribution of flows over the course of a water year
relative to existing, or baseline, MLFF.

Under base operations of the proposed action, the allowable daily fluctuation range from
Glen Canyon Dam (i.e., the difference between the minimum and maximum flows within a day)
is proportional to the volume of water scheduled to be released during the month (10 x monthly
volume in thousand acre-feet (kaf) in the high-demand months of June, July, and August and
9 x monthly volume in kaf in other months; Table 2; Figure 2). For example, the daily
fluctuation range in July with a scheduled release volume of 800 kaf would be 8,000 cfs, and the
daily fluctuation range in December with the same scheduled release volume would be 7,200 cfs.
The maximum allowable daily fluctuation range in flows in any month would be 8,000 cfs,
which is the same as under current operations. However, the down-ramp rate limit under the
proposed action would be increased by 1,000 cfs/hr, to 2,500 cfs/hr. The up-ramp rate would
remain the same at 4,000 cfs/hr. Figure 2 shows minimum, mean, and maximum daily flows in
an 8.23-milion acre-foot (maf) year, assuming all days in a month adhere to the same mean daily
flow within a month. Figure 3 shows the hourly flows in a simulated 8.23-maf year within the
constraints of the proposed action.

1.2.6 Operational Flexibility

Reclamation retains the authority to utilize operational flexibility at Glen Canyon Dam
because hydrologic conditions of the Colorado River Basin (or the operational conditions of
Colorado River reservoirs) cannot be completely known in advance. Consistent with current
operations, Reclamation, in consultation with WAPA, will make specific adjustments to daily
and monthly release volumes during the water year. Monthly release volumes may be rounded
for practical implementation or for maintenance needs. In addition, when releases are actually
implemented, minor variations may occur regularly for a number of operational reasons that
cannot be projected in advance.
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TABLE 2 Flow Parameters under the Proposed Action in an 8.23-maf

Year?
Proportion of
Monthly Release  Total Annual Mean Daily  Daily Fluctuation
Month Volume (kaf) Volume Flow (cfs) Range (cfs)
October 643 0.0781 10,451 5,783
November 642 0.0780 10,781 5,774
December 716 0.0870 11,643 6,443
January 763 0.0928 12,415 6,871
February 675 0.0820 12,157 6,076
March 713 0.0866 11,596 6,417
April 635 0.0772 10,672 5,715
May 632 0.0768 10,278 5,688
June 663 0.0806 11,142 6,630
July 749 0.0910 12,181 7,490
August 800 0.0972 13,011 8,000
September 600 0.0729 10,083 5,400

2 Within a year, monthly operations may be increased or decreased based on
changing annual runoff forecasts and other factors, such as application of the
Long-Range Operating Criteria for Colorado River Basin Reservoirs, which are
currently implemented through the 2007 Interim Guidelines for Lower Basin
Shortages and Coordinated Operations for Lake Powell and Lake Mead

(Reclamation 2007a).
25,000 -
] —Mean  ---Minimum ---Maximum
20,000 A
: ----- \ |“"‘l ----- "
ElS,OOO . == et SN . e :
£ | I e ] ',
3 _,_I_,_\_\_\_\_I—’_I_
2 .
u 10‘000 ] s
5,000 -
0 ] L] L] L] L] L] L] L] T L] L] L
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Date

FIGURE 2 Mean, Minimum, and Maximum Daily Flows under the Proposed Action in
an 8.23-maf Year
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FIGURE 3 Simulated Hourly Flows under the Proposed Action in an 8.23-maf
Year (Note that there are differences in the mean, maximum, and minimum flows
shown here and in Figure 2. These differences reflect flexibility in operational
patterns allowed within the constraints of the proposed action.)

Reclamation also will make specific adjustments to daily and monthly release volumes,
in consultation with other entities as appropriate, for a number of reasons, including operational,
resource-related, and hydropower-related issues. Examples of these adjustments may include, but
are not limited to, the following:

* For water distribution purposes, volumes may be adjusted to allocate water
between the Upper and Lower Basins, consistent with the Law of the River as
a result of changing hydrology;

» For resource-related issues that may occur uniquely in a given year, release
adjustments may be made to accommodate nonnative species removal, to
assist with aerial photography, or to accommodate other resource
considerations separate from experimental treatments under the LTEMP; and

* For hydropower-related issues, adjustments may occur to address issues such
as electrical grid reliability, actual or forecasted prices for purchased power,
transmission outages, and experimental releases from other Colorado River
Storage Project dams.

In addition, Reclamation may make modifications under circumstances that may include
operations that are prudent or necessary for the safety of dams, public health and safety, other
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emergency situations, or other unanticipated or unforeseen activities arising from actual
operating experience (including, in coordination with the Basin States, actions to respond to low
reservoir conditions as a result of drought in the Colorado River Basin). Also, the Emergency
Exception Criteria established for Glen Canyon Dam will continue under the proposed action.
(See, e.g., Section 3 of the Glen Canyon Operating Criteria at 62 FR 9448, March 3, 1997.)

1.2.7 Implementation of Experimental Elements

The proposed action identifies condition-dependent flow and non-flow treatments
intended to safeguard against unforeseen adverse changes in resource impacts, and to prevent
irreversible changes to those resources. These condition-dependent treatments will be
implemented experimentally during the LTEMP period unless they prove ineffective or result in
unacceptable adverse impacts on other resources. Experimental treatments include sediment
treatments, triggered humpback chub conservation actions, TMFs, mechanical removal of
nonnative fish, low summer flows, macroinvertebrate production flows, and non-flow-related
vegetation treatments.

1.2.8 Overall Implementation Process for Experiments

Prior to implementation of any experiment, the relative effects of the experiment on the
following resource areas will be evaluated and considered: (1) water quality and water delivery,
(2) humpback chub, (3) sediment, (4) riparian ecosystems, (5) historic properties and traditional
cultural properties, (6) Tribal concerns, (7) hydropower production and WAPA’s assessment of
the status of the Basin Fund, (8) the rainbow trout fishery, (9) recreation, and (10) other
resources. Although these key resources are listed for consideration on a regular basis, the DOI
intends to retain sufficient flexibility in implementation of experiments to allow for response to
unforeseen circumstances or events that involve any other resources not listed here. The recent
discovery of nonnative green sunfish in the Glen Canyon reach illustrates the need to be
responsive to unforeseen conditions.

The proposed approach differs fundamentally from a more formal experimental design
(e.g., before-after control-impact design, factorial design) that attempts to resolve uncertainties
by controlling for or treating potentially influential or confounding factors. There are several
reasons to avoid such a formal design and instead focus on the condition-dependent approach
described here. Among these are (1) the difficulties in controlling for specific conditions in a
system as complex as the Colorado River; (2) wide variability in temperature and flow
conditions that are important drivers in ecological processes; (3) inherent risk of some
experimentation to protected sensitive resources, in particular, endangered humpback chub;
(4) conflicting multiple-use values and objectives; and (5) low expected value-of-information for
the uncertainties that could be articulated, and around which a formal experimental design would
be established. For these reasons, the proposed action includes a condition-dependent adaptive
approach.
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Table 3 provides the implementation criteria for condition-dependent experimental
treatments of the proposed action, and triggers for treatments are discussed under the description
below. Triggers for experimental changes in operations, implementation considerations for
determining if an experimental treatment should proceed, conditions that would cause the
treatment to be terminated prior to completion (i.e., off-ramps), and the number of replicates that
are initially considered needed are discussed below. In many cases, two to three replicates of an
experimental treatment are considered necessary. The results of these tests will be used to
determine if these condition-dependent treatments should be retained as part of the suite of long-
term actions implemented under LTEMP. In other cases, implementation of experimental
treatments would continue throughout the LTEMP period if triggered (e.g., spring and fall
HFEs), except in years when it was determined that the proposed experiment could result in
unacceptable adverse impacts on resource conditions. For these experiments, effectiveness would
be monitored and the experiments would be terminated or modified only if sufficient evidence
suggested the treatment was ineffective or had unacceptable adverse impacts on other resources.
All experimental treatments will be closely monitored for adverse side effects on important
resources. At a minimum, an unacceptable adverse impact would include significant negative
impacts on resources as a result of experimental treatments that have not been analyzed for the
proposed action in the LTEMP EIS.

In implementing the processes described here and the associated decision process shown
in Table 3, the DOI will exercise a formal process of stakeholder engagement to ensure decisions
are made with sufficient information regarding the condition and potential effects on important
resources. As an initial platform to discuss potential future experimental actions, the DOI will
hold GCDAMP annual reporting meetings for all interested stakeholders; these meetings will
present the best available scientific information and learning from previously implemented
experiments and ongoing monitoring of resources. As a follow-up to this process, the DOI will
meet with the Technical Working Group (TWG) to discuss the experimental actions being
contemplated for the year.

The DOI also will conduct monthly Glen Canyon Dam operational coordination meetings
or calls with the DOI bureaus (USGS, NPS, FWS, Bureau of Indian Affairs [BIA], and
Reclamation), WAPA, AZGFD, and representatives from the Basin States and the Upper
Colorado River Commission (UCRC). Each DOI bureau will provide updates on the status of
resources and dam operations. In addition, WAPA will provide updates on the status of the Basin
Fund, projected purchase power prices, and its financial and operational considerations. These
meetings or calls are intended to provide an opportunity for participants to share and obtain the
most up-to-date information on dam operational considerations and the status of resources
(including ecological, cultural, Tribal, recreation, and the Basin Fund). One liaison from each
Basin State and from the UCRC will be allowed to participate in the monthly operational
coordination meetings or calls.

19
0-33



r€-0

0c

TABLE 3 Implementation Criteria for Experimental Treatments under the Proposed Action

Experimental Trigger and Primary Annual Implementation Long-Term Off-Ramp Action, If
Treatment Objective Replicates Duration Considerations® Conditions Successful
Sediment Treatments
Spring HFE up to  Trigger: Sufficient Paria Not conducted during <96 hr Potential short-term Sediment-triggered spring Implement as

45,000 ft3/s (cfs)
(in Mar. or Apr.)

Proactive spring
HFE up to
45,000 cfs (Apr.,
May, or Jun.)

Fall HFEs <96
up to 45,000 cfs
in Oct. or Nov.

River sediment input in
spring accounting period
(Dec.—Jun.) to achieve a
positive sand mass balance
in Marble Canyon with
implementation of an HFE

Objective: Rebuild sandbars

Trigger: High-volume year
with planned equalization
releases

(>10 maf)

Objective: Protect sand
supply from equalization
releases

Trigger: Sufficient Paria
River sediment input in fall
accounting period (Jul.—
Nov.) to achieve a positive
sand mass balance in
Marble Canyon with
implementation of an HFE

first 2 years of LTEMP,
otherwise, implement in

each year triggered,

dependent on resource
condition and response

Not conducted during
first 2 years of LTEMP,
otherwise, implement in

each year triggered,

dependent on resource
condition and response

Implement in each year
triggered dependent on
resource condition and

response

First test 24 hr;
subsequent tests
could be shorter,
but not longer,
depending on
results of first
tests

<96 hr

unacceptable impacts on
the resources listed in
footnote (a); unacceptable
cumulative effects of
sequential HFEs;
sediment-triggered spring
HFEs will not occur in the
same water year as an
extended-duration

(>96 hr) fall HFE

Potential short-term
unacceptable impacts on
the resources listed in
footnote (a); unacceptable
cumulative effects of
sequential HFEs; would
not be implemented in
same water year as a
sediment-triggered spring
HFE or extended duration
fall HFE

Potential unacceptable
impacts on resources
listed in footnote (a)

HFE:s are not effective in
building sandbars, or long-
term unacceptable adverse
impacts on the resources
listed in footnote (a) are
observed

Proactive spring HFEs are
not effective in building
sandbars; or long-term
unacceptable adverse
impacts on the resources
listed in footnote (a) are
observed

This type of HFE was not
effective in building
sandbars; or long-term
unacceptable adverse
impacts on the resources
listed in footnote (a) are
observed

adaptive treatment
when triggered and
resource conditions
allow

Implement as
adaptive treatment
when triggered and
existing resource
conditions allow

Implement as
adaptive treatment
when triggered and
existing resource
conditions allow
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TABLE 3 (Cont.)

Experimental Trigger and Primary Annual Implementation Long-Term Off-Ramp Action, If
Treatment Objective Replicates Duration Considerations® Conditions Successful
Sediment Treatments (Cont.)
Fall HFEs longer  Trigger: Sufficient Paria Implement in each year ~ Up to 250 hr Potential short-term Extended duration fall HFEs Implement as

than 96-hr
duration up to
45,000 cfs in Oct.
or Nov.

River sediment input in fall
accounting period (Jul.—
Nov.) to achieve a positive
sand mass balance in
Marble Canyon with
implementation of an HFE
longer than a 96-hr, up to
45,000-cfs flow

Objective: Rebuild sandbars

Aquatic Resource Treatments

Trout
management
flows

Tier 1: Expanded
translocation of
humpback chub
in the Little
Colorado River

Trigger: Predicted high
trout recruitment in the Glen
Canyon reach

Objective: Test efficacy of
flow regime on trout
numbers and survival of
chub

Trigger: Number of adult or
subadult humpback chub in
the Little Colorado River
reach below tier 1 triggers

Objective: Increase number
of adult and subadult
humpback chub

triggered; limited to total
of four tests in LTEMP

period

Implement as needed
when triggered; after

consultation with Tribes;

test may be conducted
early in the 20-year
period even if not
triggered by high trout
recruitment?

Implement in each year

triggered unless

determined ineffective.

depending on
availability of
sand; duration of
first test not to
exceed 192 hr

Implemented in
as many as

4 months
(May—-Aug.)

As needed

unacceptable impacts on
the resources listed in
footnote (a); unacceptable
cumulative effects of
sequential HFEs.

Potential unacceptable
impacts on resources
listed in footnote (a)

Potential short-term
unacceptable impacts on
resources listed in
footnote (a)

are not effective in building
sandbars; resulting sandbars
are no bigger than those
created by shorter-duration
HFEs; or long-term
unacceptable adverse
impacts on the resources
listed in footnote (a) are
observed

Trout management flows
have little or no effect on
trout recruitment after at
least three tests, or long-
term unacceptable adverse
impacts on the resources
listed in footnote (a) are
observed

Expanded translocation has
little or no effect on
increasing the number of
adult or subadult humpback
chub; or long-term
unacceptable adverse
impacts on the resources
listed in footnote (a) are

adaptive treatment
when triggered and
existing resource
conditions allow

Implement as
adaptive treatment
triggered by
predicted high trout
recruitment in Glen
Canyon, taking into
consideration Tribal
concerns

Implement as
adaptive treatment
when triggered
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TABLE 3 (Cont.)

Experimental Trigger and Primary Annual Implementation Long-Term Off-Ramp Action, If
Treatment Objective Replicates Duration Considerations® Conditions Successful
Aquatic Resource Treatments (Cont.)
Tier 1: Implement Trigger: Number of adult or Implement in each year ~ As needed Potential short-term Head-start program has Implement as

headstart program  subadult humpback chub in

for larval Little Colorado River reach
humpback chub below Tier 1 triggers
Objective: Increase number
of adult and subadult
humpback chub
Tier 2: Trigger: Tier 1 actions
Mechanical ineffective; humpback chub
removal of number in Little Colorado
nonnative fishin  River below Tier 2 triggers
Little Colorado

River reach Objective: Increase number
of adult and sub-adult

humpback chub

Low summer
flows (minimum
daily mean 5,000
to 8,000 cfs) to
target > 14°C at
Little Colorado
River confluence

Trigger: Initial experiment
in the second 10 years of the
LTEMP period, when target
temperature of >14°C can
only be achieved with low
summer flow

Objective: Increase
humpback chub growth

triggered unless
determined ineffective

Implement in each year
triggered unless
determined ineffective,
after consultation with
Tribes

Subsequent experimental
use if (1) initial test was

successful, (2) humpback

chub population
concerns warrant their
use, (3) water
temperature appears to
be limiting recruitment
and (4) target
temperature of >14°C
could be achieved only
with low summer flow

Monthly removal
trips (Feb.—Jul.)
until “predator
index” or adult
humpback chub
reach acceptable
levels

(Appendix D)

3 months (Jul.—
Sep.)

unacceptable impacts on
resources listed in
footnote (a)

Potential short-term
unacceptable impacts on
resources listed in
footnote (a)

Potential unacceptable
impacts on resources
listed in listed in footnote

(@)

little or no effect on
increasing the number of
adult or subadult humpback
chub; or long-term
unacceptable adverse
impacts on the resources
listed in footnote (a) are
observed

Mechanical removal has
little or no reduction in
predator index in the Little
Colorado River reach; no
population-level benefit on
humpback chub or
unacceptable adverse
impacts on the resources
listed in footnote (a) are
observed

Low summer flows do not
increase growth and
recruitment of humpback
chub; increase in
warmwater nonnative
species or trout at the Little
Colorado River; or long-
term unacceptable impacts
on resources listed in
footnote (a) are observed, or
sufficient warming does not

adaptive treatment
when triggered

Implement as
adaptive treatment
when triggered,
taking into
consideration Tribal
concerns

Implement as
adaptive treatment
when conditions
allow
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TABLE 3 (Cont.)

Experimental Trigger and Primary Annual Implementation Long-Term Off-Ramp Action, If
Treatment Objective Replicates Duration Considerations® Conditions Successful
Aquatic Resource Treatments (Cont.)
Low steady Trigger: None Target two to three Up to 4 months  Potential short-term Steady weekend flows have  Implement as
weekend flows replicates (May—Aug.) unacceptable impacts on little or no benefit on food adaptive treatment
for Objective: Improve food resources listed in base, trout fishery, or native  in target months
macroinvertebrate base productivity and footnote (a); coordinate fish; increase in warmwater ~ when conditions
production abundance or diversity of planning with other nonnative species or trout in  allow
mayflies, stoneflies, and experiments to avoid the Little Colorado River
caddisflies confounding conditions or  reach; or long-term
results unacceptable adverse
impacts on the impacts on
resources listed in footnote
(a) are observed
Riparian Vegetation Treatments
Non-flow Trigger: None Not applicable 20 years if Potential short-term Control and replanting Implement as
vegetation successful pilot ~ unacceptable impacts on techniques are not effective  adaptive treatment
treatments Objective: Improve phase resources listed in

vegetation conditions at key

sites

footnote (a)

or practical; or long-term
unacceptable adverse
impacts on the resources
listed in footnote (a) are
observed

if invasive species
can be reduced and
native species
increased

Prior to implementation of any experiment, the relative effects of the experiment on the following resource areas will be evaluated and considered: (1) water quality and water

delivery, (2) humpback chub, (3) sediment, (4) riparian ecosystems, (5) historic properties and traditional cultural properties, (6) Tribal concerns, (7) hydropower production
and WAPA'’s assessment of the status of the Basin Fund, (8) the rainbow trout fishery, (9) recreation, and (10) other resources.

test based on those resource conditions.

The decision to conduct TMFs in a given year would consider the resource conditions listed in footnote (a) and would also involve considerations regarding the efficacy of the
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To determine whether conditions are suitable for implementing or discontinuing
experimental treatments or management actions, the DOI will schedule implementation/planning
meetings or calls with the DOI bureaus (USGS, NPS, FWS, BIA and Reclamation), WAPA,
AZGFD, and one liaison from each Basin State and from the UCRC, as needed or requested by
the participants. The implementation/planning group will strive to develop a consensus
recommendation to bring forth to the DOI regarding resource issues as detailed at the beginning
of this section, as well as including WAPA’s assessment of the status of the Basin Fund. The
Secretary of the Interior will consider the consensus recommendations of the
implementation/planning group; however, it retains sole discretion to decide how best to
accomplish operations and experiments in any given year pursuant to the LTEMP ROD and
other binding obligations.

The DOI will also continue separate consultation meetings with the Tribes, AZGFD, the
Basin States, and UCRC upon request, or as required under existing RODs.

Sections 1.2.9 and 1.2.10 describe specific processes for development and
implementation of experiments related to sediment, aquatic resources, and riparian vegetation.
The overall approach attempts to strike a balance between identifying specific experiments and
providing flexibility to implement those experiments when resource conditions are appropriate.
As discussed above, rather than proposing a prescriptive approach to experimentation, an
adaptive management-based approach that is responsive and flexible would be used to adapt to
changing environmental and resource conditions and new information. The potential for
confounding interactions among individual experimental treatments is discussed when relevant
for each of the proposed treatments. Given the size of the project area, and the variability
inherent in the system, this pragmatic approach to experimentation is warranted. Although
confounding treatments are possible given the complexity of the experimental plan, they are not
expected to limit learning over the life of the LTEMP.

1.2.9 Sediment-Related Experimental Treatments

Figure 4 shows the decision tree for implementation of sediment experiments during the
LTEMP period. Under the proposed action, the existing HFE protocol was updated and
incorporated into the LTEMP process as specified in Appendix P of the LTEMP EIS. Changes to
the existing protocol were related to implementation of the new HFEs that are included under the
proposed action and an extension of the protocol to the end of the LTEMP period. This new
protocol would replace the existing protocol when the LTEMP ROD is issued. Spring and fall
HFEs would be implemented when triggered during the 20-year LTEMP period based on the
estimated sand mass balance resulting from Paria River sediment inputs during the spring and
fall accounting periods, and the dam release pattern during the accounting period. HFE releases
would be 1 to 250 hr long and between 31,500 and 45,000 cfs. Depending on the cumulative
amount of sediment input from the Paria River during the spring (December 1 through June 30)
or fall (July 1 through November 30) accounting periods, and the expected accumulation of sand,
the maximum possible magnitude and duration of HFEs that would achieve a positive sand mass
balance in Marble Canyon, as determined by modeling, would be implemented.
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Does monitoring indicate sandbar area
and volume are maintained or
increased in the first 10 years with no

.| First 10 years of the

Y

LTEMP period?
L No unacceptable effects on sand mass
balance in Marble Canyon?
Yes
r Yes
<10-maf Year? [«
Yes No No
y 4 ¥
ndard Follow spring HFE protocol for
m::m]; :,r!:uf;z pattern <10-maf year (left), unless an extended- If appropriate, adjust operations, and
and operational duration HFE was implemented in the triggers (based on leaming) or
constraints of the previous fall, and, to the extent consider other actions
alternative, practicable, shift release volume to increase sediment conservation.
See Tables 2-1 and 2-8 to Apr.-Jun. pen'st;m conserve
: monsoon sediment.
¥ Adjust base operations with
. adjusted triggers and treatments if
Y “t'rﬁs aefsg?r? ‘:EE needed. Continue monitoring of sand
Sufficient sediment currggt water year? bar area and volume. Consider other
No | input during spring ’ actions if feasible and necessary.
< or fall accounting Conduct NEPA evaluation if needed.
period to trigger
HFE? No Yes
Yes
Y
Test proactive spring HFE prior to
Y equalization, then follow fall HFE
Sufficient sediment to protocol‘ for <10-maf year (left) for
support a >96-hr fall HFE rernmnd_er of year. Implement
that would not affect proactive spring HFE when
annual water delivery? triggered in future years if tests Y
prove successful. Do not test
proactive spring
HFE prior to
Yes v equalization, but
No follow fall HFE
Test HFE protocol for
with duration longer than <10-maf year (ieft).
3 96 hr (up to 250 hr
Implement spring depending on sediment
NIl or fall HFE. availability). Implement
>96-hr HFE when
triggered in future years if
tests prove successful.
< A Y
k111503

HFE = High-Flow Experiment
NEPA = National Environmental Policy Act

FIGURE 4 Decision Tree for Implementation of Sediment-Related Experimental
Treatments under the Proposed Action
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Sand mass balance modeling would be used to ensure that the duration and magnitude of
an HFE are best matched with the mass of sand present in the system during a particular release
window. The magnitude and duration of HFEs will not affect the total annual release from Glen
Canyon Dam. Reclamation will consider the total water to be released in the water year when
determining the magnitude and duration of an HFE.

Sediment-related experiments under the proposed action include (1) sediment-triggered
spring and fall HFEs up to 96-hr duration; (2) short-duration (24-hr) proactive spring HFEs in
high-volume equalization years prior to equalization releases; and (3) implementation of up to
four extended-duration (>96 hr) HFEs, up to 250 hr long, depending on sediment conditions. The
pattern of transferring water volumes from other months to make up the HFE volume would be
discussed in the monthly Glen Canyon Dam operational coordination meetings described in
Section 1.2.8.

If sediment resources are stable or improving, the combination of base operations, HFE
protocols, and other treatments will continue as prescribed. If sediment resource conditions
decrease to unacceptable levels during the LTEMP period, operations may be modified to the
extent allowable under the LTEMP ROD or would be evaluated and considered under a separate
NEPA process, potentially including additional studies of sediment augmentation or other
actions.

For all sediment experiments, testing will be modified or temporarily or permanently
suspended if (1) experimental treatments are ineffective at accomplishing their objectives, or
(2) there were unacceptable adverse impacts on resources (Table 3). Monitoring results will be
evaluated to determine whether additional tests, modification of experimental treatments, or
discontinuation of experimental treatments are warranted.

Implementation of HFEs would consider resource condition assessments and resource
concerns using the annual processes described in Section 1.2.8. HFEs may not be tested when
there appears to be the potential for unacceptable impacts on the resources listed in Section 1.2.8.
In addition, there is uncertainty associated with cumulative impacts from sequential HFEs. These
cumulative impacts would be considered before implementing an HFE.

1.2.9.1 Sediment-Triggered Spring HFEs

Under the proposed action, sediment-triggered spring HFEs will be implemented after an
initial 2-year delay in order to enable testing of the effectiveness of TMFs, if warranted, and
address concerns raised by the apparent positive response of trout to the 2008 spring HFE
(Korman et al. 2011; Melis et al. 2011). Modeling the trout response to spring HFEs for the EIS
was based on relationships developed from the observed response to the 2008 spring HFE. That
modeling also evaluated uncertainty related to the effectiveness of TMFs to control excess trout
produced by HFEs. Modeling indicated that even at a relatively low level of effectiveness (10%
reduction in trout recruitment), TMFs could effectively reduce the number of trout out-migrants
from Glen Canyon to the Little Colorado River reach (RM 61) where humpback chub occur.
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After the first 2 years of the LTEMP period, spring HFEs will be implemented when
triggered in accordance with the HFE protocol unless an extended-duration fall HFE occurred in
the same water year. Modeling indicates spring HFEs will be triggered in about 26% of the years
in the LTEMP period. Sediment-triggered spring HFEs would be implemented when triggered
during the entire LTEMP period unless new information indicated they were not effective in
building sandbars, or there were unacceptable adverse effects on resources (Section 1.2.8).

Implementation of a spring HFE may provide important replication of the 2008 spring
HFE and aid in understanding the effect of spring HFEs on the trout population. It is possible
that the strong 2008 response was a result of the specific conditions present in 2008
(e.g., condition of the food base, trout population size). It is unclear whether implementation
under current conditions would produce the same result, and there is a good deal of learning that
could result from implementation early in the LTEMP period. Implementing a spring HFE early
in the LTEMP period when chub numbers are relatively high may also be a relatively low-risk
option. To provide a means of controlling trout recruitment following tests of spring HFEs,
TMFs will be experimentally implemented and tested for efficacy early in the LTEMP period
(see discussion of TMFs below).

Implementation of sediment-triggered spring HFEs would consider resource condition
assessments and resource concerns using the processes described in Section 1.2.8. Spring HFEs
may not be tested when there appears to be the potential for unacceptable adverse impacts on the
resources listed in Section 1.2.8. In addition, there is uncertainty associated with the cumulative
impacts of sequential HFEs on sediment, aquatic, and potentially other resources. These
cumulative impacts would be considered before implementing a spring HFE particularly if a fall
HFE had been implemented in the same water year.

1.2.9.2 Proactive Spring HFEs

GCMRC scientists identified proactive spring HFEs as a potential experimental treatment
to transport and deposit in-channel sand at elevations above those of equalization flows. These
HFEs will be tested only in years with high annual water volume (i.e., >10 maf), and modeling
suggests that this would be a relatively rare treatment. A first test would be a 24-hr 45,000-cfs
release conducted in April, May, or June. Duration in subsequent tests could be shortened
depending on the observed response during the first tests. It would be preferable to test proactive
spring HFEs at least two to three times in the 20-year LTEMP period, but being able to do so
will be dependent upon annual hydrology. Modeling indicates that proactive spring HFEs would
be triggered in about 10% of the years in the LTEMP period.

Proactive spring HFEs would not be tested in the first 2 years of the LTEMP period. In
addition, proactive spring HFEs will not be tested in years when there had been a spring HFE or
extended-duration fall HFE earlier in the same water year. Proactive spring HFEs could be
performed in the same water year as a 96-hr or shorter sediment-triggered fall HFE, although
prior to implementation, the potential effects of these HFEs would be carefully evaluated using
the processes described in Section 1.2.8. The first test would be carefully evaluated to determine
whether additional tests were warranted based on the efficacy of building and maintaining
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sandbars. If initial tests show positive results without unacceptable adverse effects on the
resources listed in Section 2.2.4.3, proactive spring HFEs would be implemented when triggered
during the entire LTEMP period..

Implementation of proactive spring HFEs would consider resource condition assessments
and resource concerns using the processes described in Section 1.2.8. Proactive spring HFEs may
not be tested when there appears to be the potential for unacceptable impacts on the resources
identified in Section 1.2.8. The cumulative impacts of sequential HFEs would be considered
before implementing a proactive spring HFE.

1.2.9.3 Sediment-Triggered Fall HFEs

The effects of sediment-triggered fall HFEs on trout recruitment are uncertain, but fall
HFEs are expected to have less effect on trout production than spring HFEs. HFEs in
November 2012, 2013, and 2014 resulted in little or no increase in the number of young-of-the-
year (YOY) trout (VanderKooi 2015; Winters et al. 2016), and this observation may be based on
the observed resilience of the food base to disturbance in the fall (Kennedy et al. 2015).
However, factors affecting trout response to fall HFEs are not well understood. Modeling for the
EIS considered the effect of fall HFEs on trout and modeled fall HFEs in two ways: in one, the
effect of fall HFEs was half as long as that of a spring HFE (i.e., it affected trout production only
in the water year in which it occurred); in the other, fall HFEs had no effect on trout production.
Modeling the effect of fall HFEs in these two ways had an effect on the overall predicted number
of trout produced, the number of out-migrants, and ultimately their effect on humpback chub.
The number of trout produced and out-migrants were higher, and the number of humpback chub
was lower if fall HFEs were assumed to have an effect on trout production.

Modeling indicates fall HFEs would be triggered in about 77% of the years in the
LTEMP period. Testing fall HFEs is considered to be a relatively low-risk treatment due to the
lack of observed or documented trout response from previous fall HFEs, and testing would be
implemented when triggered during the entire LTEMP period unless new information indicated
fall HFEs were not effective in building sandbars, or there were unacceptable adverse effects.

Implementation of sediment-triggered fall HFEs would consider resource condition
assessments and resource concerns using the processes described in Section 1.2.8. Fall HFEs
may not be tested when there appears to be the potential for unacceptable impacts on the
resources listed in Section 1.2.8. The cumulative impacts of sequential HFEs would be
considered before implementing a sediment-triggered fall HFE.

1.2.9.4 Extended-Duration Fall HFEs

Sediment-triggered fall HFEs with durations longer than 96 hr (up to 250 hr) would be
tested under the proposed action. The duration of these extended-duration fall HFEs would be
based on the amount of sediment delivered from the Paria River during the fall accounting period
and would be no more than the maximum magnitude and duration of an HFE that would achieve
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a positive sand mass balance in Marble Canyon, as determined by modeling. Based on
examination of the observed historical sediment input from the Paria River, it was determined
that HFEs up to 10.4 days in length (250 hr) could be supported before exhausting seasonal
sediment inputs and affecting water delivery requirements. GCMRC scientists have suggested
that increasing the duration of HFEs when sediment supply can support a longer duration may
lead to more sand being deposited at higher elevations, resulting in bigger sandbars. Modeling
indicates that this treatment will be triggered in 25% of the years in the LTEMP period. There
will be no more than four extended-duration fall HFEs over the 20-year LTEMP period.

The duration of the first implementation of an extended-duration HFE will be limited to
no more than 192 hr (twice as long as the current limit of 96 hr). This duration is considered long
enough to produce a measurable result if the treatment represents an effective approach to
building sandbars under enriched sediment conditions. The duration of all tests will be based on
available sediment, current hydrology, reviews of available information, the expert opinion of
GCMRC and other Grand Canyon scientists, and consideration of potential effects on the
resources listed in Section 1.2.8. If feasible, monitoring will include real-time observations of
sediment concentrations to determine if sediment deposition continues throughout the duration of
the extended HFEs.

Implementation of extended-duration fall HFEs would consider resource condition
assessments and resource concerns using the processes described in Section 1.2.8. Extended-
duration fall HFEs may not be tested when there appears to be potential unacceptable impacts on
the resources listed in Section 1.2.8. Because the effects of extended-duration HFEs on
Lake Mead water quality are a concern, DOI will coordinate with relevant water quality
monitoring programs or affected agencies prior to implementing any test of extended-duration
HFEs. The cumulative impacts of sequential HFEs would be considered before implementing an
extended-duration fall HFE.

Another important concern that results from the large volume of water bypassed is water
delivery. Water delivery issues would be considered before deciding to implement an extended-
duration fall HFE. An extended-duration HFE would not be implemented if annual release
volume would be affected. It is possible that in lower volume years there would not be sufficient
water available to support an extended-duration HFE. A 250-hr extended-duration HFE would
result in a monthly total release of approximately 1.2 maf. In lower volume release years
(e.g., 7.0 maf or 7.48 maf), the maximum duration may be less than 250 hr. In addition, a
sediment-triggered spring HFE or proactive spring HFE would not be conducted in the same
water year as an extended-duration fall HFE. If an extended-duration fall HFE was triggered but
not implemented for any of the reasons described above, a fall HFE 96 hr or less in duration
could be implemented instead. Implementation would necessitate reducing water volume in other
months of the same water year.

In order to fully test the efficacy of these longer HFEs, several replicates would be
desirable in the 20 year LTEMP period. Extended-duration HFEs would be considered
successful and would be continued up to a total of four times in the 20-year LTEMP period as
part of an adaptive experimental treatment if there was a widespread increase in bar size relative
to <96-hr HFEs, and if sand mass balance was not significantly compromised relative to the
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ability to maintain a long-term equilibrium. Extended-duration HFEs would not continue to be
tested if they were not effective in building sandbars, if resulting total sandbar volumes were no
bigger than those created by shorter-duration HFEs, or if unacceptable adverse impacts on the
resources listed in Section 1.2.8 were observed.

1.2.10 Aquatic Resource-Related Experimental Treatments

Under the proposed action, most experimental flow and non-flow actions will be
triggered or adjusted by considering the estimated number of humpback chub, number of
rainbow trout, number of other nonnative fish, water release temperature, or a combination of
these variables, depending on the action under consideration. Humpback chub triggers and trout
triggers were developed in consultation with the FWS, NPS, and AZGFD. These triggers may be
modified based on experimentation conducted early in the LTEMP period.

Aquatic resource experiments that will be tested include (1) TMFs, (2) Tier 1
conservation actions for humpback chub; (3) Tier 2 mechanical removal of nonnative fish,
(3) low summer flows in the second 10 years of the LTEMP, and (4) macroinvertebrate
production flows. Aquatic resource experiments would seek to refine our understanding of the
impacts of water releases, HFEs, and TMFs on these resources. The primary uncertainty
surrounding HFEs revolves around the extent to which the seasonality of HFEs or the number of
adult rainbow trout determines the strength of rainbow trout recruitment.

Experimental nonnative fish control actions would be implemented if the humpback chub
population declined, and proactive conservation actions had failed to reverse declining
populations. Two different tiers of population metrics would be used to trigger responses
including actions to increase growth and survival of humpback chub (Tier 1) and mechanical
removal of nonnative fish (Tier 2); these would only be implemented when Tier 1 actions fail to
slow or reverse the decline in the humpback chub population. This tiered approach and the
triggers that would be used to implement it are described below.

For all aquatic resource experiments, testing will be modified or temporarily or
permanently suspended if (1) experimental treatments are ineffective at accomplishing their
objectives, or (2) there are potential unacceptable adverse impacts on the resources listed in
Section 1.2.8. Monitoring results will be evaluated to determine whether additional tests,
modification of experimental treatments, or discontinuation of experimental treatments are
warranted.

Implementation of aquatic resource experiments would consider resource condition
assessments and resource concerns using the processes described in Section 1.2.8. Aquatic
resource experiments may not be tested when there appears to be the potential for unacceptable
impacts on the resources listed in Section 1.2.8.
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1.2.10.1 Trout Management Flows

Mechanical removal of nonnative fish is a controversial issue in the Colorado River
through Glen and Grand Canyons. A spring 2015 meeting of Grand Canyon biologists (NPS,
FWS, AZGFD, and GCMRC) to assess current removal triggers resulted in a concept of early
conservation measure intervention to maximize conservation benefit to humpback chub and
minimize the likelihood of mechanical predator removal. Trout management flows are a
potential tool that could be used to control annual trout production in the Glen Canyon reach for
the purposes of managing the trout fishery and for limiting emigration from the Glen Canyon
reach to Marble Canyon and the Little Colorado River reach.

Trout management flows are a special type of fluctuating flow designed to reduce the
recruitment of trout by disadvantaging YOY trout (Figure 5). Trout management flows have
been proposed and developed on the basis of research described in Korman et al. (2005). The
underlying premise of TMFs is based on observations that YOY trout tend to occupy nearshore
shallow-water habitats to avoid predation by larger fish. A potential scenario for TMFs features
repeated fluctuation cycles that consist of relatively high flows (e.g., 20,000 cfs) sustained for a
period of time (potentially ranging from 2 days to 1 week) followed by a rapid drop to a low
flow (e.g., 5,000 to 8,000 cfs). This low flow will be maintained for a period of less than a day
(e.g., 12 hr) to prevent adverse effects on the food base. Low flows would be timed to start in the
morning, after sunrise, to expose stranded fish to direct sunlight and heat. Up-ramp rates to the
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FIGURE 5 Example Implementation of a Two-Cycle Trout Management Flow in
June and July with Resumption of Normal Fluctuations between Cycles and
Afterward (Monitoring for effectiveness would occur before and after each cycle. The
horizontal line below the graph shows periods of normal fluctuation [blue] and TMFs
[orange].)
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peak TMF will be the same as the limit for the proposed action overall (i.e., 4,000 cfs/hr). The
down-ramp from peak to base would be over a single hour (e.g., 15,000 cfs/hr for a drop from
20,000 cfs to 5,000 cfs). These flow levels and rates are not fixed in order to allow flexibility in
their design. In a TMF cycle, YOY trout are expected to occupy nearshore habitat when flows
are highest, and would be subsequently stranded by the sudden drop to low flow. Because older
age classes of trout tend to occupy deeper habitats toward the middle of the river channel, they
are less susceptible to stranding and are less likely to be directly affected by TMFs. Trout
management flows will be used to control trout recruitment in the Glen Canyon reach to manage
the rainbow trout fishery, and to limit emigration of juvenile trout to downstream reaches,
particularly to habitat occupied by humpback chub near the confluence with the Little Colorado
River. Triggers for implementation of TMFs will be determined in consultation with the
AZGFD, GCMRC, NPS, and Reclamation.

If resource conditions are appropriate, TMFs may be tested early in the experimental
period, preferably in the first 5 years. These first tests could be triggered by modeled trout
recruitment levels or otherwise implemented to test the effectiveness of TMFs. The intent of
early tests is to determine the effectiveness of TMFs and a best approach to trout management. If
TMFs are determined to be effective for controlling trout numbers while minimizing impacts on
other resources, they may be deployed as an adaptive experimental treatment triggered by
estimated trout recruitment.

It should be noted that several Tribes have expressed concerns about TMFs as a taking of
life within the canyon without a beneficial use. The Pueblo of Zuni has expressed concern that
the taking of life by trout stranding has an adverse effect on the Zuni value system. The joint-
lead agencies will continue to work with the Tribes regarding options for trout management and
to determine the most appropriate means of mitigating impacts on Tribal values when TMFs are
implemented.

As many as three TMF cycles per month in a period of up to 4 months during May
through August could be tested, depending on the results of early tests. Aspects of TMF design

that would be investigated include:

* Duration of high flows needed to lure YOY rainbow trout into nearshore
habitats,

* Magnitude of the high flow that would be more effective in luring YOY trout
to nearshore habitats,

*  Whether or not moving to high flows first is needed to reduce YOY trout
numbers (as opposed to simply dropping rapidly from normal flows to
minimum flows),

* Timing of TMF cycles during the May—August period of trout emergence, and

* Number of cycles necessary to effectively limit trout recruitment.
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If TMFs prove to be effective in controlling trout production and emigration to the Little
Colorado River reach and they become an integral part of the LTEMP, regular implementation of
TMFs may need to include variable timing to prevent adaptation of the population to specific
timing (e.g., increase in recruitment by fall-spawning rainbow trout).

Certain aspects of TMF effectiveness can be addressed through observational studies
(e.g., the number of YOY rainbow trout observed in the nearshore environment in daily
increments after the high flow is initiated)!; others may be addressed through consideration of
the physical environment in Glen Canyon (i.e., what areas are inundated or exposed at different
flows). Ultimately, however, effectiveness will be judged based on comparison of fall trout
recruitment estimates to expectations based on prior years. It may take several years to make this
determination, depending on the strength of the response and the type of TMFs tested.
Ultimately, however, effectiveness will be based on the ability of TMFs to reduce recruitment in
and emigration from the Glen Canyon reach. The driving forces behind emigration are not fully
understood, but they are expected to be related to population size and food base in the Glen
Canyon reach.

For the EIS modeling, a trigger of 200,000 YOY trout was used to determine when TMFs
would be implemented. A regression equation based on annual volume, the variability in flows
from May through August, and the occurrence of a spring HFE was used to predict the number
of YOY. The actual trigger used could be higher or lower depending on the results of
experiments that will be conducted on the effectiveness of TMFs. In addition, the predictive
regression equation could be modified based on new information. The trigger and predictive
equation used would be modified as needed in an adaptive management context utilizing the
process described in Section 1.2.8. Triggers for implementation of TMFs would also be
developed in consultation with the AZGFD and other entities as appropriate.

Monitoring of other resources, particularly the food base and the physiologic condition of
adult rainbow trout, will also be considered. In addition, the number of YOY trout at the end of
the summer would be estimated to determine if it equals or exceeds the estimated number of
recruits needed to sustain the desired number of adult trout. If the estimated number of recruits is
less than the recruitment target, TMFs will be re-evaluated for modification before
implementation in subsequent years. It is anticipated that the trout population could rebound
from a 1-year drop below this target level.

As discussed in relation to sediment experiments above, there is concern among scientists
and stakeholders with regard to the risk associated with the implementation of spring HFEs as
related to trout response and subsequent effects on the humpback chub population. For this
reason, TMFs will be implemented and tested for effectiveness early in the LTEMP period if
possible; preferably before the first spring HFEs are triggered, even if not triggered by high trout
recruitment. Trout management flows could be implemented in years that featured a spring HFE
and in the water year that follows an equalization flow because of the expected positive effects of

1 Because older age classes of trout tend to occupy deeper habitats toward the middle of the river channel, they are
less susceptible to stranding and are less likely to be directly affected by TMFs.
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equalization on rainbow trout recruitment. Modeling indicates TMFs will be triggered by trout
recruitment numbers in 32% of the years in the LTEMP period.

There is potential for confounding effects when coupling TMFs with HFEs. If trout
recruitment is still high after implementation of TMFs that follow HFEs, this would suggest that
TMFs were not as effective as designed for that trial. If recruitment is lower than expected after
TMF implementation, however, uncertainty will remain about whether an HFE failed to
stimulate trout recruitment or whether TMFs were effective in suppressing otherwise strong
recruitment. It may not be necessary to determine the underlying effect on trout numbers unless
TMFs have undesirable side effects on other resources or the trout population.

If TMFs are found to be highly effective in controlling trout recruitment and emigration
of trout, and emigration only occurs or primarily occurs immediately following high recruitment
years, it may be possible to limit TMF implementation and achieve multiple resource goals,
particularly if unintended impacts of TMFs on other resources such as native fish become
evident. If adverse impacts of TMFs become evident, this may also suggest revisiting whether or
not TMFs are necessary in response to spring HFEs. Lastly, if there is an observed increase in
trout recruitment due to fall HFEs, then application of TMFs in the spring following a fall HFE
would be considered.

Implementation of TMFs would consider resource condition assessments and resource
concerns using the processes described in Section 1.2.8. TMFs may not be tested when there
appears to be the potential for unacceptable impacts on the resources listed in Section 1.2.8.

1.2.10.2 Tier 1 Conservation Actions for Humpback Chub

Tier 1 conservation actions designed to improve rearing and recruitment of juvenile
humpback chub would be implemented if the combined point estimate for adult (=200 mm)
humpback chub in the Colorado River mainstem Little Colorado River aggregation
(RM 57-RM 65.9) and in the Little Colorado River falls below 9,000 (2,000 in the mainstem and
7,000 in the Little Colorado River) as estimated by the currently accepted humpback chub
population model, or if recruitment of subadult (150-199 mm) humpback chub does not meet or
exceed estimated adult mortality. Tier 1 actions would include expanded translocations of YOY
humpback chub within the Little Colorado River to areas within the river that have relatively few
predators (i.e., above Chute Falls, Big Canyon), or larval fish would be taken to a rearing facility
and released in the Little Colorado River inflow area once they reach 150 to 200 mm. In addition
to these translocation activities, 300 to 750 larval or YOY humpback chub would be collected
from the Little Colorado River and reared in a fish hatchery to less vulnerable sizes before
releasing them. Once these fish reach 150 to 200 mm, they would be translocated to the Little
Colorado River in the following year.
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1.2.10.3 Tier 2 Mechanical Removal of Nonnative Fish

Experimental implementation of mechanical removal of nonnative fish will incorporate
aspects of the protocol outlined in Reclamation’s Non-Native Fish Control Environmental
Assessment (NNFC EA) (Reclamation 2011b). However, modifications to the trigger criteria
(Appendix D) were made to address Tribal concerns related to “taking of life” in the canyon,
which prioritize proactive humpback chub conservation actions over mechanical removal of
nonnative fish at the Little Colorado River when humpback chub abundance begins to decline.
These modifications attempt to minimize the likelihood of mechanical removal, and mechanical
removal of nonnative fish at the Little Colorado River would only occur if proactive
conservation actions failed to reverse declines in adult humpback chub, and the adult abundance
falls below 7,000. Modeling conducted for the EIS indicated that mechanical removal at this
level was effective unless immigration rates into the Little Colorado River reach were high.

Two tiers of sequential actions were identified; the first would emphasize conservation
actions that would take place early during an adult or subadult humpback chub population
decline (Section 1.2.10.2). The second tier would serve as a backstop prescribing predator
removal (Threat Reduction) if conservation measures did not mitigate a decline in humpback
chub abundance.

Many factors affect humpback chub population dynamics such as water temperature and
turbidity in the Colorado River, and potentially the hydrology of the Little Colorado River. These
factors may constrain the effectiveness of available conservation actions that can be implemented
in the event of a declining population of humpback chub. Juveniles and YOY can be translocated
to other areas within and outside the Little Colorado River system; YOY or juvenile humpback
chub can be head-started (temporarily held until sufficient growth is achieved) at a hatchery, and
predator control can be implemented. Under current constraints, these are the only conservation
tools available for humpback chub within the Colorado River reach and associated tributaries
between Glen Canyon Dam and Lake Mead.

While healthy wildlife populations are rarely static, trigger objectives include prescribing
actions to reverse/ameliorate impacts in order to maintain the Little Colorado River humpback
chub population within an acceptable range, and, secondarily to reduce reliance on mechanical
removal of nonnative fish. For the purposes of these triggers, it is assumed that the primary
drivers of humpback chub population dynamics are interspecific interactions with nonnative
species, especially rainbow trout (or brown trout), and low water temperature in the mainstem of
the Colorado River (Kaeding and Zimmerman 1983; Douglas and Marsh 1996; FWS 2002a;
Coggins et al. 2011; Yard et al. 2011). It is suspected that coldwater temperatures suppress
growth and thus subject young humpback chub to predation for extended periods of time. The
triggers focus on management of predator impacts only, if management actions are found to be
ineffective or other factors are found to negatively control the humpback chub population,
adaptation of triggers and conservation responses will be necessary.
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The DOI recognizes that lethal mechanical removal is a concern for Tribes, particularly
the Hopi Tribe and Pueblo of Zuni, who view it as a taking of life in the canyon without a
beneficial use. Reclamation had committed in agreements with Tribes in 2012 to consider live
removal when feasible (Reclamation 2012a); however, the presence of whirling disease prohibits
live removal of trout due to the risk of spreading the disease to other waters. Reclamation and
NPS have worked with the Tribes to determine a beneficial use of the removed fish on other
projects and understand that what is considered beneficial use may not be the same for all Tribes.
Reclamation and NPS are committed to consult further with the Tribes to determine acceptable
mitigation for nonnative fish control.

1.2.10.4 Low Summer Flows

Low summer flows could be considered a potential tool for improving the growth and
recruitment of young humpback chub if temperature had been limiting these processes for a
period of years. Low summer flows may lead to warmer water temperatures in the Little
Colorado River reach and farther downstream, as well as contributing to enhanced growth rates
of young humpback chub. There are also potential negative effects from low summer flows to
several resources such as hydropower, sediment, water quality, vegetation, and recreation. Low
summer flows may also negatively affect humpback chub due to an increase in warmwater
nonnative fish or a decrease in the aquatic food base. One test of low steady summer flows was
conducted below Glen Canyon Dam in 2000; the results, however, relative to humpback chub
were not conclusive (Ralston et al 2012).

Because of the uncertainty related to the effects of low summer flows on humpback chub,
other native fish, warmwater nonnative fish, water quality, and potentially other resources, DOI
will ensure that the appropriate baseline data are collected throughout the implementation of
LTEMP. In addition, DOI will convene a scientific panel that includes independent experts prior
to the first potential use of low summer flows to synthesize the best available scientific
information related to low summer flows. The panel may meet periodically to update the
information, as needed. This information will be shared as part of the AMWG annual reporting
process.

It is thought that the potential benefit of an increase in temperature will be greatest if a
water temperature of at least 14°C could be achieved at the Little Colorado River, because these
warmer temperatures could favor higher growth rates of humpback chub (nearly 60% higher).
For comparison, the July through September growth increments of YOY humpback chub are
estimated to be 4, 7, 11, 14, and 17 mm at temperatures of 12, 13, 14, 15, and 16°C, respectively,
based on a growth-temperature regression in Robinson and Childs (2001). Note that reduction in

summer flows would necessitate increasing flows in other months relative to base operations
(Table 4; Figure 6).
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TABLE 4 Flow Parameters for a Year with Low Summer Flows under
the Proposed Action in an 8.23-maf Year?

Proportion of
Monthly Release  Total Annual Mean Daily  Daily Fluctuation

Month Volume (kaf) Volume Flow (cfs) Range (cfs)
October 643 0.0781 10,451 5,783
November 642 0.0780 10,781 5,774
December 716 0.0870 11,643 6,443
January 764 0.0928 12,423 6,874
February 675 0.0820 12,153 6,074
March 691 0.0840 11,245 6,223
April 859 0.1044 14,433 7,730
May 851 0.1034 13,841 7,659
June 930 0.1130 15,631 8,000
July 492 0.0598 8,000 2,000
August 492 0.0598 8,000 2,000
September 476 0.0578 8,000 2,000

@ Within a year, monthly operations may be increased or decreased based on
changing annual runoff forecasts and other factors, such as application of the
Long-Range Operating Criteria for Colorado River Basin Reservoirs, which are
currently implemented through the 2007 Interim Guidelines for Lower Basin
Shortages and Coordinated Operations for Lake Powell and Lake Mead
(Reclamation 2007a).

If tested, low summer flows would occur for 3 months (July, August, and September),
and only in the second 10 years of the LTEMP period. The duration of low summer flows could
be shortened to less than 3 months in successive experiments if supported by the scientific panel
described above or based on the scientific data and observed effects. The probability of
triggering a low summer flow experiment is considered low (about 7% of years) because the
water temperature conditions that would allow such a test occur infrequently.

Low summer flows would only be implemented in years when the projected annual
release was less than 10 maf, and if the temperature at the Little Colorado River confluence
would be below 14°C without low summer flows, and release temperature was sufficiently high
that 14°C could be achieved at the Little Colorado River with the use of low summer flows.

The ability to achieve target temperatures at the Little Colorado River confluence by
providing lower flows is dependent on release temperatures, which are in turn dependent on
reservoir elevation. For example, using the temperature model of Wright et al. (2008), in a
8.23-maf year, release temperatures of 10.8°C, 11.0°C, and 11.7°C would be needed in July,
August, and September, respectively, to achieve a target temperature of 14°C at the Little
Colorado River confluence at flows of 8,000 cfs.
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FIGURE 6 Mean, Minimum, and Maximum Daily Flows under Triggered Low Summer
Flows of the Proposed Action in an 8.23-maf Year Based on the Values Presented in
Table 4

Release temperatures fall into three categories for any temperature target: (1) too low to
achieve the target temperature at the Little Colorado River even at low flow, (2) high enough to
achieve the target temperature at the Little Colorado River only if low flows (5,000 to 8,000 cfs)
are provided, and (3) high enough to achieve target temperature at the Little Colorado River
regardless of the flow level. Low summer flows would only be triggered in years that fell into the

second category.

Implementation of a low-flow experiment is complicated by two factors: the earliest date
at which it could be determined that a target temperature of at least 14°C could be achieved in all
3 months, and the ability to release the remaining annual volume once that determination is
made. The earliest time a determination could be made would be in early April of each year, and
it would be based on the April 1 forecast of reservoir elevation. Because low summer flows
could be implemented in the 3 months at the end of the water year, it is possible that by the time
a determination was made to conduct a low summer flow experiment, it may not be possible to
release enough water in the remainder of the spring to compensate for the low-flow period. A
low-flow experiment would only be tested in years when performing the experiment would not
result in a deviation from the annual Glen Canyon Dam release volumes made pursuant to the
Long-Range Operating Criteria for Colorado River Basin Reservoirs, which are currently
implemented through the 2007 Interim Guidelines for Lower Basin Shortages and Coordinated
Operations for Lake Powell and Lake Mead (Reclamation 2007a).

38
0-52



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

It is possible that a low summer flow could negatively impact humpback chub through
impacts on the food base. In moderate or higher water years, the April-June monthly volumes
would have to be quite high and would likely be at or near 25,000 cfs. Following these high
flows, there would be an abrupt drop to 8,000 cfs or lower (e.g., 5,000 cfs), which would likely
leave much or all of the food base in Glen Canyon and downriver up above the new lower water
line (Kennedy and Ralston 2011). These values represent declines in midges and gammarus in
the portions of the channel that have been dewatered, and only a small portion of the channel is
actually dewatered. Low summer flows will also provide ideal egg laying conditions for aquatic
insects, which should facilitate a rapid recovery of the invertebrate prey base to the reduced
habitat area associated with this type of experiment. Nonetheless, the potential for low summer
flow experiments to negatively impact the food base exist, and measures that seek to minimize
any negative impacts will be considered if a low summer flow is implemented.

Finch et al. (2015) found that humpback chub grew more slowly during steady flows than
they did during fluctuating flows in the same year, but that turbidity was potentially confounding
in this analysis. Recent evidence suggests that not only is the system food limited in most years
(Cross et. al. 2013), but that in 2014 and 2015, a system-wide reduction in fish numbers and
condition resulting from food limitation was observed. This was a strong enough response that
spring Little Colorado River adult estimates were extremely low, and the leading hypothesis was
that the adults were skipping spawning and remaining in the mainstem due to lack of sufficient
conditions to spawn, yet temperatures were quite warm in 2014 and 2015 (reaching 16°C and
15°C, respectively). Thus, it would seem that under the right conditions, low summer flow could
benefit chub, but under conditions that already show high numbers of fish and relatively low
food availability, the impacts could be adverse, the rate of skip spawning could increase, and the
net impact on chub could be low reproduction and recruitment for that year. However, in 3 years
of monitoring the Little Colorado River in June and July, YOY numbers were highest despite the
lowest number of spawners (Van Haverbeke 2015). Also key to this experiment being successful
is the number of YOY humpback chub being produced in the Little Colorado River, which was
pointed out as a confounding factor in the 2000 low summer flow experiment. Production in the
Little Colorado River was low (poor habitat conditions), and thus few fish were in the mainstem
to be exposed to the treatment. If similar conditions occur, low summer flow would be expected
to not have a beneficial impact on the population.

A first test of a low summer flow would feature low flow of 8,000 cfs and relatively little
fluctuation (+1,000 cfs per day). Depending on the results of the first test with regard to warming
and humpback chub response, the magnitude of the low flow could be adjusted up or down
(as low as 5,000 cfs), and the level of fluctuation also modified up to the full range allowed
under the proposed action (i.e., 10 x monthly volume [in kaf] in July and August, and
9 x monthly volume [in kaf] in September).

The first test of low summer flows will be determined to be successful or unsuccessful
for humpback chub based on input from an independent scientific panel review. If the first test
was determined to be unsuccessful (and it was determined to have been implemented properly
without major confounding factors), then additional tests would not be performed. Low summer
flows would be considered successful if it can be determined that they produced sufficient
growth of YOY humpback chub and that growth resulted in an increase in recruitment, but
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avoided unacceptable increases in warmwater nonnative fishes, trout, or aquatic parasites, or
resulted in unacceptable adverse impacts on other aquatic resources. If it was determined to be
successful, then additional low summer flows would occur only when humpback chub
population concerns warranted them and water temperature has been colder for a period of years
and the desired warming could be achieved only with low summer flows. The temperature target
could be adjusted 1°C higher based on the results of the first test or the limitations between
predicted and measured temperatures.

Implementation of low summer flows would consider resource condition assessments and
resource concerns using the processes described in Section 1.2.8. Low summer flows may not be
conducted in years when there appears to be the potential for unacceptable impacts on the
resources listed in Section 1.2.8.

The effects of low summer flows on Lake Mead water quality are an identified concern.
DOI will coordinate with relevant water quality monitoring programs or affected agencies prior
to implementing any test of low summer flows. There are concerns related to the risk of
warmwater nonnative fish expansion or invasion (e.g., the elevation of Lake Mead was high or
the number of warmwater nonnative fish was high). These issues are potential off-ramps as
described in Section 1.2.8.

1.2.10.5 Low Steady Weekend Flows for Macroinvertebrate Production

A more diverse and productive aquatic food base could benefit a variety of priority
resources including native fish (including the endangered humpback chub), the rainbow trout
fishery, and other riparian species that occur in Glen, Marble, and Grand Canyons. Mayflies
(Ephemeroptera), stoneflies (Plecoptera), and caddisflies (Trichoptera), collectively referred to as
EPT, are notably absent from the Glen and Marble Canyon reaches and very low in abundance
and diversity in the Colorado River in the Grand Canyon. Furthermore, it has been demonstrated
that EPT taxa are recruitment limited, because daily flow fluctuations to meet hydropower
demand cause high egg mortality and which is the limiting factor. The rationale behind this
hypothesis is that fluctuations from Glen Canyon Dam create a varial (intermittently wetted)
zone along shorelines that is large enough to dewater eggs. The varial zone is primarily
determined by the shape of the canyon, and in narrow stretches of the canyon the varial zone can
be high, while in wider stretches of the river the varial zone is much smaller. Because the
Colorado River in Glen, Marble, and Grand Canyons is canyon-bound and the tributaries that
join the river all have comparatively low flow, the size of the varial zone does not appreciably
decrease with distance downstream. Thus, although water temperature regimes become more
naturalized with distance downstream, the effect that daily flow fluctuations to meet hydropower
demand have on the stability of shoreline habitat does not attenuate with distance from the dam.

This hypothesis attributes the absence of EPT and the poor health of the invertebrate
assemblage to the width of the varial zone, similar to earlier investigations (Blinn et al. 1995),
but focuses on the effects unstable shorelines have on the eggs of these species. This hypothesis
assumes that egg-laying by EPT occurs principally along shorelines. According to the
hypothesis, EPT taxa downstream of Glen Canyon Dam are recruitment limited, because daily
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flow fluctuations to meet hydropower demand negatively affect habitat quality along the
shorelines where egg-laying is assumed to occur. This could have been tested during the 2000
Low Steady Summer Flow experiment or in the fall steady-flow experiment from 2008 to 2012,
but food base field research was not adequate at the time to detect any changes in EPT related to
the steady flows. However, even though substantial steady flow periods were implemented,
especially in 2000, increases in EPT species and production were not observed (Kennedy and
Ralston 2011).

To test this hypothesis, steady flows would be provided every weekend from May
through August (34 days total).2 The flow on weekends would be held to the minimum flow for
that month, which would ensure that the insect eggs laid during weekends would remain
submerged throughout larval development. If the hypothesis is true, there would be an increase
in insect production, and possibly diversity, due to the reproductive success of insects that laid
eggs during weekends. No changes in monthly volumes, ramping rates, or the maximum daily
range in flow during weekdays would be required for this experiment. To offset the smaller
water releases that would occur during weekends within a given month, larger releases would
need to occur during the weekdays within a given month.

Implementation of macroinvertebrate production flows would consider resource
condition assessments and resource concerns using the processes described in Section 1.2.8.
These flows may not be tested when there appears to be the potential for unacceptable impacts
on the resources listed in Section 1.2.8.

Effects of the tests would be evaluated using observations to determine the locations
where insect eggs are deposited and the emergence rates of species. Depending on the outcome
of the tests, the experiment could be discontinued if there were unacceptable effects on other
resources. There is also the possibility that implementation would result in confounding
interactions with TMF experiments, and this would be discussed during the process described in
Section 1.2.8.

1.2.11 Native and Nonnative Plant Management and Experimental Actions

Experimental riparian vegetation treatment activities would be implemented by NPS
under the proposed action and would modify the cover and distribution of riparian plant
communities along the Colorado River. All activities would be consistent with NPS Management
Policies (NPS 2006) and would occur only within the Colorado River Ecosystem in areas that are
influenced by dam operations. NPS will work with Tribal partners and GCMRC to
experimentally implement and evaluate a number of vegetation control and native replanting
activities on the riparian vegetation within the Colorado River Ecosystem in GCNP and
GCNRA. These activities would include ongoing monitoring and removal of selected nonnative
plants, species in the corridor, systematic removal of nonnative vegetation at targeted sites, and
native replanting at targeted sites and subreaches, which may include complete removal of

2 The duration and other characteristics of experimental macroinvertebrate production flows could be adjusted
within the range of the analysis based on the results of initial experiments.
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tamarisk (both live and dead) and revegetation with native vegetation. Treatments would fall into
two broad categories, including the control of nonnative plant species and revegetation with
native plant species. Principal elements of this experimental riparian vegetation proposal include:

» Control nonnative plant species affected by dam operations, including
tamarisk and other highly invasive species;

* Develop native plant materials for replanting through partnerships and use of
regional greenhouses;

» Replant native plant species to priority sites along the river corridor, including
native species of interest to Tribes;

* Remove vegetation encroaching on campsites; and

» Manage vegetation to assist with cultural site protection.
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2 ENVIRONMENTAL BASELINE

2.1 DESCRIPTION OF SPECIES IDENTIFIED FOR ANALYSIS

2.1.1 Kanab Ambersnail

2.1.1.1 Legal Status

The Kanab ambersnail, Oxyloma haydeniensis, was listed as endangered in 1992
(FWS 1995). The Kanab ambersnail is the only threatened, endangered, or sensitive invertebrate
species that may occur along the Colorado River in the Grand Canyon. However, recent evidence
from anatomical and molecular genetics studies indicates that this is a geographically widespread
taxon whose listing under the ESA may have been incorrect (Littlefield 2007). In a study of
Oxyloma specimens collected from 12 locations throughout the western United States, including
Kanab ambersnail from the Grand Canyon, morphometric and genetic results indicated that the
Kanab ambersnail can be regarded as a member of the same species as the other Oxyloma
populations analyzed (Culver et al. 2013). However, until this taxonomic change occurs, the
Kanab ambersnail remains a listed species (FWS 2011b). No critical habitat is designated for this
species.

2.1.1.2 Recovery Goals and Status

The recovery plan for Kanab ambersnail was completed in 1995 (FWS 1995). The Kanab
ambersnail may be considered for downlisting to threatened when the following criteria have
been attained:

1. The location and/or establishment of additional populations. Maintain
10 separate populations which have been demonstrated to have population
numbers large enough to allow for the long-term viability of the population.
This criterion is provisional. It is probable that this criterion will be modified
as additional information is acquired concerning the species distribution,
abundance, and stability of its separate populations.

2. The establishment of formal land management designations and/or
implementation of land management plans which provide long-term,
undisturbed habitat for the Kanab ambersnail for the above 10 populations.

The 5-year status review for the Kanab ambersnail was completed in 2011 (FWS 2011d).
The FWS found that no change in the status of the species was warranted due to the ongoing,
existing threats due to private land development, controlled flooding in the Colorado River,
climate change, and inadequate existing regulatory mechanisms. However, Arizona and Utah
ambersnail populations identified as “Kanab ambersnail” and “Niobrara ambersnail” are based
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primarily on morphological distinctions. Recent genetic analysis and morphological evaluation
by Culver et al. (2013) on ambersnail specimens suggests that the Arizona and Utah populations,
including Vaseys Paradise, are genetically and morphologically similar to other Oxyloma
populations in the study, and their taxonomic identity may be revised in the future. The
consensus appears to be that this snail is part of a much larger population that has higher
numbers and distribution. The FWS did recognize that genetic, anatomical, and morphological
information resulted in conflicting views on the taxonomy of the species.

2.1.1.3 Historic and Current Range

Globally, the Kanab ambersnail is only found in three locations. Two of these are within
the Grand Canyon: the riparian vegetation at Vasey’s Paradise and Elves Chasm. Vasey’s
Paradise is at RM 31.5, and Upper Elves Chasm is at RM 116.6. The latter population was
created from snails translocated from Vasey’s Paradise (FWS 2008). The third location for the
Kanab ambersnail is Three Lakes, Utah (Reclamation 2007b).

2.1.1.4 Habitat

The Kanab ambersnail lives in association with watercress (Nasturtium officinale),
cardinal monkeyflower (Mimulus cardinalis), cattails (Typha), sedges (Carex), and rushes
(Juncus). Populations within the Grand Canyon occur in areas with water sources originating
from limestone or sandstone geologic strata (Meretsky and Wegner 2000; Sorensen 2009). The
increase in cover, reduction in beach-scouring flows, and introduction of the nonnative
watercress led to a >40% increase in suitable Kanab ambersnail habitat area at Vasey’s Paradise
compared to pre-dam conditions (Stevens et al. 1997a).

Climate change has the potential to affect the Kanab ambersnail habitat. The water source
at Vasey’s Paradise consists of waterfalls emanating from groundwater and emerging from the
cliff face. In 2014 and 2015, the flow was noticeably reduced, likely as a result of basinwide
drought. Consequently, the usually dense vegetation at Vasey’s Paradise is notably diminished.

2.1.1.5 Life History

Kanab ambersnails live 12 to 15 months and are capable of self-fertilization. Mating and
reproduction occur from May to August. Subadults dominate the overwinter population. Snails
enter dormancy in October—November and become active in March—April. Overwinter mortality
ranges between 25 and 80% (Stevens et al. 1997a; IKAMT 1998). During mild winters, they can
continue their life cycle without dormancy or may go in and out of dormancy several times
throughout the winter (Sorensen and Nelson 2002).

Based on annual survey data, live counts of Kanab ambersnails at Vasey’s Paradise
declined in 2011 from previous years, although the ambersnail habitat at Vasey’s Paradise was in
overall good condition in 2011. At Elves Chasm, live counts of Kanab ambersnails remained
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higher in 2011 than previous years, and habitat at this location was in good condition in 2011
(Sorensen 2012). The population at Vasey’s Paradise generally occurs at elevations above
33,000-cfs flows. However, as much as 7.3% of the Vasey’s Paradise population occurs below
the elevation of 33,000-cfs flow, and as much as 16.4% of the population occurs below the
elevation of 45,000-cfs flow. The Elves Chasm population is located above the elevation of
45,000-cfs flow (Reclamation 2011b).

2.1.2 Humpback Chub

2.1.2.1 Legal Status

The humpback chub (Gila cypha) is currently listed as “endangered” under the ESA. It
was first included in the List of Endangered Species issued by the Office of Endangered Species
on March 11, 1967 (32 FR 4001) and was considered endangered under provisions of the
Endangered Species Conservation Act of 1969 (16 U.S.C. 668aa). The humpback chub was
included in the United States List of Endangered Native Fish and Wildlife issued on June 4, 1973
(38 FR 33085), and received protection as endangered under Section 4(c)(3) of the original ESA
of 1973. Critical habitat includes 280 km of the Colorado River through Marble and Grand
Canyons from Nautiloid Canyon (RM 34) to Granite Park (RM 208), and the lower 13 km of the
Little Colorado River. Primary threats to the species include streamflow regulation and habitat
modification (including coldwater dam releases and habitat loss), competition with and predation
by nonnative fish species, parasitism, hybridization with other native Gila, and pesticides and
pollutants (FWS 1990, 2002a).

2.1.2.2 Recovery Goals and Status

Recovery for the humpback chub was defined by the FWS Humpback Chub Recovery
Goals (Recovery Goals) (67 FR 55270) (FWS 2002a). In 2006, a U.S. District Court ruling set
aside the Recovery Goals, because they lacked time and cost estimates for recovery.
Nevertheless, the recovery programs and the GCDAMP continue to utilize the underlying
science in the Recovery Goals. The FWS’s 2011 Humpback Chub 5-Year Review relies on the
information provided in the recovery goals and provides supplemental information on the
species’ distribution and status.

The court did not fault the Recovery Goals as deficient in any other respect, thus the
FWS, the GCDAMP, and the Upper Colorado River Endangered Fish Recovery Program
(UCRRP), the program that addresses conservation of all of the upper Colorado River basin
populations of humpback chub, continue to utilize the underlying science in the Recovery Goals.
In the 2009 Supplemental Opinion, the FWS referenced the draft 2009 revisions to the Recovery
Goals document because that document provided updates on species biology and distribution and
represented the best available scientific information at that time. The draft 2009 revisions to the
Recovery Goals included the same demographic criteria found in the 2002 Recovery Goals.
Thus, we are using the demographic criteria found in both the 2002 Recovery Goals and
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2009 draft Recovery Goals. The FWS’s 2011 Humpback Chub 5-Year Review relies on the
information provided in the Recovery Goals and provides supplemental information on the
species’ distribution and status.

That supplemental information, as well as the demographic criteria found in the Recovery
Goals, has been considered in this BA and is summarized here.

The Recovery Goals consist of actions to improve habitat and minimize threats.

The Recovery Goal demographic criteria for downlisting (endangered to threatened) are
as follows:

Upper Basin Recovery Unit

1. Each of the five self-sustaining populations is maintained over a 5-year
period, starting with the first point estimate acceptable to the FWS, such that:

a. The trend in adult (age 4+; > 200 mm [7.9 in.] total length [TL]) point
estimates does not decline significantly, and

b. Mean estimated recruitment of age-3 (150-199 mm [5.9-7.8 in.] TL)
naturally produced fish equals or exceeds mean annual adult mortality,
and

2. One of the five populations (e.g., Black Rocks/Westwater Canyon or
Desolation/Grey Canyons) is maintained as a core population such that each
point estimate exceeds 2,100 adults (Note: 2,100 is the estimated Minimum
Viable Population (MVP) number; see Section 3.3.2 of the Recovery Goals).

Lower Basin Recovery Unit

1. The Grand Canyon population is maintained as a core over a 5-year period,
starting with the first point estimate acceptable to the FWS, such that:

a. The trend in adult (age 4+; > 200 mm [7.9 in.] TL) point estimates does
not decline significantly,

b. Mean estimated recruitment of age-3 (150—199 mm [5.9-7.8 in.] TL)
naturally produced fish equals or exceeds mean annual adult mortality,

and

c. Each core population point estimate exceeds 2,100 adults (MVP).
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The Recovery Goal demographic criteria for delisting are as follows:

Upper Basin Recovery Unit

1.

Each of the five self-sustaining populations is maintained over a 3-year period
beyond downlisting, starting with the first point estimate acceptable to the
FWS, such that:

a. The trend in adult (age 4+; > 200 mm [7.9 in.] TL) point estimates does
not decline significantly, and

b. Mean estimated recruitment of age-3 (150-199 mm [5.9-7.8 in.] TL)
naturally produced fish equals or exceeds mean annual adult mortality,
and

Two of the five populations (e.g., Black Rocks/Westwater Canyon and
Desolation/Grey Canyons) are maintained as core populations such that each
point estimate exceeds 2,100 adults (MVP).

Lower Basin Recovery Unit

a.

d.

The Grand Canyon population is maintained as a core over a 3-year period
beyond downlisting, starting with the first point estimate acceptable to the
FWS, such that:

The trend in adult (age 4+; > 200 mm [7.9 in.] TL) point estimates does not
decline significantly,

Mean estimated recruitment of age-3 (150—199 mm [5.9-7.8 in.] TL) naturally
produced fish equals or exceeds mean annual adult mortality, and

Each core population point estimate exceeds 2,100 adults (MVP).

The 5-year status review for the humpback chub was completed in 2011 (FWS 201 1c¢).
A change in the status of the humpback chub was not recommended because 5 of 6 demographic
recovery criteria and 4 of 22 downlisting criteria had not been met. Factors continuing to threaten
the Grand Canyon humpback chub population are described below.

2.1.2.3 Historic and Current Range

The humpback chub is a large, long-lived species endemic to the Colorado River system.
This member of the minnow family may attain a length of 20 in., weigh 2 1b or more, and live as
long as 40 years (Andersen 2009). Historically, this species occurred throughout much of the
Colorado River and its larger tributaries from below Hoover Dam upstream into Arizona, Utah,
Colorado, and Wyoming (FWS 2002b and refs. therein). Although historic abundance levels are
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unknown, the humpback chub is currently thought to occupy 24% of its historic range, restricted
to six population centers, five in the upper Colorado River basin and one in the lower basin
(FWS 2002b). The upper basin populations occur in (1) the Colorado River in Cataract Canyon,
Utah; (2) the Colorado River in Black Rocks, Colorado; (3) the Colorado River in Westwater
Canyon, Utah; (4) the Green River in Desolation and Gray Canyons, Utah; and (5) the Yampa
River in Yampa Canyon, Colorado. The only population in the lower basin occurs in the
Colorado River in Marble Canyon, the Grand Canyon, and Little Colorado River (FWS 2011a).

The Colorado River/Little Colorado River population is the largest of the six population
centers of the humpback chub (FWS 2011c¢). Within the Grand Canyon, this species is most
abundant in the vicinity of the confluence of the Colorado River and Little Colorado River
(Kaeding and Zimmerman 1983; Douglas and Marsh 1996; Valdez and Ryel 1995). This
population is specifically referred to as the Little Colorado River aggregation of humpback chub
and includes those fish residing in the Little Colorado River and in the mainstem within
proximity of a few miles to the Little Colorado River mouth. In addition, there are eight other
areas (aggregation areas) where humpback chub are, or have been, regularly collected; these
aggregation areas are located in the mainstem at 30 Mile, Lava Chuar-Hance, Bright Angel
Creek inflow, Shinumo Creek inflow, Stephen Aisle, Middle Granite Gorge, Havasu Creek
inflow, and Pumpkin Spring (Figure 7; Valdez and Ryel 1995; Ackerman 2008;

Persons et al. 2016). In addition, since 2009, translocations of humpback chub have been made
by the FWS to introduce juvenile fish upstream of Chute Falls in the Little Colorado River, and
by the NPS, with assistance provided by Reclamation, to introduce juvenile fish into Shinumo
and Havasu Creeks, with the goal of establishing additional spawning populations within the
Grand Canyon (NPS 2013). Survey data collected in 2013, 2014, and 2015 suggest that
translocated humpback chub have successfully spawned in Havasu Creek (NPS 2013).
Humpback chub occupy approximately 3.5 mi (5.6 km) of lower Havasu Creek, from the mouth
to Beaver Falls, which is a barrier to upstream movement of fish.

Sampling conducted between October 2013 and September 2014 in western Grand
Canyon between Lava Falls (RM 180) and Pearce Ferry (RM 280) captured 144 juvenile
humpback chub during sampling of the small-bodied fish community. In addition, 209 humpback
chub larvae were collected during sampling of the larval fish community in randomly selected
sites (Albrecht et al. 2014). Results were similar in larval and small-bodied fish sampling in 2015
(Kegerries et al. 2015): 285 juvenile and 67 age-0 humpback chub were captured during small-
bodied and larval fish sampling, respectively, from throughout the study area. These results
suggest that young humpback chub are using widespread nursery and rearing habitats between
RM 180 and RM 280 in the western Grand Canyon.

2.1.2.4 Population within the Action Area

The Little Colorado River population (aggregation) of humpback chub is measured with
closed and open population models. Closed models estimate the annual spring and the annual fall
abundance of various size classes of chub within the Little Colorado River (Van Haverbeke et al.
2013, 2016). As such, the closed models do not account for chub that are not residing in the
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FIGURE 7 Closed Chapman Petersen Abundance Estimates ( £95% CI) of
Humpback Chub >150 mm and >200 mm in the Little Colorado River during

(A) Spring (2001-2015) and (B) Fall Seasons (2000-2015) (Closed spring and fall
abundance estimates of humpback chub >150 mm in the Little Colorado River during
1991 and 1992 are from Douglas and Marsh [1996].)

49
0-63



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

Little Colorado River during any particular year (i.e., there is always a portion of the Little
Colorado River aggregation that is residing in the nearby mainstem each year). Initial closed
mark-recapture population efforts in the Little Colorado River were conducted in the early 1990s
(Douglas and Marsh 1996), after which there was a hiatus until they were resumed again in 2000
(Van Haverbeke et al. 2013, 2016). Results from both of these studies indicate that sometime in
the mid- to late-1990s, humpback chub underwent a significant decline in the Little Colorado
River (Figures 7 and 8). This was followed by a period of relatively low, but stable abundance
between 2000 and 2006, and by a period (2007-2014) of significantly increased abundance
levels (Van Haverbeke et al. 2013). The post-2006 increase in humpback chub >150 mm and
>200 mm was visible during both spring and fall seasons, but it was more apparent during spring
months (Figure 7). Spring 2015 saw a significant lowering of abundance of humpback chub
>150 mm and >200 mm compared to the previous several years. The cause of this decline is
unknown, but there is evidence from sampling in the mainstem during 2015 that many chub may
have simply remained or emigrated into the mainstem during 2015 (i.e., the portion of the Little
Colorado River aggregation of chub residing in the nearby mainstem was higher than usual).

In addition, open population models are conducted to estimate the abundance of the Little
Colorado River aggregation of humpback chub (Coggins and Walters 2009; Yackulic et al.
2014), both those fish residing in the Little Colorado River and those residing in the nearby
mainstem. Because the open models use capture histories of humpback chub that span across
years and because most humpback chub will eventually be captured either in the Little Colorado
River or in the mainstem (and thus accounted for in the open models), the open models estimate
the abundance of humpback chub in the Little Colorado River as well as those residing in the
nearby mainstem. As such, the open models provide annual abundance estimates that are higher
than the closed model estimates described above. Open models show that from 1989 through
2001, there was a decline of adult humpback chub within the Grand Canyon, with estimated
numbers of the Little Colorado River aggregation declining from approximately 11,000 adults
(age 4+) in 1989 to about 5,000 adults in 2001 (Coggins and Walters 2009) (Figure 8). However,
since about 2001, the downward population trend reversed, with the estimated number of adult
fish increasing to approximately 8,000 fish by 2008 (Figure 8) (Coggins and Walters 2009).
More recently, abundance estimates for 2009 to 2012 suggest the population has continued to
increase to approximately 11,000 adults (Figure 9) (Yackulic et al. 2014). Unlike the closed
models, Coggins and Walters (2009) open models suggested that the increasing trend in adult
humpback chub abundance began earlier than 2007. They explain that this may be an effect of
aging error, with the least biased estimates for recruitment and adult abundance trends being
those most proximal to the end of the dataset being analyzed. As such, one might expect to see
the adult increases in abundances beginning earlier in their open models (Figure 8). Importantly,
both the closed and open population estimators provide the same trend, and that is that the
humpback chub experienced a period of significant decline followed by a period of
significant increase.

Aside from the Little Colorado River aggregation, based on sampling within and outside
the other known aggregations of humpback chub by Persons et al. (2016), catch rates of
humpback chub generally increased as well. Factors suggested as being responsible for this
estimated increase are discussed later in this section. In addition, recent preliminary population
estimates for humpback chub aggregations suggest that humpback chub in several aggregations
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FIGURE 8 Estimated Adult Humpback Chub Abundance (Age 4+) from Age-
Structured Mark-Recapture Model Incorporating Uncertainty in Assignment of
Age (Error bars represent minimum 95% confidence intervals and do not consider
uncertainty in growth or mortality.) (Source: Coggins and Walters 2009)
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FIGURE 9 Estimated Total Adult Abundance of Humpback Chub in the Lower

8 mi of the Little Colorado River and a 2-mi Portion of the Colorado River Just
Downriver of the Confluence of the Little Colorado and Colorado Rivers, for
September 2009 through 2012 (Error bars represent the 95% confidence intervals.)
(Source: Yackulic et al. 2014)
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may have increased as a result of (1) translocations to Shinumo and Havasu Creeks; (2) good
production in the Little Colorado River; (3) water temperatures that were about 1°C warmer
since the early 2000s; (4) significantly warmer than normal water temperatures in 2004, 2005,
and 2011; and (5) trout control implemented at the Little Colorado River inflow (NPS 2013;
Yackulic et al. 2014).

The most recent humpback chub population estimate in Havasu Creek was approximately
280 individuals as of May, 2015 (Figure 10). While reproduction has been documented, the
population has increased primarily as a result of continued translocations, and less attributed to
recruitment.

2.1.2.5 Habitat

Adult humpback chub occupy swift, deep, canyon reaches of the river (Valdez and
Clemmer 1982; Valdez and Ryel 1995), with microhabitat use varying among age-groups
(Valdez 1990; Stone and Gorman 2006; Gerig et al 2014; Dodrill et al 2015). Within the Grand
Canyon, the largest number of humpback chub and their primary spawning are in the vicinity of
the Little Colorado River and its inflow reach (RM 57-RM 77; Persons et al. 2016; (Figure 11),
with adults being associated with large eddy complexes. Mark-recapture studies in the Grand
Canyon reported that most captures of humpback chub occurred in and around the Little
Colorado River, with more than 80% of recaptured fish being collected in the same mainstem
river reach or tributary where they were originally tagged (Paukert et al. 2006; Persons et al.
2016). However, some of the marked fish were determined to have moved as much as 154.5 km
(96 mi) throughout the Grand Canyon (Paukert et al. 2006).

Valdez and Ryel (1995, 1997) reported on adult humpback chub habitat use in the
Colorado River in GCNP. They found adults used primarily large recirculating eddies, occupying
areas of low velocity adjacent to high-velocity currents that deliver food items. Within GCNP,
adults demonstrate high microsite fidelity and occupy main channel eddies, while subadults use
nearshore habitats (Valdez and Ryel 1995; Robinson et al. 1998, Stone and Gorman 2006).
Adults also congregated at tributary mouths and flooded side canyons during high flows.

Recently, a study conducted in 2010 examined the habitat use and movement of 30 radio-
tagged adult humpback chub in the Colorado River during 2 months of fluctuating flow followed
by 2 months of steady flow (Gerig et al. 2014). The radio-tagged fish were found to use eddies
extensively while avoiding runs. During both flow treatments, the tagged fish exhibited only
small daily movements of about 33 ft/day, and no effect of flow was observed on either habitat
selection or movement.

The main spawning area for the humpback chub within the Grand Canyon is the Little
Colorado River, which provides warm temperatures suitable for spawning and shallow low-
velocity pools for larvae (Gorman 1994). The species spawns primarily in the lower 13.6 km of
the Little Colorado River, but occasional spawning is suspected in other areas of the Colorado
River as well (Valdez and Masslich 1999; Anderson et al. 2010). Gorman and Stone (1999)
found ripe adults aggregated in areas of complex habitat structure associated with clean gravel
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deposits among large boulders mixed with travertine masses in or near runs and eddies. While
mainstem spawning is suspected near 30-Mile Spring, or in other areas in the western Grand
Canyon following the detection of larval humpback chub in recent years (Albrecht et al. 2014;
Kegerries et al. 2015), studies have not been completed to identify spawning areas or habitat in
the Colorado River in the Grand Canyon.

Young humpback chub seek areas that provide physical cover and contain some velocity
refuges, including shoreline talus, vegetation, and backwaters typically formed by eddy return
current channels (AZGFD 1996; Converse et al. 1998; Dodrill et al. 2015). Backwaters can have
warmer water temperatures than other habitats, and native fish, including the humpback chub,
are frequently observed in backwaters, leading to a common perception that this habitat is critical
for juvenile native fish conservation. However, backwaters are rare and ephemeral habitats, so
they contain only a small portion of the overall population. For example, Dodrill et al. (2015)

) showed the total abundance of juvenile humpback chub was much higher in talus than in
backwater habitats. Moreover, when extrapolated to relative densities based on estimates of
backwater prevalence directly after a controlled flood, the majority of juvenile humpback chub
were still found outside of backwaters. This suggests that the role of controlled floods in
influencing native fish population trends may be limited. As young humpback chub grow, they
exhibit an ontogenic shift toward deeper and swifter offshore habitats. Valdez and Ryel (1995,
1997) found that young humpback chub (21-74 mm [0.83-2.9 in.] TL) remain along shallow
shoreline habitats throughout their first summer, at low water velocities and depths less than 1 m
(3.3 ft). They shift as they grow larger (75-259 mm [2.95-10.20 in] TL), and by fall and winter
move into deeper habitat with higher water velocities and depths up to 1.5 m (4.9 ft). Stone and
Gorman (2006) found similar results in the Little Colorado River, discovering that humpback
chub undergo an ontogenesis from diurnally active, vulnerable, nearshore-reliant YOY

(30-90 mm [1.81-3.54 in.] TL) to nocturnally active, large-bodied adults (180 mm [7.09 in.]
TL), which primarily reside in deep mid-channel pools during the day and move inshore at night.
This ontogenetic habitat shift may be important for smaller streams to which humpback chub
have been translocated. Spurgeon (2012) found that larger humpback chub translocated to
Shinumo Creek were more likely to emigrate, and in addition, most movements were nocturnal.

Young humpback chub prefer shallow, low-velocity nearshore pools and backwaters,
vegetated undercut banks often harbor high densities of juvenile chub in the Little Colorado
River; they move to deeper and faster areas with increasing size and age, within the Little
Colorado River (AZGFD 2001). In the mainstem of the Colorado River, juvenile fish may be
found in backwater and other nearshore, slow-velocity areas that may serve as nursery habitats
(Valdez and Ryel 1995; Robinson et al. 1998; AZGFD 2001; Stone and Gorman 2006); however,
detection probability is also higher in these areas. Juvenile humpback chub (<3 years old) have
been collected in all types of nearshore habitats by the Nearshore Ecology Study, with the
highest density found in backwaters in both years of the study. However, the greatest number of
humpback chub were collected from talus slopes (Dodrill et al. 2015). Backwater habitats are
perceived to be important to juvenile native fish in the Grand Canyon; however, they are
relatively rare habitats in the Little Colorado River inflow reach, and thus support only a small
proportion of the native fish there (Dodrill et al. 2015). Thus the significance of these backwater
habitats to the overall population is unclear.
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The low summer flow experiment conducted in 2000 studied four nearshore geomorphic
unit types between the confluence of the Colorado and Little Colorado Rivers and Lava Canyon
in the summer and fall of 2010, for study periods of 10 to 27 days. Five to seven sites were
studied during each interval. Persistent thermal gradients greater than the 0.2°C accuracy of the
instruments were not observed in any of the sampled shoreline environments. Temperature
gradients between the shoreline and mainstem on the order of 4°C, believed to be important to
the habitat-seeking behavior of native or nonnative fishes, were not detected (Ross and
Grams 2013). Temperature differences between main channel and nearshore habitats that are
isolated from the main channel can be pronounced in backwaters and other low-velocity areas.
The extent of warming is variable and depends on the timing of the daily minimum and
maximum flows, the difference between air and water temperatures, and the topography and
orientation of the backwater relative to solar insolation (Korman et al. 2006). For example,
summertime water temperatures in backwaters have been reported to be as high as 25°C (77°F),
while main channel temperatures are near 10°C (50°F) (Maddux et al. 1987). The amount of
warming that occurs in backwaters is affected by daily fluctuations that drain and fill backwater
habitats with cold main channel waters (Valdez 1991; Angradi et al. 1992; AZGFD 1996;

Behn et al. 2010). During the low summer flow experiment, temperatures in one backwater were
as much as 13°C (23°F) warmer than in the adjacent main channel during some portions of the
day; temperature differences were much less at night (Vernieu and Anderson 2013). Backwater
temperatures in summer have been reported to be as much as 2 to 4°C (3.6 to 7.2°F) warmer
under steady flows than under fluctuating flows (Hoffnagle 1996; Trammell et al. 2002;
Korman et al. 2006; Anderson and Wright 2007).

Although the use of thermal refugia such as backwaters has been documented in a variety
of systems (e.g., Tyus and Haines 1991; Bodensteiner and Lewis 1992; Torgersen et al. 1999;
Ebersole et al. 2001; Westhoff et al. 2014), the overall importance of backwater habitats in the
Colorado River relative to humpback chub survival and recruitment is uncertain
(Reclamation 2011b). While juvenile humpback chub have been reported to show positive
selection for backwater habitats, the spatial extent of such habitats in the Colorado River in the
Little Colorado River inflow reach is small compared to other nearshore habitats such as talus
slopes (Dodrill et al. 2015). Nevertheless, the presence of backwaters and other types of
nearshore habitats that may be important to native fish varies by reach in the Grand Canyon and
is related to sediment deposition that is dependent on the reach geomorphology (i.e., reach width
and depth, etc.; reviewed in Stevens et al. 1997b).

2.1.2.6 Life History

The humpback chub is primarily an insectivore, with larvae, juveniles, and adults all
feeding on a variety of aquatic insect larvae and adults, including dipterans (primarily
chironomids and simuliids), Thysanoptera (thrips), Hymenoptera (ants, wasps, bees), and
amphipods (such as Gammarus lacustris) (AZGFD 2001). Donner (2011) found that 65% of
humpback chub production in the Grand Canyon was attributed to chironomids and simuliids,
and that the potential for competition between humpback chub and nonnative fish was high when
nonnative fish abundance was high. Feeding by all life stages may occur throughout the water
column as well as at the water surface and on the river bottom. Spurgeon et al. (2015) also found
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that humpback chub consumed and assimilated native fish, and that they occupied a high trophic
position in the food web in a Grand Canyon tributary, similar to rainbow trout.

Adult humpback chub move into the Little Colorado River from the Colorado River to
spawn from March to May (Gorman and Stone 1999). Relatively little spawning and juvenile
rearing occur in the mainstem of the Colorado River, primarily because of the cold mainstem
water temperatures (Kaeding and Zimmerman 1983; Minckley et al. 1991); however, in recent
years, some evidence of rearing has been observed in the western Grand Canyon
(Albrecht et al. 2014; Kegerries et al. 2015). Optimal spawning temperature for the species is
16°C, but mainstem water temperatures typically have ranged from 7 to 12°C (45 to 54°F) near
the Little Colorado, due to coldwater releases from Glen Canyon Dam (Wright et al. 2008).
Drought-induced warming has resulted in mainstem water temperatures since 2003 consistently
exceeding 12°C (54°F) in the summer and fall months, which may have played a role in the
estimated increase in the humpback chub population in the system since that time (Andersen
2009; Coggins and Walters 2009; Yackulic et al. 2014). Water temperatures in Havasu Creek
typically exceed 16 degrees by April (GCMRC 2016), and humpback chub in spawning
condition have been captured in mid-May during monitoring trips (Healy and Nelson 2013;
Nelson et al. 2015).

Following spawning, larvae have been reported to drift in the Little Colorado River from
April through June, and many drift out into nearshore habitats of the Colorado River
(FWS 2008). Robinson et al. (1998) estimated about 38,000 larval humpback chub drifted from
the Little Colorado River into the mainstem in May and June 1993. In addition, larval and
juvenile humpback chub have been relatively common in the first 2 years of a study that includes
sampling of nearshore habitats from Lava Falls (RM 180) to Pearce Ferry (RM 208;
Albrecht et al. 2014; Kegerries et al. 2015). The natal source of these fish is unknown; however,
data on the timing, age, and location of these larval humpback chub captures may suggest
spawning in the mainstem or tributaries (Albrecht et al. 2015; Kegerries et al. 2015). Juveniles
generally have lower monthly rates of movement than adults, with the exception of a high
probability of juveniles being transported from the Little Colorado River to the Colorado River
during high flows of the monsoon season, when numbers of juvenile humpback chub in the
mainstem have been documented to increase by as much as 4,000 fish (Yackulic et al. 2014).

Although survival of larval and juvenile fish in the mainstem was once thought to be very
rare because of seasonally constant, low water temperatures (Clarkson and Childs 2000), more
recent information suggests that juveniles can successfully rear to adulthood in the Colorado
River mainstem, at least under recent environmental conditions that include warmer water
(Yackulic et al. 2014; Albrecht et al. 2014; Kegerries et al. 2015). Increasing water temperatures
have been shown in the laboratory to increase hatching success and larval survival
(Hamman 1982), larval and juvenile growth (Clarkson and Childs 2000), and improve swimming
ability and reduce predation vulnerability (Ward 2011). Yackulic et al. (2014) postulated that,
with warmer water, growth and survival of juveniles in the mainstem will be greater and result in
increased mainstem recruitment, and thus contribute to the overall adult population.
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2.1.2.7 Factors Affecting Distribution and Abundance in the Grand Canyon

Primary threats to humpback chub include habitat alterations associated with dams and
reservoirs and the introduction of nonnative fishes (FWS 2011c), which act as competitors and/or
predators of the humpback chub (Andersen 2009; Yard et al. 2011; Kennedy et al. 2013). In
addition, the Colorado River now includes nonnative fish parasites, such as the Asian
tapeworm and anchor worm, which may infect some humpback chub and affect survival
(Clarkson et al. 1997; Andersen 2009). While coldwater releases from Glen Canyon Dam have
been implicated in affecting reproduction and recruitment of humpback chub (and other native
fishes) in the mainstem Colorado River, warmer water temperatures in the mainstem over the last
decade may be providing some temporary benefit and contributing to the improving status of the
humpback chub (Reclamation 2011a). Recent studies also indicated that toxic mercury (Hg) and
selenium (Se) concentrations in native fish were elevated in the Grand Canyon
(Walters et al. 2015). While humpback chub were not tested in the study, elevated levels of Hg in
the food web, and in particular, primary prey items, including blackfly larvae (Simuliidae), may
result in impacts on the species (Walters et al. 2015).

Population estimates indicate that the number of adult humpback chub in the Grand
Canyon has been increasing since 2000 or 2001 and has been stable for about the last 5 years
(Figure 8). A number of factors have been suggested as being responsible for the observed
increases, including experimental water releases, trout removal, and drought-induced warming
(Andersen 2009; Coggins and Walters 2009). In addition, translocations of juvenile humpback
chub to Shinumo and Havasu Creeks have resulted in increased numbers of adult humpback
chub captured in the mainstem aggregations (Persons et al. 2016). Translocations to tributaries
have been shown to provide an adequate mechanism for rearing juvenile humpback chub that
may later disperse to the Colorado River and augment aggregations (Spurgeon et al. 2015).

Dam discharge and river flow regimes have mixed results. They both may impact the
shoreline rearing habitat, and thus survival of juvenile humpback chub (Converse et al. 1998).
Releases such as HFEs can create shallow backwater habitats associated with sandbars and are
thought to provide rearing habitat for native fish, because they can be warmer than the mainstem
river during the summer months due to solar radiation (Behn et al. 2010, reviewed in
Dodrill et al. 2015). Flow regimes include, for example, fluctuating flows, which destabilize
backwater habitats and may impact warming and primary production (Behn et al. 2010).
Backwater habitat is relatively rare in the Little Colorado River inflow area, and thus may be less
important to maintaining the Little Colorado River aggregation of humpback chub than
previously thought (Dodrill et al. 2015). Even though HFE water releases from Glen Canyon
Dam between 2000 and 2008 may have improved some habitat characteristics (e.g., backwaters
for humpback chub and other native fish), the limited availability of suitably warmwater
temperatures in the mainstem may have constrained the potential for positive population
responses (Kennedy and Ralston 2011). Some experimental releases, such as the November HFE
in 2004, may have affected nonnative fish (possible humpback chub predators or competitors)
and improved humpback chub habitat along the main channel (Korman et al. 2010). However,
the March 2008 HFE may have improved the quality of spawning habitat for rainbow trout in the
Lees Ferry reach, and the abundance of rainbow trout (using catch-per-unit-effort as a surrogate
for abundance) in this reach was reported to be about 300% larger in 2009 than in 2007 (about
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3.9 fish per minute versus 1.3 fish per minute, respectively) (Makinster et al. 2011). A similar
increase in rainbow trout abundance between 2007 and 2009 was observed at the Little Colorado
River confluence (RM 56-RM 69) (Kennedy and Ralston 2010). The effects of HFEs on trout
abundance are discussed in more detail in Section 1.2.9. Complete evaluations of more recent
fall HFEs, conducted in 2013 and 2014, are incomplete.

Predation by rainbow and brown trout at the Little Colorado River confluence has been
identified as an additional mortality source affecting humpback chub survival, reproduction, and
recruitment (Valdez and Ryel 1995; Marsh and Douglas 1997; Yard et al. 2011). The incidence
of piscivory by brown trout has been found to be much higher than for rainbow trout in the
Grand Canyon (Yard et al. 2011; Whiting et al. 2014), but rainbow trout have been much more
abundant in the Colorado River, and thus may impact native fish at a similar magnitude
(Yard et al. 2011). Predation by channel catfish and black bullhead are also thought to impact
humpback chub in the Grand Canyon, particularly if warmer water conditions occur (NPS 2013).
Because of their size, adult humpback chub are less likely to be preyed on by trout; however,
emergent fry, YOY, and juvenile humpback chub are susceptible to predation in the Little
Colorado River and mainstem Colorado River (Yard et al. 2011).

Experimental removal of nonnative brown and rainbow trout was conducted in the
Colorado River in the Grand Canyon between 2003 and 2006. Twenty-three trips to remove trout
from the vicinity of the confluence of the Little Colorado River (RM 56—RM 66) resulted in the
removal of more than 23,000 fish (mostly rainbow trout). During this time, the rainbow trout
population in the Colorado River in the vicinity of the Little Colorado River was reduced by
more than 80% (Andersen 2009), while estimated humpback chub abundance increased during
this time (Figure 9). However, this increase may be attributable to a variety of other factors,
including warmer water temperatures that occurred during this time and the HFE experimental
flows (Andersen 2009; Coggins et al. 2011).

As previously discussed, the coldwater temperatures in most places of the main channel
are below the temperature needed for spawning, egg incubation, and growth of the humpback
chub. Survival of humpback chub young in the mainstem near the Little Colorado River is
thought to be low because of cold mainstem water temperatures (Clarkson and Childs 2000;
Robinson and Childs 2001), which may limit hatching success, reduce larval survival and larval
and juvenile growth, reduce swimming ability, and increase predation vulnerability (Ward and
Bonar 2003; Ward 2011). Water temperatures in the mainstem Colorado River have generally
been warmer over the last decade, and warming over the summer increases downstream, due to
solar radiation. For example, maximum daily temperatures exceeded 20°C (68°F) in the lower
river (RM 180-RM 280), and daily average temperature was 18.3°C (65°F) in early July
(Kegerries et al. 2015). There is some evidence of recruitment at the 30-mi aggregation possibly
due to the presence of warm springs. Adult chub captured near RM 35 suggests the possibility of
a new aggregation or expansion of the 30-mi aggregation, and during 2013 and 2014, three
female humpback chub were captured near the 30-mi aggregation that expressed eggs. Ultrasonic
images of several hundred adult humpback chub from many locations in the mainstem, as well as
in the Little Colorado River and Havasu and Shinumo Creeks, indicated that adult female
humpback chub are able to produce eggs in the mainstem Colorado River. In 2013,
approximately 33% of humpback chub examined from the mainstem Colorado River, 52% of
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chub examined from the Little Colorado River, and 23% of chub examined from Havasu Creek
were females with eggs (GCMRC 2015).

Temperatures, particularly in the upper reaches of the Colorado River, even in warmer
years, are not optimal for humpback chub spawning and growth. However, juveniles can now
successfully rear to adulthood in the Colorado River mainstem, and mainstem recruitment is
likely contributing to the overall adult population that increased from about 5,000 adults in
2000 to about 11,000 adults in 2012 (Yackulic et al. 2014; Figures 8 and 9). Water temperatures
below Glen Canyon Dam began increasing in 2003 as a result of drought conditions that lowered
the level of Lake Powell and resulted in the release of warmer water from the dam
(Andersen 2009; Andersen et al. 2010); temperatures have remained elevated relative to
operations during the 1980s and 1990s due to continued drought-induced lower Lake Powell
reservoir levels and somewhat due to relatively high inflow in 2008, 2009, and 2011. In 2005,
maximum mainstem water temperature exceeded 15°C (59°F) at Lees Ferry and approached
18°C (64°F) in the vicinity of the Little Colorado River (RM 61), the warmest temperature at
those locations since the reservoir was filled in 1980. Maximum water temperature in the
mainstem at Lees Ferry reached about 14°C (57°F) in 2008 (USGS 2014), similar to
temperatures in 2003 when drought effects from low Lake Powell levels began to raise Glen
Canyon Dam release temperatures. In 2011, maximum mainstem water temperatures at the Little
Colorado River confluence (RM 61) reached about 15°C (59°F) and 16°C (61°F), respectively
(Figure 12). This warmer water appears to have benefitted the humpback chub and other native
fish, but they may have benefitted nonnative warmwater species as well (Andersen 2009;
Coggins and Walters 2009; Kennedy and Ralston 2011). Low reservoir levels can be attributed
to drought, as well as consumptive water use in the Colorado River basin.

Increased water temperatures may also affect predation of YOY humpback chub by
rainbow and brown trout (Ward 2011; Yard et al. 2011; Ward and Morton-Starner 2015). Ward
(2011) reported that in the laboratory, the level of attempted predation by brown trout was
positively correlated with increasing water temperature, but predation success of rainbow trout
on YOY humpback chub decreased as water temperature increased from 10°C to 20°C (50°F to
68°F); predation success by brown trout did not change significantly over the same temperature
range (Ward 2011; Ward and Morton-Starner 2015). Yard et al. (2011) examined the effects of
temperature on trout piscivory in the Colorado River and reported no relationship between water
temperature and the incidence of piscivory by rainbow trout, but a significant positive correlation
was found between water temperature and the incidence of piscivory for the brown trout.

Climate change and drought have direct influences on hydrologic patterns and water
temperature, thus impacting humpback chub. In the Colorado River Basin, hydrologic impacts
include lower precipitation and decreased inflow to the reservoir system, resulting in more
frequent lower reservoir release volumes, potentially impacting shoreline habitats and riparian
areas. More frequent droughts and warmer atmospheric temperatures have the potential to result
in warmer temperature of water being released from the dam. Although this may improve
thermal suitability for humpback chub, any subsequent benefits may be offset by increased
abundance and expansion of warmwater nonnative fish and aquatic fish parasites.
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FIGURE 12 Water Temperatures at the Little Colorado River Confluence (RM 61), 1995 to
Present (Source: USGS 2014)

Although the Little Colorado River stretches almost 340 m (550 km), only the headwaters
and the lowermost reaches flow year-round. The lower 13 mi (21 km) of the Little Colorado
River is fed by groundwater springs. This reach is occupied by the largest self-sustaining
population for the species, and the lower 8 mi (13 km) is designated critical habitat. These water
sources may also be vulnerable to basinwide drought and climate change impacting overall
habitat availability and the population.

The development of a second population of reproducing humpback chub in the Grand
Canyon was identified as an important conservation action in the 1995 EIS on the operations of
Glen Canyon Dam, in case of catastrophic loss of the Little Colorado River population
(Valdez et al. 2000). While some reproduction of humpback chub has been documented in
Havasu Creek (Healy and Nelson 2013) near 30-mile spring (RM 30; Valdez and Masslich 1999)
and may occur in the western Grand Canyon (Albrecht et al. 2015; Kegerries et al. 2015), it is
likely limited in the Colorado River by water temperature, rearing habitat, or other factors.

2.1.3 Razorback Sucker

2.1.3.1 Legal Status

The razorback sucker (Xyrauchen texanus) was listed as endangered under the ESA on
October 23, 1991 (56 FR 54957). The final rule for determination of critical habitat was
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published on March 21, 1994 (59 FR 13374), and the final designation became effective on
April 20, 1994. Designated critical habitat within the project area includes the Colorado River
and its 100-year floodplain from the Paria River downstream through Marble and Grand
Canyons to Hoover Dam, including the full pool elevation of Lake Mead.

2.1.3.2 Recovery Goals and Status

Recovery goals for razorback sucker were established in 2002 (FWS 2002b).
Demographic criteria that describe numbers of populations and individuals (adults and juveniles)
for downlisting and delisting are presented for upper and lower basin recovery units in the
FWS’s razorback sucker Recovery Goals document:

These criteria require four genetically and demographically viable, self-sustaining
populations (two in each recovery unit), based on requirements of no significant
decline in numbers of adults for each population and recruitment equal to or
exceeding adult mortality. In addition, a genetic refuge needs to be maintained in
Lake Mohave of the lower basin recovery unit (based on the majority opinion of
lower basin biologists, the number of adults for maintaining this refuge is 50,000).

Monitoring is also necessary to determine if the recovery criteria are met. Adequate
habitat and sufficient range are required to support recovered populations, in addition to
demographic criteria.

The 5-year status review for the razorback sucker was completed by the FWS in 2012
(FWS 2012). The recovery of the species is based on whether the reduction or removal of threats
has occurred, and on whether improvement in the demographic criteria has been achieved. Based
on the review, only 1 of the 10 demographic criteria had been met, 2 had been partially met, and
7 were unmet. In addition, the majority of the most meaningful threats to the species were not
mitigated, as only 9 of the 29 recovery factor criteria were met. As a result, the FWS decided that
a change in the species’ endangered status was not warranted (FWS 2012).

2.1.3.3 Historic and Current Range

The razorback sucker is a large river sucker (Catostomidae) endemic to the Colorado
River system. It is a large fish, with adults reaching lengths up to 3 ft and weighing as much as
13 1b, and it may live 40 years or more (FWS 2002b). The species is endemic to large rivers of
the Colorado River Basin from Wyoming to Mexico; however, the specie’s range has been
substantially reduced (Figure 13; Marsh et al. 2015). Currently, it occurs in the Green River,
upper Colorado River, and San Juan River subbasins; the lower Colorado River between Lake
Havasu and Davis Dam; Lake Mead and Lake Mohave; and tributaries of the Gila River
subbasin (FWS 2002b) and Lake Powell (Francis et al. 2015).
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Recent estimates of razorback sucker populations were summarized by Marsh et al.
(2015), but the authors noted that the precision of many estimates was questionable given low
recapture rates of marked individuals. Despite this, collectively, the number of remaining
individuals is likely only a fraction of historic populations. Many populations in the upper
Colorado River Basin are maintained by stocking, and in the lower basin, with the exception of
Lake Mead, razorback sucker are maintained through stocking, including populations in Lakes
Mohave and Havasu (Marsh et al. 2015). Recruitment has been occurring since the 1970s,
sustaining the small population remaining in Lake Mead (Albrecht et al. 2010; FWS 2012;
Mohn et al. 2015), which was estimated to consist of approximately 596 individuals through
2012 (95% Confidence Interval: 468—786; Albrecht et al. 2013). Low numbers of recaptures
likely precluded a population estimate for the sampling period between 2013 and 2015 in
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Lake Mead (Mohn et al. 2015). Lake Mead contains one of the smaller populations; rangewide,
however, recruitment is rare or nonexistent in other populations (Marsh et al. 2015).

2.1.3.4 Population within the Action Area

Inventories of fish populations in the pre-dam Grand Canyon were extremely rare, and
thus describing historic fish distribution and abundance is difficult (Webb et al. 2002). Within
the Grand Canyon, it is likely that razorback sucker historically occurred throughout the
Colorado River to Lake Mead (after Hoover Dam construction), with several documented
captures in the mainstem (near Bright Angel and Shinumo Creeks), at the Little Colorado River
inflow in 1989 and 1990, and from the Paria River mouth (in 1963 and 1978, as reported in
NPS 2013). Until recently, the last razorback sucker collected from the Grand Canyon (RM 39.3)
was caught in 1993, and the species was considered extirpated from the Grand Canyon.

Adult razorback suckers have recently been captured from the western Grand Canyon
(summarized in NPS 2013). Four fish that were sonic-tagged in Lake Mead in 2010 and 2011
were detected in the spring and summer of 2012 in GCNP up to Quartermaster Canyon
(RM 260) (Kegerries and Albrecht 2012, as cited in NPS 2013). An additional untagged adult
razorback sucker was captured in GCNP near Spencer Creek (RM 246) in October 2012 (as
reported in NPS 2013), and another adult was captured in late 2013 (GCMRC 2014). Sampling
of channel margin habitats has also documented 462 and 81 razorback sucker larvae as far
upstream as RM 179 (just upstream of Lava Falls) in 2014 (Albrecht et al. 2014) and 2015
(Kegerries et al. 2015), respectively, indicating that spawning is occurring in the mainstem river
in the western Grand Canyon (Albrecht et al. 2014; Kegerries et al. 2015). However, small-
bodied fish sampling designed to detect juvenile razorback sucker in western Grand Canyon has
failed to detect any older larval fish or those that have transformed to juveniles.

Tagged adult razorback suckers have also been located as far upstream as RM 184.4 near
Lava Falls, and along with the collection of larvae, indicates that the species utilizes the
Colorado River above the Lake Mead inflow area more than previously thought
(Albrecht et al. 2014). In 2015, Submersible ultrasonic receivers (SURs), which are devices that
detect sonic-tagged razorback suckers, were installed upstream of Lava Falls, to an area below
Bright Angel Creek. No detections of razorback sucker were recorded above Lava Falls through
September 2015; however, the continued collection of larval fish upstream of Lava Falls
(Kegerries et al. 2015) indicates spawning is occurring in an unknown location in the mainstem
or tributaries.

Occurrences since 2013 of adult and larval razorback sucker in Lake Mead and the lower
Grand Canyon downstream of RM 180 indicate that the connectivity of the lake to the riverine
reaches may be important to maintenance of razorback sucker in the project area.
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2.1.3.5 Habitat

Razorback sucker use a wide variety of habitats, including rivers and streams and their
associated floodplains, as well as reservoirs (Valdez et al. 2012a). Habitat use varies by life stage
and by habitat type (i.e., lentic vs. lotic habitats). Valdez et al. (2012a) completed a
comprehensive review of razorback sucker habitat use studies conducted throughout the species’
range. In rivers, habitat requirements of adults in spring include low-velocity runs, eddies,
backwaters, and areas of inundated vegetation (e.g., flooded off-channel areas); in summer, runs
and mid-channel bars; and in winter, low-velocity runs, pools, and eddies (reviewed in
Valdez et al. 2012a). Razorback suckers spawn on cobble and gravel bars in rivers, and on gravel
and cobble shorelines in reservoirs. In reservoirs, adults prefer areas with water depths of 3 ft or
more over sand, mud, or gravel substrates. Young require nursery areas with quiet, warm,
shallow water such as tributary mouths, backwaters, and inundated floodplains along rivers and
coves or shorelines in reservoirs (FWS 2002a). Recent captures of larval razorback sucker in the
western Grand Canyon found the highest density of larvae in isolated pools, which comprised
less than 2% of all habitat sampled (Albrecht et al. 2014). Similar results were found in 2015,
when the highest catch of larval razorback sucker was found in isolated pools, followed by
backwaters, which composed 2.1% and 9.1% of habitats sampled, respectively
(Kegerries et al. 2015). Larval razorback sucker may drift along the shoreline adjacent to the
main channel until settling into warmer, shallow backwaters, or floodplain wetlands
(Valdez et al. 2012a).

Critical habitat was designated for this species in 1994, and within the project area,
including the Colorado River and its 100-year floodplain from the confluence of the Paria River
downstream to Hoover Dam (a distance of about 500 mi), including Lake Mead to full pool
elevation (59 FR 13374).

2.1.3.6 Life History

Razorback suckers are long-lived (40+ years) and exhibit relatively fast growth the first
5 to 7 years of life in warm, food-rich environments, until adulthood, and after which growth
slows and possibly stops (FWS 2002b). Both sexes are sexually mature by age 4 and can reach a
maximum size of about 1 meter. As described above, spawning in rivers occurs over bars of
cobble, gravel, and sand substrates during spring runoff at widely ranging flows and at water
temperatures as low as 6°C (reviewed in Marsh 1985), but typically greater than 14°C (57°F)
(FWS 2002b). High flow and temperature cues during spring were thought to be important to the
initiation and success of spawning (reviewed in FWS 2002b). For example, vegetated floodplain
wetlands and other off-channel habitats inundated by spring high flows provide warmer, food-
rich rearing habitats for drifting larval razorback sucker (reviewed in Modde et al. 2001). High
flows may also have flushed fine sediment from cobble bars, maintaining interstitial space for
egg deposition and incubation. In reservoirs, spawning occurs over wave-swept rocky shoals and
shorelines.
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Historically, this species exhibited upstream migrations in spring for spawning, although
current populations include groups that are sedentary and others that move extensively
(Minckley et al. 1991). Adults in the Green River subbasin have been reported to move as much
as 62 mi to specific areas to spawn (Tyus and Karp 1990). In Lake Mohave, individuals have
been reported to move 12 to 19 mi between spring spawning and summer use areas
(Mueller et al. 2000). Sonic-tagged razorback sucker, either stayed near spawning areas, or have
moved great distances, up to 361 km (224 mi) within the western Grand Canyon, the Colorado
River inflow to Lake Mead, and throughout the lake (Kegerries et al. 2015).

Razorback sucker have high fecundity, with the average number of eggs per female
ranging from 27,614 to 103,000 in various studies (reviewed in FWS 2002b). Eggs incubate for
6 to 7 days before hatching, prior to emerging from cobbles and being transported downstream to
floodplains or backwaters. Hatching success is temperature dependent, with the potential for
complete mortality occurring at temperatures less than 10°C (50°F; Marsh 1985;

Bozek et al. 1990). Marsh (1985) found the highest survival of embryos and percentage hatched
was at 20°C in laboratory studies, while Bozek et al. (1990) showed that hatching success was
between 32 and 65% in 15°C water.

In the Grand Canyon, the estimated onset of spawning was in mid-February, based on
back-calculation from the dates of larval collection, when average daily water temperatures were
between 10 and 12°C (50 and 53.6°F; Kegerries et al. (2015). Spawning appeared to peak toward
the end of March when water temperatures ranged from 12 to 14°C, but the duration of spawning
was protracted—occurring between mid-February and July (Kegerries et al. 2015). A faster
larval razorback sucker growth rate is thought to benefit survival by minimizing the time larvae
are susceptible to predation by small-bodied fish. Growth was 50% greater at 19.5°C compared
to growth in 16.5°C water, with the highest growth rates at 25.5°C (Bestgen 2008). As described
above, following hatching, larval razorback sucker may drift into low-velocity, warm,
backwaters or floodplain wetlands to rear. Maturity is reached in 2 to 5 years.

Both adults and immature fish are omnivorous, feeding on algae, zooplankton, and
aquatic insect larvae; however, diet varies by life stage. In Lake Mohave, their diet has been
reported to be dominated by zooplankton, diatoms, filamentous algae, and detritus (Marsh 1987).
Larval razorback sucker feed on planktonic organisms, switching to benthic organisms as their
sub-terminal mouth develops, with chironomid larvae being a primary food item (FWS 2002b).

2.1.3.7 Factors Affecting Distribution and Abundance in the Grand Canyon

The decline of the razorback sucker in the Grand Canyon and throughout its range has
been attributed primarily to habitat modification due to dam construction (including coldwater
dam releases, habitat loss, and migration impediments), streamflow regulation, and predation by
nonnative fish species, which have resulted in a lack of recruitment (FWS 2002b; Gloss and
Coggins 2005). For example, the estimated 80% rangewide reduction in distribution of this
species has been attributed to the construction of Hoover, Parker, Davis, and Glen Canyon Dams
on the Colorado River and Flaming Gorge Dam on the Green River (Valdez et al. 2012a).
Similar to the humpback chub, as described above, cold hypolimnetic releases from dams,
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including Glen Canyon Dam, have also contributed to reproductive failure in razorback sucker
(Gloss and Coggins 2005). Flow regulation and water diversions have decreased the magnitude
of spring peak runoff, which is closely linked to reproduction of the razorback sucker. The loss
or drastic reduction in peak flows, along with channelization or disconnection of floodplain
nursery habitats with the main channel (as a result of loss of peak flows), have resulted in the
elimination of reproduction and recruitment (FWS 2002b). In 2012, the FWS (2012) determined
that flow regimes necessary to establish and maintain razorback sucker populations in the lower
basin, including flows that provided adequate spawning cues and spawning and nursery habitat,
had not been established. Similar to impacts on humpback chub, elevated Hg and Se described
by Walters et al. (2015) may be another factor that may impact razorback sucker. While not
tested, other native suckers with similar diets were found to have high levels of Hg and Se in the
Grand Canyon (Walters et al. 2015).

The large reservoirs formed by dams also provide habitat for nonnative sport fishes,
which were stocked with nonnative sport fish predators. Competition with and predation by
nonnative fishes have also been identified as important factors in the decline of this razorback
sucker (Minckley et al. 1991; FWS 2002a). The reduced sediment supply and resulting clear
water due to dam operations also is thought to favor sight-feeding nonnative predators, over
razorback sucker and other native fish that evolved in highly turbid conditions (reviewed in
Gloss and Coggins 2005). Large-scale nonnative fish control and management programs have
been implemented to meet recovery goals for razorback sucker in the upper basin, including
control of small- and large-bodied predators in the San Juan and Upper Colorado River Basins,
and revising nonnative fish stocking procedures (FWS 2012). Marsh et al. (2015) professed that
only complete elimination of nonnative fish from razorback sucker spawning and nursery areas,
such as off-channel ponds, would lead to successful conservation of the species in Lake Mohave.
The success of stocking programs has been limited by the presence of nonnative predators. For
example, Schooley and Marsh (2007) found that few individuals survived out of millions of
small razorback suckers that had been stocked in the lower basin, likely because of predation by
nonnative fish, and larger stocked fish had a much higher likelihood of survival.

In the Grand Canyon, the decline of native fish, including razorback sucker, has been
attributed in large part to an increased diversity and abundance of nonnative fishes, along with
the effects of Glen Canyon Dam on water temperatures, flow, and sediment (Gloss and
Coggins 2005). As described above, recent efforts to better understand the use of the western
Grand Canyon by razorback sucker has revealed that the species is more widespread there than
previously thought. Spawning has occurred in unknown locations in the river or tributaries from
Lake Mead to at least to areas upstream of Lava Falls in the Grand Canyon, or in the inflow areas
of tributaries to Lake Mead, which has led to the maintenance of a small, but recruiting
population in the project area (Albrecht et al. 2014). It is unclear whether razorback sucker
spawning had been occurring previous to larval fish studies initiated in the western Grand
Canyon in 2014.

Through the first 2 years of the first phase of a study to determine the habitat suitability
and status of razorback sucker in the Grand Canyon (see NPS 2013), it was found that adult
razorback sucker moved throughout the study area, and spawned, but no habitat preference could
be inferred. Larval razorback sucker catches were higher in isolated pools and backwaters than
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other nearshore habitats that were sampled (Kegerries et al. 2015). Despite the presence of adults
and larval fish, no juvenile razorback sucker had been captured (Kegerries et al. 2015). Plausible
explanations for this, assuming appropriate habitats are sampled for juvenile suckers, could be
that all larval suckers are consumed by nonnative fish prior to their transformation to juveniles,
or suitable low-velocity nursery habitats with sufficient food and water temperatures may not be
available in the western Grand Canyon. However, relatively few nonnative fish have been
sampled in the past 2 years in nearshore habitats from Lava Falls to Pearce Ferry, compared to
native fish (Albrecht et al. 2014; Kegerries et al. 2015), and Valdez et al. (2012a) observed that
there were backwaters similar to those on the San Juan River that are used by razorback sucker
larvae, downstream of Lava Falls. Since the flow and temperature regime of the Colorado River
in the Grand Canyon has been altered (i.e., reduced sediment supply, lack of high annual peaks,
daily fluctuating flows, and cold dam releases), leading to less backwater stability and more
frequent flushing (Behn et al. 2010), these backwaters may be less suitable for rearing than under
stable summer flows (see Trammell et al. 2002; Vernieu and Anderson 2013). Alternatively,
larval razorback sucker may drift out of the Grand Canyon and rear in the Colorado River Inflow
of Lake Mead, which may provide suitable cover (turbidity) and temperatures (Valdez et al.
2012b; Kegerries et al. 2015). Captures of an age-2 and an age-3 immature razorback sucker, and
an age-0 juvenile in or near the Colorado River Inflow of Lake Mead, suggests that some
recruitment is occurring associated with the Colorado River in the Grand Canyon (summarized
in Kegerries et al. 2015), despite altered habitats.

The presence of razorback suckers and their use of habitats in the Grand Canyon have
only recently been investigated, and it is unclear how long spawning has been occurring, since
larval fish studies were not conducted prior to 2014. Recent warming river temperatures due to
lower Lake Powell elevations, attributed to drought and consumptive water use, may have
resulted in more suitable habitats in the western Grand Canyon. For example, in 2015, river
temperatures were within the acceptable range needed for razorback sucker spawning and
successful hatching, particularly farther downstream (Kegerries et al. 2015). In addition, fish
community composition in the lower river below Diamond Creek has changed dramatically from
one dominated by nonnative species, to native species (reviewed in Kegerries et al. 2015).
However, the cause of the change in fish community composition is unknown. The drop in
nonnative predator abundance, combined with periodically warmer water temperatures, may
have allowed for the expansion of razorback sucker into the western Grand Canyon. Additional
research and monitoring are needed to better understand the management implications for
recovery of razorback sucker in this reach of its range (Albrecht et al. 2014).

More frequent droughts and warmer atmospheric temperatures as a result of climate
change and warmer temperature of water being released from the dam are likely to impact
razorback suckers in the Grand Canyon. Razorback suckers are currently located in the lower
reaches of the canyon where backwater habitat is more available. Warmer water temperatures
may create more suitable habitat for larvae and juveniles. However, these effects may be offset
by increased abundance and expansion of nonnative fish and aquatic fish parasites. Also, lower
reservoir releases may result in fewer backwater habitats available for spawning and rearing of
razorback sucker.
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2.1.4 Southwestern Willow Flycatcher

2.1.4.1 Legal Status

The southwestern willow flycatcher (Empidonax traillii extimus) is one of four currently
recognized willow flycatcher subspecies (Phillips 1948; Unitt 1987; Browning 1993). On
March 29, 1995, the southwestern willow flycatcher was listed as endangered (60 FR 10694) in
its entire range, which is known to include Arizona, California, Colorado, New Mexico, Texas,
Utah, and Mexico. In August 2002, the FWS released the “Final Recovery Plan for the
Southwestern Willow Flycatcher.” The Recovery Plan establishes six recovery units that are
further subdivided into management units. These Recovery and Management Units are based on
watershed and hydrologic units within the breeding range of the flycatcher (FWS 2002c).The
Grand Canyon is within the Lower Colorado Recovery Unit. This Recovery Unit encompasses
the Colorado River and its tributaries from Glen Canyon Dam downstream to the Mexican
border. Despite the large size of this Recovery Unit, the unit contains only 146 known territories
(15% of the rangewide total) (FWS 2002c).

2.1.4.2 Recovery Goals and Status

The Recovery Plan and goals for the southwestern willow flycatcher were completed in
2002 (FWS 2002c). The recovery objective for the species is to attain a population size and
distribution of habitat sufficient to maintain metapopulations over the long term. Threats to the
species must be addressed to achieve this goal. In general, the minimum number of territories
needed and maintained over a 5-year period is 1,950 (approximately 3,900 individuals),
distributed geographically to allow for functioning metapopulations. In addition, the total known
population would need to be increased to 1,500 territories (3,000 individuals) distributed
geographically among the Management Units and Recovery Units, so that the species is no
longer in danger of extinction.

The 5-year status review for the southwestern willow flycatcher was completed by the
FWS in 2014 (FWS 2014). It was determined that the status of the species had improved due to
an increase in the number of known territories since it was listed in 1995. However, ongoing
threats related to the spread of tamarisk leaf beetle and land management remained concerns.
Due to these ongoing threats, a decline in the rangewide distribution of the species, and
anticipated future adverse effects of the tamarisk leaf beetle to its habitat, the FWS determined
that no change in status was warranted.

2.1.4.3 Historic and Current Range

The southwestern willow flycatcher is a neotropical migrant that breeds in the
southwestern United States and migrates to Mexico, Central America, and possibly northern
South America during the non-breeding season (Phillips 1948; Stiles and Skutch 1989;
Peterson 1990; Ridgely and Tudor 1994; Howell and Webb 1995). The Pacific lowlands of
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Costa Rica appear to be a key winter location for the southwestern willow flycatcher, although
other countries in Central America may also be important (Paxton et al. 2011). Historically, the
range of the flycatcher in Arizona included portions of all major watersheds (FWS 2002c);
however, these watersheds have changed in many cases. As a result, most of the areas where
flycatchers were locally abundant now support few or no individuals (FWS 2002c). Habitat and
population numbers of southwestern willow flycatchers have declined in recent decades due to
several factors, including loss, degradation, and fragmentation of riparian habitat; invasion by
nonnative plants; brood parasitism by brown-headed cowbirds; and loss of wintering habitat
(Stroud-Settles et al. 2013).

2.1.4.4 Population within the Action Area

Seventeen flycatcher sites were identified in the 2002 Recovery Plan (FWS 2002c) within
the Grand Canyon. Flycatcher territories in the Grand Canyon are generally located in the
tamarisk-dominated riparian vegetation along the river corridor but not in the mesquite-acacia
and hackberry-dominated habitats higher on the slopes (Sogge et al. 1997a). The flycatcher’s
nesting habitat is dynamic in that it varies in occupancy, suitability, and location over time. In
GCNRA, southwestern willow flycatchers are uncommon restricted migrants in riparian areas,
rare summer residents, and probable breeders (Spence et al. 2011). Historic and recent nesting
site locations in the Grand Canyon have been documented below Lees Ferry in Marble Canyon
and in lower Grand Canyon below Diamond Creek (RM 225.5-RM 277) (Appendix B). No
southwestern willow flycatcher nests or nesting behavior have been identified in the inner gorge
(RM 77.9-RM 116.5); however, migrant birds have been documented. Because river channels,
river flows, and floodplains are varied and can change over time, the location and quality of
nesting habitat may also change over time. This is especially noticeable in the lower Grand
Canyon where dropping lake levels in Lake Mead have resulted in high walls (approximately
10 to 20 ft high in many areas) of sediment topped with tamarisk bordering the Colorado River.
The backwaters and saturated soils preferred by southwestern willow flycatchers have become
rare.

Numbers of southwestern willow flycatcher detections in the Grand Canyon have
declined since the 1980s, which is based on studies referenced below. There is little information
on the number of willow flycatchers along the river before the construction of the Glen Canyon
Dam. However, what data are available suggest that southwestern willow flycatchers were not
common breeders along the Colorado River in the Grand Canyon (Brown 1988a,b; Brown 1991;
Sogge et al. 1997b). Studies conducted along the river from 1982 to 1991 between Lees Ferry
and Phantom Ranch found a total of 47 adult southwestern willow flycatchers—14 pairs, and
15 nests (Brown 1988a; Sogge et al. 1997a). From 1992 to 2001, the breeding population
fluctuated between 1 and 4 breeding pairs per year with a total over the 10 years of 66 adult
southwestern willow flycatchers, 14 pairs, and 20 nests (Brown 1988a,b; Brown 1991;

Sogge et al. 1997a; Sogge and Tibbitts 1992; Sogge et al. 1993; Sogge and Tibbitts 1994;

Sogge et al. 1995; Petterson and Sogge 1996; Sogge 1998; Yard 2001, 2002, 2003). Appendix B
summarizes southwestern willow flycatcher observation data, territories, and nesting sites
located in the Grand Canyon from 1909 to 2011. Although surveys were conducted in 2012,
southwestern willow flycatchers were not detected. Survey methods followed the most recent
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USGS survey protocol, at the time of survey, and involved the use of broadcast calling to elicit
southwestern willow flycatcher responses (Sogge et al. 2010). Nest searches were not conducted
during the 2010-2012 surveys at the Grand Canyon; however, due to behavior and timing of
southwestern willow flycatcher detections at RM 275 in 2010, two breeding pairs were suspected
to be present. Appendix A and Appendix B provide information on the locations of birds and
nests from 1982 to 2011. Data are based on the following monitoring reports: Sogge et al.1997a;
McKernan and Braden 1997, 1998, 1999, 2000, 2001, 2002, 2004; Paradzick et al. 2001;

Smith et al. 2002, 2003, 2004; Koronkiewicz 2004, 2005, 2006, 2007, 2008; Yard et al. 2004;
Albert 2005; Laczek-Johnson and Ward 2006; Ward and Haynes 2007; Northrip et al. 2008;
Slayton et al. 2009; Palarino et al. 2010; Stroud-Settles and Lawrence 2011.

After the 2004 survey season, the USGS and GCMRC elected to discontinue their
monitoring of known southwestern willow flycatcher nesting habitat in the Grand Canyon.
Beginning in 2005, the Grand Canyon conducted annual surveys from Lees Ferry to Phantom
Ranch, but funding prevented surveying the isolated habitat patches between Phantom Ranch
and Diamond Creek. From 2004 to 2008, only two southwestern willow flycatchers were
detected between Lees Ferry and Phantom Ranch.

2.1.4.5 Lees Ferry to Diamond Creek

Suitable habitat is located disjunctly through the river corridor from approximately
RM 28.3 to RM 275. Surveys conducted between 1992 and 2004 indicated a small resident
breeding population between Lees Ferry and Cardenas Marsh (RM 71), but no territories from
RM 71 through RM 246 have been located. Recent (2007-2009) surveys have only detected non-
resident/migratory flycatchers between Lees Ferry and Phantom Ranch (Palarino et al. 2010).
Formal nest searches have not been conducted above Diamond Creek since 2004
(Stroud-Settles et al. 2013).

From 1993 to 2004, flycatchers were consistently present during the breeding season at
RM 50.5-RM 51.5, but have not been present since 2004 (Ward and Haynes 2007;
Northrip et al. 2008). In 2003, 2004, and 2010, the area around RM 28—RM 29 was occupied.
Another area of importance in the mid-1990s was RM 71-RM 71.5; however, this area does not
appear to have been occupied for the last 17 years. In 2004, the Grand Canyon instituted an
emergency closure at two sites. This closure was in effect between May 1 and July 15 and
included closure of visitor use, including hiking, camping, and river landings at RM 28.1—
RM 28.5, river left, and RM 50.2-RM 50.6, river left. Closures at RM 28 and RM 50 have been
put in place intermittently in the past; closure at Cardenas (RM 71) was instituted in the early
and mid-1990s.

2.1.4.6 Lower Grand Canyon
Koronkiewicz et al. (2004) reported that the Colorado River in the Grand Canyon

downstream of Separation Canyon (RM 234) is strongly influenced by water levels in Lake
Mead. Potential southwestern willow flycatcher habitat in this area has changed dramatically in
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the last several years as the result of a 105-ft drop in the level of Lake Mead since 2000. Areas
that were inundated in the late 1990s are now well above the current water level, and the existing
riparian vegetation in many of these areas is dead or dying. A 5-year boost in detections along
this stretch of river that occurred from 1997 to 2001 is likely due to favorable water levels of
Lake Mead in combination with increased survey effort (Stroud-Settles et al. 2013). The river
corridor continues to provide essential habitat for migrating southwestern willow flycatcher
(Stroud-Settles et al. 2013).

Southwestern willow flycatchers have been detected in the lower Grand Canyon below
RM 234 since 1995 with the exception of 2002, 2003, 2011, and 2012 (Appendix B). In 2004,
Koronkiewicz et al. identified approximately 76 hectares of suitable habitat at several sites
between RM 239 and RM 275 within the Grand Canyon. These disjunct habitat patches have
been inconsistently monitored during the past 11 years for both flycatcher presence and habitat
suitability. Suitability ranking of these sites has proven to be largely dependent on current
hydrological conditions of the Colorado River. As a result, a habitat assessment survey
conducted during one year may result in a habitat ranking that is deemed suitable, but a revisit to
the same site during a different year may rank the site as only potential habitat.

2.1.4.7 Life History and Habitat

The southwestern willow flycatcher eats insects and needs riparian habitats to complete
its life cycle. It breeds and forages in dense, multi-storied riparian vegetation near saturated soils,
slow-moving water, or surface water (Sogge et al. 1995). The southwestern willow flycatcher
breeds across the lower Southwest from May through August (Reclamation 2007b). The
southwestern willow flycatcher arrives on the breeding grounds throughout May and early June,
eggs are generally laid beginning in May, and fledging occurs between June and August
(Sogge et al. 1997a, 2010). Occupied sites most often have a patchy interior of dense vegetation
or dense patches of vegetation intermingled with openings. Most often, this dense vegetation
occurs within the first 3 to 4 m above the ground (FWS 2002c). The structures of occupied
patches vary, with a scattering of small openings, shorter vegetation, and open water. Occupied
patches can be as small as 2 acres and as large as several hundred acres, but are typically >10 m
wide (Reclamation 2007b).

The southwestern willow flycatcher breeds in dense riparian habitats from sea level in
California to approximately 8,500 ft in Arizona and southwestern Colorado. Throughout its
range, the southwestern willow flycatcher arrives on breeding grounds in late April and May
(Sogge and Tibbitts 1992; Sogge et al. 1993; Sogge and Tibbitts 1994; Muiznieks et al. 1994;
Maynard 1995; Sferra et al. 1995, 1997). Nesting begins in late May and early June, and young
fledge from late June through mid-August (Willard 1912; Ligon 1961; Brown 1988a,b;
Whitfield 1990; Sogge and Tibbitts 1992; Sogge et al. 1993; Muiznieks et al. 1994;

Whitfield 1994; Maynard 1995). The entire breeding cycle, from egg laying to fledging, is
approximately 28 days. Nesting occurs during the spring and early summer months
(May 1-August 31) in the Grand Canyon.
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Historical egg/nest collections and species descriptions throughout its range identify the
southwestern willow flycatcher's widespread use of willow (Salix spp.) for nesting
(Phillips 1948; Phillips et al. 1964; Hubbard 1987; Unitt 1987; San Diego Natural History
Museum 1995). Other habitats are also used, including nonnative species such as tamarisk
(Tamarix spp.) and Russian olive (Eleagnus angustifolia). Throughout the southwestern willow
flycatcher's current range, suitable riparian habitats tend to be rare, widely separated small and/or
linear locales separated by vast expanses of arid lands.

2.1.4.8 Factors Affecting Distribution and Abundance in the Grand Canyon

The southwestern willow flycatcher has experienced extensive loss and modification of
habitat and is also endangered by other factors, including brood parasitism by the brown-headed
cowbird (Molothrus ater). The southwestern willow flycatcher was listed primarily due to
riparian habitat reduction, degradation, and elimination as a result of agricultural and urban
development. Other reasons for the decline/vulnerability of the flycatcher include the fragmented
distribution and low numbers of the current population; predation; and other events such as fires
and floods that are naturally occurring, but have become more frequent and intense as a result of
the proliferation of exotic vegetation and degraded watersheds, respectively.

The Grand Canyon does not provide extensive stands of dense riparian habitat suited for
breeding southwestern willow flycatchers. The majority of habitat patches in the Grand Canyon
lack a consistent, dependable source of water for maintaining moist/saturated soil conditions
and/or slow-moving or standing surface water (Stroud-Settles et al. 2013). As a result, the
majority of flycatcher habitats in the Grand Canyon are marginal and, unless current
hydrological conditions change, these patches will likely continue to decline. Furthermore, the
recent arrival of the tamarisk leaf beetle has transformed and will continue to transform the
patches of dense tamarisk into unpredictable, diminished patches (Stroud-Settles et al. 2013).
Effects of climate change and continued dry basin hydrology may further diminish habitat for the
flycatcher due primarily to lower water levels within riparian areas.

2.1.5 Yuma Ridgway’s Rail

2.1.5.1 Legal Status

The Yuma Ridgway’s rail (Rallus obsoletus yumaensis) was listed as endangered on
March 11, 1967 (32 FR 4001). A 5-year review of the species was completed in 2006, and
currently the 1983 Recovery Plan is in the revision process; a draft was released in 2010 for
public review (FWS 2009b), and finalization is expected in 2016. It is categorized as a
subspecies with a high degree of threat and low recovery potential due to habitat loss.
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2.1.5.2 Recovery Goals and Status

Recovery goals and objectives for Yuma Ridgway’s rail are based on the need to achieve
and maintain a viable population level and to protect and maintain a sufficient amount of core
and other habitats to support the population. The primary threat to the species is that water
sources supporting its habitat are not managed and protected, and as a result, habitat may be lost.
The draft recovery goal is “To achieve population stability and habitat protection sufficient to
downlist and/or delist the Yuma Ridgway’s rail” (FWS 2009b).

The 5-year status review for Yuma Ridgway’s rail was completed in 2006 (FWS 2006).
Based on the review, it was determined that the population in the United States is small, and
limited information is available to determine the species’ demographic status. Habitat loss in a
Mexican population’s range and accumulation of selenium in the environment remain significant
threats, and thus no change in status was warranted.

2.1.5.3 Historic and Current Range

The Yuma Ridgway’s rail occurs along the lower Colorado River and tributaries (Muddy,
Virgin, Bill Williams, Lower Gila and Salt Rivers) in Arizona, California, Nevada, and Utah; the
Salton Sea in California; and the Cienega de Santa Clara and Colorado River Delta in Mexico
(FWS 2009b). Significant breeding areas in the United States include Mittry Lake (Arizona),
Imperial Reservoir, Imperial National Wildlife Refuge, Bill Williams River National Wildlife
Refuge, Topock Gorge and Topock Marsh in Havasu National Wildlife Refuge, Cibola National
Wildlife Refuge along the lower Colorado River and Imperial Wildlife Area, Sonny Bono Salton
Sea National Wildlife Refuge at the Salton Sea in California, and the Cienega de Santa Clara in
Mexico. There is a small population in southern Nevada/northwest Arizona on the Muddy and
Virgin Rivers.

2.1.5.4 Population within the Action Area

McKernan and Braden (1999) reported the presence of Yuma Ridgway’s rails between
Spencer (RM 246) and the boundary of the Grand Canyon (RM 277); these observations were
made while conducting southwestern willow flycatcher surveys in the area. Specifically,
McKernan and Braden (1999) report at least one rail observed between May 26, 1996, and
June 30, 1996, and they indicate that nesting was confirmed. They report at least one rail
observed between May 14, 1997, and June 17, 1997, but indicate that nesting was not confirmed
(McKernan and Braden 1999). Surveys for the southwestern willow flycatcher in the lower
Grand Canyon from 2003 to 2008 under the Lower Colorado River Multi-Species Conservation
Program (LCRMSCP) did not record any incidental detections of Yuma Ridgway’s rails
(LCRMSCP 2008). GCNP surveys for southwestern willow flycatchers in the lower Grand
Canyon in 2010 to 2012 did not have any incidental detection; however, the method of surveying
used would be unlikely to pick up rail vocalizations.
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The LCRMSCP mapped marsh habitat in the lower Grand Canyon/upper Lake Mead
from aerial imagery taken in 2004; that mapping extended from RM 249 (401 km) to RM 277
(446 km), all within the boundary of GCNP. Koronkiewicz et al. (2004) and LCRMSCP (2004)
report the presence of live cattails at Spencer Canyon (RM 246) and Burnt Springs (RM 259.5).
The persistence of the cattail patches identified in the 2004 imagery and as documented in 2004
and 2005 is unknown. The continuing fall in Lake Mead elevation (60 ft to 18 m from 2004—
2015) results in a longer reach of the river, and shallow bays or coves along the channel have
become dewatered. Further, within the full-pool of Lake Mead, sediments have built up over
time during higher lake elevations forming a delta. The retreating lake flows allows the erosive
action of the river to cut through those sediments and move them downstream. The result can be
steep eroding banks with riparian and marsh vegetation on top beginning to dry out as the water
recedes with the lowered channel as more and more sediment is removed. With these changes, it
is not known if cattail marsh habitat is present in sufficient quantity to allow for nesting.

Because of the limited information about the Yuma Ridgway’s rail and its habitat in the
Grand Canyon, managers must rely heavily upon the limited information available. Given that
Yuma Ridgway’s rails have been recorded historically at the Grand Canyon but have not been
surveyed consistently or recently, managers presume that the Yuma Ridgway’s rail may be
present in the lower Grand Canyon during the lifetime of the LTEMP.

2.1.5.5 Habitat and Life History

The Yuma Ridgway’s rail is a secretive species and is not often seen in the wild;
however, it does have a series of distinctive calls and is most often identified by those. This bird
inhabits freshwater or brackish stream sides and marshes under 4,500 ft (1,372 m) in elevation. It
is associated with dense riparian and marsh vegetation, dominated by cattails (7ypha sp.) and
bulrush (Scirpus ssp.) with a mix of riparian tree and shrub species. Yuma Ridgway’s rails may
climb into a shrub or tree, but overall, they do not perch above the ground (FWS 2009b). Rails
are capable of swimming and are also known to dive underwater, and may hold onto submerged
vegetation to avoid threats or use its wings to “swim” (Todd 1986; Ripley 1977 cited in
Eddleman and Conway 1998). The rail requires a wet substrate such as a mudflat, sandbar, or
slough bottom that supports cattail stands of moderate to high density adjacent to shorelines.
Other important factors are the presence of vegetated edges between marshes and shrubby
riparian habitat (tamarisk or willow thickets) and the amount and rate of water-level fluctuations.
Nests are built 3 to 6 in. (8 to 16 cm) above the surface in sloughs and backwaters that support
dense stands of bulrush and cattails, and breeding occurs from March to early July. Along the
lower Colorado River, males begin calling in February and pair bonding occurs shortly after.
Nonnative crayfish provide the primary food base for the rail today; prior to the introduction of
crayfish, isopods, aquatic and terrestrial insects, clams, plant seeds, and small fish likely
dominated their diet (LCRMSCP 2008).

Eddleman (1989) determined that vocalizations are significantly reduced in winter, and
telemetry data indicated that the majority of rails do not migrate. There is evidence that some
populations may be more migratory than others, and this could be based on habitat and a stable
food source (Eddleman 1989; Corman and Wise-Gervais 2005). Very little is known about the
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dispersal of adult or juvenile birds, but the expansion of the population northward along the
lower Colorado River (to Lake Mead, the Salton Sea, and up the Gila and Salt Rivers in central
Arizona over the last 80 years) indicates that dispersal does occur (FWS 2009b).

2.1.5.6 Factors Affecting Distribution and Abundance in the Grand Canyon

Historically, the primary concentrations of Yuma Ridgway’s rails were likely to be found
in cattail/bulrush marshes in the Colorado River Delta. Unfortunately, due to diversions from the
river for agriculture and municipal uses, the freshwater flows down the lower Colorado River,
necessary to maintain marsh habitat, have virtually been eliminated (FWS 2009b). The majority
of Yuma Ridgway’s rail habitats that exists today are mostly human-made, such as the managed
ponds at the Salton Sea (FWS 2009b). Without active management and protection of water
resources to address land use changes in floodplains, human activities, environmental
contaminants, and reductions in connectivity between core habitat areas, these habitats will be
permanently lost to the Yuma Ridgway’s rail (FWS 2009b). Effects of climate change and
continued dry basin hydrology may further diminish habitat for the Yuma Ridgway’s rail due
primarily to lower water levels within riparian areas.

Another specific threat to the Yuma Ridgway’s rail includes selenium in crayfish, the
major prey item of the species. Selenium levels in crayfish collected in Yuma Ridgway’s rail
habitat were high enough to cause concern for the rail’s reproductive success (FWS 2009b). No
adverse effects from selenium have been observed; however, due to the rail’s secretive nature,
nests are very difficult to find and young birds difficult to observe (FWS 2009Db).

2.2 BASELINE TAKE RESULTING FROM HANDLING AND GCDAMP RESEARCH

2.2.1 Humpback Chub

Fisheries monitoring and research are important aspects of ongoing research in the
Grand Canyon that assesses the impacts of adaptive management and experimental treatments
upon humpback chub and other resources. An extensive fisheries monitoring and research
program is being implemented by the GCDAMP through the USGS and GCRMC throughout the
project area, which will continue under the LTEMP proposed action. While stress upon
individual humpback chub may result in occasional fatality, an objective of monitoring is to
gather information in order to ensure that LTEMP goals for humpback chub are met.

Stress upon individual humpback chub related to sampling using netting and electro-
fishing gears, as well as handling by researchers, is also a potential source of injury or mortality
to individuals. No immediate mortality of humpback chub has been documented during
tempering prior to release, hoop-netting, or electro-fishing during monitoring associated with
NPS translocation projects in Shinumo and Havasu Creeks. Humpback chub were captured and
handled 1,068 times between June 2010 and September 2012 in Shinumo and Havasu Creeks
(Healy et al. 2014), for example. However, some minimal mortality has occurred during juvenile
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collection efforts at the Little Colorado River for translocations and refuge development,
although it is generally less than 5% (Van Haverbeke 2012). Five to 10 fish out of 500 to

800 generally die during transport in route to hatchery rearing facilities and during parasite and
disease treatments; however, approximately 60 (10%) were lost at a hatchery facility during
disease treatments and tagging prior to translocations in 2011. In 2014, approximately 30 out of
600 died during transport to the hatchery facility due to excessive cooling. Mortality of
humpback chub captured during monitoring by all management agencies and researchers is
reported to the FWS annually.

Incidental fatality was reported to the FWS by the USGS and GCMRC biology program
manager (S. VanderKooi) and is summarized here. In 2012, 22 incidental fatalities out of
7,755 total humpback chub captures (0.28% mortality rate from capture) were associated with
fish monitoring in the Colorado River using a variety of gear types. Another 4 humpback chub
were lost out of 725 captures in the lower sections of the Little Colorado River (0.55%).
Incidental mortalities of subadult or juvenile humpback chub (< 200 mm TL) included 88 in
2013 and 36 in 2014. The highest mortality rate was associated with experimental collections
and rearing of larval humpback chub to be used in translocations (close to 30% of fish captured).
Larval humpback chub collections may continue, or potentially increase slightly, to support
translocations and Tier 1-triggered conservation actions included in the proposed action;
however, the number collected would be similar to baseline conditions due to hatchery capacity
constraints. Larval fish have an extremely low survival rate, and the risk to the humpback chub
population of collecting several hundred larval fish is low (Pine. 2013). Nevertheless, collections
for translocations or refuge development would be guided by FWS guidance documents
(Translocation Framework, Van Haverbeke et al. 2016) and population viability modelling
(Pine 2013). While inter-annual variability in incidental fatality due to handling occurs, the
research program is not expected to change substantially through the LTEMP, and thus no
change in impacts relative to the baseline condition is expected.

2.2.2 Razorback Sucker

Research designed to determine the status of razorback sucker in the lower Grand
Canyon has resulted in mortality of larval razorback sucker and other native fish. While the
mortality of up to several hundred individual razorback sucker larvae would be expected under
the proposed action through collection and sacrifice of larval razorback suckers, with continued
monitoring, the population-level impact would be minimal. For example, a single female
razorback sucker could produce more than 100,000 larvae. While a final science plan for
monitoring razorback sucker has not been developed, given the interest in determining and
monitoring the impacts of TMFs and other actions included in the preferred alternative, mortality
of larval fish and handling of juvenile fish (if present) may be expected to increase. However,
these impacts would not likely impact the population, and monitoring would assist managers in
determining the extent of impacts of flows on the species, potentially leading to adjustments in
operations to benefit the species, or minimize large-scale impacts on habitat.
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3 EFFECTS ANALYSIS OF PROPOSED ACTION

3.1 EFFECTS OF THE PROPOSED ACTION ON KANAB AMBERSNAIL

3.1.1 Direct and Indirect Effects

Aspects of the proposed action that have the potential to affect Kanab ambersnail
individuals and habitat include sediment-related experiments (HFEs) and nonnative vegetation
management. Other experiments or changes in dam operations included in the proposed action—
such as changes in base operations, trout management flows, nonnative fish control, low summer
flows, and sustained low flows for invertebrate production—would have no impact on the Kanab
ambersnail, because these activities would not occur in locations known to contain populations
or habitat. The impacts of changes in base operations, low summer flows, and sustained low
flows for invertebrates would be limited to areas within the river channel, where no habitat or
individuals occur. Nonnative fish control would occur in the river, in the vicinity of the Little
Colorado River inflow, which does not contain habitat for Kanab ambersnail. No fish control
would occur in off-channel springs.

3.1.1.1 Effects of Sediment-Related Experiments

Within the Grand Canyon, populations of the Kanab ambersnail occur at Vasey’s
Paradise and Elves Chasm. Because the Elves Chasm population is located above the 100,000 cfs
stage (FWS 2008), this population would not be affected by any of the proposed actions. At
Vasey’s Paradise, the proposed action will have no effect on the water flow from the side canyon
spring that maintains wetland and aquatic habitat at Vasey’s paradise. Some Kanab ambersnail
habitat could be adversely affected by scouring at Colorado River flows exceeding 17,000 cfs
(Kennedy and Ralston 2011). The HFE may reach flows of up to 45,000 cfs. These flows will
inundate Kanab ambersnail habitat up to that stage and likely scour the vegetation and carry
some snails downstream.

Very little Kanab ambersnail habitat and only a few individuals occur below the
25,000 cfs stage (Meretsky and Wegner 2000; Sorensen 2009). Most Kanab ambersnail habitat is
located above the 33,000 cfs stage (Reclamation 2011b). HFEs may scour or inundate portions of
Kanab ambersnail habitat. Surveys conducted after HFEs revealed no substantial declines in the
Kanab ambersnail population (Kennedy and Ralston 2011). Kanab ambersnails can survive up to
32 hours underwater in cold, well-oxygenated water (FWS 2011a), so as long as they are not
washed away, they could survive inundation from short-term HFEs.

Recovery of Kanab ambersnail habitat scoured by HFEs can take up to 2.5 years
(Sorensen 2009). Therefore, frequent HFEs may result in long-term loss of Kanab ambersnail
habitat (FWS 2011a). Under the proposed action, HFEs would occur more frequently than they
would under baseline conditions. Based on modeling results, only five HFEs would occur under
the baseline condition, due to the expiration of the HFE protocol (Reclamation 2011b), but an
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HFE would be expected to occur almost every year under the proposed action (19.3 HFEs over
the LTEMP period). Loss of habitat due to scouring could extend several years beyond the
LTEMP period. In addition, impacts on individuals, including fatality, could occur during HFEs,
if the individuals are dislodged from habitat and swept into the river. Depending on the elevation
of maximum dam discharge during trout management flows, temporary scouring of habitat may
occur, but it is unlikely to reach Kanab ambersnail habitat that is above the 30,000 cfs elevation.
However, the snail population at Vasey’s Paradise survived and persisted through natural pre-
dam floods and the 1983 flood, which were much larger in magnitude and longer in duration
than the HFEs proposed under the LTEMP (Reclamation 1995; Kennedy and Ralston 2011).The
amount of habitat and number of snails that would be unaffected by the proposed action are
sufficient to maintain the population.

3.1.1.2 Effects of Vegetation Management

It is possible that vegetation management may occur, on rare occasions, near or within
habitat at Vasey’s Paradise, which may disturb individuals in small areas. Some nonnative
vegetation may encroach on the spring, in which case careful manual removal of the vegetation
would occur. To mitigate potential impacts on individual Kanab ambersnails, vegetation
biologists would complete surveys and relocate any individuals detected on nonnative vegetation
within the treatment areas. It is possible that some individuals could be killed during the
treatment, but pre-treatment surveys would minimize this risk.

3.1.1.3 Effects of Climate Change

Climate change has the potential to affect the Kanab ambersnail habitat. The water source
at Vasey’s Paradise consists of waterfalls emanating from groundwater and emerging from the
cliff face. In 2014 and 2015 the flow was noticeably reduced, likely as a result of basin-wide
drought. Consequently, the usually dense vegetation at Vasey’s Paradise is notably diminished.
Climate change and drought will likely diminish the water source supporting Vasey’s Paradise
and consequently the vegetation and habitat available to the Kanab ambersnail.

Consequently, Reclamation has concluded the proposed action may affect and is likely
to adversely affect the Kanab ambersnail.

3.2 EFFECTS OF THE PROPOSED ACTION ON HUMPBACK CHUB

The evaluation of potential impacts of the proposed action on humpback chub included
consideration of the results of previous investigations conducted below Glen Canyon Dam that
examined the status and abundance of native fish (e.g., Coggins and Walters 2009;

Albrecht et al. 2014; Gerig et al. 2014; Kegerries et al. 2015), as well as studies of the effects of
nonnative fish (Coggins et al. 2011; Yard et al. 2011; Whiting et al. 2014), experimental flows
(such as HFEs and other flows), and water temperature on native fish (e.g., Grams et al. 2010;
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Makinster et al. 2011; Trammell et al. 2002; Ward 2011; Ward and Morton-Starner 2015; Valdez
and Speas 2007).

Several aspects of the proposed action may affect humpback chub directly or indirectly
through direct impacts on individuals or habitat; or indirectly by influencing the abundance and
distribution of nonnative predators and competitors, or by influencing macroinvertebrate
production. Dam operations have the potential to influence river temperatures, the quantity and
quality of nearshore rearing habitats (e.g., backwaters), aquatic insects that are food for
humpback chub, and nonnative species abundance. These operations may also result in direct
fatality to juvenile humpback chub through stranding. Flow-related actions that are analyzed
below, which may impact humpback chub, include base operations, operational flexibility
incorporated into base operations, sediment-related experiments, and aquatic resource
experiments including trout management flows, low summer flows, and sustained low flows for
benthic invertebrate production. Other non-flow actions that may impact humpback chub directly
or indirectly, and that are analyzed below, include triggered humpback chub conservation actions
(Appendix D), mechanical removal of nonnative fish, conservation measures, and continued
fisheries research and monitoring under the GCDAMP. Some actions may have negative impacts
on individuals, but beneficial effects at a population level.

Sediment monitoring and research and efforts to manage riparian vegetation are not
expected to have impacts on humpback chub individuals or habitat. Riparian vegetation
management would occur in only small, localized areas within the project area. Although
riparian vegetation can play an important role in small stream ecosystems, particularly in
providing cover, shade, or habitat for terrestrial invertebrates for fish to feed upon, riparian
vegetation is less important for providing cover, shade, or energy inputs in larger rivers
(Vannote and Sweeney 1980). Thus, riparian vegetation management would have large impacts
on humpback chub and the species’ habitat in the Colorado River.

3.2.1 Direct and Indirect Effects

3.2.1.1 Effects of Base Operations

Base dam operations are expected to change with the implementation of the proposed
action. Changes will include more consistency across months, and thus more stability throughout
the year, in monthly dam release volumes. The daily fluctuation in discharge would be
proportional to the volume (i.e., lower fluctuations during lower flows), with a maximum
discharge fluctuation range of 8,000 cubic feet/second, which would be the same as the current
maximum fluctuation range. The daily downramp rate would be increased, compared to the
current condition, by 67% (from 1,500 cfs/hr to 2,500 cfs/hr). Year-round, fluctuating flows
throughout the life of the LTEMP period may continue to have detrimental, long-term direct
impacts on humpback chub, humpback chub habitat, and aquatic invertebrate prey (food base).

Stranding of fish is a potential outcome of daily hydropeaking (Bunn and
Arthington 2002; Nagrodski et al. 2012). Increasing downramp rates under the proposed action
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may increase the risk of stranding humpback chub. Stranding could include fish being
temporarily (i.e., until flows come back up hours later) restricted to isolated habitats away from
the main channel, which may or may not become desiccated, as a result of dropping water levels.
Desiccation of these isolated habitats would result in fatality of any juvenile humpback chub
present. Factors that may influence the probability of stranding fish in a river with altered flow
regimes—such as below hydroelectric plants—include the rate of flow reduction, water
temperature, channel geomorphology, and substrate composition, as well as biotic factors
including fish life stage and size (as reviewed in Nagrodski et al. 2012). Increasing drawdown
rates under the proposed actions will increase the risk of negative impacts; however, humpback
chub may be less reliant upon river margin habitats that are sensitive to flow fluctuations

(e.g., backwaters; Dodrill et al. 2015) than other native fish, at least in the Little Colorado River
inflow reach. The potential for, and the effect of, stranding on individual humpback chub
survival has not been directly investigated; however, a summary of stranding literature indicated
that fish stranding as a result of hydroelectric and irrigation projects is well documented
(Nagrodski et al. 2012).

Daily fluctuating flows will continue to degrade nearshore habitats under the life of the
LTEMP, particularly cobble shoals, riffles, and backwaters in wider, sections of the canyon, and
where low-angle shorelines susceptible to flow fluctuations are prevalent. For example, cobble
riffles and shoals, which are important spawning areas for fish, but also invertebrate production
areas, would be dewatered daily. Generally, low catch rates of larval and small-bodied juvenile
native fish have been observed in these types of habitats below Lava Falls (Albrecht et al. 2014;
Kegerries et al. 2015). Although backwaters were not found to be common in the Little Colorado
River inflow aggregation reach during a low steady flow experiment, humpback chub were
found at higher densities in these habitats than in others (Dodrill et al. 2015). Backwaters may be
more prevalent in other areas of the canyon, outside of the Little Colorado River inflow.

Base operations have been, and will continue to be, characterized as hydropeaking or
load-following, which is an operational regime that has been demonstrated to have long-term
detrimental impacts on aquatic invertebrates below hydroelectric dams in the western
United States (Kennedy et al. 2016). Kennedy et al. (2016) found that hydropeaking was a
primary factor implicated in reduced aquatic insect diversity; the Grand Canyon was found to
have among the lowest insect diversity and the highest hydropeaking index among 16 dammed
rivers. A diverse source of invertebrates colonize the Colorado River among the Grand Canyon’s
tributaries (Oberlin et al. 1999; Whiting et al. 2014), but hydropeaking and an altered
temperature and flow regime will continue to negatively impact the food base for humpback
chub over the life of the LTEMP.

Under base operations, through the life of the implementation of the LTEMP proposed
action, river temperatures are expected to continue to be more suitable for coldwater nonnative
species than for warmwater nonnative fish, particularly closer to the dam. In general, the
estimated average main channel temperatures modeled for the LTEMP EIS indicated that
temperature conditions would be most suitable for warmwater nonnative species at locations
farther downstream from Glen Canyon Dam (e.g., RM 157 and RM 225) compared to upstream
locations (e.g., RM 0 and RM 61), where temperatures would be more suitable to cold- or
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coolwater nonnative fish (e.g., brown and rainbow trout); this is consistent with past surveys that
have found more warmwater nonnative fish species in those areas than upstream.

Colder water temperatures restrict growth of YOY humpback chub, which prolongs the
time during which individuals are vulnerable to trout predation (Yackulic et al. 2014).
Essentially, juvenile humpback chub do not grow at temperatures under 12°C. Larger, older
juvenile humpback chub may be able to avoid, withstand, or escape predation by rainbow trout
under warmer and turbid conditions; however, temperature and size did not afford the same
advantage in escaping brown trout predation (Ward and Morton-Starner 2015).

Unless the water can be warmed to above 12°C, it should be expected that the reduced
water temperatures will result in increased egg incubation time (Hamman 1982), greatly reduced
egg and fry survival (Hamman 1982), reduced larval-to-juvenile transition time (Clarkson and
Childs 2000), and reduced growth rates of all life stages (Clarkson and Childs 2000;

Coggins et al. 2011). From Glen Canyon Dam to the Little Colorado River inflow, water
temperatures are generally <12°C. Consequently, there will be little or no spawning of humpback
chub in this reach of the mainstem, unless it occurs at isolated locations such as 30-mile springs
(RM 30) or springs at RM 34. There is little opportunity for larval fish to grow in Marble
Canyon, unless the limited backwaters provide some thermal opportunities. In the Little
Colorado River to Diamond reach, backwaters are more prevalent due to the more open
geomorphology. Recently, temperatures have reached or exceeded 16°C at about RM 160 during
September. This may provide opportunities for mainstem spawning activity and growth.

HFEs build sandbars, which can cause additional—but temporary—backwater habitats.
Following the 2014 HFE, 22 sandbars and resultant backwaters throughout the Canyon became
larger, 11 sites showed no change, and 5 sites became smaller. Although these sandbars erode
within 6 to 12 months, they do not return to the pre-flood stage (Grams 2015). Three fall HFEs
have occurred (2012, 2013 and 2014) in November; temperatures are unlikely to significantly
increase in backwaters at this time, which is outside the spawning period for humpback chub.
Spring HFEs may provide more thermal refuge in backwaters, particularly in the lower Canyon.
However, relative densities of humpback chub, based on estimates of backwater prevalence
directly after a controlled flood, showed the majority of juvenile humpback chub were found
outside of backwaters. This suggests that the role of controlled floods in influencing native fish
population trends may be limited (Dodrill et al. 2015).

It is possible that within the LTEMP period uncontrolled warm water releases may occur
as a result of the elevation and subsequent water temperature of withdrawals from Lake Powell.
Increased temperatures may benefit humpback chub spawning and growth, but would also allow
numbers and species of warmwater nonnative species to expand in the system. A new
conservation measure for LTEMP will explore new technologies for controlling the temperature
of water discharged into the Colorado River and technologies to prevent the passage of fish
through the dam.

Reclamation developed a risk assessment model to evaluate effects of a selective
withdrawal structure on aquatic resources in the Grand Canyon area. It indicates there may be
benefits for all native fishes from warmer water, as well as benefits for many nonnative fish
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species that may compete with or prey upon native species. Results also indicate that there may

be more suitable conditions for warmwater fish parasites (Valdez and Speas 2007). Species that
occur in the Colorado River are listed in Table 5, along with their spawning, incubation, growth,
and lethal temperature tolerances.

The impacts of the proposed action on temperature suitability for coldwater nonnative
trout were assessed to determine the potential for increased trout populations, and thus increased
likelihood of competition or predation upon humpback chub. Using the temperature suitability
model, generally, temperature regimes would be suitable—although not optimal—for brown and
rainbow trout under the proposed action. Temperature suitability for brown and rainbow trout
would be similar to the baseline at most locations downstream of Glen Canyon Dam. However,
main channel temperatures at and downstream of RM 61 would be more suitable for trout than at
locations closer to the dam. The abundance of trout is lower in those locations because other
habitat characteristics (e.g., substrate composition and water clarity) are less suitable at these
downstream locations.

Previous studies have shown that rainbow trout recruitment and population size within
the Glen Canyon reach appear to be largely driven by dam operations (Avery et al. 2015;
AZGFD 1996; McKinney and Persons 1999; McKinney et al. 2001a,b; Makinster et al. 2011;
Wright and Kennedy 2011; Korman et al. 2011, 2012). Increases in abundance have been
attributed to the changes in flows beginning with interim flows in 1991 and later the
implementation of MLFF in 1996. These changes both increased minimum flows and reduced
fluctuations in daily flows, which created more stable and productive nursery habitats for
rainbow trout in Glen Canyon (McKinney and Persons 1999). Declines in abundance (such as
those observed from 2001 to 2007) have been attributed to the combined influence of warmer
water releases from Glen Canyon Dam, high abundance, increased intraspecific competition, and
periodic dissolved oxygen deficiencies, along with possible limitations in the food base
(Makinster et al. 2011). Episodic emigration from the Lees Ferry reach toward the Little
Colorado River was likely related to trout density, trout condition, and turbidity during the
rainbow trout natal origins study (Korman et al. 2015).

In summary, under base operations, continued hydropeaking flows with increased
downramp rates compared to the existing condition under coldwater conditions will continue to
degrade nearshore rearing habitats, prevent the establishment of aquatic invertebrates (food
base), and increase the risk of stranding juvenile humpback chub over the long term (throughout
the life of the LTEMP).

3.2.1.2 Effects of Dam Operational Flexibility

Operational flexibility in dam operations is necessary to account for unforeseen changes
in basin-wide hydrologic conditions, dam maintenance needs, water distribution, resource-related
issues, or hydropower-related issues. Flexibility in dam operations would not change from the
current conditions. These minor operational changes are not expected to measurably impact
humpback chub, because no known impacts have been identified related to the current regime.
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TABLE 5 Temperature Requirements for Spawning, Incubation, Growth, and Lethality of 36 Native and Nonnative Fish Species of
the Colorado River and Its Tributaries in and near the Project Area?

Spawning Incubation Growth Lethal
Species Minimum Maximum Optimum Minimum Maximum Optimum  Days Minimum Maximum  Optimum High Low
Black bullhead 19 22 20 21 24 23 6 20 22 21 3 35
Black crappie 14 18 16 15 22 17 4 24 30 27 0 34
Bluehead sucker 15 25 18 17 23 20 7 15 21 18 0 29
Bluegill 19 27 20 20 26 20 3 15 25 23 0 35
Brown trout 7 14 10 8 20 10 41 12 20 15 0 27
Bonytail 18 22 20 18 28 21 4 18 24 20 0 35
Common carp 18 30 23 20 30 24 4 15 30 27 0 38
Channel catfish 21 29 27 20 30 27 7 21 30 28 3 38
Colorado pikeminnow 16 24 22 19 25 22 5 18 23 25 0 35
Flathead catfish 22 29 26 22 29 27 8 24 30 26 5 40
Fathead minnow 16 30 25 16 29 25 5 18 27 25 2 33
Flannelmouth sucker 14 25 19 14 23 18 6 16 22 20 0 35
Grass carp 18 24 19 18 24 19 1 18 22 20 0 35
Green sunfish 19 31 22 19 24 23 5 26 31 30 0 35
Gizzard shad 15 27 20 17 27 24 4 16 26 21 5 35
Humpback chub 16 22 18 16 27 19 3 16 22 18 0 35
Little Colorado spinedace 16 20 18 16 20 18 6 16 30 27 3 35
Largemouth bass 16 20 18 16 20 18 6 16 30 27 3 35
Mosquitofish 18 30 22 20 24 22 25 14 28 22 4 43
Plains killifish 20 30 28 20 30 28 21 20 30 25 5 40
Razorback sucker 14 22 18 14 25 19 7 18 24 20 0 30
Rainbow trout 8 13 10 7 15 10 31 12 21 16 0 25
Redside shiner 10 18 15 12 20 18 8 15 22 18 0 24
Red shiner 15 30 23 15 25 24 4 18 28 24 0 40
Roundtail chub 14 22 16 16 22 18 5 18 24 18 0 35
Smallmouth bass 13 18 17 14 18 15 9 20 26 23 0 35
Speckled dace 18 25 20 18 23 20 6 18 22 20 0 35
Sand shiner 16 30 24 18 26 24 4 18 28 24 0 38
Striped bass 14 24 18 16 26 18 3 23 30 24 5 33
Threadfin shad 20 25 21 20 27 20 5 22 35 25 5 37
Blue tilapia 21 28 23 21 28 26 5 25 32 27 8 46
Utah chub 12 20 16 14 20 18 6 16 30 23 0 35
Walleye 6 13 7 6 14 13 7 18 23 21 0 33
Yellow bullhead 19 24 20 21 24 23 7 21 23 22 3 35
Zuni bluehead sucker 10 15 13 10 15 13 6 15 21 20 0 29

a

All temperatures are in °C. Days are provided as average time for incubation of eggs (Valdez and Speas 2007).
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3.2.1.3 Overall Implementation Process for Experiments

As discussed in the preferred action section, an adaptive management approach is being
taken to implement all experimental elements of the LTEMP. Prior to the implementation of any
experiment, potential impacts on humpback chub (and other resources) would be considered by
the DOI, and deliberations would include the FWS and other DOI subject experts. This would
help to identify and minimize the risk of impacts on humpback chub as a result of the
implementation of an experimental treatment. Each experiment’s specific effects on humpback
chub and humpback chub habitat are discussed for each set of experiments below.

3.2.1.4 Effects of Sediment-Related Experiments

Experimental flows under the proposed action include: (1) sediment-triggered spring and
fall HFEs through 3.2.1.3 the entire 20-year LTEMP period; (2) 24-hr proactive spring HFEs in
high volume years (>10 maf release volume); and (3) extension of the duration of up to
45,000 cfs fall HFEs for as many as 250 hr depending on sediment availability. These
experimental flows have the potential to affect humpback chub indirectly by increasing sandbar
area and shoreline habitats; however, the importance of these habitats to humpback chub rearing
and recruitment is uncertain. The aquatic invertebrate community may also be impacted by
sediment experiments (Cross et al. 2011). Recruitment of rainbow trout in Glen Canyon may be
affected by spring HFEs, which may potentially indirectly affect humpback chub by increasing
competition with, and predation upon, humpback chub.

HFEs under the proposed action were designed to increase and retain fine sediment for
ecological purposes in Grand Canyon. Sediment is a fundamental component of the riverine
ecosystem, and the sediment regime has been drastically altered by Glen Canyon Dam. Sand
deposits were redistributed during pre-dam annual floods, creating substrate for riparian
vegetation, and sandbars and backwater habitats for native fish (reviewed in Grams et al. 2010).
Slow-water habitats that may be important to native fish, including humpback chub that are
dependent upon sand bar development, include backwaters and embayments. For example,
relatively high densities of humpback chub were found in backwaters in the Little Colorado
River inflow reach (Dodrill et al. 2015), and when 10 habitats were sampled in 2015, more larval
humpback chub were caught in embayments than in most other habitat types
(Kegerries et al. 2015). However, in 2014, catch rates for larval humpback chub did not differ
significantly among habitats sampled in western Grand Canyon (Albrecht et al. 2014). It is
uncertain how the availability of these habitats influences juvenile humpback chub survival and
recruitment to adult life stages.

HFEs have been shown to build sandbars that substantially increased the total area and
volume of backwater habitat (Grams et al. 2010). The increased elevation of backwaters also
increased the degree of isolation from the main channel, which would likely result in a
higher degree of warming in backwater habitats (Trammell et al. 2002; Vernieu and
Anderson 2013), which may be important to native fish in the summer (Albrecht et al. 2014;
Kegerries et al. 2015). However, studies of habitat used by juvenile humpback chub have been
mainly limited to the Little Colorado River inflow reach, and it is unclear how important
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backwater or embayment habitats are to humpback chub throughout other reaches of the Grand
Canyon. Beaches and backwaters are not common in the Little Colorado River reach and,
although young chub occurred in higher densities in backwaters, their overall abundance in the
Little Colorado River reach was higher in talus (Dodrill et al. 2015). Although talus slopes may
be important to humpback chub rearing, and are not maintained by sediment deposition expected
to occur as a result of HFEs, predation risk to juvenile humpback chub may be higher in talus
compared to backwaters under low- and intermediate-turbidity conditions (Dodrill et al. 2016).

Modeling of sediment resources and the impacts of the proposed action focused on areas
upstream of RM 87, but literature suggested that the impacts in this area would be indicative of
impacts throughout the project area. Sandbars and backwaters cannot be built or maintained
without high flows, and sediment-triggered HFEs result in the largest impacts under the proposed
action. Substantial improvements in the ability to build and maintain sandbars over the baseline
condition are expected for the LTEMP preferred alternative, because no HFEs would occur
under the baseline condition after 2020 (existing HFE experimental protocol expires;
Reclamation 2011a). The maintenance of backwater, under the proposed action may therefore
benefit juvenile humpback chub rearing habitat. However, depending on the frequency and
intensity of impacts of TMFs, as described below, and because daily downramp rates will
increase under the preferred alternative, the potential for backwater habitats to be dewatered—
stranding juvenile humpback chub—remains. In addition, the Near Shore Ecology project
concluded that backwaters are likely not important to the Little Colorado River chub aggregation
because they are not a significant habitat component in that area (Pine 2011).

HFEs have the potential to affect benthic aquatic invertebrates, which comprises the
primary food base for humpback chub, but spring and fall HFE effects may differ. Much of what
is known related to the effect of HFEs on the aquatic food base was determined through research
in Glen Canyon, but some food base studies have been initiated recently in the Little Colorado
River inflow reach. Cross et al. (2011) found that a spring HFE resulted in an overall reduction
in invertebrate biomass and production, mainly reflected by declines in two nonnative
invertebrates (New Zealand mudsnail, Gammaris sp.), but an increase in rainbow trout was also
observed; this corresponded with an increase in blackflies and midges, which are prey items for
fish. The effects of fall HFEs are less certain, but the aquatic invertebrate community appeared to
have responded differently to fall HFEs that were implemented in 2012-2014, compared to
effects described in Cross et al. (2011).

Under the proposed action, we could expect there to be 19.3 to 21 HFEs (maximum of
38 HFEs) during the 20-year LTEMP period. The more frequent HFEs are expected to favor
blackfly and midge production; however, spring and fall HFEs may differ in their effects, so it is
unclear what long-term impacts of annual (i.e., 19.3-21 out of 20 years) HFEs may have on the
food base. Under the preferred alternative, up to four of the fall HFEs could be long-duration
HFEs (lasting up to 250 hr). These extended-duration HFEs would be of higher magnitude and
could increase benthic scouring, compared to short-duration HFEs. Drift from an extended-
duration fall HFE may be elevated due to increased biomass of benthic invertebrates that may
develop over the summer months The 4 to 5 months between a fall and spring HFE could
preclude full recovery of most benthic invertebrate assemblages. A spring HFE following a fall
HFE, particularly a long-duration fall HFE, could scour the remaining primary producers and
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susceptible invertebrates and further delay the recovery of the aquatic food base. For this reason,
implementation of a spring HFE in years that follow an extended-duration fall HFE would be
carefully considered.

Due to increased turbidity and other factors at the Little Colorado River inflow that differ
from those at Glen Canyon, food base dynamics may not be comparable to those observed in
Glen Canyon, and it is unclear what impacts HFEs have had upon the food base at the Little
Colorado River. In terms of food base impacts upon humpback chub, recent preliminary USGS
unpublished data indicate that as invertebrate drift declines (2014-2015), adult humpback chub
body condition may also decline. Cross et al. (2013) found that native fish may be limited by
food production, because all of the produced midges and blackflies are consumed. However, it is
unclear how declining condition may be reflected in adult humpback chub survival,
reproduction, and future recruitment of juveniles. It is possible that skipped spawning may be
more prevalent in adults when food is limited, for example.

No current published research is available to show what factors may have correlated to
the decline in invertebrate drift at the Little Colorado River in 2014 and 2015, compared to
2012-2013, but flow, temperature, and turbidity are likely factors. However, annual variation in
drift since 2012 (potentially related to these factors) is likely much less detrimental to the food
base for humpback chub than long-term loss of taxa that has likely resulted from hydropeaking
or load-following (Kennedy et al. 2016; see base operations above). Despite the apparent impact
on adult humpback chub body condition that may be correlated to food availability, humpback
chub population dynamics will likely not respond to variations in food availability in a similar
manner to the response shown for rainbow trout (see Cross et al. 2011). Humpback chub evolved
in a system with limited autochthonus production due to high turbidity in the pre-dam Colorado
River, and thus may have relied more heavily on terrestrial invertebrates or other allochthonous
food items washed into the river during floods. In addition, other aspects of the species’ life
history, including high adult longevity, skip spawning, and higher relative fecundity compared to
species in more stable environments, may moderate the effects of highly variable environment,
including variation in food availability, on long-term population dynamics of the species. Many
fish species evolved in variable environments, with a “boom and bust” life history strategy
(see periodic life history strategy: Winemiller and Rose 1992). However, the more stable post-
dam environment may also favor nonnative species (Olden et al. 2006; see discussion below).
Nevertheless, spring and fall HFEs may not be tested in years when there would appear to be
unacceptable risks to key resources including the aquatic food base, and the results of
experimental flows will be discussed with FWS prior to implementation to minimize indirect
effects on humpback chub.

Proactive spring HFEs would occur in high volume years with planned equalization
releases (>10 maf) in order to protect the sand supply from equalization releases. Fall HFEs
longer than 96 hr in duration will be implemented when there is sufficient Paria River sediment
input in the fall accounting period (July—October) to achieve a positive sand mass balance in
Marble Canyon. Spring HFEs and high and steady flows (Avery et al. 2015), have both
demonstrated an increase in rainbow trout production in the Colorado River, especially in the
16-mi reach below the dam (Lees Ferry reach). This increase in survival of juvenile rainbow
trout was attributable to an improvement in habitat conditions and food availability in
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Glen Canyon for recently emerged trout (Korman et al. 2011). Flows and temperature were
modeled over the LTEMP period to assess how rainbow trout recruitment and the potential for
emigration downstream toward the Little Colorado River may be impacted by flow experiments.
Under the preferred alternative, emigration of trout is expected to increase by 11%, which could
increase the likelihood of negative impacts on humpback chub through competition and
predation, particularly in cold water release years. To provide a means of controlling trout
recruitment following tests of spring HFEs, TMFs would be experimentally implemented and
tested for efficacy as early in the LTEMP period as possible. In addition, if a tiered trigger
approach to reversing declines in possible humpback chub recruitment fails, mechanical trout
control may be implemented at the Little Colorado River inflow. Although both TMFs and
mechanical trout control are considered experimental actions, they are expected to offset risks of
trout predation upon juvenile chub at the Little Colorado River. In addition, basin-wide drought
and the low Lake Powell levels expected to occur occasionally over the next 20 years would
result in warmer dam releases, which also mitigate effects of rainbow trout predation upon
juvenile humpback chub (Ward and Morton-Starner 2015).

The impacts of spring and fall HFEs on humpback chub are incorporated into the
modeling described in the LTEMP EIS. In general, HFE impacts incorporated into the model are
focused on influences of the flow and temperature regime changes upon rainbow trout
population dynamics and indirect effects on humpback chub as a result of competition and
predation. The output of the model for the preferred alternative represents a range of potential
outcomes that may occur over the next 20 years for humpback chub, including a “worst-case
scenario” that may be defined as colder/coldest dam discharge and high rainbow trout
abundance. However, although humpback chub declines may occur during years with cold
temperatures and high trout abundance, TMFs and mechanical control of trout are expected to
mitigate these negative impacts; therefore, it is unlikely that actual declines in humpback chub
would cause the population to reach the low levels displayed by the model (around
1500 individuals) over the life of the LTEMP.

Nonnative brown trout, or warmwater species occurrence or abundance, may also be
influenced by the HFEs. Brown trout spawning occurs mostly in tributaries, primarily in Bright
Angel Creek (Reclamation 2011a,b); consequently, reproduction would not be significantly
affected by the flow operations of the dam. However, recent increases in brown trout recruitment
in 2014-2015 have occurred in the Lees Ferry reach of the Colorado River in Glen Canyon
(Stewart 2016). Brown trout were observed to be spawning near the 4-mile bar in Glen Canyon
during the fall of 2014, and an increase in age-1 brown trout, likely as a result of spawning and
recruitment in 2014, was observed in 2015 (Korman et al. 2015). Spawning of brown trout was
also observed during October and November of 2015 near the 4-mile bar in Glen Canyon
(Korman et al. 2015). It is unclear if flow operations, including recent fall HFEs, caused an
increase in brown trout in recent years. The YOY of fall-spawning brown trout would benefit
from increased food availability, similar to rainbow trout (Cross et al. 2011), if the fall HFEs’
effects on benthic invertebrates are similar to those of the spring HFE. As discussed above, an
increase in blackfly and midge production following fall HFEs has not been observed; therefore,
it does not appear that recent fall HFEs have resulted in conditions that facilitated increased
brown trout reproduction in Glen Canyon.

87
0-101



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

Although increases in brown trout recruitment do not appear to be related to HFEs, it is
possible that the establishment of green sunfish in 2015 in a warmwater slough downstream of
Glen Canyon Dam may be related to dam operations. Based on this assumption, and combined
with expected occasional warmwater flow release periods during drought years, an increase in
the likelihood of warmwater nonnative fish occurrence is expected below Glen Canyon Dam.
Rapid increases in dam discharge from baseflow to up to 45,000 cfs during HFE implementation
may increase the chance that abundant warmwater nonnative fish near the intakes become
entrained in the bypass tubes. The risk would increase during periods of low Lake Powell levels
because when this occurs intakes are closer to the surface and lake littoral zones, where
smallmouth bass or green sunfish are present. During basin-wide drought years, warmer
discharge would increase the risk further, because warm water could facilitate reproduction of
these species in the Grand Canyon, potentially near the Little Colorado River inflow. To offset
this risk, the conservation measures discussed below were developed. These include the
investigation of means to prevent warmwater species’ passage through the dam, completion of
planning and compliance to make a warmwater slough less hospitable to warmwater nonnative
fish, and the development of a rapid response protocol that includes chemical control methods
and others not included in the NPS CFMP.

In summary, sediment experiments have the potential to negatively affect humpback chub
individuals and habitat by increasing rainbow trout emigration to the Little Colorado River reach.
This may increase predation or competition effects, alter the food base, or increase the risk of
establishment of warmwater nonnative fish. However, these negative impacts may be offset by
conservation actions and triggered mechanical removal of nonnative fish (trout or warmwater
nonnative fish) to benefit juvenile humpback chub rearing, the development of a rapid response
protocol, and warmwater species’ habitat modification. Further, backwaters and embayments
created following HFEs may provide warm rearing habitat for juvenile humpback chub, but the
benefit may be minimal for the Little Colorado River inflow aggregation. Finally, these sediment
treatments will not continue to be tested if they are not effective in achieving their purpose or
have unacceptable adverse impacts on the trout fishery, humpback chub population, or other
resources.

3.2.1.5 Effects of Trout Management Flow Experiments

TMFs will be implemented when there is predicted high trout recruitment in the Glen
Canyon reach, but tests may be implemented when trout are at low densities, early in the LTEMP
period. TMFs are designed to cause fatality in YOY rainbow trout by inundating low-angle,
nearshore habitats for several days, and then quickly reducing dam discharge, which would
strand YOY fish; however, there is also potential for stranding and increased fatality of juvenile
humpback chub. Although the Lees Ferry reach trout population is the target of TMFs, an
examination of USGS hydrograph data from Lees Ferry (RM 0) and National Canyon
(approximately RM 166) indicated there may be little attenuation of stage changes due to flows
downstream in the Marble and Grand Canyons. YOY humpback chub are found primarily in the
Little Colorado River inflow reach, as well as further downstream, in unknown numbers.
Stranding may occur, including stranding of endangered humpback chub and razorback sucker.
TMFs are proposed to occur from May through August, in years when the experimental
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treatment would be tested or implemented, including up to three cycles per month of high steady
flows to draw juvenile fish into shallow nearshore waters, followed by rapid drops in discharge
to strand fish.

Modeling conducted for the LTEMP EIS evaluated the number of trout recruits in the
Glen Canyon reach, and the numbers of trout and humpback chub in the Little Colorado River
reach to determine when TMFs would be triggered under the proposed action. It was estimated
that triggers for TMFs would be met approximately every 3 years (32% of years).

Although indirect benefits of TMFs for humpback chub at the Little Colorado River are
expected under the proposed action as a result of reduced competition and predation by rainbow
trout, an unknown number of YOY humpback chub may also suffer fatality as a result of being
stranded during TMFs, including those at the Little Colorado River inflow and downstream in
the Grand Canyon. Stranding impacts may be difficult to observe, particularly lesser studied,
sublethal impacts upon growth (Nagrodski et al. 2012). However, due to the geomorphological
features of the Little Colorado inflow reach, fewer shoreline habitats such as backwaters, which
are susceptible to fluctuations, are present, and may support only a small portion of juvenile
humpback chub in that reach (Dodrill et al. 2015). It is less likely that TMFs would affect adult
or juvenile chub, because they have a greater ability to swim out of confined spaces as flows
dropped. Small YOY or larval fish, which already have a high mortality rate, could suffer
increased mortality as a result of TMFs. TMFs could occur throughout the summer, overlapping
with periods when larval humpback chub are found in nearshore habitats (May—August; Albrecht
et al. 2014; Kegerries et al. 2015) and would be susceptible to extreme flow fluctuations under
TMFs.

The extent of humpback chub mortality due to stranding and the benefits of reduced trout
recruitment in a given year as a result of repeated (every third year) TMFs in Marble and Grand
Canyons over the life of the LTEMP are uncertain. These impacts may depend on the quantity of
channel margin habitats and their sensitivity to flow changes, the distribution and abundance of
humpback chub in sensitive habitats, the timing and number of TMFs, and the degree of
attenuation of flows downstream. The beneficial effects of TMFs for humpback chub may
depend on the effectiveness of flows in reducing recruitment of YOY trout and emigration to the
Little Colorado reach, as well as on the strength of the interaction between humpback chub and
rainbow trout, which is mediated by water temperature (see Ward and Morton-Starner 2015).
Stranding has not been observed during previous flow experiments, but no studies have been
completed, so the degree of stranding is uncertain. The impacts of TMFs throughout GCNP will
be monitored to assess effectiveness of the action and the detrimental impacts on native fish and
other resources. TMFs will not continue to be tested if there is little or no reduction in trout
recruitment after at least three tests, or if there are unacceptable adverse impacts on the
humpback chub population or other resources. Consultation with the FWS would be conducted
prior to implementation of the experiment. Thus, with “offramps” in place, long-term negative
impacts on humpback chub would not be expected.
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3.2.1.6 Effects of Triggered Conservation Actions and Mechanical Removal of
Nonnative Fish Experiments

Under the proposed action, mechanical removal of nonnative rainbow and brown trout
(and other nonnative predators) would be implemented through a triggered, tiered approach
(see Appendix D) near the confluence of the Little Colorado River and the Colorado River if
conservation actions designed to reverse declines in the Little Colorado River humpback chub
aggregation are ineffective. This approach was developed by biologists with the FWS, USGS-
GCMRC, AZGFD, NPS, and Reclamation, using the best available science and professional
judgement. Conservation actions designed to improve rearing and recruitment of juvenile
humpback chub would be implemented when adult humpback chub abundance declines to a
threshold, or if recruitment of subadult humpback chub does not meet or exceed estimated adult
mortality. Conservation actions would include expanded translocations of YOY humpback chub
within the Little Colorado River to grow-out areas (i.e., above Chute Falls, Big Canyon), or
larval fish would be taken to a rearing facility and released in the mainstem Little Colorado River
inflow area once they reach 150-200 mm. If these conservation actions fail to reverse the
declining trends and adult abundance dropped below 7000, mechanical removal of nonnative fish
would be implemented in the Little Colorado River inflow area to lessen the effects of
competition and predation upon humpback chub by nonnative fish.

Based on a humpback chub population model, which is primarily driven by temperature
and rainbow trout population dynamics, it is likely that humpback chub populations may
fluctuate over the life of the implementation of LTEMP (20 years). If model assumptions are
correct, adult humpback chub populations could decline as low as 1800 individuals, coinciding
with cold temperatures and high rainbow trout abundance. For example, expected emigration of
rainbow trout from Glen Canyon was estimated to be 11% higher than under the current dam
operations. This would increase predation upon juvenile humpback chub, potentially leading to
reduced recruitment.

Tier 1 conservation actions would involve collecting 300—-750 larvae or YOY—age
classes that are vulnerable to predation by nonnative fish and that would naturally have relatively
high mortality rates (see Pine 2013)—and rearing them to less vulnerable sizes before releasing
them. Alternatively, YOY would immediately be translocated for rearing to areas with few
predators, such as Big Spring or above Chute Falls. In the past, fish were successfully
translocated within the Little Colorado River and to tributaries; the translocated fish in these
locations experienced high survival and/or growth rates (Healy et al. 2014a; Spurgeon et al.
2015; Van Haverbeke et al. 2016), and there is a high likelihood for humpback chub to benefit
through augmentation of the adult population as a result of Tier 1 actions. Detrimental effects on
humpback chub, including fatality, could occur during handling, transport, or tempering;
however, these occurrences are generally low, see Section 2.2.

Mechanical removal of nonnative fish would be implemented at the Little Colorado River
inflow if declines in adult humpback chub continued, which would help minimize mortality of
juvenile humpback chub. Past studies have indicated that trout predation upon humpback chub
could be significant (Yard et al. 2011), and humpback chub are particularly vulnerable to
predation at cold water temperatures (Ward and Morton-Starner 2015). It is somewhat uncertain
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whether mechanical removal in the vicinity of the Little Colorado River would be successful in
reversing declines in humpback chub, because (a) at high immigration rates into the Little
Colorado River reach, mechanical removal may not be successful in reducing trout abundance
(Coggins et al. 2011), and (b) other factors beyond trout predation and competition may be
negatively impacting humpback chub survival and abundance. Past removal efforts appeared to
be effective in controlling rainbow trout, and humpback chub recruitment increased; however,
the removal effort coincided with a system-wide decline in trout abundance and warming dam
discharge, which confounded results (Coggins et al. 2011). Nevertheless, TMFs designed to
reduce Glen Canyon rainbow trout recruitment, and thus emigration downstream, would

likely result in low immigration rates of trout to the Little Colorado River reach, thereby
increasing the effectiveness of mechanical removal and benefitting humpback chub recruitment.
The adaptive management approach taken to adjust trout removal targets and thresholds for
action would also help ensure the effectiveness of this strategy in stemming humpback chub
declines.

As designed, the tiered, adaptive approach to responding to humpback chub declines
described here is expected to offset potentially negative impacts of management actions and
experiments under the LTEMP. If conservation actions are ultimately successful in improving
rearing success, these tools could be implemented proactively, and could potentially lead to long-
term beneficial impacts on humpback chub in the Little Colorado River inflow aggregation.

3.2.1.7 Effects of Low Summer Flow Experiments

Low summer flow experiments involve holding flows low (approximately 8,000 cfs) and
relatively steady, compared to base operations during warm summer months. Flows may
continue to fluctuate 1000 cfs in a day, which would be less fluctuation than under base
operations. The goal of the experiment is to achieve warmer river temperatures to benefit
humpback chub; however, more stable shoreline habitats may also occur, which could also
improve juvenile humpback chub rearing habitat. Lower flows have the potential for more
warming via heat transfer from the air compared to higher flows. Low summer flows will be
tested when the water temperature has been <12°C for 2 consecutive years, and a target
temperature of >14°C can only be achieved if flows are dropped with the objective of testing the
efficacy of low summer flows on warming and humpback chub growth. Low summer flows will
only be tested after the first 10 years, and only under specific, rarely occurring, conditions. This
test will not continue if there is no increase in growth and recruitment of humpback chub, if there
is an increase in warmwater nonnative species or trout at the Little Colorado River; or if there are
unacceptable adverse impacts on the trout fishery, humpback chub population, or other
resources.

Under this design (1 to 2 years of testing), the effect of the low flow experiment upon
humpback chub growth, rearing, and recruitment will be difficult to determine, because results
are likely to be confounded by other factors (variation in annual precipitation, turbidity, etc.). In
addition, the tests would be conducted only when humpback chub populations are healthy and
stable; this would decrease the test’s effectiveness in determining how low flows may improve
humpback chub rearing during periods when the population is unhealthy or in decline.
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Nevertheless, in addition to benefits associated with warming waters described in
previous sections, stable nearshore habitats may benefit rearing, depending on the use of habitats
that are sensitive to flow fluctuations (backwaters, embayments, cobble bars, riffles, etc.). The
role of backwaters or similar habitats in humpback rearing is discussed in more detail in
Section 3.2.1.4. However, reduced fluctuations under the low summer flow experiment would
reduce stranding potential for humpback chub, and benefit the food base.

Low summer flows may allow for a prolonged test of the effect of steady flows on the
diversity and abundance of aquatic invertebrates, similar to the intent of the low steady weekend
flows for macroinvertebrate production experiment (Section 1.2.12). Base operations have been,
and will continue to be, characterized as hydropeaking or load-following, which is an operational
regime that has been demonstrated to have long-term detrimental impacts on aquatic
invertebrates below hydroelectric dams in the Western United States (Kennedy et al. 2016). A
diverse source of invertebrates to colonize the Colorado River is found among Grand Canyon’s
tributaries (Oberlin et al.1999; Whiting et al. 2014), but hydropeaking and an altered temperature
and flow regime will continue to negatively impact the food base for humpback chub over the
life of the LTEMP. Consistently more stable flows over the summer could result in successful
egg-laying and reproduction by sensitive macroinvertebrate taxa (e.g., mayflies), which would
also be important prey for humpback chub. However, the experiment may only be implemented
1-3 times in the second year of LTEMP, which would limit the ability of this experiment to
benefit humpback chub food base over the long term. Only short-term (within the year of the
test) beneficial effects on the food base would be expected.

It is possible that warming as a result of the implementation of low summer flows may
increase the risk of warmwater nonnative fish establishment, threatening humpback chub
populations. However, these tests are unlikely to increase the risk significantly, because they
would occur infrequently (1-3 times out of 20 years), and due to low Lake Powell levels, water
temperatures are already within the spawning range of warmwater nonnative species during
some part of the year in the lower river (see Kegerries et al. 2015). Basin-wide hydrology that
influences the Lake Powell level and dam discharge temperatures would likely overwhelm the
effects of dam operations on river temperatures.

Although benefits to humpback chub may be realized as a result of this experiment on
habitats and food base, the effect may be of short duration and may be insignificant over the life
of the LTEMP (1-3 years out of 20). However, if the experiment has beneficial effects, it may be
implemented more frequently beyond the life of the LTEMP period, if additional planning and
compliance is completed.

3.2.1.8 Effects of Low Steady Weekend Flows for Macroinvertebrate Production
Experiments

Experimental steady flows on weekends, in an attempt to increase invertebrate production
and diversity, may benefit nearshore habitats by providing stability and some warming in
habitats that are more isolated from the mainstem (low flows would be held steadier plus/minus
1000 cfs fluctuation); however, this would be limited to approximately 34 days over the summer.
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This experiment will not be conducted during first 2 years of LTEMP. The goal is to replicate it
two to three times to determine its effectiveness.

Kennedy et al. (2016) demonstrated that hydropeaking flows in rivers below
hydroelectric facilities may prevent the maintenance of viable populations of many aquatic
invertebrates (e.g., mayflies, stoneflies, caddisflies) that would constitute important components
of the food base for humpback chub. Many shoreline egg-laying invertebrates were absent from
western rivers with higher degrees of hydropeaking fluctuations. This experiment may allow
some shoreline egg-laying invertebrates to avoid desiccation, which results in a high degree of
egg mortality (Kennedy et al. 2016), and potentially will allow for increased production and
possibly diversity of aquatic invertebrates.

In addition to potential benefits of increased aquatic food base production, steady flows
on weekends may help to improve the quality of nearshore habitats for juvenile humpback chub.
However, it is unclear whether 2 days per week of nearshore habitat stability will result in a
measureable impact on juvenile growth, rearing, and recruitment.

Sustained low flows for benthic invertebrate production may benefit humpback chub by
providing additional aquatic insect prey. It may also provide stable nearshore habitats for rearing,
for 2 days per week. This treatment will be discontinued if there is no observed benefit to the
food base, the trout fishery, or native fish; if there is an increase in warmwater nonnative species
or trout at the Little Colorado River; or if there is an unacceptable adverse impact on the trout
fishery, humpback chub population, or other resources.

3.2.1.9 Effects of Ongoing Conservation Measures

Conservation measures from the 2011 Biological Opinion were evaluated and adapted for
the LTEMP, where necessary, and included in the preferred alternative. Some additional
conservation measures were developed specifically for the LTEMP and were incorporated into
the preferred alternative. The intention of conservation measures is to mitigate or offset potential
impacts on ESA-listed species that may result due to the implementation of the LTEMP
preferred alternative. These conservation measures were developed in consultation with the FWS
and biologists from the NPS. Effects on humpback chub are discussed for each conservation
measure below.

Humpback Chub Translocations

Humpback chub translocations were included as conservation measures in the 2008 and
2011 Biological Opinions on the operation of Glen Canyon Dam and on the Nonnative Fish
Control and HFE plans, respectively. The preferred alternative includes the continued
implementation of humpback chub translocations from the Little Colorado River to other areas in
the Little Colorado River or to other tributaries of the Colorado River in the project area in order
to (a) improve rearing and growth and provide additional rearing opportunities, or (b) establish
additional spawning populations. As discussed in previous sections of this document,
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translocations have been conducted above Chute Falls in the Little Colorado River, to Shinumo
Creek, and to Havasu Creek. Translocations may result in increased growth or improved rearing
and survival of juvenile humpback chub.

Translocations of juvenile humpback chub were first conducted in 2003. They involved
moving fish from the lower reaches of the Little Colorado River to areas above Chute Falls
(Van Haverbeke et al. 2013). These translocations have continued through recent years.
Compared to juvenile humpback chub in the lower Little Colorado River, fish above Chute Falls
grew much faster.

Prior to 2014, beginning in 2009, approximately 300 juvenile humpback chub per year
were translocated to Shinumo Creek. Estimated growth and survival of translocated humpback
chub generally was consistent with, or exceeded, growth and survival estimates of juvenile
humpback chub in the Little Colorado River and Colorado River, although emigration rates
exceeded 50% (Spurgeon et al. 2015; Healy et al. 2014b). In May of 2014, an NPS-managed fire
started by lightning, burned approximately 10% of the Shinumo Creek watershed. Flooding and
ash appeared to have extirpated the remaining humpback chub from Shinumo Creek in July and
August 2014.

Havasu Creek translocations were initiated in June 2011 and have continued annually
through May 2016. Approximately 300 fish were released in Havasu Creek annually. Biannual
monitoring of translocated fish indicated that survival and growth objectives were met. In
addition, evidence of reproduction, including ripe adult fish and untagged juveniles (age-1+),
was observed annually beginning in 2013. Data collected from the May 2016 monitoring trip
indicated that multiple year classes of untagged (non-translocated) humpback chub were
observed (Nelson et al. 2016).

Through 2016, translocations to Havasu Creek have been limited to the lower 3.5 mi—
from the Havasupai Reservation/NPS boundary to the confluence with the Colorado River—on
NPS lands. A new effort will be pursued during the LTEMP to conduct initial fish surveys and
complete a feasibility study to translocate humpback chub to Havasupai Reservation lands above
Beaver Falls. Although the activities are subject to permission and support from the Havasupai
Tribe, if habitat is suitable, translocations to this area could lead to an expanded spawning
population at Havasu Creek. Larger populations would be more likely to persist in tributaries
(Pine 2013).

Genetics management principles outlined in FWS guidance documents (FWS Genetics
Management Plan 2010; Van Haverbeke et al. 2016) and the NPS CFMP (NPS 2013) would be
followed to maintain genetic diversity and minimize detrimental genetic effects on translocated
populations. For example, genetic monitoring would be conducted in tributary spawning
populations established through translocations, and new migrants would be introduced
occasionally (NPS 2013). As a result, no loss of genetic diversity is expected.

As part of the ongoing humpback chub translocation effort, Reclamation has committed
to funding nonnative fish control in tributaries, where necessary, to maximize survival of
translocated humpback chub. Control methods would vary depending on the tributary and the
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existing nonnative fish species. Complete eradication of a nonnative species would likely
provide the most beneficial impact on humpback chub translocated to the tributary; however, no
specific plans for chemical piscicides have been identified, and piscicide use would require
additional planning and compliance activities.

No detrimental population-scale impacts are expected as a result of translocations. In
general, as demonstrated by previous or ongoing translocations, successful rearing and potential
additional spawning populations can be developed or augmented through translocation of
juvenile humpback chub, thereby benefitting the population. In addition to the continuation of
the Chute Falls translocations under the preferred alternative, Havasu, Shinumo, and Bright
Angel (pending successful trout control) creeks would continue to be the focus of translocations
efforts outside the Little Colorado River. Although translocations can result in mortality of
individual juveniles during collection from the Little Colorado River, transport to rearing
facilities, disease treatment, or tempering and release (thus far, Chute Falls only), no detrimental
population-level impacts on the adult population in the Little Colorado River has been observed.
In addition, based on population viability modeling (Pine 2013), collection methods have been
further refined to mitigate this risk by targeting life stages (e.g., larval) that would have a high
mortality rate in the wild.

Humpback Chub Refuge

A refuge population of humpback chub was established at the FWS SNARRC facility in
Dexter, New Mexico. The goal of the refuge is to maintain a genetically diverse population of
1000 humpback chub to be used for propagation in the case of a catastrophic loss of the Grand
Canyon population. Impacts would be similar to those described for translocations, in that a
small number of larval chub may be lost during collection, transport, and disease treatment;
however, no detrimental impacts on the population would be expected.

Mainstem Humpback Chub Aggregations

Conserving mainstem humpback chub aggregations was a focus of past conservation
measures related to dam operations. In the LTMEP, Reclamation will continue to assist the FWS,
NPS, and GCDAMP to ensure that a stable or upward trend of humpback chub mainstem
aggregations can be achieved. Actions include continued monitoring of the Little Colorado River
humpback chub aggregation using the juvenile chub monitoring protocol developed following
the natal origins project (see Pine et al. 2011); monitoring the mainstem aggregations annually;
developing a methodology for locating additional aggregations and individual humpback chub;
evaluating “drivers” of recruitment, potential spawning, and natal origins; and exploring a means
of expanding humpback chub populations outside the Little Colorado River inflow aggregation.

Mainstem monitoring is critical to understanding how base operations and other
experiments under the LTEMP impact humpback chub. Understanding more about the ecology
and population dynamics of mainstem aggregations outside the Little Colorado River, including
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the impacts of dam operations, may lead to improved management and conservation of those
aggregations.

The impacts on individual humpback chub that may occur as a result of monitoring are
covered below in Section 2.2. Monitoring under this action would be designed to assess trends in
humpback chub in the mainstem Colorado River, and to assess impacts of experimental and
management actions on humpback chub. Results of monitoring may allow managers to adapt
actions to ensure that projects goals for humpback chub are met.

Disease and Parasite Monitoring

Reclamation intends to fund the GCDAMP to conduct disease and parasite monitoring in
humpback chub and other fish in the mainstem Colorado River, in addition to ongoing disease
and parasite monitoring conducted by USGS/GCMRC in the Little Colorado River.

It is unclear how this monitoring will be accomplished or how it may benefit humpback
chub over the long term; however, understanding the impacts of parasites may inform future
conservation actions.

Razorback Sucker Conservation Measures

Studies designed to help understand the status of the razorback sucker population in the
Grand Canyon and Lake Mead would continue with the implementation of the preferred
alternative. Although the focus of these studies is on razorback sucker, seining for larval and
small-bodied YOY and juvenile fish may lead to an increased understanding of juvenile and
larval humpback chub habitat use and spawning areas (at a course scale) in the Grand Canyon.

Fatality of individual larval humpback chub would occur as a result of this sampling
regime; however, high larval mortality rates are likely in the wild, and thus, this effort would not
be expected to impact the adult population. In the first 2 years of the larval and small-bodied fish
study conducted from Lava Falls (RM 180) to Pearce Ferry above Lake Mead (RM 280),
indicated that reproduction may be occurring (larval humpback chub with yolk sac attached).

No population-scale impacts on humpback chub would be expected, and the study may
provide important information for conservation of the species in the western Grand Canyon.

Nonnative Species Conservation Measures

Nonnative fish will continue to threaten humpback chub in the Grand Canyon under the
LTEMP preferred alternative. Under the continued colder temperature regimes and clear water
that result from dam construction and operations, particularly in Glen and Marble Canyons,
nonnative cool-/coldwater species are expected to proliferate and continue to prey upon and
compete with humpback chub. Brown trout are a particular threat due to their piscivorous nature
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(Yard et al. 2011; Whiting et al. 2014). However, with continued basin-wide drought, and lower
Lake Powell levels, warmer water releases from Glen Canyon dam are expected occasionally.
For example, in late fall 2015 (November) water released from Glen Canyon dam approached
15°C, which is within the range of suitable temperatures for smallmouth bass spawning. In
addition, temperatures in western/lower Grand Canyon reached or exceeded 20°C in 2015.
Warmer temperatures may allow for highly piscivorous warmwater nonnative species such as
smallmouth bass to proliferate in the project area. Smallmouth bass were identified as a major
threat to native fish in the Yampa River, and have caused major declines and extirpation of
humpback chub there (Johnson et al. 2008).

Conservation measures that were developed to specifically address nonnative species
threats to humpback chub include (a) continued nonnative trout (brown and rainbow) removal
efforts at Bright Angel Creek and its inflow, or other areas where expanded populations have
been found; (b) feasibility study, and planning, and compliance for chemical piscicide renovation
at Bright Angel and Shinumo creeks; (c) study of efficacy of a temperature control device on the
dam to address future conditions under climate change; (d) potential research and development
of a means to prevent passage of warmwater nonnative fish through Glen Canyon Dam;

(e) planning, compliance, and implementation of a plan to address (make less suitable) the
suitability of warmwater nonnative fish habitat in a slough below Glen Canyon dam; and

(f) completion of a plan for rapid response to nonnative fish invasions, using tools not approved
in the NPS CFMP (e.g., chemicals). Finally, the use of flows (e.g., TMFs) to inhibit brown trout
spawning and recruitment in Glen Canyon, or other mainstem locations, will be explored over
the life of the LTEMP. This measure is necessary to prevent recently detected spawning of
brown trout in Glen Canyon from further expanding or increasing in abundance.

Control of brown and rainbow trout in Bright Angel Creek and the Bright Angel Creek
inflow reach of the Colorado River would be continued under the proposed action. In 2017,
results of control efforts implemented between 2012 and 2017, including trends in abundance of
both native and nonnative fish, would be reviewed, and methodology for continued control
efforts may be adapted to ensure trout control objectives are met. Brown trout catch-per-unit
effort in the Colorado River outside of Bright Angel Creek appears to have declined in recent
years (Stewart 2016), concurrent with trout control activities, and declines of brown trout
abundance and biomass in Bright Angel Creek (Nelson 2016). Brown trout are defined as high-
risk nonnative predators (NPS 2013), and continued control in and around Bright Angel Creek—
and in other areas where they expand—would minimize a major threat to humpback chub by
reducing predation risk. Long-term beneficial impacts for humpback chub would be expected as
a result of continued control of brown trout and reduced predation risk.

The other nonnative fish conservation measures could all lead to beneficial impacts on
humpback chub as a result of reduced the risk of invasion and establishment of warmwater
nonnative species. The outcome will depend on the effectiveness of the actions, including
whether feasible options are developed to manage slough habitat and prevent the passage of
warmwater nonnative fish through the dam; no technology currently exists for this.
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3.2.1.10 Effects of New Conservation Measures

New conservation measures for humpback chub will explore additional tributaries for
potential translocations including consulting with the Havasupai Tribe for potential
translocations above Beaver Falls in Havasu Creek. Razorback sucker measures will include
continued monitoring of larval and small-bodied fish; these measures will determine the extent
of hybridization of flannelmouth and razorback sucker larvae from the western Grand Canyon
through genetic analysis. Additional measures to address nonnative fish include evaluation of
new technologies for temperature-controlled releases from the dam and methods to prevent fish
passage through the dam. Reclamation will support planning and compliance for the
development and implementation of a rapid response control effort for new and established
nonnative invasive species. This includes modifying the backwater slough at RM 12 to prevent
establishment of warmwater invasive species. Reclamation will also explore the use of flow such
as TMFs to inhibit brown trout spawning and recruitment in mainstem locations.

3.2.1.11 Effects of Native and Nonnative Plant Management Experimental Actions

Under the proposed action, exotic plant species that are spread or favored by dam
operations would be mechanically removed, and potentially treated with herbicides, in selected
areas within the project area.

Herbicides may be poisonous to fish and aquatic species; however, standard practices for
herbicide application would be followed. This would minimize any risk of impacts on humpback
chub or their habitat as a result of contact with the chemicals.

3.2.1.12 Effects of Activities to Preserve and Protect Historic Properties and
Cultural Sites

Under the preferred alternative, various mitigation and erosion control measures would
be implanted at cultural sites along the river corridor. Sites that would be treated would generally
be located above the Colorado River high water mark and outside of humpback chub habitat.
Thus, these activities would be expected to have no impacts on humpback chub individuals or
habitat.

3.2.1.13 Effects of Climate Change

Climate change and drought have direct influences on hydrologic patterns and water
temperature, thus impacting humpback chub. In the Colorado River Basin, hydrologic impacts
include lower precipitation and decreased inflow to the reservoir system, resulting in more
frequent lower reservoir release volumes, which could potentially impact shoreline habitats and
riparian areas. More frequent droughts and warmer atmospheric temperatures have the potential
to result in warmer water being released from the dam. Although this may improve thermal
suitability for humpback chub, any subsequent benefits may be offset by increased abundance
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and expansion of warmwater nonnative fish and aquatic fish parasites (see Section 3.6).
Uncontrolled warmer water releases may occur as a result of the elevation and subsequent water
temperature of withdrawals from Lake Powell. Increased temperatures may allow numbers and
species of warmwater nonnative species to increase in the system.

Springs that supply the Little Colorado River within critical habitat may be vulnerable to
basin-wide drought and climate change impacting overall habitat availability and the largest self-
sustaining population for the species.

3.3 EFFECTS OF THE PROPOSED ACTION ON RAZORBACK SUCKER

The evaluation of potential impacts of the proposed action on razorback sucker
included consideration of the results of previous investigations of the species’ ecology
(Albrecht et al. 2014; Kegerries et al. 2015), as well as studies of the effects of nonnative
fish (Coggins et al. 2011; Yard et al. 2011; Whiting et al. 2014), experimental flows (such as
HFEs and other flows) and water temperature on native fish and native fish habitat
(e.g., Grams et al. 2010; Makinster et al. 2011; Trammell et al. 2002; Ward 2011; Ward and
Morton-Starner 2015).

Several aspects of the proposed action may affect razorback sucker directly or indirectly
through direct impacts on individuals or habitat; or indirectly by influencing the abundance and
distribution of nonnative predators and competitors, or by influencing macroinvertebrate
production. Dam operations have the potential to influence river temperatures, the quantity and
quality of nearshore rearing habitats (e.g., backwaters), aquatic insects that are food for
razorback sucker, and nonnative species abundance; operations may also result in direct
mortality to larval or juvenile razorback sucker through stranding. Flow-related actions are
analyzed below that may impact razorback sucker; these include base operations, sediment-
related experiments, and aquatic resource experiments including trout management flows, low
summer flows, and sustained low flows for benthic invertebrate production. Because identified
impacts of operational flexibility under current dam operations have been identified for native
fish, no effects are expected that are not considered for other dam operations. Other non-flow
actions, which may impact razorback sucker directly or indirectly and are analyzed below,
include mechanical removal of nonnative fish, conservation measures, and continued fisheries
research and monitoring under the GCDAMP. Some actions may have negative impacts on
individuals, but beneficial effects at a population level.

Efforts to manage riparian vegetation, humpback chub translocations, and sediment
monitoring and research are not expected to have impacts on razorback sucker individuals or
habitat. Riparian vegetation management would occur in only small, localized areas within the
project area. Although riparian vegetation can play an important role in small stream ecosystems,
particularly in providing cover, shade, or habitat for terrestrial invertebrates for fish to feed upon,
riparian vegetation is less important in larger rivers for providing cover, shade, or energy inputs
(Vannote and Sweeney 1980). Thus, riparian vegetation management would have large impacts
on the razorback sucker and the species’ habitat in the Colorado River.
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3.3.1 Direct and Indirect Effects

3.3.1.1 Effects of Base Operations

Base dam operations are expected to change with the implementation of the proposed
action. Changes will include more consistency across months, and thus more stability throughout
the year, in monthly dam release volumes. The daily fluctuation in discharge would be
proportional to the volume (i.e., lower fluctuations during lower flows), with a maximum
discharge fluctuation range of 8,000 cfs; this would be the same as the current maximum
fluctuation range. The daily downramp rate would be increased, compared to the current
condition, by 67% (from 1,500 cfs/hr to 2,500 cfs/hr). Under base operations, year-round,
fluctuating flows throughout the life of the LTEMP period may have detrimental, long-term
direct impacts on juvenile razorback sucker and rearing habitat, razorback back sucker spawning
habitat, and aquatic invertebrate prey (food base).

Stranding of fish is a potential outcome of daily hydropeaking (reviewed in Bunn and
Arthington 2002; Nagrodski et al. 2012). Increasing downramp rates under the preferred
alternative may increase the risk of stranding larval razorback sucker. Thus far, juvenile (older
than larval) life stages of razorback sucker have not been sampled in 2 years of study in the
Grand Canyon (Albrecht et al. 2014, Kegerries et al. 2015). It is unclear whether larval razorback
sucker experience near 100% mortality prior to transformation to juveniles, or if larvae drift to
Lake Mead and rear in the lake. Thus, effects are mainly discussed for larval age classes.
Stranding could include fish being temporarily (i.e., until flows came back up hours later)
restricted to isolated habitats away from the main channel, which may or may not become
desiccated, as a result of dropping water levels. Desiccation of these isolated habitats would
result in fatality of any larval razorback sucker present. Factors that may influence the
probability of stranding fish in a river with altered flow regimes, such as below hydroelectric
plants, include the rate of flow reduction, water temperature, channel geomorphology, and
substrate composition, as well as biotic factors including fish life stage and size (reviewed in
Nagrodski et al. 2012). Larval razorback sucker have limited swimming ability, and thus are at
risk of stranding. Increasing drawdown rates under the preferred alternative will increase the risk
of fatality. Larval sampling in the lower Grand Canyon found razorback sucker larvae to be
distributed throughout most shoreline habitats from Lava Falls to Pearce Ferry from May to July.
The highest densities of larvae were found in isolated pools, which composed less than 2% of all
habitats sampled. These pools have a high likelihood of desiccation with daily flow fluctuations;
however, survival rates among different habitats have not been studied. The potential for, and the
effect of stranding on, individual razorback sucker survival has not been directly investigated;
however, a summary of stranding literature indicated that fish stranding as a result of
hydroelectric and irrigation projects is well documented (Nagrodski et al. 2012).

Razorback sucker spawn on cobble bars and other gravel substrates near or associated
with riffles. Riffles and spawning bars may occur in wider, shallower areas of the channel.
Therefore, they are susceptible to flow fluctuations. Continued daily flow fluctuations combined
with increased downramp rates will likely increase the risk of desiccation of spawning areas and
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incubating razorback sucker eggs, leading to increased mortality rates of eggs. Adult razorbacks
can swim off of bars as flows decline, and therefore are at less risk.

Under base operations, through the life of the implementation of the LTEMP preferred
alternative, river temperatures are expected to continue to be more suitable for coldwater
nonnative species than for warmwater nonnative fish, particularly closer to the dam. In general,
the estimated average main channel temperatures modeled for the LTEMP EIS indicated that
temperature conditions would be most suitable for warmwater nonnative species, as well as
native fish such as razorback sucker at locations farther downstream from Glen Canyon Dam
(e.g., RM 157 and RM 225) compared to upstream locations (e.g., RM 0 and RM 61), where
temperatures would be more suitable to cold or coolwater nonnative fish (e.g., brown and
rainbow trout); this is consistent with past surveys that have found more warmwater fish species
in those areas than upstream.

Habitat requirements for the endangered razorback sucker, explained in detail in
Section 2.1.3, are summarized here. Suitable water temperatures for spawning, egg incubation,
and growth range from 14 to 25°C (FWS 2002b), with estimated optimal temperatures of 18°C
for spawning, 19°C for egg incubation, and 20°C for growth (Valdez and Speas 2007). Hatching
success is temperature dependent, with the potential for complete mortality occurring at
temperatures less than 10°C (FWS 2002b). Young razorback suckers require nursery areas with
quiet, warm, shallow water such as tributary mouths, backwaters, and inundated floodplains
along rivers, and coves or shorelines in reservoirs (FWS 2002b). Razorback sucker are
distributed within the project area, from the Colorado River inflow of Lake Mead and at least
upstream as far as an area above Lava Falls in Grand Canyon. The upstream distribution of adult
razorback sucker is unknown. During May of 2014, razorback sucker larvae were found in the
Colorado River as far upstream as RM 173 (upstream of Lava Falls), which is the farthest
upstream razorback sucker spawning has been documented in the Grand Canyon
(Albrecht et al. 2014). Warm temperatures may be even more critical for larval razorback
suckers than other native suckers to transform into juveniles (see Bestgen 2008). Therefore,
continued cold temperatures under base operations during the LTEMP implementation period
will continue to negatively impact razorback sucker over the long term. However, experimental
stable flows may provide some benefit to offset these impacts (see the following sections).

As described for humpback chub, under base operations and fluctuating flows the food
base will continue to be degraded throughout the life of the LTEMP.

In summary, under base operations and coldwater conditions, continued hydropeaking
flows with increased downramp rates compared to the existing conditions will continue to
degrade nearshore rearing habitats, prevent the establishment of aquatic invertebrates (food
base), and increase the risk of stranding larval or juvenile razorback sucker in the long term
(throughout the life of the LTEMP). In addition, daily fluctuating flows will degrade razorback
sucker spawning habitat, river-wide, throughout the life of the plan.
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3.3.1.2 Effects of Sediment-Related Experiments and Low Summer Flows

Base flow fluctuations may impact rearing habitat for larval or juvenile razorback sucker.
Juvenile fishes in rivers generally rely on low-velocity nearshore environments for rearing.
Backwaters potentially created by both HFEs and low summer flows are one such nearshore
habitat frequently used by native fishes in the Grand Canyon, and these habitats and their use by
native fishes have been a major focus of several investigations. For example, during and after the
2008 HFE physical scientists described the number and area of backwaters that were created
during this flood disturbance, and documented how normal operations under MLFF eroded these
features to pre-HFE levels within 6 months (Grams et al. 2010). These backwaters, although
short lived, may provide ideal rearing conditions for native fishes because water temperatures are
often much greater than in the mainstem, particularly when flows are steady. During the
2000 Low Steady Summer Flow experiment, which included steady flows of 8,000 cfs from June
through September 2000, mainstem temperatures were 1.4—3°C higher than under previous dam
operations, and backwaters were 0.3—5.3°C warmer (Trammell et al. 2002). Similarly, NPS
sampling of 47 backwaters distributed from RM 115 to 220 under steady flows in
September 2009 showed that at least 21 backwaters were at least 2°C warmer than the adjacent
mainstem (Speas and Trammell 2009). The longer residence time of water in nearshore and
backwater habitats with steady flows results in warmer temperatures than in the mainstem
(Behn et al. 2010), potentially affecting rearing habitat for larval or juvenile razorback sucker.

Although very few studies in the Grand Canyon have specifically investigated razorback
sucker habitat, biologists have demonstrated that densities of juvenile native fishes were greatest
in backwater habitats compared to other habitats (Dodrill et al. 2015). However, in the Little
Colorado River confluence reach where these investigations occurred, backwaters represent a
small percentage of available nearshore habitat. Therefore, investigators concluded that
maintenance of backwater habitats was not critical to the persistence of the Little Colorado River
confluence aggregation of humpback chub. Nonetheless, no studies have evaluated habitat use by
larval or juvenile native fishes in downstream reaches where backwaters are larger and more
persistent than in the Little Colorado River confluence aggregation (Grams et al. 2010). Few
studies have investigated the use of backwaters or other shoreline habitats that may be important
to native fish rearing in the western Grand Canyon, where water temperatures are not ideal, but
are more suitable for native fish rearing than closer to Glen Canyon Dam. However, shoreline
habitats have the potential to provide warmer rearing habitat than the mainstem under certain
conditions (Grams et al. 2010; Trammell et al. 2002). It is likely that prolonging the “turnover”
of water in nearshore and backwater habitats with steady flows resulted in warmer temperatures
than in the mainstem (Behn et al. 2010). Given the need for warm, productive floodplain or
backwater habitats for rearing larval and juvenile native fishes, and the lack or low abundance of
nonnative fish found in recent backwater sampling (Albrecht et al. 2014; Kegerries et al. 2015),
reduced fluctuations, lower flows, or low summer flows may be beneficial for razorback sucker
by providing warm and persistent backwater habitats. Thus, low summer flows included under
the proposed action as an experiment after the first 10 years of the LTEMP period would likely
increase warming and overall stability in these nearshore habitats, thereby benefitting razorback
sucker in Grand Canyon. However, the implementation of the experiment may occur only under
rare conditions. Benefits to razorback sucker would be minimal if the experiment was
implemented only once or a few times in the LTEMP period.
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Due to the impact that HFEs and low summer flows have on the creation and
maintenance of backwater habitats important to larval or juvenile razorback sucker, these
experiments would be expected to benefit razorback sucker in a similar manner to humpback
chub. Low summer flows could potentially create or maintain warm backwater habitat beneficial
to razorback sucker rearing. Spring HFEs may also create backwater habitat during a time period
that may coincide with spawning and emergence of larval fish.

3.3.1.3 Effects of Low Steady Weekend Flows for Macroinvertebrate Production
Experiments

Experimental low steady flows on weekends to attempt to increase macroinvertebrate
production and diversity may benefit nearshore habitats by providing stability and some warming
in habitats that are more isolated from the mainstem (low flows would be held steadier
plus/minus 1,000 cfs fluctuation); however, this would be limited to approximately 34 days over
the summer. This experiment will not be conducted during first 2 years of LTEMP. The goal is
to replicate it two to three times to determine its effectiveness.

The scientific background for this experimental action is discussed in Section 1.2.12
(and see Kennedy et al. 2016). In addition to potential benefits of increased aquatic food base
production, steady flows on weekends may help improve the quality of nearshore habitats for
larval or juvenile razorback sucker. However, it is unclear whether 2 days per week of nearshore
habitat stability will result in a measureable impact on juvenile growth, rearing, and recruitment.
Nevertheless, it does not currently appear that razorback sucker are successfully recruiting from
the larval to juvenile life stages, possibly due to cold temperatures and lack of stable rearing
habitats. Because larval razorback sucker need stable, low-velocity, warm, productive habitats
for rearing, a beneficial effect is expected under this experiment, combined with HFEs to build
bars and backwaters.

Sustained low flows for benthic invertebrate production may benefit razorback sucker by
providing additional aquatic insect prey and stable nearshore habitats for rearing 2 days per
week. This treatment will be discontinued if there is no observed benefit to the food base, trout
fishery, or native fish; if there is an increase in warmwater nonnative species or trout at the Little
Colorado River; or if there are unacceptable adverse impacts on the trout fishery, humpback
chub population, or other resources.

3.3.1.4 Effects of Trout Management Flow Experiments

The potential for TMFs to strand and cause mortality in razorback sucker would increase
under the proposed action. The extent of mortality due to stranding of razorback sucker in a
given year in Marble and Grand Canyons as a result of TMFs is unknown; it may depend on the
quantity of channel margin habitats and their sensitivity to flow changes, the distribution and
abundance of juvenile fish in sensitive habitats, the timing and number of TMFs, and the degree
of flow attenuation downstream. TMFs could be implemented from May through August, which
would overlap with the presence of larval razorback sucker. Given that razorback sucker
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spawning was documented for the first time in in the study area in 2014 (and continued in 2015;
Kegerries et al. 2015) and studies are ongoing, potential impacts on the species are particularly
difficult to predict. Larval or juvenile razorback sucker may be particularly sensitive to the
drastic and rapid fluctuations associated with TMFs, because those life stages may be more
reliant than other native species on low-velocity backwater habitats. For example, in both 2014
and 2015, catch-per-unit-effort of razorback sucker larvae was higher in isolated pools and/or
backwaters (Albrecht et al. 2014; Kegerries et al. 2015).

In addition, although the location or habitat preference for spawning adult razorback
suckers has not been identified or defined in the Grand Canyon, the species is known to spawn
on clean cobble bars in other systems (reviewed in FWS 2002b), and Valdez et al. (2012b)
identified potential spawning bars in the Grand Canyon at tributary inflows and canyon mouths
including Diamond Creek (RM 226), Spencer Canyon (RM 246), and Surprise Canyon
(RM 248.3). These and other shallow cobble bars important for spawning and egg incubation
may be sensitive to flow variation under the proposed action. Large fluctuations during the
spawning period (February or March to July; Kegerries et al. 2015) associated with TMFs
implemented between May and August may impact spawning and incubation habitat by
dewatering.

In summary, TMFs will have negative, wide-ranging impacts on razorback sucker
juveniles or larvae that would continue to occur for the duration of the action. Similarly to
humpback chub, risk to razorback sucker would likely vary by location depending upon the level
of stage changes experienced and the steepness of shallow nearshore areas. Monitoring of the
impacts of trout management flows throughout GCNP would be implemented to assess the
effectiveness of the action, as well as the detrimental impacts on native fish and other resources.

3.3.1.5 Effects of Triggered Conservation Actions and Mechanical Removal of
Nonnative Fish Experiments

Under the preferred alternative, mechanical removal of nonnative rainbow and brown
trout (and other nonnative predators) would be implemented through a triggered, tiered approach
(see Appendix D) near the confluence of the Little Colorado River and the Colorado River if
conservation actions designed to reverse declines in the Little Colorado River humpback chub
aggregation were ineffective.

Razorback sucker have not been sampled near the Little Colorado River inflow since the
1980s or early 1990s. Although removal of nonnative fish would benefit razorback sucker, this
action would likely have limited beneficial impacts on the razorback sucker. Warmer and more
turbid waters characterize the lower Grand Canyon where evidence of razorback sucker
spawning has been found. These areas are less suitable to trout, so removal of nonnative trout
near the Little Colorado River would likely have negligible impacts on razorback sucker.
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Similar, Tier 1 conservation actions developed to conserve humpback chub, including
actions to enhance rearing and translocations, would have no impact on razorback sucker
because actions would occur within the Little Colorado River and its inflow, and no negative
impacts of humpback chub upon razorback sucker have been noted.

3.3.1.6 Effects of Conservation Measures

Conservation measures from the 2011 Biological Opinion were evaluated and adapted for
the LTEMP, where necessary, and included in the preferred alternative. Some additional
conservation measures were developed specifically for the LTEMP, and were incorporated into
the preferred alternative. The intention of conservation measures is to mitigate or offset potential
impacts on ESA-listed species that may result with the implementation of the LTEMP preferred
alternative. These measures were developed in consultation with the FWS and biologists with the
NPS. Effects on razorback sucker are discussed for each conservation measure below.

Humpback Chub Translocations, Disease, and Parasite Monitoring (in humpback
chub), Humpback Chub Refuge, Mainstem Humpback Chub Aggregations

Humpback chub translocations may result in increased growth or improved rearing and
survival of juvenile humpback chub, but would likely have minimal impacts on the razorback
sucker. Although adult humpback chub may prey upon larval or juvenile native fish, it is
unlikely that a population-level impact would be expected on suckers, including the razorback
sucker. For example, as the translocated humpback chub population has grown in Havasu Creek,
bluehead sucker have continued to recruit and possibly increase in number (Nelson et al. 2016).

Reclamation intends to fund the GCDAMP to conduct disease and parasite monitoring in
humpback chub and other fish in the mainstem Colorado River, in addition to ongoing disease
and parasite monitoring conducted by USGS/GCMRC in the Little Colorado River. No impacts
on razorback sucker would be expected because no razorback sucker would be targeted for
parasite monitoring.

A refuge population of humpback chub was established at the FWS SNARRC facility in
Dexter, New Mexico. The goal of the refuge is to maintain a genetically diverse population of
1000 humpback chub to be used for propagation in the case of a catastrophic loss of the Grand
Canyon population. As for disease and parasite monitoring, no effects on razorback sucker are
expected because they would not be targeted for refuge development.

Conserving mainstem humpback chub aggregations was a focus of past conservation
measures related to dam operations. In the LTMEP, Reclamation will continue to assist the FWS,
NPS, and GDAMP to ensure that a stable or upward trend of humpback chub mainstem
aggregations can be achieved. The impacts on individual razorback sucker that may occur as a
result of monitoring are covered in Section 2.2.
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Razorback Sucker Conservation Measures

Studies designed to understand the status of the razorback sucker population in the Grand
Canyon and Lake Mead would continue with the implementation of the preferred alternative.
Actions include (a) studies to determine the extent of hybridization in flannelmouth and
razorback sucker larvae collected; (b) studies to determine habitat use and distribution of
different life stages of razorback sucker to assist in future management of flows that may help to
conserve the species (including identification of habitats sensitive to flow fluctuations), and
(c) studies to assess the effects of trout management flows and other dam operations on the
species.

Although some fatality of individual razorback sucker may occur as a result of these
studies, including fatality of larval fish, as has occurred in 2014 and 2015 related to larval studies
(Albrecht et al. 2014; Kegerries et al. 2015), the information gained will be critical to
understanding population-level impacts on the species due to dam operations and experimental
actions under the preferred alternative. The adaptive management structure of the LTEMP will
allow for adjustments in management actions throughout the life of the LTEMP. Thus, negative
effects on individuals would likely be offset by population-level benefits that may be expected if
adjustments in operations are made as a result of these studies.

Nonnative Species Conservation Measures

Nonnative fish will continue to threaten razorback sucker in the Grand Canyon under the
LTEMP preferred alternative. As a result of continued colder temperature regimes and clear
water from of dam construction and operations, particularly in Glen and Marble Canyons,
nonnative cool-/coldwater species are expected to proliferate and continue to prey upon and
compete with native fish. However, razorback sucker may be more at risk from warmwater
nonnative fish that may become established because they have been primarily found in the lower
river. Warmer temperatures, which have been occurring in the lower river recently, may allow
for highly piscivorous warmwater nonnative species such as smallmouth bass to proliferate.
Smallmouth bass were identified as a major threat to native fish in the Yampa River, and have
caused major declines in native fish (Johnson et al. 2008).

Conservation measures that were developed to specifically address nonnative species
threats to humpback chub and, secondarily, to benefit razorback sucker, include (a) continued
nonnative trout (brown and rainbow) removal efforts at Bright Angel Creek and its inflow, or
other areas where expanded populations have been found; (b) feasibility study, and planning and
compliance for chemical piscicide renovation at Bright Angel and Shinumo creeks; (c) study of
efficacy of a temperature control device on the dam to address future conditions under climate
change; (d) potential research and development of a means to prevent passage of warmwater
nonnative fish through Glen Canyon Dam; (e) planning, compliance, and implementation of a
plan to address (make less suitable) the suitability of warmwater nonnative fish habitat in a
slough below Glen Canyon dam; and (f) completion of a plan for rapid response to nonnative
fish invasions, using tools not approved in the NPS CFMP (e.g., chemicals). Finally, the use of
flows (e.g., TMFs) to inhibit brown trout spawning and recruitment in Glen Canyon or other
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mainstem locations will be explored over the life of the LTEMP. This measure is necessary to
prevent recently detected spawning of brown trout in Glen Canyon from further expanding or
increasing in abundance.

Among nonnatives present in the project area, rainbow trout recruitment and abundance
would be the species most influenced by changes in dam operations. In the context of impacts on
the razorback sucker, interactions between rainbow trout would be expected to be less frequent,
because habitat for rainbow trout is less suitable where razorback sucker were found recently
(Lava Falls to Lake Mead). Nevertheless, critical habitat for razorback sucker extends into
Marble Canyon and the Paria River, where rainbow trout are abundant, and where razorback
sucker were detected in the 1990s. As described above, trout emigration through Marble Canyon
to the Little Colorado River reach may be higher under the proposed alternative. The magnitude
of the impacts of rainbow trout on razorback sucker may depend on the extent of the current
distribution of razorback sucker in upstream areas of the project area (currently relatively
unknown, and habitat is less suitable), the effects of TMFs on trout recruitment, and the
effectiveness of triggered mechanical removal in the vicinity of the Little Colorado River.
However, TMFs may have a greater negative impact on larval or juvenile razorback sucker that
prefer still, warmer, nearshore habitats in areas near Lava Falls and downstream, compared to the
potential benefits of reducing rainbow trout through TMFs.

As discussed above for impacts on humpback chub, it is unclear what factors
(e.g., potential flow regime changes) have influenced populations of brown trout within the
project area and their expansion to Glen Canyon. Brown trout have the potential to impact
razorback sucker more than rainbow trout; however, the species is primarily found near Bright
Angel Creek, near Tapeats Creek, and recently expanding in Glen Canyon. The continuation of
brown trout control efforts, as described under the NPS CFMP, would likely maintain low levels
of brown trout near areas where their distribution overlaps with razorback sucker. In addition,
because brown trout tend to be far-ranging, it is possible the reductions of brown trout at their
source (Bright Angel Creek) could benefit razorback sucker in other areas of the canyon by
reducing predation risk slightly. The mainstem area near Tapeats Creek is less suitable for trout
due to increased turbidity, and it is unlikely that flow regime changes under the proposed action
would influence brown trout in that area.

Warmwater nonnative fish are a primary threat to razorback sucker, range-wide
(FWS 2002b). Since the 1990s, a shift in species composition from nonnative to native species
for unknown reasons has been noted below Diamond Creek (reviewed in Kegerries et al. 2015).
Nevertheless, modeled temperature suitability for warmwater nonnative species in the lower
river (RM 157 or 225), where razorback sucker may be spawning, would be expected to change
little compared to the baseline condition. Regardless, a response to new or expanded populations
of warmwater nonnative fish may become necessary in the lower river in the future. The rapid
response plan may allow for additional tools to suppress or remove warmwater nonnative fish,
reducing negative impacts due to predation upon razorback sucker.

In summary, the nonnative fish conservation measures could all lead to beneficial
impacts on razorback sucker by reducing the risk of invasion and establishment of warmwater
nonnative species, or allowing for control of new invasions. The outcome will depend on the
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effectiveness of the actions, including whether feasible options are developed for management of
slough habitat, and prevention of passage of warmwater nonnative fish through the dam, for
which no technology currently exists.

3.3.1.7 Effects of Climate Change

More frequent droughts and warmer atmospheric temperatures as a result of climate
change and warmer water being released from the dam are likely to impact razorback suckers in
the Grand Canyon. Razorback suckers are currently located in the lower reaches of the canyon
where backwater habitat is more available. Warmer water temperatures may create more suitable
habitat for larvae and juveniles. However, these effects may be offset by increased abundance
and expansion of nonnative fish and aquatic fish parasites. In addition, lower reservoir releases
may result in fewer backwater habitats available for spawning and rearing of razorback sucker.

3.4 EFFECTS OF THE PROPOSED ACTION ON SOUTHWESTERN
WILLOW FLYCATCHER

The southwestern willow flycatcher nests and forages in habitats ranging from dense,
multi-storied riparian vegetation (such as cottonwood/willow stands with a mix of trees and
shrubs) to dense tamarisk stands with little layering of vegetation. However, changes in the
availability of suitable habitat may not necessarily translate into changes in the southwestern
willow flycatcher populations. Despite the abundance of woody riparian vegetation
(e.g., tamarisk) since construction of the Glen Canyon Dam, numbers of nesting southwestern
willow flycatchers in the Grand Canyon have declined since the 1980s and no nests have been
confirmed in the Grand Canyon since 2007 (Stroud-Settles et al. 2013). Consequently, the effect
of the proposed action will have no effect on willow flycatchers because they do not occur in the
Grand Canyon; however, the proposed action may have effects on habitat the flycatchers could
potentially occupy.

The proposed action features several types of HFEs: (a) proactive spring HFEs,
(b) sediment-triggered spring HFEs, and (c) sediment-triggered fall HFEs. Proactive spring
HFEs in April, May, or June coincide with the nesting period of the southwestern willow
flycatcher. However, these flows are only anticipated to occur approximately two times (10%)
during the 20-year life of the LTEMP. These HFEs could coincide with the southwestern willow
flycatcher nesting period (May and June). However, southwestern willow flycatcher nests in the
Grand Canyon have typically been located above the elevation of 45,000 cfs (Gloss et al. 2005),
the maximum HFE flow. The action proposes approximately <5 years (<25%) of spring HFEs
triggered by sediment loading. However, these HFEs occur in March or April, prior to nest
initiation for the southwestern willow flycatcher and would have no direct impact on the species.
Both types of HFEs that occur in the fall (sediment triggered and extended duration) occur long
after nesting and fledging dates of the southwestern willow flycatcher and would have no direct
impact on the species.
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This action is not expected to result in important structural changes in riparian habitat or
vegetation productivity that could affect the southwestern willow flycatcher. In addition,
invertebrates with only terrestrial life stages are not expected to be affected. The action should
result in no impacts on the southwestern willow flycatcher’s ability to forage effectively and
sustain a nest.

Low summer flows, if tested, would occur for 3 months (July, August, and September).
This test could overlap with the nesting period (May to August) during the months of July and
August. Low summer flows have monthly average low flows of 10,000 cfs or more during the
nesting period, which could sustain some inundated riparian nesting habitat, depending on the
topography. Low summer flow experiments under this alternative are not expected to have long-
term effects on nesting habitat.

The effects of climate change and continued dry basin hydrology may further diminish
habitat for the flycatcher, due primarily to lower water levels within riparian areas.

3.5 EFFECTS OF THE PROPOSED ACTION ON YUMA RIDGWAY’S RAIL

Yuma Ridgway’s rail nests can be found on small raised mud hummocks, or in the
crotches of small shrubs, just above water in dense cattail and tamarisk habitat (Abbott 1940).
The Grand Canyon has very little true cattail/marsh habitat, but it does contain considerable
stands of dense tamarisk, both near and in the water. However, most potential habitat in the
lowest portion of the Grand Canyon where Yuma Ridgway’s rails have been detected is now
10 feet or more above the flowing river level; this is a result of Lake Mead water levels dropping
in recent years.

Although they are only anticipated to occur approximately two times (10%) during the
20-year life of the plan, this alternative features proactive spring HFEs in April, May, or June
that coincide with the nesting period of the Yuma Ridgway’s rail. This alternative also proposes
approximately <5 years (<25%) of spring HFEs triggered by sediment loading. There is a
possibility that these HFEs, when they coincide with the Yuma Ridgway’s rail nesting period
(April and May), could impact nests and suitable habitat if they are along the river edge.
However, it is unlikely that the nests or habitat would be close enough to the river to be impacted
by HFEs because HFEs have minimal stage change in this broad floodplain habitat for the rail.
Both types of HFEs that occur in the fall (sediment triggered and extended duration) occur long
after nesting and fledging dates of the Yuma Ridgway’s rail and would have no direct impact on
the species. Low summer flows would occur under this alternative. Lower flows during the May
to August nesting and fledging period could impact Yuma Ridgway’s rail habitat by decreasing
the density of vegetation in the marsh habitat within the rail’s preferred nesting and predator
avoidance areas. Low summer flow experiments under this alternative are not expected to have
long-term effects on potential Yuma Ridgway’s rail habitat. Designated critical habitat for the
Yuma Ridgway rail does not occur in the area of the proposed action. Effects of climate change
and continued dry basin hydrology may further diminish habitat for the rail, due primarily to
lower water levels within riparian areas.
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3.6 CUMULATIVE EFFECTS

Cumulative effects include the effects of future state, local, private, or tribal management
actions that may occur in the project area during the duration of the plan (20 years). Future
federal actions that have not been previously approved are not included in this section because
additional ESA Section 7 consultation would be required. For example, several federal actions
are being planned that would require Section 7 consultation including continued permitting of
the Navajo Generating Station and the Red Gap Ranch Pipeline. Existing or previously
implemented actions are discussed in Section 2. The following projects were considered when
analyzing cumulative effects of the proposed action, and other non-federal actions, upon
endangered species.

3.6.1 Grand Canyon Escalade

The Navajo Nation has proposed a 420-ac development project, known as the Grand
Canyon Escalade, on the Grand Canyon’s eastern rim on the western edge of the Navajo
reservation at the confluence of the Little Colorado and Colorado rivers. The development would
include a 1.4-mi-long, eight-person tramway (gondola) to transport visitors 3,200 ft from the rim
to the canyon floor. On the rim, the development would include retail shops, restaurants, a
museum, a cultural/visitor center, a hotel, multiple motels, a lodge with patio, roads, and parking
for cars and recreational vehicles. It would also include a restaurant, gift shops, an amphitheater,
and a riverwalk (with an elevated walkway) along the canyon floor. Analysis for this project has
not been conducted, so impacts have not been fully determined; however, the construction and
operation of the Escalade project could result in adverse impacts on natural and cultural
resources in the areas of the Little Colorado River confluence, wilderness, visual resources, and
resources of importance to multiple Tribes. It could also result in beneficial impacts on the local
economy through increased tourism and job creation. The Little Colorado River contains critical
spawning habitat for humpback chub.

The Grand Canyon Escalade Project and its associated facilities near the confluence of
the Little Colorado River could cause both a localized loss of wildlife habitat and source of
wildlife disturbance due to human presence. Wildlife species in the Grand Canyon are currently
exposed to various sources of man-made noise ranging from human conversation to aircraft
flyovers. The potential effects of noise on wildlife include acute or chronic physiological damage
to the auditory system, increased energy expenditures, physical injury incurred during panicked
responses, interference with normal activities (e.g., feeding), and impaired communication
(AMEC Americas Limited 2005). The response of wildlife to noise would vary by species;
physiological or reproductive condition; distance; and the type, intensity, and duration of the
disturbance. Regular or periodic noise could cause adjacent areas to be less attractive to wildlife
and result in a long-term reduction in use by wildlife in those areas. Responses of wildlife to
disturbance often involve activities that are energetically costly (e.g., flying or running), altering
their behavior in a way that might reduce food intake, communication, and nesting
(Hockin et al. 1992; Brattstrom and Bondello 1983; Cunnington and Fahrig 2010;

Francis et al. 2009; Maxell 2000).
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3.6.2 Uranium Mining on State and Private Lands

Uranium mining peaked in the 1980s in the Grand Canyon region, but there is now a
renewed interest due to increases in uranium prices. Increased uranium mining (on state and
private lands) could increase the amount of uranium, arsenic, and other trace elements in local
surface water and groundwater flowing into the Colorado River (Alpine 2010). Uranium, other
radionuclides, and metals associated with uranium mines can affect the survival, growth, and
reproduction of aquatic biota.

Aquatic biota and habitats most likely to be affected during mine development and
operation are those associated with small, ephemeral, or intermittent drainages. Impacts on
aquatic biota and habitats from the accidental release of regulated or hazardous materials into
ephemeral drainages would be localized and small, especially if a rapid response to a release is
undertaken. The accidental spill of uranium ore into a permanent stream or river such as Kanab
Creek would potentially pose a localized short-term impact on the aquatic resources. However,
the potential for such an event is extremely low. Most ore solids would settle in the waterbody
within a short distance from a spill site (Edge Environmental, Inc. 2009). It is expected that
expedient and comprehensive cleanup actions would be required under U.S. Department of
Transportation regulations and that an emergency response plan would be in place for
responding to accidents and cargo spills (Edge Environmental, Inc. 2009). Overall, the potential
for impacts on aquatic biota from an accidental spill would be small to negligible. Spencer and
Wenrich (2011) estimated that if an ore load is washed into the Colorado River and is pulverized
and dissolved (a scenario that is extremely unlikely to impossible), the uranium concentration in
the river would increase from the current 4.0 ppb to only 4.02 ppb (undetectable against natural
variations). Predicted no-chemical-effect concentrations for aquatic vascular plants, aquatic
invertebrates, and fish are >5.0 ppb; the lowest chronic concentrations are well above that
concentration (see Hinck et al. 2010). For these reasons, the impacts from uranium mining on
aquatic biota in the Colorado River or its major tributaries would be localized and would not
reduce the viability of affected resources.

In the past, uranium mining led to localized peregrine falcon nest failures in areas such as
Kanab Canyon and its multiple side canyons, where numerous mining claims existed
(Payne et al. 2010). Although 684,449 ac of federal land administered by BLM north of GCNP
(North and East Parcels) and 322,096 ac of federal land administered by the USFS south of
GCNP (South Parcel) was withdrawn from locatable mineral exploration and development
(i.e., uranium mining), increased uranium mining on non-federal (state and private) lands
remaining open to mining could locally affect wildlife habitat (e.g., habitat loss and
fragmentation) and increase the amount of uranium, arsenic, and other trace elements in local
surface water and groundwater flowing into the Colorado River (Alpine 2010). Edge habitat
associated with uranium mines and associated access roads may provide habitat for brown-
headed cowbirds (Payne et al. 2010), which are brood parasites of songbirds. In general, any
impacts on wildlife from uranium mining would be localized and should not affect the viability
of affected resources, especially with the use of best management practices to control mine
discharges and proper mine reclamation.
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3.6.3 Increased Municipal and Agricultural Water Demand

As the population in the Basin States grows and expands, municipal, industrial, and
agricultural water demand continues to increase. A Reclamation study in 2012 showed that the
demand for Colorado River Basin water may exceed demand before 2060 (Reclamation 2012b),
which may result in lower Lake Powell levels and changes in flow, sediment, and water
temperature regimes in the Grand Canyon.

Population and industrial growth, coupled with climate change, will act in concert to increase
water demand in the region (Schindler 2001) and lower flows downstream of Glen Canyon Dam.
This could stress existing riparian and wetland vegetation, leading to plant community alterations
that would affect both wildlife habitats and the wildlife prey base. Climate change would not
affect all wildlife species uniformly. Some species would experience distribution contractions
and likely shrinking populations, while other species would increase in suitable areas and thus
possibly experience increases in population numbers. Generally, the warmer the current range is
for a species, the greater the projected distributional increase (or lower the projected loss) will be
for that species due to climate change (van Riper et al. 2014).

3.6.4 Urban and Agricultural Runoff

Urban runoff, industrial releases, and municipal discharges are considered some of the
leading nonpoint sources of contaminants to surface waters (EPA 2004). Areas of intensive
agriculture can have an adverse effect on the water quality as a result of the salinity, nutrients,
pesticides, selenium, and other trace elements that are common constituents in agricultural
runoff. For example, elevated selenium found in aquatic organisms in Colorado River in Grand
Canyon is thought to be partly due to agricultural runoff from areas with soils containing
selenium (Walters et al. 2015). It is unclear how contamination due to agricultural and urban
discharge may change in the future.

3.6.5 Nonnative Vegetation and Defoliating Nonnative Insect Expansion

The highly flammable tamarisk has created a fire hazard previously absent along the
river. This threatens breeding bird populations, as well as other wildlife. In addition, if native or
mixed habitat stands burn, monotypic tamarisk will likely recolonize, eliminating the crucial
structure necessary for southwestern willow flycatchers and other nesting birds (e.g., thermal
buffering through shading becomes insufficient and will be further exacerbated by warming
climate trends) (Schell 2005). Additional factors that could affect riparian wildlife habitat
include the tamarisk leaf beetle and splendid tamarisk weevil, which occur along much of the
Colorado River below Glen Canyon Dam and result in defoliation and mortality of tamarisk.
Widespread tamarisk mortality would likely result in a net loss in riparian habitat for at least a
decade or more (Paxton et al. 2011). It seems unlikely that the effects of large-scale defoliation
in areas dominated by tamarisk will be compensated for by use of tamarisk beetles as a food
resource by birds (Puckett and van Riper 2014).
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3.6.6 Cumulative Effects Summary

3.6.6.1 Aquatic Species — Humpback Chub, Razorback Sucker, and Kanab
Ambersnail

The incremental effects of the LTEMP proposed action on razorback sucker and
humpback chub are not expected to contribute significantly to cumulative impacts along the
Colorado River corridor or within the basin at large. Examination of the various hydrologic
traces used to model effects of the proposed action on aquatic resources indicated that hydrology
(i.e., whether a 20-year trace was drier or wetter on average) had a greater influence on the
model results than did the operational differences among alternatives. Similarly, climate change
has the potential to have greater effects on fish resources than any of the alternatives because of
its direct influences on hydrologic patterns. For example, more frequent droughts and warmer
atmospheric temperatures have the potential to result in greater increases in the temperature of
water being released from the dam than the operational actions being considered, and this in turn
may improve thermal suitability for humpback chub, humpback chub aggregations, and native
fish. However, any subsequent benefits may be offset by increased abundance and expansion of
nonnative fish and aquatic fish parasites. There are a number of other actions being taken within
the Colorado River Basin that could also contribute to significant cumulative effects on fish
populations or fish communities. For example, actions to increase the number of self-sustaining
populations of humpback chub within the basin (e.g., translocation of humpback chub from the
Little Colorado River to other tributaries within the Grand Canyon) have the potential to increase
overall numbers of humpback chub and could provide some level of protection against
catastrophic events in the Little Colorado River that could greatly reduce or eliminate the
population of humpback chub in the Grand Canyon.

3.6.6.2 Wildlife

The effects of the LTEMP proposed action on wildlife are relatively small compared to
the effects of other factors, especially future hydrology, and they are not expected to contribute
significantly to cumulative impacts along the Colorado River corridor or within the basin at
large. The proposed action would have little effect on most wildlife species.

3.6.7 Summary of Climate-Related Changes

The general picture for climate change as it relates to Colorado River Basin hydrology
includes decreased inflow to the reservoir system (e.g., lower precipitation) and greater losses
(e.g., evapotranspiration associated with higher temperatures and increased demand from the
growing population). Climate change is expected to result in more frequent and severe drought
conditions in the Southwest. Meeting increasing water needs (e.g., the Lake Powell Pipeline
project and the Page-LeChee water supply project) will likely lead to lower reservoir levels in
Lake Powell, which may already be affected by increased evaporation associated with higher air
temperatures. As discussed in the baseline, the decreasing the elevation of Lake Powell can lead
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to warmer water discharges from Glen Canyon Dam and increased water temperatures
downstream.

Water discharge from springs supports the vegetative habitat upon which Kanab
ambersnail relies. Changes in spring discharge due to reduced snowpack, in addition to impacts
of HFEs, may further reduce habitat at Vaseys Paradise. The Southwest is already experiencing
the effects of climate change (Garfin et al. 2014). The decade from 2001 to 2010 was the
warmest on record, with temperatures almost 1.1°C higher than historic averages
(Garfin et al. 2014; World Meteorological Organization 2014). Higher temperatures in the
Colorado River Basin have resulted in less precipitation falling and being stored as snow at high
elevations in the Upper Basin (the main source of runoff to the river), increased evaporative
losses, and a shift in the timing of peak spring snowmelt (and high streamflow) to earlier in the
year (NAS 2007; Christensen et al. 2004; Jacobs 2011). Such effects are likely to continue well
into the foreseeable future (NAS 2007).

Warmer water temperatures would likely increase production rates of algae and
invertebrates (Woodward et al. 2010; FWS 2011c¢). Lower water levels in Lake Powell may also
result in increases in the composition and density of zooplankton downstream of Glen Canyon
Dam, because waters would be withdrawn closer to the surface (Reclamation 1995). However,
warmer temperatures, particularly in winter, may allow many invertebrate species to complete
their life cycles more quickly (Schindler 2001). For example, if stream temperatures are raised
by only a few degrees in winter, many aquatic insects that normally emerge in May or June may
emerge in February or March and face death by freezing or be prevented from mating because
they are inactivated by low air temperatures. In addition, increases in stream temperatures may
cause an exaggeration in the separation of the emergence of males and females (e.g., males may
emerge and die before females emerge) (Nebeker 1971). Temperatures above the optimum can
lead to the production of small adults and lower fecundity (Vannote and Sweeney 1980).

Warmer water temperatures can expand the distribution of nonnative species adapted to
warmer temperatures. This includes fish parasites such as the Asian tapeworm, anchor worm,
and nonnative crayfish. Increased zooplankton due to climate change may increase abundance of
cyclopoid copepods. All cyclopoid copepod species appear to be susceptible to infection by, and
therefore serve as intermediate hosts for, the Asian tapeworm (Marcogliese and Esch 1989).
Crayfish can prey on fish eggs and larvae and can diminish the abundance and structure of
aquatic vegetation such as filamentous algae through grazing (FWS 2011c¢). Nonnative crayfish
are present in Lake Powell (northern or virile crayfish [Orconectes virilis]) and Lake Mead (red
swamp crayfish [Procambarus clarkii]). Warmer temperatures may allow the crayfish to expand
into the mainstem of the Colorado River either downstream of Lake Powell or upstream of Lake
Mead.

Higher temperatures in the Colorado River Basin have resulted in less precipitation
falling and being stored as snow at high elevations in the Upper Basin (the main source of runoff
to the river), increased evaporative losses, and a shift in the timing of peak spring snowmelt
(and high streamflow) to earlier in the year (NAS 2007; Christensen et al. 2004; Jacobs 2011).
These effects in turn have exacerbated competition among users (farmers, energy producers,
urban dwellers), as well as effects on ecological systems, during a time when due to a rapidly
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rising population water demand has never been higher (Garfin et al. 2014). The combination of
decreasing supply and increasing demand will present a challenge in meeting the water delivery
commitments outlined in the Colorado River Compact of 1922 (apportioning water between the
Upper and Lower Basins) and the United States—Mexico Treaty of 1944 (which guarantees an
annual flow of at least 1.5 million ac-ft to Mexico). In 2007, DOI adopted interim guidelines
(Reclamation 2007a) to specify modifications to the apportionments to the Lower Basin states in
the event of water shortage conditions.

Changes in temperature and precipitation patterns attributed to climate change could also
take a toll on the region’s rich diversity of plant and animal species (e.g., widespread loss of trees
due to wildfires).

As described above, depending on the extent of drought in the Colorado River basin,
lower Lake Powell levels may result in the discharge of warmer than anticipated water into Glen
and Grand Canyons. This could increase the likelihood that warmwater nonnative predators will
become established.
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4 CONCLUSIONS AND DETERMINATIONS OF EFFECT

A summary of effects determinations for the five listed species is presented in Table 6.
Analysis of effects determination are based 50 CFR 402.02, in which “[e]ffects of the action
refers to the direct and indirect effects of an action on the species or critical habitat, together with
the effects of other activities that are interrelated or interdependent with that action, that will be
added to the environmental baseline. The environmental baseline includes the past and present
impacts of all Federal, State, or private actions and other human activities in the action area, the
anticipated impacts of all proposed Federal projects in the action area that have already
undergone formal or early section 7 consultation, and the impact of State or private actions
which are contemporaneous with the consultation in process.”

4.1 LISTED SPECIES DETERMINATIONS

For the purposes of Section 7 consultation under the ESA, the following definitions are
used when determining the level of anticipated effect for each listed species and its habitat
(FWS and NMFS 1998a).

No effect: The proposed action will not affect listed species or designated critical habitat.

May affect, but is not likely to adversely affect: Effects of the proposed action on listed
species is expected to be discountable, insignificant, or completely beneficial.

» Discountable effects are those extremely unlikely to occur. Based on best
judgment, a person would not (1) be able to meaningfully measure, detect, or
evaluate insignificant effects; or (2) expect discountable effects to occur.

» Insignificant effects relate to the size of the impact and should never reach the
level where incidental take may occur.

» Beneficial effects are contemporaneous positive effects without any adverse
effects on the species. In the event that the overall effect of the proposed
action is beneficial to the listed species, but also likely to cause some adverse
effects, then the proposed action “is likely to adversely affect” the listed
species.

May affect, and is likely to adversely affect: Effects of the proposed action on listed species
may occur as a direct or indirect result of the proposed action or its interrelated or interdependent
actions, and the effect is not discountable, insignificant, or beneficial.

Jeopardize the continued existence of a species: Effects of the proposed action would be
expected, directly or indirectly, to appreciably reduce 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).
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TABLE 6 Summary of Effects Determinations for the Five Listed Species

Determination Basis for Determination

Humpback chub (Gila cypha)

May affect, is likely to The stranding of young chub could occur during TMFs and downramp rates, but
adversely affect longer-term beneficial impacts on older age classes may result from reduced trout.

Impacts on habitat include direct, minor, short-term reductions in nearshore
habitat could occur in the vicinity of the Little Colorado River with changes in
flow stage, but long-term benefit is expected from sand re-deposition that rebuilds
and maintains nearshore and backwater nursery habitats. Base operations will
continue to degrade the food base.

Increased predation from expanded population of rainbow trout is expected under
cold water discharge, especially with spring or multiple HFEs. Translocations,
brown trout control, triggered mechanical removal, triggered proactive
conservation actions, and other conservation measures may offset impacts at the
population level.

Razorback sucker (Xyrauchen texanus)
May affect, is likely to Potential for creation of warm, productive nursery habitats from increased
adversely affect reshaping of nearshore deposits and backwater development.

Potential short-term dewatering of spawning areas during TMFs.

Stranding of larval and young-of-year razorback sucker in nearshore habitats may
occur as a result of TMFs and base operations (daily fluctuating flows, including
increased downramp rates).

Kanab ambersnail (Oxyloma kanabensis)
May affect, is likely to Potential habitat would be frequently inundated during HFEs that would occur

adversely affect almost annually.

Proportionally less habitat area would be scoured and fewer snails would be
displaced by lower magnitude HFEs.

Sequential HFEs could re-inundate and scour primary habitat prior to full recovery
from previous HFE.

Southwestern willow flycatcher (Empidonax traillii extimus)

May affect, not likely to Not expected to be in the action area during the spring HFE release window

adversely affect (March—April) and high flows of 45,000 cfs or less are not likely to adversely
affect their nesting and feeding sites.

Yuma Ridgway’s rail (Rallus obsoletus yumaensis)

May affect, not likely to Spring HFEs may flood nesting habitat; however, nesting habitat is rare, and
adversely affect likely above the level HFE effects due to dropping Lake Mead levels.
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4.2 HUMPBACK CHUB

Based on the evaluation contained in this BA, Reclamation has determined that the
proposed action may affect and is likely to adversely affect the humpback chub, and may
adversely affect its designated critical habitat. This determination is based on adverse effects on
habitat, related to fluctuating flows (increased downramp rates), the potential for increases in
negative interactions with rainbow trout, and the potential for TMFs to impact larval and juvenile
individuals occupying shallow stream margin habitats. Fluctuating flows under base operations
would also continue to limit the diversity and abundance of aquatic invertebrate prey. These
combined effects could result in lower survival of young fish and less recruitment to the adult
population. The unintended consequence of an increased rainbow trout population that could
result from HFEs, especially those in spring, would likely increase downstream dispersal of trout
into the vicinity of the Little Colorado River where they could prey on and compete with young
humpback chub. This effect would also reduce recruitment of humpback chub and possibly the
overall population size. However, TMFs may also reduce negative effects on humpback chub
related to downstream emigration and predation or competition by rainbow trout, but their
effectiveness is uncertain. Mechanical control of nonnative fish would be initiated if adult or
subadult humpback chub abundance declined, and proactive conservation actions to improve
rearing fail to reverse population declines downstream of Glen Canyon Dam; this could reduce
nonnative trout abundance and their effects on competition with and predation on humpback
chub. Trout control in Bright Angel Creek and the Bright Angel inflow is also expected to reduce
brown trout in the project area; however, the potential to control brown trout spawning in other
areas is less certain.

The HFEs are also expected to have long-term beneficial effects on the humpback chub
population. Although periodic high flows would likely temporarily affect habitat and reduce the
food base, multiple HFEs would be expected to rebuild and maintain backwater habitats—so
long as sufficient fine sediment was available—and stimulate productivity in backwaters and
nearshore habitats. Experimental sustained low flows for benthic invertebrate production may
improve the food base; however, the success of this experiment is highly uncertain. The number
of consecutive HFEs that would benefit the ecosystem (e.g., rebuilding and maintenance of
habitat, stimulate food base productivity) or adversely modify or alter the ecosystem from
periodic scouring is unknown. In addition to the effects of low flows to benefit the food base,
this will be investigated as part of the LTEMP.

Low summer flows could lead to stable, more productive nearshore habitats, increased
likelihood of the establishment of a more diverse and productive food base, and warmer water
temperatures in the Little Colorado River reach and further downstream, as well as contributing
to enhanced growth rates of young humpback chub. However, this experimental treatment would
be used only rarely, if a single test in the second 10 years of the LTEMP period proves it to be a
useful tool for improving humpback chub habitat. It is thought that the potential benefit of an
increase in temperature would be greatest if a water temperature of at least 14°C could be

achieved, because these warmer temperatures could favor higher growth rates of humpback
chub.
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Finally, as described in Section 3.6.7 the potential for increased occurrence of new
warmwater nonnative species’ introductions may increase in the future as the likelihood of low
Lake Powell levels increases with drought and expanded water use, or during LSF experiments.
For example, it is likely that the establishment of green sunfish in a backwater slough in Glen
Canyon was the result of fish passing through the Glen Canyon Dam (Ward 2015). There is a
chance that over the life of the LTEMP, under extreme drought and low Lake Powell levels, dam
release temperatures could reach temperatures suitable for reproduction of high-risk nonnative
predatory species such as smallmouth bass (15°C). However, current temperatures are already
suitable for many warmwater species in the lower river. The river temperature at the Lees Ferry
gauge approached 15°C during the fall of 2015 (GCMRC 2016), and reached 20°C below
Diamond Creek. Increases in smallmouth bass in the Yampa River have coincided with the
decline of the humpback chub population; the threat smallmouth bass pose to humpback chub is
thought to be 10 times greater than the threats posed by channel catfish and northern pike
(Johnson et al. 2008).

4.3 RAZORBACK SUCKER

Reclamation has also determined that the proposed action may affect and is likely to
adversely affect the razorback sucker, and may adversely affect its designated critical habitat.
This determination is based on potential adverse effects of TMFs stranding juvenile or larval
razorback sucker in nearshore habitats, and long-term, river-wide effects as the result of
fluctuating flows under base operations, which will continue to compromise the diversity and
abundance of aquatic insect prey and degrade nearshore habitats that are important for rearing.
Spawning habitat (cobble bars and riffles) is also expected to be negatively affected by base flow
fluctuations (including increased downramp rates) and TMFs. TMFs will be less likely to
beneficially impact razorback sucker in the western Grand Canyon by reducing trout abundance
in Glen and Marble Canyons, and may result in stranding of larval or young-of-year razorback
sucker during the summer months. The impacts of TMFs on razorback sucker will be
investigated in the LTEMP, and ongoing razorback sucker monitoring in the western Grand
Canyon will assist in this investigation. In addition, TMFs could impact spawning habitat and
incubating eggs in shallow cobble areas that are most susceptible to changes in flow. Increased
downramp rates could also impact razorback sucker young-of-year.

The increased frequency of HFEs could lead to improved sediment conservation and
backwater habitat maintenance, benefitting razorback sucker habitat. Increases in sediment load
will temporarily increase turbidity, which larvae use as cover from predators
(Kegerries et al. 2009). In addition, modeling the hydrology and temperature regime expected
during the life of the LTEMP indicated an improvement in temperature suitability compared to
the baseline condition at areas inhabited by razorback sucker (i.e., Diamond Creek). Improved
backwater habitats, in addition to stability during low summer flows and low steady weekend
flows for macroinvertebrate production, could benefit young-of-year as well; however, low
summer flows would be implemented only rarely, and invertebrate flows would only be in place
for a total of 34 days per summer.

120
0-134



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

4.4 KANAB AMBERSNAIL

Reclamation has also determined that the proposed action may affect and is likely to
adversely affect the Kanab ambersnail. Although impacts from the proposed action related to
habitat scouring during HFEs will be limited to the habitat near the river, the impact would occur
almost annually, which would exceed the rate of habitat recovery (2.5 years). This impact will be
limited to one of two populations of Kanab ambersnail. Nevertheless, habitat quality or quantity
may decline as a result of the proposed action, in the context of climate change.

There is no designated critical habitat for this species, and this analysis did not evaluate
primary constituent elements. This determination is based on short-term adverse effects on
habitat and snails located in the inundation zone at Vasey’s Paradise. Habitat and snails below
the high-water line are expected to be scoured and transported downstream with little or no
survival of snails. The proportion of habitat and the number of snails affected would vary with
the magnitude of the high release. For the past HFEs, Reclamation has removed habitat and
snails from the projected inundation zone. When the habitat was relocated, the vegetation
recovered within about 6 months, but when the habitat was not relocated, recovery was delayed
about 2.5 years.

4.5 SOUTHWESTERN WILLOW FLYCATCHER

Reclamation has determines the proposed LTEMP may affect, but is not likely to
adversely affect the southwestern willow flycatcher and southwestern willow flycatcher habitat.
This determination is based on the fact that nesting activity, nests, or young are not expected to
be in the action area during any of the HFEs except the two proactive spring HFEs. In addition,
high flows of 45,000 cfs are not likely to adversely affect the species nesting and foraging
habitat. Designated critical habitat for the southwestern willow flycatcher does not occur in the
area of the proposed action.

4.6 YUMA RIDGWAY’S RAIL

Reclamation has determined the proposed LTEMP may affect, but is not likely to
adversely affect the Yuma Ridgway’s rail and habitat. Designated critical habitat for the Yuma
Ridgway’s rail does not occur in the area of the proposed action.

The volume and duration of HFEs is determined by the amount of Paria River sediment
that is available. Modeling indicates that the amount of sediment required to trigger spring HFEs
will occur in about 26% (5 years) of the 20 years of the LTEMP period. Spring HFEs would
occur in April, May, or June and may coincide with the nesting period of the Yuma Ridgway’s
rail. The Grand Canyon has very little true cattail/marsh habitat and it is unlikely that the nests or
habitat would be close enough to the river to be impacted by HFEs because HFEs have minimal
stage change in this broad floodplain habitat. In addition, due to dropping levels of Lake Mead,
most potential habitat in the lowest portion of Grand Canyon where Yuma Ridgway’s rails have
been detected is now raised 10 ft or more above the flowing river level, and therefore is out of
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reach of fluctuating flows, including HFEs. Any implementation of sediment-triggered spring
HFEs will consider resource condition assessments and resource concerns using the interagency

process described in Section 1.2.8.
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APPENDIX B:

SOUTHWESTERN WILLOW FLYCATCHER HISTORIC AND RECENT
TERRITORIES AND NESTING SITES, GRAND CANYON
NATIONAL PARK, ARIZONA

River Mile/Location Year Notes
0 (Lees Ferry) 1909 Single male collected
0 1933 Specimen collected
0 1935 Used nest collected
0 1961 2 male, 1 female, 1 unknown sex collected
Lava Canyon 1931
Little Colorado 1953
RM 0 1987
RM 46 1987
RM 51.5-50.5 1993 1 territory
RM 71.3-71 1993 1 territory
RM 277274 1993 1 territory
RM 51.5-50.5 1994 4 territories
RM 65.3 1994 1 territory
RM 71 1994
RM 51.5-50.5 1995 1 territory
RM 65.3 1995 1 territory
Lake Mead Delta 1995 1 territory
RM 51.5-50.5 1996 3 territories
Lake Mead Delta 1996 6 territories
RM 51.5-50.5 1997 2 territories
RM 270-168 1997 2 territories (1 presumed nesting at RM 252.9)
Lake Mead Delta 1997 6 territories/3 nesting pairs
RM 51.5-50.5 1998 1 territory
RM 246 1998 2 territories
RM 254 (Spencer Cany.) 1998 2 territories
RM 265-263.5 1998 1 territory
RM 268-264 1998 1 territory
RM 268-265 1998 5 territories
RM 270-268 1998 1 territory
RM 272-268 1998 2 territories
RM 273-270 1998 2 territories
RM 277-273 1998 1 territory
RM 51.5-50.5 1999 1 territory
RM 246 1999 3 territories
RM 254 (Spencer Cany.) 1999 2 territories, 3 yg. fledged
RM 259.5 1999 1 territory (McKernan and Braden report 2)
RM 266-262.5 1999 1 territory
RM 268-265 1999 5 territories
RM 272-268 1999 1 territory
RM 276 1999 1 territory
RM 51.5-50.5 2000 1 territory
RM 246 2000 2 territories
RM257.5-257 2000 ltemitory
B-3
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River Mile/Location Year Notes
RM 259.5 2000 1 territory
RM 266-262.5 2000 1 territory
RM 268-265 2000 1 territory
RM 51.5-50.5 2001 1 territory
RM 246 2001 3 territories
RM 254 2001 3 pairs
RM 257.5 2001 1 pair
RM 259.5 2001 2 territories
RM 262.5-259.5 2001 1 territory/2 nests
RM 263.5-262.5 2001 1 territory
RM 268-265 2001 3 territories
RM 272-268 2001 2 territories
RM 276 2001 2 individuals, no nest confirmed
RM 51.5-50.5 2002 1 territory
RM 28-29 2003 1 pair
RM 50.5-51.5 2003 1 pair
RM 28.3 2004 1 pair
RM 50.4 2004 1 female (June)
RM 274.5 2004 1 pair nesting (+1 lone male)
RM 274.5 2005 1 unpaired male
RM 274.5 2006 1 pair nesting (+1 lone male)
RM 259.5 2007 1 pair nesting
RM 274.5 2007 3 unpaired males
RM 47 2009 1 individual
RM 49 2009 1 individual
RM 50.4-50.7 2009 1 individual
RM 28.5 2010 1 individual
RM 196.4 2010 1 individual
RM 218 2010 1 pair
RM 275 2010 2 territories
RM 51.8 2011 1 individual
RM 183.5 2011 1 individual
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APPENDIX C:

RIDGWAY’S RAIL HISTORIC RECORDS AT GRAND CANYON
NATIONAL PARK, ARIZONA
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APPENDIX C:
RIDGWAY’S RAIL HISTORIC RECORDS AT GRAND CANYON
NATIONAL PARK, ARIZONA

TABLE C.1 Ridgway’s Rail Historic Records at Grand
Canyon National Park, Arizona

River Mile/Location Year Notes
RM 246-RM 277 1996 1 rail; nesting confirmed
RM 246-RM 277 1997 1 rail; nesting not confirmed
RM 275 1999 1 male observed
RM 276 2000 1 female observed

Burnt Springs (~RM 259.8) 2001 3 individuals detected

0 10 20 30
e Miles

e Kilometers
| No 10 20 40

Kanab Ambersnail
Northern Leopard Frog
Willow Fly her (2000-2012) - NPS-National Menument
Western Yellow-billed Cuckoo (2006-2007) - NPS-National Park
Ridgway's Rail (Yuma) (1996-2001) - NPS-National Recreation Area

FIGURE C.1 Threatened, Endangered, and Sensitive Species Observed along the Colorado River
Corridor (Sources: Drost et al. 2011; FWS 2011b; Johnson et al. 2008; NPS 2013;
Stroud-Settles 2012)
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APPENDIX D:

PROPOSED ACTION TRIGGERS FOR THE MANAGEMENT OF HUMPBACK CHUB
COLORADO RIVER, GRAND CANYON
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APPENDIX D

DRAFT FINAL

Proposed Action Triggers for the Management of Humpback Chub

Colorado River, Grand Canyon

November 2015

Developed by an Ad Hoc group of Grand Canyon Aquatic
Biologists from USFWS, USGS-GCMRC, AZGFD, NPS, USBR
(Kirk Young, David Van Haverbeke, Scott VanderKooi, David Ward,
Charles Yackulic, Mike Yard, Brian Healy, Melissa Trammel,
David Rogowski, Marianne Crawford)
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PURPOSE

Mechanical removal of nonnative species is a controversial issue in the Colorado River through
Glen and Grand Canyons. A spring 2015 meeting of Grand Canyon biologists (NPS, USFWS,
AZGFD, GCMRC) to assess current trout removal triggers resulted in a concept of early
conservation measure intervention to maximize conservation benefit to humpback chub (HBC)
and minimize the likelihood of mechanical predator removal.

Many factors affect HBC population dynamics such as water temperature, turbidity, and water
volume in the Little Colorado River (LCR). This restrains available conservation actions that can
be implemented in the event of a declining population of HBC. We can translocate juveniles and
young of the year to other areas within and outside the LCR system, juvenile HBC can be head-
started at a hatchery, and we can attempt to remove predators. Other conservation tools may
include parasite control (although this is unlikely from a population standpoint), non-native fish
control in the LCR, and protect from over-utilization for scientific purposes.

Methods to actively manage temperature releases from Glen Canyon Dam sediment
augmentation below the Paria River are not included in the Long-Term Experimental
Management Program (LTEMP), for Glen Canyon Dam. Inclusion of infrastructure options
including these were eliminated from detailed study in the LTEMP alternatives for a variety of
reasons. We mention them here because these methods may still represent the most important
potential conservation tools that could be used for the long term conservation of HBC in Grand
Canyon and the concepts should not be lost.

While healthy wildlife populations are rarely static, trigger objectives include prescribing actions
to reverse/ameliorate impacts in order to maintain the LCR HBC population within an acceptable
range; and, secondarily to reduce reliance on mechanical removal of predators. For the purposes
of these triggers, it is assumed that the primary drivers of HBC population dynamics are
interspecific interactions with non-native species, especially rainbow trout, and low water
temperature in the mainstem of the Colorado River (Kaeding and Zimmerman 1983; Douglas
and Marsh 1996; USFWS 2002; Coggins et al. 2011; Yard et al. 2011). It is suspected that cold
water temperatures suppress growth and thus subject young HBC to predation for extended
periods of time. The approach described here puts the emphasis on managing humpback chub as
opposed to managing predators. Predator removal will only occur if other conservation measures
do not appear to be effective in maintaining targeted HBC population levels.

Two Tier Approach

Two tiers of sequential actions were identified; the first would emphasize conservation actions
that would take place early during an adult or sub-adult HBC population decline. The second tier
would serve as a backstop prescribing predator removal (Threat Reduction) if conservation
measures did not mitigate a decline in HBC abundance.
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ACTION TRIGGERS

Tier 1 Trigger — Early Intervention Through Conservation Actions:

la. If the combined point estimate for adult HBC (adults defined >200 mm) in the Colorado
River mainstem LCR aggregation; RM 57-65.9) and Little Colorado River (LCR) falls
below 9,000 as estimated by the currently accepted HBC population model (e.g., ASMR,
multi-state).

-OR-

1b. If recruitment of sub-adult HBC (150-199mm) does not equal or exceed estimated adult
mortality such that:

1) Sub-adult abundance falls below a three-year running average of 1,250 fish in the
spring LCR population estimates.

-OR-

2) Sub-adult abundance falls below a three-year running average of 810 fish in the
mainstem Juvenile Chub Monitoring reach (JCM annual fall population estimate; RM
63.45-65.2).

Tier 1 Trigger Response: Tier 1 conservation actions listed below will be immediately
implemented either in the LCR or in the adjacent mainstem. Conservation actions will focus on
increasing growth, survival and distribution of HBC in the LCR & LCR mainstem aggregation
area.

Tier 2 Trigger - Reduce threat using mechanical removal if conservation actions in Tier 1
are insufficient to arrest a population decline:

Mechanical removal of nonnative aquatic predator will ensue:
If the point abundance estimate of adult HBC decline to <7,000, as estimated by the currently
accepted HBC population model.

Mechanical removal will terminate if:
Predator index (described below) is depleted to less than 60 RBT/km for at least two
years in the JCM reach and immigration rate is low (the long term feasibility of using

immigration rates as a metric still needs to be assessed), or

Adult HBC population estimates exceed 7,500 and recruitment of sub-adult chub exceed
adult mortality for at least two years.

If immigration rate of predators into JCM reach is high, mechanical removal may need to
continue. These triggers are intended to be adaptive based on ongoing and future research (e.g.,

0-177



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

Lees Ferry recruitment and emigration dynamics, effects of trout suppression flows, effects of
Paria River turbidity inputs on predator survival and immigration rates, interactions between
humpback chub and rainbow trout, other predation studies).

ACTION TRIGGERS BACKGROUND AND RATIONALE

Tier 1 Trigger Target

Adult Humpback Chub population target: 9,000

Using an age-structured mark-recapture (ASMR) model, Coggins and Walters (2009) estimated
the adult population of the LCR aggregation of HBC in 2008 was approximately 7,650 fish
(6,000-10,000 fish considering a range of assumed mortality rates and ageing error). Using a
multi-state model, Yackulic et al. (2014) obtained point abundance estimates of adult HBC
between ~11,000-13,000 from 2009 through 2012. This increase in adult abundances roughly
coincides with the significant increase of adult HBC that first appeared in the LCR post-2006
(Van Haverbeke et al. 2013). We suggest a population estimate of 9,000 adult fish as a desired
future conditions target. Estimates falling below 9,000 would trigger additional conservation
actions to increase recruitment until the HBC population recovered to 9,000 adult fish. A 9,000
adult chub target is below the most recent estimate of ~11,000-13,000 individuals and would
preclude conservation measures from being initiated immediately, but also provides a “buffer
zone” above 7,000 adult fish, at which point mechanical removal is warranted, as prescribed in
the 2011 high flow Biological Opinion (USFWS 2011).

LCR and mainstem (LCR aggregation) population targets: 2,000 and 7,000 adult HBC,
respectively

We separate the 9,000 total adult target number into an LCR component (2,000 adults), and a
mainstem Colorado River component (7,000 adults). It is estimated that ~82% of adult HBC
reside in the mainstem Colorado River during the non-spawning season (Yackulic et al. 2014, p.
1015). This proportion was based on estimates obtained during September/October 2011, so this
proportion would be expected to vary, possibly considerably, on an annual basis. Nevertheless,
objectives to maintain 2,000 adults in the LCR and 7,000 adults in the mainstem during the non-
spawning season (i.e., September/October) are proposed. A desired target of 2,000 adults in the
LCR is reasonable because the average fall population estimate for adults was 2,380 (SE = 518)
from 2007-2014, compared to the average level of 789 adults (SE = 281) from 2000-2006 (Van
Haverbeke et al. 2015).

LCR Humpback Chub recruitment target

To maintain a population of 2,000 adult HBC in the LCR during the non-spawning season, there
must be sufficient recruitment of sub-adult chub (150-199 mm size class). We estimate that a
sub-adult chub population of 1,250 fish annually, as measured during the annual spring spawning
season in the LCR is sufficient to maintain the adult HBC target population. This number is
derived from an assumption that the annual adult mortality rate in the LCR is estimated at 0.35
(Yackulic et al. 2014, updates Yackulic pers. com). Hence 2,000 x 0.35 = 700 new adults
needed annually to replace adult mortality. To annually recruit 700 adults, we estimate that 1,250
sub-adults are annually needed (i.e., not all sub-adults will survive into adulthood). If annual
mortality for sub-adults in the LCR is 0.44 (Yackulic et al. 2014, updates Yackulic pers. com.),
then 700/(1-0.44) = 1,250 sub-adults needed to offset adult mortality. Hence, if the three-year
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running average point population size of sub-adult chub measured during the spring season in the
LCR drops below 1,250 fish, additional conservation measures would be triggered (Figure 1).

A three-year running average is used for sub-adults because production of younger life stages of
HBC can be highly variable (Van Haverbeke et al. 2013). For long-lived species such as HBC,
reduced recruitment of sub-adults in any one year can be compensated in subsequent years with
increased recruitment. Three years is considered a reasonable timeframe from which to trigger
actions to minimize large changes in adult HBC numbers.

4,000
3,500

500 | B DN 00 SRS 0 BN 00 BN 0 BN I & S S e - ..

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year

Figure 1. Running three year averages (x 95% CI) of sub-adult humpback chub abundances based on closed spring mark-
recapture studies in the Little Colorado River (Van Haverbeke et al. 2013, 2015). For example, the bar for 2003 represents the
average abundance of the 150-199 mm size class of humpback chub for 2001, 2002 and 2003 obtained in the Little Colorado
River during spring monitoring (note: error bars are large because of typically large annual variability in the abundance of this
size class). Additional conservation measures would have been triggered during 2003-2006. The red line represents a trigger
value of 1,250 sub-adults, below which conservation measures would be initiated.

Mainstem LCR aggregation recruitment target

To maintain a population of 7,000 adults in the mainstem LCR aggregation reach outside of the
spawning season, there must be sufficient recruitment of sub-adult fish (150-199 mm size class).
The boundaries of the LCR aggregation in the mainstem traditionally extend from RM 57
(Malagosa Crest) to 65.9 (Lava-Chuar Rapid)(Valdez and Ryel 1995). Since 2009, most
mainstem monitoring efforts in the LCR aggregation reach have focused in the JCM (Juvenile
Chub Monitoring) reach (RM 63.45-65.2), which is below the LCR and contains ~18% of the
adult HBC population found in the mainstem LCR aggregation reach (Yackulic et al. 2014). If
~18% of the population is in the JCM reach, then the desired number of adult chub to maintain in
the JCM reach is 7,000 x 0.18 = 1,260 adults. Annual adult mortality in the mainstem LCR
aggregation is estimated at 0.15 (Yackulic et al. 2014, updates Yackulic pers. com.). To replace
the adults in the JCM reach each year would require 1,250 x 0.15 = 189 adults. Annual mortality
of sub-adult chub in the mainstem is estimated at 0.3. Replacing 189 adults annually would
require 189/(1-0.3) = 270 sub-adults. Approximately 1/3 of sub-adult chub grow to adult size
each year, and accordingly it may take ~3 years1 for a chub in the mainstem to transition from
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the sub-adult to the adult size class (Yackulic et al. 2014). Therefore an acceptable target
population of sub-adults in the JCM reach each year would be 810 (270 x 3 = 810). As with the
LCR component, a running three year average of <810 sub-adults in the JCM reach would
trigger conservation actions (Figure 2).

The above scenario assumes that population recruitment dynamics are operating more or less
equally throughout the LCR aggregation reach in the mainstem, which is likely not true. Most
juvenile chub exiting the LCR are displaced downriver from the confluence (Valdez and Ryel
1995). As such, we might expect that recruitment into adulthood might be more prevalent
downstream of the confluence. As such, the proportional number of sub-adults measured in the
JCM reach may not reflect the number actually needed to annually replace a total 7,000 adults. In
other words, the JCM reach proportional calculation of 810 sub-adults could be low. For
example, consider that if the JCM reach harbors a higher than average percent of the mainstem
sub-adult chub that recruit into adulthood, then even more than 810 sub-adults in this reach may
be needed to maintain a population of 7,000 adults.
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Figure 2. Running three year average abundances (+ 95% CI) of sub-adult humpback chub (150-200 mm) abundances based on
multi-state model in the mainstem Colorado River in the Juvenile Chub Monitoring reach (data from Yackulic pers. com.). For
example, the bar for 2014 represents the average abundance of sub-adult humpback chub in the Juvenile Chub Monitoring reach
during 2012, 2013, and 2014. The red line represents the approximate value of a 3-year running average of 810, below which
conservation actions would be enacted.

'The mainstem LCR population recruitment scenario assumes temperature in the LCR
mainstem reach is suitable for growth. If LCR mainstem temperatures are cold (do not
exceed 11 oC during the year in the JCM reach), HBC will take longer to reach
adulthood, experience greater mortality, and therefore require a larger number of sub-
adults targeted to maintain the adult population objective. Target number adjustments
will be made prior to implementation of LCR mainstem trigger actions if thought
necessary.
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Tier 1 Trigger response — HBC Conservation

It is expected that the conservation actions proposed below will assist in ameliorating HBC adult
losses or recruitment failures from predation. First, ongoing translocations in the LCR above
Chute Falls (~300 fish/year) as well as outside the LCR population (e.g., to Havasu Creek, etc.)
will continue, regardless of Tier 1 triggers are met or not. New conservation actions will include
expansion of existing activities coupled with experimental actions:

e LCR - Expand translocation actions in the LCR by collecting an additional 300-600
young of the year (YOY) HBC and move to above Chute Falls in October.

e LCR - Assess efficacy of transporting larval HBC (April/May) into Big Canyon and
above Blue Springs in the LCR system. Evaluate growth and survival of these
transplants;

e Mainstem LCR Aggregation - Larval fish will be removed from LCR (April/May) and
head-started at Southwest Native Aquatic Resources and Recovery Center (SNARRC).
Once fish reach 150-200 mm they will be translocated to the mainstem LCR reach the
following year (currently grow-out space at SNARRC is limited to 750 HBC, use of fish
for this purpose would reduce numbers available for other actions, e.g. Havasu,
Shinumo.);

e Additional conservation actions as identified and evaluated.
Tier 2 Trigger Targets

Aquatic Predator index

A trout or aquatic predator index is proposed as a means to terminate mechanical removal should
it become initiated. Essentially, this is the level (60 predator index fish/km in the JCM reach) at
which mechanical removal becomes a futile exercise (i.e., very small return for a high amount of
effort). The predator index concept was originally intended to serve as an index whereby
mechanical removal would be initiated (e.g., mechanical removal would be initiated once trout
levels reached a certain density (~760 index fish/km in the JCM reach). However, because of
uncertainty of the actual predation rates of trout on HBC (at differing temperatures, densities,
turbidities, etc.), and on its population level effects on HBC, determining an appropriate density
of trout at which to initiate mechanical removal is highly uncertain.

A predator index will be developed in the JCM reach to weigh each probable predator by its
ability to prey on HBC. The index calculates predator densities by incorporating additional
species besides rainbow trout and makes assumptions about their relative predation rates
compared to rainbow trout. For example, brown trout are estimated to be about 17 times more
predacious on HBC than rainbow trout (Ward and Morton-Starner 2015). Additional predators
(e.g., smallmouth bass) could be included through an assignment of their piscivory level relative
to rainbow trout. Thus, relative piscivory can be captured in a rainbow trout equivalent predator
index (Table 1). For species for which population estimates cannot be estimated with
mark/recapture methods, capture probabilities or relative abundance (e.g. catch per unit effort)
will be used to estimate the population and incorporate into the density matrix. Also, for certain
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species regarded as potentially very piscivorous and dangerous (e.g., small mouth bass, green
sunfish), targeted removal efforts for these species may be initiated immediately, regardless of
meeting any type of threshold. If initiated, mechanical removal would be terminated once the
relative predator index declines to 60 in the JCM reach for two years or HBC recover to a target
level. A predator index of 60 in the JCM reach likely represents a point at which there is very
diminished return for effort expended, and is roughly equivalent to densities at which mechanical
removal was deemed to be not worthwhile as an effective tool to pursue in the past (i.e.,
mechanical was terminated).

Table 1. Hypothetical predator index. The predator index assigns a relative piscivory rate of 17 to brown trout (Ward and
Morton-Starner 2015) and to smallmouth bass (assumed at brown trout rate) and sums the hypothetical numbers of fish. If
initiated, mechanical removal would be terminated once the relative predator index declines to 60 in the JCM reach for two
years or HBC recover to a target level.

Species Number Relative predation = RBT equivalent
factor
Brown Trout 21 17 357
Rainbow trout 400 1 400
Smallmouth Bass 1 17 17
Predator index total 774

HBC population level triggers

Continue to use the existing adult HBC population estimate of 7,000, as the trigger for predator
removal actions, as stated in the 2011 Biological Opinion (USFWS 2011). Population estimates
of sub-adults are not incorporated in Tier 2 triggers, as in Tier 1 triggers.

Tier 2 Trigger response — Threat Reduction.
Mechanical removal of predators from the LCR aggregation reach (& immediate vicinity) will be
conducted.

TRIGGER CAVEATS
e If HBC decline and the identified actions are not working, USFWS, in coordination with
action agencies and traditionally associated Tribes, will identify future appropriate
actions;

e Triggers will be reviewed and modified as necessary (evaluated; new information
considered and included; etc.), but no less than every five years;

e Actions and triggers will need to adapt if HBC are found to be impacted by other factors;

e Ifestimating abundances of small size classes of chub becomes problematic because of
population decline (i.e., if numbers get so low capture probability cannot be estimated for
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each trip), catch divided by the best estimate of capture probability will be used to
estimate abundance.
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APPENDIX P:

HIGH-FLOW EXPERIMENT PROTOCOL FOR THE PREFERRED ALTERNATIVE

High-volume dam releases for sediment conservation are an experimental action that
would be implemented under the preferred alternative (Alternative D) of the Glen Canyon Dam
Long-Term Experimental and Management Plan (LTEMP). Implementation of high-flow
experiments (HFEs) under the preferred alternative would follow the HFE protocol described
below for the overall process of implementation of HFEs, including implementation
considerations and conditions that would result in discontinuing specific experiments.

HFE releases are restricted to limited periods of the year when the highest volumes of
sediment are most likely available for building sandbars. Water year releases would follow the
pattern identified for the preferred alternative as adopted by the Secretary of the Interior in the
LTEMP Record of Decision (ROD) and the Long Range Operating Criteria (LROC) as currently
implemented through the 2007 Colorado River Interim Guidelines for Lower Basin Shortages
and Coordinated Operations for Lake Powell and Lake Mead (Reclamation 2007a). Sediment-
triggered HFEs may be made in spring (March or April) or fall (October or November)

(Figure P-1). Fall Extended HFEs duration would range from less than 1 hr to 250 hr. Spring and
fall HFEs which are not Extended HFEs, would have a duration range from less than 1 hr to

96 hr. Proactive HFEs may be made in spring or early summer (April, May or June), and would
have a duration range up to 24 hr. HFE magnitude would range from 31,500 cfs to 45,000 cfs.
Frequency of HFEs would be determined by tributary sediment inputs, annual release volumes,
resource conditions, and the decision process carried out by the Department of the Interior (DOI)
(Sections 2.2.4.3 and 2.2.4.4 of the EIS). Extended-duration fall HFEs are limited to a frequency
of 4 times total in a 20 year period.

The HFE protocol uses a “store and release” approach for sediment-triggered HFEs, in
which sediment inputs are tracked over two accounting periods, one for each seasonal HFE:
spring (December through June) and fall (July through November) (Figure P-1). In addition, the
HFE protocol can trigger proactive spring HFEs that would be tested only in years with high
annual water volume (i.e., >10 maf) when no sediment-triggered HFE occurs. Implementation of
an HFE may require reallocating water from other months in order to maintain flows above the
required minimum (i.e., 5,000 to 8,000 cfs). The protocol would implement the maximum
possible magnitude and duration of HFE that would achieve a positive sand mass balance in
Marble Canyon, as determined by modeling.

P.1 DECISION-MAKING PROCESS

The HFE protocol is a decision-making process that consists of three components:
(1) planning, (2) modeling, and (3) decision and implementation. The following three
subsections describe each of these components.
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FIGURE P-1 Average Monthly Sand Load from the Paria River and Little Colorado
River Showing the Fall and Spring HFE Accounting Periods and Implementation
Windows

P.1.1 Planning

The first component of the HFE protocol is planning. An important aspect of planning is
the development and implementation of research and monitoring activities appropriate to
monitor the effects of the HFEs. The Bureau of Reclamation (Reclamation) would be prepared to
conduct an HFE if resource conditions are suitable, there is sufficient sediment input or projected
annual release to trigger an HFE, and DOI determines conditions are suitable for proceeding. An
annual process prior to a decision on conducting experiments, including an HFE, would evaluate
the information on the status and trends of the following resources: (1) water quality and water
delivery, (2) humpback chub, (3) sediment, (4) riparian ecosystems, (5) historic properties and
traditional cultural properties, (6) Tribal concerns, (7) hydropower production and Western Area
Power Administration’s (WAPA’s) assessment of the status of the Basin Fund, (8) the rainbow
trout fishery, (9) recreation, and (10) other resources. Although these resources are listed for
consideration on a regular basis, DOI intends to retain sufficient flexibility in implementation of
HFE:s to allow for response to unforeseen circumstances or events that involve any other
resources not listed here. The recent discovery of nonnative green sunfish in the Glen Canyon
reach illustrates the need to be responsive to unforeseen conditions.

In implementing HFEs and other experiments, the DOI will exercise a formal process of
stakeholder engagement to ensure decisions are made with sufficient information regarding the
condition and potential effects on important resources. As an initial platform to discuss potential
future experimental actions, the DOI will hold Glen Canyon Dam Adaptive Management
Program (GCDAMP) annual reporting meetings for all interested stakeholders; these meetings
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will present the best available scientific information and learning from previously implemented
experiments and ongoing monitoring of resources. As a follow up to this process, the DOI will
meet with the GCDAMP Technical Work Group (TWG) to discuss the experimental actions
being contemplated for the year.

The DOI also will conduct monthly Glen Canyon Dam operational coordination meetings
or calls with the DOI bureaus (U.S. Geological Survey [USGS], National Park Service [NPS],
Fish and Wildlife Service [FWS], Bureau of Indian Affairs [BIA], and Reclamation), Western
Area Power Administration (WAPA), Arizona Game and Fish Department (AZGFD), and
representatives from the Basin States and the Upper Colorado River Commission (UCRC). Each
DOI bureau will provide updates on the status of resources and dam operations. In addition,
WAPA will provide updates on the status of the Basin Fund, projected purchase power prices,
and its financial and operational considerations. These meetings or calls are intended to provide
an opportunity for participants to share and obtain the most up-to-date information on dam
operational considerations and the status of resources (including ecological, cultural, Tribal,
recreation, and the Basin Fund). One liaison from each Basin State and from the UCRC will be
allowed to participate in the monthly operational coordination meetings or calls.

P.1.2 Modeling

Mathematical models are used to make recommendations for future sediment-triggered
HFEs using contemporary sediment data and forecasted hydrologic data to determine whether
suitable sediment and hydrology conditions exist for a sediment-triggered HFE.

The two basic inputs for the modeling are the water input or hydrology, which is taken
from the Colorado River Simulation System (CRSS) (Reclamation 1988, 2007b) and the
sediment input, which in this case is restricted to inputs from the Paria River. A flow routing
model (Wiele and Smith 1996) is used to simulate water passing downstream. A sediment budget
model (Wright et al. 2010) is used to integrate the flow routing with the sediment inputs and
outputs to determine whether or not a sediment mass balance is achieved for sediment-triggered
HFEs (Russell and Huang 2010).

The sand budget is the net amount of sand in metric tons that has accumulated in the river
channel over some period of time. In the Paria River, the two primary sand input periods are July
through October and January through March (Figure P-1). During these two periods, sand is
being accumulated at a higher rate than in other months. In order to accommodate the decision
process and to address other resource needs or concerns, the sediment-triggered HFE windows
are two-months long (October—November and March—April).

The sand budget model would use the sediment inputs and estimates the outputs for three
river reaches where sand is tracked: (1) Lees Ferry/Paria River (RM 0) to RM 30, (2) RM 30 to
Little Colorado River (RM 61), and (3) Little Colorado River to RM 87. The first two reaches
would be used to estimate the maximum possible magnitude and duration of an HFE that will not
create a negative sand mass balance in Marble Canyon (RM 0 to RM 61).
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Hydrologic data for implementation would be based on forecasted monthly inflow
volumes from the National Weather Service’s Colorado Basin River Forecast Center and
Reclamation’s 24-month study projected storage conditions. The 24-month study computer
model projects future reservoir conditions and potential dam operations for the system reservoirs
given existing reservoir conditions; inflow forecasts and projections; and a variety of operational
policies and guidelines. Monthly volumes would be apportioned to daily dam releases by
WAPA. Water supply forecasts and models would be needed to make these projections and
uncertainty associated with these projects would need to be considered in the decision-making
process (Grantz and Patno 2010). The sediment data used would be real-time accumulated inputs
estimated from the Paria River streamflow gages.

Sand availability at the onset of each release window is determined by the amount of
sand received from the Paria River during the accumulation period less the amount transported
downstream to the Little Colorado River as estimated by the sand routing model. Sand in Grand
Canyon received from the Little Colorado River is viewed as an added benefit to the amount
received from the Paria River. The Little Colorado River input cycle largely follows the same
accrual periods as the Paria River; however, only sand inputs from the Paria River would be used
in HFE modeling recommendations.

Each run is evaluated against 16 different HFE magnitudes and durations to determine
their possible occurrence in the sediment-triggered HFE window months (Table P-1). The
magnitude and duration of an HFE would be determined from the stored sand mass available on
October 1 and March 1 of each water year, and the forecasted hydrology. The model evaluates
each of the 16 sediment-triggered HFE types sequentially starting with the highest magnitude
and duration of release. For example, the initial run determines if there is enough sediment
available to achieve a positive sand mass balance in Marble Canyon for a release of 45,000 cfs
for 250 hours. A positive sand mass balance is defined as a condition in which the amount of
sediment being delivered by tributaries into the system exceeds the amount being exported from
the system by ongoing dam operations and HFEs in the accounting period under consideration.

If the model run concludes that enough sediment is not available to achieve a positive
sand mass balance, the next lower magnitude or duration sediment-triggered HFE is evaluated by
the model. This is repeated until a sediment-triggered HFE scenario is reached that can be
implemented with the available sediment or it is determined that a sediment-triggered HFE
cannot be implemented. If it is determined that a sediment-triggered HFE cannot be implemented
and the projected annual volume is greater than or equal to 10 maf, a proactive spring HFE
would be triggered.
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TABLE P-1 List of HFEs Available for
Sediment-Triggered Experiments (fall,
extended-duration fall and spring) under the
Preferred Alternative

Peak Discharge Duration at Peak

HFE ID (cfs) (hours)
1 45,000 250
2 45,000 192
3 45,000 144
4 45,000 96
5 45,000 72
6 45,000 60
7 45,000 48
8 45,000 36
9 45,000 24

10 45,000 12
11 45,000 1
12 41,500 1
13 39,000 1
14 36,500 1
15 34,000 1
16 31,500 1

The modeling component is based on four key analysis phases associated with the two
sand budget accounting periods and the two sediment-triggered HFE windows:

* Phase 1: Fall Accounting Period. The fall accounting period is from July 1 to
November 30. Beginning on July 1 of each year, monitoring data would be
used to track the sand storage from Paria River inputs in Marble Canyon.

* Phase 2: October-November HFE Window. Beginning October 1, sand
storage and forecast hydrology would be evaluated using the sediment budget
model to determine whether conditions are suitable for an HFE. The model
determines what magnitude and duration of the HFE, if any, would produce a
positive sand mass balance at the end of the accounting period. If the model
produces a positive result, the largest HFE that would result in a positive sand
mass balance is forwarded to the decision and implementation component (see
below), which also allows for other factors to be considered in the planning
process (see Section P.1.1). During the decision process, sediment input
would continue to be measured, the model would continue to be run and
results or output would be forwarded to decision-makers to allow for
refinement of the previously recommended magnitude and duration of the
HFE. If the model produces a negative result, the model would be rerun using
more recent sediment input to determine whether a positive sand mass balance
would be reached in time to have an HFE in the release window.
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» Phase 3: Spring Accounting Period. The spring accounting period is
December 1 to June 30. As with the fall accounting period, monitoring data
would be used to track the sand storage conditions in Marble Canyon during
this time period. This accounting would be conducted regardless of whether or
not a previous October or November HFE was conducted such that two HFEs
could theoretically occur in the same year. The exception to this would be
following an extended-duration fall HFE, as there would be no spring HFE
following an extended-duration fall HFE. The accounting would continue to
consider sand storage conditions present at the end of Phase 2, whether or not
an HFE has occurred.

* Phase 4: March-April sediment-triggered HFE Window. The evaluation in this
phase is the same for the October-November HFE window (see Phase 2) with
the model output being forwarded to the decision and implementation
component. The model output would be used in the same way as for the
October-November determination. Whether or not a spring HFE is scheduled,
sediment inputs would continue to be monitored through the end of the spring
accounting period for use in the next accounting period. Note that proactive
spring HFEs (see Section P.3.2), which are triggered by water volume and not
sediment inputs, could occur in April, May, or June. In addition, spring HFEs
would not be tested in years when there had been an extended-duration fall
HFE earlier in the same water year.

P.1.3 Decision and Implementation

The third component of the HFE protocol is decision and implementation. This
component could span a portion or most of the HFE window, depending on when conditions are
deemed suitable for an HFE. The output from the model runs described above is used to
determine if sediment and hydrology conditions are suitable for an HFE of a given magnitude
and duration. For example, if the scenario that is identified by the model cannot be implemented
because of facility limitation (e.g., if one or more turbines are out of service), managers would
assess the need to modify the range of magnitude and duration of the HFE. Because this EIS has
considered the effects of 45,000 cfs HFEs for 1 to 250 hours, it also serves to analyze the effects
of HFEs at lower magnitudes and equivalent durations.

Because the model only considers water and sediment, an added purpose of the decision
and implementation component is to consider potential effects on other resources. To determine
whether conditions are suitable for implementing or discontinuing HFEs, the DOI will schedule
implementation meetings or calls with the DOI bureaus (USGS, NPS, FWS, BIA, and
Reclamation), WAPA, AZGFD, and one liaison from each Basin State and from the UCRC, as
needed or requested by the participants. The implementation group will strive to develop a
consensus recommendation to bring forth to the DOI regarding resource issues as detailed at the
beginning of this section as well as including WAPA’s assessment of the status of the Basin
Fund. The Secretary of the Interior will consider the consensus recommendations of the
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implementation/planning group, but retains sole discretion to decide how best to accomplish
operations and experiments in any given year pursuant to the ROD and other binding obligations.

DOI also will continue separate consultation meetings with the Tribes, AZGFD, the
Basin States, and UCRC upon request, or as required under existing RODs.

If the decision is made to conduct an HFE, staff of the USGS’s Grand Canyon
Monitoring and Research Center (GCMRC) would prepare to conduct monitoring and research
in cooperation with other agencies. If not, the process would be repeated during the next
accounting window. For each HFE, GCMRC staff would analyze results and integrate
information from other HFEs for use in future HFE decisions.

The decision process could result in a sediment triggered HFE being considered whether
or not a positive sand mass balance is projected for that release, since the decision must be made
in advance of the actual sediment-triggered HFE release and there is an admitted uncertainty in
the modeled forecast for both sediment input and dam releases. Caution would be exercised;
however, because the sand mass balance only accounts for the difference between inputs and
outputs, and does not adequately portray the erosion of sand in the river channel. Successive
HFEs or intervening periods of erosion without HFEs could negatively affect the ability of future
HFEs to form sandbars and beaches. Furthermore, this erosion could impact other resources and
it is advisable to ensure that the net amount of sand in the river channel not be depleted so as to
compromise other ecosystem components and functions. The output of the model would be
integrated with an assessment of the status and trend of other resources, as an acknowledgement
that the decision cannot be focused solely on the condition of the sediment to ensure that the
decision encompasses the impacts on the resources identified above in P-1.1.

P.2 OPERATION OF GLEN CANYON DAM UNDER THE HFE PROTOCOL

The scenarios considered below describe how Reclamation would modify the operation
of Glen Canyon Dam to reallocate monthly volumes when necessary to achieve HFEs as called
for under this protocol. Implementation of the protocol will be done in concert with coordinated
river operations. Since 1970, the annual volume of water released from Glen Canyon Dam has
been made according to the provision of the Criteria for Coordinated Long-Range Operation of
Colorado River Reservoirs (LROC) that includes a minimum objective release of 8.23 maf.

The 2007 Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated
Operations for Lake Power and Lake Mead (Reclamation 2007a) for lower basin shortages and
the coordinated reservoir operations (Reclamation 2007b) implements relevant provisions of the
LROC for an interim period through 2026. This allows Reclamation to modify these operations
by allowing for potential annual releases both greater than and less than the minimum objective
release under certain conditions. A more thorough description of Reclamation’s process for
determining and implementing annual release volumes is available in the 2007 EIS and Record
of Decision (Reclamation 2007a and 2007b).
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Pursuant to the 2007 Colorado River Interim Guidelines, the annual release volume from
Lake Powell is projected and updated each month in response to the monthly 24-month study
model run. This projected annual release volume is allocated to produce projected monthly
release volumes and becomes the basis for scheduled monthly releases from Glen Canyon Dam.
It is important to note that, regardless of the timing of releases, implementation of the HFE
protocol would not affect annual release volumes.

HFEs could require more water than what is scheduled for release through the
coordinated operation process described above. In order to perform these HFEs, reallocation of
monthly releases from Glen Canyon Dam may be necessary. Monthly reallocations for an HFE
would not affect annual release volumes.

P.2.1 Potential Operation of Glen Canyon Dam during the Fall HFE Implementation
Window

Reclamation would attempt to implement fall HFEs by lowering the remaining days
within the fall HFE period to the degree practicable up to as low as allowed under the LROC and
LTEMP ROD in order to release the projected October and November volumes in the 24-month
study. If a fall high-HFE could be achieved within the release volumes projected for October and
November, no reallocation of the monthly volumes from other months would need to be
performed.

If, however, a fall HFE could not be achieved within the release volumes projected for
October and November, Reclamation would reduce the projected monthly release volumes as
necessary through the remainder of the water year. The reallocation would be determined in
consultation with WAPA to minimize adverse impacts on hydropower. Reallocation would only
be conducted up to the amount necessary to result in the projected monthly volume for October
and November being sufficient to conduct the HFE.

P.2.2 Potential Operation of Glen Canyon Dam during the Spring HFE Implementation
Window

Reclamation would attempt to achieve spring HFEs by lowering the remaining days
within the spring HFE period to the degree practicable up to as low as allowed under the LROC
and LTEMP ROD in order to release the projected March and April volumes in the 24-month
study. If the sediment-triggered spring HFE could be achieved within the release volumes
projected for March and April, no reallocation of the monthly volumes from other months would
need to be performed. Note that proactive spring HFEs (see Section P.3.2) would not require
reallocation of water outside of the month in which they occurred because they would be
24 hours or less in duration.

If, however, Reclamation determined that it would not be possible to achieve the

sediment-triggered HFE within the monthly release volumes projected for March and April,
Reclamation would reduce the projected monthly release volumes as necessary through the
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remainder of the water year. The reallocation would be determined in consultation with WAPA
to minimize adverse impacts on hydropower. The reallocation process would only be conducted
up to the amount necessary to result in the projected monthly volume for March and April being
sufficient to conduct the sediment-triggered HFE. If additional reallocation of the monthly
volumes is required to achieve the sediment-triggered HFE, Reclamation would attempt to do so
while maintaining the projected July and August release volumes in the 24-month study.

P.3 HIGH FLOW EXPERIMENTS TO BE EVALUATED UNDER THE PREFERRED
ALTERNATIVE

Sediment-related experiments under the preferred alternative include (1) sediment-
triggered spring and fall HFEs up to 96-hr duration; (2) short-duration (24-hr) proactive spring
HFEs in high-volume equalization years (>=10 maf) prior to equalization releases; and
(3) implementation of up to four extended-duration (>96 hr) HFEs, up to 250 hr long, depending
on sediment conditions. The pattern of transferring water volumes from other months to make up
the HFE volume would be discussed in the monthly Glen Canyon Dam operational coordination
meetings described in Section P.1.

If sediment resources are stable or improving, the combination of base operations, HFEs,
and other treatments would continue as prescribed for the preferred alternative. If sediment
resource conditions decrease to unacceptable levels during the LTEMP period, operations may
be modified to the extent allowable under the LTEMP ROD or would be evaluated and
considered under a separate NEPA process, potentially including additional studies of sediment
augmentation or other actions.

For all sediment experiments, testing would be modified or temporarily or permanently
suspended if (1) experimental treatments were ineffective at accomplishing their objectives, or
(2) there were unacceptable adverse impacts on resources. Monitoring results would be evaluated
to determine whether additional tests, modification of experimental treatments, or
discontinuation of experimental treatments were warranted.

Implementation of HFEs would consider resource condition assessments and resource
concerns using the annual processes described in Sections P.1. HFEs may not be tested when
there appears to be the potential for unacceptable impacts on the resources listed in Section P.1.
In addition, there is uncertainty associated with cumulative impacts from sequential HFEs. These
cumulative impacts would be considered before implementing an HFE.

P.3.1 Sediment-Triggered Spring HFEs

Under the preferred alternative, sediment-triggered spring HFEs would be implemented
after an initial 2-year delay in order to enable testing of the effectiveness of trout management
flows and address concerns raised by the apparent positive response of trout to the 2008 spring
HFE (Korman et al. 2011; Melis et al. 2011). After the first 2 years of the LTEMP period, spring
HFEs would be implemented when triggered by sediment conditions, except in water years when
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an extended-duration fall HFE (see description in Section P.3.4) was conducted. Modeling
indicates that there may be sufficient sediment input for spring HFEs in about 26% of the years
in the LTEMP period. Sediment-triggered spring HFEs would be implemented when triggered
during the entire LTEMP period unless new information indicated they were not effective in
building sandbars, or there were unacceptable adverse effects on resources (Section P.1).

Implementation of sediment-triggered spring HFEs would consider resource condition
assessments and resource concerns using the processes described in Section P.1. Spring HFEs
may not be tested when there appears to be the potential for unacceptable adverse impacts on the
resources listed in Section P.1. In addition, there is uncertainty associated with the cumulative
impacts of sequential HFEs on sediment, aquatic, and potentially other resources. These
cumulative impacts would be considered before implementing a spring HFE particularly if a fall
HFE had been implemented in the same water year.

P.3.2 Proactive Spring HFEs

GCMRC scientists identified proactive spring HFEs as a potential experimental treatment
to transport and deposit in-channel sand at elevations above those of equalization flows.
Proactive spring HFEs would be tested only in years with high annual release volume
(i.e., >10 maf). A first test would be a 24-hr 45,000-cfs release conducted in April, May, or June.
Duration in subsequent tests could be shortened depending on the observed effects during the
first tests. It would be preferable to test proactive spring HFEs at least two to three times in the
20 year LTEMP period, but being able to do so will be dependent upon annual hydrology.
Modeling indicates that proactive spring HFEs would be triggered in about 10% of the years in
the LTEMP period.

Proactive spring HFEs would not be tested in the first 2 years of the LTEMP. In addition,
proactive spring HFEs would not be tested in years when there had been a sediment-triggered
spring HFE or an extended-duration fall HFE earlier in the same water year. Proactive spring
HFEs could be performed in the same water year as a 96-hr or shorter sediment-triggered fall
HFE, although prior to implementation, the potential effects of these HFEs would be carefully
evaluated using the processes described in Section P.1. The first test would be carefully
evaluated to determine whether additional tests were warranted based on the efficacy of building
and maintaining sandbars. If initial tests show positive results without unacceptable adverse
effects on the resources listed in Section P.1, proactive spring HFEs would be implemented when
triggered during the entire LTEMP period.

Implementation of proactive spring HFEs would consider resource condition assessments
and resource concerns using the processes described in Section P.1. Proactive spring HFEs may
not be tested when there appears to be the potential for unacceptable impacts on the resources
identified in Section P.1. The cumulative impacts of sequential HFEs would be considered
before implementing a proactive spring HFE.
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P.3.3 Sediment-Triggered Fall HFEs

Under the preferred alternative, sediment-triggered fall HFEs could be implemented
throughout the 20-year LTEMP period unless new information indicated fall HFEs were not
effective in building sandbars, or there were unacceptable adverse effects. Modeling indicates
fall HFEs would be triggered in about 77% of the years in the LTEMP period.

Implementation of sediment-triggered fall HFEs would consider resource condition
assessments and resource concerns using the processes described in Section P.1. Fall HFEs may
not be tested when there appears to be the potential for unacceptable impacts on the resources
listed in Section P.1. The cumulative impacts of sequential HFEs would be considered before
implementing a sediment-triggered fall HFE.

P.3.4 Extended-Duration Fall HFEs

The HFE EA (Reclamation 2011) had a limit of 96-hr duration HFEs at various release
levels. Under the preferred alternative, sediment-triggered fall HFEs with durations longer than
96 hr (up to 250 hr) would be tested. The duration of these extended-duration fall HFEs would be
based on the amount of sediment delivered from the Paria River during the fall accounting period
and would be no more than the maximum magnitude and duration of HFE that would achieve a
positive sand mass balance in Marble Canyon, as determined by modeling. Based on
examination of the observed historical sediment input from the Paria River, it was determined
that HFEs up to 10.4 days in length (250 hr) could be supported before exhausting seasonal
sediment inputs and affecting water delivery requirements. GCMRC scientists have suggested
that increasing the duration of HFEs when sediment supply can support a longer duration may
lead to more sand being deposited at higher elevations, resulting in bigger sandbars. Modeling
indicates the sediment trigger for this treatment may be reached in 25% of the years in the
LTEMP period. There would be no more than four extended-duration fall HFEs allowed over the
20-year LTEMP period.

The duration of the first implementation of an extended-duration HFE would be limited
to no more than 192 hr (twice as long as the 96-hr limit). This duration is considered long
enough to produce a measurable result if the treatment represents an effective approach to
building sandbars under enriched sediment conditions. The duration of all tests would be based
on available sediment, current hydrology, reviews of available information, the expert opinion of
GCMRC and other Grand Canyon scientists, and consideration of potential effects on other
resources listed in Section P.1. If feasible, monitoring would include real-time observations of
sediment concentrations to determine if sediment deposition continues throughout the duration of
the extended HFEs.

Implementation of extended-duration fall HFEs would consider resource condition
assessments and resource concerns using the processes described in Section P.1. Extended-
duration fall HFEs may not be tested when there appears to be the potential for unacceptable
impacts on the resources listed in Section P.1. Because the effects of extended-duration HFEs on
Lake Mead water quality are a concern, DOI will coordinate with relevant water quality
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monitoring programs or affected agencies prior to implementing any test of extended-duration
HFEs. The cumulative impacts of sequential HFEs would be considered before implementing an
extended-duration fall HFE.

Another important concern that results from the large volume of water bypassed during
an extended-duration HFE is water delivery. Water delivery issues would be considered before
deciding to implement an extended-duration fall HFE. An extended-duration HFE would not be
implemented if annual release volume would be affected. It is possible that in lower volume
years there would not be sufficient water available to support an extended-duration HFE. A
250-hr extended-duration HFE would result in a monthly total release of approximately 1.2 maf.
In lower volume release years (e.g., 7.0 maf or 7.48 maf), the maximum duration may be less
than 250 hr. In addition, a sediment-triggered spring HFE or proactive spring HFE would not be
conducted in the same water year as an extended-duration fall HFE. If an extended-duration fall
HFE was triggered but not implemented for any of the reasons described above, a fall HFE 96 hr
or less in duration could be implemented instead. Implementation would necessitate reducing
water volume in other months of the same water year.

In order to fully test the efficacy of these longer HFEs, several replicates would be
desirable in the 20 year LTEMP period. Extended-duration HFEs would be considered
successful and would be continued up to a total of four times in the 20-year LTEMP period as
part of an adaptive experimental treatment if there was a widespread increase in bar size relative
to <96-hr HFEs, and if sand mass balance was not significantly compromised relative to the
ability to maintain a long-term equilibrium. Extended-duration HFEs would not continue to be
tested if they were not effective in building sandbars, if resulting total sandbar volumes were no
bigger than those created by shorter-duration HFEs, or if unacceptable adverse impacts on
resources listed in Section P.1 were observed.
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APPENDIX Q:

RESPONSES TO PUBLIC COMMENTS ON THE GLEN CANYON DAM
LONG-TERM EXPERIMENTAL AND MANAGEMENT PLAN
DRAFT ENVIRONMENTAL IMPACT STATEMENT

The U.S. Department of the Interior (DOI), through the Bureau of Reclamation
(Reclamation) and National Park Service (NPS), proposes to develop and implement a Long-
Term Experimental and Management Plan (LTEMP) for operations of Glen Canyon Dam. The
LTEMP would provide a framework for adaptively managing Glen Canyon Dam operations over
the next 20 years, consistent with the Grand Canyon Protection Act of 1992 (GCPA) and other
provisions of applicable federal law. The LTEMP would determine specific options for dam
operations, non-flow actions, and appropriate experimental and management actions that will
meet the GCPA’s requirements and minimize impacts on resources within the area impacted by
dam operations, including those of importance to American Indian Tribes.

On January 8, 2016, the LTEMP DEIS was filed with Region 9 of the
U.S. Environmental Protection Agency (EPA); a Notice of Availability and Notice of Public
Meetings were published in the Federal Register (81 FR 963); and an email notification of the
availability of the DEIS for download from the project website (www.ltempeis.gov) was sent to
approximately 600 members of the public who had signed up for notification during the scoping
period. Prior to this date, the DEIS was sent to each of the Governors, Senators, and
Representatives from relevant congressional districts of the seven Colorado River Basin States
(Arizona, California, Colorado, Utah, Nevada, New Mexico, and Wyoming).

In addition to making the DEIS available on the public website, 84 compact disc copies
of the DEIS were mailed to individuals at their request; 46 copies were picked up at public
meetings held for the DEIS; and copies were made available for public review after the DEIS
was published at the following locations:

» J. Willard Marriott Library, University of Utah, 295 South 1500 East, Salt
Lake City, Utah 84112.

* Cline Library, Northern Arizona University, 1001 S. Knoles Drive, Flagstaff,
Arizona 86011-6022.

* Burton Barr Central Library, 1221 North Central Avenue, Phoenix, Arizona
85004.

» Page Public Library, 479 South Lake Powell Boulevard, Page, Arizona 86040.

* Grand County Library, Moab Branch, 257 East Center Street, Moab, Utah
84532.

* Sunrise Library, 5400 East Harris Avenue, Las Vegas, Nevada 89110.
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* Denver Public Library, 10 West 14th Avenue Parkway, Denver, Colorado
80204.

* Natural Resources Library, U.S. Department of the Interior, 1849 C Street
NW, Main Interior Building, Washington, D.C. 20240-0001.

The original 90-day public comment period was extended an additional 32 days (122-day
total) to May 9, 2016, after several requests were received from the public and Cooperating
Agencies. During the comment period, two in-person meetings and two Internet-based webinars
were held to provide the public with information about the content and findings of the DEIS and
to receive written comments on the DEIS. The meetings and webinars were held on the
following dates:

*  Webinar—Tuesday, February 16, 2016, at 6:30 p.m. Mountain Standard Time
(MST);

* Meeting—Monday, February 22, 2016, at 6:00 p.m. MST, Flagstaff, Arizona;

* Meeting—Thursday, February 25, 2016, at 6:00 p.m. MST, Phoenix, Arizona;
and

* Webinar—Tuesday, March 1, 2016, at 1:00 p.m. MST.

At these meetings, LTEMP staff were available to take comments and answer questions before
and after presentations were made on the DEIS.

During the public comment period, the public was encouraged to submit comments
electronically through the NPS Public, Environment, and Public Comment (PEPC) website.
Comments were also received, however, through the mail or using a public comment form
provided at the public meetings. More than 3,000 individual comment documents were received
on the DEIS.

Comments were determined to be substantive or nonsubstantive in nature. NEPA
regulations require that responses be provided to substantive comments. Comments are
considered substantive if they:

+ Challenge accuracy of analysis

» Dispute information accuracy

» Suggest different viable alternatives

» Provide new information that makes a change in the proposal In other words,
they raise, debate, or question a point of fact or policy.
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Comments in favor of or against the proposed action or alternatives, or comments that
only agree or disagree with co-lead agency policies, are not considered substantive. Substantive
comments were summarized and are presented, along with a response, per issue or impact topic
in this appendix. Substantive comments were used to make changes to the DEIS when deemed
appropriate and justified. Comment issues and the pages on which responses are located are
presented in Table Q-1.Commenters, their affiliation (if any), and the section(s) where responses
to their substantive comments are located are presented in Table Q-3, in Section 15.

Nonsubstantive comments are comments that offer opinions or provide information not
directly related to issues or impact analyses. Nonsubstantive comments have been considered by
the joint leads, but do not require a formal response.

PUBLIC COMMENT SUBMITTAL METRICS

Comment documents were received from 3,035 individuals; organizations (including
environmental groups and other special interest groups); Tribes, private businesses (including
recreational companies) and industry; and local, state, and federal agencies. Submissions were
received from all 50 states plus the District of Columbia. About 12% of the submissions were
from Arizona. Most submissions were received from California, at 19%. Table Q-2 shows the
percentages for the five states with the most comments. Additional states that submitted
more than 100 comments included Illinois, Pennsylvania, Texas, and Washington. Over
2,900 submissions were received via the LTEMP public website, and about 30 were received via
postal mail. Another 20 were submitted using a comment form distributed at the Public
Meetings. One petition included approximately 400 signatures.

FORM LETTERS

Over 1,400 of the 3,035 comment letters received were submitted as form letters that
included the same comment language. Ten form letters were received, with submittals
numbering: 15, 17, 21, 21, 24, 24, 29, 100, 166 and >1,000. Also, as noted above, one letter, a
petition to enhance the Lees Ferry rainbow trout fishery, was signed by 404 individuals. The vast
majority of the form letters expressed support for the preferred alternative. The form letter with
over 1,000 submittals read as follows:

“Thank you for the opportunity to provide comments on the future of the Colorado River
below Glen Canyon Dam. I support the preferred management plan (Alternative D) for Glen
Canyon Dam, including experimental high flow releases, for the next 20 years. The Grand
Canyon’s native fish, recreational experiences, and other natural and cultural resources deserve
this best option. It is especially important to keep daily water release fluctuations capped at
8,000 cfs. This will help preserve natural resources that provide habitat for endangered fish and
the re-building of beaches along the Colorado River. Thank you for including efforts to restore
riparian vegetation, which would otherwise degrade under any of the other alternatives.”
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TABLE Q-1 Comment Issues and Location in the Report

1 AIR QUALITY AND CLIMATE CHANGE ...ttt Q-13
1.1 Delete “negligible” because it iS SUDJECLIVE. ... .cvvveriercrieciieierieree e Q-13
1.2 Minimize Potential Impacts by Comparing Project-Related GHG Emissions with

Regional Total and US Total..........cceeviieiciiiiiiieriieciie ettt sereesvaeesevee e Q-13
1.3 Consider Effects of HFE on GHG EMiSSIONS ......cccueeviriieiiieniieniieiieeieee e Q-13
1.4 Display Greenhouse Gas (GHG) Emissions Increase in Everyday Terms........................ Q-13
1.5 Alternative D increases GHG Emissions, Nearly Four Times the Level Associated

WIth ATLETNATIVE A ..ottt ettt ettt ettt ettt et e et e eesbeeseebeeaeeneenee Q-14
1.6 Methane Emissions from Lake Powell that Contribute to Climate Change...................... Q-14

2 ALTERNATIVES ...ttt ettt sttt et e st et e seeneeteeteeneenseeneeneenes Q-15

2.1 EIS Does Not Comply with NEPA ......cociiiiiiee e Q-15
2.1.1 The DEIS Did Not Evaluate All Reasonable Alternatives............ccccccvveevvveennnnnnns Q-15
2.1.2  No Alternative Featured Greatly Increased Hydropower..........cccccoevvevvervennnennen. Q-16
2.1.3  Experiments are not Adequately Defined or Analyzed...........c.cooeeervecrvervennenen. Q-16
2.2 EIS Does Not Comply With ESA ......cciiiiiiiiieiecieceeeee ettt Q-17
2.3 EIS Does Not Comply With CRSPA ..ottt e Q-20
2.4 SUpport AIEINAtIVE D ..oo.eiiiiiiiiee et Q-22
2.5 Support Alternative D with Caveats..........coveiiiiiiiiiiieieee e Q-22
2.6 Support AIEINAtIVE B.......oooeiiiiieeiicieeeet e Q-25
2.7 SUPPOTt AILEINALIVE A ..oeviiiiiiieceie ettt ettt et esae e esr e e e e st e steessaessbessseesbeesseesssesssesns Q-27
2.8 Support Alternatives Considered but Rejected (Fill Mead First, Decommission Dam) ... Q-28
2.9 EIS Should Have Considered Infrastructure Additions/Modifications............ccceceunee... Q-30
2.10  Alternative D ignores (or does not meet) Hydropower Objective .........cccoevvevvenieenueennen. Q-31
2.11  EIS Did Not Consider a Full Range of AIternatives ...........cccecceeveeneenieniieeiieeceeeieeen, Q-32
2.12  Flows Should Not Drop Below 8,000 CfS...........ccoerieriiriiiieiieeieeie et Q-33
2.13 8,000 CFS Fluctuation Limit........c..cocuiiiiiieciiieiie ettt ettt et eevee e Q-34
2.14  EIS Did Not Adequately Consider the Effects of Climate Change..........c...ccccveevveveennen. Q-35
2.15  Geographic Scope of the EIS .........oooiiiiiiiieeee et e Q-36
2.16  Monitoring to Support Adaptive Management ............cecceereereerireiieenieeneenee e seeeeeeneens Q-37
2.17  Include a Summary of Experimental and Management Actions for the Rainbow Trout
ST 1 1<) OSSPSR Q-37
2.18  Glen Canyon Dam Safety and SECUIILY.........cccceevveevieeriierierierieere et ere e sreesresere e Q-37
2.19  Experimental UNCEITAINLY .......cccceevveevreeriieriierienresreeseesseesseesseesssesssessseesseesseesssesssessesssens Q-37
2.20  Impacts on Basin FUN.........ccccoooiiiiiiiiiiiice ettt sae e e e Q-38
2.21  Due Consideration of HYdTrOPOWET .........cccveiiiriiieriieiiinieeie ettt Q-39
2.22  Support AIETNAtIVE F .....coiiiiiiieiieeeeee ettt Q-39

3 AQUATIC ECOLOGY ...ouiitieiieieeitetest ettt ettt ettt ettt ettt et et sbe et s be et s bt et e b eneenees Q-40
3.1 Alternatives Adequate Will Not Protect Colorado River Ecosystem............cccccvevevenernnee. Q-40
3.2 Impacts of Fall HFEs on Fish and Aquatic Food Base ..........ccccoceeviiiiiieiieciieieieeieenns Q-40



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

TABLE Q-1 (Cont.)

3.1 None of the Alternatives Adequate to Change and Protect Colorado River Ecosystem... Q-40

3.2 Impacts of Fall HFEs on Fish and Aquatic Food Base ........c..ccccceviiiiiiiieiieieceeeeee Q-40

33 Reduce Number of HFEs to Improve the Aquatic Food Base .........c.cccceevvvevivecvecieeninenen. Q-41

34 Impacts of Minimum Flows Before and After HFES.........c.ccccoviiiiiviiniiciiccciceieeis Q-41

3.5 Provide Additional Information on Most Recent Fall HFEs...............ccccoovviiiiiiiiiiea, Q-42

3.6 Support Careful Testing 0f TIMFES ........ccooviiiiiiiiiiiiie et Q-42

3.7 QUAZEA IMUSSEILS ..ottt ettt sttt e b e et e s st e s ntesnte et e enbeenseenaee Q-43

3.8 Provide Additional/Updated Information on Aquatic Resources and Species.................. Q-43

3.9 AZGFD Management Plan...........ccccoviieriieiiieireceeieeneeseesee st eieesieesiee e snesseenseesseesenes Q-44

4  CULTURAL RESOURCES ...ttt sttt sttt ettt Q-45

4.1 Applicability and Composition of Cultural Resource Metrics.........cceeveevveevreerreernverenennn. Q-45

411 WiINA TTANSPOTL ..eieeriieiiieeiieciieeeite e et e etteerveeeteeeseveesbeeeseaeeseseesssaeessseesssesensseenns Q-45

4.1.2  Time Off RIVET..coiuiiiiiiiieii ettt sttt ettt st eneeas Q-45

4.1.3  Glen Canyon Flow Effect Metric........ccceevererieniniiiiiiciecneeeee e Q-46

42 Area of Potential EffectS ......c.ooociiiiiiiiiiceee e Q-46

4.3 Landmark Status for Grand Canyon and its RESOUICES..........ccvevierierieeieereereeieeveeen, Q-46

5  CUMULATIVE IMPACGTS ...ttt ettt ettt st se et e s e ne e e e sseeneenees Q-47

5.1 Additional Foreseeable Actions (Including Management Plans) to be Included............... Q-47
5.2 Refinement of Description and/or Impact Assessment for Foreseeable Actions

(00113 1 1<) (< OO UPRUPRUUSRRR Q-47

6 HYDROPOWER......coiiiiieee ettt ettt ettt sa et e bt ettt e ae et e seeeneenees Q-48

6.1 Scope of Analysis and Study EIemMents........c..ccceevvievierierienieiiecieereere e Q-48

6.1.1 Hydropower Goals and ODJECHIVES ......c.ccceerieerierienieeieereereereesreesseesseeseneseneens Q-48

6.1.2 Generation at HOOVEr Dam ...........ccoooviiiiiiiiiiiciiec et Q-48

6.1.3  Cumulative Impacts on POWer SYStems .........cccceevieriiriiieiiieiieieiieree e Q-48

6.1.4  Analysis of Impacts on Basin Fund...........cccccoovviiniiniiiiiiiieeee e Q-48

6.1.5 Consideration of Impacts on Basin Fund ..............ccecveviiiiinienieniiieie e Q-49

6.1.6  Power System Impacts on Climate Change ............c.cceeevvrerievieenreereennesveeveeneens Q-49

6.1.7  Sensitivity Analysis of FUEl Prices.........ccccevieriiiiiiiniiiiii it ere e Q-49

6.1.8  Clean Powerplant LegiSlation ............ccccveeviiieiiieiiiie et Q-49

6.2 General Overarching Comments on the Power Systems Analysis..........ccocevveveevenenennne. Q-50

6.2.1 Adequacy of Power Systems ANalysiS.......cccccerverrirriiieiieeiieriieniieneeseesee e Q-50

6.2.2  Ratepayer Analysis FIaWed.........ccccoeevieiiiiiieiieiecie e Q-50

6.2.3  Inputs to Capital CoStS ANALYSIS ....cccveerrieriieriieiieireeieereesreeieesaeseresereesseeseesseens Q-51

6.3 Le@Al ISSUES ....eeeiiieeiieeiiieciee ettt ettt e st e et e e st e e ssnaeessbeesnsaesssseessseeansaeesseeenseennses Q-52

6.3.1 HFEs as Part of Long-Term Operations...........ccueerveerireeeereeenveesireeesieeesreessveeenns Q-52

6.3.2  Irretrievable Loss of HYdIrOPOWET ........cccevuiriiriieiieieerieesieeiee e Q-52

6.4 Technical POWer SyStem ISSUES ......cccuieiuieiiieriieiierieste ettt Q-52

6.4.1  DISCOUNE RALE .....oooviiiiiiiciiiciee ettt et et et e eeeaae e Q-52

(O 3 O 111 | 0 ] £ USSP Q-52

6.43  EXCeedance LeVel.......cccoooiiiiuiiiiiieee e Q-53

6.4.4  Ancillary Service ASSUMPLIONS......cccueiiruiierirererieeriieerieeereeesreesreeeseeessreessreeenens Q-53

6.4.5 Modeling ASSUMPLIONS .....cccueeruieriirrireieesieesteeseeseeeteeteesteeteesseesseesseesnseeseeseens Q-54
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TABLE Q-1 (Cont.)

6.4.6  Small Customer RepreSentation............ceccvevverieeiiierieesieeseeseesresreeseeseesseesseens Q-54
6.4.7 Small Customer Loads and Load Growth ...............cccccovviiiiiiiiiiiiiiiceieee e, Q-54
6.4.8  System EXpansion Plan............ccocieiiiiiiniiiiieeee e Q-54
6.4.9  TransmiSsSion CONSIIAINTS ......c..eeiivieeeuiieirieeiieeciteeeteeeeieeesreeesteeesereeereeesereesreeenns Q-55
6.4.10 Renewable Portfolio Standards ............ccceeeeeieiiiieiiiiiie e Q-55
6.4.11 COStS OF HEES ....ooiiiiieie ettt e Q-56
6.4.12 Costs Of EXPEIIMENLS ....eccvveeeiieiieiieiieiiesiteeteereeteesteeseeeseveesreesseesseesssesssesssessses Q-56
6.4.13 Impacts of Macroinvertebrate Production Flows on Hydropower ....................... Q-56
6.4.14 Effects at Hoover Dam and Glen Canyon Dam ..........cccccoeceeviiiiiniieienicenieeeen, Q-56
6.5 Retail Rate ANALYSIS.....cciecuieiieiieiieeie ettt ettt sttt sbe e e Q-57
6.5.1 Consideration of Wholesale Rate Input ..........c.cceveerieriieniienieeieeieeeeieeieeiens Q-57
6.6 Wholesale Rate ANALYSIS......ccceeeviieiiiiiiiiieitiesee e ere e ereereebeeseeseaesrresvessseesseesseesssesenas Q-57
6.6.1  ASSUMPLIONS ..c.veerireiereerieieeieeseestesteareeseesseesseesssesssessseesseesseesseesssssssesssesssesssenns Q-57
6.7 Editorial COMMENTS........couiiiiiiieiienieete ettt ettt et sbe ettt et ebeenbee s Q-57
7 NATURAL PROCESSES. ..ottt ettt ettt ettt sse s essessesseensaeseesseseennensensas Q-58
7.1 Naturally Patterned Flow and Run-of-the-River Flow Alternatives ..........cc.cccecvevvenunnnee. Q-58
7.2 Remove Natural Processes from the EIS ..o Q-58
7.3 Natural Resource Performance Goal...........c..oooviiieiiiiiiioiiieieeeee e Q-58
7.3.1 Quantitative Performance MEtriC.........cccueeevueeeeuirieeieeiee et Q-58
7.3.2  Goal to Restore Is Not Achievable...........cccovviiiiiiiiiiiiiiiccee e, Q-58
7.3.3  National Park Service Natural Processes Management Policy and Goals ........... Q-59
7.4 Opportunity to Expand Non-Flow Management Options to Improve Aquatic and
RiIparian Habitat ........c.cccuieciieriieiieiie ettt et ereestaestaessaesnnesnbesnseensaensens Q-59
7.5 HFEs Should be Included in the Evaluation of Effects to Natural Processes ................... Q-60
8  PROCESS AND POLICY .ottt et ae et sse e e st e eneeeeseeeneeaens Q-61
8.1 Include THPOS in Contact LISt .......cueiiieiuiiiiiiiiiee ettt eve e e e eetaeea e Q-61
8.2 Tribes Involvement in Alternatives Development ...........ccccoveiieiiiiiieiienienienieec e Q-61
8.3 Sierra Club’s Scoping COMIMENTS .........ccoeeruierieriieieeiieieeritesetesteeeeeteeseeesteesieeeneeeeeenne Q-61
8.4 Involvement of Cooperating Agencies and SME Teams .........cccccevvereeriieecieenieenieenenenn. Q-68
8.5 LTEMP Effects on Reservoir OPerations ...........ccveecveereveeriieeesreenieesseeesseessneessseessseeans Q-69
8.6 List Relevant Laws and Management DOCUMENTS .........c.ccceevvieriiervenreereereeieeseeeseneennens Q-69
8.7 Application of Structured Decision Analysis (SDA) .....cccceeevieiciieeriieeieeciie e Q-69
8.8 DOI DISCIAIMET .....eeiviiiiiieetie ettt ettt et e et e e e e e sebeeeteeestveeebeeesaeesaseeeseeessseens Q-71
8.9 DOI Response t0 COMIMENTS .......eeeiuiiiriieiitieeniieeniie ettt eeiieesiteesiteeseteesbeeesiteesiteessbeeesireenas Q-71
8.10  Comment Period Deadline ............ccocueiiiiiiiiiiiiiicceeeeee e e Q-71
8.11  Language Regarding LROC ...........ccoiiioiiiiiiieiiiecee ettt ere st e e e seee s Q-71
8.12  Description of HFE Protocol and Nonnative Fish Control Protocol for the Preferred
ACINALIVE ..ottt e et e e et e e ettt e e e e ttaeeeeettaeeeeeateeeeeeataeeeeaareaean Q-72
8.13  Conservation measures to Be Applied Under Alternative D.........ccccooceeveenininiineneenene. Q-72
O RECREATION......oootiiiitieie ettt ettt et ettt ettt et besteessesseesae s e essessessaensensesssenseseessensenseensenses Q-73
9.1 Note Economic Benefits of the Recreation Industry..........cccceveeveiercivecieeneeneerieeeeeeeee, Q-73
9.2 Recreation Resource Goals INCOMPIELE ........cccvveeiieiiiieeiiiiii ettt Q-73
9.3 Adopt the Goals and Objectives of the AZGFD Fisheries Management Plan................... Q-73
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9.4 Adoption of MLFF Flows Corresponded with Degradation of the Lees Ferry Fishery

DIOP I VISTEATIONS ....vvieiiieeiiiecieeeiieeste e et e eiteeseteeeteeestaeesebeeesaeessseesssaeessseasssesessessssenans Q-74
10 TRIBAL RESOURCES ....ooeieieieeeeeee et e e e e e e e ettt e e e e e e e e et e eeeeeaeessraeeeeeeesaaanne Q-75
10.1 Opposition to Mechanical Removal of Trout and Trout Management Flows................... Q-75
10.2  Lack of Tribal Representation in Development of EIS............ccccoevviiiiiiiiiiciieiiiieieee Q-75
10.3  Metric Should Not Be Used to Analyze Impacts to Cultural and Tribal Resources ......... Q-76
10.4  Cultural Landscapes and Traditional Cultural Properties not Thoroughly Discussed ...... Q-76
10.5  Tribal Lands and Resources on Tribal Lands Not Taken Into Consideration................... Q-77
10.6  Impacts to Hualapai Tourism Operations Not Thoroughly Analyzed.............cccccevreennen. Q-77
10.7  Tribal Perspectives on Components of the Colorado River Ecosystem............c.cccccuveneeen. Q-77
10.8  Editorial COMIMENTS. .....uuveiiiiiiiiiieiieieeee e ettt e e e e ettt eeeseeseaaaeeeeeesesernaseseesssesssnanaeees Q-78
L1 SEDIMENT ....ooiiiiiiiitee ettt e e e e ettt e e e e e e e et e eeeesaessaeeeeeessseseraaaeeeeesenenaraaeeees Q-79
11.1  Concern Over Erosion of Sandbars and Beaches following High Flows (i.e., HFEs)....... Q-79
11.2  Spring HFEs—Uncertainty and Concern Over Impacts; More Testing Is Needed........... Q-79
11.3  Equalization Flows—Concern Over Increased Erosion and Higher Rate of seDiment
TLANSPOTE ...ttt ettt ettt e sa e s bt e e bt e e sab e e e bt e e sabeesabeeebteesabeeeaaeeaaee Q-79
11.4  Sediment Should Be Considered a “secondary” ReSOUICE...........cevververierrieciienieerieeninans Q-80
11.5 Concern Over Sediment Accumulation in Lake Powell and Behind the Dam.................. Q-80
12 SOCIOECONOMICS AND ENVIRONMENTAL JUSTICE .....ouuoeiiiiiieeeeeeeee e Q-81
12.1 Regional Economic Impacts Associated with Boating Visitor Expenditures ................... Q-81
12.2  Regional Economic Impacts Associated with Angler Visitor Expenditures, in
Particular Impacts Of HFES ......cccoooiiiiiiec e Q-81
12.3  Use Values Associated with Angling and Boating Trips........cccecvevvereerienienienienieennnn Q-81
12.4  Non-Use Values Associated with Fishing ReSources ...........cccccvvververienciieciieiieieeienienns Q-81
12.5  Economic IMpPacts 0N TIIDES......cccecviiviiiriieriieiieiiesreereeteereesieeseresvessseeseesseesseessnessneans Q-82
12.6  Impact on Water PrOVISION........ccccuiieiiiieiiieiiiceciee ettt eieeeaeesve e etveesaveeereeessseeesraeenens Q-82
12.7  Regional Electric Power Economic IMpacts ..........ccceceerierienieniieeiiieieeceeeie e Q-82
12.8  Economic Impacts of Activities of Confluence Partners Out of Scope of EIS................. Q-82
12.9  Depth of Literature review on Use Valuation in Appendix [..........ccecvveiveciienivnnieneenennns Q-83
12.10 Mechanical Removal and Trout Management FIOWS...........cccccovverierieniencrieieeieeiieniens Q-83
I3 WATER . ..ottt e e e e e e e e et e e e e e se e e s e teeeeessaesaaeereessesseeraseaeeesssssenaaaeees Q-84
13.1 Consideration of Climate Change Effects Related to Water Supply Reductions,
Evaporation, and Operational Levels of Lake Powell..........c.cccooceeviiiniiniiniiiiiicieeeee Q-84
13.2  Consideration of Climate Change Impacts on Water Availability, Increased Demand,
and Greater DEPIELiON .........ccceevciiiciieriierieriesie ettt e seesaesbeesbe e e essaessaessseenseensens Q-84
13.3  Influence of Tributaries and Lake Powell on Main Stem and Lake Mead Salinity
L VEIS it e e e e e et e e e e e tba e e e ettaaeeeataaaeearaeaan Q-84
13.4  Editorial COmMIMENTS. .........ccoiiuiiiiiiiiieeeeiiie e cciiee ettt ee et e e eette e e eetteeeeetaeeeeeareeeeeareeeeeases Q-85
T4 WILDLIFE ...t e et e e e e e e et e e e e e s e e et e eeeeseses e eeeeeeeeasassaaeeeeesesaaanne Q-86
14.1 Averting the Responsibility to Protect Native SPecies........cccecveriereeriereenienieeieeeeeneeen Q-86
14.2  HFE IMPACTS on Kanab Ambersnail...........ccccccoevviiiiiieiiiiicieeeiee e Q-86
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14.3

Operate Glen Canyon Dam in a Way that Protects All Wildlife (Including Listed
1T 1) TSRS Q-87

TABLE Q-2 Commenter Distribution

by State
State Percentage
AZ 12
CA 19
Cco 5
FL 5
NY 5
All others 53

The form letter with 166 submittals and the petition with 404 signatures had nearly
identical language, which recommended that the LTEMP should:

Explicitly recognize that the Lees Ferry tailwater trout fishery as priority
resource “value” for which Glen Canyon Dam should be operated as provided
for in the Grand Canyon Protection Act.

Incorporate the goals and objectives of the Arizona Game and Fish
Department’s Fishery Management Plan for the Lee Ferry Trout Fishery as
stated goals and objectives of the LTEMP.

Fully consider the impacts of repeated fall high flow experiments on the
aquatic food base, rainbow trout, and invasive species in Glen and Marble
Canyons.

Place more emphasis on conducting high flow experiments in the spring to
benefit a variety of resources besides sediment/sandbars including the aquatic
food base, native fish, rainbow trout and riparian vegetation.

Test the use of sustained low steady flows (also known as “macroinvertebrate
production flows”) to increase the production and diversity of the aquatic
insects in the Colorado River below Glen Canyon Dam.

Carefully test the use of Trout Management Flows (TMF), but only when

there is an identified need to reduce the number of young of the year rainbow
trout in Lee Ferry.
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The form letter with 100 submittals simply endorsed “DOI’s plan to operate the Glen
Canyon Dam in a way that will best protect Grand Canyon National Park.” Conversely, the form
letter with 29 submittals stated that the “DEIS fails to adequately analyze the impacts of climate
change on the entire Colorado River water supply system” and “should have considered a wider
range of reasonable alternatives that fully take climate change into account.” The remaining form
letters were variations on the themes of protecting the Lees Ferry trout fishery or endorsing
DOJI’s plan. Substantive issues raised in the form letters and in individual letters submitted are
addressed in the following sections.

SUMMARY OF ISSUES RAISED IN COMMENTS ON THE DEIS AND DOI’S
RESPONSES

Comment letters received on the public draft of the LTEMP EIS raised substantive issues
in a number of technical areas related to the analyses presented in the EIS and in non-technical
areas related to the requirements of preparing the EIS under NEPA. Comments ranged from
support of the preferred alternative as is, to support with qualifications, to support of other
alternatives. Some commenters disagreed with the exclusion of some proposed alternatives as
not meeting the purpose and need of the proposed action, including decommissioning of the dam.
Other comments questioned the adequacy of the EIS under NEPA and ESA and in addressing the
effects of climate change. Many comments addressed the proposed experiments that are a part of
the preferred alternative and other alternatives, their triggers, their potential effectiveness, and
their potential effects on other resources not targeted by the experiments. Other comments
addressed the modeling conducted to analyze effects of dam operations on resources and on the
metrics produced by the models to assess impacts. A number of comments concerned the effects
of daily fluctuations and minimum river flows downstream of the dam resulting from dam
operations under the various alternatives. Many comments addressed the use of HFEs, their
timing, potential benefits and effects on hydropower generation. These and other substantive
issues are outlined in the following section. Following the outline is a section that presents a
summary of each issue as raised in comments and DOI’s response. Finally, an index of all
comment letters submitted, the names of the commenters, and their affiliation is presented
following the issues and responses section.

Comment Categories, Comment Issues, and Location Where Responses are Found

Comments issues were categorized according to a number of technical and non-technical
areas based on the substantive content of the letters submitted. In addition, a large number of
editorial comments were received, and we have updated the text where appropriate in response to
these comments. These comments refer to specific page numbers and line numbers in the DEIS.
Because the overall document pagination has changed from the DEIS to the FEIS, including the
specific location of each change would have limited utility and be cumbersome. Accordingly, we
have not included the specific locations of each change in this Appendix. The EIS was revised
appropriately to address all substantive editorial comments, to correct typographical errors, and
to add specific language submitted by Tribes.
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The following outline presents the comment categories, a brief description of the issues
raised, and the location in the following section where each issue is summarized and DOI’s
response is presented.
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LTEMP CONSOLIDATED ISSUES AND RESPONSES

1 AIR QUALITY AND CLIMATE CHANGE

1.1 DELETE “NEGLIGIBLE” BECAUSE IT IS SUBJECTIVE.

Summary Comment: Commenters expressed that the term “negligible” is a biased, subjective
term.

Response: For emissions of SO2 and NOx presented in Section 4.15, the term “negligible” was
used to describe impacts, but the actual projected emissions (in tons/yr) and percentage change
relative to Alternative A also were provided. No change was made to the text. In Section 4.16,
the text was edited to remove the term negligible and only the actual projected emissions of
greenhouse gases (in tons/yr) and percentage change relative to Alternative A, and current
conditions in the 11-state region and the United States were provided.

1.2 MINIMIZE POTENTIAL IMPACTS BY COMPARING PROJECT-RELATED
GHG EMISSIONS WITH REGIONAL TOTAL AND US TOTAL

Summary Comment: Commenters expressed that the effects of increases in GHG emissions for
the alternatives should be presented on a local or regional basis, and not at a national level.

Response: Text was updated to show project-related GHG emissions compared to total regional
(11 states) while still retaining U.S. GHG emissions as that level is a conventional way of
assessing their impacts.

1.3 CONSIDER EFFECTS OF HFE ON GHG EMISSIONS

Summary Comment: Commenters suggested that strong consideration should be given to the air
emission impacts resulting from HFEs.

Response: The analysis considered the effects of HFEs on air quality in Section 4.15 and on
greenhouse gas emissions in Section 4.16. The modeling results presented in these sections
included HFE:s in all of the alternatives.

1.4 DISPLAY GREENHOUSE GAS (GHG) EMISSIONS INCREASE IN
EVERYDAY TERMS

Summary Comment: Commenters recommended that increases in GHG emissions be expressed
as an equivalent mass of coal burned using the EPA’s “Greenhouse Gas Equivalencies
Calculator,” rather than just presenting GHG emissions in metric tons.
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Response: In Table 4.16-1, we added a footnote which states, “Using an online tool from the
EPA (https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator), one can express a
given amount of GHG emissions in MT in everyday terms. For example, 1 million MT/yr is
estimated to be equivalent to the amount of CO; that is emitted as a result of the electricity use of
148,000 households. However, because the EPA cautions that these estimates are approximate
and should not be used for emission inventory or formal carbon footprinting exercises” the
authors felt it was not appropriate to report the results in this document using that conversion.

1.5 ALTERNATIVE D INCREASES GHG EMISSIONS, NEARLY FOUR TIMES THE
LEVEL ASSOCIATED WITH ALTERNATIVE A

Summary Comment: Commenters noted that Alternative D, which averages more than 1 HFE
per year for the 20-year DEIS period, increases GHG emissions by 22,908 metric tons per year,
nearly four times the level associated with Alternative A, which is the lowest GHG-producing
Alternative due to the lowest frequency of HFEs.

Response: While the commenter is correct that Alternative D increases GHG by 22,908 metric
tons per year (MT/yr), the EIS analysis found that the level of emissions for Alternative A was
55,177,668 MT/yr and the level of emissions for Alternative D was 55,200,576 Mt/yr and so the
difference from Alternative A would be only 0.042%.

1.6 METHANE EMISSIONS FROM LAKE POWELL THAT CONTRIBUTE TO
CLIMATE CHANGE

Summary Comment: Commenters state that preliminary estimates of methane emissions from
the operation of Glen Canyon Dam and Lake Powell indicate that the combined life cycle GHG
equivalents may be as high as one-third of a natural gas power plant.

Response: Because no studies on GHG emissions from Lake Powell and Grand Canyon Dam
have been made, GHG emissions, such as CO,, CHy, and N,O, from the reservoirs were
discussed qualitatively in Section 4.16.2.1. Reservoirs such as Lake Powell would be expected to
produce some amount of GHG emissions consistent with levels reported for reservoirs in the
semiarid Western U.S. (Tremblay et al. 2004 and http://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/4 Volume4/V4 p Ap3 WetlandsCH4.pdf). However, GHG
emissions from these sources and associated climate change are not anticipated to be different
among the alternatives.
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2 ALTERNATIVES

2.1 EIS DOES NOT COMPLY WITH NEPA

2.1.1 The DEIS Did Not Evaluate All Reasonable Alternatives

Summary Comment: Citing 40 CFR 1502.14 requiring agencies to “[r]igorously explore and
objectively evaluate all reasonable alternatives, and for alternatives which were eliminated from
detailed study briefly discuss the reasons for their having been eliminated.” Commenters stated
that the LTEMP EIS process does not appear to comply with NEPA because Reclamation and
NPS (i) did not objectively evaluate all reasonable alternatives, (ii) failed to assess mitigation
measures regarding sediment issues, and (iii) appeared to utilize a partial decision making
process.

Response: The LTEMP EIS carried forward a range of reasonable alternatives that were
developed based on the input of DOI experts, Cooperating Agencies, stakeholders, Tribes and
the public. Early alternative concepts were provided to cooperators and stakeholders for input
and a public meeting was held on in April of 2012 to further explore and characterize those
concepts. Mitigation measures within the scope of this EIS that fit the purpose and need were
considered. The decision making process for this EIS conforms with the established NEPA
process and considered input from the public, cooperators, stakeholders and Tribes. This NEPA
document provides detailed analysis for a broad range of alternatives ranging from those
proposed for ecological purposes, and those proposed by hydropower interests and focused on
hydropower generation to, and those proposed to strike different a balances among all resource
areas.

Alternatives F and G, the seasonally adjusted steady flow and year round steady flow alternatives
were proposed by members of the public and interest groups during scoping. These alternatives
were similar to ones considered in the 1996 EIS as well. These alternatives considered as part of
a range of reasonable alternatives and these showed many positive and negative impacts on a
variety of resources as were disclosed in the draft impact statement. The preferred alternative
showed a better balance between resources to achieve the purpose and need.

Full powerplant capacity operations were considered and eliminated as an alternative as
discussed in Section 2.3.10 because fluctuation levels to the degree proposed would have adverse
impacts on many downstream resources and would not meet the purpose and need for this EIS.
Alternative B was originally crafted and submitted by CREDA, a power utility stakeholder. It
has a greatly increased daily range compared to the No Action alternative and it includes an
experimental implementation of maximum powerplant capacity releases. This alternative showed
a number of positive and negative impacts on a variety of resources as were disclosed in the
DEIS. The preferred alternative showed a better balance among resources to achieve the purpose
and need. [519951]
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DOI believes the EIS is in full compliance with NEPA regulations. The USEPA reviewed the
DEIS and determined that, based on their review, rated the preferred alternative as “Lack of
Objections-Adequate,” the highest rating possible.

2.1.2 No Alternative Featured Greatly Increased Hydropower

Summary Comment: Commenters stated that, none of the alternatives feature greatly increased
(hydropower) flexibility and that the Agencies should provide more explanation regarding why
an alternative with even more daily flexibility was not considered. Others stated that the LTEMP
EIS preferred alternative does not meet the renewable resource goal of NEPA Section 101 (b) 6
or the hydropower resource goal established by the DOI for the LTEMP EIS process due to
restrictions on the utilization of Glen Canyon Dam for hydropower production under the
preferred alternative

Response: Full powerplant capacity operations were considered and eliminated as an alternative
as discussed in Section 2.3.10 because fluctuation levels to the degree proposed would have
adverse impacts on many downstream resources and would not meet the purpose and need for
this EIS. Alternative B was originally crafted and submitted by CREDA, a power utility
stakeholder. It has a greatly increased daily range compared to the No Action alternative and it
includes an experimental implementation of maximum powerplant capacity releases. This
alternative showed a number of positive and negative impacts on a variety of resources as were
disclosed in the DEIS. The preferred alternative showed a better balance between resources to
achieve the purpose and need.

The analysis performed in this EIS is fully consistent with both the hydropower resource goal in
Section 1.4 and the goal set forth in the “policies and goals” subchapter of NEPA, including the
cited goal in Section 101(b)(6). Hydropower impacts and consistency with the hydropower
resource goal are discussed in Section 4.13. Regarding Section 101(b)(6) of NEPA, this is a
general statutory statement that Congress that cannot be read in isolation. Instead, it must be read
in connection with the Law of the River, the GCPA, and other statutory provisions specific to
operations of Glen Canyon Dam. When these authorities are read together, Congress has
established specific requirements for the operation of Glen Canyon Dam. This EIS considers
those specific requirements and identifies a preferred alternative that meets the purpose and need
and achieves an appropriate balance for meeting the objectives

2.1.3 Experiments are not Adequately Defined or Analyzed

Summary Comment: One commenter stated that Alternative D violates the requirements of
NEPA because it contains experiments or other proposed actions that are not adequately defined
or analyzed. Another commenter stated that “poorly defined experimental conditions, coupled
with the unquantified discretion of the DOI to determine whether there are “adverse effects” on
“other resources” renders the EIS legally inadequate because it does not contain the required
“hard look™ at the environmental and other impacts of the proposed action.”
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Response: The co-lead agencies feel that this NEPA process takes a comprehensive “hard look”
at the proposed action and alternatives to determine whether there are “adverse effects” on “other
resources” and is fully consistent with NEPA. As stated in Section 2.2.4.3, This EIS analyzed a
wide range of conditions that could occur and states the potential effects in the document.

DOI disagrees with the statement that experiments or other proposed actions are not adequately
defined or analyzed. Extensive detail on the costs of experiments appears in Appendix K and text
was added to Section 4.13.2.3 to more fully describe effects to hydropower from all experiments.
The LTEMP EIS describes experiments to be conducted under different alternatives in sufficient
detail to allow for a full analysis of their effects. Extensive modeling of the effects of these
alternatives on a full set of resources was conducted and formed the basis of the assessment
presented in the EIS. These modeling results were supplemented with qualitative assessments of
effects based on existing literature and observations. An assessment of the cumulative impacts of
LTEMP alternatives in combination with other past, present, and reasonably foreseeable future
impacts is presented in Section 4.17 of the EIS. GCMRC has developed a science plan that
describes the information that will be gathered during implementation of the LTEMP, and how
that information would be used in an adaptive management context.

The adaptive management process and triggers are adequately addressed in this NEPA
document. Section 4.1 and Appendices C and K of the LTEMP DEIS have detailed information
on the extensive modeling that was performed with a variety of long term strategies and referring
to uncertainties explicitly. The range of adaptations are also well defined and analyzed in the
EIS. Text was added between the DEIS and the FEIS to further define this and state specifically
under each experiment how magnitudes, duration or frequencies of components of the
experiments may change. The long term strategies were variations of the alternatives that turned
various experiments “off” or “on” to model different combinations and frequencies of
experiments under a variety of hydrologic inflow conditions. This extensive modeling was
coupled with extensive literature review and subject matter expert input to provide thorough
analysis. This is sufficient for a NEPA analysis. Additional details of experiments and
monitoring will be developed through the AMP annual work plans.

DOI believes the EIS is in full compliance with NEPA regulations. The USEPA reviewed the
DEIS and determined that, based on their review, rated the preferred alternative as “Lack of
Objections-Adequate,” the highest rating possible

2.2 EIS DOES NOT COMPLY WITH ESA

Summary Comment: Commenters stated that the LTEMP EIS does not comply with the
Endangered Species Act because considered experiments, operations or management actions are
quite likely to result in negative impacts to an endangered species.

(1) In addition, DOI should seek input from AMWG and TWG representatives on the draft
Biological Assessment under the ongoing Species Status Assessment for HBC, which could
improve and refine experimental treatments in the Preferred Alternative and clarify triggers,
off ramps, monitoring and definitions of success.
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(2) Further, Alternative D is incompatible with the ESA, in part because there are no binding
obligations or criteria or required mitigation that protect the endangered HBC.

(3) Because the DEIS fails to define “annual implementation considerations” and “off-ramps,”
so nearly every experimental treatment will be undertaken unless there are “potential
unacceptable impacts” on certain defined and undefined resources.

(4) A commenter stated that the failure of the DEIS to include and consider the cumulative
impacts all of the HFEs, including the effects on rainbow trout recruitment and humpback
chub from the 2013 and 2014 HFEs, represents a significant analytical flaw, and that it is
inappropriate to consider 250 hour long HFES due to erosion concerns.

(5) A number of people commented that the EIS did not consider or should have considered
more the restoration of extirpated species and recovery implementation plans for all species
known to be native to Grand Canyon prior to the operation of Glen Canyon Dam.

(6) With respect to proposed low summer flows, one commenter supports convening a panel of
experts to analyze existing science on low summer flows within the first 5 years of the
LTEMP period.

(7) With respect to sustained low flows for benthic invertebrate production, a commenter
requested a comprehensive review of these flows by a scientific panel during the first
several years of the LTEMP period to determine their cost, efficacy, and impact on native
and nonnative fish.

Response: DOI has consulted with the U.S. Fish and Wildlife Service and developed
conservation measures and alternative-specific experimental actions to avoid, minimize, and
mitigate adverse impacts on endangered species and critical habitat potentially affected by the
proposed action. The Biological Assessment is found in Appendix O in the final EIS. [519929]
DOI has been consulting with FWS throughout the 5-year EIS process. The LTEMP EIS used
the best available science and peer-reviewed modeling in its analysis of the effects of the
proposed action and alternatives on endangered species and critical habitat.

(1) Indeveloping the Biological Assessment for LTEMP, Reclamation convened an ad hoc
group of Grand Canyon aquatic biologists from FWS, GCMRC, AZGFD, NPS, and
Reclamation to develop the conservation measures, experimental actions, and trigger levels
for those actions to be included in the EIS. GCMRC scientists have been involved since
scoping with development of LTEMP alternatives and have provided information, research
results, and expert opinions regarding the effects of the proposed action on endangered
species and critical habitat throughout the EIS process. Also several Cooperating Agencies,
including Tribes and Western Area Power Administration were given a chance to review the
Biological Assessment and the proposed conservation measures were presented to the
AMWG members at the August 2016 AMWG meeting. The Biological Assessment was
updated to incorporate feedback and input resulting from these reviews.

The FWS humpback chub species status assessment that the commenter refers to is in
process and will not be completed until well after the publication of the LTEMP FEIS. It is
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not required to be complete for the FEIS or the record of decision, and is therefore
independent of this NEPA process.

Greater specificity regarding triggers for HFE implementation and humpback chub actions
have been added to the EIS (Appendices O and P).

Formal consultation with FWS has resulted in a Biological Assessment and Biological
Opinion on the effects of the proposed action on listed species and designated critical
habitat, as presented in Appendix O of the EIS. DOI has worked closely with FWS
throughout the 5-year EIS process to ensure that the appropriate experiments, dam
operations, and non-flow actions were identified in the proposed action or as conservation
measures. LTEMP EIS alternatives include experiments that are intended to improve
conditions for ESA-listed species and other special status species. The LTEMP EIS team
used the best available science and peer-reviewed modeling to determine the potential
effects of these alternatives on these species.

Throughout the LTEMP DEIS drafting process, the parties to the DEIS have consistently
prioritized the conservation of humpback chub and its habitat. FWS, the expert agency on
endangered species issues, has been involved in the DEIS process from its inception.
GCMRC scientists, who specialize in studying HBC and its habitat, have also provided
valuable input regarding HBC during this process.

The LTEMP EIS did consider and define “annual implementation considerations” and “off-
ramps” for experiments. The implementation framework for Alternative D (Section 2.2.4.3
of the EIS) explicitly calls for the consideration of key resources (including endangered and
threatened species and their designated critical habitat) when determining which
experiments to conduct in any given year. The framework also establishes off-ramps that
would identify when experiments should no longer be conducted if it was established there
were potential unacceptable adverse impacts to endangered species and critical habitat. As
described in Section 2.2.4.4, DOI will also exercise a formal process of stakeholder
engagement to ensure decisions are made with sufficient information regarding the condition
and potential effects on important resources. GCMRC has developed a science plan that
describes the information that will be gathered during implementation of the LTEMP, and
how that information would be used in an adaptive management context in order to promote
the conservation of humpback chub and other species of concern.

The LTEMP EIS did fully consider direct, indirect and cumulative effects of HFEs.
Descriptions of the observed effects of HFEs conducted in 2012, 2013, and 2014 have been
added to the EIS. The impacts of HFEs on other resources, including endangered species
and hydropower, were fully analyzed in the EIS. The EIS acknowledges that experimental
testing may provide new information about the effects of extended-duration fall HFEs on
endangered species and their habitat. If that experimentation results in significant new
information about potentially adverse impacts, outside of what was analyzed in this NEPA
process then additional NEPA reviews would be completed as appropriate. These HFEs
would only be conducted in years of very large sand input from the Paria River during the
fall accounting period and the duration would be adjusted to be compatible with the
magnitude of the sand input. Extended-duration fall HFEs would only be allowed in 4 of the
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20 years of the LTEMP period and spring HFEs would not be allowed in the same water
year to mitigate the cumulative impact of sequential HFEs. In addition, consideration would
be given to their effects on key resources including water delivery, the Basin Fund,
endangered species, and sediment.

The reintroduction of extirpated species was outside the scope of this EIS and is discussed in
Section 1.5.3.

LTEMP EIS alternatives include experiments that are intended to improve conditions for
ESA-listed species and other special status species. The LTEMP EIS team used the best
available science and peer-reviewed modeling to determine the potential effects of these
alternatives on these species. DOI has worked closely with FWS throughout the 5-year EIS
process to ensure that the appropriate experiments, dam operations, and non-flow actions
were identified as conservation measures. Formal consultation with FWS has resulted in a
Biological Assessment and Biological Opinion on the effects of the proposed action on
listed species and designated critical habitat, as presented in Appendix O of the EIS.

The original notice of intent to prepare the LTEMP EIS identified the need to determine
whether to establish a recovery implementation program for endangered fish species below
Glen Canyon Dam. The LTEMP team found that identifying the need to determine whether
to establish a recovery implementation program (RIP) for endangered fish species below
Glen Canyon Dam did not meet the purpose and need for the action.

Additional description of the implementation process for low summer flows has been added
to the EIS (Section 2.2.4.6) including convening a scientific panel that includes independent
experts prior to the first potential use of low summer flows to synthesize the best available
scientific information related to low summer flows. Based on input from GCMRC, FWS,
and joint-lead experts, we feel the additional restriction of only implementing the first test of
low summer flows if humpback chub population status is robust is not needed because any
test of low summer flows would consider the possibility for unacceptable adverse impacts to
endangered species and critical habitat, and implementation of such a test may be delayed
until conditions were suitable and unacceptable adverse impacts were minimized.

We acknowledge that testing may be needed to determine the efficacy of macroinvertebrate
production flows in this ecosystem, but find there is sufficient evidence for testing this tool
experimentally. We acknowledge the potential for macroinvertebrate production flows to
lead to increases in trout numbers. As described in Section 2.2.4.6, the “effects of the test
would be evaluated...” and “...could be discontinued if there were unacceptable effects on
other resources.” Furthermore, we have consulted with FWS and GCMRC, and they both
regard the experiment as low risk to the humpback chub population.

2.3 EIS DOES NOT COMPLY WITH CRSPA

Summary Comment: Several commenters have stated that the DEIS has improperly excluded

hydropower enhancing alternatives and that the preferred alternative runs counter to the Grand
Canyon Protection Act, the implementation of which is subject to and must be consistent with
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Colorado River Storage Project Act (CRSPA). Under Section 7 of CRSPA, hydroelectric power
plants are under CRSP A are to be operated “so as to produce the greatest practicable amount of
power and energy that can be sold at firm power and energy rates.” Alternative B outperforms
Alternative D in this regard, while Alternative D provides no experiments to benefit hydropower,
which would benefit HBC. Commenters state that the DEIS considers only the water
management aspects of CRSPA and disregards the hydropower enhancement aspects and that the
GCPA and CRSPA must be considered together, giving full consideration to each and that
hydropower enhancement was disregarded because it did not conform to the agencies
preconceived notion of where the program was to go. Finally, one commenter stated that the
LTEMP is deficient as a management program because ignores the legal responsibility to explore
mitigation strategies that would allow the use of the dam for its hydropower generating purposes
as originally intended and that mitigation strategies are available that will benefit the trout
fishery, reduce mechanical removals, stabilize sediment, and enhance river running while
providing hydropower in a load following context. One commenter stated that environmental
studies thus far completed and proposed do not support disruptions to continued dam
management for water and power with either only negligible or zero species improvements and
in the absence of reliably identifiable cause/effect and resulting benefit correlations, they urged
prioritization of CRSP hydroelectric power purposes for the Glen Canyon Dam operations.

Response: Contrary to statements in the comment, the LTEMP EIS did evaluate and present the
results for an alternative that increased hydropower generation. Alternative B was originally
crafted and submitted by CREDA, a power utility stakeholder. It has a greatly increased daily
range compared to the No Action Alternative and it includes an experimental implementation of
maximum powerplant capacity releases. This alternative showed a number of positive and
negative impacts on a variety of resources as were disclosed in the EIS. The preferred alternative
showed a better balance between resources to achieve the purpose and need of the proposed
action.

DOI formulated the characteristics of the preferred alternative based on initial modeling of a set
of 6 alternatives. There were several characteristics that were chosen to specifically reduce cost
to the hydropower resource including increasing the fluctuation factor from 7 to 10 in high
demand months, adjusting the monthly release pattern to match WAPA ‘s Contract Rate of
Delivery, increasing the volume of water in the high demand month of August from 750 to

800 kaf in 8.23 maf years, and eliminating steady flows after HFEs. Many objectives and
resource goals were considered in the LTEMP EIS. No one alternative was found which met all
goals and objectives. Alternative D performed the second best out of the action alternatives on
the hydropower metrics while also meeting the purpose and need and providing the best balance
of resource impacts to comply with the Grand Canyon Protection Act and protect, mitigation and
improve downstream resources. The preferred alternative was identified as the best balance for
meeting the purpose and need of the LTEMP EIS.

Full powerplant capacity operations were considered and eliminated as an alternative as

discussed in Section 2.3.10 because fluctuation levels to the degree proposed would have adverse
impacts on many downstream resources and would not meet the purpose and need for this EIS.
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The DEIS is consistent with both Section 7 of CRSPA and the GCPA. The CRSPA and the
GCPA are both statutes that concern operation of Glen Canyon Dam, and the GCPA expressly
acknowledges that the Secretary shall implement the GCPA “in a manner fully consistent with
and subject to the Colorado River Compact, the Upper Colorado River Basin Compact, the
Water Treaty of 1944 with Mexico, the decree of the Supreme Court in Arizona v. California,
and the provisions of the Colorado River Storage Project Act of 1956 and the Colorado River
Basin Project Act of 1968 that govern allocation, appropriation, development, and exportation of
the waters of the Colorado River basin.” Accordingly, the Secretary has considered both statutes
in this NEPA process analyzing the operation of Glen Canyon Dam. Regarding the “Full-
Powerplant Capacity Operations Alternative”, as explained in the EIS (see Section 2.3.10), this
alternative was rejected because it would not meet the purpose, need, and objectives of the
LTEMP including compliance with the GCPA. However Alternative B described in

Section 2.3.2 and analyzed in Chapter 4 includes a test of “hydropower improvement flows” that
featured wide daily fluctuations (up to 20,000 cfs in some years and months).

2.4 SUPPORT ALTERNATIVE D

Summary Comment: Numerous commenters support Alternative D, the preferred alternative,
some noting that Modulated flows as set out in Alternative D will better accomplish the stated
objective- ”...to protect, mitigate adverse impacts on, and improve the values for which GCNP
and GCNRA were established, including, but not limited to natural and cultural resources and
visitor use.

Response: Alternative D was identified as the preferred alternative because it met the purpose
and need of the proposed action while achieving the best balance between downstream resource
protection and hydropower production. It was the second best of the action alternatives in terms
of hydropower performance.

2.5 SUPPORT ALTERNATIVE D WITH CAVEATS

Summary Comment: A number of commenters support Alternative D with some changes or
caveats:

(1) Modify the HFE trigger to allow for more frequent spring HFEs that are aimed at benefitting
a variety of priority resources besides sediment/sandbars, including aquatic food base, the
endangered humpback chub and razorback sucker, other native fishes, the rainbow trout
fishery, and riparian vegetation.

(2) Support and opposition to low summer flows.

(3) Support testing of sustained low steady flows (macroinvertebrate production flows)
designed to increase the production and diversity of the aquatic insects in the Colorado
River below Glen Canyon Dam and recommend testing of macroinvertebrate production
flows very early in the 20-year implementation process.
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Prefer fewer HFEs in general, as many fishermen and fishing guides believe that
repeated/frequent fall HFEs may be adversely impacting the rainbow trout fishery and the
aquatic food base.

Support continued testing of fall HFEs, but noting that extended duration HFEs up to 10
days in length, need to carefully consider potential impacts to the aquatic food base, rainbow
trout, and invasive species in both Glen and Marble canyons

The alternative should employ actions to prevent low dissolved oxygen levels that could be
harmful to fish. In general, flows below 8000 cfs should be avoided if the condition of trout
or food base is poor, water temperatures are above average, and DO levels are below
average.

Support careful testing of Trout Management Flows (TMFs) when there is an identified need
to reduce the number of young of the year rainbow trout in Lee Ferry agreement is reached
with AZGFD that the trout population can withstand a TMF experiment that has the
potential to eliminate a recruitment year class.

Response: The implementation framework for Alternative D (Section 2.2.4.3 of the EIS)
explicitly calls for the consideration of key resources, including the trout fishery, when
determining which experiments to conduct in any given year. The framework also
establishes off-ramps that would identify when experiments should no longer be conducted
due to unacceptable adverse impacts. As described in Section 2.2.4.4, DOI will also exercise
a formal process of stakeholder engagement to ensure decisions are made with sufficient
information regarding the condition and potential effects on important resources.

The EIS discloses effects related to the frequency of spring HFEs. Based on modeling and
analysis, there are potential positive and negative benefits to downstream resources from
spring HFEs. DOI has reviewed the parameters under which spring HFEs are conducted and
the way in which the accounting periods are applied. Under the preferred alternative, there
would be 4-7 spring HFEs on average over the 20 year period, and there would testing and
monitoring of impacts. Under the preferred alternative, spring HFE’s are triggered based
upon sediment or hydrology triggers. GCMRC was consulted on the potential to modify the
accounting periods and the scientists most familiar with the protocol did not believe it
warranted a change in accounting periods. The DOI feels that the frequency of spring HFEs
in the preferred alternative provides the appropriate balance between potential positive and
negative impacts.

The EIS discloses effects related to low summer flows. Positive benefits include potential
warming that could help with humpback chub spawning in the mainstem, and negatives
include hydropower impacts and potential concerns related to trout recruitment, water
quality, recreation and other concerns. The FEIS includes additional language regarding the
review of scientific information that would occur prior to use of this tool in the second ten
years of the LTEMP experimental period. DOI feels that the preferred alternative provides
an appropriate balance between those positive and negative impacts.
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3)

4

)

(6)

(7

The preferred alternative would allow for the possibility of testing macroinvertebrate
production flows early in the LTEMP period. The decision would be based on the
recommendations from GCMRC for the conditions of the year and for good experimental
design including avoiding confounding results based on the experiments. The process under
the preferred alternative includes communication and input from agencies including
AZGFD. The impact of these flows on the aquatic food base, trout, and other species are
discussed in the EIS.

The EIS discloses effects related to the frequency of HFEs. The frequency of HFEs varies
between alternatives and further modeling and evaluation was performed on long term
strategies that has HFEs “turned on” or “turned off” for various modeling runs. Based on
evaluation of these modeling results, on analyses of published studies and on input from
cooperators and the public, the DOI feels that the preferred alternative provides an
appropriate balance between those positive and negative impacts.

The best available science related to the potential effects of extended duration HFEs on trout
and other resources were incorporated into the analysis. The experiments include various
“off ramps” in order to respond to potential impacts in the basin, including unacceptable
adverse impacts outside of what was analyzed in the EIS to the rainbow trout fishery. In
addition, impacts to recreation economics and other resources were included in the EIS.
Consideration of unacceptable effects of sequential HFEs, including extended-duration fall
HFEs, is explicitly identified in the EIS as a concern to be addressed before implementation.
DOI feels that the preferred alternative includes an appropriate level of caution and
consideration regarding the use of extended duration HFEs.

The preferred alternative does not include flows to address low dissolved oxygen levels in
the Lees Ferry area. This concern has only been documented as occurring in one year and
the recommendations from GCMRC at this time are to monitor this issue to learn more
about those potential conditions prior to considering experimental actions. The joint leads
recommended to GCMRC to include this consideration of monitoring in their science plan to
accompany the LTEMP.

The use of TMFs has been designed as a tool for managing the trout population with respect
to downstream endangered fish concerns but would also be expected to result in a healthier
trout fishery with less population oscillation due to density dependence. Regardless of
purpose, the trigger for this tool would be a large predicted trout recruitment event. Under
these circumstances, TMFs would be expected to have positive benefits for endangered
species and the stability and health of the trout fishery. Under the preferred alternative,
AZGFD would be involved in annual implementation and planning discussions and Tribes
would be consulted regarding the use of this tool. DOI feels that the preferred alternative
includes an appropriate level of caution and consideration regarding the use of trout
management flows.
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2.6 SUPPORT ALTERNATIVE B

Summary Comment: Commenters expressed a preference for Alternative B, stating that
Alternative B outperforms all other action alternatives for nearly all resources, and is the only
action alternative that addresses the stated hydropower objective of the LTEMP EIS. In addition,
DOI should consider eliminating the 8,000 cfs cap on daily fluctuations, eliminate low summer
flow experiments, reduce HFE experiments to no more than one every other year, and allow
operation at full power plant capacity. In comparison to Alternative D, commenters stated that
Alternative B has lower air emissions and performs better than Alternative D across a wide range
of resources considered in the LTEMP DEIS - humpback chub, air emissions, archeological
resources, recreation value, retail power rates, hydropower value, increase in native vegetation,
and water quality among others. In addition, Alternative D proposes a series of treatments which
appear to be counterproductive and which would require subsequent treatments that would
otherwise be unnecessary, specifically, as noted on p. 4-67, that subsequent HFEs erode the
sandbars potentially benefitted by earlier HFEs. Further, Alternative D maintains an artificial
intraday fluctuation cap of 8,000 cubic feet per second (cfs), while DOI has failed to show that
the same cap under current operations benefits other resources. Finally, the DEIS reveals a bias
towards the sediment resource, but is flawed because it considers flows as the only available
method for improving the sediment resource.

Response: Alternative B was originally crafted and submitted by CREDA, a power utility
stakeholder. It has a greatly increased daily range of water flows compared to the No Action
Alternative and it includes an experimental implementation of maximum powerplant capacity
releases. This alternative showed a number of positive and negative impacts on a variety of
resources as were disclosed in the EIS. The preferred alternative, Alternative D, showed a better
balance of effects to resources to achieve the purpose and need of the proposed action.
Alternative D performed the second best out of the action alternatives on the hydropower metrics
while also meeting the purpose and need and providing the best balance of resource impacts to
comply with the Grand Canyon Protection Act and protect, mitigate and improve downstream
resources.

As stated in Section 2.4.1, DOI considers sediment augmentation to be outside the scope of the
LTEMP EIS because it is currently economically infeasible and would require additional
congressional authorizations.

Modeling and NEPA analysis indicates that Alternative B would perform better than other
alternatives for hydropower, however the joint leads identified Alternative D as the preferred
alternative because it better satisfies the purpose and need of the proposed action and performed
better than Alternative B for most other resources.

Note that the wording of the hydropower objective as presented in the EIS is “Maintain or
increase Glen Canyon Dam electric energy generation, load following capability, and ramp rate
capability, and minimize emissions and costs o the greatest extent practicable, consistent with
improvement and long-term sustainability of downstream resources [emphasis added].” With
this definition, all of the alternatives considered in the EIS satisfy the hydropower objective;
however, the performance varies by alternative. It should be noted that Alternative D performed
second best for hydropower out of all the action alternatives.
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As stated in Section 4.5.2.3, “The average minimum number of adult humpback chub was
highest for Alternatives B, D, and E, slightly lower under Alternatives A and C, and lowest under
Alternatives F and G (Figure 4.5-8). These results indicate that although there are small
differences among the alternatives with regard to the predicted minimum number of adult
humpback chub in the Little Colorado River aggregation, all alternatives would maintain the
population above at least 1,000 adults throughout the 20-year LTEMP period.” It should be noted
that the modeling for Alternative D showed improvement for humpback chub abundance;
slightly higher abundance than No Action. Alternative D also includes macroinvertebrate
production flow experiments which are expected improve the food base for humpback chub.

As stated in Section 4.15.2, “For both SO, and NOx, steam turbine (coal plant) emissions are
slightly lower under Alternatives F and G.... even though these two alternatives generate <2%
less Glen Canyon Dam energy than the fluctuating flow alternatives...” such as Alternative B.
“Net NOy emissions related to spot market sales and purchases are lowest (greatest negative
value) for the steady flow Alternatives F and G, and highest for the fluctuating flow
Alternatives B and A. Net SO, spot market emissions are essentially the same across
alternatives.” However, “Given the very small differences in the estimated emissions after
considering all of the factors discussed above and in light of the uncertainty of emissions
modeling, it may be concluded that emissions would be similar under all of the alternatives.”

As stated in Section 4.16.3, “There are expected to be some differences in the emissions of
GHGs among the LTEMP alternatives.” All differences were less than 0.1% of the total
emissions and less than 0.0005% at the 11-state regional scale and less than 0.0001% at the
US scale. The minor differences among alternatives are reported in Section 4.16.3.

The 8,000 cfs maximum daily fluctuation cap that is currently in place has been in place since
1996. The cap is present in both No Action and the preferred alternative. It was put in place in
1996 to address safety, recreation and sediment concerns. The LTEMP EIS analysis has found
that the same concerns still apply. The 8,000 cfs maximum daily fluctuation is based on the 1995
Bishop study, which was reviewed by DOI experts and found to still be the best available
information and appropriate for this EIS. The Bishop study surveyed both the river guides and
the general public regarding preferences and the river guides reported a preference for a
maximum of 8,000 cfs daily change for a “tolerable recreation experience” under relatively high
average daily flows. See Appendix J, where table J-1 has been updated to show the survey
responses at a range of flow levels. The 8,000 cfs maximum daily fluctuation in the preferred
alternative is consistent with the over 1,000 comment letters received from river guides and
members of conservation groups on the DEIS specifically stating the preference for retaining the
8,000 cfs maximum daily fluctuation in the preferred alternative that is currently in place for

No Action.

Under Alternative D, low summer flows are only considered in the second ten years as an
experiment and would only be performed more than once if the first test was shown to be
successful in terms of effects to the humpback chub population. As disclosed in the DEIS, there
are potentially negative impacts of lower summer flows to hydropower, bacteria/pathogens,
vegetation, and food base/aquatic invertebrates. In terms of positive benefits, the modeling
showed potential modest temperature increases which may be beneficial to humpback chub

0-26



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

populations under certain conditions. When considering individual model traces, variations in
downstream temperatures were generally greatest in July (nearly 3°C warmer for low summer
flows) and least in September (about 1°C warmer for low summer flows), with August falling in
the middle (approximately 2°C warmer for low summer flows). In many meetings and
consultations, GCMRC and FWS staff have expressed their expert opinions that LSFs are
considered a low risk experiment to endangered fish and a potentially useful tool worthy of
experimental testing because of the potential improvement to humpback mainstem spawning.

As determined by the modeling conducted for Alternative B, a reduction in HFE frequency to no
more than one every other year would reduce sandbar building with potential negative impacts
on camping and riparian species. Implementation of full powerplant capacity operations
(“hydropower improvement flows” of Alternative B) would have adverse impacts on a number
of downstream resources including aquatic food base, native fish, riparian vegetation, wildlife,
cultural resources, and recreation.

Full powerplant capacity operations were considered and eliminated as an alternative as
discussed in Section 2.3.10 because fluctuation levels to the degree proposed would have adverse
impacts on many downstream resources and would not meet the purpose and need for this EIS.
Alternative B was originally crafted and submitted by CREDA, a power utility stakeholder. It
has a greatly increased daily range of water flows compared to the No Action alternative and it
includes an experimental implementation of maximum powerplant capacity releases. This
alternative showed a number of positive and negative impacts on a variety of resources as were
disclosed in the DEIS. The preferred alternative showed more positive than negative effects to
resources, as compared to Alternative B, to achieve the purpose and need.

Although Alternative D was projected to increase greenhouse gas emissions relative to
Alternatives A and B, this difference was 22,908 “metric” tons not “million” tons. This increase
represents a very small percentage (0.042%) of the greenhouse gas emissions that would result
from the actions considered in Alternative A. The analysis for the EIS determined that under
Alternative D, there would be a 152% increase in the sand load index (a measure of sandbar
building potential) and a 47% decrease in the sand mass balance index, the lowest decrease of all
the action alternatives. No one alternative was found which performed best for all goals and
objectives. The preferred alternative was identified as the best balance for meeting the purpose
and need of the LTEMP EIS.

2.7 SUPPORT ALTERNATIVE A

Summary Comment: Commenters expressed support for Alternative A, the no-action alternative,
noting that Alternative A outperforms Alternative D with respect to a number of resource
interests, and that Alternative A and Alternative B are the only two alternatives that meet the
goal to “maintain or improve hydropower production.” Some of the commenters acknowledged
that the Preferred Alternative (Alternative D) has been changed to improve hydropower
compared to how it was originally proposed, with more volume in the peak power month of
August and more fluctuation in general, and could conditionally support it with the following
changes: (1) increased daily fluctuations to 12 times monthly volume (in kaf) in June-August.,
and 10 times monthly volume (in kaf) in other months; (ii) removal of the 8,000 cfs fluctuation
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cap; (iii) inclusion of hydropower improvement flow experiments; (iv) limitation of HFEs to a
maximum of one occurrence per calendar year, and (v) exclusion of low summer flow
experiments.

Response: DOI formulated the characteristics of the preferred alternative based on initial
modeling of a set of 6 alternatives. There were several characteristics that were chosen to
specifically reduce cost to the hydropower resource including increasing the fluctuation factor
from 7 to 10 in high demand months, adjusting the monthly release pattern to match WAPA*s
Contract Rate of Delivery, increasing the volume of water in the high demand month of August
from 750 to 800 kaf in 8.23 maf years, and eliminating steady flows after HFEs. Many objectives
and resource goals were considered in the LTEMP EIS. No one alternative was found which met
all goals and objectives. Alternative D performed the second best out of the action alternatives on
the hydropower metrics while also meeting the purpose and need and providing the best balance
of resource impacts to comply with the Grand Canyon Protection Act and protect, mitigate and
improve downstream resources. The preferred alternative was identified as the best balance for
meeting the purpose and need of the LTEMP EIS.

The increases in fluctuation described in the comment were all analyzed in the document in
association with other alternatives and showed a number of positive and negative impacts to
resources that led to those other alternatives not being identified as the preferred alternative. The
preferred alternative performed the best with the fluctuation levels it currently has to address the
concerns of endangered species, sediment, hydropower and other related resources.

Note that the wording of the hydropower objective as presented in the EIS is “Maintain or
increase Glen Canyon Dam electric energy generation, load following capability, and ramp rate
capability, and minimize emissions and costs to the greatest extent practicable, consistent with
improvement and long-term sustainability of downstream resources [emphasis added].” With this
definition, all of the alternatives considered in the EIS satisfy the hydropower objective;
however, the performance varies by alternative. It should be noted that Alternative D performed
second best for hydropower out of all the action alternatives.

2.8 SUPPORT ALTERNATIVES CONSIDERED BUT REJECTED

Summary Comment: Commenters expressed support for alternatives that were considered but
rejected, specifically for the “Fill Lake Mead First, “Run of the River,” and Decommission Glen
Canyon Dam” alternatives. None of the retained alternatives, the commenters state, would be
viable in the event of catastrophic reductions in Colorado River flows due to climate change,
would adequately address the impacts of Glen Canyon Dam in driving the decline of Lake Mead,
is capable of curtailing and reversing and the harm caused by to Glen Canyon under Lake Powell
reservoir, or alleviates the effects of the dam*s holding back sediment. DOI’s justification for
rejecting the alternatives is obsolete in the context of dramatic climate change impacts, while the
current infrastructure for providing municipal water supplies through Glen Canyon Dam in
unsustainable. Commenters also requested the analysis of a new alternative employing a
historically based hydrograph alternative that attempts to restore hydrological functions that
would benefit vegetation and possibly beaches. Other commenters stated that the LTEMP
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alternatives would not be viable under catastrophic reductions in Colorado River flows due to
climate change, nor adequately address the impacts of Glen Canyon Dam in driving the decline
of Lake Mead. DOTI’s rationale for rejecting the proposed The “Fill Mead First Alternative” and
“The Run-of-the-River Alternative” would be obsolete under severe climate change. Further,
none of the alternatives analyzed the possibility that continued decline of Lake Mead could
trigger a “shortage declaration” under the 2007 Interim Guidelines or an even more extreme
“Compact Call,” under which lower Colorado River basin states would legally compel the upper
basin states to deliver their water allocation under the Law of the River.

Response: The LTEMP team developed a set of alternatives that represented the full range of
reasonable experimental and management actions; met the purpose, need, and objectives of the
proposed action; and were considered within the constraints of existing laws, regulations, and
existing decisions and agreements. Other alternatives such as the “Fill Mead First,” “Run-of-the
River* and “Decommissioning the Dam” proposals were not included in the EIS because they
would not meet the purpose, need, or objectives of the proposed action (see Sections 2.3.9 and
2.3.10). These alternatives would not allow compliance with water delivery requirements
including the Law of the River and 2007 Interim Guidelines (Reclamation 2007a,b), and would
not comply with other federal requirements and regulations, including the GCPA.

The EIS presented an analysis of historical hydrographs to determine how the alternatives would
perform under the drier conditions of climate change conditions, and found that, although the
resource impacts under climate change would be different from those under historic hydrology,
the relative performance of alternatives would be consistent relative to each other. This indicated
that Alternative D would continue to be the best of the alternatives under a changed climate.

The “Fill Mead First” proposal was not included in the DEIS because it would not meet the
purpose, need, or objectives of the proposed action (see Section 2.3.9). The alternative would not
allow compliance with water delivery requirements including the Law of the River and 2007
Interim Guidelines (Reclamation 2007a,b), and would not comply with other federal
requirements and regulations, including the GCPA.

Regarding whether the annual volume of water moving from the Upper Colorado River Basin to
the Lower Colorado River Basin should be changed for the purpose climate change
considerations, annual volume determinations are presently implemented through the LROC as
currently implemented through the 2007 Interim Guidelines. Consistent with the GCPA, and the
purpose and need for this proposed action, any changes to annual volume determinations are
beyond the scope of this NEPA analysis. Accordingly, the Proposed Action in the draft EIS does
not require the Federal agencies (NPS and BOR) to either create a plan for providing water to the
Colorado River in Grand Canyon during extended drought periods or develop a basin wide plan
for the operations of all dams.

In December 2012, Reclamation and agencies representing the seven Colorado River Basin
States completed the Colorado River Basin Water Supply and Demand Study (Reclamation
2012e¢). The purpose of the Study was to define future imbalances in water supply and demand in
the Basin through the year 2060, and to develop and analyze options and strategies to resolve
those imbalances. The study used several different scenarios for both supply and demand to
capture a range in potential future conditions.
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The LTEMP EIS includes an analysis of meeting water delivery requirements under historic
hydrology (Section 4.2.2.1) and climate change scenarios (Section 4.16.2.2). This analysis
demonstrated that, although there were differences in the performance of alternatives under
historic and climate change scenarios, the same relative performance of alternatives was
observed under the two scenarios. The analysis also demonstrated that all alternatives could
continue to meet Compact requirements.

2.9 EIS SHOULD HAVE CONSIDERED INFRASTRUCTURE
ADDITIONS/MODIFICATIONS

Summary Comment: Commenters disagree with DOI’s decision to exclude some forms of
infrastructure additions, or modifications, mainly involving temperature control of dam
discharges or sediment augmentation below the dam, or with DOI’s definition of sediment
augmentation as an infrastructure addition or modification. Commenters stated that the DEIS
dismissed any augmentation outright as deeming them economically unfeasible, request that DOI
provide additional information as to the decision making process used to eliminate sediment
augmentation from consideration because it is “infeasible,” and note that no cost evaluation or
studies were performed to determine whether the installation of temperature control devices
would be an appropriate alternative to analyze. Options are available to deliver trapped sediment
upstream of the dam downstream, to reposition bed-load sand to beaches and/or enhance supplies
from the Paria, including the use of dredges. Dredging and beach building is not new
infrastructure, but a possible alternative to HFEs that should be considered.

Response: As stated in Section 2.4.1, DOI considers any infrastructure modifications or additions
to be outside the scope of the LTEMP EIS because they are currently economically infeasible
and would require additional congressional authorizations (16 U.S.C. § 4601-19). However, the
DOI does not rule out future new infrastructure if resource conditions warrant. Any infrastructure
addition or modification would require additional time and study. Future potential infrastructure
modifications would need to be evaluated in NEPA assessments (EAs or EISs) that fully
considered the environmental impacts of construction and operation. These assessments and the
construction of the infrastructure would necessarily result in some delay from the time of the
LTEMP ROD and actual start of operation of the infrastructure. It could take as many as 10 years
or more to evaluate and construct a TCD or sediment augmentation. Sediment augmentation was
also determined to be outside the scope of the 1995 EIS. The EIS has demonstrated how the
preferred alternative is designed to meet as many of the environmental conditions as possible as
mandated by the GCPA.

The analysis for the EIS determined that under Alternative D, there would be a 152% increase in
the sand load index (a measure of sandbar building potential) and a 47% decrease in the sand
mass balance index, the lowest decrease of all the action alternatives.

Sediment is an important resource in the Grand Canyon and supports aquatic and riparian
ecosystems, cultural resources, and recreation. Options for how to mitigate sediment impacts
have been intensively studied for more than 20 years by the Grand Canyon Research and
Monitoring Center (GCMRC) as well as by many academics and DOI bureau staff. Many
options were considered throughout the LTEMP EIS process to address this problem. Options for
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sediment augmentation were considered originally but after evaluation were considered
economically infeasible at this time. Without augmentation, HFEs are considered the most
feasible and potentially beneficial approach to building sandbars with the limited sand supply
available downstream of Glen Canyon Dam.

2.10 ALTERNATIVE D IGNORES (OR DOES NOT MEET) HYDROPOWER
OBJECTIVE

Summary Comment: Commenters state that the LTEMP EIS preferred alternative does not meet
the renewable resource goal of NEPA Section 101 (b) 6 or the hydropower resource goal
established by the DOI for the LTEMP EIS, that power production be “maintain[ed] (or/and)
improve[d],” as stated in the Purpose and Need Statement (76 FR 129, July 6, 2011. Alternative
D, places restrictions on the utilization of Glen Canyon Dam for hydropower production that are
in addition to the restrictions that were established as a result of the 1996 Record of Decision
(ROD). As a result, the renewable hydropower resource objectives of NEPA and the LTEMP
EIS process will not be met if the preferred alternative is selected. In addition, low steady flow in
July, August and September would result in a detrimental impact to hydropower production and
would not meet the hydropower DFC objective.

Response: Hydropower production was one of the key resources thoroughly evaluated in the EIS.
Many objectives and resource goals were considered in the LTEMP EIS. No one alternative was
found which met all goals and objectives. Alternative D was identified as the preferred
alternative because it met the purpose and need of the proposed action while achieving the best
balance between downstream resource protection and hydropower production. It was the second
best of the action alternatives in terms of hydropower performance.

DOI formulated the characteristics of the preferred alternative based on initial modeling of a set
of 6 alternatives. There were several characteristics that were chosen to specifically reduce cost
to the hydropower resource including increasing the fluctuation factor from 7 to 10 in high
demand months, adjusting the monthly release pattern to match WAPA’s Contract Rate of
Delivery, increasing the volume of water in the high demand month of August from 750 to

800 kaf in 8.23 maf years, and eliminating steady flows after HFEs.

Note that the wording of the hydropower objective as presented in the EIS is “Maintain or
increase Glen Canyon Dam electric energy generation, load following capability, and ramp rate
capability, and minimize emissions and costs to the greatest extent practicable, consistent
with improvement and long-term sustainability of downstream resources [emphasis
added].” With this definition, all of the alternatives considered in the EIS satisfy the hydropower
objective; however, the performance varies by alternative. It should be noted that Alternative D
performed second best for hydropower out of all the action alternatives.

Several commenters provided letters addressing the role of hydropower in the purpose and need
of this NEPA process. The joint leads feel the purpose and need as drafted reflects the
appropriate role of hydropower given the authorities surrounding the operation of Glen Canyon
Dam. In certain places we have edited the text to clarify the role of GCPA downstream resource
priorities and hydropower. Water delivery and hydropower are fundamental principles that show
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up as the first objectives of the LTEMP. The joint leads worked hard with the stakeholders to
ensure representation of all interests. The GCPA is clear in its goals and the objectives that were
outlined for the LTEMP reflect the goals of GCPA and the goals reflected in the “Law of the
River”. Please see the resource and objective goals outlined in the EIS.

2.11 EIS DID NOT CONSIDER A FULL RANGE OF ALTERNATIVES

Summary Comment: Commenters expressed disappointment that no alternative increased daily
hydropower flexibility and expressed a desire to allow operation at full power plant capacity
(with mitigation). Commenters disagreed with DOI’s rationale for excluding the Full-Powerplant
Capacity Operations Alternative - that it “would not meet the purpose, need, and objectives of
the LTEMP including compliance with the GCPA.”

Response: Contrary to statements in the comment, the LTEMP EIS did evaluate and present the
results for an alternative that increased hydropower generation. Alternative B was originally
crafted and submitted by CREDA, a power utility stakeholder. It has a greatly increased daily
range compared to the No Action Alternative and it includes an experimental implementation of
maximum powerplant capacity releases. This alternative showed a number of positive and
negative impacts on a variety of resources as were disclosed in the EIS. The preferred alternative
showed a better balance between resources to achieve the purpose and need of the proposed
action.

As determined by the modeling conducted for Alternative B, a reduction in HFE frequency to no
more than one every other year would reduce sandbar building with potential impacts on
camping and riparian species. Implementation of full powerplant capacity operations
(“hydropower improvement flows” of Alternative B) would have adverse impacts on a number
of downstream resources including aquatic food base, native fish, riparian vegetation, wildlife,
cultural resources, and recreation.

Regarding the “Full-Powerplant Capacity Operations Alternative”, as explained in the EIS (see
Section 2.3.10), this alternative was rejected because fluctuation levels to the degree proposed
would have adverse impacts on many downstream resources and would not meet the purpose,
need, and objectives of the LTEMP including compliance with the GCPA. However

Alternative B described in Section 2.3.2 and analyzed in Chapter 4 includes a test of
“hydropower improvement flows” that featured wide daily fluctuations (up to 20,000 cfs in some
years and months).

Full powerplant capacity operations were considered and eliminated as an alternative as
discussed in Section 2.3.10 because fluctuation levels to the degree proposed would have adverse
impacts on many downstream resources and would not meet the purpose and need for this EIS.
Alternative B was originally crafted and submitted by CREDA, a power utility stakeholder. It
has a greatly increased daily range compared to the No Action Alternative and it includes an
experimental implementation of maximum powerplant capacity releases. This alternative showed
a number of positive and negative impacts on a variety of resources as were disclosed in the
DEIS. The preferred alternative showed a better balance between resources to achieve the
purpose and need.
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The EIS presented an analysis of historical hydrographs to determine how the alternatives would
perform under the drier conditions of climate change conditions, and found that, although the
resource impacts under climate change would be different from those under historic hydrology,
the relative performance of alternatives would be consistent relative to each other. This indicated
that Alternative D would continue to be the best of the alternatives under conditions resulting
from climate change.

2.12 FLOWS SHOULD NOT DROP BELOW 8,000 CFS

Summary Comment: Commercial rafters note that it is critical to their operations and public
safety that the actual, not mean, daily minimum flow never drops below 8000cfs. Minimum
flows of 5000 cfs from 7pm-7am for Alternative D indicated in Table 2.1 (page 2-9) are
inadequate and dangerous. Navigational safety for boating is compromised when actual flows
drop below 8000 cfs due to exposed rocks and increased difficulty in navigating the channel.
Further, rafters are concerned with the minimum water level over the entire 24-hour day period;
water released overnight will have an effect on many boaters downstream in the subsequent
daytime hours. Also, low flow minimums below that of the 8,000 cfs level will restrict the time
off-river by slowing the on-river pace and in turn diminish the overall experience for the visitor.

Response: Under the No Action Alternative, current minimum releases from the dam are set at
8,000 cfs from 7 am to 7 pm and 5,000 cfs from 7 pm to 7 am. This flow pattern, averaging a
minimum over 24 hours of 6,500 cfs, has been in place since the 1996 Record of Decision was
signed. Lower flows travel at a slower rate of speed and flows attenuate as the water moves
downstream. The current minimums that have been in place for 20 years would be continued
under the preferred alternative. Additionally, monthly volumes in the preferred alternative
represent a relatively even pattern, allowing for more predictable and stable flow patterns
throughout the year, including the high visitation summer months.

The EIS evaluates impacts on recreation related to navigation, fluctuations, and safety. These
evaluations considered the minimum flow during each 24-hr period and the maximum daily
fluctuation of each alternative. The preferred alternative is very similar to the No Action
Alternative with regard to navigation, fluctuation level, and safety. As for all experiments, the
implementation of low summer flows, TMFs, and macroinvertebrate production flows would
take into account unacceptable adverse impacts on key resources including recreation. If
unacceptable adverse impacts on key resources were anticipated, the minimum flow for both of
these experiments could be adjusted.

The EIS acknowledges that low flows would reduce the amount of time boaters could spend off
river, and assesses the impacts of each alternative using a “time off river* index. The preferred
alternative is expected to result in a very small decrease (<2%) in this index relative to the No
Action Alternative.
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2.13 8,000 CFS FLUCTUATION LIMIT

Summary Comment: Many commenters expressed a preference to keep daily water release
fluctuations capped at 8,000 cfs, stating that this will help preserve natural resources that provide
habitat for endangered fish and the re-building of beaches along the Colorado River. High
fluctuations, some also note, can diminish or reverse some of the benefits of the HFEs and make
it very difficult on river rafters and guides as they manage and plan river trips and manage boats
on the shoreline. Other commenters support removing the 8,000 cfs cap, stating that it is
unsupported by the scientific literature and restricts the hydropower resource without regard to
CRSPA provisions to the contrary, and that DOI has failed to show that it benefits other
resources.

Response: Alternative B was originally crafted and submitted by CREDA, a power utility
stakeholder. It has a greatly increased daily range compared to the No Action Alternative and it
includes an experimental implementation of maximum powerplant capacity releases. This
alternative showed a number of positive and negative impacts on a variety of resources as were
disclosed in the EIS. The preferred alternative showed a better balance between resources to
achieve the purpose and need of the proposed action.

The 8,000 cfs maximum daily fluctuation cap that is currently in place has been in place since
1996. The cap is present in both No Action and the preferred alternative. It was put in place in
1996 to address safety, recreation and sediment concerns. The LTEMP EIS analysis has found
that the same concerns still apply. The 8,000 cfs maximum daily fluctuation is based on the 1995
Bishop study, which was reviewed by DOI experts and found to still be the best available
information and appropriate for this EIS. The Bishop study surveyed both the river guides and
the general public regarding preferences and the river guides reported a preference for a
maximum of 8,000 cfs daily change for a “tolerable recreation experience” under relatively high
average daily flows. See Appendix J, where table J-1 has been updated to show the survey
responses at a range of flow levels The 8,000 cfs maximum daily fluctuation in the preferred
alternative is consistent with the over 1,000 comment letters received from river guides and
members of conservation groups on the DEIS specifically stating the preference for retaining the
8,000 cfs maximum daily fluctuation in the preferred alternative that is currently in place for

No Action.

Implementation of full powerplant capacity operations (“hydropower improvement flows* of
Alternative B) would have adverse impacts on a number of downstream resources including
aquatic food base, native fish, riparian vegetation, wildlife, cultural resources, and recreation.

The increases in fluctuation described in comments were analyzed in the document in association
with various alternatives and showed a number of positive and negative impacts to resources that
led to those other alternatives not being identified as the preferred alternative. The preferred
alternative performed the best with the fluctuation levels it currently has to address the concerns
of endangered species, sediment, hydropower and other related resources.

Modeling also indicated that the higher fluctuation levels under Alternative B or E would result
in a number of adverse impacts including impacts on sediment, aquatic food base, vegetation,
and recreation.
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2.14 EIS DID NOT ADEQUATELY CONSIDER THE EFFECTS OF
CLIMATE CHANGE

Summary Comment: Commenters expressed that the DEIS fails to take climate change seriously,
fails to analyze the impacts on the water supply system of climate change for the entire Colorado
River including the ecology in the Grand Canyon due to the operation of Glen Canyon Dam and
Lake Powell, fails to analyze the likelihood of a “Compact Call* on the Colorado River due to
the water lost by evaporation and seepage due to the operation of Glen Canyon Dam and Lake
Powell, and fails to analyze a full range of alternatives that should be considered due to climate
change including the decommissioning of Glen Canyon Dam and the draining of Lake Powell,
stating that the criteria used to eliminate these alternatives would be obsolete in the face of
catastrophic reductions in Colorado River flows caused by climate change, while none of the
current alternatives would be viable under such conditions.

Response: The LTEMP utilized the best available science provided through the peer reviewed
Basin Study (Reclamation 2012) regarding climate change projections in the Colorado River.
The hydrological traces generated for the Basin Study were utilized as described in

Section 4.16.1 and Appendix C.

This EIS used 21 reconstructed historical hydrological traces that were reweighted based on the
112 climate change traces to represent the best current understanding of what might happen
under the drier conditions of climate change. Based on this analysis, the weights on the
hydrological traces had a small effect on the aggregate performance but did not change the
rankings of alternatives. This result suggests the relative performance of the alternatives would
be consistent regardless of the uncertainty of the effects of climate change, and that Alternative
D would continue to be the best of the alternatives under a changed climate.

The LTEMP team developed a set of alternatives that represented the full range of reasonable
experimental and management actions; met the purpose, need, and objectives of the proposed
action; and were considered within the constraints of existing laws, regulations, and existing
decisions and agreements. Other alternatives such as decommissioning of Glen Canyon Dam,
“Fill Mead First” and “Run-of-the River” proposals were not included in the EIS because they
would not meet the purpose, need, or objectives of the proposed action (see Sections 2.3.8, 2.3.9
and 2.3.10). These alternatives would not allow compliance with water delivery requirements
including the Law of the River and 2007 Interim Guidelines (Reclamation 2007a,b), and would
not comply with other federal requirements and regulations, including the GCPA. The
performance of these alternatives under climate change during the 20-year LTEMP period was
discussed in Section 4.16.2.

Regarding whether the annual volume of water moving from the Upper Colorado River Basin to
the Lower Colorado River Basin should be changed for the purpose climate change
considerations, annual volume determinations are presently implemented through LROC as
currently implemented through the 2007 Interim Guidelines. Consistent with the GCPA, and the
purpose and need for this proposed action, any changes to annual volume determinations are
beyond the scope of this NEPA analysis. Accordingly, the Proposed Action in the draft EIS does
not require the Federal agencies (NPS and BOR) to either create a plan for providing water to the
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Colorado River in Grand Canyon during extended drought periods or develop a basin wide plan
for the operations of all dams.

The Basin Study (Reclamation 2012) was peer reviewed and is the best available science
regarding climate change projections in the Colorado River Study. The hydrological traces
generated for the Basin Study were utilized as described in Section 4.16.1.2 and Appendix C.
This EIS did not model the 112 climate change hydrologic traces generated as part of the Basin
Study due to insufficient data to drive the complex suite of models. We used 21 reconstructed
historical hydrological traces that were reweighted based on the 112 climate change traces to
represent the best current understanding of what might happen because of climate change. Based
on this analysis, the weights on the hydrological traces had a small effect on the aggregate
performance but did not change the rankings of alternatives. This result suggests the alternatives
are robust to uncertainty about climate change.

By utilizing historic hydrology information and climate change-weighted hydrology information,
we evaluated the effects of alternative operations over the 20-year LTEMP period under a wide-
range of hydrologic and sediment conditions. We used a complete set of integrated models to
evaluate effects of these changes in hydrology and sediment on the full range of resources
including aquatic resources, terrestrial vegetation and wildlife, endangered species, cultural
resources, Tribal resources, recreation, and socioeconomics. We modeled scenarios where the
pool elevation dropped below the estimated minimum power pool (3,490 ft) and the results
showed that there was no significant difference in the relative performance of the alternatives
(Section 4.2). As stated in Section 4.2.2 of the EIS, “For Lake Powell elevations, all alternatives
show very similar percentages for elevations that are <3,490 ft. The percentage of traces ranges
between 0 and 5 and remains relatively constant throughout the 20 year period.” In addition, we
looked at the cumulative impacts of LTEMP in combination with other past, present, and future
projects. We determined that the alternatives were robust to projected climate change-related
hydrologies and could operate within the constraints of each alternative over the 20-year
LTEMP period.

2.15 GEOGRAPHIC SCOPE OF THE EIS

Summary Comment: One commenter stated that the DEIS fails to clearly distinguish between
1) the scope of the proposed activity, i.e., Colorado River Ecosystem, and 2) the area of impact
associated with implementing any activity proposed under LTEMP, and that it is unclear why
some resources are discussed beyond the specific geographic limitations of the Colorado River
Ecosystem and other resources are not. The DEIS should remain consistent with the geographic
scopes intended for the proposed activities and impacts identified throughout its discussions and
analyses.

Response: The text of the EIS has been revised to better clarify the geographic scope

(See Section 1.5.1). It should be noted that the areas of potential impact vary by resource by
necessity to evaluate the impacts. For instance, the effects of dam operations on vegetation or
sediment are much more limited geographically than the effects on air quality or hydropower. In
the cumulative analysis section (4.17), the region of influence for each resource is defined in the
second column of Table 4.17-2.
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2.16 MONITORING TO SUPPORT ADAPTIVE MANAGEMENT

Summary Comment: Commenters on this issue requested that the lead agencies conduct long-
term resource monitoring to support adaptive management and to measure progress toward
achieving goals and desired future condition.

Response: Long-term-monitoring for adaptive management will continue under the LTEMP.
GCMRC has developed a Science Plan for the LTEMP that will guide these monitoring
activities.

2.17 INCLUDE A SUMMARY OF EXPERIMENTAL AND MANAGEMENT ACTIONS
FOR THE RAINBOW TROUT FISHERY

Summary Comment: Commenters on this issue requested that the selected alternative and/or the
Record of Decision include a summary of experimental and management actions that are
proposed to benefit the Lees Ferry rainbow trout fishery.

Response: The FEIS includes descriptions of all experimental and management actions for the
alternatives in Chapter 2. There is not a summary of trout related experiments for all alternatives
in one section, however all aquatic resource experiments for Alternative D can be found in
Table 2-9 and Section 2.2.4.6.

2.18 GLEN CANYON DAM SAFETY AND SECURITY

Summary Comment: A commenter stated that Reclamation’s misrepresentation of the growing
risks associated with GCDs operational safety, the security of its water storage and hydropower
generation benefits, as well as threats to water quality, not only renders its suite of alternatives
and assessments thereof, incomplete, but renders an injustice to the Colorado River society as a
whole by denying the public a truthful and up-to-date assessment of the known risks associated
with the continued operations of GCD and the implied benefits therein.

Response: It is not clear what safety risks this comment is referring to. Dam safety is a priority of
the Bureau of Reclamation and is evaluated comprehensively through Reclamation’s Dam Safety
program on an -ongoing basis. These on-going evaluations are wholly independent of LTEMP
and beyond the scope of this NEPA analysis. The co-lead agencies feel that this NEPA process
takes a comprehensive “hard look™ at the proposed action and alternatives that is fully consistent
with NEPA.

2.19 EXPERIMENTAL UNCERTAINTY

Summary Comment: Commenters stated that the experimental framework included in
Alternative D fails to provide any meaningful level of certainty, there is insufficient detail and
information regarding experimental triggers, baselines, off-ramps, hypotheses, unacceptable
adverse impact, and metrics to determine success, or adaptively managing under LTEMP, and
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the framework vests sole discretion in the DOI to determine whether a given experiment will be
conducted.

Response: Triggers for experiments are clearly articulated. For several fish experiments triggers
were developed and defined through the consultation process with FWS with information
provided from GCMRC another experts and cooperators. GCMRC also developed a science plan
and will be intimately involved in the implementation of LTEMP experiments through the
GCDAMP triennial budget process and on-going monitoring, evaluation and reporting. The
Colorado River Ecosystem is a dynamic system with complex interactions and changing
conditions from year to year. The preferred alternative established a balance between structure
and flexibility for experimentation to be able to allow for adaptive management in response to
both changing conditions and new information gathered from experimentation. The preferred
alternative has a number of annual steps built into the process to coordinate with GCMRC,
agencies and stakeholders to consider the conditions of the year and the appropriate experiments
given those conditions. Triggers and ‘off-ramps’ are defined. The triggers for HFEs and LSFs are
well defined. Many of the triggers for tools for fish management have intentionally been left to
be more flexible in the EIS as those have been defined during the consultation process with the
FWS and will be more clearly stated in the FEIS. Greater specificity regarding triggers for HFE
implementation and humpback chub actions have been added to the EIS (Appendices O and P).

The implementation framework for Alternative D (Section 2.2.4.3 of the EIS) explicitly calls for
the consideration of key resources when determining which experiments to conduct in any given
year. The framework also establishes off-ramps that would identify when experiments should no
longer be conducted due to unacceptable adverse impacts. As described in Section 2.2.4.4, DOI
will also exercise a formal process of stakeholder engagement to ensure decisions are made with
sufficient information regarding the condition and potential effects on important resources.
GCMRC has developed a science plan that describes the information that will be gathered during
implementation of the LTEMP, and how that information would be used in an adaptive
management context. Appendix O includes information regarding triggers for fish actions.

2.20 IMPACTS ON BASIN FUND

Summary Comment: A commenter stated that impacts to the Upper Colorado River Basin Fund
must be assessed and considered.

Response: In Section 4.13 and appendix K of this EIS there is extensive analysis of the revenues
from Glen Canyon hydropower production contributing to the Basin Fund. There are other
factors that affect the balance of the Basin Fund that are outside the scope of the actions analyzed
in this EIS, however those would not vary by alternative so they were not analyzed in the
LTEMP EIS.
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2.21 DUE CONSIDERATION OF HYDROPOWER

Summary Comment: Commenters stated that the Department of Interior must balance numerous
important, and often competing, factors in developing the final LTEMP. Commenters urged that
due consideration and weight be given to the importance of hydropower in this process.

Response: Many objectives and resource goals were considered in the LTEMP EIS. Hydropower
production was one of the key resources thoroughly evaluated in the EIS. No one alternative was
found which met all goals and objectives. Alternative D performed the second best out of the
action alternatives on the hydropower metrics while also meeting the purpose an