Arizona Department
of Water Resources
October 2009

ARIZONA WATER ATLAS

VOLUME 6

%

g ij.i

o,

g .




ACKNOWLEDGEMENTS

Herbert Guenther
Director, Arizona Department of Water Resources

Karen Smith
Deputy Director, Arizona Department of Water Resources

Tom Carr
Assistant Director, Statewide Water Conservation and Strategic Planning

Sandra Fabritz-Whitney
Assistant Director, Water Management

Atlas Team
Linda Stitzer, Rich Burtell — Project Managers
Phyllis Andrews
Carol Birks
Kelly Mott Lacroix
Joe Stuart

Major Contributors
John Fortune
Leslie Graser

William H. Remick
Saeid Tadayon-USGS

Other Contributors

Matt Beversdorf Patrick Brand
Roberto Chavez Jenna Gillis
Laura Grignano (Volume 8) Pam Nagel (Volume 8)
Mark Preszler Kenneth Seasholes (Volume 8)
Jeff Tannler (Volume 8) Larri Tearman

Dianne Yunker

Climate
Gregg Garfin - CLIMAS, University of Arizona
Ben Crawford - CLIMAS, University of Arizona
Casey Thornbrugh - CLIMAS, University of Arizona
Michael Crimmins — Department of Soil, Water and Environmental
Science, University of Arizona

The Atlas is wide in scope and it is not possible to mention all
those who helped at some time in its production, both inside and
outside the Department. Our sincere thanks to those who willingly
provided data and information, editorial review, production support

and other help during this multi-year project.

Special note about the Atlas Team
Completion of the Atlas would not have been possible without the dedicated professionals that
compose the Atlas Team. Most have been involved with the project from its inception in 2003 and
their contributions to the success of the project cannot be overstated.






Arizona Water Atlas

Volume 6
CONTENTS
Preface 1
SECTION 6.0
Overview of the Western Plateau Planning Area 1
6.0.1 Geography 3
6.0.2 Hydrology 5
Groundwater Hydrology 5
Surface Water Hydrology 12
6.0.3 Climate 18
6.0.4 Environmental Conditions 20
Vegetation 20
Arizona Water Protection Fund Programs 25
Instream Flow Claims 26
Threatened and Endangered Species 26
National Parks, Monuments, Recreation Areas and Wilderness Areas 29
Managed Waters 32
6.0.5 Population 34
Population Growth and Water Use 35
6.0.6 Water Supply 37
Surface Water 38
Groundwater 42
Effluent 44
Contamination Sites 45
6.0.7 Cultural Water Demand 47
Tribal Water Demand 47
Municipal Demand 48
Agricultural Demand 53
Industrial Demand 55
6.0.8 Water Resource Issues in the Western Plateau Planning Area 56
Studies, Planning and Conservation 56
Watershed Groups 59
Issue Surveys 60
6.0.9 Groundwater Basin Water Resource Characteristics 61
REFERENCES 64
SECTION 6.1
Water Resource Characteristics of the Coconino Plateau Basin 70
6.1.1 Geography of the Coconino Plateau Basin 71
6.1.2 Land Ownership in the Coconino Plateau Basin 73
6.1.3 Climate of the Coconino Plateau Basin 76
6.1.4 Surface Water Conditions in the Coconino Plateau Basin 79
6.1.5 Perennial/Intermittent Streams and Major Springs in the
Coconino Plateau Basin 86

6.1.6 Groundwater Conditions of the Coconino Plateau Basin 91




Arizona Water Atlas

Volume 6

6.1.7 Water Quality of the Coconino Plateau Basin 97

6.1.8 Cultural Water Demand in the Coconino Plateau Basin 100

6.1.9 Water Adequacy Determinations in the Coconino Plateau Basin 105

References and Supplemental Reading 110
SECTION 6.2

Water Resource Characteristics of the Grand Wash Basin 120

6.2.1 Geography of the Grand Wash Basin 121

6.2.2 Land Ownership in the Grand Wash Basin 123

6.2.3 Climate of the Grand Wash Basin 125

6.2.4 Surface Water Conditions in the Grand Wash Basin 127

6.2.5 Perennial/Intermittent Streams and Major Springs in the

Grand Wash Basin 130

6.2.6 Groundwater Conditions of the Grand Wash Basin 133

6.2.7 Water Quality of the Grand Wash Basin 138

6.2.8 Cultural Water Demand in the Grand Wash Basin 140

6.2.9 Water Adequacy Determinations in the Grand Wash Basin 142

References and Supplemental Reading 143
SECTION 6.3

Water Resource Characteristics of the Kanab Plateau Basin 146

6.3.1 Geography of the Kanab Plateau Basin 147

6.3.2 Land Ownership in the Kanab Plateau Basin 149

6.3.3 Climate of the Kanab Plateau Basin 152

6.3.4 Surface Water Conditions in the Kanab Plateau Basin 155

6.3.5 Perennial/Intermittent Streams and Major Springs in the

Kanab Plateau Basin 161

6.3.6 Groundwater Conditions of the Kanab Plateau Basin 165

6.3.7 Water Quality of the Kanab Plateau Basin 170

6.3.8 Cultural Water Demand in the Kanab Plateau Basin 173

6.3.9 Water Adequacy Determinations in the Kanab Plateau Basin 177

References and Supplemental Reading 180
SECTION 6.4

Water Resource Characteristics of the Paria Basin 188

6.4.1 Geography of the Paria Basin 189

6.4.2 Land Ownership in the Paria Basin 191

6.4.3 Climate of the Paria Basin 193

6.4.4 Surface Water Conditions in the Paria Basin 196

6.4.5 Perennial/Intermittent Streams and Major Springs in the Paria Basin 199

6.4.6 Groundwater Conditions of the Paria Basin 201

6.4.7 Water Quality of the Paria Basin 206

6.4.8 Cultural Water Demand in the Paria Basin 209

6.4.9 Water Adequacy Determinations in the Paria Basin 212

References and Supplemental Reading 215




Arizona Water Atlas

Volume 6
SECTION 6.5
Water Resource Characteristics of the Shivwits Plateau Basin 218
6.5.1 Geography of the Shivwits Plateau Basin 219
6.5.2 Land Ownership in the Shivwits Plateau Basin 221
6.5.3 Climate of the Shivwits Plateau Basin 223
6.5.4 Surface Water Conditions in the Shivwits Plateau Basin 225
6.5.5 Perennial/Intermittent Streams and Major Springs in the
Shivwits Plateau Basin 228
6.5.6 Groundwater Conditions of the Shivwits Plateau Basin 230
6.5.7 Water Quality of the Shivwits Plateau Basin 233
6.5.8 Cultural Water Demand in the Shivwits Plateau Basin 235
6.5.9 Water Adequacy Determinations in the Shivwits Plateau Basin 237
References and Supplemental Reading 238
SECTION 6.6
Water Resource Characteristics of the Virgin River Basin 242
6.6.1 Geography of the Virgin River Basin 243
6.6.2 Land Ownership in the Virgin River Basin 245
6.6.3 Climate of the Virgin River Basin 247
6.6.4 Surface Water Conditions in the Virgin River Basin 250
6.6.5 Perennial/Intermittent Streams and Major Springs in the
Virgin River Basin 255
6.6.6 Groundwater Conditions of the Virgin River Basin 257
6.6.7 Water Quality of the Virgin River Basin 262
6.6.8 Cultural Water Demand in the Virgin River Basin 265
6.6.9 Water Adequacy Determinations in the Virgin River Basin 269
References and Supplemental Reading 272
ACRONYMS AND ABBREVIATIONS 278
Appendix A: Arizona Water Protection Fund Projects in the Western
Plateau Planning Area through 2008 281
APPENDIX B: Community Water System Annual Reports and Submitted
Plans 283
APPENDIX C: Surface Water Right and Adjudication Filings 287
APPENDIX D: Rural Watershed Partnerships in the Western Plateau
Planning Area (2008) 295




Arizona Water Atlas

Volume 6
FIGURES

Figure 6.0-1 Arizona Planning Areas 2
Figure 6.0-2 Western Plateau Planning Area 3
Figure 6.0-3 Physiographic Regions of Arizona 4
Figure 6.0-4 Surface Geology of the Western Plateau Planning Area 6
Figure 6.0-5 Generalized stratigraphic section of the Coconino

Plateau, Arizona 7
Figure 6.0-6 Geologic cross section of the Shivwits Plateau, Kanab

Plateau and Coconino Plateau Basins 11
Figure 6.0-7 Western Plateau USGS Watersheds 13
Figure 6.0-8 Average monthly precipitation and temperature from

1930-2002 18
Figure 6.0-9 Average annual temperature and total annual precipitation

for the Western Plateau Planning Area from 1930-2002 19
Figure 6.0-10 Winter (November-April) precipitation departures from average,

1000-1988 20
Figure 6.0-11 Western Plateau Planning Area Biotic Communities

and Ecoregions 21
Figure 6.0-12 Wildfires in the Central Highlands Planning Area 2002-2005 25
Figure 6.0-13 Western Plateau Planning Area Instream Flow Applications 27
Figure 6.0-14 Wilderness Areas in the Western Plateau Planning Area 31
Figure 6.0-15 Average Annual Water Supply Utilized in the Western

Plateau Planning Area, 2001-2005 (in acre-feet) 38
Figure 6.0-16 Western Plateau Planning Area Registered Wells and

Surface Water Diversion Points 41
Figure 6.0-17 Western Plateau Planning Area Contamination Sites 46
Figure 6.0-18 Average Annual Western Plateau Planning Area Cultural

Water Demand by Sector, 2001-2005 (in acre-feet) a7
Figure 6.0-19 Average Annual Basin Water Demand, 2001-2005 (in acre-feet) 48
Figure 6.1-1 Coconino Plateau Basin Geographic Features 72
Figure 6.1-2 Coconino Plateau Basin Land Ownership 75
Figure 6.1-3 Coconino Plateau Basin Meteorological Stations and

Annual Precipitation 78
Figure 6.1-4 Annual Flows (acre-feet) at Little Colorado River near

Cameron, water years 1948-2006 (Station #9402000) 80
Figure 6.1-5 Coconino Plateau Basin Surface Water Conditions 85
Figure 6.1-6 Coconino Plateau Basin Perennial/Intermittent Streams

and Major (>10 gpm) Springs 90
Figure 6.1-7 Coconino Plateau Basin Groundwater Conditions 93
Figure 6.1-8 Coconino Plateau Hydrographs 94
Figure 6.1-9 Coconino Plateau Basin Well Yields 96
Figure 6.1-10 Coconino Plateau Basin Water Quality Conditions 99
Figure 6.1-11 Coconino Plateau Basin Cultural Water Demand 104
Figure 6.1-12 Coconino Plateau Basin Adequacy Determinations 109




Arizona Water Atlas

Volume 6

Figure 6.2-1 Grand Wash Basin Geographic Features 122
Figure 6.2-2 Grand Wash Basin Land Ownership 124
Figure 6.2-3 Grand Wash Basin Meteorological Stations and

Annual Precipitation 126
Figure 6.2-4 Grand Wash Basin Surface Water Conditions 129
Figure 6.2-5 Grand Wash Basin Perennial/Intermittent Streams and

Major (>10 gpm) Springs 132
Figure 6.2-6 Grand Wash Basin Groundwater Conditions 135
Figure 6.2-7 Grand Wash Basin Hydrographs 136
Figure 6.2-8 Grand Wash Basin Well Yields 137
Figure 6.2-9 Grand Wash Basin Water Quality Conditions 139
Figure 6.3-1 Kanab Plateau Basin Geographic Features 148
Figure 6.3-2 Kanab Plateau Basin Land Ownership 151
Figure 6.3-3 Kanab Plateau Basin Meteorological Stations and

Annual Precipitation 154
Figure 6.3-4 Annual Flows (acre-feet) Colorado River near Grand

Canyon 1923-2005 (Station # 9402500) 156
Figure 6.3-5 Kanab Plateau Basin Surface Water Conditions 160
Figure 6.3-6 Kanab Plateau Basin Perennial/Intermittent Streams

and Major (>10 gpm) Springs 164
Figure 6.3-7 Kanab Plateau Basin Groundwater Conditions 167
Figure 6.3-8 Kanab Plateau Basin Hydrographs 168
Figure 6.3-9 Kanab Plateau Basin Well Yields 169
Figure 6.3-10 Kanab Plateau Basin Water Quality Conditions 172
Figure 6.3-11 Kanab Plateau Basin Cultural Water Demand 176
Figure 6.3-12 Kanab Plateau Basin Adequacy Determinations 179
Figure 6.4-1 Paria Basin Geographic Features 190
Figure 6.4-2 Paria Basin Land Ownership 192
Figure 6.4-3 Paria Basin Meteorological Stations and Annual Precipitation 195
Figure 6.4-4 Paria Basin Surface Water Conditions 198
Figure 6.4-5 Paria Basin Perennial/Intermittent Streams and

Major (>10 gpm) Springs 200
Figure 6.4-6 Paria Basin Groundwater Conditions 203
Figure 6.4-7 Paria Basin Hydrographs 204
Figure 6.4-8 Paria Basin Well Yields 205
Figure 6.4-9 Paria Basin Water Quality Conditions 208
Figure 6.4-10 Paria Basin Cultural Water Demand 211
Figure 6.4-11 Paria Basin Adequacy Determinations 214
Figure 6.5-1 Shivwits Plateau Basin Geographic Features 220
Figure 6.5-2 Shivwits Plateau Basin Land Ownership 222
Figure 6.5-3 Shivwits Plateau Basin Meteorological Stations and

Annual Precipitation 224
Figure 6.5-4 Shivwits Plateau Basin Surface Water Conditions 227
Figure 6.5-5 Shivwits Plateau Basin Perennial/Intermittent Streams

and Major (>10 gpm) Springs 229




Arizona Water Atlas

Volume 6
Figure 6.5-6 Shivwits Plateau Basin Groundwater Conditions 231
Figure 6.5-7 Shivwits Plateau Basin Hydrograph 232
Figure 6.5-8 Shivwits Plateau Basin Water Quality Conditions 234
Figure 6.6-1 Virgin River Basin Geographic Features 244
Figure 6.6-2 Virgin River Basin Land Ownership 246
Figure 6.6-3 Virgin River Basin Meteorological Stations and Annual
Precipitation 249
Figure 6.6-4 Annual Flows (acre-feet) Virgin River at Littlefield,
Arizona, water years 1930-2006 (Station # 9415000) 251
Figure 6.6-5 Virgin River Basin Surface Water Conditions 254
Figure 6.6-6 Virgin River Basin Perennial/Intermittent Streams and
Major (>10 gpm) Springs 256
Figure 6.6-7 Virgin River Basin Groundwater Conditions 259
Figure 6.6-8 Virgin River Basin Hydrographs 260
Figure 6.6-9 Virgin River Basin Well Yields 261
Figure 6.6-10 Virgin River Basin Water Quality Conditions 264
Figure 6.6-11 Virgin River Basin Cultural Water Demand 268
Figure 6.6-12 Virgin River Basin Adequacy Determinations 271
Figure C-1 General Stream Adjudications in Arizona 289
Figure C-2 Registered Wells and Surface Water Diversion Points
in Arizona 292

Vi



Arizona Water Atlas

Volume 6
TABLES

Table 6.0-1 Instream Flow Claims in the Western Plateau Planning Area 26
Table 6.0-2 Endangered Species in the Western Plateau Planning Area 28
Table 6.0-3 Wilderness areas in the Central Highlands Planning Area 30
Table 6.0-4 2000 Census population in the Western Plateau Planning

Area 34
Table 6.0-5 Communities in the Western Plateau Planning Area with

a 2000 Census population greater than 1,000 35
Table 6.0-6 Water adequacy determinations in the Western Plateau

Planning Area as of 12/2008 37
Table 6.0-7 Inventory of surface water right and adjudication filings

in the Western Plateau Planning Area 40
Table 6.0-8 Contamination site in the Western Plateau Planning Area 45
Table 6.0-9 Tribal Water Demand in the Western Plateau Planning Area

in 2000 (in acre-feet) 48
Table 6.0-10 Average annual municipal water demand in the Western

Plateau Planning Area, 2001-2005 (in acre-feet) 49
Table 6.0-11 Water providers serving 100 acre-feet or more of water per

year in 2006, excluding effluent, in the Western Plateau

Planning Area 50
Table 6.0-12 Agricultural water demand in the Western Plateau

Planning Area 54
Table 6.0-13 Active agricultural acres in the Kanab Plateau (2008)

and Virgin River (2007) basins 55
Table 6.0-14 Industrial demand in the Western Plateau Planning Area 55
Table 6.0-15 Golf course demand in the Western Plateau Planning Area 56
Table 6.0-16 Water resource issues ranked by survey respondents in the

Western Plateau Planning Area 60
Table 6.1-1 Climate Data for the Coconino Plateau Basin 77
Table 6.1-2 Surface Water Data for the Coconino Plateau Basin 81
Table 6.1-3 Flood ALERT Equipment in the Coconino Plateau Basin 82
Table 6.1-4 Reservoirs and Stockponds in the Coconino Plateau Basin 83
Table 6.1-5 Springs in the Coconino Plateau Basin 87
Table 6.1-6 Groundwater Conditions in the Coconino Plateau Basin 92
Table 6.1-7 Water Quality Exceedences in the Coconino Plateau Basin 98
Table 6.1-8 Cultural Water Demand in the Coconino Plateau Basin 101
Table 6.1-9 Effluent Generation in the Coconino Plateau Basin 102
Table 6.1-10 Adequacy Determinations in the Coconino Plateau Basin 106
Table 6.2-1 Reservoirs and Stockponds in the Grand Wash Basin 128
Table 6.2-2 Springs in the Grand Wash Basin 131
Table 6.2-3 Groundwater Data in the Grand Wash Basin 134
Table 6.2-4 Water Quality Exceedences in the Grand Wash Basin 138
Table 6.2-5 Cultural Water Demand in the Grand Wash Basin 141
Table 6.3-1 Climate Data for the Kanab Plateau Basin 153

Vii




Arizona Water Atlas

Volume 6
Table 6.3-2 Streamflow Data for the Kanab Plateau Basin 157
Table 6.3-3 Flood ALERT Equipment in the Kanab Plateau Basin 158
Table 6.3-4 Reservoirs and Stockponds in the Kanab Plateau Basin 159
Table 6.3-5 Springs in the Kanab Plateau Basin 162
Table 6.3-6 Groundwater Data for the Kanab Plateau Basin 166
Table 6.3-7 Water Quality Exceedences in the Kanab Plateau Basin 171
Table 6.3-8 Cultural Water Demand in the Kanab Plateau Basin 174
Table 6.3-9 Effluent Generation in the Kanab Plateau Basin 175
Table 6.3-10 Adequacy Determinations in the Kanab Plateau Basin 178
Table 6.4-1 Climate Data for the Paria Basin 194
Table 6.4-2 Reservoirs and Stockponds in the Paria Basin 197
Table 6.4-3 Springs in the Paria Basin 199
Table 6.4-4 Groundwater Data for the Paria Basin 202
Table 6.4-5 Water Quality Exceedences in the Paria Basin 207
Table 6.4-6 Cultural Water Demand in the Paria Basin 210
Table 6.4-7 Adequacy Determinations in the Paria Basin 213
Table 6.5-1 Reservoirs and Stockponds in the Shivwits Plateau Basin 226
Table 6.5-2 Springs in the Shivwits Plateau Basin 228
Table 6.5-3 Groundwater Data for the Shivwits Plateau Basin 230
Table 6.5-4 Water Quality Exceedences in the Shivwits Plateau Basin 233
Table 6.5-5 Cultural Water Demand in the Shivwits Plateau Basin 236
Table 6.6-1 Climate Data for the Virgin River Basin 248
Table 6.6-2 Streamflow Data for the Virgin River Basin 252
Table 6.6-3 Flood ALERT Equipment in the Virgin River Basin 253
Table 6.6-4 Reservoirs and Stockponds in the Virgin River Basin 253
Table 6.6-5 Springs in the Virgin River Basin 255
Table 6.6-6 Groundwater Data in the Virgin River Basin 258
Table 6.6-7 Water Quality Exceedences in the Virgin River Basin 263
Table 6.6-8 Cultural Water Demand in the Virgin River Basin 266
Table 6.6-9 Effluent Generation in the Virgin River Basin 267
Table 6.6-10 Adequacy Determinations in the Virgin River Basin 270
Table C-1 Count of Surface Water Rights and Adjudications by
Planning Area 291

viii



