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Table 



1 5 10 15 20 30 40 50 60 70 80 90 95 99

9402300
Little Colorado River 

near Desert View 2,038 1990-2006 2,580 1,300 872 586 449 294 244 233 227 223 220 216 209 201

9402000
Little Colorado River 

near Cameron 21,764 1947-2006 3,080 1,230 600 322 177 54 14 2.2 0.2 -- -- -- -- --

9401000
Little Colorado River at 

Grand Falls 13,750 1925-1995 3,270 1,410 710 397 220 79 24 8 0.42 -- -- -- -- --

9401500
Moenkopi Wash near 

Cameron 4,141 1953-1965 300 34 7.6 3.9 2.9 1.9 1 0.1 -- -- -- -- -- --

9401400
Moenkopi Wash near 

Tuba City 9,824 1940-1978 295 30 9 5.2 4.1 3 2.2 1.4 0.4 -- -- -- -- --

9401280
Moenkopi Wash at 

Moenkopi 5,206 1926-1940 508 41 12 8 7 5.1 4.4 3.8 2 0.3 -- -- -- --

9401260
Moenkopi Wash at 

Moenkopi 11,141 1976-2006 178 18 6.2 4.4 3.6 2.9 2.3 1.9 1.4 0.7 -- -- -- --

9401250
Moenkopi Wash near 

Moenkopi 1,004 1973-1976 102 6 3.7 3 2.7 2 2 2 1.6 1.3 0.7 0.07 -- --

9401239
Coal Mine Wash near 

Shonto 1,623 1978-1982 30 4.2 2 0.8 0.5 0.22 0.15 0.1 0.01 -- -- -- -- --

9401229
Coal Mine Wash 

Tributary 2 near Kayenta 730 1977-1979 0.01 -- -- -- -- -- -- -- -- -- -- -- -- --

9401226
Coal Mine Wash 

Tributary 1 near Kayenta 1,461 1977-1981 0.13 -- -- -- -- -- -- -- -- -- -- -- -- --

9401110
Dinnebito Wash near 

Sand Springs 4,594 1993-2006 91 7.3 0.71 0.52 0.48 0.42 0.38 0.34 0.3 0.25 0.21 0.15 0.11 0.07

9400583
Jeddito Wash near 

Jeddito 4,445 1993-2005 6.2 -- -- -- -- -- -- -- -- -- -- -- -- --

9400568
Polacca Wash near 

Second Mesa 4,638 1994-2006 95 2.4 0.4 0.27 0.24 0.2 0.16 0.12 0.09 0.07 0.04 0.01 -- --

9400562
Oraibi Wash near Talani 

Lakes 4,177 1995-2006 96 7.1 0.14 -- -- -- -- -- -- -- -- -- -- --

Source: ADWR (20008f)

Note:
1 n is the number of daily mean measurements recorded at the the gage during the period of record.

Percent of time discharge (cfs) is equaled or exceeded
Gage No. Stream and Location n1 Period of Record

Table B-1. Flow Duration Data for USGS Stream Gages in Vicinity of Hopi Indian Reservation
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Figure B-1. USGS Stream Gage 09401110 (Dinnebito Wash near Sand Springs)

4-17-2007



Figure B-2. USGS Stream Gage 09400583 (Jeddito Wash near Jeddito)

4-17-2007



Figure B-3. USGS Stream Gage 09401260 (Moenkopi Wash at Moenkopi)

4-17-08



Figure B-4. USGS Stream Gage 09400562 (Oraibi Wash near Talani Lake)

4-17-08



Figure B-5. USGS Stream Gage 0940568 (Polacca Wash near Second Mesa)

4-18-07



Figure B-6. Flow Duration Curves for the Middle Sections of the Hopi Washes 

0.01

0.1

1

10

100

1000

10000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Exceedance Probability

D
ai

ly
 M

ea
n 

D
is

ch
ar

ge
 (c

fs
)
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Figure B-7. Flow Duration Curves for Middle and Lower Moenkopi Wash

0.01

0.1

1

10

100

1000

10000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Exceedance Probability

D
ai

ly
 M

ea
n 

D
is

ch
ar

ge
 (c

fs
)

9401500 near Cameron (n = 4,141)

9401400 near Tuba City (n = 9,824)

9401280 at Moenkopi (n = 5,206)

9401260 at Moenkopi (n = 11,141)

9401250 near Moenkopi (n = 1,004)

Source: ADWR (2008f)



0.01

0.1

1

10

100

1000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Exceedance Probability

D
ai

ly
 M

ea
n 

D
is

ch
ar

ge
 (c

fs
)

9401239 Coal Mine Wash near Shonto (n = 1,623)

9401226 Coal Mine Wash Tributary #1 near Kayenta (n = 1,461)

9401229 Coal Mine Wash Tributary #2 near Kayenta (n = 730)

Source: ADWR (2008f).

Figure B-8. Flow Duration Curves for Coal Mine Wash Watershed Along Upper Moenkopi Wash



Figure B-9. Flow Duration Curves for Lower Little Colorado River
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APPENDIX C:  HOPI IMPOUNDMENT INVENTORY 
 
 
 
 

C.1 INTRODUCTION 
In its role as technical advisor to the Little Colorado River (LCR) Adjudication 

Court, the Arizona Department of Water Resources (ADWR) is currently preparing a 

preliminary Hydrographic Survey Report for the Hopi Indian Reservation (Preliminary 

Hopi HSR).  As requested by the Court, ADWR is verifying Hopi water right claims in 

the HSR, including the claims to 561 impoundments.  This document presents an 

inventory of impoundments on the Reservation and ADWR’s verification of the 

impoundment claims.  This information supports Tables 7-6 and 7-7, which are presented 

in Chapter 7. 

Two tables are provided here.  Table C-1 lists data for impoundments claimed by 

the Hopi Tribe and the United States on the Tribe’s behalf.  Table C-2 lists data for other 

impoundments that ADWR identified on the Reservation that were not claimed in the 

adjudication.  The remainder of this document explains the content of the two tables and 

describes the data that ADWR reviewed and collected.  Also provided is a brief analysis 

of the tabulated data including information on impoundment surface area, capacity, 

condition, design, and use.  Photographs of several Hopi impoundments are presented in 

Figures C-1 through C-13. 

 

 

C.2 INVENTORY OF CLAIMED IMPOUNDMENTS 
Four documents provide information on Hopi impoundment claims: 

• The Hopi Tribe’s Amended Statement of Claimant, filed with the Court on 

January 29, 2004; 

• United States’ Amended Statement of Claimant on Behalf of the Hopi Tribe, filed 

with the Court on January 29, 2004; 
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• Hopi Indian Reservation Spring, Well and Impoundment Inventory, a compact 

disk (CD) prepared by a United States consultant and sent to ADWR in April 

2005 (NRCE, 2005); and 

• Little Colorado River-Hopi Reservation Well, Spring, and Impoundment 

Verification Information for ADWR, a letter report and CD prepared by a United 

States consultant and sent to ADWR via the Hopi in June 2008 (NRCE, 2008). 

Both of the statements of claimants (SOCs) filed in January 2004 list 561 impoundments 

on the Reservation.  The CD that was sent to ADWR in April 2005 listed the same 

impoundments claimed in January 2004.  The June 2008 letter report and CD provided 

additional information for some of the claimed impoundments that ADWR could not 

originally verify. 

Table C-1 compiles data that ADWR collected related to the Hopi impoundment 

claims.  The table has a total of 18 columns.  Each column, from left to right in the table, 

is described below. 

 

Claim No. – Each claimed impoundment was given a unique identification number by the 

Hopi Tribe and a different, unique identification number by the United States. 

Location – Impoundment locations are provided in Universal Transverse Mercator 

(UTM) ‘Easting’ and ‘Northing’ coordinates. 

Location Source Code – Impoundment locations were available from three data sources 

listed in table footnote 1.  These sources include (a) ADWR field Global Positioning 

System (GPS) readings referenced to the North America Datum of 1983 (NAD83); (b) 

impoundment locations, in NAD83, based on ADWR analysis of aerial photography; and, 

(c) claimed impoundment locations, originally referenced to NAD27 and reprojected by 

ADWR to NAD83. 

Approximate Elevation – Impoundment elevations were estimated, in feet above mean 

sea level, using the UTM coordinates listed in the table and digital elevation model 

(DEM) data provided by the USGS. 

Surface Area – The next 3 columns in the table present the following impoundment 

surface areas, in acres: 
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Claimed – surface area claimed by the Hopi Tribe and the United States.  Note 

that, for a few impoundments, surface area was either not claimed or a value of 

“0” was claimed by one or both claimants; 

ADWR Field Measurement – surface area measured in the field by ADWR staff; 

and 

ADWR Photo Analysis – surface area measured in the office by ADWR staff 

based on analysis of black and white (1997) and color (2005) aerial photography. 

ADWR Spillway Crest Height – the vertical distance, in feet, measured in the field by 

ADWR staff from the lowest point on the outside of the impoundment berm to the 

spillway crest. 

Impoundment Storage Capacity – The next 3 columns in the table present the following 

impoundment storage capacities in acre-feet: 

Claimed – storage capacity claimed by the Hopi Tribe and the United States; 

From ADWR Field Measurements – storage capacity calculated by ADWR based on 

data it collected in the field.  Formulae used to calculate capacities for impoundments and 

claimed natural depressions are listed in table footnote 6; and 

From ADWR Regression Analysis – storage capacity estimated by ADWR based on its 

analysis of aerial photography.  A regression equation was developed based on the 

relationship between impoundment storage capacity measured by ADWR in the field and 

impoundment surface area delineated by ADWR from aerial photographs.  The equation 

and some related statistical data are listed in table footnote 7. 

ADWR Verification of Impoundment Claims – The next three columns indicate how and 

if ADWR verified the impoundment claims: 

Photo Analysis – claimed impoundment locations were plotted on color (2005) 

aerial photography.  If a claimed impoundment appeared on the photography, it 

was noted by a check in the table; 

Field Visit – between 2005 and 2008, ADWR attempted to inspect several 

claimed impoundments on the Reservation, focusing on those impoundments that 

were not initially identified on topographic maps and aerial photography and 

about 10% of the remaining impoundments.  If ADWR found an impoundment in 

the field, it was noted by a check in the table; and 
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Supporting Evidence from Hopi – in June 2007, ADWR requested information 

for several claimed impoundments which, at that time, it could not verify.  A 

response to this request was received in June 2008, and additional information 

was incorporated into the inventory, as appropriate. 

Special Conditions – Several special conditions were noted by ADWR related to the 

condition, design and use of the claimed impoundments.  These conditions are listed in 

table footnote 8 and include: 

• The impoundment intersects an agricultural field that ADWR identified in 2005 

(AG); 

• The berm of the impoundment is, or appears to be, breached (BR).  ADWR did 

not calculate the storage capacity for impoundments with breached berms; 

• The berm appears to be used for flood and/or erosion control purposes (FC); 

• The storage capacity of the impoundment is limited due to siltation (LC); 

• There are two or more impoundments at the claimed location (MI); 

• The claimed impoundment is a natural depression (topographic low) without a 

berm (ND); 

• The claimed impoundment is formed by a berm constructed within a natural 

depression (NDS); 

• ADWR could not find an impoundment at the claimed location through either 

field inspection or photo analysis (NF); 

• Due to poor field access, ADWR could not inspect the claimed location (PA); 

• The claimed impoundment is located on the Peabody Western Coal Company 

(PWCC) leasehold (PL), is a permanent Peabody sediment pond (PP) or is a 

temporary Peabody sediment pond (PS); 

• The impoundment was also claimed by the Hopi for recreational use (RC).  All 

impoundments were claimed by both the Hopi and United States for stock use; 

and 

• One or more silt traps are located upstream of the impoundment (ST).  Storage 

capacity associated with silt traps is not reflected in ADWR’s storage estimates. 
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Notes – The last column in Table C-1 presents miscellaneous information for several 

impoundments, with most notes related to the special conditions described above.  In 

addition, the following are often noted: 

• Whether a pond and/or berm shows on topographic maps at the claimed location; 

• Whether the berm is degraded or severely eroded; 

• Distance from claimed location that ADWR found the impoundment; 

• Other features found in the vicinity of the claimed location, including wells and 

other impoundments; and 

• Reservoir names for those impoundments also claimed for recreational use. 

 

 

C-3 ANALYSIS OF CLAIMED IMPOUNDMENTS 
Based on the data compiled in Table C-1, the following conclusions are drawn 

regarding claimed impoundments on the Reservation:  

• ADWR was able to verify 557 or about 99% of the 561 claimed Hopi 

impoundments through use of aerial photography and/or ground inspection. 

ADWR was unable to verify 4 or about 1% of the 561 claimed Hopi 

impoundments through either means of verification. 

• ADWR attempted to ground inspect a total of 135 claimed impoundments.  Of 

these attempted inspections, 7 impoundments were not found, 39 impoundments 

were found but breached, 88 impoundments were found not breached, and 1 

impoundment was found under construction.  Additional data provided by the 

Hopi after ADWR’s field work indicate that one impoundment not found was 

removed during reclamation of a mine and two others were not found because the 

claimed location was incorrect. 

• ADWR determined that a total of 237 or about 42% of the claimed Hopi 

impoundments have breached berms.  Of these, 40 were identified by ADWR in 

the field and 197 were identified by ADWR photo analysis.  The claimed storage 

capacity of these impoundments totals approximately 2,039 acre-feet.  ADWR did 

not measure or estimate the capacity of these impoundments.  
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• The four impoundments that ADWR could not verify, the one impoundment it 

found under construction, and the one impoundment that was removed have a 

combined claimed capacity of approximately 24 acre-feet. 

• Of the 318 remaining impoundments, ADWR measured the storage capacity of 64 

of these using field data it collected and estimated the storage capacity of the 

other 254 impoundments based on photo analysis.  The claimed storage capacity 

of these impoundments totaled approximately 2,436 acre-feet compared to a total 

storage capacity of 2,190 acre-feet measured or estimated by ADWR.   Note that 

53 of these impoundments were determined by ADWR to have limited storage 

capacity due to siltation, and 44 were determined by ADWR to have degraded or 

severely eroded berms.  ADWR made no attempt to correct or adjust its storage 

capacities for loss in storage due to siltation or berm condition unless the latter 

was determined to be breached, in which case capacities were not measured or 

estimated.  Storage capacity was assumed to be the maximum volume of water 

that could be stored by the impoundment when there is no discharge of water and 

regardless of the potential loss in storage due to siltation. 

• If field data were collected, ADWR measured impoundment storage capacity 

based on the following equation, also used by the Hopi consultants (HKM): 

Y = (SA)(H)0.4 

 where,  Y = impoundment storage capacity, in acre-feet 

            SA = impoundment surface area measured in field, in acres 

              H = outside spillway crest or embankment height, in feet 

               0.4  = assumed pond shape factor. 

• To estimate impoundment storage capacity from photo analysis, ADWR 

developed the following regression equation: 

Y = 1.66(X)1.36  with a correlation coefficient (R) = 0.793 

 where,  Y = impoundment storage capacity, in acre-feet 

 X = impoundment surface area delineated from photo     

analysis, in acres. 
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The regression equation is based on ADWR field data from 51 claimed 

impoundments with calculated storage capacities of 0.37 to 102 acre-feet.  

ADWR (2008) provides further discussion of the regression analysis. 

• Four (4) of the claimed impoundments that ADWR ground inspected were found 

to be natural depressions (topographic lows) without berms and another 6 claimed 

impoundments were identified by ADWR as natural depressions through photo 

analysis.  ADWR calculated storage capacity for natural depressions using the 

HKM equation.  If ADWR ground inspected the natural depression, spillway crest 

or embankment height was replaced in the equation with the measured depth.  If 

ADWR identified the natural depression through photo analysis, surface area was 

delineated from the photo and an average pond depth of 4.125 was assumed based 

on available field data. 

• Four other claimed impoundments were determined by ADWR to consist of 

berms within a larger natural depression.  For these features, ADWR determined 

the surface area of the natural depression from photo analysis and used the 

aforementioned regression analysis to estimate storage capacity. 

• Two or more impoundments were identified at 9 of the claimed locations, and 3 

claimed locations were found to have functioning silt traps upstream of the 

impoundments.  When estimating or measuring storage capacity, ADWR grouped 

and counted multiple impoundments together but ignored silt traps. 

• In addition to their claimed use for stock watering, 4 impoundments were claimed 

by the Hopis (but not the United States) for recreational use: 

o Keams Lake or Beaver Reservoir (Hopi ID No. I-11-431); 

o Lake Maho (I-11-408); 

o Twin Dam No. 1 (I-11-415); and, 

o Twin Dam No. 2 (I-11-407). 

With the exception of Keams Lake, these impoundments were found by ADWR 

in the field to be partially or completely silted in. 

• Sixteen other claimed impoundments appear to ADWR to be used for flood 

and/or erosion control, and seven other claimed impoundments were identified by 

ADWR in 2005 to be associated with agricultural fields. 
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• The pond formed behind one of the claimed impoundments (I-11-147) was found 

to be split by a Navajo-Hopi boundary fence. 

• Nine claimed impoundments are located on the PWCC leasehold.  Of these, seven 

are reportedly temporary sediment ponds scheduled to removed after 2010 

(PWCC, 2006), one has already been removed during mine reclamation, and one 

is an existing stockpond apparently unrelated to mining. 

 

 

C.4 INVENTORY OF UNCLAIMED IMPOUNDMENTS 
ADWR identified 180 impoundments on the Reservation that were not claimed.  

Table C-2 compiles the data that ADWR collected for these impoundments.  The table is 

similar in structure as Table C-1 and contains 12 columns.  Each column, from left to 

right in the table, is described below. 

 

ADWR ID No. – Each unclaimed impoundment was given a unique ADWR 

identification number based on its drainage location and the number of unclaimed 

impoundments that ADWR identified in the drainage.  For example, ADWR ID No. 

UNC-J-07 designates the seventh (‘07’) unclaimed impoundment (‘UNC’) that ADWR 

identified in the Jeddito Wash (‘J’) drainage. 

Location – Impoundment locations are provided in Universal Transverse Mercator 

(UTM) ‘Easting’ and ‘Northing’ coordinates. 

Location Source Code – Impoundment locations were available from three data sources 

listed in table footnote 1.  These sources include (a) ADWR field Global Positioning 

System (GPS) readings referenced to the North America Datum of 1983 (NAD83); (b) 

impoundment locations, in NAD83, based on ADWR analysis of aerial photography; and, 

(c) claimed impoundment locations, originally referenced to NAD27 and reprojected by 

ADWR to NAD83. 

Approximate Elevation – Impoundment elevations were estimated, in feet above mean 

sea level, using the UTM coordinates listed in the table and digital elevation model 

(DEM) data provided by the USGS (see footnote 2). 
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Surface Area from ADWR Field Visit – Surface area measured in the field by ADWR 

staff. 

Surface Area from ADWR Photo Analysis – Surface area measured in the office by 

ADWR staff based on analysis of black and white (1997) and color (2005) aerial 

photography (see footnote 3). 

Impoundment Storage Capacity from ADWR Regression Analysis – Storage capacity 

estimated by ADWR based on its analysis of aerial photography (see footnote 4).  A 

regression equation was developed based on the relationship between impoundment 

storage capacity measured by ADWR in the field and impoundment surface area 

delineated by ADWR from aerial photographs. The equation and some related statistical 

data are listed in table footnote 5. 

Evidence of Impoundment – The next two columns indicate the evidence that ADWR 

had of the unclaimed impoundment: 

ADWR Photo Analysis – unclaimed impoundment location was identified on 

color (2005) aerial photography and noted by a check in the table; and 

ADWR Field Visit – during its field investigation of agricultural lands and 

claimed well and impoundment sites, ADWR noted the unclaimed impoundment 

and noted it by a check in the table. 

Special Conditions – Several special conditions were noted by ADWR related to the 

condition, design, and use of the unclaimed impoundments.  These conditions are listed 

in table footnote 6 and include: 

• The impoundment intersects an agricultural field that ADWR identified in 2005 

(AG); 

• The berm of the impoundment is, or appears to be, breached (BR).  ADWR did 

not calculate the storage capacity for impoundments with breached berms; 

• The berm appears to be used for flood and/or erosion control purposes (FC); 

• The storage capacity of the impoundment is limited due to siltation (LC); 

• There are two or more impoundments at the claimed location (MI); 

• The claimed impoundment is a natural depression (topographic low) without a 

berm (ND); 
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• The claimed impoundment is located on the PWCC leasehold (PL), is a 

permanent Peabody sediment pond (PP) or is a temporary Peabody sediment pond 

(PS). 

• The impoundment was also claimed by the Hopi for recreational use (RU).  All 

impoundments were claimed by both the Hopi and United States for stock use; 

and, 

• One or more silt traps are located upstream of the impoundment (ST).  Storage 

capacity associated with silt traps is not reflected in ADWR’s storage estimates. 

Notes – The last column in Table C-2 presents miscellaneous information for several 

impoundments, with most notes related to the special conditions described above.  In 

addition, the following are often noted: 

• Whether a pond and/or berm shows on topographic maps at the unclaimed 

location; 

• Other features found in the vicinity of the unclaimed impoundment, including 

wells and other impoundments; and 

• Reservoir and dam names, if known. 

 

 

C.5 ANALYSIS OF UNCLAIMED IMPOUNDMENTS 
Based on the data compiled in Table C-2, the following conclusions are drawn 

regarding unclaimed impoundments on the Reservation: 

• ADWR identified 180 unclaimed impoundments through analysis of aerial 

photography and by comparison to data in Table C-1.  Eight of these 

impoundments were also observed during ADWR field visits, and topographic 

maps show ponds at 49 of these sites and wells at three other sites. 

• Seven of the unclaimed impoundments are located near claimed impoundments 

that ADWR verified. 

• 57 or about 32% of the unclaimed impoundments were determined through 

ADWR photo analysis to have breached berms.  ADWR did not estimate the 

capacity of these impoundments. 
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• The other 123 unclaimed impoundments were estimated to have a total storage 

capacity of about 363 acre-feet.  Note that three of these impoundments were 

determined to have limited storage capacity due to siltation.  As with the claimed 

impoundments it verified, ADWR made no attempt to correct or adjust these 

capacities for loss in storage. 

• One of the unclaimed impoundments appears to be a natural depression without a 

berm. 

• The combined storage capacity of the three largest unclaimed impoundments 

without breached berms is 283 acre-feet, which is about 78% of the total storage 

capacity estimated by ADWR.  These relatively large impoundments include: 

o UNC-M-33 (Pasture Canyon Reservoir) – 202 acre-feet 

o UNC-M-37 (Lower Lagoon Reservoir) – 51 acre-feet 

o UNC-M-25 – 30 acre-feet. 

Each of the remaining impoundments without breached berms had an estimated 

capacity of 6 acre-feet or less, and most had a capacity of less than 1 acre-feet. 

• Two or more impoundments were identified at four of the unclaimed 

impoundment sites, and one other site appeared to have a functioning silt trap 

upstream of the impoundment.  As with the claimed impoundments that ADWR 

verified, the estimated capacity of multiple impoundments at a site were counted 

together but silt traps were ignored. 

• One of the unclaimed impoundments (Pasture Canyon Reservoir) is known 

through ADWR field work to be used for recreation and irrigation. 

• Three other unclaimed impoundments appear to ADWR to be used for flood 

and/or erosion control and 31 others appear to be associated with agricultural 

fields. 

• Eleven unclaimed impoundments are located on the PWCC leasehold.  Of these, 

six are temporary sediment ponds scheduled to be removed after 2010 (PWCC, 

2006), one is a permanent PWCC sediment pond, and four are existing 

stockponds apparently unrelated to mining. 
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I-1-2 I011 514506.86 4013596.34 c 5966 1.55 NA NA NA 9.30 NA NA √ BR Photo analysis suggests berm breached
I-1-5 I012 504775.52 4015227.15 b 5400 0.46 NA 0.26 NA 1.84 NA 0.26 √

I-1-6 I013 519315.76 4027269.94 b 6360 0.36 NA 1.25 NA 2.30 NA 2.26 √

I-1-7 I014 520946.71 4027490.86 b 6474 1.03 NA 0.20 NA 7.44 NA 0.19 √

I-1-9 I015 517418.45 4013569.01 b 6101 1.72 NA 6.29 NA 11.71 NA 20.34 √

I-1-14 I016 508278.27 4013406.65 b 5583 1.21 NA 3.04 NA 7.23 NA 7.56 √

I-1-15 I017 505398.72 4016814.20 b 5440 0.69 NA 6.94 NA 2.75 NA 23.28 √

I-1-17 I018 520469.67 4025627.67 b 6280 0.77 NA 1.02 NA 4.96 NA 1.71 √ LC, PA Photo analysis suggests berm severely eroded; unable to access 
claimed location

I-1-18 I019 503771.36 4013911.32 a 5368 0.36 0.40 NA 12.80 3.40 2.07 NA √

I-1-20 I0110 521530.79 4020665.65 c 6204 0.80 NA NA NA 5.46 NA NA √ BR Photo analysis suggests berm breached
I-1-21 I0111 517546.67 4024499.33 b 6114 0.65 NA 0.25 NA 5.17 NA 0.25 √

I-1-22 I0112 512671.34 4018971.65 b 5664 0.34 NA 0.93 NA 1.65 NA 1.51 √

I-1-24 I0113 519038.82 4019395.59 a 6044 0.52 NA NA NA 3.10 NA NA √ BR Berm breached
I-1-26 I0114 521954.78 4020023.63 c 6287 0.69 NA NA NA 4.96 NA NA √ BR Photo analysis suggests berm breached
I-1-27 I0115 522108.02 4018275.10 a 6284 0.46 1.16 NA 8.70 2.75 4.04 NA √ LC Impoundment silted in
I-1-28 I0116 521596.81 4023317.73 b 6480 1.29 NA NA NA 9.30 NA NA √ BR Berm breached
I-1-29 I0117 520082.89 4017709.05 b 6059 0.80 NA 6.61 NA 4.50 NA 21.76 √

I-1-30 I0118 511729.17 4015477.63 b 5643 0.40 NA 1.04 NA 2.09 NA 1.76 √

I-1-31 I0119 520636.80 4019310.60 c 6161 1.15 NA NA NA 7.35 NA NA √ BR Photo analysis suggests berm breached
I-1-32 I0120 520529.80 4018877.58 a 6124 1.08 NA NA NA 7.32 NA NA √ BR Berm breached
I-1-33 I0121 517131.37 4017930.29 b 5960 0.86 NA 3.98 NA 5.17 NA 10.91 √

I-1-35 I0122 521722.67 4012796.19 b 5972 0.23 NA 2.76 NA 0.73 NA 6.62 √

I-1-36 I0123 514330.36 4013007.46 b 5963 0.86 NA 0.75 NA 2.75 NA 1.13 √

I-1-37 I0124 516156.71 4021243.85 b 5904 0.29 NA 0.64 NA 1.95 NA 0.90 √

I-1-280 I0125 521769.93 4015201.17 b 6077 0.69 NA 1.46 NA 4.41 NA 2.77 √

I-1-287 I0126 519723.95 4013690.94 b 6070 0.52 NA 0.70 NA 2.89 NA 1.02 √ LC Photo analysis suggests berm severely eroded
I-1-548 I0127 502781.18 4012054.73 b 5322 0.34 NA 0.76 NA 0.83 NA 1.15 √

I-2-291 I021 525530.78 4024902.80 a 6246 0.69 NA NA NA 3.31 NA NA √ BR Berm breached
I-2-292 I022 524882.50 4013608.90 b 5911 0.72 NA 1.06 NA 3.16 NA 1.79 √

I-2-293 I023 522804.85 4016816.66 b 6209 1.43 NA 2.66 NA 9.76 NA 6.31 √ LC Photo analysis suggests berm severely eroded with flow through 
structure; topo map shows berm

I-2-295 I024 543632.44 4022656.90 b 6431 0.80 NA 1.09 NA 4.18 NA 1.88 √

I-2-296 I025 523250.25 4018270.87 b 6341 0.46 NA 1.08 NA 1.10 NA 1.85 √

I-2-297 I026 523427.17 4018171.39 b 6334 0.34 NA 2.67 NA 0.83 NA 6.33 √

I-2-298 I027 525823.12 4024349.99 a 6216 0.60 NA 0.24 NA 3.37 NA 0.24 √ √ LC Berm severely eroded
I-2-300 I028 522558.15 4017793.70 b 6307 0.55 NA 1.76 NA 1.32 NA 3.59 √

I-2-301 I029 525629.77 4024869.80 a 6243 1.15 NA NA NA 6.43 NA NA √ BR Berm breached
I-2-304 I0210 538719.92 4017874.90 b 6242 0.34 NA 0.83 NA 1.65 NA 1.29 √

I-2-305 I0211 524371.68 4013400.45 b 5965 0.73 NA 0.56 NA 4.11 NA 0.75 √ Photo analysis suggests degraded linear berm able to store water

I-2-306 I0212 524065.38 4019400.74 a 6331 0.62 0.78 NA 9.00 3.22 2.80 NA √

I-2-307 I0213 524043.38 4019302.08 b 6320 0.45 NA 1.04 NA 2.51 NA 1.74 √

I-2-308 I0214 525668.50 4016719.38 b 6044 0.41 NA 1.58 NA 2.48 NA 3.09 √

I-2-309 I0215 523118.27 4015650.43 b 6100 0.69 NA 0.63 NA 4.41 NA 0.89 √

I-3-50 I031 554802.70 4017861.66 a 6524 1.72 NA NA NA 8.95 NA NA √ BR Berm breached

NOTES

ADWR 
SPILLWAY 

CREST 
HEIGHT 
(feet)4

IMPOUNDMENT STORAGE CAPACITY5

(acre-feet)
ADWR CLAIM VERIFICATION

TABLE C-1.  INVENTORY OF CLAIMED IMPOUNDMENTS ON THE HOPI INDIAN RESERVATION

CLAIM NO. LOCATION APPROXIMATE 
ELEVATION 

(feet)2

SURFACE AREA (acres)
SPECIAL 

CONDITIONS8

December 2008  1  Preliminary Hopi HSR



Hopi United 
States Easting Northing

Location 
Source 
Code1

Claimed ADWR Field 
Measurement

ADWR Photo 
Analysis3 Claimed

From ADWR Field 
Measurements6

From ADWR 
Regression 
Analysis7

Photo 
Analysis

Field 
Visit

Supporting 
Evidence 
from Hopi

NOTES

ADWR 
SPILLWAY 

CREST 
HEIGHT 
(feet)4

IMPOUNDMENT STORAGE CAPACITY5

(acre-feet)
ADWR CLAIM VERIFICATION

TABLE C-1.  INVENTORY OF CLAIMED IMPOUNDMENTS ON THE HOPI INDIAN RESERVATION

CLAIM NO. LOCATION APPROXIMATE 
ELEVATION 

(feet)2

SURFACE AREA (acres)
SPECIAL 

CONDITIONS8

I-3-54 I032 551619.67 4012629.50 a 6427 0.57 NA NA NA 2.30 NA NA √ BR Berm breached
I-3-55 I033 551545.45 4013009.43 b 6425 0.51 NA 0.97 NA 1.21 NA 1.60 √

I-3-87 I034 550013.91 4021051.63 b 6863 0.86 NA 2.82 NA 4.13 NA 6.80 √

I-3-88 I035 552074.31 4020795.94 b 6729 1.81 NA 1.70 NA 9.40 NA 3.42 √

I-3-89 I036 552089.28 4021028.06 b 6736 0.28 NA 0.11 NA 1.11 NA 0.08 √ LC Photo analysis suggests entrenched stream flows through
I-3-209 I037 552394.50 4028075.63 b 6362 0.23 NA 0.84 NA 1.10 NA 1.31 √ PL,PS PWCC sediment pond WW-9A
I-3-210 I038 556053.93 4029741.84 a 6529 0.26 0.32 0.30 5.90 1.45 0.75 NA √ PL,PS PWCC sediment pond J7-E
I-3-211 I039 555759.31 4029483.35 b 6463 0.34 NA 1.27 NA 2.07 NA 2.30 √ PL,PS PWCC sediment pond J7-F
I-3-212 I0310 555371.04 4029261.87 b 6449 0.69 NA 1.40 NA 3.31 NA 2.62 √ PL,PS PWCC sediment pond J7-K
I-3-214 I0311 552382.11 4027870.47 b 6320 1.77 NA 1.36 NA 21.21 NA 2.53 √ PL,PS PWCC sediment pond WW-9
I-3-215 I0312 556318.04 4029847.09 b 6545 0.69 NA 1.26 NA 3.86 NA 2.27 √ PL,PS PWCC sediment pond J7-CD
I-3-219 I0313 555106.71 4029323.01 c 6435 0.69 NA NA NA 4.96 NA NA √ √ PL Impoundment was removed by recent mine reclamation.
I-3-243 I0314 552401.18 4028219.33 b 6361 0.69 NA 1.64 NA 3.58 NA 3.25 √ PL,PS PWCC sediment pond WW-9B
I-3-262 I0315 555169.96 4023544.70 b 6714 0.30 NA 0.87 NA 1.45 NA 1.38 √  
I-3-302 I0316 560518.81 4031244.04 b 6817 0.60 NA 1.14 NA 4.78 NA 1.99 √ PL
I-4-559 I041 476589.87 3989206.73 b 5048 not provided NA 0.13 NA 8.02 NA 0.10 √ Surface area not provided by either Hopi Tribe or United States

I-4-560 I042 491471.52 3991799.14 c 5749 not provided NA NA NA 8.02 NA NA NF Impoundment not found; surface area not provided by either Hopi Tribe 
or United States

I-4-561 I043 484958.28 3987060.47 a 5361 not provided NA 0.58 NA 8.02 NA 0.79 √ √ Surface area not provided by either Hopi Tribe or United States

I-5-1 I051 508902.37 4010270.93 a 5581 0.08 NA 0.37 NA 0.10 NA 0.44 √ √ Impoundment located approximately 210 feet NE of claimed location

I-5-3 I052 508461.75 4011555.18 b 5613 1.38 NA 1.34 NA 6.61 NA 2.49 √

I-5-4 I053 501806.07 4010845.09 c 5297 0.32 NA NA NA 0.77 NA NA √ BR Photo analysis suggests berm breached
I-5-8 I054 502084.06 4011366.10 a 5315 0.11 NA NA NA 0.28 NA NA √ BR Berm breached

I-5-10 I055 502167.72 4003175.39 b 5157 0.13 NA 0.08 NA 0.15 0.13** NA √ ND, PA Photo analysis suggests natural depression; topo map shows pond; 
unable to access claimed location

I-5-11 I056 501937.63 4010445.80 b 5290 0.43 NA 1.70 NA 1.72 NA 3.43 √

I-5-12 I057 514035.87 4010490.26 c 5946 0.23 NA NA NA 0.92 NA NA √ BR Photo analysis suggests berm breached
I-5-13 I058 512957.22 4010697.74 a 5875 1.81 NA 0.52 NA 10.12 NA 0.67 √ √ AG
I-5-16 I059 501312.09 4008471.10 a 5211 24.79 NA NA NA 218.18 NA NA √ BR Berm breached
I-5-19 I0510 508299.22 4011641.60 b 5597 0.69 NA 0.68 NA 2.75 NA 0.98 √

I-5-25 I0512 508022.98 4011603.48 b 5576 0.92 NA 0.88 NA 7.70 NA 1.40 √
Photo analysis suggests small rectangular berm downstream of 
breached silt trap

I-5-34 I0513 506816.55 4008155.11 b 5518 1.15 NA 1.39 NA 6.43 NA 2.60 √

I-5-216 I0514 500634.08 3991972.16 b 5102 0.92 NA 0.91 NA 5.14 NA 1.47 √
Photo analysis suggests rectangular berm downstream of breached silt 
trap

I-5-217 I0515 504567.17 3988974.24 a 5254 6.89 NA NA NA 44.08 NA NA √ BR Berm breached
I-5-218 I0516 505334.34 3989661.68 b 5238 2.87 NA 5.66 NA 18.37 NA 17.60 √

I-5-223 I0517 516265.02 3986215.32 b 5785 1.38 NA 2.74 NA 6.06 NA 6.55 √

I-5-23 I0511 502758.05 4011244.10 c 5328 1.10 NA NA NA 6.17 NA NA √ BR Photo analysis suggests berm breached
I-5-231 I0518 507554.02 4003328.21 c 5347 1.03 NA NA NA 4.13 NA NA √ BR Photo analysis suggests berm breached
I-5-234 I0519 515086.84 3997469.11 b 5627 0.46 NA 0.75 NA 2.20 NA 1.13 √

I-5-238 I0520 519089.74 3988767.62 b 5971 0.23 NA 0.42 NA 0.46 NA 0.50 √ LC Photo analysis suggests berm severely eroded
I-5-239 I0521 516349.70 3985359.85 b 5795 0.69 NA 1.63 NA 3.31 NA 3.24 √

I-5-240 I0522 515950.17 3985880.86 b 5771 1.15 NA 9.47 NA 6.43 NA 35.52 √

I-5-241 I0523 519855.83 3987919.40 c 5943 0.92 NA NA NA 4.41 NA NA √ BR Photo analysis suggests berm breached
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I-5-242 I0524 520163.42 3987959.74 b 5979 0.69 NA 1.91 NA 3.31 NA 4.00 √

I-5-245 I0525 516415.27 3985615.34 b 5793 1.72 NA 3.14 NA 8.95 NA 7.90 √

I-5-246 I0526 512427.01 3985654.33 c 5723 0.52 NA NA NA 5.30 NA NA √ BR Photo analysis suggests berm breached
I-5-247 I0527 521080.80 3988044.41 a 6022 1.84 NA NA NA 12.49 NA NA √ BR Berm breached
I-5-248 I0528 502490.21 3988652.67 a 5580 0.36 1.33 NA 7.30 2.61 3.88 NA √

I-5-249 I0529 511689.71 3995801.92 b 5546 0.60 NA 0.65 NA 2.89 NA 0.92 √

I-5-250 I0530 513196.94 3994725.08 b 5622 1.21 NA 2.36 NA 5.79 NA 5.35 √

I-5-251 I0531 517191.56 3993854.87 b 5849 0.86 NA 0.74 NA 3.79 NA 1.10 √

I-5-252 I0532 513967.91 3992283.11 a 5706 0.45 NA 0.41 NA 1.79 NA 0.50 √ √

I-5-254 I0533 518965.46 3988454.70 b 5948 0.34 NA 0.35 NA 1.65 NA 0.40 √ LC Photo analysis suggests berm severely eroded
I-5-255 I0534 518882.85 3987817.39 c 5918 1.61 NA NA NA 9.64 NA NA √ BR Photo analysis suggests berm breached
I-5-256 I0535 518532.86 3987362.39 c 5920 1.16 NA NA NA 5.11 NA NA √ BR Photo analysis suggests berm breached
I-5-257 I0536 517848.02 3986658.30 a 5905 0.46 NA 0.72 NA 2.39 NA 1.06 √ √

I-5-259 I0537 516127.91 3987102.37 a 5781 5.74 NA NA NA 45.91 NA NA √ BR Berm breached
I-5-261 I0538 520558.24 3987412.33 b 6049 0.46 NA 1.80 NA 2.02 NA 3.69 √

I-5-271 I0539 518432.94 4006507.64 b 5896 1.03 NA 1.06 NA 6.20 NA 1.80 √

I-5-272 I0540 519483.43 4006881.36 b 5973 0.52 NA 1.07 NA 2.89 NA 1.81 √

I-5-273 I0541 521410.75 4007754.37 a 5876 1.21 NA NA NA 7.23 NA NA √ BR Berm breached
I-5-274 I0542 518729.19 4008579.96 b 5892 1.74 NA 4.30 NA 12.50 NA 12.10 √

I-5-276 I0543 511474.42 4004729.14 b 5209 0.23 NA 0.54 NA 1.10 NA 0.72 √

I-5-278 I0544 518516.04 4006538.71 b 5899 0.34 NA 0.72 NA 1.93 NA 1.07 √

I-5-279 I0545 517834.69 4006005.98 b 5849 1.87 NA 5.65 NA 16.41 NA 17.59 √

I-5-281 I0546 509015.59 4007264.98 b 5707 0.48 NA 0.97 NA 1.16 NA 1.59 √

I-5-282 I0547 506171.44 4005001.15 b 5421 0.86 NA 1.51 NA 4.13 NA 2.91 √

I-5-283 I0548 506831.37 4006225.10 b 5504 1.38 NA 0.70 NA 6.61 NA 1.02 √ LC Photo analysis suggests berm severely eroded
I-5-284 I0549 507603.99 4008075.19 a 5553 1.72 NA NA NA 8.95 NA NA √ BR Berm breached
I-5-285 I0550 508698.25 4006407.60 b 5647 0.26 NA 0.79 NA 1.03 NA 1.21 √

I-5-286 I0551 508820.44 4006692.02 b 5661 0.92 NA 1.93 NA 4.41 NA 4.08 √

I-5-288 I0552 509197.11 4001960.03 a 5095 1.15 2.42 NA 6.60 5.97 6.39 NA √ FC Berm appears to be flood/erosion control related; protects a road that 
runs northwest to southeast

I-5-289 I0553 508462.16 4003462.53 b 5359 0.69 NA 2.20 NA 2.75 NA 4.86 √

I-5-290 I0554 511320.99 4004427.16 b 5204 0.92 NA 1.44 NA 5.51 NA 2.73 √ Photo analysis suggests claimed feature is downstream of linear berm

I-5-299 I0555 516671.87 4010963.40 b 5874 0.65 NA 1.30 NA 3.36 NA 2.38 √

I-5-549 I0556 509461.75 4002168.84 b 5103 0.34 NA 0.65 NA 0.70 NA 0.93 √

I-5-550 I0557 509681.99 4001731.24 c 5097 0.34 * NA NA NA 0.70 NA NA √ BR Photo analysis suggests berm breached
I-5-551 I0558 510459.97 4001942.25 c 5107 1.65 * NA NA NA 4.00 NA NA √ BR Photo analysis suggests berm breached
I-5-557 I0559 520712.34 4010977.37 b 5943 0.43 NA 1.65 NA 1.50 NA 3.29 √

I-6-82 I061 536773.51 3988554.72 a 5920 1.43 NA 0.62 NA 12.90 NA 0.87 √ √

I-6-83 I062 530639.39 3985893.44 b 5848 2.81 NA 14.83 NA 13.49 NA 65.43 √

I-6-98 I063 529327.60 3989629.97 b 6150 0.13 NA 0.19 NA 0.41 NA 0.17 √

I-6-113 I064 541802.93 4001934.72 a 6321 0.23 NA 0.58 NA 1.01 NA 0.80 √ √ LC Impoundment silted in
I-6-115 I065 522534.04 3985824.14 b 6001 0.92 NA 3.70 NA 4.41 NA 9.88 √

I-6-224 I066 538027.87 4002464.41 b 6258 1.15 NA 1.59 NA 6.89 NA 3.12 √

I-6-225 I067 536804.14 4005693.78 b 6119 0.92 NA 0.85 NA 6.24 NA 1.33 √
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I-6-226 I068 535823.08 3998863.90 b 6352 0.46 NA 0.95 NA 2.39 NA 1.54 √

I-6-227 I069 541563.12 4007976.40 b 6378 0.60 NA 0.90 NA 3.58 NA 1.43 √ LC Photo analysis suggests berm severely eroded
I-6-228 I0610 539490.82 4003937.22 b 6253 1.38 NA 4.06 NA 8.82 NA 11.21 √

I-6-229 I0611 535690.25 4001814.16 b 6122 1.38 NA 2.25 NA 11.02 NA 5.01 √

I-6-230 I0612 525357.52 4004338.68 b 5743 0.29 NA 0.40 NA 1.38 NA 0.47 √

I-6-232 I0613 530433.68 4010654.40 c 6006 0.92 NA NA NA 4.78 NA NA √ BR Photo analysis suggests berm breached; topo map shows berm

I-6-235 I0614 525777.75 3989842.42 c 6012 2.58 NA NA NA 14.46 NA NA √ BR Photo analysis suggests berm breached; top map shows small oval 
pond

I-6-236 I0615 530067.72 3994293.40 a 6085 2.41 NA NA NA 13.50 NA NA √ BR Berm breached
I-6-237 I0616 524503.06 3991308.48 b 5944 0.70 NA 2.38 NA 4.50 NA 5.41 √

I-6-258 I0617 532965.98 4001389.55 a 6063 1.38 4.76 NA 10.70 8.82 20.36 NA √

I-6-260 I0618 522902.72 4011086.38 c 5884 0.70 NA NA NA 4.50 NA NA √ BR Photo analysis suggests berm breached
I-6-265 I0619 527029.07 4004475.54 b 5809 0.69 NA 0.97 NA 4.68 NA 1.59 √

I-6-267 I0620 536418.08 3999846.07 b 6243 0.92 NA 4.93 NA 8.08 NA 14.61 √

I-6-316 I0621 543979.00 3985641.57 b 5866 1.38 NA 0.26 NA 4.41 NA 0.26 √ LC Photo analysis suggests berm severely eroded
I-6-322 I0622 543628.44 3985882.79 b 5891 0.20 NA 0.63 NA 0.73 NA 0.88 √

I-6-323 I0623 539217.17 3984916.33 b 5920 2.75 NA 4.45 NA 15.43 NA 12.69 √

I-6-324 I0624 544494.67 3984527.34 c 5816 1.01 NA NA NA 4.85 NA NA √ BR Photo analysis suggests berm breached
I-7-94 I071 548700.99 4001591.44 b 6187 0.23 NA 0.98 NA 1.10 NA 1.61 √

I-7-95 I072 545768.88 4001184.98 b 6175 0.23 NA 0.66 NA 1.10 NA 0.94 √

I-7-103 I073 548409.38 4002163.56 b 6199 0.23 NA 0.60 NA 1.10 NA 0.83 √

I-7-105 I074 546841.64 4000589.41 c 6146 0.46 NA NA NA 2.20 NA NA √ BR Photo analysis suggests berm breached
I-7-112 I075 547590.15 4000461.10 a 6163 5.17 20.54 31.97 NA 37.19 NA 186.39 √ √ Berm severely eroded
I-7-117 I076 549281.66 4001900.42 a 6207 0.23 NA NA NA 1.10 NA NA √ BR Berm breached
I-7-120 I077 546833.66 4001520.15 b 6189 0.34 NA 2.01 NA 1.63 NA 4.29 √

I-7-123 I078 549350.95 4003446.49 b 6213 3.73 NA 10.56 NA 22.38 NA 41.22 √

I-7-130 I079 550554.43 4003849.84 b 6238 0.23 NA 0.93 NA 1.19 NA 1.51 √

I-7-134 I0710 548892.93 4004906.95 b 6311 0.29 NA 0.85 NA 1.38 NA 1.32 √

I-7-135 I0711 548808.67 4004916.99 b 6308 0.70 NA 0.83 NA 3.94 NA 1.30 √

I-7-136 I0712 548366.48 4004363.95 b 6279 0.29 NA 0.64 NA 1.49 NA 0.91 √

I-7-311 I0713 554044.72 3988030.33 c 6116 0.86 NA NA NA 5.17 NA NA √ BR Photo analysis suggests berm breached
I-7-314 I0714 551025.67 3990195.31 b 5953 1.38 NA 4.09 NA 8.26 NA 11.34 √

I-7-315 I0715 552721.34 3988971.42 b 6032 1.61 NA 24.78 NA 6.43 NA 131.73 √

I-7-317 I0716 551106.70 3989765.35 c 5959 0.40 NA NA NA 0.96 NA NA √ BR Photo analysis suggests berm breached
I-7-319 I0717 549424.69 3989389.35 c 5901 1.72 NA NA NA 8.95 NA NA √ BR Photo analysis suggests berm breached
I-7-320 I0718 547008.21 3988142.48 a 5863 0.52 1.35 NA 3.40 2.89 1.83 NA √

I-7-321 I0719 551805.37 3986464.02 a 5996 1.72 2.30 NA 12.80 13.77 11.75 NA √

I-7-325 I0720 547450.68 3984476.33 c 5882 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-7-326 I0721 546161.67 3987952.35 c 5871 0.70 NA NA NA 3.66 NA NA √ BR Photo analysis suggests berm breached
I-7-327 I0722 547623.68 3985930.34 c 5856 0.52 NA NA NA 4.50 NA NA √ BR Photo analysis suggests berm breached
I-7-329 I0723 549876.70 3985909.33 c 5931 1.89 NA NA NA 12.12 NA NA √ BR Photo analysis suggests berm breached
I-7-330 I0724 550219.69 3990470.35 c 5932 0.27 NA NA NA 0.80 NA NA √ BR Photo analysis suggests berm breached
I-7-331 I0725 547602.67 3989778.36 c 5894 0.70 NA NA NA 3.94 NA NA √ BR Photo analysis suggests berm breached
I-7-536 I0726 556164.74 3984805.30 c 6103 0.69 NA NA NA 3.31 NA NA √ BR Photo analysis suggests berm breached
I-7-556 I0727 548459.69 3985762.33 c 5871 1.61 * NA NA NA 6.40 NA NA √ BR Photo analysis suggests berm breached
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I-8-48 I081 520136.65 3982852.64 b 5788 2.75 NA 1.54 NA 12.12 NA 2.99 √ LC Photo analysis suggests berm severely eroded
I-8-49 I082 519687.76 3971914.09 b 5571 0.52 NA 1.68 NA 2.48 NA 3.36 √ LC Photo analysis suggests berm severely eroded
I-8-51 I083 517386.19 3977659.07 b 5650 0.92 NA 4.90 NA 5.14 NA 14.47 √

I-8-52 I084 519850.94 3980217.47 b 5682 0.69 NA 2.20 NA 3.31 NA 4.87 √

I-8-53 I085 518855.90 3976632.85 a 5582 0.52 0.98 NA 2.10 2.48 0.82 NA √ LC Berm severely eroded but able to hold water
I-8-56 I086 518671.86 3981106.37 c 5725 2.30 NA NA NA 5.50 NA NA √ BR Photo analysis suggests berm breached

I-8-57 I087 518944.83 3971424.26 c 5552 0.34 NA NA NA 0.55 NA NA √ BR Photo analysis suggests berm breached; entrenched stream flows 
around west end

I-8-58 I088 517966.88 3982236.37 c 5823 0.40 NA NA NA 1.93 NA NA √ BR Photo analysis suggests berm breached
I-8-59 I089 515558.63 3973496.75 b 5618 1.43 NA 2.80 NA 8.03 NA 6.76 √ LC Photo analysis suggests berm severely eroded
I-8-60 I0810 520773.22 3983227.45 b 5799 1.15 NA 0.29 NA 5.51 NA 0.31 √

I-8-61 I0811 520684.46 3983501.63 b 5833 0.86 NA 1.08 NA 4.48 NA 1.85 √

I-8-62 I0812 520118.84 3983534.33 b 5819 2.75 NA 4.95 NA 19.83 NA 14.70 √

I-8-63 I0813 521528.87 3983802.42 b 5812 0.92 NA 0.91 NA 11.20 NA 1.45 √ LC Photo analysis suggests berm severely eroded
I-8-64 I0814 514650.57 3960498.56 b 5528 4.59 NA 3.00 NA 27.55 NA 7.42 √ LC Photo analysis suggests berm severely eroded
I-8-65 I0815 515967.92 3980824.34 c 5896 0.46 NA NA NA 0.92 NA NA √ BR Photo analysis suggests berm breached
I-8-66 I0816 517125.58 3973827.35 b 5561 3.44 NA 1.66 NA 6.89 NA 3.30 √ LC Photo analysis suggests berm severely eroded
I-8-67 I0817 519019.92 3971227.22 b 5560 0.11 NA 1.35 NA 0.18 NA 2.50 √

I-8-68 I0818 517742.88 3981559.36 c 5782 0.52 NA NA NA 2.89 NA NA √ BR Photo analysis suggests berm breached
I-8-79 I0819 518284.84 3972133.26 c 5514 0.92 NA NA NA 8.50 NA NA √ BR Photo analysis suggests berm breached
I-8-81 I0820 517707.91 3971144.42 b 5513 0.69 NA 0.70 NA 3.86 NA 1.02 √

I-8-84 I0821 507322.84 3976077.62 b 5943 0.23 NA 0.35 NA 0.73 0.58** NA √ √ ND Photo analysis suggests natural depression
I-8-85 I0822 507216.51 3974696.81 a 5912 12.40 9.59 NA 21.90 123.97 84.01 NA √ LC Impoundment silted to 5 ft below spillway crest

I-8-86 I0823 514451.91 3970373.20 c 5491 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached; entrenched stream flows 
around west end

I-8-90 I0824 515433.90 3971418.22 c 5508 0.70 NA NA NA 3.94 NA NA √ BR Photo analysis suggests berm breached
I-8-91 I0825 512546.95 3971080.19 c 5614 0.23 NA NA NA 0.46 NA NA NF Impoundment not found

I-8-104 I0826 513265.89 3960545.07 a 5465 1.89 NA NA NA 9.85 NA NA √ BR Berm breached
I-8-106 I0827 513063.22 3959475.12 a 5506 5.51 5.19 NA 11.60 48.48 23.79 NA √

I-8-107 I0828 515431.84 3957188.05 c 5720 0.86 NA NA NA 4.13 NA NA √ BR Photo analysis suggests berm breached
I-8-108 I0829 510922.45 3966003.19 b 5387 1.84 NA 2.16 NA 8.82 NA 4.73 √

I-8-109 I0830 509267.97 3964078.07 c 5343 1.15 NA NA NA 6.89 NA NA √ BR Photo analysis suggests berm breached
I-8-110 I0831 507634.19 3961607.98 a 5277 1.72 0.73 NA 2.70 6.89 0.79 NA √ LC Berm severely eroded but able to hold water
I-8-111 I0832 507564.97 3959185.00 c 5283 0.36 NA NA NA 1.72 NA NA √ BR Photo analysis suggests berm breached
I-8-116 I0833 520604.31 3969027.87 b 5735 0.72 NA 2.24 NA 2.87 NA 5.00 √

I-8-118 I0834 517324.09 3969365.51 a 5549 0.92 2.15 NA 5.40 4.41 4.64 NA √

I-8-119 I0835 521684.76 3965741.22 c 5796 0.70 NA NA NA 4.50 NA NA √ BR Photo analysis suggests berm breached
I-8-121 I0836 512152.94 3968240.15 c 5444 0.92 NA NA NA 5.80 NA NA √ BR Photo analysis suggests berm breached
I-8-124 I0837 512636.92 3964393.11 c 5390 0.39 NA NA NA 1.86 NA NA √ BR Photo analysis suggests berm breached
I-8-125 I0838 513008.32 3959362.47 a 5511 0.05 1.34 NA 3.00 0.25 1.65 NA √

I-8-126 I0839 511500.36 3963318.07 b 5346 0.92 NA 0.95 NA 8.30 NA 1.55 √

I-8-129 I0840 517080.83 3959997.10 c 5673 0.86 NA NA NA 3.44 NA NA √ BR Photo analysis suggests berm breached
I-8-131 I0841 515581.30 3960829.08 b 5583 1.89 NA 1.12 NA 12.88 NA 1.95 √

I-8-132 I0842 514885.70 3960562.34 b 5542 0.52 NA 0.49 NA 4.70 NA 0.62 √ LC Photo analysis suggests berm severely eroded
I-8-137 I0843 511978.92 3963405.09 a 5363 0.92 NA NA NA 7.90 NA NA √ BR Berm breached

December 2008  5  Preliminary Hopi HSR



Hopi United 
States Easting Northing

Location 
Source 
Code1

Claimed ADWR Field 
Measurement

ADWR Photo 
Analysis3 Claimed

From ADWR Field 
Measurements6

From ADWR 
Regression 
Analysis7

Photo 
Analysis

Field 
Visit

Supporting 
Evidence 
from Hopi

NOTES

ADWR 
SPILLWAY 

CREST 
HEIGHT 
(feet)4

IMPOUNDMENT STORAGE CAPACITY5

(acre-feet)
ADWR CLAIM VERIFICATION

TABLE C-1.  INVENTORY OF CLAIMED IMPOUNDMENTS ON THE HOPI INDIAN RESERVATION

CLAIM NO. LOCATION APPROXIMATE 
ELEVATION 

(feet)2

SURFACE AREA (acres)
SPECIAL 

CONDITIONS8

I-8-207 I0844 501515.20 3975638.50 b 5827 2.01 NA 1.97 NA 9.64 NA 4.18 √

I-8-208 I0845 506196.13 3978405.21 c 6019 0.69 NA NA NA 2.75 NA NA √ BR Photo analysis suggests berm breached
I-8-213 I0846 500035.92 3984070.81 b 5801 0.92 NA 2.66 NA 4.41 NA 6.31 √

I-8-220 I0847 512057.00 3979553.28 c 6044 2.30 NA NA NA 15.61 NA NA √ BR Photo analysis suggests berm breached
I-8-221 I0848 514881.50 3982161.53 b 5911 0.69 NA 0.90 NA 3.31 NA 1.45 √

I-8-222 I0849 511460.02 3980473.29 c 5965 1.03 NA NA NA 6.20 NA NA √ BR Photo analysis suggests berm breached
I-8-233 I0850 512677.72 3978582.30 b 6134 1.38 NA 2.06 NA 9.92 NA 4.44 √

I-8-244 I0851 511967.27 3979662.11 b 6033 0.34 NA 0.44 NA 1.38 NA 0.54 √

I-8-253 I0852 512110.84 3981481.22 a 5963 1.84 NA 2.26 NA 13.22 NA 5.04 √ √

I-8-263 I0853 509859.04 3976866.23 c 6127 3.21 NA NA NA 21.85 NA NA √ BR Photo analysis suggests berm breached
I-8-264 I0854 507375.12 3981267.26 c 5847 1.86 NA NA NA 8.93 NA NA √ BR Photo analysis suggests berm breached
I-8-266 I0855 505979.73 3982748.47 b 5786 0.46 NA 1.45 NA 6.10 NA 2.77 √ LC Photo analysis suggests berm severely eroded
I-8-268 I0856 504985.16 3983076.04 a 5776 4.02 6.21 NA 26.80 48.21 66.53 NA √

I-8-269 I0857 503443.23 3982962.24 a 5829 1.21 NA NA NA 7.71 NA NA √ BR Berm breached
I-8-270 I0858 501190.28 3983116.21 c 5807 0.69 NA NA NA 4.41 NA NA √ BR Photo analysis suggests berm breached
I-8-275 I0859 511217.85 3983286.77 b 5832 0.77 NA 1.03 NA 4.96 NA 1.73 √

I-8-277 I0860 506627.14 3981056.25 c 5907 1.89 NA NA NA 11.36 NA NA √ BR Photo analysis suggests berm breached
I-8-294 I0861 505499.17 3982530.25 c 5794 2.84 NA NA NA 17.05 NA NA √ BR Photo analysis suggests berm breached
I-8-303 I0862 515280.00 3975493.74 b 5728 0.23 NA 0.33 NA 0.92 NA 0.37 √

I-8-391 I0863 521106.76 3958187.12 c 5663 0.69 NA NA NA 3.31 NA NA √ BR Photo analysis suggests berm breached
I-8-392 I0864 521058.09 3960761.44 b 5814 1.61 NA 0.87 NA 9.64 NA 1.37 √

I-8-395 I0865 520178.77 3956798.10 a 5683 0.57 NA NA NA 2.75 NA NA √ BR Berm breached
I-8-558 I0866 516095.91 3978850.32 c 5747 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-9-96 I091 522799.75 3971223.29 c 5780 0.70 NA NA NA 3.94 NA NA √ BR Photo analysis suggests berm breached

I-9-127 I092 524350.76 3981364.40 a 5683 0.92 NA NA NA 2.20 NA NA √ BR Berm breached
I-9-128 I093 524445.76 3983062.42 c 5765 0.52 NA NA NA 2.89 NA NA √ BR Photo analysis suggests berm breached
I-9-310 I094 537362.16 3982984.97 b 6146 0.41 NA 0.32 NA 1.82 NA 0.35 √ Topo map shows pond but no berm
I-9-312 I095 538353.68 3975037.29 c 5671 1.89 NA NA NA 7.58 NA NA √ BR Photo analysis suggests berm breached
I-9-313 I096 537832.69 3974358.29 c 5663 2.75 NA NA NA 15.43 NA NA √ AG, BR Photo analysis suggests berm breached
I-9-318 I097 540875.68 3977910.31 c 5725 0.92 NA NA NA 4.41 NA NA √ BR Photo analysis suggests berm breached; topo map shows berm
I-9-328 I098 541707.67 3977426.30 c 5761 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-9-332 I099 533548.68 3959767.16 c 5460 0.28 NA NA NA 0.99 NA NA √ BR Photo analysis suggests berm breached
I-9-338 I0910 535739.67 3958700.15 c 5582 1.49 NA NA NA 8.36 NA NA √ BR Photo analysis suggests berm breached
I-9-339 I0911 523183.14 3960654.84 b 5729 0.86 NA 0.35 NA 4.48 NA 0.39 √

I-9-340 I0912 526103.95 3960812.86 b 5578 2.84 NA 3.00 NA 3.41 4.95** NA √ √ ND Natural depression; no berm at claimed location
I-9-342 I0913 522923.74 3961347.84 b 5793 0.57 NA 1.57 NA 2.98 NA 3.06 √

I-9-343 I0914 530093.71 3965821.22 c 5603 5.06 NA NA NA 5.06 NA NA √ BR Photo analysis suggests berm breached
I-9-344 I0915 532938.69 3963214.19 c 5477 4.13 NA NA NA 19.83 NA NA √ BR Photo analysis suggests berm breached
I-9-345 I0916 533506.69 3965956.22 c 5523 0.60 NA NA NA 2.65 NA NA √ BR Photo analysis suggests berm breached
I-9-346 I0917 531323.69 3957541.14 c 5385 3.44 NA NA NA 23.42 NA NA √ BR Photo analysis suggests berm breached
I-9-347 I0918 530895.69 3958371.15 c 5385 1.84 NA NA NA 11.02 NA NA √ BR Photo analysis suggests berm breached

I-9-349 I0919 535157.71 3956768.63 a 5548 0.52 0.46 NA 7.00 2.69 1.29 NA √ Impoundment located approximately 295 feet SE of claimed location

I-9-367 I0920 529442.70 3957811.14 c 5374 0.52 NA NA NA 3.90 NA NA √ BR Photo analysis suggests berm breached
I-9-369 I0921 543762.05 3978716.05 b 5819 0.13 NA 0.08 NA 0.46 0.13** NA √ ND Photo analysis suggests natural depression
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I-9-370 I0922 524086.96 3959004.81 b 5605 0.46 NA 0.08 NA 1.84 NA 0.05 √ Photo analysis suggests berm severely eroded
I-9-378 I0923 537954.69 3975346.30 c 5670 1.38 NA NA NA 5.51 NA NA √ BR Photo analysis suggests berm breached
I-9-380 I0924 543318.12 3978915.04 b 5817 0.13 NA 0.12 NA 0.46 NA 0.09 √

I-9-381 I0925 542802.17 3982690.09 b 5787 16.00 12.91 NA 18.50 160.00 95.55 NA √

I-9-382 I0926 542663.69 3983031.26 b 5783 3.44 NA 1.11 NA 17.91 NA 1.93 √

I-9-383 I0927 544117.72 3972442.88 a 6153 0.57 NA 0.17 NA 2.30 NA 0.15 √ √

I-9-384 I0928 544134.32 3972611.40 b 6154 1.21 NA 1.86 NA 6.75 NA 3.88 √

I-9-385 I0929 540497.69 3983398.35 c 5849 0.69 NA NA NA 2.75 NA NA √ BR Photo analysis suggests berm breached
I-9-386 I0930 540925.69 3982657.35 c 5818 2.01 NA NA NA 9.64 NA NA √ BR Photo analysis suggests berm breached
I-9-389 I0931 523196.74 3964292.21 c 5807 2.81 NA NA NA 21.36 NA NA √ BR Photo analysis suggests berm breached
I-9-390 I0932 529443.13 3956893.61 a 5345 0.92 2.91 NA 1.30 8.90 1.52 NA √ LC Impoundment silted in
I-9-398 I0933 541558.68 3982106.34 c 5791 1.16 NA NA NA 12.00 NA NA √ BR Photo analysis suggests berm breached
I-9-511 I0934 538655.65 3957481.14 c 5638 0.57 NA NA NA 1.84 NA NA √ AG, BR Photo analysis suggests berm breached
I-9-512 I0935 538429.65 3957480.14 c 5638 0.46 NA NA NA 1.47 NA NA √ BR Photo analysis suggests berm breached
I-9-530 I0936 544782.59 3972489.10 a 6176 0.09 NA 0.15 NA 0.21 NA 0.13 √ √

I-9-554 I0937 538093.68 3973868.28 c 5648 1.39 * NA NA NA 4.40 NA NA √ BR Photo analysis suggests berm breached
I-10-140 I101 562007.53 3957614.61 b 6219 1.15 NA 2.31 NA 5.97 NA 5.20 √

I-10-371 I102 550996.87 3983905.09 b 5990 1.74 NA 4.31 NA 9.03 NA 12.15 √

I-10-372 I103 548513.69 3982973.32 c 5964 2.75 NA NA NA 16.53 NA NA √ BR Photo analysis suggests berm breached
I-10-373 I104 545860.67 3981761.32 c 5884 0.92 NA NA NA 8.40 NA NA √ BR Photo analysis suggests berm breached
I-10-374 I105 548567.69 3981343.30 c 6058 1.15 NA NA NA 6.43 NA NA √ BR Photo analysis suggests berm breached
I-10-375 I106 547484.67 3978320.29 a 6014 0.43 NA NA NA 1.55 NA NA √ BR Berm breached
I-10-376 I107 547434.42 3977864.73 b 6028 1.26 NA 4.98 NA 7.58 NA 14.79 √ Topo map shows pond
I-10-387 I108 545294.66 3976146.28 c 6063 1.61 NA NA NA 10.28 NA NA √ BR Photo analysis suggests berm breached
I-10-396 I109 545143.65 3975779.28 c 6083 0.29 NA NA NA 1.26 NA NA √ BR Photo analysis suggests berm breached
I-10-414 I1010 561509.27 3968301.06 b 5742 3.21 NA 2.83 NA 3.86 NA 6.85 √

I-10-426 I1011 563584.72 3969548.16 a 5808 0.34 NA NA NA 1.65 NA NA √ BR Berm breached
I-10-427 I1012 563945.34 3969625.16 a 5829 1.61 1.72 NA 0.20 6.43 0.14 NA √ AG Topo map shows a check dam
I-10-428 I1013 564466.60 3969269.95 b 5859 1.72 NA 9.96 NA 8.26 NA 38.07 √

I-10-429 I1014 567381.47 3964400.37 b 6308 0.52 NA 0.20 NA 1.86 NA 0.19 √

I-10-430 I1015 567630.82 3967280.61 b 6273 0.34 NA 0.51 NA 1.38 NA 0.67 √

I-10-432 I1016 567262.73 3969478.72 b 6276 0.34 NA 1.37 NA 1.65 NA 2.54 √

I-10-441 I1017 567061.65 3969387.11 a 6257 0.26 NA 0.48 NA 1.03 NA 0.61 √ √ LC Partially breached berm able to hold water
I-10-461 I1018 566951.70 3962452.09 c 6327 0.23 NA NA NA 0.83 NA NA √ BR Photo analysis suggests berm breached

I-10-490 I1019 557738.28 3967018.85 b 5684 0.23 NA 0.34 NA 2.20 NA 0.38 √ √ ST Mislocated on claim; new coordinates were provided by Hopi Tribe 
approx. 1/4 mile north of claimed location; silt trap

I-10-491 I1020 563991.76 3979187.96 b 6255 0.57 NA 1.70 NA 3.44 NA 3.43 √ LC Photo analysis suggests berm severely eroded; appears degraded near 
mid-point and at east end

I-10-492 I1021 566437.79 3980229.22 c 6306 1.21 NA NA NA 6.27 NA NA √ BR Photo analysis suggests berm breached
I-10-493 I1022 561460.28 3976530.61 b 6148 1.03 NA 2.89 NA 4.96 NA 7.04 √ Topo map shows pond with no berm
I-10-494 I1023 565175.75 3975283.19 c 6263 1.72 NA NA NA 10.33 NA NA √ BR Photo analysis suggests berm breached
I-10-495 I1024 566167.92 3973462.02 a 5838 0.26 0.53 NA 5.30 0.83 1.13 NA √ AG
I-10-496 I1025 563517.13 3970828.84 a 5793 0.39 0.44 NA 5.00 1.86 0.87 NA √

I-10-498 I1026 551530.64 3958833.13 c 5525 0.50 NA NA NA 2.21 NA NA √ BR Photo analysis suggests berm breached
I-10-499 I1027 562423.72 3970217.17 c 5768 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
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I-10-500 I1028 563547.96 3963825.13 a 5906 1.38 NA 0.92 NA 2.20 NA 1.48 √ √

I-10-501 I1029 558612.00 3960059.53 b 5815 0.52 NA 1.41 NA 2.69 NA 2.64 √ LC Photo analysis suggests berm severely eroded
I-10-502 I1030 560365.67 3959632.10 c 5938 1.29 NA NA NA 7.23 NA NA √ BR Photo analysis suggests berm breached
I-10-503 I1031 560774.68 3961942.11 a 5842 1.81 NA NA NA 14.46 NA NA √ BR Berm breached

I-10-506 I1032 560535.20 3960045.48 b 5930 0.72 NA 1.22 NA 3.74 NA 2.17 √ LC Photo analysis suggests berm severely eroded; appears able to store 
water

I-10-507 I1033 559411.12 3967098.83 a 5727 0.34 NA 0.44 NA 1.10 NA 0.54 √ √

I-10-508 I1034 558281.36 3963506.41 a 5703 0.72 0.91 NA 11.60 4.05 4.22 NA √

I-10-509 I1035 553509.65 3960353.13 c 5583 1.38 NA NA NA 7.16 NA NA √ BR Photo analysis suggests berm breached
I-10-510 I1036 553592.98 3957864.94 a 5653 4.59 7.47 NA 19.00 45.91 56.74 NA √

I-10-517 I1037 551307.85 3980725.62 b 6087 0.23 NA 0.34 NA 0.92 NA 0.38 √

I-10-518 I1038 553719.70 3974840.24 c 5905 1.87 NA NA NA 10.45 NA NA √ BR Photo analysis suggests berm breached
I-10-519 I1039 555225.14 3979074.02 b 6008 2.75 NA 3.68 NA 22.00 NA 9.79 √

I-10-520 I1040 546382.66 3973534.26 c 6122 1.81 NA NA NA 10.12 NA NA √ BR Photo analysis suggests berm breached
I-10-521 I1041 553869.33 3975342.37 a 5893 15.38 NA NA NA 172.26 NA NA √ BR Berm breached; outlet control failed
I-10-522 I1042 552070.61 3979927.24 b 6046 1.42 NA 1.42 NA 5.68 NA 2.68 √

I-10-523 I1043 550922.69 3978029.27 c 6067 1.89 NA NA NA 11.36 NA NA √ BR Photo analysis suggests berm breached

I-10-524 I1044 552640.02 3977733.99 b 5985 1.72 NA 1.94 NA 13.30 NA 4.09 √ LC Photo analysis suggests berm severely eroded; east half of berm can 
store water

I-10-525 I1045 549488.67 3974782.25 c 6027 4.82 NA NA NA 34.70 NA NA √ BR Photo analysis suggests berm breached
I-10-526 I1046 563614.98 3983032.77 b 6046 0.59 NA 0.39 NA 2.82 NA 0.46 √

I-10-527 I1047 548310.67 3974010.25 a 6003 0.57 NA NA NA 2.75 NA NA √ BR Berm breached
I-10-528 I1048 548847.66 3971606.23 c 5914 0.69 NA NA NA 3.58 NA NA √ BR Photo analysis suggests berm breached

I-10-529 I1049 546127.65 3970482.24 c 5978 0.69 NA NA NA 4.13 NA NA √ BR Photo analysis suggests berm breached; Topo map shows an 
impoundment but no berm

I-10-531 I1050 551354.69 3976612.26 c 6003 1.72 NA NA NA 8.95 NA NA √ BR Photo analysis suggests berm breached
I-10-532 I1051 566043.79 3982322.24 c 6245 0.23 NA NA NA 0.92 NA NA √ BR Photo analysis suggests berm breached
I-10-533 I1052 552890.65 3962690.15 c 5585 1.61 NA NA NA 10.93 NA NA √ BR Photo analysis suggests berm breached
I-10-534 I1053 553630.66 3964059.16 c 5660 0.29 NA NA NA 1.03 NA NA √ BR Photo analysis suggests berm breached
I-10-535 I1054 553073.17 3967164.70 a 5684 1.61 NA 0.98 NA 3.86 NA 1.62 √ √ FC Structure appears to be flood control related
I-10-538 I1055 559103.39 3977451.92 b 5915 0.92 NA 8.74 NA 3.31 NA 31.83 √

I-10-539 I1056 557725.72 3976285.23 c 5877 1.38 NA NA NA 6.61 NA NA √ BR Photo analysis suggests berm breached
I-10-540 I1057 545436.65 3973163.26 c 6161 0.39 NA NA NA 1.86 NA NA √ BR Photo analysis suggests berm breached
I-10-541 I1058 565464.79 3982595.24 c 6183 0.92 NA NA NA 3.31 NA NA √ BR Photo analysis suggests berm breached
I-10-542 I1059 563813.78 3982705.25 c 6066 0.74 NA NA NA 3.27 NA NA √ BR Photo analysis suggests berm breached
I-10-543 I1060 558318.97 3982002.08 a 6009 1.55 1.71 1.82 NA 31.50 NA 3.77 √ √

I-10-544 I1061 558792.75 3975915.86 a 5871 1.38 1.60 NA 8.40 5.51 5.36 NA √

I-10-545 I1062 557859.11 3974994.13 b 5851 0.39 NA 1.71 NA 1.70 NA 3.44 √ FC Photo analysis suggests check dam near road; topo map shows pond 
but no berm

I-10-546 I1063 557043.71 3972953.21 c 5822 0.32 NA NA NA 1.67 NA NA √ BR Photo analysis suggests berm breached
I-11-38 I111 589795.15 3961841.05 b 6612 0.11 NA 0.23 NA 0.32 NA 0.22 √

I-11-39 I112 588182.91 3960198.06 c 6617 1.51 NA NA NA 5.42 NA NA √ BR Photo analysis suggests berm breached
I-11-138 I113 588376.02 3965360.09 b 6743 2.30 NA 3.27 NA 12.88 NA 8.35 √

I-11-141 I114 584948.40 3957180.63 a 6700 1.21 1.69 NA 4.00 3.37 2.70 NA √ ND Natural depression; no berm at claimed location
I-11-142 I115 588359.59 3964486.23 a 6759 0.69 0.54 0.53 NA 0.83 NA 0.69 √ √ LC Impoundment silted in
I-11-143 I116 589587.62 3967564.69 a 6804 14.92 0.59 NA 10.60 59.68 2.50 NA √ MI, ST 18" CMP inlet pipe from silt trap
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I-11-144 I117 586600.79 3963116.82 a 6496 2.30 3.21 NA 13.70 18.40 17.57 NA √

I-11-145 I118 586304.17 3963151.50 b 6482 2.30 NA 0.77 NA 13.77 NA 1.16 √

I-11-146 I119 585161.37 3961940.25 a 6421 4.82 11.06 NA 23.10 32.78 102.21 NA √

I-11-147 I1110 587125.60 3968050.73 a 6742 6.43 6.68 NA 17.10 51.42 45.71 NA √ Impoundment bisected by Hopi-Navajo boundary fence
I-11-406 I1111 577795.85 3972088.59 b 6609 0.08 NA 0.08 NA 0.15 NA 0.06 √ FC Photo analysis suggests check dam

I-11-407 I1112 577357.52 3965147.11 a 6474 8.26 11.56 NA 15.00 92.56 69.37 NA √ LC, RC Referred to as 'Twin Dam No. 2'; impoundment connected by outlet 
works to I1121; claimed recreational use

I-11-408 I1113 574820.18 3963152.11 a 6277 1.03 0.88 0.90 NA 7.44 NA 1.44 √ √ LC, RC Referred to as 'Lake Maho'; 36" CMP drop structure through berm; 
impoundment silted in; claimed recreational use

I-11-409 I1114 574316.99 3963327.62 b 6439 0.40 NA 0.32 NA 1.29 NA 0.35 √

I-11-410 I1115 573343.87 3963776.30 b 6420 0.34 NA 1.22 NA 1.93 NA 2.17 √ Photo analysis suggests small berm at head of drainage
I-11-411 I1116 572229.16 3964165.66 b 6388 0.46 NA 1.52 NA 2.75 NA 2.93 √

I-11-412 I1117 573207.27 3962560.88 b 6420 0.33 NA 0.13 NA 0.93 NA 0.11 √ FC Photo analysis suggests check dam
I-11-413 I1118 575937.48 3964418.77 b 6469 1.81 NA 3.34 NA 11.57 NA 8.60 √

I-11-415 I1119 577058.31 3965119.31 a 6478 1.29 1.39 1.17 NA 12.40 NA 2.06 √ √ LC, RC Referred to as 'Twin Dam No. 1'; impoundment silted in; claimed 
recreational use

I-11-416 I1120 571329.77 3967533.13 c 6119 0.41 NA NA NA 1.65 NA NA √ BR Photo analysis suggests berm breached
I-11-417 I1121 577171.95 3965007.67 a 6463 1.72 1.76 NA 12.10 11.02 8.52 NA √ Impoundment is adjacent to I1112
I-11-418 I1122 577506.53 3968420.32 b 6527 0.86 NA 1.64 NA 8.30 NA 3.26 √ Photo analysis suggests berm severely eroded
I-11-419 I1123 576960.29 3970441.85 b 6508 0.51 NA 0.89 NA 2.63 NA 1.43 √ FC Photo analysis suggests check dam
I-11-420 I1124 569585.12 3960146.70 b 6385 0.86 NA 0.18 NA 5.17 NA 0.16 √

I-11-421 I1125 575641.06 3966999.39 b 6498 1.38 NA 2.60 NA 7.71 NA 6.11 √ Appears to be degraded but able to store water
I-11-422 I1126 577053.88 3967366.75 b 6547 0.36 NA 2.04 NA 1.15 NA 4.39 √

I-11-423 I1127 574026.84 3970042.66 a 6419 0.39 0.94 NA 8.10 2.02 3.04 NA √

I-11-424 I1128 568003.02 3963948.25 b 6307 0.86 NA 0.13 NA 6.20 NA 0.11 √ FC Photo analysis suggests check dam
I-11-425 I1129 573095.53 3976661.70 a 5999 1.72 0.39 NA 2.40 8.26 0.37 NA √ MI Small depression behind berm near northeast corner.

I-11-431 I1130 574139.56 3962814.50 a 6251 3.16 3.60 NA 13.30 27.78 19.13 NA √ RC Referred to as 'Keams Lake' (aka Beaver Reservoir); claimed 
recreational use

I-11-433 I1131 569214.93 3969778.37 b 6305 0.69 NA 0.82 NA 2.75 NA 1.27 √ Photo analysis suggests berm severely eroded
I-11-434 I1132 568134.72 3964890.11 c 6280 0.46 NA NA NA 2.57 NA NA √ BR Photo analysis suggests berm breached

I-11-435 I1133 571134.79 3959480.61 b 6585 0.34 NA 0.59 NA 2.20 NA 0.81 √
Topo map shows small pond; photo analysis suggests ~120 ft berm at 
head of drainage

I-11-436 I1134 570694.01 3960370.05 b 6483 0.28 NA 0.31 NA 1.10 NA 0.34 √

I-11-437 I1135 569424.89 3962616.33 b 6220 1.03 NA 3.00 NA 6.61 NA 7.43 √

I-11-438 I1136 569922.72 3962901.33 b 6304 0.34 NA 0.82 NA 1.38 NA 1.27 √ FC Photo analysis suggests check dam
I-11-439 I1137 570062.07 3962696.34 b 6308 0.28 NA 0.90 NA 1.89 NA 1.44 √ FC Photo analysis suggests check dam
I-11-440 I1138 579061.51 3969483.50 b 6573 1.29 NA 1.95 NA 6.20 NA 4.14 √

I-11-443 I1139 573396.58 3962421.69 b 6411 0.34 NA 0.43 NA 1.10 NA 0.53 √ FC Photo analysis suggests check dam
I-11-462 I1140 584044.32 3969309.54 a 6822 0.92 2.70 NA 9.00 4.78 9.73 NA √

I-11-468 I1141 582087.32 3967405.00 b 6777 0.69 NA 0.27 NA 2.20 NA 0.28 √ Photo analysis suggests berm severely eroded
I-11-477 I1142 575260.86 3973578.18 c 6381 0.52 NA NA NA 5.10 NA NA √ BR Photo analysis suggests berm breached
I-11-478 I1143 569525.04 3979802.55 b 6239 0.92 NA 1.11 NA 3.67 NA 1.90 √ Photo analysis suggests berm severely eroded
I-11-479 I1144 569041.78 3973616.17 c 5924 1.10 NA NA NA 2.64 NA NA √ BR Photo analysis suggests berm breached
I-11-480 I1145 571452.16 3973317.32 a 5997 1.94 2.17 NA 1.20 6.20 1.04 NA √

I-11-481 I1146 577055.98 3971869.41 b 6543 0.11 NA 1.38 NA 0.31 NA 2.58 √ FC Photo analysis suggests check dam
I-11-482 I1147 577404.87 3971933.17 c 6575 0.09 NA NA NA 0.22 NA NA √ BR Photo analysis suggests berm breached
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I-11-483 I1148 577959.75 3983115.85 b 6046 2.41 NA 5.95 NA 8.68 NA 18.86 √

I-11-484 I1149 578782.89 3972311.17 c 6663 0.34 NA NA NA 1.65 NA NA √ BR Photo analysis suggests berm breached
I-11-485 I1150 578914.90 3972292.26 b 6680 0.06 NA 0.45 NA 0.18 NA 0.55 √ FC Photo analysis suggests check dam
I-11-486 I1151 580750.95 3970529.39 b 6710 2.07 NA 2.76 NA 15.70 NA 6.63 √

I-11-487 I1152 575041.27 3974251.61 b 6346 0.28 NA 0.78 NA 1.00 NA 1.18 √ FC Photo analysis suggests check dam
I-11-488 I1153 574727.41 3971598.55 b 6411 0.86 NA 1.90 NA 4.48 NA 3.97 √ FC Photo analysis suggests check dam
I-11-489 I1154 570998.76 3976639.90 b 5910 0.52 NA 0.42 NA 4.60 NA 0.51 √ LC Photo analysis suggests berm severely eroded
I-11-497 I1155 574836.45 3973643.55 b 6359 0.14 NA 0.56 NA 0.44 NA 0.76 √ Topo map shows pond with no berm
I-11-504 I1156 583039.94 3970753.16 c 6752 0.70 NA NA NA 7.90 NA NA √ BR Photo analysis suggests berm breached
I-11-505 I1157 571305.82 3975985.19 c 5943 1.38 NA NA NA 8.26 NA NA √ BR Photo analysis suggests berm breached
I-11-513 I1158 583960.60 3974090.28 b 6817 2.30 NA 3.25 NA 15.64 NA 8.29 √

I-11-514 I1159 581879.65 3974158.43 a 6787 1.15 1.28 2.08 6.10 4.60 3.11 NA √ √

I-11-515 I1160 580781.82 3972124.80 b 6751 0.69 NA 2.47 NA 4.14 NA 5.70 √

I-11-516 I1161 583316.21 3971156.18 a 6775 12.86 4.34 NA 5.80 61.73 10.06 NA √ LC Impoundment silted in
I-11-537 I1162 567735.27 3983735.98 a 6267 0.69 2.20 NA 3.10 3.03 2.73 NA √ LC Impoundment silted in
I-11-547 I1163 567911.23 3983209.69 a 6317 1.51 2.01 NA 7.50 6.63 6.02 NA √

I-11-552 I1164 576041.93 3965332.22 b 6554 0.17 * NA 0.18 NA 0.26 NA 0.16 √ FC Photo analysis suggests check dam with water diverted east to drainage

I-12-69 I121 513854.85 3954324.01 c 5644 1.61 NA NA NA 10.28 NA NA √ BR Photo analysis suggests berm breached
I-12-70 I122 510788.89 3954319.98 c 5501 0.69 NA NA NA 3.58 NA NA √ BR Photo analysis suggests berm breached
I-12-71 I123 504930.57 3954732.10 a 5141 1.72 NA NA NA 10.33 NA NA √ BR Berm breached
I-12-72 I124 504386.96 3952616.90 c 5127 1.61 NA NA NA 8.36 NA NA √ BR Photo analysis suggests berm breached
I-12-73 I125 500868.98 3948667.84 c 5160 1.16 NA NA NA 8.10 NA NA √ BR Photo analysis suggests berm breached
I-12-74 I126 504007.95 3950431.88 c 5107 4.02 NA NA NA 32.16 NA NA √ BR Photo analysis suggests berm breached
I-12-75 I127 506669.90 3947749.88 a 5063 5.62 NA NA NA 67.49 NA NA √ BR Berm breached
I-12-76 I128 507114.01 3947165.34 b 5082 1.38 NA 0.12 NA 8.82 NA 0.09 √ LC Photo analysis suggests entrenched stream flows through
I-12-77 I129 506100.89 3946606.87 a 5043 4.13 NA NA NA 34.71 NA NA √ BR Berm breached
I-12-78 I1210 500368.55 3946339.22 a 5081 1.38 1.75 NA 5.70 6.61 3.99 NA √ ND Natural depression; no berm at claimed location

I-12-80 I1211 511492.53 3943050.70 b 5106 5.17 2.92 NA 9.20 45.50 10.75 NA √ LC Impoundment silted in; well and hand pump located approximately 200 
feet downstream

I-12-92 I1212 513926.85 3954413.01 c 5644 1.43 NA NA NA 6.89 NA NA √ BR Photo analysis suggests berm breached
I-12-93 I1213 513105.05 3931258.24 a 4942 0.70 0.89 NA 1.60 18.80 0.57 NA √ LC, MI
I-12-97 I1214 500616.85 3934249.73 c 4810 0.92 NA NA NA 8.80 NA NA √ BR Photo analysis suggests berm breached
I-12-99 I1215 502599.88 3939551.78 c 4869 0.74 NA NA NA 13.20 NA NA √ BR Photo analysis suggests berm breached

I-12-100 I1216 505426.84 3938044.79 c 4918 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-12-101 I1217 507030.82 3938289.80 c 4935 1.43 NA NA NA 11.90 NA NA √ BR Photo analysis suggests berm breached
I-12-102 I1218 510864.50 3941147.42 a 5052 1.03 0.54 0.57 NA 5.40 NA 0.77 √ √ LC, MI Impoundment silted in
I-12-114 I1219 513457.74 3935868.82 c 5022 0.23 NA NA NA 0.46 NA NA √ BR Photo analysis suggests berm breached
I-12-122 I1220 505628.80 3934162.76 c 4857 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached

I-12-133 I1221 505335.96 3953449.92 c 5054 1.61 NA NA NA 2.57 NA NA NF Impoundment not found; claimed location is in Dinnebito Wash where 
stream was flowing

I-12-350 I1222 522398.72 3951469.06 c 5403 4.59 NA NA NA 27.55 NA NA √ BR Photo analysis suggests berm breached
I-12-351 I1223 519525.72 3945517.97 c 5300 1.03 NA NA NA 4.96 NA NA √ BR Photo analysis suggests berm breached
I-12-352 I1224 519751.72 3945617.97 c 5303 0.52 NA NA NA 2.48 NA NA √ BR Photo analysis suggests berm breached
I-12-353 I1225 519311.44 3952433.53 a 5514 0.92 1.51 NA 3.00 5.14 1.81 NA √ Impoundment silted in; spills to I1228
I-12-354 I1226 519687.52 3950466.57 b 5446 1.87 NA 2.92 NA 3.73 NA 7.14 √ Topo map shows berm
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I-12-355 I1227 520072.07 3949936.29 b 5443 1.16 NA 9.85 NA 6.51 NA 37.46 √ NDS Topo map shows berm; photo analysis suggests berm within natural 
depression

I-12-356 I1228 519274.36 3952371.80 a 5514 0.60 0.93 NA 3.00 3.37 1.12 NA √ Impoundment receives flows from I1225
I-12-357 I1229 519959.76 3954025.06 c 5543 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-12-359 I1230 517517.79 3953931.04 c 5663 0.57 NA NA NA 2.75 NA NA √ BR Photo analysis suggests berm breached
I-12-361 I1231 521212.75 3955725.10 c 5577 0.29 NA NA NA 0.92 NA NA √ BR Photo analysis suggests berm breached
I-12-362 I1232 516855.76 3945544.94 c 5300 0.92 NA NA NA 8.40 NA NA √ BR Photo analysis suggests berm breached
I-12-368 I1233 518772.78 3954976.06 c 5663 1.61 NA NA NA 7.71 NA NA √ BR Photo analysis suggests berm breached
I-12-388 I1234 516393.74 3940863.89 a 5153 0.57 NA NA NA 1.84 NA NA √ BR Berm breached
I-12-393 I1235 510755.77 3936973.81 c 5303 1.03 NA NA NA 5.79 NA NA √ BR Photo analysis suggests berm breached
I-12-394 I1236 517675.65 3928944.77 c 4973 0.52 NA NA NA 5.40 NA NA √ BR Photo analysis suggests berm breached
I-12-397 I1237 520676.67 3937268.88 c 5061 0.92 NA NA NA 9.50 NA NA √ BR Photo analysis suggests berm breached
I-12-399 I1238 516615.91 3941000.46 a 5146 0.92 1.25 NA 6.00 16.10 3.01 NA √ ST Silt trap
I-12-400 I1239 521206.65 3935361.86 c 5111 1.38 NA NA NA 6.61 NA NA NF Impoundment not found
I-12-401 I1240 518607.70 3938583.88 c 5080 0.15 NA NA NA 0.59 NA NA √ BR Photo analysis suggests berm breached
I-12-402 I1241 520824.68 3939763.91 a 5103 0.18 NA NA NA 0.73 NA NA √ BR Berm breached
I-12-403 I1242 511797.23 3938369.92 b 5293 0.52 0.49 0.47 NA 2.48 NA 0.60 √ √ NDS Photo analysis suggests berm within natural depression
I-12-404 I1243 521386.69 3943403.96 c 5157 0.60 NA NA NA 3.13 NA NA √ BR Photo analysis suggests berm breached
I-12-405 I1244 520776.67 3937201.88 c 5065 0.60 NA NA NA 5.20 NA NA √ BR Photo analysis suggests berm breached
I-13-174 I131 542301.53 3935925.89 c 5454 0.73 NA NA NA 4.80 NA NA √ BR Photo analysis suggests berm breached
I-13-175 I132 544158.01 3935324.28 a 5408 4.02 5.20 NA 3.60 25.71 7.48 NA √ LC
I-13-176 I133 544968.51 3935416.88 c 5390 0.74 NA NA NA 3.57 NA NA √ BR Photo analysis suggests berm breached
I-13-177 I134 544301.56 3935475.18 a 5408 1.84 2.34 NA 4.00 7.35 3.74 NA √ Oval, flat-bottomed impoundment downstream of I132
I-13-178 I135 542002.69 3936349.73 b 5462 0.57 NA 0.86 NA 1.15 1.42** NA √ ND Topo map shows natural depression
I-13-198 I136 542498.53 3936425.89 c 5472 0.92 NA NA NA 2.94 NA NA √ BR Photo analysis suggests berm breached
I-13-333 I137 526175.69 3949915.05 c 5273 0.23 NA NA NA 1.10 NA NA √ BR Photo analysis suggests berm breached
I-13-334 I138 530102.82 3948596.20 a 5521 1.16 1.71 NA 3.80 2.32 2.60 NA √ ND Natural depression; no berm at claimed location
I-13-335 I139 528327.70 3953877.74 a 5322 0.92 0.67 NA 3.60 12.40 0.96 NA √ MI 18-inch corrugated outlet pipe
I-13-336 I1310 526980.68 3949818.04 a 5264 0.34 NA NA NA 1.79 NA NA √ BR Berm breached
I-13-337 I1311 529599.23 3953632.41 b 5349 1.26 NA 1.00 NA 6.06 NA 1.66 √ Topo map shows berm
I-13-341 I1312 524632.72 3954747.10 a 5432 3.44 NA NA NA 27.52 NA NA √ BR Berm breached
I-13-348 I1313 524913.66 3941804.95 c 5244 0.65 NA NA NA 4.68 NA NA √ BR Photo analysis suggests berm breached
I-13-358 I1314 524563.70 3950188.05 c 5293 0.69 NA NA NA 3.86 NA NA √ BR Photo analysis suggests berm breached
I-13-360 I1315 524523.69 3948280.02 c 5227 1.38 NA NA NA 6.61 NA NA √ BR Photo analysis suggests berm breached
I-13-363 I1316 533238.62 3943494.97 c 5287 1.21 NA NA NA 5.79 NA NA √ BR Photo analysis suggests berm breached
I-13-364 I1317 523777.67 3943032.96 a 5204 8.03 NA NA NA 57.82 NA NA √ BR Berm breached
I-13-365 I1318 524316.87 3944969.11 a 5223 0.23 0.37 NA 0.50 4.40 0.07 NA √

I-13-366 I1319 524474.68 3946672.01 c 5214 1.15 NA NA NA 5.51 NA NA √ BR Photo analysis suggests berm breached
I-13-377 I1320 524786.66 3941903.95 c 5244 2.41 NA NA NA 17.35 NA NA √ BR Photo analysis suggests berm breached
I-13-379 I1321 522796.16 3935795.71 b 5211 1.16 NA 1.83 NA 7.44 NA 3.79 √

I-13-442 I1322 523946.03 3931081.03 b 5023 0.70 NA 0.54 NA 3.66 NA 0.71 √

I-13-445 I1323 531398.78 3932284.68 a 5327 0.52 0.64 NA 5.00 2.69 1.28 NA √

I-13-446 I1324 532370.58 3934477.92 b 5225 1.38 NA 0.62 NA 5.51 NA 0.87 √ LC Photo analysis suggests berm severely eroded
I-13-447 I1325 531495.60 3937111.90 c 5123 0.52 NA NA NA 6.40 NA NA √ BR Photo analysis suggests berm breached
I-13-448 I1326 529880.63 3940571.21 b 5217 0.52 NA 0.44 NA 9.50 NA 0.55 √ LC Photo analysis suggests berm severely eroded
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I-13-450 I1327 527774.43 3934956.72 b 5070 0.60 NA 0.22 NA 2.89 NA 0.21 √

I-13-452 I1328 525560.63 3936970.89 a 5404 1.84 NA NA NA 1.40 NA NA √ UC Pond under construction and fenced in
I-13-453 I1329 536982.86 3935915.61 b 5392 0.23 NA 0.26 NA 0.92 NA 0.27 √ Topo map shows berm
I-13-454 I1330 541086.55 3938137.91 c 5461 0.52 NA NA NA 2.48 NA NA √ AG, BR Photo analysis suggests berm breached
I-13-455 I1331 541256.84 3937492.34 a 5469 1.61 2.33 NA 10.40 9.64 9.69 NA √

I-13-456 I1332 534200.11 3941575.47 b 5196 0.92 NA 0.70 NA 9.50 NA 1.02 √ LC Photo analysis suggests square berm is degraded but can store water

I-13-457 I1333 540235.57 3941982.96 c 5343 0.92 NA NA NA 12.10 NA NA √ BR Photo analysis suggests berm breached

I-13-458 I1334 541091.52 3938945.10 b 5442 1.81 NA 2.12 NA 8.68 NA 4.62 √ LC Photo analysis suggests east end spillway eroded limiting surface area

I-13-459 I1335 525745.06 3936946.52 a 5361 0.77 1.52 NA 10.50 4.34 6.37 NA √

I-13-460 I1336 536655.61 3944839.99 c 5244 0.59 NA NA NA 10.40 NA NA √ AG, BR Photo analysis suggests berm breached
I-13-463 I1337 544860.55 3942592.97 c 5623 0.57 NA NA NA 2.98 NA NA √ BR Photo analysis suggests berm breached
I-13-464 I1338 536728.61 3944806.99 c 5243 2.07 NA NA NA 11.57 NA NA √ BR Photo analysis suggests berm breached
I-13-465 I1339 537064.49 3946261.69 a 5288 1.72 0.56 NA 0.30 9.64 0.07 NA √ LC
I-13-467 I1340 544572.59 3949401.06 c 5372 0.34 NA NA NA 1.65 NA NA √ BR Photo analysis suggests berm breached
I-13-469 I1341 541363.27 3945718.43 b 5343 0.92 NA 0.47 NA 3.67 NA 0.59 √ LC Photo analysis suggests berm severely eroded
I-13-470 I1342 540784.63 3954562.11 c 5530 0.23 NA NA NA 1.19 NA NA √ BR Photo analysis suggests berm breached
I-13-471 I1343 535891.61 3945635.00 c 5297 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-13-476 I1344 540025.61 3950455.06 c 5333 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-13-553 I1345 543308.89 3947931.81 a 5355 1.72 3.57 NA 6.00 6.90 8.56 NA √ LC Berm severely eroded
I-14-148 I141 560673.65 3955597.06 c 6048 0.69 NA NA NA 3.31 NA NA √ BR Photo analysis suggests berm breached
I-14-149 I142 558485.53 3940397.90 c 5630 0.69 NA NA NA 3.86 NA NA √ BR Photo analysis suggests berm breached
I-14-150 I143 559883.54 3941260.91 c 5639 0.69 NA NA NA 3.58 NA NA √ BR Photo analysis suggests berm breached
I-14-156 I144 559696.30 3954102.37 b 5983 0.46 NA 0.60 NA 1.47 NA 0.84 √ LC Photo analysis suggests berm severely eroded
I-14-157 I145 561451.54 3941116.90 c 5674 0.92 NA NA NA 8.00 NA NA √ BR Photo analysis suggests berm breached
I-14-158 I146 563146.25 3941466.21 a 5714 0.23 NA NA NA 1.10 NA NA √ BR Berm breached
I-14-159 I147 561955.53 3940321.89 c 5712 1.29 NA NA NA 5.17 NA NA √ BR Photo analysis suggests berm breached
I-14-160 I148 563238.20 3933716.25 b 6142 1.16 NA 1.53 NA 6.97 NA 2.96 √

I-14-162 I149 561684.64 3954583.05 c 6072 0.86 NA NA NA 4.48 NA NA √ BR Photo analysis suggests berm breached
I-14-163 I1410 562186.64 3953822.04 c 6099 0.92 NA NA NA 4.41 NA NA √ BR Photo analysis suggests berm breached
I-14-164 I1411 564762.45 3950078.20 a 5826 1.00 1.69 NA 5.00 5.22 3.39 NA √

I-14-165 I1412 559814.43 3949746.31 a 5869 0.33 0.93 NA 1.50 4.50 0.56 NA √ MI
I-14-166 I1413 558796.61 3950937.02 c 5950 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-14-167 I1414 557366.60 3949630.01 c 5806 0.34 NA NA NA 1.10 NA NA √ BR Photo analysis suggests berm breached
I-14-168 I1415 558877.63 3953710.05 c 5943 1.38 NA NA NA 5.51 NA NA √ BR Photo analysis suggests berm breached
I-14-169 I1416 556620.56 3944566.96 c 5638 0.52 NA NA NA 2.69 NA NA √ BR Photo analysis suggests berm breached

I-14-170 I1417 553454.19 3942801.84 b 5562 0.46 NA 1.49 NA 1.65 NA 2.86 √ NDS Photo analysis suggests natural depression with internal structure; topo 
map shows berm

I-14-171 I1418 555671.96 3949181.61 b 5831 0.13 NA 0.25 NA 0.41 NA 0.25 √

I-14-172 I1419 565211.52 3941047.11 b 5754 0.36 NA 0.70 NA 2.40 NA 1.03 √ MI Photo analysis suggests mulitiple berms
I-14-173 I1420 554098.49 3934839.11 a 5765 0.52 NA NA NA 2.27 NA NA √ BR Berm breached
I-14-179 I1421 547022.50 3932688.84 c 5403 1.61 NA NA NA 9.64 NA NA √ BR Photo analysis suggests berm breached
I-14-180 I1422 546389.61 3938148.95 b 5443 0.17 NA 0.14 NA 0.40 0.23** NA √ ND Photo analysis suggests natural depression

I-14-181 I1423 546520.63 3938445.74 b 5442 0.60 NA 2.27 NA 1.91 NA 5.07 √ NDS Photo analysis suggests natural depression with internal structure; topo 
map shows berm
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I-14-182 I1424 548180.47 3938534.71 b 5441 0.41 NA 0.35 NA 1.98 NA 0.39 √ LC Photo analysis suggests berm severely eroded but able to store water

I-14-183 I1425 554112.29 3934615.44 b 5768 1.26 NA 3.57 NA 7.58 NA 9.39 √

I-14-185 I1426 563485.51 3956633.07 b 6503 0.52 NA 0.21 NA 2.07 NA 0.19 √

I-14-187 I1427 555748.53 3939137.89 c 5605 0.39 NA NA NA 5.30 NA NA √ BR Photo analysis suggests berm breached
I-14-188 I1428 553354.53 3939622.91 c 5525 0.92 NA NA NA 7.40 NA NA √ BR Photo analysis suggests berm breached
I-14-189 I1429 553488.55 3941623.13 a 5547 1.43 1.26 NA 9.80 9.18 4.95 NA √ Impoundment connected to I1430
I-14-190 I1430 553572.42 3941711.08 a 5547 1.43 1.51 NA 7.90 9.18 4.77 NA √ Pump conveys water through pipe into I1429
I-14-191 I1431 552678.54 3942298.58 b 5597 0.34 NA 0.24 NA 1.38 NA 0.23 √

I-14-192 I1432 556968.29 3933523.43 b 6066 1.72 NA 3.61 NA 12.40 NA 9.56 √ √ LC Mislocated on claim; new coordinates were provided by Hopi Tribe 
approx. 1/2 mile northeast of claimed location; impoundment silted in

I-14-193 I1433 564392.28 3935795.80 a 6119 1.38 3.86 NA 18.70 8.82 28.87 NA √

I-14-194 I1434 566408.54 3940852.88 c 5783 0.52 NA NA NA 9.50 NA NA √ BR Photo analysis suggests berm breached
I-14-195 I1435 565108.14 3942572.06 b 5759 0.72 NA 0.45 NA 3.73 NA 0.57 √

I-14-197 I1436 563559.57 3945290.94 c 5782 0.92 NA NA NA 2.94 NA NA √ BR Photo analysis suggests berm breached
I-14-199 I1437 550802.61 3946567.56 b 5613 0.45 NA 0.24 NA 1.98 NA 0.23 √

I-14-200 I1438 554389.60 3950997.04 a 5777 0.34 NA NA NA 0.96 NA NA √ BR Berm breached
I-14-203 I1439 552267.59 3948822.02 c 5687 1.43 NA NA NA 8.03 NA NA √ BR Photo analysis suggests berm breached
I-14-204 I1440 565532.55 3942964.91 c 5771 1.43 NA NA NA 3.44 NA NA √ BR Photo analysis suggests berm breached
I-14-205 I1441 555746.59 3948200.00 c 5751 0.26 NA NA NA 0.93 NA NA √ BR Photo analysis suggests berm breached
I-14-444 I1442 556827.64 3956004.08 c 5884 0.43 NA NA NA 2.07 NA NA √ BR Photo analysis suggests berm breached
I-14-449 I1443 554953.47 3956198.64 a 5745 1.03 1.16 NA 4.50 5.37 2.09 NA √ FC Berm appears to be flood/erosion control related
I-14-451 I1444 553227.62 3953264.07 c 5683 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-14-466 I1445 556620.64 3955847.08 c 5862 0.52 NA NA NA 2.69 NA NA √ BR Photo analysis suggests berm breached
I-14-472 I1446 548451.58 3948246.03 c 5504 1.15 NA NA NA 6.43 NA NA √ BR Photo analysis suggests berm breached
I-14-473 I1447 545949.59 3950761.07 c 5403 1.15 NA NA NA 6.43 NA NA √ BR Photo analysis suggests berm breached
I-14-474 I1448 550041.60 3951926.07 c 5530 0.92 NA NA NA 5.14 NA NA √ BR Photo analysis suggests berm breached
I-14-475 I1449 551193.61 3952919.07 c 5613 0.34 NA NA NA 1.10 NA NA √ BR Photo analysis suggests berm breached
I-14-555 I1450 553880.54 3941778.93 c 5543 0.30 * NA NA NA 1.25 NA NA √ BR Photo analysis suggests berm breached
I-15-40 I151 589346.80 3949582.91 c 6318 0.23 NA NA NA 0.92 NA NA √ BR Photo analysis suggests berm breached
I-15-41 I152 589584.76 3945736.85 a 6233 1.15 NA NA NA 4.59 NA NA √ BR Berm breached
I-15-42 I153 589338.15 3954793.85 a 6643 1.55 2.23 NA 3.00 2.48 2.68 NA √ ND Natural depression; no berm at claimed location
I-15-43 I154 589658.82 3950972.93 c 6329 1.43 NA NA NA 5.74 NA NA √ BR Photo analysis suggests berm breached
I-15-44 I155 587808.39 3945900.80 b 6200 0.92 NA 3.88 NA 5.14 NA 10.54 √ LC Photo analysis suggests berm severely eroded
I-15-45 I156 581904.71 3946982.89 c 6525 1.81 NA NA NA 8.68 NA NA √ BR Photo analysis suggests berm breached
I-15-46 I157 589408.81 3950604.93 c 6323 0.38 NA NA NA 1.97 NA NA √ BR Photo analysis suggests berm breached
I-15-47 I158 588557.83 3952470.96 c 6439 0.23 NA NA NA 1.10 NA NA √ BR Photo analysis suggests berm breached

I-15-139 I159 569229.51 3942575.40 b 5857 0.92 NA 0.48 NA 5.14 NA 0.61 √ Photo analysis suggests berm severely eroded
I-15-151 I1510 574303.62 3944453.89 c 6055 0.34 NA NA NA 1.38 NA NA √ BR Photo analysis suggests berm breached
I-15-152 I1511 571076.63 3948397.95 c 6036 0.23 NA NA NA 1.10 NA NA √ BR Photo analysis suggests berm breached
I-15-153 I1512 568104.59 3946433.93 c 5908 0.34 NA NA NA 1.79 NA NA √ BR Photo analysis suggests berm breached
I-15-154 I1513 568123.59 3946255.93 c 5904 0.33 NA NA NA 3.10 NA NA √ BR Photo analysis suggests berm breached
I-15-155 I1514 570866.58 3942883.88 c 5934 0.34 NA NA NA 1.38 NA NA √ BR Photo analysis suggests berm breached
I-15-161 I1515 582709.98 3955661.30 b 6663 0.34 NA 0.19 NA 1.79 NA 0.18 √

I-15-184 I1516 572674.63 3946602.92 a 6002 1.72 NA NA NA 10.33 NA NA √ BR Berm breached
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I-15-186 I1517 583728.76 3950360.94 c 6604 1.61 NA NA NA 9.00 NA NA √ BR Photo analysis suggests berm breached

I-15-196 I1518 584712.27 3952870.98 b 6670 1.03 NA 0.67 NA 2.89 NA 0.96 √
Photo analysis suggests small (~130 ft long) berm degraded on east 
side

I-15-201 I1519 573191.75 3939410.04 a 5897 1.43 NA NA NA 10.50 NA NA √ BR Berm breached
I-15-202 I1520 578036.97 3939394.74 b 5994 0.39 NA 1.12 NA 1.68 NA 1.95 √ LC Photo analysis suggests berm severely eroded
I-15-206 I1521 577038.40 3942285.08 b 6094 0.33 NA 6.27 NA 5.90 NA 20.27 √

Notes:
               1  a = Location based on ADWR field inspection, referenced to the North American Datum of 1983 (NAD 83)
             b = Location based on ADWR photo analysis (NAD 83)
             c = Claimed coordinates reprojected to NAD 83
               2   Based on the USGS digital elevation model (DEM)
               3   Photo analysis based on color (2005) and black and white (1997) Digital Orthophoto Quads (DOQ) of 1 meter resolution
         (*)  Surface area claimed by the Hopi Tribe; surface area was not claimed by the United States or a value of '0' was listed
               4   For impoundments, "height" means the vertical distance from the lowest point on the outside of the berm to the spillway crest or berm crest if no spillway present.  For natural depressions, "height" is the maximum depth below ground surface.
               5   "Storage Capacity" means the maximum volume of water that can be stored by the impoundment or natural depression when there is no discharge of water and regardless of the potential loss in storage due to siltation.
               6   For field measured impoundments, storage capacity is calculated based on the following formula used by HKM (2007), a consultant to the Hopi Tribe: Surface Area (in acres) x Height (in feet) x 0.4
               For natural depressions (**), either field measured or identified in the office by photo analysis, storage capacity is based on the formula (Surface Area x Depth x 0.4); an average depth of 4.125 ft was assumed based on 4 field measurements
               7   Estimated using the regression equation Y=1.66X (1.36) (R=0.793, p=<0.0001), where Y = Impoundment Storage Capacity (af) and X = Impoundment Surface Area (ac) delineated from photo analysis
               8   AG=Impoundment intersects agricultural field identified by ADWR in 2005
               BR=Berm is or appears to be breached
             FC=Berm appears flood and/or erosion control related
             LC=Impoundment has limited storage due to siltation and/or berm is severely eroded
             MI=Two or more impoundments at site
             ND=Impoundment formed by natural depression (topographic low) without berm
             NDS=Impoundment formed by berm within a natural depression (topographic low)
             NF=Impoundment not found at claimed location
             PA=Impoundment not visited due to poor field access
             PL=Located on Peabody Western Coal Company (PWCC) leasehold
             PS=Temporary (2006-2010) PWCC sediment pond
             RC=Claimed recreational use
             ST=Silt trap above impoundment; storage capacity associated with silt trap is not reflected in ADWR storage estimates
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UNC-D-01 550727.6469 4008843.149 b 6,324 NA NA NA √ BR Referred to as 'Big Mountain Dam'; photo analysis suggests berm breached

UNC-D-02 534124.6736 3989470.415 b 5,942 NA NA NA √ BR Photo analysis suggests berm breached

UNC-D-03 518167.0392 3978200.697 b 5,635 NA NA NA √ BR Photo analysis suggests berm breached

UNC-D-04 517167.484 3977083.355 b 5,642 NA NA NA √ BR Photo analysis suggests berm breached

UNC-D-05 522499.9396 3970744.28 b 5,806 NA NA NA √ BR Photo analysis suggests berm breached

UNC-D-06 513883.3831 3966171.539 b 5,441 NA NA NA √ BR Photo analysis suggests berm breached

UNC-D-07 507942.0458 3964311.465 b 5,435 NA NA NA √ BR Photo analysis suggests berm breached

UNC-D-08 507099.3879 3954814.114 b 5,435 NA NA NA √ BR Photo analysis suggests berm breached

UNC-D-09 554296.1257 4019485.722 b 6,737 NA 0.17 0.15 √ Topo map shows pond

UNC-D-10 549792.9594 4015822.263 b 6,659 NA 0.22 0.21 √ AG Topo map shows pond

UNC-D-11 551631.6452 4006483.453 b 6,264 NA 0.07 0.04 √ Topo map shows pond

UNC-D-12 537120.5901 3986786.97 b 5,999 NA 0.08 0.05 √

UNC-D-13 515397.5363 3981798.513 b 5,911 NA 0.10 0.07 √ Topo map shows pond

UNC-D-14 520299.3238 3980497.897 b 5,682 NA 0.37 0.43 √

UNC-D-15 518117.4744 3978127.606 b 5,635 NA 0.14 0.11 √ Topo map shows pond

UNC-D-16 518133.0106 3978077.985 b 5,634 NA 0.11 0.08 √ Topo map shows pond

UNC-D-17 510502.2659 3968460.872 b 5,507 NA 2.24 4.96 √ FC Topo map shows a check dam

UNC-D-18 521070.7786 3967345.673 b 5,833 NA 0.16 0.14 √ AG Topo map shows a well near impoundment

UNC-D-19 505953.092 3965825.184 b 5,591 NA 0.10 0.07 √ Topo map shows pond

UNC-D-20 511677.007 3961347.396 b 5,391 NA 0.21 0.20 √ Topo map shows pond

UNC-D-21 514924.8245 3957736.681 b 5,661 NA 0.17 0.15 √

UNC-D-22 511706.8433 3957131.005 b 5,489 NA 1.87 3.89 √

UNC-D-23 515060.1071 3957010.384 b 5,714 NA 0.09 0.06 √ Topo map shows pond

UNC-D-24 499725.4051 3948206.629 b 5,146 NA 1.46 2.79 √ FC Topo map shows a check dam

UNC-D-25 499743.447 3948060.112 b 5,136 NA 0.90 1.44 √ FC Topo map shows a check dam

UNC-D-26 510878.7342 3941209.617 a 5,054 0.57 0.64 0.90 √ √ Near claimed impoundment I-12-102

UNC-J-01 587155.246 3957232.202 b 6,713 NA NA NA √ BR Photo analysis suggests berm breached

UNC-J-02 561333.3865 3955750.071 b 6,085 NA NA NA √ BR Photo analysis suggests berm breached

UNC-J-03 560983.0979 3954010.562 b 6,035 NA NA NA √ BR Photo analysis suggests berm breached

UNC-J-04 559743.8824 3953964.701 b 5,983 NA NA NA √ BR Photo analysis suggests berm breached

UNC-J-05 565010.2071 3946906.927 b 5,796 NA NA NA √ BR Photo analysis suggests berm breached

UNC-J-06 572080.2454 3945079.205 b 5,959 NA NA NA √ BR Photo analysis suggests berm breached

UNC-J-07 565636.3844 3944558.984 b 5,790 NA NA NA √ BR Photo analysis suggests berm breached

UNC-J-08 547334.5428 3944032.196 b 5,609 NA NA NA √ BR Photo analysis suggests berm breached

UNC-J-09 562379.1538 3941405.517 b 5,696 NA NA NA √ BR Photo analysis suggests berm breached

UNC-J-10 589548.0244 3967617.826 a 6,805 NA 0.42 0.51 √ √ LC, MI Near claimed impoundment I-11-143

UNC-J-11 589644.6606 3967498.53 a 6,805 NA 0.97 1.60 √ √ LC, MI Near claimed impoundment I-11-143

UNC-J-12 589400.8852 3965394.459 b 6,794 NA 0.07 0.04 √ AG Topo map shows pond

UNC-J-13 576345.8737 3962501.933 b 6,533 NA 0.16 0.13 √ Topo map shows pond

UNC-J-14 568376.9093 3956885.623 b 6,521 NA 0.25 0.25 √ AG

ADWR ID NO.
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UNC-J-15 587287.0696 3955738.922 b 6,723 NA 0.05 0.03 √

UNC-J-16 559946.4792 3955214.233 b 6,024 NA 0.16 0.14 √ Topo map shows pond

UNC-J-17 556375.0672 3951737.118 b 5,840 NA 0.11 0.08 √ Topo map shows pond

UNC-J-18 563540.0677 3950482.313 b 5,856 NA 0.85 1.33 √

UNC-J-19 562652.9204 3949045.611 b 5,784 NA 0.07 0.04 √

UNC-J-20 559618.1307 3948663.883 b 5,797 NA 0.26 0.27 √ AG Topo map shows pond

UNC-J-21 566435.1611 3947765.551 b 5,903 NA 0.18 0.16 √

UNC-J-22 559362.4665 3947151.261 b 5,713 NA 0.16 0.13 √ AG Topo map shows pond

UNC-J-23 575435.3963 3945692.493 b 6,109 NA 0.17 0.15 √ AG Topo map shows pond

UNC-J-24 569588.5832 3943706.18 b 5,884 NA 0.15 0.12 √ Topo map shows pond

UNC-J-25 555554.1011 3943076.902 b 5,601 NA 0.09 0.06 √

UNC-J-26 557158.7363 3940186.098 b 5,600 NA 0.57 0.77 √

UNC-J-27 552587.7185 3940177.472 b 5,529 NA 0.56 0.75 √

UNC-J-28 541269.6181 3931667.743 b 5,301 NA 0.23 0.22 √

UNC-M-01 534506.8419 4025077.07 b 6,306 NA NA NA √ BR Photo analysis suggests berm breached

UNC-M-02 554362.1946 4025053.932 b 6,526 NA NA NA √ BR Photo analysis suggests berm breached; topo map shows pond

UNC-M-03 505119.9994 4012619.29 b 5,405 NA NA NA √ BR Photo analysis suggests berm breached

UNC-M-04 504936.968 4012531.109 b 5,397 NA NA NA √ BR Photo analysis suggests berm breached

UNC-M-05 504112.4976 4012016.671 b 5,374 NA NA NA √ BR Photo analysis suggests berm breached

UNC-M-06 501537.0972 4010224.969 b 5,267 NA NA NA √ BR Photo analysis suggests berm breached

UNC-M-07 512693.2386 4005963.64 b 5,244 NA NA NA √ BR Photo analysis suggests berm breached

UNC-M-08 512533.5844 4005445.378 b 5,226 NA NA NA √ BR Photo analysis suggests berm breached

UNC-M-09 481090.4605 3998185.153 b 4,847 NA NA NA √ BR Photo analysis suggests berm breached; topo map shows pond

UNC-M-10 511900.1937 3989096.389 b 5,563 NA NA NA √ BR Photo analysis suggests berm breached

UNC-M-11 508666.4384 3988847.294 b 5,627 NA NA NA √ BR Photo analysis suggests berm breached

UNC-M-12 486030.0856 3987970.288 b 5,423 NA NA NA √ AG, BR Photo analysis suggests berm breached

UNC-M-13 502382.6468 3969385.582 b 5,744 NA NA NA √ BR Topo map shows pond

UNC-M-14 560912.4607 4030834.078 b 6,939 NA 2.55 5.95 √ PL

UNC-M-15 556031.3137 4029684.415 a 6,527 0.01 0.17 0.15 √ √ MI, PL Near claimed impoundment I-3-210

UNC-M-16 560786.9832 4028366.378 b 6,877 NA 0.31 0.34 √ PL

UNC-M-17 552201.8384 4027735.34 b 6,345 NA 0.69 1.00 √ PL

UNC-M-18 560235.3597 4027035.405 b 6,852 NA 0.32 0.36 √

UNC-M-19 553254.7005 4026713.489 b 6,479 NA 0.52 0.69 √

UNC-M-20 524504.4014 4017803.415 b 6,221 NA 2.43 5.56 √

UNC-M-21 522326.903 4017620.98 b 6,320 NA 0.42 0.50 √

UNC-M-22 539152.9247 4016444.315 b 6,387 NA 0.11 0.08 √ Topo map shows pond

UNC-M-23 503786.8232 4013970.335 a 5,370 0.44 0.54 0.72 √ √ MI Near claimed impoundment I-1-18

UNC-M-24 508198.7078 4011981.264 b 5,591 NA 1.29 2.35 √

UNC-M-25 503286.806 4011014.967 b 5,345 NA 8.34 29.84 √

UNC-M-26 506798.7031 4007310.136 b 5,506 NA 0.05 0.03 √
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UNC-M-27 511656.8038 4005180.785 b 5,221 NA 0.99 1.64 √

UNC-M-28 527690.8072 4001594.46 b 5,842 NA 0.10 0.07 √

UNC-M-29 523717.1842 4001325.418 b 5,703 NA 0.06 0.04 √ AG

UNC-M-30 523739.7446 4001308.013 b 5,705 NA 0.05 0.03 √ AG

UNC-M-31 530379.3081 4000147.034 b 5,982 NA 0.13 0.10 √

UNC-M-32 526185.2963 3999961.851 b 5,835 NA 0.05 0.03 √

UNC-M-33 480756.2502 3999545.879 b 4,885 NA 33.98 202.12 √ √ AG, RC Referred to as 'Pasture Canyon Reservoir'

UNC-M-34 514873.6846 3997266.595 b 5,643 NA 0.07 0.05 √ AG

UNC-M-35 508411.7513 3997190.669 b 5,461 NA 0.03 0.01 √ Topo map shows pond

UNC-M-36 508434.8577 3997155.292 b 5,461 NA 0.02 0.01 √

UNC-M-37 480705.5663 3996843.724 b 4,809 NA 12.35 50.91 √ √ Referred to as 'Lower Lagoon Reservoir'

UNC-M-38 528639.9395 3994891.02 b 6,073 NA 0.12 0.10 √ Topo map shows pond

UNC-M-39 475822.2875 3994847.359 b 4,573 NA 0.53 0.70 √

UNC-M-40 511902.6815 3993993.258 b 5,600 NA 0.10 0.07 √ Topo map shows pond

UNC-M-41 503714.9265 3992568.712 b 5,487 NA 0.07 0.05 √ Topo map shows pond

UNC-M-42 517726.8038 3992488.338 b 5,890 NA 0.11 0.08 √

UNC-M-43 500634.2668 3991975.428 b 5,102 NA 0.63 0.88 √ LC, ST Photo analysis suggests silt trap breached

UNC-M-44 528976.4067 3991026.272 b 6,115 NA 0.21 0.20 √ AG

UNC-M-45 525858.1107 3989577.234 b 6,024 NA 0.04 0.02 √

UNC-M-46 485903.311 3987429.042 b 5,395 NA 0.53 0.70 √

UNC-M-47 516753.8828 3982895.381 b 5,858 NA 0.06 0.03 √ Topo map shows pond

UNC-M-48 502306.7485 3979431.419 b 6,065 NA 0.03 0.02 √

UNC-M-49 507687.2884 3976724.686 b 5,956 NA 0.07 0.04 √

UNC-M-50 507703.3873 3976690.482 b 5,958 NA 0.14 0.12 √ Topo map shows pond

UNC-M-51 552791.2685 4028892.366 b 6261 NA 1.09 7 1.86 √ PL, PS PWCC sediment pond WW-9C

UNC-M-52 553570.8511 4028751.377 b 6291 NA 1.11 7 1.92 √ PL, PS PWCC sediment pond J7-R1

UNC-M-53 553674.7989 4028612.069 b 6313 NA 1.68 7 3.37 √ PL, PP PWCC sediment pond J7-R

UNC-M-54 553959.7943 4028583.808 b 6315 NA 1.05 7 1.78 √ PL, PS PWCC sediment pond J7-S

UNC-M-55 554223.8971 4028574.606 b 6331 NA 1.46 7 2.79 √ PL, PS PWCC sediment pond J7-T

UNC-M-56 554494.2202 4028660.349 b 6351 NA 0.48 7 0.6 √ PL, PS PWCC sediment pond J7-U

UNC-M-57 554694.4383 4028737.777 b 6357 NA 1.41 7 2.65 √ PL, PS PWCC sediment pond J7-V

UNC-O-01 547291.4993 3989030.209 b 5,878 NA NA NA √ AG, BR Photo analysis suggests berm breached

UNC-O-02 547446.1949 3987019.202 b 5,864 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-03 544417.0539 3985578.303 b 5,844 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-04 548088.4286 3985444.936 b 5,871 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-05 542578.2249 3983754.906 b 5,819 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-06 542621.112 3983249.291 b 5,797 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-07 543740.6215 3971316.344 b 6,145 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-08 534561.1604 3968338.313 b 5,564 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-09 525329.66 3963623.772 b 5,666 NA NA NA √ BR Photo analysis suggests berm breached
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Easting Northing
Location 
Source 
Code1

ADWR 
Photo 

Analysis

ADWR 
Field Visit

ADWR ID NO.

TABLE C-2.  INVENTORY OF UNCLAIMED IMPOUNDMENTS ON THE HOPI INDIAN RESERVATION

IMPOUNDMENT 
STORAGE CAPACITY4 

FROM ADWR 
REGRESSION 

ANALYSIS5  (acre-feet)

SPECIAL 
CONDITIONS6 NOTES

EVIDENCE OF 
IMPOUNDMENTLOCATION APPROXIMATE 

ELEVATION 
(feet)2

SURFACE AREA 
FROM ADWR 

PHOTO 
ANALYSIS3 

(acres)

SURFACE AREA
FROM ADWR 
FIELD VISIT 

(acres)

UNC-O-10 528909.6175 3959155.702 b 5,439 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-11 522109.1854 3954581.899 b 5,543 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-12 522447.5143 3954376.204 b 5,516 NA NA NA √ AG, BR Photo analysis suggests berm breached

UNC-O-13 522123.717 3945804.367 b 5,199 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-14 521314.582 3944097.304 b 5,164 NA NA NA √ BR Photo analysis suggests berm breached

UNC-O-15 550490.648 3992817.755 b 5,942 NA 0.21 0.20 √ AG Topo map shows pond

UNC-O-16 545290.6084 3989325.44 b 5,939 NA 1.08 1.85 √

UNC-O-17 548702.6761 3987546.901 b 5,944 NA 0.13 0.10 √

UNC-O-18 548950.5862 3985472.693 b 5,889 NA 0.98 1.61 √ Topo map shows pond

UNC-O-19 548494.3771 3984078.458 b 5,930 NA 0.23 0.22 √

UNC-O-20 536641.6079 3982319.639 b 6,113 NA 0.16 0.13 √ Topo map shows pond

UNC-O-21 546919.4169 3980030.909 b 6,108 NA 0.28 0.29 √

UNC-O-22 548147.2131 3979348.207 b 6,186 NA 0.02 0.01 √

UNC-O-23 542909.8219 3978555.018 b 5,796 NA 0.35 0.40 √

UNC-O-24 533555.1934 3970632.265 b 5,718 NA 0.85 1.33 √ Topo map shows pond

UNC-O-25 527602.6273 3958207.431 b 5,459 NA 0.26 0.26 √

UNC-O-26 522726.2871 3955754.256 b 5,520 NA 0.11 0.08 √ Topo map shows pond

UNC-O-27 531446.8717 3953321.89 b 5,437 NA 0.26 0.26 √ AG Topo map shows pond

UNC-O-28 527633.6478 3950746.036 b 5,271 NA 0.09 0.06 √ Topo map shows pond

UNC-O-29 518171.8416 3950025.768 b 5,478 NA 0.04 0.02 √

UNC-O-30 523129.9372 3947916.22 b 5,260 NA 0.21 0.20 √ AG Topo map shows pond

UNC-O-31 524292.7526 3944909.902 a 5,223 0.38 0.46 0.57 √ √ AG Near claimed impoundment I-13-365

UNC-O-32 524276.7233 3944880.105 a 5,223 0.97 1.26 2.27 √ √ AG Near claimed impoundment I-13-365

UNC-O-33 522847.3137 3943196.119 b 5,171 NA 0.98 1.61 √

UNC-P-01 566823.1345 3983982.502 b 6,209 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-02 578845.5472 3978377.053 b 6,168 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-03 565442.6597 3972799.17 b 5,826 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-04 566926.8681 3965203.956 b 5,983 NA NA NA √ BR Photo analysis suggests berm breached; topo map shows pond

UNC-P-05 554498.6688 3962791.373 b 5,578 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-06 547313.7714 3959620.516 b 5,588 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-07 539128.6157 3958268.535 b 5,693 NA NA NA √ AG, BR Photo analysis suggests berm breached

UNC-P-08 549712.4529 3956599.205 b 5,498 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-09 548696.6058 3955353.137 b 5,478 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-10 543165.5422 3953670.336 b 5,445 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-11 535480.0384 3951544.621 b 5,487 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-12 529851.8745 3940892.922 b 5,228 NA NA NA √ AG, BR Photo analysis suggests berm breached

UNC-P-13 532210.9586 3938451.354 b 5,143 NA NA NA √ BR Photo analysis suggests berm breached

UNC-P-14 557351.2769 3986494.235 b 6,168 NA 0.05 0.03 √ Topo map shows pond

UNC-P-15 559972.1741 3980144.169 b 5,949 NA 0.20 0.19 √ Topo map shows pond

UNC-P-16 574678.3049 3979304.472 b 5,986 NA 0.33 0.37 √

December 2008  4 Preliminary Hopi HSR 



Easting Northing
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Source 
Code1

ADWR 
Photo 

Analysis

ADWR 
Field Visit

ADWR ID NO.

TABLE C-2.  INVENTORY OF UNCLAIMED IMPOUNDMENTS ON THE HOPI INDIAN RESERVATION

IMPOUNDMENT 
STORAGE CAPACITY4 

FROM ADWR 
REGRESSION 

ANALYSIS5  (acre-feet)

SPECIAL 
CONDITIONS6 NOTES

EVIDENCE OF 
IMPOUNDMENTLOCATION APPROXIMATE 

ELEVATION 
(feet)2

SURFACE AREA 
FROM ADWR 

PHOTO 
ANALYSIS3 

(acres)

SURFACE AREA
FROM ADWR 
FIELD VISIT 

(acres)

UNC-P-17 564977.6602 3978297.216 b 6,186 NA 0.13 0.10 √ AG Topo map shows pond

UNC-P-18 556576.8774 3977908.408 b 5,950 NA 0.07 0.04 √ AG Topo map shows pond

UNC-P-19 575438.3519 3975103.105 b 6,114 NA 0.11 0.08 √ Topo map shows pond

UNC-P-20 567930.7012 3974641.9 b 5,865 NA 0.35 0.39 √ Topo map shows pond

UNC-P-21 547150.4003 3973765.71 b 6,132 NA 0.12 0.09 √

UNC-P-22 547227.827 3973736.743 b 6,125 NA 0.10 0.07 √ AG Topo map shows pond

UNC-P-23 571228.4277 3969273.657 b 6,361 NA 0.14 0.12 √ AG

UNC-P-24 570018.4041 3968343.568 b 6,370 NA 0.21 0.20 √ AG

UNC-P-25 570792.0049 3968333.58 b 6,340 NA 0.56 0.75 √

UNC-P-26 554174.6998 3966787.679 b 5,768 NA 1.49 2.85 √

UNC-P-27 575439.2895 3963717.757 a 6,439 0.47 NA 0.77 * √ √ ND Photo analysis suggests natural depression; no berm observed during field visit

UNC-P-28 560116.7668 3962000.562 b 5,824 NA 0.08 0.05 √ AG Topo map shows well near impoundment

UNC-P-29 560610.0902 3959876.219 b 5,943 NA 0.64 0.91 √

UNC-P-30 554580.6136 3956283.503 b 5,726 NA 0.29 0.31 √ Topo map shows pond

UNC-P-31 539617.7688 3955907.424 b 5,606 NA 0.19 0.17 √

UNC-P-32 544836.0479 3949576.995 b 5,375 NA 0.20 0.18 √ Topo map shows pond

UNC-P-33 543187.2841 3948051.085 b 5,354 NA 0.14 0.12 √ AG Topo map shows pond

UNC-P-34 543204.6977 3948011.576 b 5,354 NA 0.06 0.03 √ AG Topo map shows pond

UNC-P-35 536216.8664 3942194.518 b 5,205 NA 0.18 0.16 √ AG Topo map shows pond
UNC-P-36 533904.7617 3939801.072 b 5,171 NA 0.25 0.25 √ Topo map shows pond

NOTES:
                            1   a = Location based on ADWR field inspection, referenced to North American Datum of 1983 (NAD 83)
                      b = Location based on ADWR photo analysis (NAD 83)
                            2   Based on the USGS digital elevation model (DEM)
                            3   Photo analysis based on color (2005) and black and white (1997) Digital Orthophoto Quads (DOQ) of 1 meter resolution
                            4   "Storage Capacity" means the maximum volume of water that can be stored by the impoundment or natural depression when there is no discharge of water and regardless of the potential loss in storage due to siltation.
                        For natural depressions (*) identified in the office by photo analysis, storage capacity is based on the HKM (2007) formula (Surface Area x Depth x 0.4); an average depth of 4.125 ft was assumed based on 4 field measurements
                            5   Estimated using the regression equation Y=1.66X(1.36) (R2=0.63, p=<0.0001), where Y = Impoundment Storage Capacity (af) and X = Impoundment Surface Area (ac) delineated from photo analysis
                            6   AG=Impoundment appears to intersect agricultural field identified by ADWR in 2005
                        BR=Berm appears to be breached
                      FC=Berm appears to be flood and/or erosion control related
                      LC=Impoundment has limited storage due to siltation
                      MI=Two or more impoundments at site

                      RC=Reported recreational use
                      ST=Silt trap above impoundment; storage capacity associated with silt trap is not reflected in this table.
                            7   Surface area from PWCC (2006).

                      PL = Located on Peabody Western Coal Company (PWCC) leasehold
                      PP = Permanent PWCC sediment pond
                      PS = Temporary (2006-2010) PWCC sediment pond
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Figures 



Figure C-1. Pasture Canyon Reservoir (unclaimed) near Moenkopi

4-3-2008



Figure C-2. Keams Lake (Hopi ID No. I-11-431) near Keams Canyon

11-15-2006



Figure C-3. Claimed Impoundment (Hopi ID No. I-11-417) near Keams Canyon

4-17-2007
11-15-2006



Figure C-4. Claimed Impoundment (Hopi ID No. I-13-445) near Tovar Mesa

4-17-2007
12-6-2006



Figure C-5. Claimed Impoundment (Hopi ID No. I-14-164) near Star Mountain

4-17-2007
12-6-2006



Figure C-6. Natural Depression (Hopi ID No. I-13-334) near Burro Spring

12-07-2006



Figure C-7. Siltation in Claimed Impoundment (Hopi ID No. I-5-248) near Burro Spring

12-12-2006



Figure C-8. Twin Dam No. 1 (Hopi ID No. I-11-415) near Keams Canyon



Figure C-9. Twin Dam No. 2 (Hopi ID No. I-11-407) near Keams Canyon

11-15-2006



Figure C-10. Breached Berm at Claimed Impoundment  (Hopi ID No. I-5-247) near Bat Spring

12/07/2006



Figure C-11. Breached Berm at Claimed Impoundment (Hopi ID No. I-13-365) near Burro Spring

12-7-0612-7-2006



Figure C-12. Lake Maho (Hopi ID No. I-11-408) near Keams Canyon

4-2-2008



Figure C-13. Claimed Impoundment (Hopi ID No. I-3-210) on PWCC Leasehold 
(PWCC Sediment Pond J7-E)

11-7-2006
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APPENDIX D:  HOPI SPRING INVENTORY 
 
 
 
 

D.1 INTRODUCTION 
In its role as technical advisor to the Little Colorado River (LCR) Adjudication 

Court, the Arizona Department of Water Resources (ADWR) is currently preparing a 

preliminary Hydrographic Survey Report for the Hopi Indian Reservation (Preliminary 

Hopi HSR).  As requested by the Court, ADWR is verifying Hopi water right claims in 

the HSR, including the claims to 360 springs.  This document presents an inventory of 

springs on the Reservation and ADWR’s verification of the spring claims.  This 

information supplements Tables 7-8 and 7-9, which are presented in Chapter 7. 

Two tables are provided here.  Table D-1 lists data for springs claimed by the 

Hopi Tribe and the United States on the Tribe’s behalf.  Table D-2 lists data for other 

springs that ADWR identified on or near the Reservation that were not claimed in the 

adjudication.  The remainder of this document explains the content of the two tables and 

describes the data sources that ADWR reviewed.  Also provided is a brief analysis of the 

tabulated data including information on spring sources, discharge rates, water quality, and 

water uses.  Photographs of several Hopi springs are presented in Figures D-1 through 

D-13. 

 

 

D.2 INVENTORY OF CLAIMED SPRINGS 
Four documents provide information on Hopi spring claims: 

• The Hopi Tribe’s Amended Statement of Claimant, filed with the Court on 

January 29, 2004; 

• United States’ Amended Statement of Claimant on Behalf of the Hopi Tribe, filed 

with the Court on January 29, 2004; 

• Hopi Indian Reservation Spring, Well and Impoundment Inventory, a compact 

disk (CD) prepared by a United States’ consultant and sent to ADWR in April 

2005 (NRCE, 2005); and 
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• Little Colorado River-Hopi Reservation Well, Spring, and Impoundment 

Verification Information for ADWR, a letter report and CD prepared by a United 

States consultant and sent to ADWR via the Hopi in June 2008 (NRCE, 2008). 

Both of the statements of claimants (SOCs) filed in January 2004 list 338 springs on the 

Reservation.  The CD that was sent to ADWR in April 2005 listed the originally claimed 

springs plus 22 previously unclaimed springs, for a total of 360 springs.  The June 2008 

letter report and CD provided additional information for some of the claimed springs that 

ADWR did not originally verify.  For purposes of the Preliminary Hopi HSR, ADWR 

considered all of the 360 springs identified by the Hopi and United States as claimed 

springs. 

Table D-1 compiles data that ADWR collected related to the Hopi spring claims.  

The table has a total of 25 columns.  Each column, from left to right in the table, is 

described below. 

 

Claim No. – Each claimed spring was given a unique identification number by the Hopi 

Tribe and a different, unique identification number by the United States. 

Claim Name – The SOCs and CD provide names and/or alternative identification 

numbers for many, but not all of the springs.  As noted in the table, the names for some 

springs appear to be incorrect. 

Other Names – ADWR identified other, different names for some springs based on 

various sources including published and unpublished reports.  The sources reviewed by 

ADWR are listed in table footnote 1. 

Public Water Supply (PWS) ID – Identifies the PWS for which the spring provides 

water. 

Location – Spring locations are provided in Universal Transverse Mercator (UTM) 

“Easting” and “Northing” coordinates. 

Location Source Code – Spring locations were available from two data sources listed in 

table footnote 2.  These sources include ADWR field Global Positioning System (GPS) 

readings referenced to the North America Datum of 1983 (NAD83); and claimed spring 

locations referenced to NAD27.  If available, ADWR GPS readings are presented in the 
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table.  If ADWR did not visit and locate a spring site, the location that was claimed is 

presented in the table.  See ADWR Verification of Spring Claims discussed below. 

Approximate Elevation – Spring elevations were estimated, in feet above mean sea level, 

using the UTM coordinates listed in the table and digital elevation model (DEM) data 

provided by the USGS. 

Discharge Data – The next 2 columns in the table present spring discharge data: 

No. of discharge measurements – Number of unique discharge measurements 

that ADWR identified through review of the data sources listed in table footnote 

3; and 

Range of discharge measurements – Where multiple discharge measurements 

have been made, the low and high values are presented in gallons per minute 

(gpm).  Otherwise, single values are shown, or the column is left blank where no 

measurements have been made.  Note that a discharge of 0 gpm is assumed at 

springs found to be dry.  A discharge of <0.01 gpm is assumed at spring sites 

where seeps were reported, or where only standing water, damp soil, or indicator 

vegetation were noted.  For the purpose of totaling spring discharge by aquifer 

type discussed below, flows reported as less than (<) a specified amount are 

assumed in this report to equal 0 gpm. 

Claimed Quantity – The quantity of spring water, in gpm, listed in the claims and on the 

CD. 

Water Bearing Strata – Geologic unit or aquifer system supplying water to the spring.  

Six unique water bearing strata have been identified that supply springs on the 

Reservation.  These strata include, from youngest to oldest, Alluvial Aquifer, Colluvial 

Aquifer, Spring Deposits, Mesa Verde Group, D Aquifer, and N Aquifer.  Water bearing 

strata were specified for several, but not all, claimed springs in a set of well and spring 

inventory reports published during the 1960s (1960s reports). 

Water Quality Data – This column indicates whether water quality data are available for 

the spring.  Data sources are listed in table footnote 4. 

Water Quality Exceedences – If water quality data were available, it was compared to 

EPA primary and secondary drinking water standards and livestock watering standards 

from four sources (Arizona Department of Environmental Quality, the Hopi Tribe, the 
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Navajo Nation, and the National Academy of Sciences).  Parameters that were found to 

exceed drinking water and livestock watering standards are noted in separate columns in 

the table.  Abbreviations used in the table to designate parameter exceedences are defined 

in table footnote 4. 

ADWR Verification of Spring Claims – The next four columns indicate how, and if, 

ADWR verified the Hopi spring claims: 

Topo map – Claimed spring locations were compared to USGS topographic maps 

which show the location of some springs.  If a claimed spring appeared on a 

topographic map, it was noted by a check in the table; 

Published reports – Names and locations for claimed springs were cross 

referenced to published reports listed in table footnote 1.  If a claimed spring was 

listed or shown in a published report, it was noted by a check in the table; 

Field visit – In 2006, ADWR attempted to inspect several springs on the 

Reservation, focusing on those springs that were not verified on topographic maps 

or through published reports.  If ADWR actually found a spring in the field, it was 

noted by a check in the table (table footnote 5); and 

Supporting Evidence from Hopi – In June 2007, ADWR requested information 

for several claimed springs which, at that time, it could not verify.  A response to 

this request was received in June 2008 and additional information was 

incorporated, as appropriate. 

Improvements – Spring improvements, such as pump installations and water storage and 

distribution features, are also noted in the table.  This information was either found in 

published and unpublished reports or collected during ADWR’s 2006 spring inspections.  

Data sources and abbreviations used in the table to designate spring improvements are 

listed in table footnote 6. 

Spring Use – Claimed and other documented spring uses are listed in the next two 

columns.  Uses include domestic, stock, municipal (public water supply), 

ceremonial/cultural, and irrigation.  Abbreviations used in the table to designate spring 

use are defined in table footnote 7.  Claimed spring uses were indicated in the U.S. SOC 

and on the CD.  Other documented spring uses were found in published and unpublished 

reports or determined during ADWR’s 2006 spring inspections (see table footnote 7).   
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Notes – The last column in Table D-1 presents miscellaneous information for certain 

claimed springs that are not otherwise listed in the table.  Most notes describe the 

following spring conditions: 

• Claimed spring is located outside of Reservation boundary or ADWR believes its 

location within the Reservation is incorrect; 

• ADWR believes claimed spring may be a duplicate of another claimed spring; 

• ADWR believes claimed spring name is incorrect; 

• Claimed spring was previously reported as a well; 

• Claimed spring was previously reported as dry or a seep, or recently found in that 

condition by ADWR; and, 

• Multiple springs occur near claimed site and reported discharge may represent 

more than one spring. 

 

 

D.3 ANALYSIS OF CLAIMED SPRINGS 
Based on the data compiled in Table D-1, the following conclusions are drawn 

regarding claimed springs on the Hopi Indian Reservation:  

• ADWR was able to verify 328 or about 91% of the 360 claimed Hopi springs 

through use of topographic maps, published reports, ADWR ground inspection, 

and/or supporting evidence from the Hopi. 

• ADWR was unable to verify 32 or about 9% of the 360 claimed Hopi springs 

through the means of verification that were used.  Included are six springs that 

ADWR believes are potential duplicates of other claimed springs. 

• Eighteen (18) claimed springs along Pasture Canyon are located outside of the 

Reservation boundary and one claimed spring is located within the Peabody 

Western Coal Company (PWCC) leasehold on Reservation land.  One claimed 

spring (S-8-337) was also claimed as a well (W-8-83), and 19 claimed springs 

were previously reported as wells.  ADWR believes the names for seven claimed 

springs are incorrect. 

• Of the 360 claimed springs, 341 springs have a claimed quantity of 4 gpm or 6.5 

acre-feet per year (afa), 17 springs have a claimed quantity of 19 gpm (30.9 afa), 
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1 spring has a claimed quantity of 8 gpm (12.9 afa), and 1 spring has a claimed 

quantity of 6 gpm (9.2 afa).   

• ADWR identified discharge data for 208 or about 58% of the claimed springs.  Of 

the springs with discharge data, a total of 39 had one or more reported discharge 

that equaled or exceeded the claimed quantity.  Discharge data were not available 

for 152 or about 42% of the claimed springs. 

• Reported discharges for the 208 claimed springs ranged from 0 to 326 gpm and 

totaled from 365 to 1,103 gpm.   

• 24 or about 7% of the claimed springs are known to be fed by alluvial aquifers.  

Reported discharge from 15 alluvial springs has ranged from 0 to 25 gpm and 

totaled from 21 to 72 gpm. 

• 22 or about 6% of the claimed springs are known to be fed by colluvial aquifers.  

Reported discharge from 13 colluvial springs has ranged from 0 to 8 gpm and 

totaled from 13 to 20 gpm. 

• 7 or about 2% of the claimed springs are known to be fed by spring deposit 

(travertine) aquifers.  Reported discharge from 5 spring deposit springs has ranged 

from 0.1 to 1.2 gpm and totaled from 1.5 to 4.7 gpm. 

• 90 or 25% of the claimed springs are known to be fed by Mesa Verde Formation 

aquifers.  Reported discharge from 67 Mesa Verde Formation springs has ranged 

from 0 to 50 gpm and totaled from 99 to 202 gpm. 

• 4 or about 1% of the claimed springs are known to be fed by the D Aquifer.  

Reported discharge from 3 D Aquifer springs has ranged from <0.01 to 2 gpm and 

totaled from 2 to 4 gpm. 

• 75 or about 21% of the claimed springs are known to be fed by the N Aquifer.  

Reported discharge from 69 N Aquifer springs has ranged from 0 to 326 gpm and 

totaled from 207 to 777 gpm.  The discharge of three N Aquifer springs has each 

been measured at least 16 times including Pasture Canyon Spring (<0.01 to 326 

gpm), Burro Spring (0.2 to 1 gpm), and Moenkopi School Spring (8 to 45 gpm). 

• It is unknown what water-bearing unit supplies the remaining 138 or about 38% 

of the claimed springs.  36 of these springs had reported discharges that ranged 

from 0 to 7 gpm and totaled from 21 to 23 gpm. 
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• Of the 72 claimed springs with water quality data, 48 or about 67% of these 

springs exceeded one or more water quality standard.  Concentrations of nitrate 

(22 springs) commonly exceeded the primary drinking water standard; 

concentrations of total dissolved solids or TDS (31 springs) and sulfate (22 

springs) commonly exceeded secondary drinking water standards; and, 

concentrations of sulfate (6 springs) commonly exceeded livestock water 

standards. 

• Common parameters of concern by water bearing strata include: 

o Alluvium - TDS (secondary); 

o Colluvium – Nitrate (primary) and TDS (secondary); 

o Spring Deposits – TDS (secondary); 

o Mesa Verde Group – Nitrate (primary) and sulfate (secondary); 

o D Aquifer – TDS (secondary); and, 

o N Aquifer – TDS (secondary). 

• 73 claimed springs are known to have some form of improvement, with troughs 

(39 springs) and spring boxes (21 springs) the most common. 

• All of the springs are claimed for ceremonial/cultural use.  Other claimed uses 

include stockwatering (351 springs), domestic (339 springs), and irrigation (17 

springs).  Other documents indicate that 3 of the claimed springs are also used for 

municipal supply (2 near Moenkopi and 1 near Keams Canyon) and another 52 

claimed springs are used for irrigation. 

 

 

D.4 INVENTORY OF UNCLAIMED SPRINGS 
ADWR identified 42 springs on or near the Hopi Indian Reservation that were not 

claimed.  Table D-2 compiles the data that ADWR collected for these springs.  The table 

is similar in structure as Table D-1 and contains 18 columns.  Each column, from left to 

right in the table, is described below: 

 

Names/ID Numbers – Most of the unclaimed springs have unique names and/or 

identification numbers that ADWR identified in various sources.  These sources are listed 
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in table footnote 1 and include topographic maps, published and unpublished reports, and 

ADWR’s field investigations. 

Location – Spring locations are provided in Universal Transverse Mercator (UTM) 

“Easting” and “Northing” coordinates. 

Location Source Code – Spring locations were available from four data sources listed in 

table footnote 2.  These sources include ADWR GPS readings, estimates from USGS 

topographic maps, coordinates provided by PWCC, and estimates from published reports. 

Approximate Elevation – Spring elevations were estimated using available UTM 

coordinates and DEM data provided by the USGS.   

Discharge Data – The next 2 columns in the table present spring discharge data: 

No. of discharge measurements – Number of unique discharge measurements 

that ADWR identified through review of the data sources listed in table footnote 

3; and, 

Range of discharge measurements – Where multiple discharge measurements 

have been made, the low and high values are presented in gallons per minute.  

Otherwise, single values are shown, or the column is left blank where no 

measurements have been made.  Note that a discharge of 0 gpm is assumed at 

springs found to be dry.  A discharge of <0.01 gpm is assumed at spring sites 

where seeps were reported, or where only standing water, damp soil, or indicator 

vegetation were noted.  For the purpose of totaling spring discharge by aquifer 

type discussed below, flows reported as less than (<) a specified amount are 

assumed in this report to equal 0 gpm. 

Water Bearing Strata – Geologic unit or aquifer system supplying water to the spring.  

Six unique water bearing strata have been identified that supply springs on the 

Reservation.  These strata include, from youngest to oldest, Alluvial Aquifer, Colluvial 

Aquifer, Spring Deposits, Mesa Verde Group, D Aquifer, and N Aquifer.  Water bearing 

strata were specified for several, but not all, unclaimed springs in a set of well and spring 

inventory reports published during the 1960s (1960s reports). 

Water Quality Data – This column indicates whether water quality data are available for 

the spring.  Data sources are listed in table footnote 4. 
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Water Quality Exceedences – If water quality data were available, it was compared to 

EPA primary and secondary drinking water standards and livestock watering standards 

from four sources (Arizona Department of Environmental Quality, the Hopi Tribe, the 

Navajo Nation, and the National Academy of Sciences).  Parameters that were found to 

exceed drinking water and livestock watering standards are noted in separate columns in 

the table.  Abbreviations used in the table to designate parameter exceedences are defined 

in table footnote 4. 

Evidence of Springs – The next three columns indicate the evidence that ADWR had of 

the unclaimed spring: 

Topo map – Unclaimed spring appears on a USGS topographic map and was 

noted by a check in the table; 

Published reports – Unclaimed spring was listed or shown in a published report 

and was noted by a check in the table.  Reports reviewed are listed in table 

footnote 5; and, 

ADWR field visit – During its field investigation of agricultural lands and claimed 

spring sites, ADWR noted the unclaimed spring and noted it by a check in the 

table. 

Improvements – Spring improvements, such as pump installations and water storage and 

distribution features, are also noted in the table.  This information was either found in 

published and unpublished reports or collected during ADWR’s 2005 and 2006 field 

work.  Data sources and abbreviations used in the table to designate spring improvements 

are listed in table footnote 6. 

Use – Spring uses were specified in published and unpublished reports or determined 

during ADWR’s field work.  Uses for unclaimed springs include domestic, stock, and 

irrigation.  Abbreviations used in the table to designate spring use are defined in table 

footnote 7.   

Notes – The last column in Table D-2 presents miscellaneous information for certain 

springs that are not otherwise listed in the table.  Most notes describe one of two spring 

conditions: 
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• The unclaimed spring is located at or in the vicinity of a claimed spring, but 

otherwise appears distinct based on the reported spring name, topographic maps, 

available water quality data, etc.; and,   

• Different spring locations are referenced in reports. 

 

 

D.5 ANALYSIS OF UNCLAIMED SPRINGS 
Based on the data compiled in Table D-2, the following conclusions are drawn 

regarding unclaimed springs on the Hopi Indian Reservation:  

• ADWR identified 42 unclaimed springs through its field investigations, use of 

topographic maps, published reports, and comparison of these data sources to 

Table D-1. 

• 4 of the unclaimed springs are located at, or in the vicinity of, claimed springs, 

and 1 spring site may have been claimed as a well.  Three other unclaimed springs 

are found off Reservation in Pasture Canyon and believed to be used for irrigation 

of Hopi agricultural lands near Moenkopi Village. Three unclaimed springs are 

located on Hopi allotted lands near Moenkopi that may also be outside of the 

Reservation boundary.  Finally, one unclaimed spring (Cliff Spring) is located on 

Navajo Partitioned Land east of the Reservation. 

• A total of 29 or about 69% of the unclaimed springs had discharge data.  Reported 

discharges for these springs totaled from 30 to 31 gpm.   

• 1 or about 2% of the unclaimed springs is known to be fed by alluvial aquifers.  

Reported discharge from this spring was 2 gpm. 

• 1 or about 2% of the unclaimed springs is known to be fed by colluvial aquifers.  

Reported discharge from this spring was 0.2 gpm. 

• 13 or about 31% of the unclaimed springs are known to be fed by Mesa Verde 

Formation aquifers.  Reported discharge from the 11 Mesa Verde Formation 

springs has ranged from 0 to 8.5 gpm and totaled 18 gpm. 

• 1 or about 2% of the unclaimed springs is known to be fed by the D Aquifer.  

Reported discharge from this spring was 0.1 to 1 gpm. 
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• 7 or about 17% of the unclaimed springs are in the Moenkopi area and known to 

be fed by the N Aquifer.  Five of these springs have been recorded as seeps. 

• It is unknown what water-bearing unit supplies the remaining 19 or about 46% of 

the unclaimed springs.  Ten of these springs had reported discharges that ranged 

from 0 to 7.5 gpm and totaled about 9 gpm. 

• Water quality data were only available for four unclaimed springs – one colluvial 

spring, one Mesa Verde Formation spring, and two of unknown origin.  Three of 

these springs exceeded the secondary drinking water standard for TDS. 

• 10 of the unclaimed springs are reported to have some form of improvement.  12 

of the springs are reported to be used for stock, domestic, and/or irrigation 

purposes. 
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S-1-3 S011 Smoke Hole Tank 513342 4013526 1 5,947 1 <0.01 4.0 N/A No a a CE,D,S

S-1-4 S012  Kai Si Kato 1A-66 517830 4017572 2 5,902 1 4 4.0 Mesa Verde Group Yes NO3 TDS a a CE,D,S D,S

S-1-5 S013 Unnamed 520671 4019019 2 6,147 4.0 N/A No CE,D,S
Topo indicates claimed site located near a water 
storage structure; spring maybe dry; ADWR did 
not find spring at claimed location.

S-1-6 S014 Well under the Rock 1A-64 517744 4024065 2 6,128 1 0.1 4.0 Mesa Verde Group No a a CE,D,S D,S

S-1-7 S015 Unnamed 514522 4013306 2 5,964 4.0 N/A No CE,D,S
Topo map indicates claimed site located near a 
water storage structure; spring maybe dry; 
ADWR did not find spring at claimed location.

S-1-339 S016 Unnamed 1A-73 501223 4013418 2 5,504 2 1 4.0 N Aquifer Yes NO3 TDS a TR CE,D,S Not on original claim; ADWR did not find spring 
at claimed location.

S-2-1 S021 Wet Hole 2A-60 543897 4026777 2 5,953 4.0 Alluvial Aquifer No a CE,S S

S-2-8 S022 Unnamed 525024 4014255 2 5,824 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-2-9 S023 Unnamed 524298 4015239 2 5,977 4.0 N/A No CE,D,S

S-2-10 S024 Blu Moencopi JUA2456 527349 4012690 2 5,663 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-2-11 S025 Coal Slurry 2A-56   529523 4016543 1 5,642 2 <0.01 - 3 4.0 Mesa Verde Group Yes SO4, TDS SO4 a a CE,S

S-2-12 S026  Cottonwood JUA2-4-2 531399 4017624 1 5,866 1 <0.01 4.0 N/A Yes a a SP CE,D,S

S-2-13 S027 White Sandstone JUA-2-4-1 531037 4017961 1 5,740 1 0 4.0 N/A No a CE,D,S ADWR observed spring dry during their visit

S-2-14 S028 Dog 532211 4020564 2 6,078 4.0 N/A No a CE,D,S

S-2-15 S029  Kydestea 2A-55 529495 4020365 2 5,756 1 3 4.0 Alluvial Aquifer Yes SO4, TDS SO4 a a CE,D,S

S-2-16 S0210 Marked trail  02A-08 528116 4021789 1 5,882 1 0 4.0 Mesa Verde Group No a a CE,D,S S ADWR observed spring dry during their visit

S-2-17 S0211 Cottonwood 2A-07 526405 4023489 1 6,047 1 0 4.0 Mesa Verde Group No a a CE,S S ADWR observed spring dry during their visit

S-2-18 S0212 Twin Corral 2A-54 531885 4025477 1 5,940 1 0 4.0 Mesa Verde Group No a a CE,S S ADWR observed spring dry during their visit

S-2-19 S0213  Walk A Mile 4K-349 542763 4014653 2 6,461 4.0 Colluvial Aquifer Yes TDS a a CE, D,S D Previously reported as a well

S-2-20 S0214 Red Willow 4M-60 540670 4020764 1 6,193 1 0 4.0 N/A No a CE,D,S Claim name believed to be incorrect; ADWR 
observed spring dry during their visit

S-2-21 S0215 Two Headed Snake 4M-61 536529 4019287 2 6,027 4.0 Mesa Verde Group Yes SO4 a TR CE,D,S D,S Previously reported as a well; ADWR did not 
find spring at claimed location.

S-2-22 S0216  Cottonwood JUA2-2-7 541415 4020796 1 6,188 1 <0.01 4.0 N/A No a a a PI CE,D,S

S-2-23 S0217 Looking Woman 543429 4020705 2 6,339 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-2-24 S0218 Black Horse JUA2-2-6 543055 4021092 1 6,218 4.0 N/A No a a SP CE,D,S

S-2-25 S0219 Side Wash JUA2-5-1 538137 4022252 2 5,951 4.0 N/A No a CE,D,S ADWR unable to access claimed spring 
location.

S-2-26 S0220 Narrow Neck 2A-58 538733 4022778 2 5,844 4.0 Alluvial Aquifer No a CE,D,S S ADWR did not find spring at claimed location.

S-2-27 S0221 Gravel Hole 2A-61 541937 4025042 2 5,900 4.0 Alluvial Aquifer No a CE,D,S S

S-2-210 S0222 2A-59 540434 4024033 2 5,901 4.0 Alluvial Aquifer No a CE,D,S S

S-2-212 S0223 3A-189A 535606 4013412 2 6,380 1 7 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-2-300 S0224 Unnamed 4M-60, Red Willow 540643 4019177 2 6,097 1 2 4.0 Mesa Verde Group No a a C,TR CE,D,S D,S

S-3-2 S031 Landslide 547853 4027753 2 6,201 4.0 N/A No CE,D,S ADWR unable to access claimed spring 
location.

S-3-28 S032 Many Sheep 552631 4016288 2 6,525 4.0 N/A No a CE,D,S See unclaimed spring S032A; ADWR did not 
find spring at claimed location.

S-3-29 S033 Flat Top Slide 548251 4025185 1 5,950 1 <0.01 4.0 N/A Yes TDS a CE,D,S

S-3-30 S034 Post 552505 4017906 1 6,571 1 <0.01 4.0 N/A No a CE,D,S

S-3-31 S035 Owl 551133 4024968 2 6,638 4.0 N/A No a CE,D,S ADWR unable to access claimed spring 
location.

S-3-226 S036 4M-190A 554858 4028845 2 6,468 2 2 4.0 Mesa Verde Group No a CE,D,S D,S Located on the PWCC leasehold.

S-3-227 S037 4M-207 551478 4018143 2 6,736 4.0 Mesa Verde Group No a CE,D,S S ADWR did not find spring at claimed location.

S-3-228 S038 4M-58 549466 4016534 2 6,763 4.0 Mesa Verde Group No a TR,A CE,D,S D,S Previously reported as a well; ADWR did not 
find spring at claimed location.

S-4-211 S041 3A-15 484470 3994256 2 4,813 2 2 4.0 N Aquifer No a TR CE,D,S S
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S-4-213 S042 3A-23 Seller, Piisave, 
Piisava 477791 3982620 2 5,123 1 0.2 4.0 N Aquifer No a a TR CE,D,S S

S-4-214 S043 3A-25 478033 3980689 2 4,873 2 0.2 - 0.5 4.0 N Aquifer No a TR CE,D,S S

S-4-215 S044 3B-265 479964 3996187 2 4,787 2 3 - 10 4.0 N Aquifer No a C,TR CE,D,S IR,S
Claimed location places spring in residential 
area; ADWR did not find spring at claimed 
location.

S-4-216 S045 3B-266 479883 3996348 2 4,807 2 0 - 3 4.0 N Aquifer No a P,C CE,D,S
Claimed location places spring in residential 
area; ADWR did not find spring at claimed 
location.

S-4-218 S046 3-GS-77-6 480224 3995847 2 4,732 4.0 N Aquifer Yes a CE,D,S
Claim name believed to be incorrect; claimed 
location places spring in residential area; ADWR 
did not find spring at claimed location.

S-4-257 S047 Unnamed 475710 3993497 2 4,800 4.0 N/A No a CE,D,S

S-4-258 S048 Unnamed 476404 3994186 2 4,668 4.0 N/A No a CE,D,S

S-4-259 S049 Unnamed 3A-17, Tonali 478110 3984050 2 5,034 3 0.8 - 3 4.0 N Aquifer Yes Al, Fe, Mn a a CE,D,S S

S-4-260 S0410 Unnamed Toh Nee Di Kishi 477078 3987108 2 4,955 4.0 N/A Yes Al a a CE,D,S

S-4-261 S0411 Unnamed 475679 3993718 2 4,701 4.0 N/A No a CE,D,S Multiple springs at this location, see unclaimed 
springs

S-4-262 S0412 Unnamed 477118 3994584 2 4,613 4.0 N/A No a CE,D,S

S-4-263 S0413 Unnamed 477205 3994601 2 4,622 4.0 N/A No a CE,D,S

S-4-264 S0414 Unnamed 477313 3994604 2 4,693 4.0 N/A No a CE,D,S

S-4-265 S0415 Unnamed 480137 3996133 1 4,754 1 0 4.0 N Aquifer No a a SP CE,D,S ADWR observed spring dry during their visit

S-4-266 S0416 Unnamed

3GS-77-6, 
Moenkopi School 

Spring (5m), 
Susungva

90400393 Lower 
Moencopi 480135 3996022 1 4,749 19 8 - 45 4.0 N Aquifer Yes a a a CO,PI,SP,TA CE,D,S CE,IR,PS

S-4-267 S0417 Unnamed 480145 3996108 1 4,738 1 NA 4.0 N Aquifer Yes a a a PI,SP,TA CE,D,S IR,PS Unable to measure flow due to spring house

S-4-268 S0418 Unnamed 480158 3996037 1 4,734 1 0 4.0 N Aquifer No a CE,D,S ADWR observed spring dry during their visit

S-4-269 S0419 Unnamed 480461 3995848 1 4,697 1 <0.01 4.0 N Aquifer No a a UD,PO CE,D,S IR

S-4-270 S0420 Unnamed 480928 3996626 2 4,790 4.0 N Aquifer No a CE,D,S

S-4-271 S0421 Unnamed 480855 3995840 1 4,718 1 <0.01 4.0 N Aquifer No a a CE,D,S

S-4-272 S0422 Unnamed 480935 3995794 1 4,678 1 <0.01 4.0 N Aquifer No a a CE,D,S IR

S-4-273 S0423 Unnamed 480954 3995789 1 4,702 1 <0.01 4.0 N Aquifer No a CE,D,S IR

S-4-274 S0424 Unnamed 481131 3995588 1 4,650 1 0 4.0 N Aquifer No a PI,TA CE,D,S IR ADWR observed spring dry during their visit

S-4-275 S0425 Unnamed 481450 3995733 1 4,737 1 <0.01 4.0 N Aquifer No a a PI,TA CE,D,S IR

S-4-276 S0426 Unnamed 481619 3995741 1 4,693 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-277 S0427 Unnamed 482178 3995482 2 4,729 4.0 N Aquifer No a CE,D,IR,S 

S-4-278 S0428 Unnamed 482336 3995624 1 4,767 1 <0.01 4.0 N Aquifer No a CE,D,IR,S 

S-4-279 S0429 Unnamed 482537 3995434 1 4,679 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-280 S0430 Unnamed 482543 3995442 1 4,690 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-281 S0431 Unnamed 482581 3995410 1 4,679 1 <0.01 4.0 N Aquifer No a CE,D,S S

S-4-282 S0432 Unnamed 482697 3995382 1 4,702 1 <0.01 4.0 N Aquifer No a CE,D,S S

S-4-283 S0433 Unnamed 482755 3995382 1 4,701 1 <0.01 4.0 N Aquifer No a CE,D,S S

S-4-284 S0434 Unnamed 482509 3994580 2 4,744 4.0 N Aquifer No a CE,D,S

S-4-285 S0435 Unnamed 482821 3995339 1 4,679 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-286 S0436 Unnamed 482944 3995386 1 4,705 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-287 S0437 Unnamed 483309 3995305 1 4,667 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-288 S0438 Unnamed 483373 3995312 1 4,723 1 <0.01 4.0 N Aquifer No a CE,D,S S

S-4-289 S0439 Unnamed 483397 3995309 1 4,721 1 <0.01 4.0 N Aquifer No a CE,D,S S

S-4-290 S0440 Unnamed 483467 3995245 1 4,711 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-291 S0441 Unnamed 483565 3995206 1 4,721 1 <0.01 4.0 N Aquifer No a CE,D,S
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S-4-292 S0442 Unnamed 484151 3995134 2 4,683 4.0 N Aquifer No a CE,D,S

S-4-293 S0443 Unnamed 484636 3995628 1 4,742 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-294 S0444 Unnamed 484768 3995658 1 4,741 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-295 S0445 Unnamed 484757 3995599 1 4,682 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-296 S0446 Unnamed 485563 3996097 1 4,744 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-297 S0447 Unnamed 485067 3995929 1 4,676 1 0.5 4.0 N Aquifer No a CE,D,S

S-4-298 S0448 Unnamed 485045 3995925 1 4,683 1 <0.01 4.0 N Aquifer No a CE,D,S

S-4-299 S0449 Unnamed Ironwood, 
Otopsapva 484652 3993788 2 4,849 4.0 N Aquifer No a a CE,D,S

S-4-343 S0450 Unnamed 481740 4002033 2 4,982 1 19 19.0 N Aquifer No a CE,D,S CE,IR
Located outside claimed reservation boundary; 
not on original claim; discharge from claim; 
ADWR did not find spring at claimed location.

S-4-344 S0451 Unnamed 481705 4002327 1 4,971 2 <0.01 - 19 19.0 N Aquifer No a CE,D,S CE,IR Located outside claimed reservation boundary, 
not on original claim; one discharge from claim.

S-4-345 S0452 Unnamed 481704 4002166 2 5,007 1 19 19.0 N Aquifer No a CE,D,S CE,IR
Located outside claimed reservation boundary; 
not on original claim; discharge from claim; 
ADWR did not find spring at claimed location.

S-4-346 S0453 Unnamed 481818 4002282 2 5,031 1 19 19.0 N Aquifer No a CE,D,S CE,IR
Located outside claimed reservation boundary; 
not on original claim; discharge from claim; 
ADWR did not find spring at claimed location.

S-4-347 S0454 Unnamed 481863 4002344 2 4,995 1 19 19.0 N Aquifer No a CE,D,S CE,IR Located outside claimed reservation boundary; 
not on original claim; discharge from claim.

S-4-348 S0455 Unnamed 481867 4002614 1 5,005 2 <0.01 - 19 19.0 N Aquifer No a CE,D,S CE,IR Located outside claimed reservation boundary, 
not on original claim; one discharge from claim.

S-4-349 S0456 Unnamed 481807 4002713 1 5,040 2 <0.01 - 19 19.0 N Aquifer No a a CE,D,S CE,IR Located outside claimed reservation boundary, 
not on original claim; one discharge from claim.

S-4-350 S0457 Unnamed 481942 4002658 2 5,032 1 19 19.0 N Aquifer No a CE,D,S CE,IR
Located outside claimed reservation boundary; 
not on original claim; discharge from claim; 
ADWR did not find spring at claimed location.

S-4-351 S0458 Unnamed 481939 4002730 2 5,028 1 19 19.0 N Aquifer No a CE,D,S CE,IR
Located outside claimed reservation boundary; 
not on original claim; discharge from claim; 
ADWR did not find spring at claimed location.

S-4-352 S0459 Unnamed 481886 4002966 1 5,027 2 <0.01 - 19 19.0 N Aquifer No a CE,D,S CE,IR Located outside claimed reservation boundary, 
not on original claim; one discharge from claim.

S-4-353 S0460 Unnamed 3A-5, Pasture 
Canyon 481888 4003001 1 5,032 3 (13) <0.01 - 19      

(31 -326) 19.0 N Aquifer No a CE,D,S CE,IR

Located outside claimed reservation boundary, 
not on original claim; one discharge from claim; 
(USGS measured the combined flow from 
several upstream springs: some discharges 
may have been reduced by irrigation 
diversions)

S-4-354 S0461 Unnamed 481900 4003025 1 5,031 2 <0.01 - 19 19.0 N Aquifer No a CE,D,S CE,IR

Located outside claimed reservation boundary, 
not on original claim; one discharge from claim; 
(flow may be reflected at USGS gage at S-4-
353)

S-4-355 S0462 Unnamed 481916 4003048 1 5,032 2 <0.01 - 19 19.0 N Aquifer No a CE,D,S CE,IR

Located outside claimed reservation boundary, 
not on original claim; one discharge from claim; 
(flow may be reflected at USGS gage at S-4-
353)

S-4-356 S0463 Unnamed 481932 4003070 1 5,034 2 <0.01 - 19 19.0 N Aquifer Yes a a CE,D,S CE,IR

Located outside claimed reservation boundary, 
not on original claim; one discharge from claim; 
(flow may be reflected at USGS gage at S-4-
353)

S-4-357 S0464 Unnamed 482023 4003132 1 5,082 2 <0.01 - 19 19.0 N Aquifer No a CE,D,S CE,IR

Located outside claimed reservation boundary, 
not on original claim; one discharge from claim; 
(flow may be reflected at USGS gage at S-4-
353)
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S-4-358 S0465 Unnamed 482055 4003177 1 5,058 2 <0.01 - 19 19.0 N Aquifer No a a CE,D,S CE,IR

Located outside claimed reservation boundary, 
not on original claim; one discharge from claim; 
(flow may be reflected at USGS gage at S-4-
353)

S-4-359 S0466 Unnamed 482065 4003332 1 5,054 2 9 - 19 19.0 N Aquifer Yes a UD CE,D,S CE,IR

Located outside claimed reservation boundary, 
not on original claim; discharge from claim; 
(flow may be reflected at USGS gage at S-4-
353)

S-4-360 S0467 Unnamed 3A-5A, Eagle Nest, 
Talakwava 482340 4004173 2 5,164 1 50 4.0 N Aquifer No a CE,D,S  

Located outside claimed reservation boundary; 
not on original claim; ADWR did not find spring 
at claimed location.

S-5-32 S051 Nee De Miso Bito,    
1A-74 500855 4010110 1 5,319 3 <0.01 - 2 4.0 N Aquifer No a a CE,S S

S-5-33 S052 Nee De Miso Bito 1A-75 500870 4009773 1 5,278 2 <0.02 - 5 4.0 N Aquifer Yes SO4, TDS a a a PI,SP,TA CE,D,S S

S-5-34 S053 Bitter 1A-76 508919 4010330 1 5,583 1 0 4.0 Alluvial Aquifer Yes NO3 SO4, TDS SO4 a a a PI,SP CE,D,S Previously reported as a well; ADWR observed 
spring dry during their visit

S-5-35 S054 Cold Water 502042 4005058 2 5,138 4.0 N/A No a CE,D,S

S-5-36 S055 01A-83 Sand 506346 4002575 2 5,227 2 0.1 - 2 4.0 N Aquifer No a a TR CE,D,S D,S

S-5-37 S056 Wildhorse 511102 3999749 2 5,336 4.0 N/A No a CE,D,S

S-5-38 S057 4 Sheep 514615 4002215 2 5,250 4.0 N/A No a CE,D,S Multiple springs at this location, see unclaimed 
springs

S-5-39 S058 Base of Cottonwood 517503 4007396 2 5,841 4.0 N/A No a CE,D,S

S-5-57 S059 Round Rock 506375 3996783 2 5,375 4.0 N/A No a CE,D,S ADWR unable to access claimed spring 
location.

S-5-58 S0510 Muddy Water 505050 3996011 1 5,125 1 NA 4.0 N/A No a CE,D,S Direct access restricted

S-5-59 S0511 Nez 506429 3990621 2 5,391 4.0 N/A No a CE,D,S

S-5-60 S0512 Badger Honanva, Upper 
Badger 512072 3988860 1 5,586 2 <0.01 - 0.23 4.0 D Aquifer Yes TDS a a a CO,PI,TR CE,D,S D,S

S-5-61 S0513 Lower Badger 3M-159 511976 3989098 1 5,564 2 <0.01 - 1.8 4.0 D Aquifer Yes NO3 F, SO4, TDS F a a a CO CE,D,S D,S

S-5-62 S0514 03M-159A2  512085 3988778 2 5,581 4.0 D Aquifer No CE,D,S ADWR did not find spring at claimed location.

S-5-63 S0515 JUA2-8-844B 521484 3992647 2 5,681 4.0 N/A No CE,D,S

S-5-64 S0516 Log Crib 522122 3993432 1 5,472 1 NA 4.0 N/A No a a CE,D,S Direct access restricted

S-5-65 S0517  2-9-139A Shale 520778 3995295 2 5,496 4.0 N/A No a CE,D,S

S-5-66 S0518 JUA2-8-344A Willow 519425 3996463 2 5,693 1 6 6.0 N/A No a CE,D,S Discharge from claim

S-5-206 S0519 1A-70 505402 4011344 2 5,426 1 <0.1 4.0 N Aquifer No a A CE,D,S D Previously reported as a well

S-5-207 S0520 1A-79 517874 4010459 2 5,831 4.0 Mesa Verde Group No a CE,D,S

S-5-209 S0521 1A-82 509747 4001688 2 5,099 1 2 4.0 Alluvial Aquifer No a CE,D,S S ADWR did not find spring at claimed location.

S-5-217 S0522 3GS-76-1 Muddy Water 504275 3996619 2 5,308 1 15 4.0 N Aquifer No a CE,D,S S

S-5-301 S0523 Bat 3M-160 513753 3986779 2 5,663 4.0 Alluvial Aquifer No a a CE,D,S S Previously reported as a well

S-6-40 S061 Unnamed 523836 3997874 1 5,572 1 0 4.0 N/A No a a CE,D,S ADWR observed spring dry during their visit

S-6-41 S062 Hand Built Spring JUA-2-9-391 524782 3997931 1 5,709 1 <0.01 4.0 N/A No a CE,D,S

S-6-42 S063 Toh-ah-chi JUA-2-A-163 530674 3996742 2 6,056 4.0 N/A No CE,D,S Duplicate of claimed spring S-6-335; ADWR did 
not find spring at claimed location.

S-6-43 S064 Nakai Yazzie 4M-143 529341 3999263 2 5,813 4.0 Mesa Verde Group No a a TR CE,D,S D,S Previously reported as a well

S-6-44 S065 04M-137 Cottonwood 525135 4001469 2 5,580 1 0.5 4.0 Alluvial Aquifer No a a CE,D D,S Previously reported as a well

S-6-45 S066 Danger JUA-2-10-384A 531894 4004880 2 5,894 4.0 N/A No a CE,D,S

S-6-46 S067 Sand JUA-2-9-80A 530289 4006846 2 5,805 4.0 N/A No a CE,D,S

S-6-47 S068 2 Sheep 1A-80, Many Fast 
Drips 524597 4006304 2 5,390 2 1 - 10 4.0 Mesa Verde Group No a CE,D,S S Two springs .5 mile apart with the same name, 

see claimed spring S069; ADWR did not find 

S-6-48 S069 Many Fast Drip JUA-2-10-80 523836 4005952 1 5,415 1 <0.01 4.0 Mesa Verde Group Yes a CE,D,S Two springs .5 mile apart with the same name, 
see claimed spring S068

S-6-49 S0610 Horse Thief 524663 4009416 2 5,594 4.0 N/A No a CE,D,S

S-6-50 S0611 Cliff Dwelling JUA2-10-384B 533770 4004271 2 5,860 4.0 N/A No a CE,D,S

S-6-51 S0612 Horse JUA2-11-384 538040 4004566 2 6,141 4.0 N/A No a CE,D,S
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S-6-52 S0613 Narrow Ledge JUA2-4-1940 533838 4008200 1 5,935 1 <0.01 4.0 N/A Yes a CE,D,S

S-6-53 S0614 Big Mountain Big Mountain Ruin 541969 4008219 2 6,422 4.0 N/A No a CE,D,S

S-6-54 S0615 Sweet Water 4M-194E 536917 4009995 1 6,015 3 <0.01 - 10 4.0 Alluvial Aquifer Yes Al, pH, SO4, TDS a a a SP CE,D,S D,S

S-6-55 S0616 Kinni Taah 4M-144A 536700 4010215 1 6,062 1 <0.01 4.0 N/A Yes a a a SP CE,D,S

S-6-67 S0617 Ba Ha Zohnnie Bito 4M-123 533704 3988804 2 5,966 4.0 Mesa Verde Group No a a H,TR CE,D,S D,S Previously reported as a well

S-6-68 S0618 Bobcat JUA-2-A-393 525076 3985410 1 6,022 1 <0.01 4.0 N/A Yes a CE,D,S

S-6-69 S0619 Salt Seep JUA-2-149 527910 3985425 2 5,931 4.0 N/A No a CE,D,S CE ADWR denied access

S-6-70 S0620 Dove 4A-149A 528269 3986452 1 5,955 1 <0.02 4.0 N/A Yes a a a PI,SP,TA CE,D,S D,IR,S

S-6-71 S0621 Sunlight 528610 3986466 1 6,022 1 <0.01 4.0 N/A No a a CE,D,S

S-6-72 S0622 Wash Ruins 529105 3987401 2 5,996 4.0 N/A No a CE,D,S

S-6-73 S0623 Cottonwood,        
White Cave 4M-149 531474 3988188 2 6,042 3 0.1 - 1 4.0 Mesa Verde Group No a a CE,D,S D,S

S-6-74 S0624 Ba Ha Zohnnie Bito 533755 3988773 2 5,966 4.0 N/A No a CE,D,S

S-6-75 S0625 Tis Ya Toh 4M-139 524884 3992245 1 5,815 4 0 - 1.5 4.0 Mesa Verde Group Yes NO3 a a a H, TR CE,D,S D,S One discharge from claim; ADWR observed 
spring dry during their visit

S-6-76 S0626 Tochai To Cai 535359 3987978 2 5,852 4.0 N/A No a CE,D,S

S-6-77 S0627 Toh Ah Honnie Betoh 534568 3991950 2 6,060 4.0 N/A No a CE,D,S

S-6-208 S0628 1A-80A 523357 4008695 2 5,785 1 0.1 4.0 Alluvial Aquifer No a CE,D,S D,S

S-6-222 S0629 4M-139  524805 3992521 2 5,921 4.0 Mesa Verde Group No CE,D,S
Claim name believed to be incorrect; possible 
duplicate of claimed spring S-6-75; ADWR did 
not find spring at claimed location.

S-6-223 S0630 4M-142 533576 3991878 2 6,135 1 0.8 4.0 Mesa Verde Group Yes NO3 a CE,D,S D,S Previously reported as a well

S-6-224 S0631 4M-145 534220 4004028 2 6,029 2 0.1 4.0 Mesa Verde Group No a CE,D,S S

S-6-225 S0632 4M-146 533415 4004994 2 5,988 2 1 4.0 Mesa Verde Group No a CE,D,S S

S-6-229 S0633 4M-66 534220 4008293 2 5,999 2 4 4.0 Mesa Verde Group No a CE,D,S S ADWR did not find spring at claimed location.

S-6-248 S0634 4T-519/BM OBS 5 544055 3985553 2 5,862 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-6-335 S0635 Toh-Ah-Chi 530587 3997966 1 5,960 1 <0.01 4.0 N/A Yes a a SP,TR CE,D,S  D,S 

S-6-336 S0636 Toh Honi Ni Toh Honie 534414 3992017 2 6,062 4.0 N/A Yes SO4 a a CE,D,S

S-7-56 S071 Big Mountain 4M-187 547137 4008246 2 6,615 2 0.1 4.0 Mesa Verde Group No a a TR CE,D,S

S-7-78 S072 Hastiin Akahibito 561528 3985596 2 6,342 4.0 Mesa Verde Group No a CE,D,S

S-7-79 S073 Crooked Finger 4M-105 561541 3987199 2 6,404 2 0.5 4.0 Mesa Verde Group No a a TR CE,D,S D,S

S-7-80 S074 Unnamed 561516 3987322 2 6,401 4.0 Mesa Verde Group No a CE,D,S

S-7-81 S075 Under Rock 4M-102 562288 3988518 1 6,419 4 <0.01 - 0.5 4.0 Mesa Verde Group Yes a a a SP,TR CE,D,S S 

S-7-82 S076 Unnamed 562209 3988374 2 6,486 4.0 N/A No CE,D,S Possible duplicate of claimed spring S-7-81; 
ADWR did not find spring at claimed location.

S-7-83 S077 Rough Rock 4M-104 561732 3988984 1 6,467 3 0.3 - 0.5 4.0 Mesa Verde Group Yes a a a PI,SP,TR CE,D,S D,S

S-7-219 S078 4GS-74-1 546302 4000954 2 6,167 4.0 Mesa Verde Group No a CE,D,S

S-7-220 S079 4M-103 562556 3988080 2 6,382 1 0.5 4.0 Mesa Verde Group No a CE,D,S D,S Previously reported as a well

S-7-221 S0710 4M-105A 561349 3985505 2 6,309 4.0 Mesa Verde Group No a CE,D,S D Previously reported as a well

S-7-237 S0711 6K-314 553705 3985666 2 6,155 1 0.1 4.0 Mesa Verde Group No a CE,D,S D,S

S-7-238 S0712 6K-315 553383 3984459 2 6,159 1 0.1 4.0 Mesa Verde Group No a CE,D,S D,S

S-7-240 S0713 6M-130 554187 3987275 2 6,147 1 0.2 4.0 Mesa Verde Group No a CE,D,S D,S

S-8-84 S081 JUA-5B-332 510455 3970722 2 5,731 4.0 N/A No a CE,D,S ADWR unable to access claimed spring 
location.

S-8-85 S082 Unnamed 510132 3976465 1 6,182 1 0 4.0 Mesa Verde Group No a CO,TR CE,D,S D,S ADWR observed spring dry during their visit

S-8-86 S083 New  Per hoo bah 502880 3981222 2 6,055 4.0 N/A No a CE,S S

S-8-87 S084 Unnamed 521760 3978018 2 5,578 4.0 N/A No a CE,D,S
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S-8-117 S085 Dinnebito 508097 3961217 2 5,194 4.0 N/A Yes pH a a CE,D,S

S-8-118 S086 Hock 3M-172 508428 3967393 2 5,523 2 1 - 2 4.0 Alluvial Aquifer Yes SO4, TDS a a TR CE,D,S D,S Previously reported as a well; one discharge 
from claim

S-8-119 S087 Hamana 518323 3961493 2 5,912 4.0 N/A No CE,D,S

S-8-243 S088 6M-45 521084 3957383 2 5,605 4.0 Alluvial Aquifer No a CE,D,S D,S Previously reported as a well

S-8-337 S089 Red Clay 520607 3969522 1 5,699 1 0 4.0 Alluvial Aquifer No a a OT CE,D,S Also claimed as well W-8-83; ADWR observed 
spring dry during their visit

S-9-88 S091  Mumurva  Monusva, 6M-58 528120 3970972 2 5,984 4.0 Colluvial Aquifer Yes NO3 SO4, TDS a a CE,D,S D Previously reported as a well

S-9-89 S092 Hoovi Pa Dove 530914 3973976 1 6,182 1 <0.01 4.0 N/A No a a CE,D,S CE 

S-9-90 S093  Bacavi  6M-72, Paaqavi 530719 3975201 2 6,235 3 0 - 15 4.0 Mesa Verde Group Yes  NO3  SO4 a a P CE,D,S D,IR

S-9-91 S094 Unnamed 532410 3976458 1 6,212 1 <0.01 4.0 N/A Yes TDS a CE,D,S

S-9-92 S095 Hotevilla  Hotvela 529469 3975857 1 6,339 4 1 - 7.2 4.0 Mesa Verde Group Yes Pb, NO3 Al, SO4, TDS a a a PI,PO,SP CE,D,IR,S D,IR,S

S-9-93 S096 Unnamed 542779 3975164 2 6,042 4.0 N/A No CE,D,S

S-9-94 S097 Ba Du We 542811 3978892 2 5,835 4.0 N/A No CE,D,S

S-9-95 S098 06M-63 532884 3980667 2 5,978 4.0 N/A No CE,D,S Claim name believed to be incorrect

S-9-111 S099 Unnamed 532163 3972469 2 6,104 4.0 N/A No CE,D,S ADWR did not find spring at claimed location.

S-9-120 S0910 Stinkbug  Hohoyawva 542215 3962036 2 6,224 4.0 N/A No a a CE,D,S

S-9-121 S0911 Grooming Naftakinva 542963 3962530 1 6,254 2 <0.01 - 1 4.0 Colluvial Aquifer Yes TDS a a a SP,TR CE,D,S CE,S 

S-9-122 S0912 Brownrock 6H-27 542239 3962375 2 6,267 2 0.1 - 0.8 4.0 Mesa Verde Group No a a CE,D,S CE,D,S

S-9-123 S0913 White Hall (1 of 2) Qotsatspelvi, 
Tuyqava, Whitewall 542606 3962889 2 6,328 4.0 Colluvial Aquifer No a a CE,D,S CE,IR

S-9-124 S0914 White Hall (2 of 2) Qotsatspelvi, 
Tuyqava, Whitewall 542616 3962928 2 6,313 4.0 Colluvial Aquifer No a a CE,D,S IR

S-9-125 S0915 Unnamed 543265 3962935 2 5,946 4.0 Mesa Verde Group No CE,D,S

S-9-126 S0916 Corner 6H-27A, Popsova 542677 3963275 2 6,285 1 0.2 4.0 Mesa Verde Group No a a CE,D,S  IR

S-9-127 S0917 Sueiva 6H-26, Suvebi, 
Suwviva, Suuviva 542588 3963274 2 6,331 2 0.2 - 4 4.0 Mesa Verde Group No a a CE,D,S D,IR,S Same name but different location and discharge 

than Unclaimed spring 6H-26

S-9-128 S0918 Bluebird Tsorva 541757 3963451 2 6,260 4.0 Mesa Verde Group No a a CE,D,S  CE

S-9-129 S0919 Shaded 543085 3963704 2 6,273 4.0 N/A No a a CE,D,S

S-9-130 S0920 6H-24 544539 3965237 2 6,280 1 0.5 4.0 Mesa Verde Group No a a CE,D,S D,S

S-9-131 S0921 Dove Howiipa 541987 3965065 2 6,188 4.0 N/A No a a CE,D,S

S-9-132 S0922 Cave 539907 3967263 2 6,163 4.0 N/A No a CE,D,S

S-9-133 S0923 Unnamed 542489 3967768 2 6,051 4.0 Mesa Verde Group No CE,D,S
Probably a duplicate of claimed springs S-9-134 
or S-9-135; ADWR did not find spring at claimed 
location.

S-9-134 S0924 Unnamed Ruins, 6M-39 542909 3968041 1 6,171 3 <0.01 - 0.5 4.0 Mesa Verde Group No a a a PO,TR CE,D,S D,S 

S-9-135 S0925  Ruins  Kucha'va, White 542972 3967993 2 6,060 4.0 Mesa Verde Group No a CE,D,S Claim name believed to be incorrect; ADWR did 
not find spring at claimed location.

S-9-163 S0926 06K-04S 530014 3963034 2 5,515 4.0 Mesa Verde Group No CE,S

Claim name believed to be incorrect; 6K-4S is in 
Keams Canyon as per PWCC; see unclaimed 
springs; ADWR did not find spring at claimed 
location.

S-9-302 S0927 Unnamed 6M-70A, 
Ho'onawpa, Bear 525797 3975741 2 5,938 1 0.1 4.0 Colluvial Aquifer No a a CE,D,S S

S-9-303 S0928 Unnamed 528315 3972346 1 6,081 1 0 4.0 N/A No a CE,D,S ADWR observed spring dry during their visit

S-9-304 S0929 Unnamed Siwukva, 6M-59 528824 3973060 2 6,387 1 3 4.0 Mesa Verde Group No a a C,TR CE,D,S S

S-9-305 S0930 Unnamed 532398 3976393 1 6,220 1 0 4.0 N/A No a CE,D,S ADWR observed spring dry during their visit

S-9-306 S0931 Unnamed 529973 3976340 1 6,210 1 <0.01 4.0 N/A No a PI,PO CE,D,S IR 

S-9-307 S0932 Unnamed 533884 3971212 2 5,900 4.0 N/A No CE,D,S

S-9-308 S0933 Unnamed 6M-63 540415 3980705 2 5,865 1 3 4.0 Mesa Verde Group No a a TR CE,D,S D,S

S-9-324 S0934 Gray 6H-29, Masiipa 543259 3961687 2 5,887 1 0 4.0 Colluvial Aquifer No a CE,D,S CE,D,IR,S Previously reported as dry

S-9-325 S0935 Lomova 6H-31 543196 3961886 1 5,887 3 0 - 0.5 4.0 Colluvial Aquifer No a a SP CE,D,S S ADWR observed spring dry during their visit
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S-9-326 S0936 Songoopa Sand Grass 543153 3962165 2 5,960 4.0 Colluvial Aquifer No a CE,S Spring disapeared in the 1870's after a local 
earthquake

S-9-340 S0938 Iskasokpu Burping Coyote 542620 3964830 2 6,279 4.0 N/A No a CE,D,S CE,D,S Not on original claim; ADWR did not find spring 
at claimed location.

S-9-341 S0939 Tuyqavi 542633 3963279 2 6,325 4.0 Mesa Verde Group No CE,D,S
Not on original claim; possible duplicate of 
claimed spring S-9-126; also same name as 
claimed spring S-9-124 which is .25 miles away 

S-9-342 S0937 Reservoir 532315 3970188 1 6,068 1 0 4.0 N/A No a CE,D,S Not on original claim; ADWR observed spring 
dry during their visit

S-10-96 S0101 Goat 545329 3976347 2 5,947 4.0 N/A No a a CE,D,S

S-10-97 S0102 Ceremonial Flute Leenagwva 556217 3974758 2 5,945 4.0 N/A No a a CE,D,S CE

S-10-98 S0103 Onion 4K-315 546358 3983631 2 5,916 3 0.1 - 2 4.0 Mesa Verde Group No a a CE,D,S D,S One discharge from claim

S-10-99 S0104 Sheep Kanelva 557247 3970162 2 6,080 4.0 N/A No a a CE,D,S CE,IR

S-10-100 S0105 Sand Hill 6H-03, Par veck pah 558916 3971775 2 6,221 2 0.5 - 0.8 4.0 Colluvial Aquifer Yes NO3 a a CE,D,IR,S D,IR,S

S-10-101 S0106 06H-02
Wepo South, 
Cottonwood, 
Cohoivaka

557001 3971776 2 5,928 3 2.7 - 25 4.0 Alluvial Aquifer No a a CE,D,IR,S S

S-10-102 S0107 Wepo Wipho, Cattail, Reed 557252 3971904 2 5,995 3 1.5 - 30 8.0 Mesa Verde Group Yes NO3, Se Al, SO4 Se a a CE,D,IR,S CE,D,IR,S One discharge from claim

S-10-103 S0108 Unnamed 6H-5 557728 3972650 1 5,987 2 <0.01 - 0.8 4.0 Mesa Verde Group Yes NO3 a a a PI CE,D,S D,IR,S

S-10-104 S0109 Fly 560543 3972218 2 6,079 4.0 N/A No a CE,D,S

S-10-105 S01010 Sand Pisava 558235 3974866 1 5,929 1 <0.01 4.0 Mesa Verde Group Yes a a a PI,SP,TR CE,D,S

S-10-106 S01011 Unnamed Sand (2) 558370 3974760 2 5,909 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-10-107 S01012 Donkey 6H-13, 559458 3976986 2 5,939 2 0.2 - 0.5 4.0 Mesa Verde Group No a a CE,D,S D,S

S-10-108 S01013 Manure 563269 3979557 2 6,309 4.0 N/A No a CE,D,S

S-10-109 S01014 06H-12 561067 3979893 2 6,088 1 0.5 4.0 Mesa Verde Group No a a CE,D,S D

S-10-110 S01015 Cat 566726 3981978 2 6,319 1 2 4.0 Mesa Verde Group No a a C,TR CE,D,S D,S

S-10-136 S01016  Lemova Lemeva, 6M-21 546674 3962213 2 5,900 1 2 4.0 Colluvial Aquifer No a a TR CE,D,S D,IR,S

S-10-137 S01017 Toreva Twisted Curve,    
6M-20 545347 3962252 2 5,892 4.0 N/A No a a CE,D,S CE,IR

S-10-138 S01018 Driftwood 560351 3963651 2 5,798 4.0 N/A No CE,D,S ADWR did not find spring at claimed location.

S-10-139 S01019 Aqwda 6H-22, Aqwpa 545643 3964054 2 6,261 1 1 4.0 Mesa Verde Group No a a CE,D,S D,S

S-10-140 S01020 Aqiva 6H-22A, Asuva, 
Ausuivi, Asayva 545639 3964662 2 6,270 1 0.2 4.0 Mesa Verde Group No a a CE,D,S D,IR,S

S-10-141 S01021 Twapa Tawapa, Sun 555224 3965139 2 5,783 4.0 N/A No a a CE,D,S CE,S

S-10-142 S01022 Unnamed South, Sour, 
Teveckya 554606 3966029 2 5,863 4.0 N/A No a a CE,D,S

S-10-143 S01023 Spider Kohkyangwva 554636 3966239 2 5,839 4.0 N/A No a a CE,D,S CE,D

S-10-144 S01024 Coyote 6B-3, Isva 555605 3966152 1 5,821 1 0 4.0 Colluvial Aquifer Yes NO3 Al, SO4, TDS SO4 a a a SP CE,D,IR,S CE,D ADWR observed spring dry during their visit

S-10-145 S01025 Flower 6M-68, Wuko'kwan 
tu kwi, Siipa 556243 3966844 1 5,792 4 <0.01 - 1 4.0 Colluvial Aquifer Yes SO4, TDS a a a OT CE,D,S CE,IR,S

S-10-146 S01026 Bean Morvia 556212 3969707 2 5,863 4.0 N/A No a a CE,D,S CE,IR,S

S-10-147 S01027 Unnamed Chief, Monwisva 565340 3957463 2 6,630 1 1.5 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-10-148 S01028 Buhu Va 563208 3960744 2 6,082 1 1 4.0 N/A No a CE,D,S Discharge from claim

S-10-149 S01029 06M-04 566243 3961013 2 6,028 1 4 4.0 Alluvial Aquifer Yes SO4, TDS a CE,S S

S-10-150 S01030 Sacatone 6M-3A, Wee ke be 567311 3964731 2 6,015 1 0.5 4.0 Mesa Verde Group No a a Re CE,D,S D,IR,S

S-10-151 S01031 Weni Bah
Wingva, Wiinpa, 

Standing Water, 6M-
27

561061 3969880 2 5,849 2 0.2 - 0.5 4.0 Colluvial Aquifer No a a C,TR CE,D,S CE,D,IR,S 

S-10-205 S01032 Skull 7H-69 561322 3975551 2 6,105 1 0.1 4.0 N/A No a C,TR CE,D,S ADWR did not find spring at claimed location.

S-10-231 S01033 6H-1 554482 3966144 2 5,836 4.0 Colluvial Aquifer No a CE,D,S D,S Previously reported as a well

S-10-232 S01034 6H-17 546679 3962443 2 5,891 4.0 Colluvial Aquifer Yes NO3 SO4, TDS a CE,D,S CE

S-10-233 S01035 6H-20 545389 3962443 2 5,950 4.0 Colluvial Aquifer Yes NO3 SO4, TDS a CE,D,S CE,D
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S-10-234 S01036 6H-6 556735 3970007 2 5,934 1 0.5 4.0 Colluvial Aquifer No a a CE,D,S IR,S

S-10-235 S01037 6H-7  558183 3974754 2 5,885 1 0.2 4.0 Mesa Verde Group No a C,H,TR CE,D,S D,IR,S ADWR did not find spring at claimed location.

S-10-236 S01038 6K-310S 545447 3982359 2 5,896 1 2 4.0 Mesa Verde Group No a a CE,D,S D,S

S-10-239 S01039 6M-12 565348 3959303 2 6,313 2 2 - 4 4.0 Mesa Verde Group No a a CE,D,S S

S-10-241 S01040 6M-302A  556896 3970087 2 5,941 4.0 Alluvial Aquifer No CE,D,S Claim name doesn't match 1960's report; 
ADWR did not find spring at claimed location.

S-10-242 S01041 6M-302B 556815 3970007 2 5,923 4.0 Alluvial Aquifer No CE,D,S Claim name doesn't match 1960's report

S-10-244 S01042 6M-68 Kwakatvi 556134 3967095 2 5,884 4.0 N/A No a CE,D,S CE,IR ADWR did not find spring at claimed location.

S-10-245 S01043 6M-70 548608 3975881 2 6,179 4.0 N/A No CE,D,S Claim name doesn't match 1960's report

S-10-246 S01044 6M-9 554723 3962765 2 5,583 4.0 Alluvial Aquifer Yes NO3 SO4, TDS a CE,D,S D,S Previously reported as a well

S-10-250 S01045 6-F-1 561136 3966214 2 5,782 4.0 N/A No a CE,D,S
Topo indicates claimed site located near a water 
storage structure; spring maybe dry; ADWR did 
not find spring at claimed location.

S-10-251 S01046 6K-305-94 554195 3956981 2 5,739 1 2 4.0 D Aquifer No a CE,D,S D,S Previously reported as a well; ADWR did not 
find spring at claimed location.

S-10-254 S01047 Harry K. 546012 3977873 2 5,996 4.0 N/A No a CE,D,S

S-10-309 S01048 Unnamed 553913 3970419 2 5,932 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-10-310 S01049 Sand 558300 3976972 2 5,938 4.0 N/A No CE,D,S

S-10-316 S01050 Unnamed Monowopsa, Owl 
Corner 566755 3968795 2 6,023 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-10-317 S01051 New Water 551800 3968096 2 5,821 4.0 N/A No a CE,S ADWR did not find spring at claimed location.

S-10-318 S01052 Big Water Wokokova 550828 3968134 2 5,875 4.0 N/A No a CE,S CE,IR,S ADWR did not find spring at claimed location.

S-10-319 S01053 Sand Water 556134 3968390 2 5,961 4.0 N/A No a CE,S CE,IR ADWR did not find spring at claimed location.

S-10-320 S01054 Short Roots Anapolva 554054 3964705 2 5,770 4.0 N/A No a CE,D,S CE,IR

S-10-321 S01055 Many Wind Water Hu cat we bah 553639 3957747 2 5,653 4.0 N/A No a CE,D,S
Topo indicates claimed site located near a water 
storage structure; spring maybe dry; ADWR did 
not find spring at claimed location.

S-10-322 S01056 Unnamed Jucqa-va, 
Motsifkyahoyvi 545253 3963196 2 6,223 4.0 N/A No a a CE,D,S ADWR did not find spring at claimed location.

S-10-323 S01057 Unnamed Driftwood, Talauva, 545260 3963737 1 6,301 1 <0.01 4.0 N/A Yes a a a PO CE,S CE,D,S

S-11-112 S0111 06M-82 574950 3972580 2 6,248 1 0.2 4.0 Mesa Verde Group Yes NO3 a a CE,D,S D,S

S-11-113 S0112 Unnamed 571591 3971633 2 6,138 4.0 N/A No CE,D,S ADWR did not find spring at claimed location.

S-11-114 S0113 D. Lalo 578047 3971831 2 6,627 4.0 N/A No CE,D,S
Claim name same as unclaimed spring 6A-21 
located 1.5 miles away; ADWR did not find 
spring at claimed location.

S-11-115 S0114 Unnamed 575304 3972924 2 6,203 4.0 Mesa Verde Group No a CE,D,S

S-11-116 S0115 07H-06 586898 3973498 2 6,799 2 0.5 - 0.8 4.0 Mesa Verde Group No a a TR CE,S D,S

S-11-152 S0116 Unnamed 568814 3959738 2 6,281 4.0 N/A No a CE,D,S

S-11-153 S0117 Unnamed 569086 3960264 2 6,281 4.0 Mesa Verde Group No a CE,D,S

S-11-154 S0118  Bluebird  Tsorva, 6M-11 568527 3960621 2 6,223 2 2 - 2.5 4.0 Mesa Verde Group Yes NO3 a a CE,D,IR,S D,IR,S One discharge from claim

S-11-155 S0119 Unnamed,          
Snowbird  Nu'vatotshba 570054 3962391 2 6,281 4.0 Mesa Verde Group No a a CE,D,IR,S

S-11-156 S01110 Unnamed 6M-4B 569893 3962665 2 6,289 1 0.2 4.0 Mesa Verde Group No a a CE,D,S CE,IR,S

S-11-157 S01111 06K-09S Baptist Church 572431 3963523 1 6,269 2 <0.01 - 0.5 4.0 Mesa Verde Group Yes a a OT CE,D D,S

S-11-158 S01112  Chili 6K-5S, Tsilvasa 573286 3962529 2 6,365 2 0.1 - 3 4.0 Mesa Verde Group No a a CE,D D,IR

S-11-159 S01113 06K-01S 574143 3962438 2 6,270 2 1.5 - 10 4.0 Mesa Verde Group Yes NO3 a a CE,D D,PS

S-11-160 S01114 Unnamed 575038 3962861 2 6,371 4.0 Mesa Verde Group No a CE,D,S

S-11-161 S01115 06K-02S 575274 3963157 2 6,376 2 3 - 5 4.0 Mesa Verde Group No a a CE,D,S D,S

S-11-162 S01116 06K-03S 575376 3963215 2 6,354 3 0.7 - 10 4.0 Mesa Verde Group Yes NO3 pH a CE,D

S-11-164 S01117 06K-14S 575788 3963423 2 6,333 1 0.6 4.0 Mesa Verde Group No a a CE,D D

S-11-165 S01118 06K-13S 575898 3963513 2 6,356 1 0.5 4.0 Mesa Verde Group No a a CE,D D

S-11-166 S01119 06K-07S 577000 3964541 2 6,401 1 50 4.0 Mesa Verde Group Yes TDS a a CE,D,S D,S
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S-11-167 S01120 Unnamed 574108 3966159 2 6,403 4.0 N/A No a CE,D,S

S-11-168 S01121 06K-308S 574953 3967121 2 6,328 1 0.5 4.0 Mesa Verde Group Yes pH, TDS a a CE,S S

S-11-169 S01122 Bryan Adams 6A-20, Fadairs 577013 3968356 1 6,432 2 <0.01 - 1 4.0 Mesa Verde Group No a a CE,D,S S

S-11-170 S01123 06A-21A 576519 3968917 1 6,479 2 0.28 - 2 4.0 Mesa Verde Group Yes a a a PI,SP,TR CE,D,S D,S

S-11-171 S01124 06A-24 570685 3967456 2 6,309 1 0.2 4.0 Mesa Verde Group No a CE,S S ADWR did not find spring at claimed location.

S-11-172 S01125 C1-27B 586682 3963192 2 6,607 4.0 N/A No CE,D,S ADWR did not find spring at claimed location.

S-11-173 S01126 07H-27 587343 3962930 2 6,567 4.0 N/A No a CE,D,S

S-11-174 S01127 07H-27A 587201 3963552 2 6,706 4.0 N/A No CE,D,S ADWR did not find spring at claimed location.

S-11-255 S01128 Keams Canyon 575206 3963310 2 6,352 4.0 Mesa Verde Group No a CE,D,S

S-11-311 S01129 Echo 575792 3972672 2 6,259 4.0 Mesa Verde Group No a CE,D,S

S-11-312 S01130 Unnamed 570439 3967750 1 6,289 1 <0.01 4.0 Mesa Verde Group Yes a PO CE,D,S

S-11-313 S01131 Unnamed 570596 3964840 2 6,108 4.0 N/A No CE,D ADWR did not find spring at claimed location.

S-11-314 S01132 Unnamed 6K-10S 571908 3963617 2 6,244 1 2 4.0 Mesa Verde Group No a CE,D D ADWR did not find spring at claimed location.

S-11-315 S01133 Corner 568501 3960533 2 6,223 4.0 N/A No CE,D,IR,S Possible duplicate of claimed spring S-11-154

S-11-338 S01134 Unnamed 575671 3975226 1 6,262 1 <0.01 4.0 N/A Yes a PO CE,S

S-12-175 S0121 Salt Water 511654 3949611 2 5,281 4.0 N/A No a a CE,D,S ADWR did not find spring at claimed location.

S-12-176 S0122 03M-1 5M-1, Sand 506374 3952722 1 5,225 3 <0.01 - 3 4.0 Alluvial Aquifer Yes TDS a a a PI,SP,TA CE,D,IR,S D,S Claim name believed to be incorrect

S-12-177 S0123 Sand (multiple) 506412 3952482 2 5,203 1 3 4.0 Alluvial Aquifer Yes TDS a a CE,D,IR,S 

S-12-178 S0124 Unnamed 506130 3953250 2 5,200 4.0 N/A No CE,D,IR,S 

Claimed coordinates may be wrong, tribal 
representatives showed ADWR an alternative 
site; see unclaimed spring S0124A; ADWR did 
not find spring at claimed location.

S-12-179 S0125 Unnamed 506055 3953342 2 5,208 4.0 N/A No CE,D,IR,S 

Claimed coordinates may be wrong, tribal 
representatives showed ADWR an alternative 
site; see unclaimed spring S0125A; ADWR did 
not find spring at claimed location.

S-12-180 S0126 Dvas Drag 503669 3952976 2 5,264 4.0 N/A No a CE,D,S

S-12-181 S0127 Whiskey 505500 3955591 2 5,189 2 0.12 - 0.4 4.0 N Aquifer No a CE,D,S

S-12-182 S0128 05M-04 505620 3955436 1 5,203 8 <0.01 - 2 4.0 N Aquifer No a a a CE,D,S S

S-12-183 S0129 Unnamed 511885 3949859 2 5,300 4.0 N/A No a CE,D,S

S-12-230 S01210 5M-73 510533 3949451 2 5,235 1 1 4.0 Alluvial Aquifer No a a CE,D,S S

S-12-327 S01211 Tishepi 504509 3949560 2 5,104 4.0 N/A No a CE,D,S

S-12-328 S01212 Unnamed 504732 3945470 2 4,974 4.0 N/A No a CE,D,S

S-12-329 S01213 Unnamed 512023 3950016 2 5,321 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-13-184 S0131 Shonto 523141 3947847 2 5,288 4 0.67 - 2 4.0 N Aquifer Yes NO3 SO4, TDS a a TR,Re CE,D,S S
Multiple springs at this location; unclear if 
discharge rate is for all or only one; one 
discharge from claim

S-13-185 S0132 06M-33 525945 3947511 2 5,335 2 0.2 - 0.5 4.0 N Aquifer No a a TR CE,D,S D,S

S-13-186 S0133 06M-32 527208 3949509 2 5,326 1 0.2 4.0 N Aquifer No a a TR CE,D,S D,S

S-13-187 S0134 Burro Honani, New 
Pa'utsvi, 6M-31 527736 3950601 1 5,319 19 0.2 - 1 4.0 N Aquifer Yes a a a PI,SP,TR CE,S CE,S One discharge from claim

S-13-188 S0135 Unnamed 528024 3950866 1 5,336 1 <0.01 4.0 N/A Yes TDS a a CE,D,S Hopi representative indicated there was a 
structure here in the past

S-13-189 S0136  Coyote 6M-24, Isva 539495 3945376 2 5,275 2 1 - 15 4.0 Alluvial Aquifer Yes SO4, TDS SO4 a a TR CE,D,S D,S 

S-13-190 S0137 Unnamed 541056 3946627 2 5,318 4.0 N/A No a CE,D,IR,S 

S-13-191 S0138  Little Burro  Matovia, 6M-27A 538897 3947985 2 5,292 1 3 4.0 Alluvial Aquifer No a a CE,S IR,S

S-13-249 S0139 6-2B-4-8 530051 3944488 2 5,411 4.0 N/A No a CE,D,S ADWR did not find spring at claimed location.

S-13-253 S01310 6M-54 523084 3947988 1 5,277 1 NA 4.0 N Aquifer Yes TDS a a OT,TA CE,D,S S
Unable to obtain discharge measurement; 
multiple springs at this location; see claimed 
spring S-13-184.
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S-13-256 S01311 Rock Ledge 6M-114, Phillips 
Farm 540350 3947209 2 5,301 1 2 4.0 N/A Yes SO4, TDS SO4 a a CE,D,S

S-13-334 S01312 Pautsvi Burro 2 527516 3950561 1 5,310 2 0 - 0.5 4.0 N Aquifer No a a CE,S ADWR observed spring dry during their visit

S-14-192 S0141  Ponsi Adams 6M-16 561416 3952630 2 6,151 1 0.5 4.0 Colluvial Aquifer No a a CE,D,S D,S

S-14-193 S0142 Awat ovi   Awatovi   565196 3953530 1 6,404 2 0 - 2 4.0 N/A No a a PI,TR CE,D,S D,S ADWR observed spring dry during their visit

S-14-194 S0143 Talahogan, 6M-13 6M-15 565423 3954783 1 6,435 3 0.88 - 2 4.0 Mesa Verde Group Yes a a a PI,OT,TA CE,D,IR,S D,IR,S
Claim name 6M-13 believed incorrect; reported 
in 1916 that spring may yield 20 gpm if 
developed; one discharge from claim

S-14-195 S0144 Kalbito #2 551939 3930699 2 5,647 4.0 Colluvial Aquifer No a CE,D,S

S-14-196 S0145 Kalbito #1 07H-78 551927 3930946 2 5,650 2 1.5 - 5 4.0 Colluvial Aquifer No a a TR CE,D,S D,S

S-14-197 S0146   Comar 7H-79 552986 3931818 2 5,674 1 8 4.0 Colluvial Aquifer Yes NO3 TDS a a CE,D,S CE,D,S

S-14-198 S0147 Seba Delkai 554004 3937698 2 5,844 1 1 4.0 N/A No a CE,D,S Discharge from claim

S-14-199 S0148  Lukai 7H-76 559191 3930937 2 6,333 2 0.2 - 1 4.0 Spring Deposits Yes Al, TDS a a CE,D,S S One discharge from claim

S-14-200 S0149 Wolf Pass 560634 3931314 2 6,356 1 2 4.0 N/A No a CE,D,S Topo map indicates a well at claimed site; 
discharge from claim

S-14-201 S01410  Ram 7H-23 563730 3931785 2 6,353 2 0.1 - 0.5 4.0 Spring Deposits No a a CE,D,S S

S-14-202 S01411 Shontah Shonto-hi, 7H-234 564151 3933976 2 6,271 2 0.5 - 1 4.0 Spring Deposits No a a CE,D,S S One discharge from claim

S-14-203 S01412 Bell Butte #2 559323 3935416 2 6,147 4.0 Spring Deposits No a CE,D,S
Multiple springs at this location; unclear if 
discharge rate is for all or only one, see claimed 
spring S-14-247. 

S-14-204 S01413 Horse  Kawai'vi, 7H-236 561808 3936549 2 6,316 3 0.5 - 1 4.0 Spring Deposits No a a CE,D,S S One discharge from claim

S-14-247 S01414 7H-179 Bell Butte 559291 3935416 2 6,144 2 0.2 - 1.2 4.0 Spring Deposits Yes a a CE,D,S D,S Multiple springs at this location; unclear if 
discharge rate is for all or only one. 

S-14-252 S01415 6M-38  550051 3943253 2 5,586 1 1 4.0 N Aquifer No a CE,D,S Previously reported as a well; ADWR did not 
find spring at claimed location.

S-14-330 S01416 Trickle 6M-13, Yatcakpa 564983 3954197 2 6,408 2 0.2 - 1.5 4.0 Mesa Verde Group No a CE,S D,IR,S

S-14-331 S01417 Hail,               
Lemova 565997 3955454 1 6,407 1 <0.01 4.0 N/A Yes a a a CE,D,IR,S D,IR,S

S-14-333 S01418 Unnamed Belle Butte #3 559277 3935438 2 6,124 4.0 Spring Deposits No a CE,D,S
Multiple springs at this location; unclear if 
discharge rate is for all or only one, see claimed 
spring S-14-247. 

S-15-332 S0151 Unnamed Cow 589485 3950372 2 6,323 4.0 N/A No a CE,D,S Topo map indicates a water impoundment at 
claimed site

Notes:
             1 From Cooley (1966), Davis (1963), Ferguson (2004), Forde (1939), Gregory (1916), Kister (1963), McGavock (1966), PWCC (2007), Whiteley (2005), Tetra Tech (2006), Truini (2006 and  2007) and USGS (2007). 
             2 Location codes:

1 = ADWR GPS Reading referenced to North American Datum of 1983 (NAD 83)
2 = Claimed location (NAD 27).

             3 Discharge measurements from ADWR (2006), Bills (1992), Cooley (1966), Davis (1963), Farr (1979), Gregory (1916), Hopi claim (2005), Kister (1963), Littin (1995), McGavock (1966), PWCC (2007), Tetra Tech (2006), Truini (2006 & 2007), and USGS (2004).
             4 From ADWR (2005), Bell (1993), Bills (1992), Kister (1963), Littin (1995), Stephens (2001), TerraSpectra (2000) and Wickham (1992).

Al = Aluminum pH = Measurement of acidity or alkalinity
F= Fluoride SO4 = Sulfate
Fe = Iron TDS = Total Dissolved Solids
Pb = lead Se = Selenium
Mn = Manganese
NO3 = Nitrate/Nitrite

             5 Checked only if ADWR located spring site in the field.
             6 From ADWR (2006), Cooley (1966), Davis (1963), Kister (1963), McGavock (1966) and Tetra Tech (2006), 

A = concrete apron PI = pipe
C = cistern PO = pool
CO = concrete galley SP = spring box
H = hand pump Re = reservoir
OT = other TR = trough
P = power pump TA = tank

             7From ADWR (2006), Cooley (1966), Davis (1963), Farrar (1979), Ferguson (2004), Kister (1963), McGavock (1966), and Whiteley (2005).
CE = ceremonial/cultural PS = public supply
D = domestic S = stock
IR = irrigation
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1A-67 514745 4016624 3 5,810 1 0 Mesa Verde Group No a Previously reported as dry

4M-130 547670 3986229 3 5,884 2 0.1 - 0.2 Mesa Verde Group No a C,TR D,S

4M-138 527139 3997188 3 5,891 1 0.1 Mesa Verde Group No a D

5M-5, Sweetwater 505151 3957383 3 5,170 1 2 Alluvial Aquifer No a D,S Near Sweetwater well along Dinnebito Wash

6A-21, D.Lalo 576934 3969565 3 6,345 1 0.8 Mesa Verde Group No a C,TR D,S

6H-11 568083 3983325 3 6,302 1 0.2 Mesa Verde Group No a C,TR D,S

6H-23,Hoecevi       545470 3965098 3 6,261 1 3 Mesa Verde Group No a

6H-24 567035 3965662 3 5,961 1 0.5 N/A No a PWCC location is different than '1960's reports'

6H-26, Suvebi 567357 3964213 3 6,315 1 0.2 N/A No a PWCC location is different than '1960's reports'

6H-26A 567437 3963891 3 6,325 1 0.2 N/A No a PWCC location is different than '1960's reports'

6H-27 564621 3962523 3 5,950 2 0.8 - 1 N/A Yes TDS a PWCC location is different than '1960's reports'

6H-27A 565345 3963167 3 6,116 1 0.2 N/A No a PWCC location is different than '1960's reports'

6K-11S 575888 3964013 3 6,457 1 1.5 Mesa Verde Group No a D

6K-12S 575808 3963932 3 6,457 1 8.5 Mesa Verde Group No a D Spring may have been claimed as well (W-11-
113)

6K-4S 574762 3963369 2 6,457 2 1 Mesa Verde Group No a S

6K-8S 572267 3962886 3 6,327 1 0.1 Mesa Verde Group No a D

6M-5 563575 3961719 3 6,097 2 0.2 Colluvial Aquifer Yes TDS a C,TR D,S

6M-59 529374 3972839 3 6,131 2 3 Mesa Verde Group No a

6M-72A 530822 3975173 3 6,172 1 7.5 N/A No a

7H-75 Only general 
location known 4 6,150 2 0.1 - 1 D Aquifer No C,TR D,S

S01056A 545039 3963608 1 6,318 1 <0.01 N/A Yes TDS a PO ADWR found during its spring survey; water 
quality sample collected from pond fed by spring

S0124A, Ram Well 
Project # 5-4-1 506198 3953129 1 5,207 1 0 N/A No a SP ADWR found dry during its spring survey

S0125A 506221 3953132 1 5,218 1 NA N/A No a PI

S032A 552546 4016378 1 6,520 1 0 N/A No a PI D ADWR found during its spring survey; Hopi 
representative has seen locals obtain water here

Cliff 575892 4016532 2 6,466 Mesa Verde Group Yes a a
Spring located on Navajo Partitioned Land east 
of Reservation; Hopi use of spring allowed under 

Unnamed 01 482017 4003318 1 5,100 N-Aquifer No a a IR Spring off reservation in Pasture Canyon; ADWR 
found during its ag survey (Point 209)

Unnamed 02 481850 4002921 1 5,600 1 <0.01 N-Aquifer No a IR Spring off reservation in Pasture Canyon; ADWR 
found during its ag survey (Point 214)

TABLE D-2. INVENTORY OF POTENTIALLY UNCLAIMED SPRINGS ON THE HOPI RESERVATION

NOTES
NAMES / ID 
NUMBERS1

LOCATION 
SOURCE 
CODE2

APPROXIMATE 
ELEVATION (in 

feet) 
IMPROVEMENTS6 USE7

WATER BEARING 
STRATA

WATER 
QUALITY 

DATA4

WATER QUALITY EXCEEDENCES4

Primary Secondary Livestock

LOCATION

Easting Northing

DISCHARGE DATA3

No. of Discharge 
Measurements 

Range of 
Discharge 

Measurements 
(gpm)

EVIDENCE OF SPRINGS

Topo 
Map

Published 
Reports5

ADWR Field 
Visit 
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TABLE D-2. INVENTORY OF POTENTIALLY UNCLAIMED SPRINGS ON THE HOPI RESERVATION

NOTES
NAMES / ID 
NUMBERS1

LOCATION 
SOURCE 
CODE2

APPROXIMATE 
ELEVATION (in 

feet) 
IMPROVEMENTS6 USE7

WATER BEARING 
STRATA

WATER 
QUALITY 

DATA4

WATER QUALITY EXCEEDENCES4

Primary Secondary Livestock

LOCATION

Easting Northing

DISCHARGE DATA3

No. of Discharge 
Measurements 

Range of 
Discharge 

Measurements 
(gpm)

EVIDENCE OF SPRINGS

Topo 
Map

Published 
Reports5

ADWR Field 
Visit 

Unnamed 03 481815 4002898 1 5,600 1 <0.01 N-Aquifer No a IR Spring off reservation in Pasture Canyon; ADWR 
found during its ag survey (Point 213)

Unnamed 04 481565 4001112 1 5,000 1 <0.01 N-Aquifer No a IR ADWR found during its ag survey (Point 229)

Unnamed 05 481578 4000972 1 5,000 1 <0.01 N-Aquifer No a IR ADWR found during its ag survey (Point 232)

Unnamed 06 481433 4000744 1 5,000 1 <0.01 N-Aquifer No a IR ADWR found during its ag survey (Point 241)

Unnamed 07 478944 3996401 2 4,685 N/A No a
May not be located on Hopi Res.; plots on 
allotted lands near Moenkopi Village boundary.

Unnamed 08 478879 3996290 2 4,663 N/A No a
May not be located on Hopi Res.; plots on 
allotted lands near Moenkopi Village boundary.

Unnamed 09 478350 3996200 2 4,706 N/A No a PO May not be located on Hopi Res.; plots on 
allotted lands near Moenkopi Village boundary.

Unnamed 10 481274 3994905 1 4,700 N-Aquifer No a IR ADWR found during its ag survey (Point 325)

Unnamed 11 478267 3994848 2 4,717 N/A No a

Unnamed 12 475647 3993746 2 4,630 N/A No a
Tribe claimed only 1 of 3 springs on topo map; 
see claimed spring S0411

Unnamed 13 475642 3993726 2 4,627 N/A No a
Tribe claimed only 1 of 3 springs on topo map; 
see claimed spring S0411

Unnamed 14 486776 3993447 2 5,016 N/A No a

Unnamed 15 530696 3975362 1 6,230 Mesa Verde Group No a IR ADWR found during its ag survey (Point 0)

Unnamed A
(4 Sheep) 514587 4002472 2 5,245 N/A No a

Tribe claimed only 1 of 3 springs on topo map; 
see claimed spring S057

Unnamed B
(4 Sheep) 514560 4002424 2 5,241 N/A No a

Tribe claimed only 1 of 3 springs on topo map; 
see claimed spring S057

Notes:
            1 From ADWR (2006), Davis (1963), Kister (1963), McGavock (1966),PWCC (2007), and USGS topographic maps 
            2 Location codes 
             1 = ADWR GPS Location, referenced to North American Datum of 1983 (NAD83)  
             2 = USGS Topo Maps (NAD27)
             3 = PWCC (NAD 83);
             4 = Davis (1963), Kister (1963), and McGavock (1966) (NAD27)
            3 Discharge measurements from Hopi claim, ADWR (2006), Davis (1963), Kister (1963), McGavock (1966), and PWCC (2007)
            4 From Bell (1993), Bills (1992), Kister (1963), Stephens (2001), TerraSpectra (2000) and Wickham (1992)
             TDS = Total Dissolved Solids
            5 From ADWR (2006), Davis (1963), Gregory (1916), Kister (1963), McGavock (1966), and PWCC (2007)
            6 From ADWR (2006), Davis (1963), Kister (1963), and McGavock (1966) 

C = cistern PO = pond
H = hand pump SP = spring box
PI = pipe TR = trough

            7 Use codes
D = domestic
IR = irrigation
S = stock
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Figure D-1. Flower Spring (Hopi Claim S-10-145) fed by Colluvial Aquifer and reported to 
be used for ceremonial purposes

7-10-2006



Figure D-2. Tis Ya Toh Spring (Hopi Claim S-6-75) fed by T Aquifer and previously used 
for domestic and stock purposes

6-19-2006



Figure D-3. Hotevilla Spring (Hopi Claim S-9-92) fed by T Aquifer and reported to be used 
for ceremonial purposes

6-2-2006



Figure D-4. Ruins Spring (Hopi Claim S-9-134) fed by T Aquifer and found used by stock

6-29-2006



Figure D-5. Sand Spring (Hopi Claim S-10-105) fed by T Aquifer with unknown use

6-26-2006



Figure D-6. Spring 06A-21A (Hopi Claim S-11-170) fed by T Aquifer and found used by 
stock

6-28-2006



Figure D-7. Talahogan Spring (Hopi Claim S-14-194) fed by T Aquifer and used for irrigation

6-28-2006



Figure D-8. Badger Spring (Hopi Claim S-5-60) fed by D Aquifer and used for domestic and 
stock purposes

6-1-2006



Figure D-9. Moenkopi School Spring (Hopi Claim S-4-266) fed by N Aquifer and used as a 
public water supply

6-1-2006



Figure D-10. Unnamed Spring (Hopi Claim S-4-298) fed by N Aquifer and found unused

5-31-2006



Figure D-11. Unnamed Spring (Hopi Claim S-4-358) fed by N Aquifer and reported to be 
used for irrigation and ceremonial purposes

5-31-2006



Figure D-12. Spring 05M-04 (Hopi Claim S-12-182) fed by N Aquifer and reportedly used 
by stock

6-15-2006



Figure D-13. USGS Gage along Pasture Canyon monitoring flow reported to be used for 
irrigation and ceremonial purposes from several N aquifer springs

4-17-2007



 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 



 
 
 
 
 
 
 
 
 
 
 

Text 



 

December 2008 E-1 Preliminary Hopi HSR 

APPENDIX E:  HOPI WELL INVENTORY 
 
 
 
 
E.1 INTRODUCTION 

In its role as technical advisor to the Little Colorado River (LCR) Adjudication 

Court, the Arizona Department of Water Resources (ADWR) is currently preparing a 

preliminary Hydrographic Survey Report for the Hopi Indian Reservation (Preliminary 

Hopi HSR).  As requested by the Court, ADWR is verifying Hopi water right claims in 

the HSR, including the claims to 234 stock, domestic, and municipal wells.  This 

document presents an inventory of water wells on the Reservation and ADWR’s 

verification of the well claims.  This information supplements Tables 7-10 and 7-11, 

which are presented in Chapter 7. 

Two tables are provided here.  Table E-1 lists data for wells claimed by the Hopi 

Tribe and the United States on the Tribe’s behalf.  Table E-2 lists data for other wells 

that ADWR identified on the Reservation, but were not claimed in the adjudication.  The 

remainder of this document explains the content of the two tables and describes the data 

sources that ADWR reviewed.  Also provided is a brief analysis of the tabulated well 

data.  Photographs of several Hopi wells are presented in Figures E-1 through E-12. 

 

 

E.2 INVENTORY OF CLAIMED WELLS 
Six documents provide information on Hopi well claims: 

• The Hopi Tribe’s Amended Statement of Claimant, filed with the Court on 

January 29, 2004; 

• United States’ Amended Statement of Claimant on Behalf of the Hopi Tribe, filed 

with the Court on January 29, 2004; 

• Hopi Indian Reservation Spring, Well and Impoundment Inventory, a compact 

disk (CD) prepared by a United States’ consultant and sent to ADWR in April 

2005 (NRCE, 2005); 
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• Hopi 1882 Area Municipal Wells, a map and supplemental information table 

submitted by the Hopi Tribe to ADWR on November 14, 2005 (Hopi, 2005); 

• 1934 Area Municipal Wells and Spring, a map and supplemental information 

table submitted by the Hopi Tribe to ADWR on November 14, 2005 (Hopi, 

2005); and 

• Little Colorado River-Hopi Reservation Well, Spring, and Impoundment 

Verification Information for ADWR, a letter report and CD prepared by a United 

States consultant and sent to ADWR via the Hopi in June 2008 (NRCE, 2008). 

Both of the statements of claimants (SOCs) filed in January 2004 list 206 stock and 

domestic wells on the Reservation.  The CD sent to ADWR in April 2005 listed these 206 

stock and domestic wells plus 3 previously unclaimed wells.  The maps and supplemental 

information that the Hopi tribe submitted to ADWR in November 2005 show 25 other 

unclaimed wells on the Reservation, for a total of 234 claimed wells.  The June 2008 

letter report and CD provided additional information for some of the claimed wells that 

ADWR did not originally verify.  For the purposes of the Preliminary Hopi HSR, ADWR 

considered all of the 234 wells identified by the Hopi and United States as claimed wells. 

Table E-1 compiles data that ADWR collected related to the Hopi well claims.  

The table has a total of 27 columns.  Each column, from left to right in the table, is 

described below. 

 

Claim No. – Each claimed well was given a unique identification number by the Hopi 

Tribe and a different, unique identification number by the United States.  Some of the 

municipal wells identified by the Hopi Tribe were also given a separate map 

identification number. 

Claim Name – The SOCs, CD, and supplemental information provide names and/or 

alternative identification numbers for many, but not all of the wells. 

Other Names – ADWR identified other, different names for some wells based on various 

sources including published and unpublished reports.  The sources reviewed by ADWR 

are listed in table footnote 1. 

Public Water Supply (PWS) ID – Identifies the PWS for which the well provides water. 
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Location – Well locations are provided in Universal Transverse Mercator (UTM) 

“Easting” and “Northing” coordinates. 

Location Source Code – Well locations were available from three data sources listed in 

table footnote 1.  These sources include ADWR field Global Positioning System (GPS) 

readings referenced to the North America Datum of 1983 (NAD83); claimed well 

locations referenced to NAD27; and, locations that ADWR estimated using U.S. 

Geological Survey (USGS) topographic maps and supplemental information provided by 

the Hopi Tribe.  If available, ADWR GPS readings are presented in the table.  If ADWR 

did not visit and locate a well site, its claimed location is presented in the table or, if that 

was not available, then ADWR’s estimated well location is provided and referenced to 

NAD 27. 

Approximate Elevation – Well elevations were estimated, in feet above mean sea level, 

using the UTM coordinates listed in the table and digital elevation model (DEM) data 

provided by the USGS. 

Well and Water Level Data – The next 5 columns in the table present well completion 

and water level data: 

 Date of well construction – Month and year well was constructed; 

 Well depth – Total depth of well, in feet below ground surface (bgs); 

Static water level depth – Most recent measurement of depth to water, in feet; 

Date static water level measured – Month and year of water level measurement; 

and, 

Water bearing strata – Geologic unit or aquifer system supplying water to the 

well.  Six unique water bearing strata have been identified beneath the 

Reservation including, from shallowest to deepest, Alluvium, Bidahochi, Mesa 

Verde Group, D Aquifer, N Aquifer, and C Aquifer.  

If known, these data were taken from one or more of the sources listed in table footnote 

3. 

Claimed Quantity – The quantity of well water, in gpm, listed in the claims and on the 

CD. 

Water Quality Data – This column indicates whether water quality data are available for 

the well.  Data sources are listed in table footnote 4. 
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Water Quality Exceedences – If water quality data were available, it was compared to 

EPA primary and secondary drinking water standards and livestock watering standards 

from four sources (Arizona Department of Environmental Quality, the Hopi Tribe, the 

Navajo Nation, and the National Academy of Sciences).  Parameters that were found to 

exceed drinking water and livestock watering standards are noted in separate columns in 

the table.  Abbreviations used in the table to designate parameter exceedences are defined 

in table footnote 4. 

ADWR Verification of Well Claims – The next four columns indicate how, and if, 

ADWR verified the Hopi well claims: 

Topo map – Claimed well locations were compared to USGS topographic maps 

which show the location of some wells.  If a claimed well appeared on a 

topographic map, it was noted by a check in the table; 

Published reports – Names and locations for claimed wells were cross referenced 

to published reports.  If a claimed well was listed or shown in a published report, 

it was noted by a check in the table; and, 

Field visit – In 2006, ADWR attempted to inspect several wells on the 

Reservation, focusing on those wells that were not verified on topographic maps 

or through published reports.  If ADWR actually found a well in the field, it was 

noted by a check in the table.  

Supporting Evidence from Hopi – In June 2007, ADWR requested information 

for several claimed wells which, at that time, it could not verify.  A response to 

this request was received in June 2008 and additional information was 

incorporated, as appropriate. 

Improvements – Well improvements, such as pump installations and water storage and 

distribution features, are also noted in the table.  This information was either found in the 

1960s reports or collected during ADWR’s 2006 well inspections.  Abbreviations used in 

the table to designate well improvements are defined in table footnote 6. 

Well Use – Claimed and other documented well uses are listed in the next two columns.  

Claimed well uses were indicated in the Hopi claims, on the CD, and the supplemental 

information that the Hopi provided.  Other documented well uses were either indicated in 

a set of well and spring inventory reports published during the 1960s (1960s reports) or 
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determined during ADWR’s 2006 well inspections.  Specified well uses include 

ceremonial, domestic, irrigation, municipal (public water supply), and stock.  Data 

sources and abbreviations used in the table to designate well use are listed in table 

footnote 7. 

Notes – The last column in Table E-1 presents miscellaneous information for certain 

wells that is not otherwise listed in the table.  Most notes describe the following well 

conditions: 

• The claimed well name is believed by ADWR to be incorrect based on a 

comparison with other data sources; 

• The claimed well was previously reported as abandoned or, ADWR recently 

found it to be either abandoned, not in use, or possibly a natural feature/spring; 

and, 

• ADWR either found the well to be flowing, capped, or dry or found one or more 

other wells at the claimed site. 

 

 

E.3 ANALYSIS OF CLAIMED WELLS 
Based on the data compiled in Table E-1, the following conclusions are drawn 

regarding claimed wells on the Hopi Indian Reservation:  

• ADWR was able to verify 220 or about 94% of the 234 claimed Hopi wells 

through use of topographic maps, published reports, supplemental information 

from the Hopi, and/or ADWR ground inspection. 

• Of the 220 claimed wells that ADWR verified, 13 wells were previously reported 

as abandoned, 12 wells were previously reported or found by ADWR to be dry, 3 

wells were found by ADWR to be natural features, and 1 well (Hopi Claim No. 

W-8-83) was also claimed as a spring. 

• ADWR was unable to verify 14 or about 6% of the 234 claimed Hopi wells 

through the means of verification that were used.  Included are 6 wells that 

ADWR believes are potential duplicates of other claimed wells. 

• 33 or about 14% of the claimed wells are known to be completed in alluvium.  

Alluvial well depths are reported to range from 3.5 to 200 feet bgs with a median 
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depth of 97 feet.  Depths to water in the alluvial wells are reported to range from 

3.1 to 83.0 feet bgs with a median water level depth of 45 feet.   Six alluvial wells 

were reported dry. 

• 1 or less than 1% of the claimed wells is known to be completed in the Bidahochi 

Formation.  The one Bidahochi well is reportedly 350 feet deep with a water level 

depth of 209 feet.  This well is also perforated in the Mesa Verde Group. 

• 24 or about 10% of the claimed wells are known to be completed in the Mesa 

Verde Group.  Mesa Verde Group well depths are reported to range from 14.5 to 

730 feet bgs with a median depth of 413 feet.  Depths to water in the Mesa Verde 

Group wells are reported to range from 10.5 to 492 feet bgs with a median water 

level depth of 195 feet.  One Mesa Verde Group wells was reported dry. 

• 48 or about 21% of the claimed wells are known to be completed in the D 

Aquifer.  D Aquifer well depths are reported to range from 190 to 1,367 feet bgs 

with a median depth of 705 feet.  Depths to water in the D Aquifer wells are 

reported to range from 0 (4 wells were flowing) to 706 feet bgs with a median 

water level depth of 268 feet.  One D Aquifer well was reported dry. 

• 61 or about 26% of the claimed wells are known to be completed in the N 

Aquifer.  N Aquifer well depths are reported to range from 5.5 to 1,935 feet bgs 

with a median depth of 745 feet.  Depths to water in the N Aquifer wells are 

reported to range from 1.7 to 1,021 feet bgs with a median water level depth of 

353 feet.  Two N Aquifer wells were reported dry. 

• 1 or less than 1% of the claimed wells is known to be completed in the C Aquifer.  

The one C Aquifer well is reportedly 3,215 feet deep with a water level depth of 

963 feet. 

• It is unknown what water-bearing unit supplies the remaining 66 or about 28% of 

the claimed wells.  Two of these wells were reported dry and another 57 did not 

have water level data. 

• Of the 95 claimed wells with water quality data, 85 or about 89% of these wells 

exceeded one or more water quality standard.  Concentrations of nitrate (21 wells) 

and arsenic (17 wells) commonly exceeded primary drinking water standards; 

concentrations of total dissolved solids or TDS (69 wells) and sulfate (41 wells) 
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commonly exceeded secondary drinking water standards; and, concentrations of 

fluoride (27 wells) and pH levels (28 wells) commonly exceeded livestock and/or 

secondary drinking water standards. 

• Common parameters of concern by water bearing strata include: 

o Alluvium - nitrate (primary), TDS (secondary), sulfate (secondary and 

livestock); 

o Mesa Verde Group - TDS (secondary) and sulfate (secondary); 

o D Aquifer – fluoride (primary, secondary and livestock), TDS 

(secondary), and sulfate (secondary); and, 

o N Aquifer – arsenic (primary), TDS (secondary), and pH (secondary and 

livestock). 

• Most wells were claimed for stock and/or domestic use, including two wells 

which were also claimed for municipal use.  Twenty-six (26) wells were only 

claimed for municipal use and the use of 2 other claimed wells was unspecified. 

• Quantities were claimed for 209 of the 234 wells with a value of 4 gpm for 193 

wells and values of 5 to 8 gpm for the other 16 wells.  No quantities were claimed 

for 25 wells. 

• One claimed well (W-3-8) is located on the Peabody Western Coal Company 

(PWCC) leasehold. 

 

 

E.4 INVENTORY OF UNCLAIMED WELLS 
ADWR identified 58 wells on the Hopi Indian Reservation that were not claimed.  

Table E-2 compiles the data that ADWR collected for these wells.  The table is similar in 

structure as Table E-1 and contains 21 columns.  Each column, from left to right in the 

table, is described below: 

 

Names/ID Numbers – Most of the unclaimed wells have unique names and/or 

identification numbers that ADWR identified in various sources.  These sources include 

published and unpublished reports and are listed in table footnote 1. 

Public Water Supply (PWS) ID – Identifies the PWS for which the well provides water. 
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Location – Well locations are provided in Universal Transverse Mercator (UTM) 

“Easting” and “Northing” coordinates.  Note that UTM coordinates are not available for 

several (28) wells, however, what locational data are available suggest that these wells 

were constructed on the Reservation. 

Location Source Code – Well locations were available from 9 different data sources that 

are listed in table footnote 2. 

Approximate Elevation – If UTM coordinates were available, well elevations were 

estimated using DEM data provided by the USGS.  However, for 19 unclaimed wells 

only general locations were known, so elevations provided in the 1960s report had to be 

used.  For 9 other unclaimed wells, no locational information was available, and 

elevations were listed in the table as not available (N/A). 

Well and Water Level Data – The next 5 columns in the table present well completion 

and water level data: 

 Date of well construction – Month and year well was constructed; 

 Well depth – Total depth of well, in feet below ground surface; 

Static water level depth – Most recent measurement of depth to water, in feet; 

Date static water level measured – Month and year of water level measurement; 

and, 

Water bearing strata – Geologic unit or aquifer system supplying water to the 

well.  Six, unique water bearing strata have been identified beneath the 

Reservation including, from shallowest to deepest,  Alluvium, Bidahochi, Mesa 

Verde Group, D Aquifer, N Aquifer, and C Aquifer. ‘Landslide and Talus’ was 

identified as another local, water bearing strata.  

If known, these data were taken from one or more of the sources listed in table footnote 

3. 

Water Quality Data – This column indicates whether water quality data are available for 

the well.  Data sources are listed in table footnote 4. 

Water Quality Exceedences – If water quality data were available, it was compared to 

EPA primary and secondary drinking water standards and livestock watering standards 

from four sources (Arizona Department of Environmental Quality, the Hopi Tribe, the 

Navajo Nation, and the National Academy of Sciences).  Parameters that were found to 
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exceed drinking water and livestock watering standards are noted in separate columns in 

the table.  Abbreviations used in the table to designate parameter exceedences are defined 

in table footnote 4. 

 

Evidence of Well – The next three columns indicate the evidence that ADWR had of the 

unclaimed well: 

Topo map – Unclaimed well appears on a USGS topographic map and was noted 

by a check in the table; 

Published reports – Unclaimed well was listed or shown in a published report and 

noted by a check in the table.  Reports reviewed are listed in table footnote 1; and 

ADWR field visit – During its field investigation of claimed well sites, ADWR 

observed the unclaimed well and noted by a check in the table.  

Improvements – Well improvements, such as pump installations and water storage and 

distribution features, are also noted in the table.  This information comes from the 1960s 

reports and Tetra Tech (2006).  Abbreviations used in the table to designate well 

improvements are defined in table footnote 5. 

Well Use – Well uses were specified in published reports and include domestic, 

irrigation, municipal (public water supply), and stock.  Data sources and abbreviations 

used in the table to designate well use are listed in table footnote 6. 

Notes – The last column in Table E-2 presents miscellaneous information for certain 

wells that are not otherwise listed in the table.  Most notes describe one of two well 

conditions: 

• The unclaimed well is located at, or in the vicinity of, a claimed well, but 

otherwise appears distinct based on the reported well name, available water 

quality data, etc.; and,   

• The well was previously reported as dry and/or abandoned. 

 

 

E.5 ANALYSIS OF UNCLAIMED WELLS 
Based on the data compiled in Table E-2, the following conclusions are drawn 

regarding unclaimed wells on the Hopi Indian Reservation:  
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• ADWR identified 58 unclaimed wells through field visit, use of topographic maps 

and published reports and comparison of these data sources to Table E-1. 

• 9 of the unclaimed wells are located at, or in the vicinity of, a claimed well, but 

appear distinct based on reported well name, water quality data, etc.  4 of the 

unclaimed wells were previously reported as dry and/or abandoned. 

• 1 or about 2% of the unclaimed wells is known to be completed in landslide and 

talus deposits.  The one well is reportedly 13 feet deep with a water level depth of 

7 feet. 

• 9 or about 15% of the unclaimed wells are known to be completed in alluvium.  

Alluvial well depths are reported to range from 3.5 to 191 feet bgs with a median 

depth of 35 feet.  Depths to water in the alluvial wells are reported to range from 

1.0 to 43.0 feet bgs with a median water level depth of 11.6 feet. 

• 9 or about 16% of the unclaimed wells are known to be completed in the Mesa 

Verde Group.  Mesa Verde Group well depths are reported to range from 6.5 to 

950 feet bgs with a median depth of 164 feet.  Depths to water in the Mesa Verde 

Group wells are reported to range from 7.1 to 520 feet bgs with a median water 

level depth of 132.5 feet.  One well was reported dry. 

• 12 or about 21% of the unclaimed wells are known to be completed in the D 

Aquifer.  D Aquifer well depths are reported to range from 13.5 to 1,500 feet bgs 

with a median depth of 720 feet.  Depths to water in the D Aquifer wells are 

reported to range from 0 (1 flowing well) to 594 feet bgs with a median water 

level depth of 190 feet. 

• 7 or about 12% of the unclaimed wells are known to be completed in the N 

Aquifer.  N Aquifer well depths are reported to range from 7 to 1,790 feet bgs 

with a median depth of 938 feet.  Depths to water in the N Aquifer wells are 

reported to range from 4.7 to 890 feet bgs with a median water level depth of 130 

feet. 

• It is unknown what water-bearing unit supplies 20 or about 34% of the unclaimed 

wells. 

• Of the 29 unclaimed wells with water quality data, 26 or about 90% of these wells 

exceeded one or more water quality standard.  Concentrations of nitrate (10 wells) 
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commonly exceeded primary drinking water standards; concentrations of total 

dissolved solids or TDS (16 wells) and sulfate (11 wells) commonly exceeded 

secondary drinking water standards; and, concentrations of fluoride (5 wells) and 

sulfate (4 wells) commonly exceeded livestock water standards. 

• Common parameters of concern by water bearing strata include: 

o Alluvium - nitrate (primary), TDS (secondary and livestock), sulfate 

(secondary and livestock); 

o Mesa Verde Group -  nitrate (primary), TDS (secondary); and 

o D Aquifer – fluoride (primary, secondary, and livestock). 

o There were no common parameters of concern for the other water bearing 

strata supplying unclaimed wells on the Reservation. 
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         Static Water Level

Hopi United 
States Easting Northing Depth 

(feet)
Date Measured 
(month/year)

Water Bearing 
Strata Primary Secondary Livestock Topo Map Published 

Reports Field Visit 5
Supporting 

Evidence from 
Hopi

Claimed Other 
Documented

1 --- Polacca Day School 
Well POLACCA P.D.C. 1 555385 3965128 2 5,768 02/1959 1,250 275 08/1966 N Aquifer N/A Yes As Fe, pH pH a M UN Not on original claim

1m,       
W-4-6 W046 Moenkopi Well #1  360718111125701 090400104          

Upper Moenkopi 480527 3997500 1 4,850 10/1977 140 73 05/2000 N Aquifer 4 Yes TDS a a TA, PI, P D, S, M M  

2 --- Polacca #5  POLACCA USPHS 5,  
354845110243801

090400106          
Polacca 553314 3963112 2 5,619 06/1986 915 268 01/1998 D Aquifer N/A Yes As pH, TDS pH a TA, P, PI M Not on original claim

2m --- Moenkopi Well #2 36071811113040 090400104          
Upper Moenkopi 480465 3997265 2 4,854 02/1982 180 69 05/2000 N Aquifer N/A Yes NO3 a TA, P, PI M Not on original claim

3 --- Polacca #6 POLACCA USPH 6,   
354848110243401

090400106          
Polacca 553414 3963205 2 5,622 06/1986 915 248 11/1998 D Aquifer N/A Yes As, F, NO3 Cl, F, pH, SO4, TDS F, pH a TA, P, PI M

Reportedly inacative/ 
emergency supply only; not on 
original claim. 

3m --- Moenkopi Well #3 090400104          
Upper Moenkopi 480387 3997245 3 4,856 1991 250 53 05/2000 N Aquifer N/A Yes NO3 a TA, P, PI M Not on original claim

4,         
W-10-208 W1027 A-28-18 11AAD,              

Polacca #8 355058110220401 090400106          
Polacca 557089 3967234 1 5,711 1998 1,100 362.4 10/1998 N Aquifer 4 Yes As, F F, SO4, TDS F a a TA, P, PI M M Not on original claim

4m --- Moenkopi "C" Well  481411 3995628 3 4,811 02/2004 3,215 963 11/1998 C Aquifer N/A No  a M
Reportedly not used due to 
water quality issues; not on 
original claim. 

5 --- Keams Canyon #2 355023110182701 090400054          
Keams Canyon 562603 3966193 2 5,816 05/1970 1,106 485.8 03/2004 N Aquifer N/A Yes As  pH, TDS pH a TA, P, PI M Not on original claim

6 --- Keams Canyon #3 355034110183001 090400054          
Keams Canyon 562526 3966531 2 5,803 06/1976 1,090 474 01/2002 N Aquifer N/A Yes As  pH, TDS pH a TA, P, PI M Not on original claim

7 --- Hopi High School #1 HOPI HS #1,     
354856110183201

090400395          
Hopi High School 562497 3963511 2 5,932 07/1985 925 471 07/1988 N Aquifer N/A Yes As, NO3 Cl, F, pH, TDS a TA, P, PI M

Reportedly inacative/ 
emergency supply only; not on 
original claim. 

8 --- Hopi High School #2 HOPI HS #2,  
354910110182201

090400395          
Hopi High School 562745 3963945 2 5,887 11/1984 918 428 11/1984 N Aquifer N/A Yes As, NO3 Cl, F, pH, TDS F a TA, P, PI M Not on original claim

9 --- Hopi High School #3 HOPI HS #3,             
354923110180901

090400395          
Hopi High School 563068 3964347 2 5,874 01/1985 1,048 407 07/1985 N Aquifer N/A Yes As Cl, F, SO4, TDS F, pH a TA, P, PI M Not on original claim

10 --- Shongopovi SHUNGOPAVI 1 090400259          
Shungopavi 542433 3962665 1 6,362 02/1969 1,530 995 03/1970 N Aquifer N/A Yes As pH pH a a TA, P, PI M M Not on original claim

11 --- Lower Sipaulovi #1 SIPAULOVI 090400107          
Lower Sipaulovi 545570 3961128 2 5,763 03/1978 1,033 430 03/2002 N Aquifer N/A Yes As pH, TDS pH a TA, P, PI M Not on original claim

12 --- Second Mesa Day 
School 1/ Toreva Well

2ND MESA P.D.C.1,   
354750110300101

090400061          
BIA Second Mesa 545217 3961373 2 5,783 03/1958 800 335 03/2002 N Aquifer N/A Yes As pH, TDS pH a TA, P, PI M D, M Reportedly inactive since 

11/2002; not on original claim.

13 --- Second Mesa Day 
School 2

S M PD&C 2/PM2,    
354749110300101

090400061          
BIA Second Mesa 545218 3961342 2 5,772 10/1968 1,090 431 03/2002 N Aquifer N/A Yes As Fe, pH, TDS pH a TA, P, PI M Not on original claim

14 --- Sipaulovi-Mishongnovi 
Well #1 

MISHONGNOVI 1, 
354827110293701

090400394          
Sipaulovi - 

Mishongnovi
545814 3962516 2 6,092 03/1978 1,442 777 6/1979 N Aquifer N/A Yes As pH pH a TA, P, PI M Not on original claim

15 --- Kykotsmovi 
PM1/Yoyokie Well

355230110365801        
Kykotsmovi #1

090400105          
Kykotsmovi 534717 3969952 2 5,652 02/1967 995 213.1 01/2007 N Aquifer N/A Yes pH, TDS pH a TA, P, PI M Reportedly inactive since 1993; 

not on original claim.

16,        
W-9-99 W0914

06M-302A,                       
Kykotsmovi PM2/Hopi 
Tribal Well

ORAIBI PM2,           
355215110375001        

Kykotsmovi #2

090400105          
Kykotsmovi 533352 3969482 2 5,779 10/1977 1,155 353 04/2001 N Aquifer 4 Yes As pH pH a TA, P, PI S, M IR

Claim name (06M-302A) and 
claimed use (S), are believed 
to be incorrect.

17 --- Kykotsmovi PM3/ Hopi 
Day School Well 

ORAIBI PM3,  
355236110364501        

Kykotsmovi Day School #3

090400105          
Kykotsmovi 535042 3970138 2 5,625 08/1968 1,220 246.7 01/2007 N Aquifer N/A Yes pH pH a TA, P, PI M Not on original claim

18 --- Hopi Civic Center/Vet 
Center

355200110340701, 
Veterans Memorial Center

090400316          
Hopi Veterans Center  539009 3969046 2 5,834 09/1977 1,075 449 1998 N Aquifer N/A Yes As pH pH a TA, P, PI M Not on original claim

19 --- Hopi Cultural Center HOPI A & C,  
355041110313701

090400260          
Hopi Cultural Center 542782 3966629 2 6,301 07/1969 1,600 863 10/1969 N Aquifer N/A Yes As, F, NO3 F, pH, TDS F, NO3, pH a TA, P, PI M Not on original claim

20 --- Hotevilla PM1/Hotevilla 
School Well 1 

HOTEVILLA P.D.C.1,  
355518110400301      

Hotevilla Day School #1

090400052          
BIA Hotevilla         530092 3975521 1 6,350 06/1957 1,757 951 07/1987 N Aquifer N/A Yes pH pH a a TA, P, PI M UN

ADWR found an inactive well, 
over 750 feet from claimed 
location; not on original claim.  

21 --- Hotevilla PDC2/School 
Well 2

355521110400501  
Hotevilla Day School #2

090400052          
BIA Hotevilla         530010 3975203 2 6,361 03/1970 1,800 935 11/1978 N Aquifer N/A Yes pH pH a TA, P, PI M

Reportedly inactive since 1992; 
aquifer contamination risk; not 
properly abandoned; not on 
original claim. 

22 --- Hotevilla Village Well 355526110395601     
Hotevilla #1

090400700          
Hotevilla          530235 3975358 2 6,347 05/1994 1,800 910 05/1994 N Aquifer N/A Yes pH pH a TA, P, PI M

ADWR did not find well at 
claimed location; not on original 
claim.

23 --- Hotevilla 2004-1 Hotevilla #2 090400700          
Hotevilla          529413 3973966 3 6,405 04/2004 1,935 1,021 04/2004 N Aquifer N/A No a TA, P, PI M Not on original claim

24 --- Bacavi/Bacabi BACAVI 1, 
355507110395201

090400687          
Bacavi 530177 3974993 1 6,370 07/1992 1,780 920 07/1992 N Aquifer N/A Yes pH pH a a TA, P, PI M M Not on original claim

W-1-7 W011  518563 4025669 2 6,206 N/A N/A N/A N/A N/A 4 No a  D, S

W-1-9 W012 1-A70 JUA-H1,   
361710110552401 506765 4015570 1 5,561 07/1981 500 111.8 06/2006 N Aquifer 4 No a a TA, W S S Claim name believed to be 

incorrect.

W-1-10 W013 01A-72 1A-72 502181 4011943 1 5,316 09/1928 5.5 1.7 06/1954 N Aquifer 4 No a a a TA. PI D S ADWR found an inactive well in 
need of repair.

W-1-11 W051 SIDE ROCK WELL 501990 4011822 1 5,318 N/A N/A 1.6 06/2006 N/A 4 Yes a a CO, HA D, S S

W-1-207 W014 01 058-15.75X10.07 JUA-N1,  
361611110555501 506113 4013666 2 5,465 05/1980 420 210 05/1980 N Aquifer 4 No a N/A

ADWR did not find well at 
claimed location; not on original 
claim.

W-2-12 W021 04K-387 4K-387,   
361732110334701 539311 4016218 2 6,402 01/1955 945 452.5 01/1955 D Aquifer 4 Yes F, TDS F a a W, TA, TR D, S

W-2-13 W022 04-380 4T-508,    
362035110314501 542191 4022083 1 6,389 04/1960 1,000 450 04/1960 D Aquifer 4 Yes TDS a a a TA, TR, PO, W D, S S Claim name believed to be 

incorrect.

W-2-14 W023 02T-503 2T-503 534562 4024825 2 6,291 01/1960 730 359 06/1960 Mesa Verde Group 4 No a a D, S D, S

Well Depth  
(feet)

Claimed 
Quantity  
(in gpm)

IMPROVEMENTS 6 

Water Quality Exceedences 4
Well and Water Level Data 3

CLAIM NO.

OTHER NAMES 1CLAIM NAME
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W-2-205 W024 JUA-H2,     
361846110444001 522943 4018471 2 6,379 10/1981 1,210        

(error) N/A N/A Mesa Verde Group 4 No a D, S  

W-3-8 W031 SAGE BRUSH WELL 4M-190,                 
Sagebrush Well 555023 4028443 2 6,369 N/A N/A N/A N/A N/A 4 Yes Pb Mn, SO4, TDS a a D, S

ADWR did not find well at 
claimed location; on PWCC 
leasehold.

W-3-15 W032 OWL WELL 4T-511 549762 4015807 1 6,660 01/1961 645 307.5 02/1961 Mesa Verde Group 4 Yes pH a a a T, TR, W D, S D, S   

W-3-16 W033 ANGRY MAN WELL 549720 4016470 1 6,681 N/A N/A N/A N/A N/A 4 Yes TDS TDS a TR D, S S

W-3-17 W034 04T-406 4T-406 554334 4019231 2 6,746 11/1960 716 492 12/1960 Mesa Verde Group 4 Yes SO4, TDS a a D, S

W-3-18 W035 04T-405 4T-405 552432 4025409 2 6,564 06/1959 436 335 06/1959 Mesa Verde Group 4 No a a D, S D, S

W-3-190 W036 JUA-H3,  
362008110264501 549727 4021108 2 6,906 N/A 1,104 N/A N/A N/A 4 No a S ADWR did not find well at 

claimed location

W-4-1 W041 3K-326 482795 3980930 2 5,340 05/1955 348 269 05/1955 N Aquifer 4 Yes SO4, TDS a   W, TA, TR D, S D, S

W-4-2 W042 3A-27 486955 3982741 2 5,551 04/1935 564 487 10/1953 N Aquifer 4 No a a W, TA, TR D, S D, S

W-4-3 W043 3K-325,   
360217111122601 481332 3987989 2 5,259 06/1955 450 203 01/2007 N Aquifer 4 No a a W, TA, TR D, S D, S

W-4-4 W044 3K-329      
360322111045801 492466 3990165 1 5,783 07/1955 845 745 07/1955 N Aquifer 4 No a a a W, TA, TR. D, S D, S ADWR also found a capped 

well at this site.

W-4-5 W045  360718111125701 480051 3996772 2 4,908 140 42 N/A N/A N/A 4 No a D, S ADWR found two water tanks, 
but no well

W-4-196 W047 CRATER WELL 478993 3993330 1 4,922 N/A N/A 3.6 06/2006 N/A 4 Yes a a TR, HA D, S D, S 

W-5-19 W052 NEW WELL 508250 4011309 1 5,597 N/A N/A N/A N/A N/A 4 Yes a TA, W D, S S

W-5-20 W053 NADSAT IT-239 1T-239,    
361238110552701 506817 4007104 2 5,506 05/1957 408 282 05/1957 N Aquifer 4 Yes NO3 a a D D, S

W-5-21 W054 JUA2-7-345 509489 4001142 1 5,087 N/A N/A Dry 06//2006 Alluvial Aquifer 4 No a TA D, S UN

W-5-22 W055 BLUE CYN WELL Blue Canyon Well 511144 4000823 2 5,120 N/A N/A N/A N/A N/A 4 No a D, S

W-5-23 W056 2/7/01 JUA-H6 ,                
360802110571601 504989 3998432 1 5,407 10/1981 525 368 10/1981 N Aquifer 4-8 Yes a a PI, TR, TA. W S S

W-5-32 W057 03K-345 3K-345,          
360708110541901 508524 3996938 2 5,462 10/1959 520 317 09/1959 N Aquifer 4 No a a D D, S

W-5-33 W058 03K-330 3K-330,          
360441110572801 503802 3992406 2 5,489 05/1955 458 409 06/1955 N Aquifer 4-5 Yes pH, SO4, TDS pH a a W, TR D D, S

W-5-34 W059 TOH HA HA CLAH 522030 3984330 2 5,842 N/A N/A N/A N/A N/A 4 No a D, S

W-5-35 W0310 JUA-H9,      
360242110455501 520927 3988831 1 6,087 03/1981 1,305 570 03/1981 D Aquifer 4 No a a PI, TA, TR, W S S

W-5-36 W0511 JUA2-8-844B 521483 3991307 1 5,814 N/A N/A N/A N/A N/A 4-5 No a  a PI, TR, HA D, S UN  

W-5-37 W0512 03K-344 3K-344,         
360437110481001 517758 3992300 2 5,891 02/1958 1,047 486 02/1958 D Aquifer 4-8 No a a D, S D, S

W-5-38 W0513 03M-156 3M-156,         
360526110520001 512004 3993800 2 5,601 02/1935 529 316 11/1953 N Aquifer 4 Yes F, Fe, pH, TDS F, pH a a W, TA, TR. D, S D, S

W-5-39 W0514 JUA-H7,                 
360701110500707 514848 3997227 1 5,646 10/1981 860 315 10/1958 D Aquifer 4 No a a PI, TR, TA, W D, S S

W-6-24 W061 04K-391 4K-391 526265 3999777 2 5,836 03/1959 303 190 03/1959 Mesa Verde Group 4 No a a D D, S

W-6-25 W062 4T-515 527774 4001400 2 5,844 12/1958 475 240 12/1958 Mesa Verde Group 4 No a a D D, S

W-6-26 W063 2/11/01 JUA-H8,   
360812110360301 535748 3999503 1 6,314 05/1981 725 566 06/2006 D Aquifer 4 Yes a a PI, TA, W D, S UN

W-6-27 W064 04K-384 4K-384,           
361007110361101 535700 4002491 2 6,122 01/1953 456 348.5 01/1955 Mesa Verde Group 4 No a a W, TA, TR. D D, S

W-6-28 W065 BENALLY WELL 543577 4006194 2 6,584 N/A N/A N/A N/A N/A 4 No a D, S

W-6-29 W066 JUA2-5-1 JUA-H5,        
361328110321801 541957 4009666 1 6,500 06/1981 997 560 06/2006 D Aquifer 4 No a TA D, S UN

W-6-40 W067 H-3-NO-3 354033110341601 533737 3986894 2 5,865 20 N/A N/A N/A N/A 4-5 No a D, S  

W-6-41 W068 4T-393,           
360303110424401 525921 3989424 2 6,030 10/1958 1,350 290.6 10/1958 D Aquifer 4 No a a D, S D, S

W-6-42 W069 HK-383 4K-383     
360554110405201 528706 3994701 2 6,074 11/1954 540 333 11/1954 Mesa Verde Group 4 No a a D, S S Claim name believed to be 

incorrect.

W-6-43 W0610 04M-138 4M-138,                 
Little Waterfall Well 527328 3996962 1 5,903 N/A N/A N/A N/A N/A 4 No a a CO, PI, H S D

W-6-44 W0611 JUA-H10,        
360107110350801 536686 3986210 1 6,057 10/1981 950 310 04/1981 D Aquifer 4 Yes TDS a a PI, TR, TA, W D, S S

W-7-30 W071 NO # 4T-395 551599 4006519 1 6,264 06/1959 150 77 07/1959 Mesa Verde Group 4 Yes SO4, TDS a a a P, TA, W D, S S

W-7-31 W072 4T-395 549518 4006595 2 6,452 N/A N/A N/A N/A N/A 4 No D, S
Probably duplicate of claimed 
well W-7-30; ADWR did not 
find well at claimed location.

W-7-45 W101 06-1H4 6K-308/6-1H4,           
360002110274201 548520 3983944 2 5,928 02/1952 530 72.3 02/1952 Mesa Verde Group 4 No a a W, TA, TR D, S D, S

W-7-46 W073 04M-89A 4M-89A 550548 3992551 2 5,944 12/1917 139 80 12/1917 Mesa Verde Group 4 Yes SO4, TDS a a P, TA D, S S
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W-7-47 W074 04M-87 4M-87,      
360117110214401 557443 3986247 2 6,167 05/1935 250 148.7 10/1954 Mesa Verde Group 4 Yes NO3  a a W, TA, TR. D, S D, S

W-7-48 W075 ROUGH NECK WELL Rough Rock Well 561320 3988200 1 6,440 N/A N/A 9.3 06/2006 N/A 4 Yes TDS a  a H, PI, TR D, S S

W-7-171 W076 4M-89 360443110261801 550115 3992528 2 5,964 03/1935 145 52.9 10/1954 Mesa Verde Group 4 Yes SO4 a W, TA, TR. D, S D, S

W-7-191 W077 TURQUOISE TRAIL 546174 3989773 1 5,967 N/A N/A N/A N/A N/A 4 No a D, S UN ADWR found an inactive, 
capped well at site. 

W-8-49 W081 03M-176A 
3M-176A,                

First Day of Summer Well,  
355733110582901

502387 3979156 2 6,049 04/1958 670 560 04/1958 D Aquifer 4 No a a D, S D, S

W-8-50 W082 DRY WELL 509360 3978514 1 5,916 N/A N/A Dry 06/2006 N/A 4 No a  a CO D, S S ADWR found a dry, hand-dug 
well at site.

W-8-51 W083 03K-332 3K-332,   
355615110551001 507843 3976481 2 5,963 05/1954 866 679.5 05/1955 N Aquifer 4 No a W, TR D, S D, S

W-8-52 W084 BEETSO WELL 506599 3972995 2 5,823 N/A N/A N/A N/A N/A 4 No a D, S  

W-8-53 W085 03T-500 3T-500 505511 3979375 2 6,142 12/1957 1,102 920 03/1958 N Aquifer 4 No a S UN Reportedly abandoned.

W-8-54 W086 N HOCK SPRING WE  551-1,       
355255110545701 507476 3971144 1 5,780 01/1985 721 495 01/1985 N Aquifer 4 Yes a a TA, W S S

W-8-55 W087 521707 3977995 2 5,578 N/A N/A N/A N/A N/A 4 No a D, S

W-8-56 W088 H-3WD2  512135 3971279 2 5,639 N/A N/A N/A N/A N/A 4-5 No a S

W-8-57 W089 06M-183A 6M-183A 514108 3975626 2 5,895 N/A 9 6.9 04/1955 Alluvial Aquifer 4 Yes NO3 F, SO4, TDS F a a H, TR D, S D, S

W-8-58 W0810 06H-55 6-3WD1/6H-55,    
355648110475501 518168 3977876 2 5,634 12/1944 361 272.6 01/2007 N Aquifer 4 Yes TDS a a W, TR, Re S D, S

W-8-59 W0811 JUA-N14B,              
355704110520901        511745 3978488 1 6,163 09/1980 1,367 268 09/1980 D Aquifer 4 Yes a a PI ,TA, W S S

W-8-60 W0812 03K-311 3K-311,         
355924110485001 516776 3982655 2 5,857 11/1934 745 448.3 01/2007 N Aquifer 4-7 Yes Cl, F, TDS F a a  W, TA, TR. D, S D, S

W-8-75 W0813 SWEET WATER WELL 505851 3957440 2 5,175 N/A N/A N/A N/A N/A 4 No a D, S

W-8-76 W0814 O3A-153 3A-153,   
354734110590501 501381 3960765 2 5,442 04/1934 549 198.65 11/1953 N Aquifer 4 No a a W, TA, TR. D, S D, S

W-8-77 W0815 MOENKOPI MONUMEN 551-2,                  
362035110314501 503287 3964801 2 5,710 04/1960 1,000 450 04/1960 D Aquifer 4 No a D, S

Claim name believed to be 
incorrect; ADWR did not find 
well at claimed location

W-8-78 W0816 3K-320 355013110560001 506021 3965665 2 5,593 09/1953 502 335.7 10/1953 N Aquifer 4-6 No a a W, TA, TR. D D, S

W-8-79 W0817 3M-175 355209110582301 502433 3969238 2 5,742 03/1935 752 507 11/1953 N Aquifer 4 No a a W, TA, TR. D D, S

W-8-81 W0818 06M-44 6M-44 516565 3961581 2 5,701 04/1929 9 6 03/1955 Alluvial Aquifer 4 Yes SO4, TDS a H, TR D, S D, S

W-8-82 W0819 6-11A                               517617 3967297 2 5,721 10/1977 800 180 10/1977 N Aquifer 4 No a D, S

W-8-83 W0820 RED CLAY SPRING Red Clay Spring 520614 3969516 1 5,699 N/A 7 Dry 06/2006 N/A 4 No a a D, S UN Well also claimed as a spring S-
8-337

W-8-84 W0821 6-3BP3 513030 3957157 1 5,580 N/A N/A 254.2 05/2006 N/A 4 No a S UN

W-8-85 W0822 06K-321 6K-321 515121 3956770 2 5,716 06/1955 520 430 06/1955 D Aquifer 4 Yes SO4, TDS a a W, TR D, S D, S

W-8-86 W0823 06-3BP1 6-3BP1/6K300,           
354746110521001 511771 3961121 2 5,391 03/1935 222 90 06/1953 D Aquifer 4 Yes TDS a a W, TA, TR. S S

W-8-87 W0824 06M-50 6M-50 518631 3965362 2 5,595 N/A 7.5 6.9 03/1955 Alluvial Aquifer 4 Yes NO3 SO4, TDS SO4 a a H, TR D, S D, S

W-8-88 W0825 06K-322 6K-322/6-3-ED-2 ,    
355102110455701 521159 3967135 2 5,836 07/1955 557 486 07/1955 N Aquifer 4 No a a W, TR D, S D, S

W-8-89 W0826 06M-174 6M-174,         
355218110493301 515725 3969534 2 5,449 03/1935 410 80 03/1935 D Aquifer 4 Yes F, SO4, TDS F a a W, TA, TR. D, S D, S

W-8-170 W0827 3K-326 500099 3983709 2 5,822 N/A N/A N/A N/A N/A 4 No D, S Probably a duplicate of W-4-1 

W-9-61 W091 06M70 6M-70 525460 3975836 2 5,927 N/A 3.5 Dry 04/1955 Alluvial Aquifer 4 Yes NO3 F, SO4, TDS F, TDS, SO4 a D, S S Reportedly a dry, walk-in well.

W-9-62 W092 530569 3976623 2 6,093 N/A N/A N/A N/A N/A 4 No D, S ADWR did not find well at 
claimed location

W-9-63 W093 06M-60 6-3NO1/6M-60,         
355427110350401 537498 3973568 2 5,648 03/1935 180 60.6 04/1955 Alluvial Aquifer 4 No a a W, TA, TR. D D, S

W-9-64 W094 06M-64 6M-64,          
355903110353601 536654 3982070 2 6,117 03/1935 860 465 03/1935 D Aquifer 4 Yes F F, pH, TDS F a a W, TA, TR, Re D, S D, S ADWR did not find well at 

claimed location

W-9-90 W095 06M-46 6M-46 524105 3957902 2 5,585 N/A 11 7.6 03/1955 Alluvial Aquifer 4 No a H, TR D, S D, S

W-9-91 W096 6-3-504/6-3-S04,       
354637110423701 526189 3959057 2 5,593 02/1960 335 246 02/1965 N Aquifer 4 No a a S D, S

W-9-92 W097 06K-261 6-2C1/6K-2C-1,           
354642110391201 531332 3959218 2 5,407 01/1956 150 48 01/1956 N Aquifer 4 No a a W, TR S D, S Claim name believed to be 

incorrect.

W-9-93 W098 523043 3960887 2 5,779 N/A N/A N/A N/A N/A 4 No a  S

W-9-94 W099 06K-310 6K-310,           
354928110415701 527098 3964543 1 5,611 06/1953 340 Dry 06/2006 N Aquifer 4 No a a a TA, TR, W D, S UN

ADWR found a dry well. Depth 
was estimated between 100 
and 120 feet.
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W-9-95 W0910 06M-52A 6M-52A       
354947110380801 532937 3964880 2 5,507 04/1951 450 111 02/1953 D Aquifer 4-7 No a a W, TR S D, S

W-9-96 W0911 06-3-503 6-3-503/6-3-S03,          
360443110261801 529447 3967376 2 5,680 03/1960 500 282 03/1960 N Aquifer 4 No a a    S ---

W-9-97 W0912 FLUTE WELL Flute Well (Dry) 532033 3969870 1 5,841 N/A N/A N/A N/A N/A 4 No a a D, S CE 

W-9-98 W0913 06M-302B 6M-302B 534608 3969028 2 5,610 N/A N/A N/A N/A Alluvial Aquifer 4 Yes NO3 SO4, TDS a H D, S S Reportedly a walk-in well

W-9-172 W0915 6K-305-95 538192 3957617 2 5,668 05/1951 415 244 05/1951 D Aquifer 4 No a W, TR D, S D, S

W-9-175 W0916 6K-309A 529752 3975172 1 6,409 06/1953 172 134 11/1953 Mesa Verde Group 4 No a a a TA D, S UN
ADWR found unused well, 
reportedly old water supply for 
school

W-9-176 W0917 6K-310 527349 3964909 2 5,625 N/A N/A N/A N/A N/A 4 No  D, S
Duplicate of W-9-94; ADWR 
did not find well at claimed 
location

W-9-181 W0918 532510 3971533 1 6,226 N/A N/A N/A N/A N/A 4 No a D CE, D ADWR found only a dry, natural 
feature in rock

W-9-182 W0919 532523 3971521 1 6,222 N/A N/A N/A N/A N/A 4 No a D CE, D ADWR found only a dry, natural 
feature in rock

W-9-183 W0920 532514 3971421 1 6,204 N/A N/A N/A N/A N/A 4 No a D CE, D 
ADWR found only a natural 
depression, 383' SE of claimed 
location.

W-9-184 W0921 523590 3971347 2 5,756 N/A N/A N/A N/A N/A 4 No D ADWR did not find well at 
claimed location

W-9-203 W0922 6M-61 355637110330401 540326 3977558 2 5,723 03/1935 164 80 03/1935 Alluvial Aquifer 4 No a TA, TR. D, S UN Reportedly abandoned

W-9-204 W0923 6-NO1 6-N01 537416 3976764 2 5,748 03/1960 127 Dry 03/1960 Alluvial Aquifer 4 No a D, S UN Reportedly abandoned

W-10-65 W102 06-1HS 6M-40,         
355425110283401 547204 3973780 1 6,128 06/1935 1,250 550 06/1935 D Aquifer 4 Yes F, SO4, TDS F , TDS a a a W, TA,TR, PI D, S S Claim name believed to be 

incorrect.

W-10-66 W103 06-1H7  6-1H7/RUIN WELL,   
355727110275601 548471 3979168 2 6,169 04/1960 511 402 04/1960 Mesa Verde Group 4 No a a      D, S D, S

W-10-67 W104 6M-43,          
355756110251401 552251 3980067 2 6,056 06/1935 216 147.9 06/1935 Mesa Verde Group 4-5 No a a W, TA, TR D, S D, S

W-10-68 W105 06M-66 6M-66,           
355250110175401 563312 3970727 2 5,782 06/1921 694 Flow 08/1952 D Aquifer 4-8 Yes F F, SO4, TDS F a a TR D, S D, S

W-10-69 W106 06-1H6 6-1-H6 556637 3977703 2 5,950 04/1960 216 89 04/1960 Mesa Verde Group 4 No a a      D, S D, S

W-10-70 W107 06K-311 6K-311/6-1P1            
355647110164101 565138 3978074 2 6,185 07/1953 413 200 07/1953 Mesa Verde Group 4 Yes TDS a a W, TA, TR D D, S

W-10-71 W108 6H-8  6-1H2/6H-8,           
355751110200401 560014 3979978 2 5,950 06/1935 114 49.1 04/1955 Alluvial Aquifer 4 No a a W, TA, TR, Re D, S D, S

W-10-100 W109 6K-305-94 6M-19/6-BB1,  
354508110265601 549802 3956376 2 5,498 10/1933 145 67.3 04/1955 Alluvial Aquifer 4 Yes NO3 SO4, TDS SO4 a a W, TA, TR D, S S Claim name believed to be 

incorrect.

W-10-101 W1010 06PW5 545296 3958355 2 5,583 N/A N/A N/A N/A N/A 4 No a D, S D, S

W-10-102 W1011 6H-15 6-2PW1/6H-15,           
354812110263301 550347 3962079 2 5,598 02/1934 115 49 08/1952 Alluvial Aquifer 4-5 Yes NO3 TDS a a W, TA, Re D, S D, S

W-10-103 W1012 06-1F7 6-1FT/6H-14             
354828110240601 554055 3962596 2 5,605 01/1934 135 50 08/1952 Alluvial Aquifer 4 Yes NO3 SO4, TDS SO4 a a W, TA, TR, Re D, S D, S

W-10-104 W1013 6-1H1 6-1H1/6H-16        
354958110252701 552009 3965354 2 5,649 02/1934 110 41.4 04/1955 Alluvial Aquifer 4 Yes NO3 TDS a a W, TA, TR, Re D, S D, S

W-10-105 W1014 SUNLIGHT MISSION SUNLIGHT BAPTIST 
MISSION 546993 3962713 1 5,866 03/1954 700 450 03/1954 D Aquifer 4 Yes F, SO4, TDS F a a P, TA D D 

W-10-106 W1015 06K-306 6K-306/6-1F4,            
354800110200201 560163 3961770 2 5,823 06/1951 710 181 01/1954 D Aquifer 4 Yes F, SO4, TDS F a a W, Re D, S D, S

W-10-107 W1016 06M-07 6-1F5/6M-7,             
354859110222201 556688 3963565 2 5,659 11/1933 100 50.3 04/1955 Alluvial Aquifer 4 Yes NO3 SO4, TDS NO3 a a W, TR D, S D, S

W-10-108 W1017 FLOWING WELL 558790 3964473 2 5,700 N/A N/A N/A N/A N/A 4 No a D, S

W-10-109 W1018 06K-301 6K-301,   
355014110221501 556752 3966011 1 5,664 01/1935 610 Flow 06/2006 D Aquifer 4 Yes F F, SO4, TDS F a a a D, S UN ADWR found a well flowing at 

0.58 GPM

W-10-110 W1019 06-1F3 KEAMS CYN 1/BIA 1, 
354959110155701 566008 3965571 2 5,963 04/1970 1,140 N/A N/A N Aquifer 4 No a D, S

Claim name believed to be 
incorrect; see W-10-111; 
ADWR did not find well at 
claimed location.

W-10-111 W1020 06M-03 6M-3/6-1F3,    
354958110154601 566496 3965662 1 5,914 12/1933 96 21.45 04/1955 Alluvial Aquifer 4 Yes SO4, TDS a a a TA, TR D, S UN

ADWR found windmill 
removed, welded cap, and tank 
labelled 6-1F3.

W-10-112 W1021
6-F-1A, 6-F-1B,   

355024110192301, 
355024110192302  

562433 3967270 2 5,800 05/1960 61 Dry 05/1960 Alluvial Aquifer 4 No  a D UN Reportedly abandoned

W-10-174 W1022 6K-308 547914 3983324 2 5,923 N/A N/A N/A N/A N/A 4 No D, S Claim name believed to be 
incorrect.

W-10-177 W1023 6M-10A 355012110221001 556679 3965785 2 5,675 04/1921 428 76.8 01/1954 D Aquifer 4 Yes F F, SO4, TDS F a WA, TR D, S D, M

W-10-178 W1024 6M-19  549749 3956545 2 5,496 N/A N/A N/A N/A N/A 4 No D, S
Probably a duplicate of W-10-
100; ADWR did not find well at 
claimed location

W-10-179 W1025 6M-40 547196 3973781 1 6,129 N/A N/A N/A N/A N/A 4 No   a TA, TR D, S UN

W-10-202 W1026 6H-2-1 553896 3974671 2 5,900 05/1960 691 Dry 05/1960 Mesa Verde Group 4 No a D, S UN Reportedly abandoned
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W-10-209 W1028 06 094 10.78 11.20 548848 3961868 1 5,622 N/A N/A N/A N/A N/A 4 No a N/A UN
Hopi guide reported well was 
never used; arsenic level too 
high; not on original claim.

W-11-72 W111 4M-79A Flowing Well 574723 3979004 2 5,994 10/1960 622 Flow 11/1960 D Aquifer 4 No a a      D D, S

W-11-73 W112 06M-80 6M-80,         
355450110144701 568037 3974427 2 5,868 06/1921 473 Flow 08/1952 D Aquifer 4-6 Yes F, SO4, TDS F a a TA, Re D, S S

W-11-74 W113 JUA-H4,   
355836110075501 578262 3981508 2 6,056 10/1981 225 103 10/1981 Mesa Verde Group 4 No a S ADWR did not find well at 

claimed location

W-11-113 W114 06K-12S 576136 3963742 2 6,421 N/A N/A N/A N/A N/A 4 No D
Claim name believed to be 
incorrect. Claim name is for a 
spring.

W-11-114 W115 61F9 6-1-F-9 568411 3956654 2 6,522 12/1959 301 212 02/1960 Mesa Verde Group 4-8 No  a      D D, S

W-11-115 W116 61F8 576324 3962326 2 6,533 N/A N/A N/A N/A N/A 4 No a D

W-11-116 W117 6-1F10 576160 3965679 2 6,609 N/A N/A N/A N/A N/A 4 No  a  D, S  

W-11-117 W118 06M-02
 6M-2/6-172,        

355008110135501        569369 3965782 2 6,023 12/1933 96 29 07/1952 Alluvial Aquifer 4 No a W, TA D D, S ADWR did not find well at 
claimed location

W-11-118 W119 06K-320 6K-320/6-1P2,            
355152110123401 571311 3969252 1 6,362 08/1954 1,032 310 04/1955 D Aquifer 4 Yes pH, SO4, TDS a a a W, PI, TA, TR S S

W-11-119 W1110 07K-37 587197 3964430 2 6,710 N/A N/A N/A N/A N/A 4 No   D  ADWR did not find well at 
claimed location

W-11-120 W1111 NO. 19 JUA-N19,                
354730110020001 587605 3961229 2 6,752 N/A 1,080 562 04/1980 D Aquifer 4 No a a D, S

W-11-121 W1112 07H-26 7H-26,                  
Lamb Well 584669 3963666 2 6,484 N/A 14.5 10.5 06/1954 Mesa Verde Group 4 No a a H, TR, A D, S D, S

W-11-122 W1113 07K-364 7K-364,           
354910110061801 580851 3964092 2 6,643 03/1955 350 209 03/1955 Bidahochi Aquifer,  

Mesa Verde Group 4 No a W, TR D D, S

W-11-123 W1114 07K-371 7K-371      
354945110003301 589497 3965254 2 6,795 02/1957 956 706 02/1957 D Aquifer 4-5 No a a      D D, S

W-11-124 W1115 #18 (A8) 585111 3967337 2 6,803 N/A N/A N/A N/A N/A 4 No a D, S  

W-11-125 W1116 #20 585310 3970142 2 6,903 N/A N/A N/A N/A N/A 4 No a D, S  

W-11-185 W1117 07H-37 7H-37,           
354519110020501 587266 3957014 2 6,713 12/1934 915 589 04/1955 D Aquifer 4 Yes SO4, TDS a a  W, TA, TR D, S D, S

W-11-186 W1118 573883 3962454 2 6,230 N/A N/A N/A N/A N/A 4 No a D, S

W-11-192 W1119 JUA-N17 355345110042001 583732 3972592 2 6,889 07/1980 630 328 07/1980 Mesa Verde Group 4 No  a D, S ADWR did not find well at 
claimed location

W-11-200 W1120 4T-385 355548110121801 571714 3976276 2 5,961 11/1954 1,017 472 11/1954 D Aquifer 4 No  a D, S

W-11-201 W1121 7P-387 355700110074701 578485 3978552 2 6,181 04/1960 460 77 04/1960 D Aquifer 4 No a a      D, S D

W-12-80 W121 06M-45 6M-45 521096 3956046 2 5,595 N/A 13 11.5 03/1955 Alluvial Aquifer 4 Yes NO3 SO4, TDS SO4 a H, TR, TA D, S D, S

W-12-126 W122 SAND VALLEY WELL 501081 3945698 2 5,042 N/A N/A N/A N/A N/A 4 No a S

W-12-127 W123 RED ROCK SP/WELL Redrock Spring Well 511366 3942829 2 5,099 N/A N/A N/A N/A N/A 4 No a D, S

W-12-128 W124 WIDE DAM #5-11  508811 3943099 1 5,167 N/A N/A N/A N/A N/A 4 No  a D D, S  
ADWR found a ditch and what 
appeared to be a contact 
spring

W-12-130 W125 SALT Salt Well 511635 3949834 1 5,294 N/A N/A N/A N/A N/A 4 No a SSB, H, UF D, S UN ADWR found well located in a 
wash.

W-12-131 W126 SWEET WTR WELL 511611 3949679 2 5,281 N/A N/A N/A N/A N/A 4 No a D, S ADWR did not find well at 
claimed location

W-12-132 W127 06K-310(N)  6K-310(N) 515458 3949195 2 5,578 08/1953 405 284 08/1953 N Aquifer 4 No a W, TA, TR D D, S

W-12-133 W128 06H-79 6-3S2/6H-79,           
354137110475401 518246 3949785 2 5,481 10/1936 275 147.5 11/1954 N Aquifer 4 No a a W, Re D D, S

W-12-169 W129 3A-154 354408110585301 501699 3954357 2 5,450 06/1936 1,010 N/A N/A N Aquifer 4 No a  D, S UN Reportedly abandoned

W-12-187 W1210 514186 3946288 2 5,517 N/A N/A N/A N/A N/A 4 No a D, S

W-12-195 W1211 5T-500 513163 3949114 2 5,474 01/1960 324 190 01/1960 N Aquifer 4 No a D, S UN
Reportedly abandoned; ADWR 
did not find well at claimed 
location

W-13-129 W131 UNNAMED 544351 3946396 2 5,410 N/A N/A N/A N/A N/A 4 No  D, S ADWR did not find well at 
claimed location

W-13-134 W132 523644 3942682 2 5,196 N/A N/A N/A N/A N/A 4 No a D, S

W-13-135 W133 06-2B6 6-2B6,                  
354322110390601 531505 3953057 2 5,439 02/1956 217 83 02/1956 N Aquifer 4 No a a S

W-13-136 W134 6K-307 522778 3955925 2 5,518 N/A N/A N/A N/A N/A 4 No a D, S Claim name incorrect; see W-
13-173

W-13-137 W135 06M-27 6M-27 538725 3948144 1 5,295 N/A 11 6.5 06/2006 Alluvial Aquifer 4 Yes a a a PI, TA, SPP S UN

W-13-138 W136 06-2B3 538813 3947849 2 5,295 N/A N/A N/A N/A N/A 4 No  S

W-13-139 W137 06-2B3 538813 3947849 2 5,295 N/A N/A N/A N/A N/A 4 No S Duplicate of claimed well W-13-
138
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W-13-140 W138 06M-26 6-2PW3/6M-26,           
354029110311901 543227 3948031 1 5,354 11/1933 107 31.7 04/1955 Alluvial Aquifer 4 Yes NO3 SO4, TDS SO4 a a a PI, TA, TR, W D D, S

W-13-141 W139 06K-304
6-2B2/6K-304            

354227110362701 535506 3951378 2 5,491 11/1939 200 142.8 05/1999 D Aquifer 4-5 No a a W, TA, TR D D, S

W-13-142 W1310 06M-29 6M-29/6-2PW2,         
354336110311601 543311 3953538 2 5,444 03/1934 200 83 02/1955 Alluvial Aquifer 4 Yes NO3 SO4, TDS SO4 a W, TA, TR, Re D S

W-13-143 W1311 6K-305-9? 536745 3955727 2 5,630 N/A N/A N/A N/A N/A 4 No  D, S ADWR did not find well at 
claimed location

W-13-159 W1312 05K-330 5K-322,          
353335110404601 529051 3934965 2 5,081 07/1958 82 50 07/1958 Alluvial Aquifer 4 Yes TDS a a      S D, S Claim name believed to be 

incorrect.

W-13-160 W1313 5K-300 526358 3934895 2 5,155 N/A N/A N/A N/A N/A 4 No a D, S Claim name believed to be 
incorrect.

W-13-161 W1314 5K-300,           
353356110445501 522773 3935594 2 5,193 1940 1,250 Dry N/A N Aquifer 4 No a a D, S Reportedly abandoned

W-13-162 W1315 06-2B5
6-2B5,                  

353519110383901 532247 3938209 2 5,142 03/1956 125 52 03/1956 Alluvial Aquifer 4 No a a D, S  

W-13-163 W1316 06M-25 6M-25,            
353722110360001 536250 3941934 2 5,203 11/1933 97 48.5 04/1955 Alluvial Aquifer 4 Yes Cl, SO4, TDS TDS, SO4 a a W, TA, TR D, S S

W-13-173 W1317 6K-307 354445110445501 522766 3955557 2 5,521 N/A N/A N/A N/A N/A 4 Yes F, SO4, TDS F, SO4 a a D, S

W-13-188 W1318 539646 3955881 1 5,605 N/A N/A N/A N/A N/A 4 Yes a a TA, W D, S UN

W-13-197 W1319 6K-312 354042110391501 531291 3948117 2 5,534 07/1953 145 91.5 11/1953 N Aquifer 4 No a  D, S Un
Reportedly abandoned; ADWR 
did not find well at claimed 
location

W-14-144 W141 06M-17A 6-1T1/6M-17 556499 3951537 2 5,843 N/A 148 54 04/1955 Alluvial Aquifer 4 No  a W, TA, TR, Re D  D, S Claim name believed to be 
incorrect.

W-14-145 W142 06-2BB1 6K-305-94 554705 3955512 2 5,745 12/1943 445 43 04/1955 D Aquifer 4 Yes F, SO4, TDS F a a  W, TA D, S D, S ADWR did not find well at 
claimed location

W-14-146 W143 07T-504 7T-504,            
353919110200101 560373 3945689 2 5,718 03/1958 92 Dry 03/1958 Alluvial Aquifer 4 No a a      D, S

W-14-147 W144 566603 3942899 1 5,799 N/A N/A 103.7 06/2006 N/A 4 No a a TA, TR, PO, W D, S S

W-14-148 W145 06H-13 6H-13/6-1T3,             
353959110203701 559404 3946935 2 5,713 09/1933 350 127.2 05/1999 D Aquifer 4 Yes F F, pH, TDS F, pH a a W, TA, TR Re D, S D, S

W-14-149 W146 06H-12 6H-12/6-1T2,            
354058110182501 562740 3948787 2 5,783 09/1933 194 61.8 05/1999 D Aquifer 4 Yes F F, SO4, TDS F a a W, TA, TR D D, S

W-14-150 W147 07H-5A2 7H-5A-2           
354021110160201 566569 3947644 2 5,910 11/1976 690 166 11/1976 D Aquifer 4 No a a D, S

W-14-151 W148 06-1T4 6-1-T4,      
354420110200901 560047 3954992 2 6,023 02/1960 700 361.4 02/1960 N Aquifer 4 No a      D D, S

W-14-164 W149 552015 3930713 2 5,659 N/A N/A N/A N/A N/A 4 No a D, S

W-14-165 W1410 07K-315 7K-315 552945 3931870 2 5,682 N/A 5.5 3.1 07/1952 Alluvial Aquifer 4 Yes NO3 F, TDS a a H, TR D, S D, S

W-14-166 W1411 07K-302 7K-302,                 
Frank Nez well 551035 3934890 2 5,567 N/A 16.5 12.5 07/1952 Alluvial Aquifer 4 Yes NO3 TDS a a  H, TR D, S D, S  

W-14-167 W1412 CROWN POINT WELL 556007 3936141 2 5,789 N/A N/A N/A N/A N/A 4 No a D, S

W-14-193 W1413 6-GS-113-1 6GS-113-1,         
354131110241801 553832 3949708 2 5,744 01/1955 190 118.5 04/1955 D Aquifer 4 No a D, S UN Reportedly abandoned, 

insufficient yield

W-14-194 W1414 6-GS-113-2 6GS-113-2     
354002110271101 549216 3947077 1 5,639 07/1954 360 223.5 04/1955 N Aquifer 4 No a a D, S UN

W-14-198 W1415 7T-503 553703 3941248 2 5,526 03/1958 124 50 03/1958 Alluvial Aquifer 4 No a      D, S UN Reportedly abandoned

W-14-199 W1416 7T-502 353627110231301 555473 3940387 2 5,560 03/1958 103 40 03/1958 Alluvial Aquifer 4 No a      D, S UN Reportedly abandoned, salty 
water 

W-14-206 W1417 7T-501 353624110214901 557641 3940311 2 5,591 02/1958 325 Dry 02/1958 D Aquifer 4 No a      D, S UN Reportedly abandoned, dry

W-15-152 W151 7K-355 353805110135001 569621 3943745 1 5,885 08/1952 536 74.3 06/2006 D Aquifer 4 Yes F, SO4, TDS F a a a W, TA, TR, PI D S

W-15-153 W152 07H-55 7H-55 572896 3949253 2 6,122 N/A 11 Dry 06/1954 Alluvial Aquifer 4 No a a H, TR D, S UN

W-15-154 W153 7H-5A-4,                
354122110103901 574349 3949338 2 6,261 11/1976 674 306 11/1967 D Aquifer 4 Yes SO4, TDS a a D, S

W-15-155 W154 07H-5A7A1 7H-5A-7A,            
354039110013201 588211 3948353 2 6,286 05/1978 565 147 05/1978 D Aquifer 4 No a a S Claim name believed to be 

incorrect.

W-15-156 W155 NEW WELL 579952 3949117 1 6,690 N/A N/A 164.9 06/2006 N/A 4 Yes a PI, TA, TR, W D, S S

W-15-157 W156 07T-519 7T-519 585500 3950308 2 6,641 12/1958 760 635 12/1958 D Aquifer 4 Yes F F, TDS F a a      D  D, S

W-15-158 W157 GLORIA LABAN 7H-5A-6,                
354435110020301 587348 3955554 2 6,723 11/1976 1,030 626.8 05/1999 D Aquifer 4 No a a D, S

W-15-168 W158 7T-520 353620110092301 576412 3940328 2 6,012 12/1958 485 120 12/1958 D Aquifer 4 Yes TDS a a      D D, S

W-15-180 W159 7K-355 569882 3943315 2 5,887 N/A N/A N/A N/A N/A 4 No  D, S
Duplicate of W-15-152; ADWR 
did not find well at claimed 
location

W-15-189 W1510 7K-363 353909110095701 575508 3945503 2 6,110 04/1955 772 235 04/1955 D Aquifer 4 Yes F, SO4, TDS F a a W, TR S D, S

Notes:
             1 From Cooley (1966), Davis (1963), Dulaney (1989), McCabe (2006), McGavock (1966), Stephens (2001), Tetra Tech (2006), and Wickham (1992)
             2 Location codes
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ADWR VERIFICATION OF WELL CLAIMS
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feet) 
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NOTESDate Well 
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1 = ADWR GPS Reading, referenced to North American Datum of 1983 (NAD 83)
2 = Claimed location, if not found or surveyed by ADWR (NAD 27)
3 = ADWR estimated location from USGS topo maps and Hopi Tribe (2005a,b) (NAD 27)

             3 From ADWR (2006), Cooley (1966), Hopi Tribe (2005a,b), McCabe (2006), Tetra Tech (2006), and USGS (2007a,b)
             4 From ADWR (2006), Davis (1963), Dulaney (1989), Farrar (1980), Griffith (1993), Kister (1963), Stephens (2001), Tetra Tech (2006), Truini (2003, 2006 &2007), USGS (2007a,b),Whickham (1992), and Zhu (2000)

As = Arsenic NO3 = Nitrate/Nitrite
Cl = Chloride Pb = Lead
F = Fluoride pH = Measurement of acidity or alkalinity

Fe = Iron SO4 = Sulfate
Mn = Manganese TDS = Total Desolved Solids 

             5 Checked only if ADWR located well site in the field.
             6

 From Davis (1963), Cooley (1966), McGavock (1966), and Tetra Tech (2006)
A = concrete apron Re = earthen reservoir

CO = concrete gallery SSB = subsurface box
D = ditch SSP = solar powered pump
H = hand pump TA = tank 
P = power pump TR = trough 
PI = piping UF = unidentified feature

PO = pond W = windmill 
            7 From Davis (1963), Hopi Claim, Hopi Tribe (2005a,b), and McGavock (1966),

CE = ceremonial
D = domestic 
IR = irrigation
M = municipal (public water supply)
S = stock

UN = unknown/unused
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1A-64A
5 6,000 N/A 3.5 1 06/1954 Alluvial Aquifer No a D Reportedly a temporary, hand dug 

well

1A-65
5 5,800 N/A 4 3 07/1954 Alluvial Aquifer No a D, S Reportedly a temporary, hand dug 

well

3A-26
5 5,200 N/A 7 4.7 07/1954 N Aquifer No a H, TR D, S

3M-170
5 6,060 N/A 8.5 8 07/1951 Mesa Verde Group Yes a

3M-176
502305 3979219 5, 6 6,068 01/1945 1,016 832 01/1945 N Aquifer No a W, TA, TR D, S

Reportedly deepened in January 
1945; located near claimed well W-
8-49

3M-180
5 5,850 N/A 13.5 12.9 07/1954 D Aquifer No a TR UN

3T-500A
5 6,040 12/1957 1,230 890 01/1960 N Aquifer No a D, S

Howell Mesa Chapter House well; 
located near abandoned, claimed 
well W-8-53

4R-27,                                      
360351110074101,                  
04 073-07.14X12.86

578525 3991217 6 6,185 N/A 688 162 06/1935 D Aquifer No a

4K-377
5 6,210 05/1945 315 254 10/1954 Mesa Verde Group No a W, TA, TR, Re D, S

4K-380,                 
362152110204801

558613 4024369 5 5,407 03/1952 950 520 02/1952 Mesa Verde Group Yes TDS a W D, S

4M-79 574776 3979013 5 5,996 09/1921 570 N/A N/A N/A Yes F, SO4 F a D, S
Located at site of claimed well W-
11-72, but different water quality

4M-123
5 6,150 05/1932 14 9.5 10/1954 Mesa Verde Group No a H, TR D, S

4M-123A
5 6,150 N/A 7 Dry 10/1954 Mesa Verde Group No a UN

Reportedly abandoned

6H-32,                                 
Toreva P. S.

544553 3961216 5, 6 5,610 10/1936 938 170 10/1936 N Aquifer No a M

6K-2,                                 
354829110111601

531332 3959218 5, 6 5,407 06/1946 106 34 06/1934 Alluvial Aquifer Yes TDS a P, TA M

6K-85
573082 3962730 5, 6 6,325 N/A 1,288 200 N/A D Aquifer No a UN

Located near unclaimed well 
KEAMS PDC 2; reportedly 
insufficient yield

6K-300,                                    
6-3BP1/6K-300,                    
354746110521001

511797 3961143 5, 6 5,393 03/1935 222 90 06/1953 N Aquifer Yes TDS a W, TA, TR S

6K-302,                             
Oraibi D. S.         

534528 3970106 5, 6 5,685 05/1935 715 45 05/1935 D Aquifer No a P, TA UN

6K-303
550746 3962605 5, 6 5,605 10/1938 115 43 01/1950 Alluvial Aquifer No a P, TA M

6K-309B
5 6,410 06/1953 164 115 11/1953 Mesa Verde Group No a D Located at Hotevilla School, near 

claimed well W-9-175

6K-323
5 6,490 06/1955 230 150 06/1955 Mesa Verde Group Yes NO3 a W, TR D, S

6M-1
571996 3963584 5, 6 5,644 12/1933 115 18 12/1933 Alluvial Aquifer No a P, TA D, S Located near unclaimed well 

KEAMS PDC 1

6M-4A
5 6,270 N/A 8.5 7.1 04/1955 Mesa Verde Group Yes NO3 TDS a H, TR D, S

6M-10, 6-1F6/6M-10,               
355013110221301

556874 3965846 5, 6 5,654 12/1933 191 20 12/1933 Alluvial Aquifer Yes NO3 SO4, TDS TDS, SO4 a
Located at site of claimed well W-9-
95

6M-35,         
354647110390201

531583 3959373 5, 6 5,407 03/1934 133 45 03/1934 N Aquifer No a W, TA, TR UN Reportedly dry on April 7, 1955; 
abandoned

6M-52
5 5,480 04/1934 435 110 08/1952 D Aquifer No a

Reportedly abandoned; located at 
site of claimed well W-9-95
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Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

TABLE E-2.  INVENTORY OF POTENTIALLY UNCLAIMED WELLS ON THE HOPI INDIAN RESERVATION

WATER 
QUALITY 

DATA
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TABLE E-2.  INVENTORY OF POTENTIALLY UNCLAIMED WELLS ON THE HOPI INDIAN RESERVATION

WATER 
QUALITY 

DATA

6M-66,                          
355250110175401,                  
04-073-11 .53X10.95

563337 3970728 5, 6 5,654 07/1921 694 Flow 08/1952 D Aquifer Yes F, pH, S04 F, pH a TR D, S

6M-183
5 5,880 N/A 13 7 04/1955 Landslide and 

Talus Yes NO3 F, SO4, TDS F a H, TR D, S Located at site of claimed well W-8-
57

6P-400 
572145 3963770 5, 6 6,254 08/1960 803 157 08/1960 D Aquifer No a D, M Reportedly the Keams Canyon 

Trading Post well

6-1-H7/RUIN WELL,                
355727110275601

548220 3979166 5, 6 5,700 04/1960 511 402 04/1960 Mesa Verde Group No a D, S

6-3-ED3
5 5,630 03/1960 385 259 03/1960 D Aquifer No a

7H-81,                                      
Seba Dalkai School well

5 5,570 N/A 35 11 09/1951 Alluvial Aquifer Yes a P, TA M

7H-81A
5 5,560 10/1931 9 7.9 07/1951 Alluvial Aquifer Yes NO3 TDS a H, TR D, S

7H-180                       
5 5,780 N/A 50 47 07/1951 D Aquifer Yes a W, TR, TA D, S

7H-218
5 5,360 N/A 18 11.6 06/1954 Alluvial Aquifer Yes NO3 SO4, TDS a W, TR, TA D, S

ATW-2 - Oraibi Wash
3 N/A N/A N/A N/A N/A N/A Yes SO4, TDS TDS, S04 a

ATW-3 - Oraibi Wash
3 N/A N/A N/A N/A N/A N/A Yes SO4, TDS TDS, S04 a

ATW-4 - Wepo Wash
3 N/A N/A N/A N/A N/A N/A Yes Pb SO4, TDS a

ATW-6 - Polacca Wash  
3 N/A N/A N/A N/A N/A N/A Yes Pb SO4, TDS SO4 a

DW; at Sand Spring
3 N/A N/A N/A N/A N/A N/A Yes SO4, TDS a

Hotevilla/Bacavi Community 
School #1

2, 3 N/A N/A N/A N/A N/A N/A Yes NO3 pH pH a

Name similar to claimed wells 21, 
22, 23, and 24 but water quality is 
different 

HOTVL COMMUNITY/PM3
522186 3981989 6 5,823 03/1970 1,790 N/A N/A N Aquifer No a

Located approximately 6 miles NW 
of Hotevilla

KCC-MW2,                               
Kykotsmovi Community 
Center

3 N/A N/A N/A N/A N/A N/A Yes TDS a

Claimed well W-9-99 reported 
separately with different water 
quality

Keams Canyon #S3815
3 N/A N/A N/A N/A N/A N/A Yes SO4, TDS a

Water quality does not match other 
Keams Canyon wells

KEAMS CYN2 562541 3966193
1 5,685 N/A N/A N/A N/A N/A Yes F, N03 Cl,  Fe,  Mn a

KEAMS CYN3 562464 3966531
1 5,411 N/A N/A N/A N/A N/A Yes F, N03 Cl,  Fe,  Mn a

KEAMS PDC 1 570968 3963453 6 5,700 12/1958 1500 256 02/1959 D Aquifer No a D, IR

Located over 6 miles East of 
claimed Keams Canyon BIA wells; 
water quality different from other 
Keams Canyon wells

KEAMS PDC 2 573282 3962825 6 6,204 01/1960 950 190 01/1961 D Aquifer No a D, M

Located over 6 miles East of 
claimed Keams Canyon BIA wells; 
water quality different from other 
Keams Canyon wells

KTC-MW1                                
Kykotsmovi Tribal Center

3 N/A N/A N/A N/A N/A N/A Yes TDS a Claimed well 15 reported separately
with different water quality

Moenkopi/Susungua Spg
3 N/A N/A N/A N/A N/A N/A Yes NO3 a

No name 1
483638 3995026 8 4,667 N/A N/A N/A N/A N/A No a Inactive

No locational data

No locational data

Only general location 
known

Only general location 
known

No locational data

No locational data

No locational data

No locational data

No locational data

No locational data

Only general location 
known

Only general location 
known

Only general location 
known

Only general location 
known

No locational data

No locational data
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TABLE E-2.  INVENTORY OF POTENTIALLY UNCLAIMED WELLS ON THE HOPI INDIAN RESERVATION

WATER 
QUALITY 

DATA

No name 2
492466 3990165 8 5,783 N/A N/A N/A N/A N/A No a

Capped well, close to claimed well 
W-4-4

No name 3
554219 3968445 8 5,727 N/A 12 N/A N/A N/A No a Capped well

No name 4
559414 3967090 8 5,717 N/A 12 N/A N/A N/A No a Artesian 

No name 5
552414 3964899 7 5,644 N/A N/A N/A N/A N/A No a a

Located 1/2 mi. SE of claimed well 
W-10-104

No name 6
516326 3943107 7 5,193 N/A N/A N/A N/A N/A No a a

Spider Mound #1 

090400688   
Spider 
Mound

581790 3950043 9 6,653 05/1994 865 540 12//1994 D Aquifer Yes F F F a P, PI, TA M

Spider Mound #2

090400688   
Spider 
Mound

584089 3950454 9 6,626 2003 725 594 02/2003 D Aquifer Yes F F F a P, PI, TA M Not connected to PWS; fluoride 
exceedes MCL

USPHS ORAl   534654 3969952 1 5,654 N/A N/A N/A N/A N/A Yes pH pH a

Notes:
             1 From Cooley (1966), Davis (1963), Dulaney (1989), McCabe (2006), McGavock (1966), Stephens (2001), Tetra Tech (2006), and Wickham (1992).
             2 Location codes

1 = Dulaney (1989), referenced to North American Datum of 1927 (NAD 27)
2 = Griffith (1993) NAD 27
3 = Stephens (2001) NAD 27
4 = Whickham (1992) NAD 27
5 = Cooley (1966), Davis (1963), McGavock (1966) NAD 27
6 = McCabe (2006) NAD 27
7 = USGS topo maps NAD 83
8 = ADWR GPS Reading NAD 83
9 = Tetra Tech, (2006) (NAD83)

               3 From Cooley (1966), Davis (1963), McCabe (2006), McGavock (1966), and Tetra Tech (2006) 
               4 From Dulaney (1989), Griffith (1993), Kister (1963), Stephens (2001), Tetra Tech (2006), and Whickham (1992)

Cl = Chloride Pb = Lead
F = Fluoride pH = Measurement of acidity or alkalinity

Fe = Iron SO4 = Sulfate
Mn = Manganese TDS = Total Dissolved Solids 

NO3 = Nitrate/Nitrite
               5 From Davis (1963), Cooley (1966), McGavock (1966), and Tetra Tech (2006) 

H = hand pump Re = earthen reservoir
P = power pump TA = tank 
PI = piping W = windmill 

                6 From Davis (1963), Cooley (1966), McGavock (1966), and Tetra Tech (2006) 
D = domestic 
IR = irrigation
M = municipal (public water supply)
S = stock

UN = unknown/unused
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Figures 



Figure E-1. Dry, hand dug well (Hopi Claim No. W-8-50)

6-1-2006



Figure E-2. Alluvial well 06M-27 (Hopi Claim No. W-13-137) with solar powered pump

6-22-2006



Figure E-3. Little Waterfall Well (Hopi Claim No. W-6-43) completed along a wash

6-20-2006



Figure E-4. Capped Turquoise Trail Well (Hopi Claim No. W-7-191) completed in the T aquifer

6-29-2006



Figure E-5. Pump house for Sunlight Mission Well (Hopi Claim No. W-10-105) completed in 
the D aquifer

6-30-2006



Figure E-6. North Hock Spring stock well (Hopi Claim No. W-8-54) completed in the N aquifer

6-1-2006



Figure E-7. Polacca #8 public water supply well (Hopi Claim No. W-10-208) completed in 
the N aquifer

7-10-2006



Figure E-8. Side Rock stock well (Hopi Claim No. W-1-11) completed in unknown aquifer

6-15-2006



Figure E-9. Stock well (Hopi Claim No. W-14-147) completed in unknown aquifer

6-27-2006



Figure E-10. Mine Production Well #4 completed in the N aquifer on PWCC Leasehold

4-20-2007
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CHAPTER 1 
INTRODUCTION 

 
1.1 BACKGROUND 
 
The scope and purpose of this report is to estimate the consumptive use (CU) of crops 
grown on the Hopi Indian Reservation in Northeastern Arizona.  The final version of this 
report will be used in preparation of a Hydrographic Survey Report (HSR) of the Hopi 
Indian Reservation. The HSR is being prepared as part of the Little Colorado River 
General Stream Adjudication.  Pursuant to A.R.S. section 45-256 (B) the purpose of the 
HSR is to report the “proposed water right attributes. . .and to examine the physical 
factors of water use and supply and land arability” (Ballinger, 2002).  This report 
attempts to quantify the consumptive use of crops that have been historically and 
currently grown on the Reservation. 
 
1.2 HOPI AGRICULTURE 
 
The Hopi Indians or their ancestors have continuously farmed the south central Colorado 
Plateau since the first millennium A.D. (Ferguson, 2004; Prevost, et. al, 1984; Thompson, 
1947.)  Agriculture is an integral part of Hopi religious beliefs and social customs and 
much of their cultural identity revolves around ceremonies and gatherings based on the 
agricultural season.  The Reservation is located at a high elevation, with an arid 
environment characterized by relatively high winds, low precipitation, and cold winter 
temperatures.  As a result, the Hopis have developed a sophisticated, innovative, and 
sustainable system of agriculture that has been adapted to the harshness of their 
environment.  In addition, the plants selected for farming on the Reservation have been 
adapted to the specific environmental conditions present.   
 
The growing season for Hopi agriculture is determined by temperature and restricted by 
the late spring and the early fall frosts.  Fields planted early in the season are vulnerable 
to the threat of a crop-killing freeze in late spring, just as crops planted later in the season 
are at risk to an early fall frost.  Based on data from the Western Regional Climate Center 
(WRCC), there is still a 50% chance at Keams Canyon that nightly temperatures will 
drop below freezing by May 20th and a 50% chance  that the first frost will occur here 
before October 10th.  At Tuba City, there is still a 50% chance of frost by April 28th and a 
50% chance that the first frost will occur before October 23rd (WRRC, 2007).   
 
Prevailing winds blow from the southwest and affect much of the topography on the 
Reservation.  Aeolian sand is carried from the Little Colorado River basin and deposited 
on the Reservation on the lee side of four main mesas or in the form of sand dunes 
elsewhere on the Reservation (Ferguson, 2004).  Strong winds have an adverse effect 
upon crop production by decreasing plant moisture, removing the topsoil from cleared 
fields, and causing physical destruction during initial stages of plant development.  
Strong winds are common on the Reservation during the spring planting months and 
large tracts of land on the Reservation are susceptible to soil blowing, “and intensive 
measures are needed to control erosion if the soils are cultivated” (NRCS, 1996:50).  
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The majority of soils located on the Hopi Indian Reservation have potential for crop 
production (NRCS, 1996:49).  The soils on the Reservation are also described as 
generally deep and arable, but that “crop production is limited by the climate and the lack 
of irrigation water” (NRCS, 1996:51).  The soils in which a large majority of Hopi fields 
are located contain a surface layer of fine sand, 4-6 inches deep, below which a clay-sand 
loam is found (Bradfield, 1971).  The upper sandy layer acts as a mulch that protects the 
underlying loamy soil from the harsh, dry winds that are prevalent on the Reservation.  
Even during long periods between precipitation events, the loamy soil is able to retain a 
significant amount of moisture.   
 
Despite the limiting effects of wind and soil condition, the major limiting factor to crop 
production is the availability of water (Manolescu, 1995; NRCS, 1996; Prevost et. al,  
1984).  The majority of fields in production on the Reservation are watered via dryland 
farming techniques (Moon, 2004).  Also referred to as “ak-chin,” this type of farming is 
directly dependent upon the rainfall as a source of irrigation.  However, Hopi farmers 
also refer to dryland fields as those which “receive water from a combination of 
precipitation and surface run-off directed to crops by earthen berms, check dams, and 
other constructed features” (Ferguson, 2004).   
 
Mean annual rainfall recorded at Tuba City, AZ is 6.39 in and 10.08 in Keams Canyon, 
AZ (WRRC 2007).  Due to the relatively low rainfall, fields are strategically placed by 
the Hopi in areas that maximize runoff and stored soil moisture.  Typical 
geomorphological locations of cropped fields include, but are not limited to, the base of 
sand dunes, within arroyos, floodplains adjacent to streams, gentle slopes below rock 
escarpments, and alluvial fans.  Field placement is not limited to topographical 
characteristics, but is also dependent on identifying which species of native vegetation 
are growing, and to what density, in a given area (Ferguson, 2004; Dominguez and Kolm 
2005).  This strategy is used to identify areas that typically have a higher soil moisture 
content, as reflected by the condition of the natural plant community.  Gardens are often 
located closer to homes as many of these are watered by hand, or irrigated with water 
from springs.  Images of Hopi fields are presented in Figures 1 through 6.  
 
Hopis have addressed the environmental conditions that limit crop production with 
“unusually intensive management practices” (Prevost, et. al, 1984).  Hopi crops are 
traditionally planted by hand, with practices that minimize top soil erosion, and take full 
advantage of underlying, retained soil moisture.  Many of these planting practices are 
unique to the area and have been adapted through centuries in order to protect the plant 
from harsh environmental and biological conditions while still preserving the field for 
future planting seasons.  The fields are also typically small, usually between 1 and 5 acres 
which mitigates to some degree the amount of wind erosion upon the topsoil. 
 
Seedlings of Hopi corn (the main crop on the reservation) also contain special adaptations 
which aid in their survival.  These adaptations include an elongated mesocotyl (the 
portion of the plant that reaches from the seed to the surface of the soil) and the 
development of a single, deeply thrusting radicle (the embryonic root of the plant which 
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grows downward into the soil), in place of a number of seminal roots (Bradfield, 1971). 
Both of these adaptations provide corn plants with access to a critical source of moisture.  
The elongated mesocotyl is typically 10-12 inches in length, as opposed to the 4-6 inches 
found on ordinary varieties.  This elongation allows a Hopi farmer to plant corn seeds 
much deeper into the soil than an ordinary variety would be planted.  This deeper 
planting helps in three main ways; it provides access to the deep, moist subsoil, it adds 
extra protection from crop-killing freezes, and it allows the seed to be planted past the 
depth of many seed-eating insects.  The development of a single radicle allows the plant 
to access deeper, stored moisture throughout critical stages in the plant’s development.  
 
Through the use of water conservation techniques, innovative farming practices, and 
adapted crop varieties, the Hopi Indians have continually farmed the area of Black Mesa 
for the past millennium.  In a region prone to extreme seasonal and yearly climatic 
variability, ditch irrigation is not generally feasible and the Hopi have developed farming 
methods that rely heavily upon rainfall and stored soil moisture. This, in turn, results in a 
variety of crops grown, farming methods employed, filed locations, and overall crop 
production. 
 
1.3 CONSUMPTIVE USE ESTIMATIONS 
 
Measuring the CU of crops requires the measurement of two hydrologic processes; 
evaporation, and transpiration.  The combination of these two processes is known as 
evapotranspiration (ET).  The methods used by ADWR to estimate ET are based upon an 
energy balance equation.  ET is driven by energy in the form of sensible heat or radiant 
energy.  Estimating the fluxes of energy at the vegetation and soil surface provide an 
estimate of how much water is evapotranspirated through this energy exchange.  The 
variables that are entered into the energy balance equation are commonly, as they are in 
this report, derived from meteorological data which include air temperature and humidity, 
solar radiation, and wind speed.  Additional measurements can be taken to reduce error in 
the ET estimates, or to produce a more precise time-scale of ET rates (i.e. mm/hour vs. 
mm/month).  These measurements include, but are not limited to, atmospheric pressure, 
soil moisture, soil salinity, soil water availability, crop yield, crop canopy cover, and leaf 
area index.  These additional data can be estimated or calculated when no measurements 
exist, however, this likely increases the error of overall ET estimates and decreases the 
precision of reliable time-scale for such estimates.   
 
Typical units for reporting ET estimates are mm/day, mm/month, or in the case of this 
report, ft/yr.  This one dimensional unit is then multiplied by the total amount of acreage 
under cultivation to quantify a total volume of water in which the agricultural lands use in 
a given season or year.  The units of volume presented in this report are in acre-ft.  
 
1.4 RANGE OF VALUES 
 
It is the intent of ADWR in this report to calculate a reasonable range of values that 
bracket the actual CU rates for crops on the Reservation.  Calculation of a range of CU 
values is largely a result of the dearth of available meteorological data.  As explained 
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later in more detail, less meteorological data increases the errors associated with ET 
estimates.   A range of values attempts to address these potential errors by providing an 
upper and lower confidence interval on the CU estimates.  This report also attempts to 
quantify water use by crops on the Reservation not limited by water availability (non-
deficit irrigation).  These estimates were made based on analysis of current and historical 
literature and ADWR makes no assumptions as to the feasibility nor practicality of 
implementing a system of Hopi agriculture which is not limited by water availability.  
Current and historical consumptive use is represented in this report as “DRY” and non-
deficit irrigation is represented as “NDI”.  An upper and a lower confidence interval are 
calculated for both categories.   
 
1.5 CROP MIXING 
 
Agricultural fields on the Hopi Reservation are in continual rotation and the area under 
cultivation for any specific crop will vary from year to year.  However, literature 
reviewed and ADWR’s own field survey, suggest a typical percentage of crops under 
cultivation in any given year.  To estimate CU for all Hopi fields, crop mixing values 
were needed to quantify the percentage of cultivated fields attributed to each cultigen.   
 
The predominant crop cultivated on the Reservation is corn (Zea mays).  The varieties of 
corn grown on the Reservation have been selected and adapted over time to suit the 
environmental conditions of the area, and differ in phenology from typical Western 
varieties.  These adaptations, namely the elongated mesocotyl and the single, deep 
radicle, provide the crop with a drought tolerance that is essential to cultivation under 
given conditions.  The Hopi corn plant itself is relatively short, rarely exceeding 5 feet in 
height, producing slender cobs, usually five to seven inches long (Ferguson 2004:23).  In 
a 1989 survey, 17 different corn varieties were identified to be grown by various Hopi 
households on the Reservation (Soleri and Smith 1995).  Despite these numerous 
varieties, ADWR has classified all types as ‘corn’ for purposes of ET calculations.  From 
a compilation of available literature on the subject, combined with ADWR’s own field 
survey, the composited average percentage of agricultural fields that contain a corn crop 
is estimated to be 81.2% (ADWR, 2005; BIA, 1924-1955; Ellis, 1974; Ferguson, 2004).  
Table 1 lists the mixing for crops grown on the Reservation.   
 
The second most prevalent field crop on the Reservation is beans (Phaseolus spp.) of 
which more than 30 varieties have been historically grown on the Reservation, although 
the recent number of varieties is closer to 20 (Ferguson 2004:25).  As with corn, for the 
purpose of this study all varieties are generally classified as ‘beans.’  Table 1 lists the 
percentage of Hopi fields dedicated to growing beans is estimated at 6.7% 
 
The Hopi Reservation has had fruit trees in cultivation since the arrival of the Spaniards 
in the seventeenth century (Ferguson 2004:27).  These include peaches (Prunus persica), 
pears (Pyrus communis), apples (Malus sylvestris), and apricots (Prunus armeniaca).  All 
of these trees were combined into one category referred to in this report as ‘orchards.’  
The percentage of agricultural lands on the Reservation dedicated to orchards is estimated 
at 8.1% (Table 1).   
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Together, the three crops listed above account for an estimated 96% of Hopi cultivated 
fields.  The remaining crops are referred to as garden varieties as they are frequently 
grown in small gardens, usually close in proximity to the home, and often close to a 
perennial source of water.  ADWR has split the remaining 4% of fields between melons 
(2.3%) and squash/other (1.7%), according to current and historic literature and field 
work (ADWR 2005; BIA, 1924-1955; Ellis, 1974; Ferguson, 2004).  This is thought to be 
representative of the garden varieties that are currently grown on the Reservation and not 
necessarily dry-land farmed.   
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CHAPTER 2: 
CALCULATING EVAPOTRANSPIRATION 

 
The Reference Evapotranspiration (ETo) method was used in this report to calculate the 
CU of crops grown on the Hopi Reservation.  This method involves first calculating the 
ET for a reference surface, assuming an unlimited supply of water, based on 
meteorological conditions of a given environment.  ETo is a climatic parameter that 
represents the evaporative ability of the atmosphere under ambient climatic conditions.  
Because ETo does not take into account crop characteristics, nor soil factors, it can be 
computed based on weather data alone.  Once ETo is computed, it is multiplied by a crop 
coefficient (Kc) which incorporates the various physical and physiological differences 
between the reference surface and the crop of interest.   Kc can also be adjusted to 
account for varying degrees of environmental stress that can inhibit the growth and crop 
evapotranspiration (ETc) of a plant.  These stressors can include soil moisture depletion, 
high soil salinity, disease, poor plant stands, varying crop covers, etc.  The final equation 
to compute ETc of a desired crop is:  
 

ETo * Kc = ETc 
 
The Food and Agriculture Organization of the United Nation’s Irrigation and Drainage 
Paper 24 (FAO-24), defines crop water requirements developed using the Reference ET 
method as “the depth of water needed to meet the water loss through evapotranspiration 
(ETc) of a disease-free crop, growing in large fields under non-restricting soil conditions 
including soil water fertility and achieving full production potential under the given 
growing environment” (Doorenbus and Pruitt 1977).  ETc values representative of these 
conditions are designated here as non-deficit irrigation, or “NDI” values.  Adjustments 
were made to the method to better represent actual ETc values on the Hopi Reservation, 
and are characterized by “DRY” values.  The methods and data that were used to 
compute ETo, Kc, and ETc are outlined in the following sections.   
 
  
2.1 REFERENCE EVAPOTRANSPIRATION (ETo) 
 
Data to compute ETo came from the Western Regional Climate Center (WRCC, 2007) 
and the Hopi Tribe Water Resources Program (HWRP, 2007).  A map of the 
meteorological stations used is presented in Figure 2.1.  The following sections outline 
the models and methods employed to calculate ETo. 
 
 
2.1.1  ETo MODELS 
 
Three models were selected to compute ETo.  These models are the FAO-24 Blaney-
Criddle, 1985 Hargreaves-Samani, and FAO-56 Modified Penman-Monteith.  Each 
model uses the ETo * Kc approach and use grass as the reference surface with an assumed 
crop height of 0.12 m, a fixed surface resistance of 70 s m-1 and an albedo of 0.23.  These 
models were selected based on the availability of climatic data, general acceptance of the 
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models, and applicability of the models to the local environment.  All three models are 
also based on the conservation of energy approach and use climate data readily available 
on the Hopi Reservation.  The only available data for the Reservation with an acceptable 
period of record (>10 years) to compute ETo is air temperature.  As explained below, the 
models selected are either temperature-based, or have approaches to compute or estimate 
missing climate data.   
 
 
2.1.1.1 FAO-24 BLANEY-CRIDDLE 
 
The FAO-24 Blaney-Criddle model was selected based on its general familiarity and 
historic use by the scientific community.  This method is suggested in FAO-24 for areas 
where available climate data is restricted to air temperature (Doorenbus and Pruitt, 1977).  
However, in the more recent FAO-56 publication, Allen et. al (1998:18) state that 
“temperature methods remain empirical and require local calibration in order to achieve 
satisfactory results.”  The FAO-24 Blaney-Criddle model was used in this study for 
comparative purposes only and no final consumptive use estimates were calculated based 
on the ETo values generated by this model. 
 
 
2.1.1.2 1985 HARGREAVES-SAMANI 
 
The 1985 Hargreaves-Samani model is another temperature-based method to compute 
ETo.  However, FAO-56 expresses greater confidence in this method over other 
temperature-based models as it “has shown reasonable ETo results with global validity” 
(Allen et. al 1998:18).  Although it is generally accepted as the most reliable temperature-
based model, it has been shown to be less accurate in windy areas, without local 
calibration.  The Hargreaves and other temperature-based models have been shown to 
underestimate ET values in areas of high winds and therefore also require a local 
calibration (Gavilan et. al, 2006: Martinez-Cob and Tejero-Juste, 2003; Jensen et. al, 
1997).  ADWR determined that there was not enough climate data available to perform 
such calibration and the uniqueness of the local geography made it difficult to incorporate 
data from other locations.  Similar to the FAO-24 Blaney-Criddle model, the 1985 
Hargreaves-Samani model was used for comparitive purposes only and no final CU 
estimates were calculated based on the ETo values generated by this model. 
 

 
2.1.1.3 FAO-56 PENMAN-MONTEITH 

 
The consensus from a May,1990 FAO meeting was to recommend the FAO Penman-
Monteith model as the standard method to define and compute ETo (Allen et. al, 1998: 
15).  As a result, this model has become a standard by which other models are compared.  
Data input requirements for this model are air temperature, solar radiation, air humidity, 
and wind speed.  FAO-56 outlines methods to estimate humidity, wind speed, and 
radiation data when it is not readily available, as was the case in this study.  As indicated 
earlier, the only available climate data from the Hopi Reservation with a satisfactory 
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period of record was air temperature.  FAO-56 strongly recommends that climate data be 
estimated when it is not available, as opposed to using temperature-based models (Allen 
et. al 1998).   
 
Nevertheless, the Hargreaves-Samani model has been shown to provide relatively 
accurate results when compared to FAO-56 Penman-Monteith, and lysimeter data (Allen 
et. al 1998; Diodato and Bellochi 2007).  However, the area of the Hopi Reservation is 
prone to high winds, and evidence suggests an underestimation of ETo values are 
computed when not incorporating wind into the ET (Gavilan et. al 2006; Jensen et. al 
1997; Martinez-Cob and Tejero-Juste 2003).  ADWR deemed it necessary to use a model 
which incorporated wind as a function of ETo since it plays a substantial role in the ET 
process, especially in areas prone to high winds, such as the Hopi Reservation.  The 
alternative would be to calibrate a temperature-based model against areas with more 
available weather, including wind speed.  However, due to the unique topography of the 
area, this approach was not pursued.   
 
In summary, based on current international consensus and appropriateness to the 
reference environment, the FAO-56 Peman-Monteith model was selected to calculate 
final ETo values for the Hopi Indian Reservation. 
 
 
2.1.1.4 OTHER MODELS 
 
Other methods to calculating ETo include the water balance approach, pan evaporation, 
and radiation-based models such as the Jensen-Haise and the Priestly-Taylor methods.  
The water balance approach requires lysimeter measurements and monitoring which is 
beyond the scope of this report.  Pan evaporation measurement techniques have been 
shown to have relatively large error due to the poor relationship between evaporation 
rates of open water and crop ET.  According to Allen et. al, (1998) “radiation methods 
show good results in humid climates. . .but performance in arid conditions is erratic and 
tends to underestimate evapotranspiration.”  ADWR did not, therefore, incorporate 
radiation-based models into the ET estimates for the Hopi Reservation. 
 
 
2.1.2 SOFTWARE USED TO CALCULATE ETo 
 
The three ETo models described above were run using the Ref-ET program developed at 
the University of Idaho by Allen (2003) to estimate ETo for a reference crop (grass) of 
standard uniform specifications.  Data entered into the program were compiled by 
ADWR from the WRCC (2007) and the HWRP (2007).  Program default values were 
used when data was not readily available. Default values were developed or approved by 
the FAO-56.   
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2.1.3 CLIMATE VARIABLES 
 

Estimating ETo with the FAO-56 Penmen-Monteith method requires air temperature, 
wind speed, air humidity, and solar radiation data.  Of all these climate variables, only air 
temperature had a satisfactory period of record (>10 years) on the Hopi Reservation.  All 
other climate variables were estimated, interpolated, or calculated via methods explained 
later in this report.  To assess a reasonable range of ETc values for the Reservation, some 
climate variables were calculated via different means to provide upper and lower limits of 
NDI and DRY.  All ETo calculations were based on monthly climate averages.   
 
 
2.1.3.1 AIR TEMPERATURE (T) 
 
Air temperature data were taken from two meteorological stations reported by the 
Western Regional Climate Center (WRCC) – Tuba City, AZ (Station 028792) and Keams 
Canyon, AZ (Station 024586).  The period of record for the Tuba City station is 1900 – 
2006 and the period of record for the Keams Canyon station is 1948 – 2006.  The location 
of these stations is shown in Figure 2.1.  Other meteorological stations on the 
Reservation were available online from the WRCC website, however, these had limited 
periods of record and were therefore not incorporated into this report.  Also, off-
Reservation meteorological stations were not used due to differences in elevation, 
geography, and topography.   
 
Monthly averages of minimum (Tmin) and maximum temperatures (Tmax) were reported 
on the WRCC website for both met stations (WRRC 2007).  Data for the entire period of 
record were utilized, except for those months with more than five days of record missing.    
 
 
2.1.3.2 SOLAR RADIATION (Rs) 

 
Solar radiation was estimated from the difference between maximum and minimum air 
temperatures.  The amount of cloud cover on any given day affects this difference.  Little 
to no cloud cover results in a relatively large difference between Tmax and Tmin because 
incoming solar radiation is not impeded (higher Tmax) as it is when cloud cover exists, nor 
is outgoing longwave radiation impeded at night (lower Tmin).  Greater cloud cover 
absorbs much of this radiation and results in smaller differences between Tmax and Tmin.   
 
The Hargreaves radiation formula was used to estimate radiation data for the Hopi 
Reservation.  An adjustment coefficient of 0.16 was used, as recommended for interior, 
non-coastal regions.  The procedure followed is outlined on page 60 of FAO-56 (Allen et. 
al, 1998).   
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2.1.3.3 WIND SPEED (u) 
 
The Hopi Reservation is known as an area of relatively high winds and has been 
qualitatively described as such by various sources (NRCS 1996, Prevost et. al 1984, 
Ferguson 2004).  Wind is a major contributor to plant ET and ADWR judged that any ET 
model that did not incorporate wind speed into the model would be at risk of 
underestimating plant ET.  Allen et al. (1998) suggest methods to estimate missing wind 
data in FAO-56 (see Table 2.10 in this report).  As indicated in this table, “moderate to 
strong wind” is quantified as 3-5 m/s measured at 2 m above the ground.  This estimate is 
consistent with data from 8 Hopi met stations on the Reservation where wind speeds 
during the growing season average 3.32 m/s (corrected to a measurement height of 2 m) 
between the years 2003 and 2007 (Hopi 2007).  The location of met stations owned and 
operated by the HWRP is shown in Figure 2.1.  For ETo estimates, a wind speed of 3m/s 
was assumed for a lower bound of 3 m/s and 5 m/s was assumed for an upper bound. 
 
 
2.1.3.4 DEW POINT TEMPERATURE (Tdew) FOR NDI 

 
Tdew is the only climate variable in the FAO-56 model where input data for NDI differed 
from DRY.  This accounts for varying field conditions and micro-climates that result 
from a non-deficit irrigated farm verses a dryland farmed field.   
 
In the case of NDI, it is assumed that the crop is a well-watered crop and reaches full 
canopy cover.  Also, no restrictions are assumed as to field size, nor acreage under 
cultivation.  Under these conditions, the reference crop would be actively 
evapotranspiring, causing the relative humidity to increase and the Tdew to decrease.  In 
the ASCE manual, Walter et. al (2005) outline methods to estimate Tdew from Tmin.  
These methods are similar to those outlined in FAO-56, however, much of the data in 
which the method was developed for ASCE are specifically taken from Arizona 
therefore, are likely to be more applicable to an arid region such as the Hopi Reservation.  
The ASCE method involves a substitution of Tdew for “Tmin - Ko”.  A Ko value in the 
range of 2-4°C is recommended for semiarid and arid regions (Allen, 1996).  However, in 
Arizona, the value of Ko was found to vary from 2-5°C over the course of a year (Walter 
et. al 2005).  In accordance with this finding, and per (Brown, 2007), the Ko values for 
the months of April-June was assumed to equal 5°C, and a Ko value of 2°C was assumed 
for the months of July-Sept during the monsoon season when Tdew is more likely to 
approach Tmin.  When Tdew is estimated using this method, no further adjustment is 
needed for air temperature data to represent reference conditions (Walter et. al, 2005).   

 
 
 

2.1.3.5 DEW POINT TEMPERATURE FOR DRY 
 
In the case of DRY, Tdew measurements were estimated based on available relative 
humidity measurements taken from the 8 Hopi met stations (Hopi, 2007).  These 
measurements, however, are available for a short period of record and include several 
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large data gaps.  To address this data limitation, the Method of Variance Extension, Type 
1 or MOVE.1 (Hirsch, 1982) was used to create a relationship between Tmin and Tdew for 
each month in the growing season using available.  This relationship was then applied to 
measured temperature data from Keams Canyon and Tuba City (WRCC, 2007) to extend 
the record of relative humidity data.  Monthly averages for Tdew were then computed and 
used in the Ref-ET program to calculate ETo for DRY.   
 
No attempt was made to correct Tdew measurements for non-reference conditions.  Even 
with a well-watered but sparse crop, it is assumed that this would not have a significant 
impact on humidity measurements.  Methods used to calculate DRY conditions, represent 
conditions associated with current agricultural practices.  A potential decrease in Tdew is 
limited by the size of Hopi fields which are typically much smaller and less dense in 
comparison to traditional Western agriculture, which can create a microclimate effect.  In 
addition, the ASCE (2005) manual suggest that Tdew correction procedures may not be 
effective at identifying reference environments in regions prone to large nighttime winds.  
Doorenbos and Pruitt (1977) also suggest that no Tdew correction factors be applied to 
small fields.  Therefore, due to the current and historic condition of Hopi fields, actual 
Tdew measurements were used in calculating ETo for DRY 
 
 
2.1.4 SUMMARY OF ETo 
 
Table 2.1 lists the climate variables which were used to calculate upper and lower ETo 
values for NDI and DRY conditions.  Four climate variables (air temp, Tdew, Rs, and u) 
were entered into the Ref-ET program to compute average monthly ETo rates using the 
FAO-24 Blaney-Criddle, the 1985 Hargreaves-Samani, and the FAO-56 Penman-
Monteith models.  Of these variables, only Tdew was calculated differently for NDI and 
DRY as described above in Sections 2.1.3.4 and 2.1.3.5.  Different wind speeds were 
entered into the models for the upper and lower ETo values. 
 
 
2.1.5 COMPARISON BETWEEN MODELS 
 
Average monthly ETo values calculated by the three models are listed in Tables 2.2 and 
2.3 and are illustrated in Figures 2.2 and 2.3 for Keams Canyon and Tuba City, 
respectively.  The total yearly differences in ETo between the various models is illustrated 
in Figures 2.4 – 2.7.  The upper and lower bounds represented in these tables and figures 
are based on the assumed growing season of Hopi corn, with an upper bound of 170 days 
and a lower bound of 115 days (and are also affected by the different wind speeds).  This 
difference is explained in Section 2.2.1.   
 
When compared to the FAO-56 model, the Blaney-Criddle model overestimated the 
range of ETo values under both NDI and DRY conditions.  This overestimation ranges 
between 3.2% and 14% and is congruent with the FAO-56 findings (Allen et. al, 1998).  
On the other hand, when compared to the FAO-56 Penman-Monteith method, the 
Hargreaves model underestimated the range of ETo values.  These underestimations range 
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between 7.3% and 18.1% and are consistent with current literature on applying the 
Hargreaves model to arid, windy regions (Gavilan et. al, 2006; Jensen et. al, 1997; 
Martinez-Cob and Tejero-Juste, 2003).  These differences are summarized in Table 2.4.  
The FAO-56 ETo values for the upper and lower limits of NDI and DRY are found in 
Table 2.5.  Note that ETo values for DRY conditions are higher than for NDI.  This is a 
result of the different Tdew values entered into the model.  Tdew values for DRY are 
representative of current and historical farming practices on the Hopi Reservation which 
reflect smaller fields and relatively wide crop spacing (Ferguson, 2004; Bradfield, 1971) 
that do not create a microclimate in which Tdew alterations are necessary. 
 
 
2.2 CALCULATING Kc VALUES 
 
ETo values provide an estimate of the ET of a hypothetical reference crop under ambient 
climatic conditions.  Kc values are needed to account for the difference in ET between 
this hypothetical crop and the crop grown on the Reservation.  This approach assumes 
adequate water and soil fertility.  However, water is a limiting factor in crop production 
on the Hopi Reservation and has dictated many of the Hopi’s agricultural practices 
(Bradfield, 1971; Ferguson, 2004; Moon, 2004; Prevost, et. al, 1984).  Therefore, to 
estimate ETc on the Hopi Reservation, Kc values must be adjusted to reflect conditions 
that better represent those found on the Reservation.  This adjustment was performed for 
the DRY condition and explained in later sections of this report.  Pre-established 
methodologies and published values of crop Kc values were used for the NDI condition 
as it is intended to reflect a scenario which is not limited by water supply.   
 
 
2.2.1 CORN Kc 
 
Corn Kc values for the NDI condition are intended to reflect values for a well-watered 
corn crop with no environmental stress.  The only difference between ETo and ETc will 
be the physical and physiological differences between a corn plant and grass, the 
reference crop.  Kc values change over the stages of the plant’s life, and therefore, a Kc 
curve is needed.   
 
A Kc curve for NDI Corn was developed for this study based on growing-degree-days 
(GDD).  Crop development is a function of heat units and a physiological clock can be 
developed based upon GDD (Sammis et. al 1985).  GDD are calculated by subtracting a 
base temperature from the average between Tmax and Tmin.  A base temperature of 50°F 
was used for corn.  The WRCC (2007) site provides Tmax and Tmin data and these data 
were used to get GDD for Keams Canyon and Tuba City. 
 
Sammis et. al (1995) computed GDD and corresponding Kc values for well-watered corn 
at 2 sites in New Mexico with the goal of producing a Kc curve for corn that could be 
applicable to similar geographical areas.  The mean cumulative GDD for the New 
Mexico sites was 1,725 compared to the mean GDD for Tuba City of 1,706 based on  
WRCC weather data from April – September.  Because of the similar values, the Kc 
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curve developed by Sammis et. al was used to calculate NDI values for ETc on the Hopi 
Reservation.  A graph that shows Hopi data fall along this curve is shown in Figure 2.8.  
The cumulative GDD’s for the growing season are illustrated in Figure 2.9. 
 
To model actual growing conditions on the Hopi Reservation (DRY), a daily soil 
moisture budget would be helpful to ETc estimations.  Due to infrequent watering, readily 
available water within the soil declines to the point of zero which causes the ETc to also 
approach zero.  In other words, when there is no moisture in the soil, the plant does not 
transpire.  To correct Kc for such conditions, soil moisture needs to be quantified.  
Because these data could not be obtained, an alternative approach to correcting Kc was 
used. 
 
A Kc curve based on Table 21 from FAO-24 was used for DRY conditions.  However, 
the Kc values were modified using techniques outlined in Chapter 9 of FAO-56, ‘ETc for 
natural, non-typical and non-pristine vegetation.’  The intent of this chapter is to outline 
methods to estimate Kc values for agricultural vegetation when Kc values are not 
available, as is the case for crops grown on the Hopi Reservation.  The procedure used 
was a modification of Kc values based on effective ground cover.  There is a decrease in 
ET per unit area of a field when plants are spaced further apart than typical conditions, 
since this results in fewer plants per unit area.  However, the reduction in ground cover 
also increases the amount of solar radiation that is reflected off the bare soil and 
transferred to each plant.  The procedure described above was reviewed and approved by 
Dr. Richard Allen in January 2008 (Allen, 2008).   
 
FAO-24 lists values for four Kc curves based on minimum relative humidity and wind 
speed.  The curves are created by connecting four Kc values; Initial Kc [Kc (initial)], Crop 
Development Kc [Kc (crop dev.), Mid-season Kc [Kc (mid)], and a Harvest Kc [Kc (harvest)].  For 
all FAO-24 Kc values it was assumed RHmin<20% with a wind speed of 0-5m/sec.  A Kc 
(initial) of 0.12 was selected based on Sammis et. al (1995) and Figure 6 in FAO-24 
(Doorenbus and Pruitt, 1977:38).  Kc (crop dev.) was calculated via linear interpolation from 
Kc (initial) and Kc (mid-season).   
 
Equations 98 and 99 from FAO-56 (see Appendix C) were used in order to estimate the 
basal Kc during mid-season when plant density is lower than full cover conditions.  The 
fraction of soil surface that is covered by vegetation (fc) values were based on ADWR’s 
field investigation (2005) and corroborated by photographs of historic and current 
agricultural fields (Ferguson, 2004).  An fc of 0.091, with a plant height of 1m was used 
for calculating the Kc mid for DRY conditions for corn (ADWR 2005).  Other values 
entered to the model are outlined in sections 2.1.3.3 and 2.1.3.5.  Values for all Kc stages 
for upper and lower bounds of DRY conditions are listed in Tables 2.6 and 2.7.   
 
Note in Figures 2.10 and 2.11, that the lower bound of Corn Kc for NDI exceeds that of 
the upper for the months of August and September, as indicated by the lower bound Kc 
for NDI curve crossing over the curves for the upper bounds.  This effect is due to the use 
of the same GDD curve for different growing seasons.  A later planting date causes the 
plant’s ET to be less initially, as plant development is trailing the crop with an earlier 
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planting date.  In the early months of the season, the plant has had less time to develop 
and will evapotranspirate less water than a crop planted earlier in the season which has 
had more time to grow.  Later in the season, however, a crop that has fully developed 
throughout its entire growing season, reacts differently than a crop that was planted later 
in the season (due to frost or lack of available water).   Applying both of these potential 
cropping seasons to the same GDD curve is the basis for this incongruity.  Brown (2007) 
suggests not adjusting the GDD curve to account for planting date as it would likely 
introduce more error into the model than would be gained in accuracy.  Also, the lower 
bound’s higher Kc value later in the season may actually represent field conditions. 
 
Tables 2.6 – 2.9 list the final ETc values for NDI and DRY which are illustrated in 
Figures 2.12 and 2.13.   
 
The growing season for corn on the Hopi Reservation is limited by late spring frosts, and 
early fall frosts.  According to the Hopi Drought Plan, “the Hopi growing season. . .is 
between 120 and 160 days long depending on location. . . .The planting season ranges 
from mid-April for early ceremonial corn to June for the principal corn crop” (Hopi 
Tribe, 2000).  Several reliable sources cite similar numbers for the growing period, with a 
range from 115 to 170 days (Adams, 1979; Ferguson, 2004; Manolescu, 1995; Bradfield, 
1971; Prevost et. al 1984; Soleri and Cleveland 1993).  Monthly ET rates were calculated 
based on a growing season of 115 days for lower bound ET estimates, and a growing 
season of 170 days for upper bounds of ET estimates.  Because ETo rates were calculated 
as a monthly average, these were adjusted through linear interpolation when an entire 
month did not fall within a growing season.  This adjustment was also made for Kc values 
that were based on average monthly GDD’s. 
 
 
2.2.2 BEAN Kc 
 
As with corn, beans are field crops that are typically grown in dryland fields by the Hopi 
and actual field conditions do not meet reference crop criteria.  NDI calculations are 
based on what a potential bean crop could produce if not limited by water.  Kc values 
used for NDI bean were taken from Table 21 in FAO-24 (Doorenbus and Pruitt, 
1977:40).   
 
To calculate ET for beans under DRY conditions, the Kc curve had to be adjusted to 
represent dryland farming conditions.  Therefore, FAO-24 values were modified using 
the same technique as was used for corn.  The approach is outlined in Chapter 9 of FAO-
56 and the values for these modifications were based on data outlined in sections 2.1.3.3 
and 2.1.3.5, with an fc of 0.14 and a plant height of 0.3m, based on data from ADWR 
(2005).   
 
A crop season of 110 days and an average planting date of May 15 for beans was based 
on available literature (Ferguson 2004; Bradfield 1971).  The ETc rates from the Kc 
values established for Hopi beans are illustrated in Figure 2.12 and Figure 2.13.   
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2.2.3 ORCHARD Kc 
 
Development of the Kc values for orchards on the Hopi Reservation followed a similar 
methodology as was used for corn and bean Kc values.  Kc values from Table 26 of FAO-
24 were used (Doorenbus and Pruitt, 1971:49).  Because the fruit trees do not experience 
as dramatic a growth process during the growing season, Kc values are provided by 
month rather than by developmental stages.  Kc values were selected to represent several 
fruits (peaches, apricots, pears, and plums); a cold winter with killing frost; dry, light to 
moderate wind (0-5 m/sec); and no ground cover crop.  The growing season under these 
specifications extends from April thru October.   
 
Although other varieties of trees are grown on the Reservation, most prevalent are peach 
trees (Prunus persica) (Ferguson 2004; Bradfield 1971).  A single Kc that represents 
peach trees was considered adequate for this study.  However, orchards are frequently 
located in fields that are considered dryland farmed and therefore an adjustment to the Kc 
value was necessary.   
 
For DRY conditions, these Kc values were modified to once again represent sparse 
vegetation or tree stands.  An fc of 0.34 and plant height of 2m was used for Equations 98 
and 99 in FAO-56 based on ADWR’s field survey (2005).   
 
Figures 2.16 and 2.17 show ETc values for orchards under NDI and Dry conditions at 
Keams Canyon and Tuba City.   
 
 
2.2.4 MELON Kc 
 
The fourth most prevalent crop on the Hopi Reservation is melons.  Melons and squash 
(Section 2.2.5) were assumed to represent the common crops grown in Hopi gardens.  
While the majority of Hopi fields are dependent upon direct precipitation and 
supplemental surface flow during storm events, Hopi gardens are often located near a 
perennial water supply (most often a spring) in which hand watering is frequently 
practiced (Ferguson, 2004).   Because of this difference in water supply, the DRY 
condition was not calculated.  In addition, melons and squash combined are believed to 
account for only 4% of the total field acreage and therefore do not account for a large 
percentage of the agricultural consumptive use on the Reservation.  Kc values for melon 
were taken from Table 21 in FAO-24 (Doorenbus and Pruitt, 1977:40).  The average 
planting date (May 1) and length of season (120 days) were based on present literature on 
the subject of Hopi agriculture (Ferguson 2004; Bradfield 1971).   
 
ETc values calculated for Hopi melons are illustrated in Figures 2.18 and 2.19.   
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2.2.5 SQUASH Kc 
 
As explained in the above section, squash was assumed a Hopi garden crop with different 
watering and agricultural techniques than other crops grown on the Reservation.  As with 
melons, no DRY condition was calculated for Hopi squash and the only variation in ET 
estimates are due to differences in ETo variables.  Kc values were obtained from Table 21 
in FAO-24 (Doorenbus and Pruitt, 1977:41) with again the Kc (soil) equal to 0.12.  The 
planting date assumed was May 1 and the growing season consists of 110 days (Ferguson 
2004; Bradfield 1971).  ETc rates throughout the growing season are illustrated in 
Figures 2.20 and 2.21. 
 
 
2.3 FINAL ETc CALCULATIONS 
 
Final crop ETc values are listed in Table 2.11 and provide upper and lower estimates for 
five different crops at Keams Canyon and Tuba City under NDI and DRY conditions.  
Values for Keams Canyon and Tuba City were combined and the average listed in Table 
2.12, which demonstrates a composite estimate of ETc for the range of conditions on the 
Hopi Reservation.  To apply a single ETc value to all Hopi fields, a weighted average 
(based on crop mixing percentages in Table 1.1) was taken and the results are presented 
in Table 2.13.  These values can be applied to the total acreage under cultivation to 
produce a Reservation-wide crop consumptive use value.  Under current and historic 
agricultural practices and using current and historical plant varieties adapted to the 
region, the range of consumptive use for Hopi agricultural fields is 0.92-1.43 ft/acre.  
If water were not a limiting factor on the Reservation, the consumptive use of non-
deficit irrigated crops on the Reservation would be 2.29-3.03 ft/acre.     
 
The values presented above represent crop water use per unit of area.  Individual plants 
grown on the Reservation likely use an amount of water closer to a plant grown under 
traditional Western practices.  However, the spacing of individual plants is much greater 
than in a traditional Western field.  Ferguson (2004:53) reported corn clumps spaced 8 to 
12 feet apart with rows spaced in accordance to the farmer’s estimate of available soil 
moisture.  According to Bradfield (1971:5), “the wide spacing of plants in fields is an 
important element in Hopi planting as this helps to insure that each clump of corn 
receives adequate moisture.”  This practice has developed as a land-management 
technique intended to cope with harsh environmental stressors, mainly the lack of 
available water.  Therefore, although an individual corn plant may use a quantity of water 
more similar to an individual corn plant planted elsewhere, the wide spacing between 
plants leads to a lower “per unit area” quantity on the Reservation.  In other words, there 
are fewer plants per unit area which means less overall water usage.  If crop spacing was 
not dictated by water availability, water usage on a per unit area basis would therefore 
increase substantially.    
 
It should also be noted that these ETc values represent average water consumption based 
on available data.  Because Hopi crops are so dependent on rainfall, in years in which 
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there is relatively little available water, the actual consumptive use will be lower.  
Conversely, in years in which there is a greater rainfall than average, the consumptive use 
of crops will increase to a greater value than here.   
 
The Hopi Tribe has followed agricultural and lifestyle practices that compensate for this 
hardship.  The DRY method values presented in this report are intended to estimate 
actual historical and current consumption values which are limited by the supply of 
rainwater and do not represent water use based on a desired or ideal crop yield. 
 
 
2.4 EFFECTIVE PRECIPITATION 
 
The majority of Hopi corn fields are dryland farmed, relying heavily upon precipitation 
and stored soil moisture (Ferguson, 2004; Hopi Tribe, 2000; Moon, 2004).  ETc estimates 
for Hopi corn fields are corroborated by estimations of effective precipitation on the 
Reservation.  Effective precipitation refers to the amount of rainfall that is utilizable to 
plants and is based on the amount, frequency, and intensity of rainfall.  Rainfall that runs 
off a field and any water that percolates beyond the root zone are examples of ineffective 
precipitation.   
 
In some cases, effective precipitation is calculated using the amount of rain that falls only 
during the growing season.  However, since Hopi fields are geographically situated as to 
maximize effective precipitation by taking advantage of deeply stored soil moisture 
(Ferguson, 2004; Dominguez and Kolm, 2005), it is more appropriate that effective 
precipitation be calculated from total annual rainfall.   
 
For Keams Canyon, annual effective precipitation, as estimated with FAO techniques 
using monthly consumptive use and precipitation (Dastane, 1978), is approximately 52-
89% of estimated DRY ETc (Tuba City is approximately 33-56%).  Tables 2.6 through 
2.9 include, growing season, annual effective, and growing season effective rainfall for 
these two stations.   
 
 
2.5 OTHER CU ESTIMATES 
 
The National Resource Consulting Engineers, Inc. conducted a consumptive use study 
using the Jensen-Haise model to calculate ET (see Appendix A and B).  This is a 
radiation-based model and according to Allen et. al, (1998) “radiation methods show 
good results in humid climates. . .but performance in arid conditions is erratic and tends 
to underestimate evapotranspiration.”  In addition to the lack of reliability of this model 
in arid environments, there are also no radiation measurements with an extensive period 
of record located on the Hopi Reservation, therefore, a model based on radiation would 
be greatly subject to all of the potential errors involved in estimating radiation data. 
 
The modifications to Kc values were based on “a 30 percent reduction to account for field 
conditions.”  The NRCE makes no reference as to data that supports this reduction.   
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The NRCE also quantifies the spacing of corn crops as “spaced on about 4- to 5-foot 
rows with spacing of about 3 feet between plant clusters, as compared to typical 2.5-foot 
row spacing and 0.75- to 1-foot plant spacing along rows” (See Appendix 2).  These 
values contradict values gathered by ADWR (2005) as well as literature on the subject.  
For example, Bradfield writes that “A Hopi corn field is planted in rows, with some 3 
paces between rows, and 3 to 4 paces between the separate ‘hills’ in a row.”  [Depending 
on the definition of ‘pace,’ this is 7.5ft x 7.5-10ft, or 15ft x 15-20ft.] (1971:5).  Ferguson 
also reports that “corn clumps are spaced 8 to 12 feet apart.  Farmers determine the exact 
spacing of corn within a row and in alternate transverse rows according to their estimates 
of how much soil moisture is available when they plants” (2004; p.53).  These values of 
crop spacing are double that of the information presented by the NRCE. 
 
The harvesting season of 120 days used in the NRCE report is also contradictory to many 
sources (Ferguson, 2004; Manolescu, 1995; Bradfield, 1971; Prevost et. al 1984; Soleri 
and Cleveland 1993).   
 
 
2.6 SUPPLEMENTAL IRRIGATION DEMAND 
 
Supplemental irrigation demand (SID) is the consumptive use demand of a crop which is 
not satisfied by effective precipitation.  In this study, the SID was estimated by 
subtracting the annual effective precipitation (see Tables 2.6 through 2.9) from the 
consumptive use requirement of crops grown on the Hopi Reservation (see Table 2.13).   
 
SID was also estimated from the Hopi Tribe’s Statement of Claim (see Appendix A) 
using an alternative method.  The ‘average irrigation depletion’ and the ‘maximum 
irrigation depletion’ were divided by the quantity of irrigated acres (non-precipitation 
farmed acres), as claimed by the Hopi Indian Tribe, to yield ‘average SID’ and 
‘maximum SID.’  These values are compared to the SID calculated by ADWR in Table 
2.14. 
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CHAPTER 3: 
STUDY LIMITATIONS 

 
The intent of this report is to provide a scientifically-based estimation of the consumptive 
use of crops grown on the Hopi Reservation using available and reliable data and 
following standard and accepted methods.  
 
Kc curves were adjusted to represent dryland farming conditions based on a relationship 
between ET and sparseness of vegetation.  The data used to quantify this sparseness were 
based on an ADWR field survey from 2005. That was corroborated with data from Ferg. 
Although evidence suggests that the Hopi agricultural practices, including crop spacing, 
have remained relatively constant (Ferguson 2004; Manolescu, 1995), a more extensive 
field investigation, spanning several growing seasons, might add to the accuracy of 
sparseness estimations.  
 
The Kc curves presented in this report are a best, first order estimation of crop water use 
on the Hopi Reservation.  The ETo values reported are based primarily on temperature 
measurements with estimations and extrapolation of other meteorological data.  Better 
estimates of crop water use may be possible if additional, site specific data were 
available.  These data include but are not limited to, soil moisture, wind speed, solar 
radiation, crop canopy cover, and harvest index ratio.  These should be collected 
throughout the growing period and during consecutive years so that an adequate period of 
record is established.  Desert environments are characterized by droughts and wet periods 
that vary in duration and magnitude. These can cause annual crop water usage to 
fluctuate substantially.   
 
The temperature data used in this report was obtained from two met stations located on 
the Hopi Reservation.  Data from additional met stations on the Reservation with a 
significant period of record may improve ET estimates.   
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Tables 



 
 
Table 1.1: Hopi Crop Mixing 

 

Crop Mixing for Hopi Agriculture* 
Crop Percentage
Corn** 81.2%
Orchards** 8.1%
Beans** 6.7%
Melons 2.3%
Squash/other 1.7%
*Estimate based on mean values from current and historic field surveys (ADWR, 2005; BIA, 1924-1955; Ellis, 1974; Ferguson, 2004) 
**Includes all varieties 
 



Table 2.1: Data Input for Hopi Corn ETc 
 
 Non-deficit Irrigated Land (NDI) Dryland/Actual Conditions (DRY) 
 Upper Bound Lower Bound Upper Bound Lower Bound 
 Method Source Method Source Method Source Method  Source 

Temperature 
measured data  
 (WRCC, 2007) measured data  (WRCC, 2007) measured data  (WRCC, 2007) measured data  (WRCC, 2007) 

Dew Point (Tdew) ASCE estimation 
(ASCE, 2005), 
(Brown, 2007) ASCE estimation 

(ASCE 2001), 
(Brown 2007) 

MOVE.1 Record 
Extension 

(HOPI 2007), 
(Hirsch 1982) 

MOVE.1 Record 
Extension 

(HOPI 2007), 
(Hirsch 1982) 

Solar Radiation Hargreaves (FAO-56) Hargreaves (FAO-56) Hargreaves (FAO-56) Hargreaves (FAO-56) 

Wind Speed (u) 5 m/s 
(FAO-56) (Hopi, 
2007) 3 m/s 

(FAO-56) (Hopi, 
2007) 5 m/s 

(FAO-56) (Hopi, 
2007) 3 m/s 

(FAO-56) (Hopi, 
2007) 

Growing Season 
170 days 
(April 7-Sept 20) 

(Ferguson, 2004; 
Manolescu, 1995; 
Bradfield, 1971; 
Prevost et. al 1984; 
Soleri and Cleveland 
1993) 

115 days 
(May 15-Sept 8) 

(Ferguson, 2004; 
Manolescu, 1995; 
Bradfield, 1971; 
Prevost et. al 
1984; Soleri and 
Cleveland 1993) 

170 days 
(April 7-Sept 20) 

(Ferguson, 2004; 
Manolescu, 1995; 
Bradfield, 1971; 
Prevost et. al 1984; 
Soleri and 
Cleveland 1993) 

115 days 
(May 15-Sept 8) 

(Ferguson, 2004; 
Manolescu, 1995; 
Bradfield, 1971; 
Prevost et. al 
1984; Soleri and 
Cleveland 1993) 

Kc Value NM GDD Curve 
(Sammis, et. al 
1985) NM GDD Curve 

(Sammis, et. al 
1985) 

Kc adj for Sparse 
Vegetation (FAO-56, Ch. 9) 

Kc adj for Sparse 
Vegetation (FAO-56, Ch. 9) 

 



Table 2.2: ETo Rates for Hopi NDI fields 
 
 

  Monthly ETo Rates for NDI  

  FAO56-PM (upper) FAO56-PM (lower) FAO24-BC (upper) FAO24-BC (lower) Harg-Sam (upper) Harg-Sam (lower) 
   mm/day mm/day mm/day mm/day mm/day mm/day 

April 6.34 4.98 5.56 4.96 4.13 4.13
May 7.29 6.60 7.53 6.80 5.59 5.59
June 8.90 7.56 9.63 8.74 6.95 6.95
July 8.65 7.43 9.55 8.71 7.18 7.18
Aug 7.88 6.74 8.31 7.57 6.23 6.23Tu

ba
 C

ity
 

Sept 6.88 6.04 6.79 6.14 4.85 4.85
April 5.83 4.62 4.85 4.31 3.83 3.83
May 6.69 6.21 6.73 6.05 5.11 5.11
June 8.46 7.26 9.01 8.16 6.57 6.57
July 8.03 6.98 8.78 7.98 6.67 6.67
Aug 7.08 6.15 7.40 6.71 5.65 5.65

K
ea

m
s 

C
an

yo
n 

Sept 6.14 5.50 5.96 5.37 4.39 4.39
 



Table 2.3: ETo Rates for Hopi DRY fields 
 
 
  Monthly ETo Rates for DRY 
  FAO56-PM (upper) FAO56-PM (lower) FAO24-BC (upper) FAO24-BC (lower) Harg-Sam (upper) Harg-Sam (lower) 
   mm/day mm/day mm/day mm/day mm/day mm/day 

April 7.20 5.40 5.84 5.21 4.13 4.13
May 8.49 7.39 8.48 7.61 5.59 5.59
June 10.40 8.44 10.90 9.87 6.95 6.95
July 11.00 8.80 11.60 10.40 7.18 7.18
Aug 9.17 7.52 9.25 8.37 6.23 6.23Tu

ba
 C

ity
 

Sept 7.96 6.79 7.55 6.79 4.85 4.85
April 6.65 5.05 5.30 4.70 3.83 3.83
May 7.78 6.93 7.60 6.80 5.11 5.11
June 9.86 8.08 10.30 9.25 6.57 6.57
July 10.40 8.37 10.90 9.81 6.67 6.67
Aug 8.75 7.17 8.63 7.77 5.65 5.65

K
ea

m
s 

C
an

yo
n 

Sept 7.23 6.30 6.67 5.98 4.39 4.39
  



 
 
 
 
 
 
 
 
 
 
 
Table 2.4: ETo Model Comparison to FAO-56 
*values based on corn growing season (upper = 170 days; lower =115 days) 
 
 Percentage Difference from the FAO-56 Penman-Monteith ETo Model for the Hopi Reservation 
 NDI DRY 
 Tuba City Keams Canyon Tuba City Keams Canyon 
 Upper Lower Upper Lower Upper Lower Upper Lower 

Blaney-Criddle 3.2% 14.0% 1.8% 10.6% 7.7% 9.0% 5.4% 9.0%

Hargreaves-Samani -18.1% -7.3% -17.5% -8.3% -15.2% -12.7% -16.7% -14.4%
 



 
 
 
 

     Table 2.5: FAO-56 ETo Rates for NDI and DRY Fields 
 

Comparison of Hopi ETo Rates (FAO-56) 
  NDI DRY 
  upper lower upper lower 

month mm/day mm/day mm/day mm/day 

April 6.34 4.98 7.20 5.40 

May 7.29 6.60 8.49 7.39 

June 8.90 7.56 10.40 8.44 

July 8.65 7.43 11.00 8.80 

Aug 7.88 6.74 9.17 7.52 

Tu
ba

 C
ity

 

Sept 6.88 6.04 7.95 6.79 

April 5.83 4.62 6.65 5.05 

May 6.69 6.21 7.78 6.93 

June 8.46 7.26 9.86 8.08 

July 8.03 6.98 10.40 8.37 

Aug 7.08 6.15 8.75 7.17 

K
ea

m
s 

C
an

yo
n 

Sept 6.14 5.50 7.23 6.30 

 
 



 
 
 
 
 
 
Table 2.6: Corn ETc values for Hopi DRY upper limit 
 

month days/mo mm/day mm/mo mm/mo mm/day
April 23 7.20 165.60 1 30 0.12 18.46 0.00
May 31 8.49 263.19 2 50 interpolation 44.67 1.44
June 30 10.40 312.00 3 55 0.36 95.25 3.18
July 31 11.00 341.00 4 35 0.19 115.49 3.73
Aug 31 9.17 284.27 103.50 3.34
Sept 24 7.95 190.80 47.26 1.97

days/yr mm/yr ft/yr mm/yr in/yr ft/yr
170 1556.86 5.11 424.63 16.72 1.39

month days/mo mm/day mm/mo mm/mo mm/day
April 23 6.65 152.95 1 30 0.12 17.11 0.00
May 31 7.78 241.18 2 50 interpolation 41.28 0.98
June 30 9.86 295.80 3 55 0.36 90.03 1.48
July 31 10.40 322.40 4 35 0.19 109.34 1.81
Aug 31 8.75 271.25 97.98 1.57
Sept 24 7.23 173.52 43.00 1.35

days/yr mm/yr ft/yr mm/yr in/yr ft/yr
170 1457.1 4.78 398.74 15.70 1.31

Tuba City
6.48
3.32
5.48
3.13

 Upper Bound for Corn

Growing Season (effective) 4.60

Kc ETc

Kc ETc

Growing Season (Apr-Sept) 4.97
Annual (effective) 8.19

Rainfall (in)
Keams Canyon

Annual 9.97

5 m/s 170 days Actual (MOVE.1) Kc adj Sparse Veg
Wind Growing Season Tdew Kc

Season FAO56PM ETo

Totals

Upper Bound ETo Input Variables

Dryland Farmed Fields (DRY)

Crop 
Stage

Days per 
Stage

Tu
ba

 C
ity

Season FAO56PM ETo

Totals

Crop 
Stage

Days per 
Stage

K
ea

m
s 

C
an

yo
n

 



 
 
 
 
Table 2.7: Corn ETc values for Hopi DRY lower limit 
 

month days/mo mm/day mm/mo mm/mo mm/day
April 0 5.40 0.00 1 20 0.12 0.00 0.00
May 15 7.39 110.85 2 35 interpolation 15.07 1.00
June 30 8.44 253.20 3 40 0.36 53.59 1.79
July 31 8.80 272.80 4 20 0.19 91.56 2.95
Aug 31 7.52 233.12 79.40 2.56
Sept 8 6.79 54.32 7.08 0.89

days/yr mm/yr ft/yr mm/yr in/yr ft/yr
115 924.29 3.03 246.70 9.71 0.81

month days/mo mm/day mm/mo mm/mo mm/day
April 0 5.05 0.00 1 20 0.12 0.00 0.00
May 15 6.93 103.95 2 35 interpolation 14.14 0.98
June 30 8.08 242.40 3 40 0.36 51.15 1.48
July 31 8.37 259.47 4 20 0.19 87.17 1.81
Aug 31 7.17 222.27 75.36 1.57
Sept 8 6.30 50.40 6.59 1.35

days/yr mm/yr ft/yr mm/yr in/yr ft/yr
115 878.49 2.88 234.41 9.23 0.77

Tuba City
6.48
3.32
5.48

3.13Growing Season (effective) 4.60

 Lower Bound for Corn
Dryland Farmed Fields (DRY)

Crop 
Stage

Crop 
Stage

Growing Season (Apr-Sept) 4.97
Annual (effective) 8.19

Rainfall (in)
Keams Canyon

Annual 9.97

3 m/s 115 days Actual (MOVE.1) Kc adj Sparse Veg

Lower Bound ETo Input Variables
Wind Growing Season Tdew Kc

K
ea

m
s 

C
an

yo
n

Season FAO56PM ETo ETc

Totals

Days per 
Stage

Kc

Tu
ba

 C
ity

Season FAO56PM ETo ETc

Totals

Days per 
Stage

Kc

 



 
Table 2.8: ETc values for Hopi NDI upper limit for Corn 
 

Non-deficit Irrigated Land (NDI) 
Upper Bound 

Season FAO56PM ETo GDD Kc ETc 
month days/mo mm/day mm/mo     mm/mo mm/day   
April 23 6.34 145.82 138.00 0.35 50.45 2.19   
May 31 7.29 225.99 395 0.72 162.39 5.24   
June 30 8.9 267 724 1.04 278.11 9.27   
July 31 8.65 268.15 1133 1.07 287.48 9.27   
Aug 31 7.88 244.28 1526 0.56 136.40 4.40   
Sept 24 6.88 165.12 1732 0.12 19.81 0.83   

days/yr mm/yr ft/yr   mm/yr in/yr ft/yr

Tu
ba

 C
ity

 

Totals 
170 1316.36 4.32     934.65 36.80 3.07

          
Season FAO56PM ETo GDD Kc ETc 

month days/mo mm/day mm/mo     mm/mo mm/day   
April 23 5.83 134.09 105 0.29 39.31 1.71   
May 31 6.69 207.39 308 0.60 124.81 4.03   
June 30 8.46 253.8 594 0.94 238.43 7.95   
July 31 8.03 248.93 947 1.12 278.60 8.99   
Aug 31 7.08 219.48 1281 0.95 208.43 6.72   
Sept 24 6.14 147.36 1530 0.55 81.09 3.38   

days/yr mm/yr ft/yr     mm/yr in/yr ft/yrK
ea

m
s 

C
an

yo
n 

Totals 
170 1211.05 3.97     970.68 38.22 3.18

          
 Upper Bound ETo Input Variables  
 Wind Growing Season Tdew Kc  
 5 m/s 170 days ASCE Method NM GDD Curve  
  

Rainfall (in) 
      Keams Canyon  Tuba City  

Annual 9.97 6.48 
Growing Season (Apr-Sept) 4.97 3.32 

Annual (effective) 8.19 5.48 

Growing Season (effective) 4.60 3.13 

 



 
 
Table 2.9: ETc values for Hopi NDI lower limit for Corn 
 

Non-deficit Irrigated Land (NDI) 
Lower Bound 

Season FAO56PM ETo GDD Kc ETc 
month days/mo mm/day mm/mo    mm/mo mm/day   
April 0 4.98 0 0 0.12 0.00 0.00   
May 15 6.6 99 156 0.37 37.09 2.47   
June 30 7.56 226.8 485 0.83 187.59 6.25   
July 31 7.43 230.33 894 1.11 256.37 8.27   
Aug 31 6.74 208.94 1287 0.94 197.12 6.36   
Sept 8 6.04 48.32 1376 0.83 39.98 5.00   

days/yr mm/yr ft/yr   mm/yr in/yr ft/yr

Tu
ba

 C
ity

 

Totals 
115 813.39 2.67     718.16 28.27 2.36

          
Season FAO56PM ETo GDD Kc ETc 

month days/mo mm/day mm/mo     mm/mo mm/day   
April 0 4.62 0 0 0.12 0.00 0.00   
May 15 6.21 93.15 127 0.33 30.62 2.04   
June 30 7.26 217.8 413 0.74 161.34 5.38   
July 31 6.98 216.38 766 1.07 230.63 7.44   
Aug 31 6.15 190.65 1100 1.09 207.56 6.70   
Sept 8 5.5 44 1175 1.05 46.01 5.75   

days/yr mm/yr ft/yr   mm/yr in/yr ft/yrK
ea

m
s 

C
an

yo
n 

Totals 
115 761.98 2.50     676.17 26.62 2.22

          
 Lower Bound ETo Input Variables  

 Wind Growing Season Tdew Kc  
 3 m/s 115 days ASCE Method NM GDD Curve  

 
Rainfall (in) 

      Keams Canyon  Tuba City  
Annual 9.97 6.48 

Growing Season (Apr-Sept) 4.97 3.32 
Annual (effective) 8.19 5.48 

Growing Season (effective) 4.60 3.13 

 



 
 
 
 
 
 
 
 
 
 
Table 2.10 FAO-56 Wind Estimations (Allen et. al 1998) 

 

Description 
Mean monthly wind speed at 2m above 

ground surface 
  

light wind ...≤1.0 m/s 
light to moderate wind 1 -- 3 m/s 

moderate to strong wind 3 -- 5 m/s 
strong wind ...≥ 5.0 m/s 

 



 
Table 2.11: ETc for Crops on the Hopi Reservation 
 
 ETc for Crops on Hopi Reservation 
 NDI DRY 
 Crop ETc Upper (ft/yr) ETc Lower (ft/yr) ETc Upper (ft/yr) ETc Lower (ft/yr) 

Corn 3.18 2.22 1.31 0.77
Beans (dry) 2.06 1.78 1.12 0.91
Trees (orchard) 3.34 2.87 2.27 1.95
Melon 2.03 1.75 2.03 1.75

K
ea

m
s 

C
an

yo
n 

 

Squash 1.83 1.58 1.83 1.58
Corn 3.07 2.36 1.39 0.81
Beans (dry) 2.24 1.91 1.19 0.96
Trees (orchard) 3.66 3.11 2.49 2.11
Melon 2.20 1.88 2.20 1.88Tu

ba
 C

ity
 

Squash 1.97 1.68 1.97 1.68
 
 



 
 
 
 
 
 
 
 
Table 2.12: Average ETc for Crops on Hopi Reservation 
 

Combined ETc for Crops on Hopi Reservation 
NDI DRY 

Crop ETc Upper (ft/yr) ETc Lower (ft/yr) ETc Upper (ft/yr) ETc Lower (ft/yr) 
Corn 3.13 2.29 1.35 0.79
Beans (dry) 2.15 1.85 1.16 0.94
Trees (orchard) 3.50 2.99 2.38 2.03
Melon 2.12 1.81 2.12 1.82
Squash 1.90 1.63 1.90 1.63
 



 
 
 
 
 
 
 
Table 2.13: Composite Hopi Agiculture ETc Values 
 

Composite ETc for Crops on Hopi Reservation* 
NDI DRY 

Crop ETc Upper (ft/yr) ETc Lower (ft/yr) ETc Upper (ft/yr) ETc Lower (ft/yr) 
Corn 2.54 1.86 1.10 0.64 
Beans (dry) 0.17 0.15 0.09 0.08 
Trees (orchard) 0.23 0.20 0.16 0.14 
Melon 0.05 0.04 0.05 0.04 
Squash 0.03 0.03 0.03 0.03 

Total ETc 3.03 2.29 1.43 0.92 
*Table based on average ETc Values (see Table 2.12) weighted to account for expected crop mix on the Reservation (see Table 1.1) 



Table 2.14: Supplemental Irrigation Demand Estimates for Agriculture on the Hopi Indian 
Reservation 
 
 

Average Maximum
0.61 0.99

Lower Limit Upper Limit
NDI 1.72 2.46
DRY 0.35 0.86

(Based on irrigation depletion estimates and irrigated acreages from the Hopi Tribe’s 
Statement of Claim, see Appendix A, this report)

Hopi Supplemental Irrigation Demand for Agriculture on 
the Hopi Indian Reservation

ADWR Supplemental Irrigation Demand for Agriculture on 
the Hopi Indian Reservation

 



 
 
 
 
 
 
 
 
 
 
 

Figures 



 
Figure 1.1 Corn Field in Moenkopi Wash 
Photograph by Tad Nichols 1954. Northern Arizona University Neg. No. PH.99.3.6.35 
(Ferguson, 2004). 
 
 
  



 
Figure 1.2: Corn Field in Pasture Canyon 
Photo by ADWR 3/2007. 



 
Figure 1.3: Hopi Corn and Bean Fields near Moenkopi 
Photo by ADWR 10/2005. 



 
Figure 1.4: Hopi Corn Field near Kykotsmovi 
Photo by ADWR 9/2005 



 
Figure 1.5: Hopi Bean Field near Hotevilla 
Photo by ADWR 9/2005. 



 
Figure 1.6: Hopi Garden near Hotevilla 
Photo by ADWR 9/2005. 
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Figure 2.1 Meteorological Stations on and Adjacent to the Hopi Indian Reservation. (Data Sources: HWRP, 2007; WRCC, 2007)
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Figure 2.2 Keams Canyon 
ETo Models for Hopi CU
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Figure 2.3 Tuba City 
ETo Models for Hopi CU
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Figure 2.4: Tuba City ETo NDI Model Comparison
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Figure 2.5: Keams Canyon ETo NDI Model Comparison
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Figure 2.6: Tuba City ETo DRY Model Comparison
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Figure 2.7: Keams Canyon ETo DRY Model Comparison
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Figure 2.8: GDD Curve for Hopi Corn
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Figure 2.9: Cumulative GDD for Hopi Reservation
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Figure 2.10 Keams Canyon Kc for Corn on the Hopi 
Reservation
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Figure 2.11 Tuba City Kc for Corn on the Hopi Reservation
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Figure 2.12 Keams Canyon ETc for Corn on the Hopi 
Reservation
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Figure 2.13 Tuba City ETc for Corn on the Hopi Reservation
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Figure 2.14 Keams Canyon ETc for Hopi Beans
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Figure 2.15: Tuba City ETc for Hopi Beans
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Figure 2.14 Tuba City ETc for Hopi Orchards
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Figure 2.17: Keams Canyon ETc for Hopi Orchards
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Figure 2.18: Keams Canyon ETc for Hopi Melons
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Figure 2.19: Tuba City ETc for Hopi Melons
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Keams Canyon ETc for Hopi Squash
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Tuba City ETc for Hopi Squash
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