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1.0 BACKGROUND

This report was prepared under contract to the Arizona Department of Water Resources
(ADWR) in support of its work to finalize a hydrographic survey report (HSR) for the Hopi
Indian Reservation (Reservation). The author was an employee of ADWR from January 2007
through January 2009 at which time he authored the report Consumptive Use of Crops Grown on
the Hopi Indian Reservation (Crowley, 2007). That report was presented as Appendix F of a
preliminary HSR for the Reservation (Hopi PHSR). The Hopi PHSR was released by ADWR in
December 2008 as part of the Little Colorado River General Stream Adjudication currently
pending before the Apache County Superior Court. For reference, a copy of the author’s prior
report is included here as Appendix A.

The purpose of this report is to respond to comments received by ADWR on the Hopi PHSR
related to the consumptive use (CU) of water by crops. Where appropriate, this report also
describes changes made to ADWR’s original CU methods and calculations. Three parties filed
comments on the topic:

e Hopi Tribe;
e Navajo Nation (represented by AMEC consultants); and
e United States, on behalf of the Hopi Tribe (represented by NRCE consultants).

Table 1.1 provides a summary of the comments and indicates which sections they are addressed
in this report. A copy of the original comments is found in Appendix B.

2.0 RESPONSE TO COMMENTS

2.1 MODEL UPDATES

Some comments were on whether the Modified Penman-Monteith equation, adopted by the
United Nations Food and Agriculture Organization (FAO), and the American Society Civil
Engineers (ASCE) was the best model to calculate evapotranspiration (ET). This model has
proven to be one of the most accurate models in a wide range of environments, even in areas
with very little climate data available, as is the case on the Hopi Reservation (Allen et al, 1998).
As with any model, the precision and accuracy of the model output is dependent upon the quality
of the model input. The following subsections address comments made on the four climate
variables used in the Modified Penman-Monteith (FAO-56) model to estimate reference crop
evapotranspiration (ET,): dew point temperature (Tdew), Wind speed (U2), air temperature (T max
and Tmin), and Solar Radiation (Rs).

2.1.1 AVAILABLE CLIMATE DATA

The U.S. suggested that ADWR should have used daily climate data rather than mean monthly
values to estimate ET. ADWR’s approach reflects the purpose of the project and data
availability.
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The purpose of this project is to quantify the historical and current average annual water use by
crops for the entire Reservation. A monthly time-step is appropriate for characterizing climate
variations on the Reservation. As stated in FAO-56, “the value of the reference
evapotranspiration calculated with mean monthly weather data is indeed very similar to the
average of the daily ET, values calculated with daily average weather data for that month”
(Allen et al, 1998). Weekly, daily, and hourly time-steps are more appropriate for field-specific
crop water demands and establishing daily or weekly irrigation schedules. Use of daily time-
steps for estimating historical averages is not expected to yield substantially different ET,
results.

With regards to data availability, the most reliable sources of long-term climate information are
the National Weather Service (NWS) stations located at Keams Canyon and Tuba City.
Calculations of ET, with FAO-56 require data on air temperature, wind speed, humidity, and
solar radiation. Of these, humidity and wind speed were derived using data from other stations
and sources, as explained later in this report and in Crowley (2007). Solar radiation was derived
from temperature measurements at the two NWS stations using the Hargreaves equation
(Hargreaves and Samani, 1982). With regards to the Hargreaves equation, it is recommended for
monthly ET, calculations and, “caution is required when daily computations are needed. . . .1t is
recommended that daily estimates of ET, that are based on estimated Rs be summed or averaged
over a several-day period, such as a week or month to reduce prediction error” (Allen et al, 1998,
p. 61). With a monthly time-step recommended to estimate solar radiation, it is most appropriate
to use this data in conjunction with the other climate variables on the same, monthly time-step.

ADWR considers the Keams Canyon and Tuba City weather stations to be good sources of
climate data for this study. Both stations have periods of record in excess of 100 years and are
located on or immediately adjacent to the Reservation. In addition, greater than 82% of total
agricultural field acreage that ADWR identified on the Reservation in 2005 is situated at
elevations between the two stations. The majority of fields located outside the range of weather
station elevations are higher in elevation (13%) which is expected to cause a slight decrease in
ET. Table 2.1 compares the elevations of fields identified by ADWR in 2005 to the elevations
of Keams Canyon and Tuba City. Weather data from these stations is considered sufficient for
the scope of this project, without the need to incorporate weather data collected from off the
Reservation. Reference crop evapotranspiration ET, values have been modified in this report to
incorporate the entire periods of record for both stations.

2.1.2 DEW POINT (T dew)

The Navajo Nation and the U.S. commented on ADWR’s methods for computing Tgew. ADWR
used different methods to calculate Tgew for the two irrigation methods modeled: Non-deficit
irrigated land (NDI) and precipitation/native irrigated land (DRY). (See Table 1.2 for a
comparison of the irrigation methods claimed by the Hopi and U.S. to ADWR’s methods.) For
NDI conditions, it is assumed that there is a well-watered crop, which is actively transpiring.
These conditions create a microclimate in which there is greater humidity, and Tgew IS therefore
less than the surrounding climate. This is why it is recommended that Tqew and temperature data
be modified when measured off site, even where long-term records are available. When
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humidity data are unavailable, estimation procedures that take into account microclimate effects
should be employed (Allen et al, 1998). The ASCE (2005) outlines a procedure to estimate T dew
based upon measured minimum daily temperatures (T min), Substituting missing Tqew Values for
Tmin — Ko, with a recommended K, of 2-4°C. K, values often varied between 2-5°C in Arizona
(ASCE, 2005). Per Brown (2007), ADWR used K, values of 2°C for the monsoon season of
July-August, when Tgew is more likely to approach Tmin, and values of 5°C for all other months
of the year. This method of Tgew calculations is abbreviated by Tgewrwn) in this report.

For DRY conditions, ADWR used T 4w Values that most accurately represent current and historic
field conditions on the Reservation. Because of the relatively small fields and widely spaced
crops (Bradfield, 1971; Ferguson, 2004; ADWR, 2005), humidity within the agricultural fields is
not expected to differ greatly, if at all, from the surrounding environment. Therefore, using on-
site Tqew data would best portray DRY conditions. While no humidity data have been collected
at either of the two National Weather Service stations in the area (Keams Canyon and Tuba
City), data do exist collected from the Hopi Tribe’s meteorological stations. Since the periods of
record for these stations are somewhat limited (beginning in 2003, with several month-long gaps)
the Move.1 record extension method (Hirsch, 1982) was used to extend Tgew measurements from
the Hopi Tribe’s stations based upon Tmin data collected at Keams Canyon and Tuba City. This
method of calculating Tgew is abbreviated by T gewmove.1) in this report.

Figures 2.1 and 2.2 compare the differences between the two methods of calculating average
monthly Tg¢w at Keams Canyon and Tuba City, respectively. On average, Tdewerwn) predicts a
monthly average 5.08 °F higher than the T gew(vove.1y method at Keams Canyon and 4.93°F
higher at Tuba City.

A literature review suggests there is no standard practice for conducting sensitivity analyses on
climate variables used in evapotranspiration models (Saxton 1975; Irmak et al. 2006; Estevez et
al. 2009). Multi-variable analyses are complicated by the fact that input variables in ET models
are co-dependent. This effect is illustrated in Tables 2.2 and 2.3 as the percent increase in total
ET, changes at wind speeds (Uz) of 3 m/s versus 5 m/s, when comparing ADWR’s different
methods of calculating T¢ew. At Keams Canyon, using Tdewmove.1) in the ET model results in a
9% increase in average monthly ET, when U2 = 3 m/s and an 11.4% increase in average
monthly ET, when U2 =5 m/s. These wind speeds represent the upper and lower limits for both
NDI and DRY conditions as computed in Crowley (2007). Air temperature and solar radiation
were not varied for this sensitivity analysis because their values remained the same for both NDI
and DRY conditions.

Further analysis of the sensitivity of ET, to the Tdewmove.ry method is illustrated in Figures 2.3,
2.4, 2.5, and 2.6. Once again, the co-dependence of input variables is evident as ET, fluctuates
at different rates when compared with different wind speeds. These figures show the sensitivity
of computed average monthly ET, rates when the mean Tgew value from the MOVE.1 record
extension is compared to the 10", 25, 75", and 90'" percentile Tgew Values from this model in
comparison to the mean values of available data.

In summary, this section explains and illustrates the sensitivity analysis performed on Tgew used

by ADWR’s CU analysis as requested by the Navajo Nation. This analysis demonstrates that
Taew IS a relatively significant variable in CU calculations, varying dependently with U2. Upon
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review of these results, ADWR decided not to change Tdew Vvalues except to incorporate more
recent measurements since publication of Crowley (2007).

2.1.3 WIND SPEED (U2)

Wind is a major factor in the evapotranspiration process. As a plant transpires and water
evaporates from the soil surface, the air in proximity of the evaporation surface becomes
saturated. In response, the ET process is slowed and can stop, unless the air is displaced by
unsaturated, drier air. The displacement of this saturated air with drier air is facilitated by, and
greatly depends upon wind speed. The Jensen-Haise reference ET model, employed by the
NRCE on behalf of the U.S. does not account for wind speed.

Figures 2.7 and 2.8 illustrate how daily ET, at Keams Canyon vary with T gew@rwn) and
Tdew(Move.1), respectively, for wind speeds of 0, 2, 3, 5, and 6 m/s. Figures 2.9 and 2.10 illustrate
these differences at Tuba City. In the FAO-56 model used by ADWR, wind speeds of 3 m/s
were used for the lower bounds, and 5 m/s were used for the upper bounds for both NDI and
DRY conditions. These values are based on measured wind speed, anecdotal accounts, and FAO
procedures to estimate wind speeds (Crowley, 2007). As summarized in Table 2.4, the FAO-56
model used is relatively sensitive to wind speeds.

2.1.4 SOLAR RADIATION (Rs)

The U.S. used the Flagstaff Regional Airport weather station, located more than 90 miles from
the Hopi Reservation to evaluate ADWR’s solar radiation estimates. Solar radiation is a function
of several variables including latitude and the Flagstaff station is located greater than 60 miles
south of Moenkopi, AZ. Besides the relatively large distance between the two stations, Flagstaff
is geographically different enough from the Reservation to have considerably different local
weather patterns, enough to make comparisons between the two locations questionable.

The Hargreaves equation of calculating Rs is recommended by Allen et al (1998) in situations
where it is “not appropriate to import radiation data from a regional station. . .because
homogenous climate conditions do not occur, or because data for the region is lacking.”

In response to the U.S. comments on solar radiation ADWR checked the accuracy of the
Hargreaves equation using solar radiation measurements from the Bureau of Land Management
and National Forest Service’s Remote Automated Weather Station (RAWS) station number
020312, located on the Hopi Indian Reservation. Figure 2.11 illustrates the measured Rs versus
estimated Rs using the Hargreaves equation (Hargreaves and Samani, 1982) at the Hopi station
for its entire period of record (2002-2010). The Hargreaves equation appears to overestimate Rs
in months April — September, and underestimate Rs in months October — March, with the
greatest difference occurring in July. These findings are consistent with other research on the
performance of the Hargreaves equation in semi-arid environments (Bautista et al, 2009; Gavilan
et al, 2006). When ET, was modeled using measured Rs values from this weather station,
average yearly ET, decreased by 32 mm, or 1.93%, compared to ET estimates based on the
Hargreaves equation. Results of this comparison can be found in Table 2.5.
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Based on the results, weather data from Keams Canyon and Tuba City were adjusted accordingly
and modified Rs values entered into FAO-56 to estimate ET,. The updated ET, values are
reflected in Tables 2.9 — 2.12.

2.2 CROP COEFFICIENT

In ET estimations, crop coefficients (K¢) account for physiological differences between the
reference and actual crop that lead to different amounts of transpiration. The U.S. and Navajo
Nation commented on ADWR’s methodology to adjust K¢ to represent DRY conditions on the
Hopi Reservation, which are addressed in the following sections.

2.2.1 Kc-SINGLE vs. Kc-DUAL

There are two approaches for K. outlined in FAO-56. The first uses a single-K¢ that represents
both evaporation and transpiration. The second uses a dual-K¢ which separates transpiration and
evaporation into two variables. The approach selected depends on site conditions, available data,
and the required frequency of ET estimations.

In response to the U.S.’s comment regarding soil moisture accounting, ADWR does not consider
it necessary to use the dual-K. approach. ADWR recognizes that evaporation from bare soil is
an important component to total ET, especially during the initial crop growth stages when the
amount of exposed soil is largest. However, when soil water applications are infrequent, and the
evaporation potential of the ambient climate is high, as is the case on the Reservation, the portion
of ET from soil evaporation can often drop to zero (Allen et al, 1998).

In addition, using the dual-K. approach to distinguish soil evaporation from plant transpiration is
inappropriate for the purpose of this project. The dual-K. approach allows for daily ET
estimations and therefore precise irrigation scheduling for individual fields. Allen et al (1998)
recommend that “this approach be followed when improved estimates for K¢ are needed, for
example to schedule irrigations for individual fields on a daily basis.” In addition the use of this
approach is not feasible given currently available data. Since output from the dual-Kc approach
is intended for precise water management (hourly or daily ET rates), it is important to input
precisely measured data to have confidence in the accuracy of the ET estimates. Application of
this approach without accurate on-site measurements of soil moisture per agricultural field is a
misuse of the method and inappropriate when an annual average of crop water usage is the
desired output.

The single-K approach used by ADWR is appropriate for this project. This approach
incorporates plant transpiration and evaporation into the same curve. The U.S. is therefore
incorrect in assuming that ADWR calculations do not account for bare soil moisture evaporation.
See Figure 2.12.

Agricultural practices on the Reservation are also an important consideration in selecting a K¢
approach. Farming under DRY conditions leaves little water to be available for soil evaporation.
Seasonally, precipitation, and native irrigation farming do not involve regularly scheduled
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irrigation and therefore, soil water evaporation only occurs in direct response to precipitation
events. Additionally, for native irrigation farmed lands supplied by water from temporary canals
and conveyances, only a small percentage of the soil is actually wetted. For fields located along
flood plains and in washes, the wettings are more wide-spread, yet still occur only in direct
response to infrequent, large precipitation events. Soil evaporation ceases when the available
soil water approaches 0, which happens relatively quickly in windy, arid environments with
infrequent wetting events. For areas on the Reservation which receive more intensive, regularly
scheduled irrigation (perennial irrigation in the Moenkopi area), the K¢-dual approach would be
appropriate but only if daily estimations are needed in order to schedule irrigations. This
approach is not necessary when annual water use is being estimated.

2.2.2 Kcinitial

The single-K approach begins by establishing K¢ initial. This is the beginning point for the
curve and incorporates climate variables that control the ET rate when the plant is in its initial
growth stage. During this time, the majority of ET comes from soil evaporation. Therefore,
basic soil information, soil wetting frequency, and evaporative demand of the atmosphere
determine Kcinitiai. Allen et al (1998) developed figures that incorporate these phenomena into a
series of curves (Figure 2.13).

The ET, that ADWR used for the starting point of the curve was the ET, averaged between the
two weather stations for the growing period starting dates used in this report (April 7 for the
upper bounds, and May 15 for the lower bounds). Table 2.6 lists values for the input variable
that ADWR used in Figure 2.13 to establish K¢ initial for the upper and lower bounds of DRY.
The only variable that has changed since Crowley (2007) is the wetting frequency, due to
improved effective precipitation (Pe) estimates (Section 2.3 of this report). Use of this curve has
been compared with measured evaporation and indicates good performance with no regional
calibration required (Allen et al, 2005). The K¢ initiar Values used for the upper and lower bounds
of the DRY conditions are 0.15 and 0.12, respectively.

2.2.3 Kcmid

Because growing conditions on the Reservation are less than ideal, with crops often subject to
water stress due to lack of available water, K¢ values had to be reduced. ADWR used an
approach based on effective ground cover. Further discussion of this approach is provided in
Chapter 9 of FAO-56, “ET. for natural, non-typical and non-pristine vegetation.” The U.S. stated
that this approach modifies the basal crop coefficient and only accounts for transpiration, not
bare soil evaporation. That statement is incorrect since this approach is being used for single-Kc
not dual-Kc. Allen et al (1998) clearly state:

“When the single crop coefficient of Chapter 6 is used, the average effects of soil
wetting are incorporated into a general mean Kc. . . .Equations 97 and 98 can be
used to determine K¢ instead of Kcy. . . .The use of K¢ initial incorporates effects
of soil evaporation and therefore serves as a lower limit on the estimate for K¢
mid.” (pg 184)
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Equation 98 of FAO-56 is:

I'{uzl:-mi-:I: l{cmin"' I:Kchfull_l'{cmin:l[mm [1- Efc-(fceﬁ][%]]]

where,

Kebmia estimated basal Kcy during the mid-season when plant density and/or leaf area are
lower than for full cover conditions,

Koo fun estimated basal K, during the mid-season (at peak plant size or height) for
vegetation having full ground cover or LAI > 3 (see Equations 99 and 100),

Kcmin  the minimum K¢ for bare soil (in the presence of vegetation),

fe observed fraction of soil surface that is covered by vegetation as observed from
nadir (overhead) [0.01 - 1],

fcerr  the effective fraction of soil surface covered or shaded by vegetation [0.01-1],
h the plant height [m].

For this report, K¢ min is equal to Kcinitia (described in Section 2.2.2 of this report) and f¢efr was
setto 1.

Keb fun Was estimated using FAO-56 Equation 99:

0z
h
K abtun =K ebmigTablet [D-M(UJ: - 2:'— D'DDZHIRHmin_ 45}'](§J

where,

uz mean value for wind speed at 2 m height during the mid-season [m s?],
RHmin mean value for minimum daily relative humidity during the mid-season [%].

h mean maximum plant height [m].

The same values for (u2, RHmin, and h) were used here as previously used by Crowley (2007) for
the upper and lower bounds of DRY. Values for fc were derived from ADWR’s 2005 field
survey, with a mean value of 0.103 used. On average, 10.3% of the soil surface was estimated to
be shaded when looking from directly overhead. As part of ADWR’s field survey, percent crop
cover was recorded and in order to improve values from Crowley (2007), only those values
associated with corn crops in “bloom” were considered for f¢ in this report.
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Historical crop spacing measurements presented in the PHSR were used as supporting evidence
of the relatively large spacing between corn plants grown on the Reservation. Those earlier
measurements were not, however, used in f¢ calculations.

A sensitivity analyses on f. was performed using the minimum, 25" percentile, mean, 75"
percentile, and maximum values of percent crop cover for corn that ADWR recorded in 2005.
Figures 2.14 and 2.15 illustrate the percent change in total actual crop evapotranspiration (ET¢)
resulting from varying values of f. at Keams Canyon and Tuba City, respectively. Tables 2.7
and 2.8 list these percent changes as well as the entire year’s ET. with varying fc values. This
analysis shows that ET. estimates are highly sensitive to crop cover. However, the mean f¢
value (0.103) is still considered most representative of field conditions on the Reservation and
was used in final CU estimates in this report.

224 K¢CURVE

The K¢ curve is derived from four crop stages, represented by four lines that connect Kc initial, Kc
crop development, K¢ mid, and K¢ narvest . Crop stage duration for corn on the Reservation and the K¢
values for each stage under DRY conditions are included in Tables 2.9 and 2.10 (formerly
Tables 2.6 and 2.7 in Crowley, 2007).

2.3 EFFECTIVE PRECIPITATION

Effective precipitation (Pe) is defined as the amount of precipitation available for crop
consumptive use. In response to comments by the U.S., a different method of calculating P was
used in this report than in Crowley (2007). The United States Department of Agriculture’s
(1970) method was selected since it better represents actual effective precipitation in
environments characteristic of the Hopi Reservation. This method accounts for, among other
variables, potential crop water consumption — an important factor when calculating Pe in a
windy, arid environment.

The new P values are presented in Tables 2.9 — 2.12 and used in calculating Supplemental
Irrigation Demand (S1D), which is consumptive use less Pe. In response to comments by the
U.S. and Navajo Nation for NDI, SID was calculated by only reducing CU by Pe during the
growing season. For DRY, SID was calculated by reducing CU by Pe through the year since
these fields are located in topographical settings that maximize available moisture, during both
the growing season and winter precipitation.

2.4 GROWING SEASON

ADWR’s strategy for quantifying crop water usage on the Reservation was to bracket annual
variations in the actual amount between upper and lower limits. Use of different growing
seasons was one means to define these upper and lower limits. The growing season on the
Reservation varies from year to year with climate. An upper limit of 170 days and a lower limit
of 115 days were used to bracket this variability and thereby capture most possible season-
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lengths variations due to location, elevation, topography, or climate. These periods are
supported by literature on the subject (see references in Crowley, 2007). ADWR does not,
therefore, consider it appropriate to “tailor growing seasons to subbasins” as suggested by the
u.s.

2.5 CONSUMPTIVE USE OF RANGE PASTURE LANDS

The Hopi PHSR did not consider consumptive use of pasture lands on the Reservation. The
Hopi Tribe and Navajo Nation requested that the water use be estimated by ADWR so that a
comparison could be made to the original Statement of Claim. In this report, ADWR used the
same ET, — K¢ approach for pasture as previously used for other Hopi crops, with some
modifications.

According to Priscilla Pavatea (personal communication, 2009), director of the Hopi Office of
Range Management, common vegetation on currently grazed pasture lands include blue and
black grama, alkali sacaton, western wheatgrass, sage, and scrub brush. She also noted that no
pasture lands on the Reservation (with the possible exception of the Moenkopi area) receive
irrigation. Since no published K¢ values for these species in Arizona were identified through a
literature review, a K. curve was constructed based on Normalized Difference Vegetation Index
(NDVI) following methods established by the ASCE and University of ldaho (ASCE-EWRI,
2005; Allen et al, 2006; Allen and Robison, 2007).

NDVI values were computed for five fields claimed by the Hopi as pasture lands. Table 2.13
lists these fields and their corresponding acreage. First, NDVI values were computed by
compiling multi-spectral images from NASA’s Landsat satellite and creating a single band image
represented by NDVI. Second, these raster data were compared to the range pasture fields to
compute descriptive statistics for the NDVI values. Third, the NDVI values were converted into
equivalent K¢ values using the relationship, Kc = 1.18*NDVI +.04. This equation provided a
“potential” K¢ value which represents an upper limit of plant water use (Allen and Robison,
2007). To determine seasonal K¢ trends, several NDVI values must be calculated over the
growing season or year. For this report, one Landsat image every month during 2005 was
considered sufficient to establish a K¢ curve for range pasture lands. Since these K¢ values
represent an upper limit of potential plant K¢, maximum NDVI values for each field were used
and a weighted average then calculated to develop a Reservation-wide K¢ curve.

Figure 2.16 illustrates the final K¢ curve developed for range pasture lands on the Reservation.
The curve is similar in shape to other published references, with an increase in plant water usage
from March to May as the weather warms and there is adequate stored soil moisture from the
winter. The curve then declines beginning in May, when temperatures become hotter and soil
water potentially becomes too low to support the K¢. K¢ values increase again in August when
monsoon rain events provide soil moisture.

The season for pasture lands on the Reservation is based upon thermal units. An approximation

using historical temperature data from Keams Canyon and Tuba City results in a start date of
March 15 and a finishing date of October 15.
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Because K. values derived from the NDVI approach serve as an upper limit for range CU
estimates, ET, was calculated assuming U2 = 5m/s, and using T dew(move.1).

The lower limit for Hopi range CU estimates is effective rainfall since some of the pasture lands
are not located in strategic locations to capture runoff. The entire year’s Pe was used in
calculating this lower limit due to the importance of stored soil moisture throughout the winter
season. Table 2.14 lists upper and lower limits for range pasture CU on the Reservation.

2.6 CROP MIXING

ADWR estimated CU on the Reservation based on the water demand of a typical crop mix (corn,
beans, fruit trees, melon, and squash). The percentage of crops in the mix was based on ADWR
field surveys and historical documentation — a weighted estimate of CU was calculated based on
these percentages. The U.S. estimates CU for only corn and pasture and the Navajo Nation
suggested that, for comparison, ADWR recalculate CU for only these two crop types.

Table 2.15 lists values for CU and SID for corn and pasture only. This crop mix is not
recommended to estimate actual crop water demands of the Reservation because beans, fruit
trees, and other garden varieties have different water requirements.

2.7 MINOR AND EDITORIAL COMMENTS

In addition to the major comments addressed in the sections above, there were minor and
editorial comments on Crowley (2007) that are addressed below:

There is a typo in Section 2.1.3.4, in which the sentence should read: “Under these conditions,
the reference crop would be actively transpiring, causing the relative humidity to increase and
the Tdew to increase.”

The Hopi Tribe questioned the validity of referencing Table 21 from FAO-24 for K. variables.
This table was indeed the original source of K. variables and it was used with ET estimates from
the FAO-56 Modified Penman Monteith equation.

The Hopi Tribe also questioned, “why there are multiple GDD curves shown in Figure 2.9 if the
only variable is mean temperature.” The curves show cumulative GDD’s based on temperature
beginning at different days on the calendar (representing the two growing season lengths under

NDI and DRY conditions.)

Finally, the Hopi Tribe questioned whether Tables 2.6 — 2.9 match the data in Figures 2.12 and
2.13 of Crowley 2007. The tables have been modified in this report (see Tables 2.9 — 2.12).
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3.0 RECOMMENDATIONS FOR THE FINAL HSR

In response to comments received on the Hopi PHSR, several improvements were made to the
previous CU estimates that were presented in Crowley (2007). These improvements include:

1) Updated Tgew and air temperature values based on longer climate record,;

2) Rs values calculated from the Hargreaves equation were adjusted using on-Reservation
solar radiation measurements;

3) Kecinitiar Values better reflect on-site climate variables and soil wetting frequency;

4) New K¢ mig values calculated based on updated percent crop cover (f¢) data;

5) Effective precipitation was recalculated using a method that better reflects site
conditions; and,

6) SID for NDI agriculture was recalculated to only reduce water demand by growing-
season effective precipitation.

These improvements effect ET and SID values for all crop varieties grown on the Reservation.
Tables 2.16 through 2.18 list revised ET. values for these crops. Revised SID estimates are
listed in Table 2.19. Table 2.20 lists the CU variables that were revised and their corresponding
section numbers in this report and in Crowley (2007).

Finally, note that the sensitivity analyses performed and described here were useful in identifying
which input parameters in the FAO-56 model are most important to enter accurately. It was
found that ET estimates are most sensitive to U, and fc, and least sensitive to Tgew. The values
ultimately selected for these parameters to estimate ET and SID for agriculture on the
Reservation reflect the best data available to ADWR and for the purpose of this project.

The new recommended SID’s for agriculture on the Reservation are 2.06 — 2.70 ft/yr for NDI
agriculture, and 0.36 — 0.98 ft/yr for DRY conditions.
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TABLES



Table 1.1: Summary of Comments Received Regarding Appendix F of the Hopi

Tribe PHSR

Sections
Addressed in

Subject Comment Summary Commenting Party | this Report
Climate Data

Perform sensitivity analysis. Navajo Nation 2.1.1,2.1.2

Utilize all available climate data from the

Keams Canyon and Tuba City

meteorological stations. u.s. 2.1.3

Incorporate data from regional

meteorological stations to account for

climate variability across the reservation. | U.S. 2.1.3

Use a more appropriate method to

estimate solar radiation. u.s. 2.1.4

Calculate ETo based on daily rather than

mean monthly climate inputs. u.s. 2.1.3

Weigh ETc values based on proximity to

meteorological stations. Navajo Nation 2.1.3

Determine exceedence probability for

daily ETc values. u.s. 2.1.3
Kc

Adjust for non-standard conditions, such

as increased evaporation where crops do

not reach effective cover (U.S.) and

clumped corn stalks (Hopi Tribe) under

DRY conditions. U.S., Hopi Tribe 2.2.3

Include soil moisture accounting in

calculations. u.s. 221

Use crop spacing values more

representative of field conditions. u.s. 2.2.3

Perform sensitivity analysis. Navajo Nation 2.2.3
Effective
Precipitation

Use more reasonable values. u.s. 2.3

For NDI conditions, recalculate based Navajo Nation, Hopi

only on growing season data. Tribe 2.3
Growing Season

Adjust to reflect elevation changes across

the reservation. u.s. 2.4




(Table 1.1 Continued)

Crop Mix
Hopi Tribe, Navajo

Calculate NIR for pasture land. Nation 2.5

For a better comparison to the claims,

calculate NIR for reservation assuming only

corn and pasture lands. Navajo Nation 2.6
Farming Methods

Specify which claimed irrigation categories | Navajo Nation

are represented by DRY and NDI. Nation 2.1.1
Minor/Editorial

Check and/or correct the statement on p.

2-5 of Crowley (2007) that Tdew decreases | Navajo Nation

with increasing relative humidity. Nation 2.6

Verify that Table 21 from FAO 24 is the

correct reference for the DRY Kc curve Hopi Tribe 2.6
Tables and Figures in Crowley (2007)

In Figure 2.9, explain why there are

multiple GDD curves shown if the only

variable is mean temperature. Hopi Tribe 2.6

Verify that Figures 2.12 and 2.13 match the

data in Tables 2.6 through 2.9. Hopi Tribe 2.6

In Table 2.1, correct days specified for the Tables 2.8 -

170-day growing season. u.sS. 2.11




Table 1.2: Comparison of ADWR and Claimed Irrigation Methods

Claimed Irrigation Methods

Claimed Acreage

ADWR Irrigation Method

Perennial 564 NDI

Seasonal 6,186 DRY

Native 23,091 DRY

Spring 151 DRY

Precipitation Farming 1,042 DRY
Range Pasture 7,522 Range CU




Table 2.1: Comparison of Hopi Agricultural Field Elevations in 2005 to Elevations for Keams Canyon and Tuba City

Hopi Agricultural Field Elevations

Agricultural Field Elevations Acreage of Fields Percent of Total
Fields lower than Tuba City (4,980 ft) 518 9.22%
Fields between 4,980 ft and 6,120 ft 4,656 82.94%
Fields higher than Keams Canyon (6,120 ft) 439 7.84%
TOTAL 5,613 100.00%




Table 2.2: ET, Sensitivity to Tdew @rwn) VS. Tdew (Move.1) With Varying U, at Keams Canyon, AZ

ET, at Keams Canyon, AZ with U, of 3m/s

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Monthly average
Tdew (Brwn) (mm/day) 1.83 2.38 3.25 | 4.60 591 | 7.22 6.97 6.18 5.17 4.05 2.64 1.89 4.34
(lf::\;rc]; Tdew (Move.1) (mm/day) 2.03 262 | 350 | 488 | 6.23 | 7.54 7.69 6.94 5.85 | 4.35 2.89 2.10 4.72
difference (mm/mo) 6.2 6.96 7.75 8.4 | 9.92 9.6 | 22.32 | 23.56 20.4 9.3 7.5 6.51 11.54
% increase 10.9% | 10.1% | 7.7% | 6.1% | 5.4% | 4.4% | 10.3% | 12.3% | 13.2% | 7.4% 9.5% | 11.1% 9.0%

ET, at Keams Canyon, AZ with U, of 5m/s

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Monthly average
Tdew (Brwn) (mm/day) 2.27 2.88 3.79 | 5.28 6.67 | 8.43 8.03 7.12 6.08 4.95 3.27 2.36 5.09
g::;z‘; Tdew (Move.1) (mm/day) 2.55 3.21 416 | 5.70 7.16 | 8.96 9.22 8.35 7.14 5.40 3.64 2.65 5.68
difference (mm/mo) 8.68 9.57 | 1147 | 12.6 | 15.19 | 159 | 36.89 | 38.13 31.8 | 13.95 11.1 8.99 17.86
% increase 12.3% | 11.5% | 9.8% | 8.0% | 7.3% | 6.3% | 14.8% | 17.3% | 17.4% | 9.1% | 11.3% | 12.3% 11.4%




Table 2.3: ET, Sensitivity to Tdew Brwn) VS. Tdew (Move.1) With Varying U at Tuba City, AZ

ET, at Tuba City, AZ with U, of 3m/s

Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec Monthly average
Tdew (Brwn) (mm/day) 1.86 2.50 3.59 | 4.81 6.23 | 7.54 7.38 6.70 | 5.97 431 2.75 1.89 4.63
Tdew (Move.1) (mm/day) 2.11 2.78 3.89 | 5.16 6.59 | 7.93 8.17 7.50 | 6.37 4.65 3.03 2.13 5.03
difference (mm/mo) 7.75 8.12 9.3 | 10.5 | 11.16 | 11.7 | 24.49 24.8 12 | 10.54 8.4 7.44 12.18
% increase 13.4% | 11.2% | 8.4% | 7.3% | 5.8% | 5.2% | 10.7% | 11.9% | 6.7% | 7.9% | 10.2% | 12.7% 9.3%

ET, at Tuba City, AZ with U, of 5m/s

Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec Monthly average
Tdew (Brwn) (mm/day) 2.34 3.07 4.27 | 5.59 7.24 | 8.87 8.58 7.82 | 7.26 5.32 3.44 2.37 5.51
Tdew (Move.1) (mm/day) 2.68 3.46 471 | 6.11 7.81 | 9.52 9.90 9.16 | 791 5.85 3.85 2.71 6.14
difference (mm/mo) 10.54 | 11.31 | 13.64 | 156 | 17.67 | 19.5 | 4092 | 41.54 | 19.5 | 16.43 12.3 | 10.54 19.12
% increase 14.5% | 12.7% | 10.3% | 9.3% | 7.9% | 7.3% | 15.4% | 17.1% | 9.0% | 10.0% | 11.9% | 14.3% 11.6%




Table 2.4: ET, Sensitivity with varying U, at Keams Canyon

ET, at Keams Canyon, AZ using Tgew(srwn) *

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Monthly average | Total/yr
U2 =0m/s 0.52 0.98 1.78 2.86 4.05 4.52 4.73 4.15 3.12 1.84 0.91 0.53 2.50 29.99
U2=2m/s 1.51 2.04 2.87 4.15 5.41 6.46 6.33 5.61 4.61 3.46 2.20 1.56 3.85 46.21
U2 =3m/s 1.83 2.38 3.25 4.60 5.91 7.22 6.97 6.18 5.17 4.05 2.64 1.89 4.34 52.09
U2 =5m/s 2.27 2.88 3.79 5.28 6.67 8.43 8.03 7.12 6.08 4.95 3.27 2.36 5.09 61.13
U2 =6m/s 2.44 3.06 3.99 5.55 6.97 8.93 8.47 7.51 6.44 5.30 3.51 2.53 5.39 64.7
% increase (2-6) | 61.6% | 50.0% | 39.0% | 33.7% | 28.8% | 38.2% | 33.8% | 33.9% | 39.7% | 53.2% | 59.5% | 62.2% 44.5%

ET, at Keams Canyon, AZ using T gew(move.1) *

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Monthly average | Total/yr
U2 =0m/s 0.49 0.95 1.73 2.8 3.95 4.38 4.43 3.88 291 1.76 0.87 0.5 2.39 28.65
U2 =2m/s 1.66 2.2 3.06 4.34 5.62 6.66 6.76 6.07 5.04 3.66 2.38 1.72 4.10 49.17
U2 =3m/s 2.03 2.62 3.50 4.88 6.23 7.54 7.69 6.94 5.85 4.35 2.89 2.10 4.72 56.62
U2 =5m/s 2.55 3.21 4.16 5.70 7.16 8.96 9.22 8.35 7.14 5.40 3.64 2.65 5.68 68.14
U2 =6m/s 2.74 3.42 4.41 6.02 7.53 9.54 9.86 8.94 7.67 5.81 3.92 2.85 6.06 72.71
% increase (2-6) | 65.1% | 55.5% | 44.1% | 38.7% | 34.0% | 43.2% | 45.9% | 47.3% | 52.2% | 58.7% | 64.7% | 65.7% 51.3%

*ET, Values are in mm




Table 2.5 ET, modeled with measured vs. calculated solar radiation at RAWS Station 020312 (2002-2009)

Yearly
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum
Tmax (°F) 47.8 | 51.48 | 5863 | 6698 | 7835| 87.57| 94.09| 89.41| 81.75| 69.62| 58091 45.9
Tmin (°F) 2048 | 24.13 | 28.01 | 33.05| 43.48| 49.75| 60.19| 57.94| 49.48 | 3811 | 27.56| 19.25
U2 (m/s) 3.2 33 3.9 4.4 3.8 3.7 2.8 2.9 34 3.7 3.4 3.2
RH % 64.85 | 58.38 | 43.89 314 | 29.85| 20.27 | 32.89| 45.11| 38.68 44 | 46.21 63.4

Rs measured
(langleys/day) 294 371 486 571 619 663 585 546 502 424 323 249

ETo (mm/day) 1645.58

Rs Hargreaves
(langleys/day) 337 459 593 672 731 679 598 511 394 301 239

ETo (mm/day)

1677.92




Table 2.6: Input variables used to develop Kc initial

Upper (April 7)

Lower (May 15)

Keams Canyon Tuba City Keams Canyon Tuba City
ET, (mm/day) 5.28 4.80 6.06 7.61
Average (mm/day) 5.04 6.84
Wetting Frequency 15 days 15 days
Kc initial (from Fig. 2.13) 0.15 0.12




Table 2.7: ET. Sensitivity to fc at Tuba City, AZ

Varying values of f. at Tuba City, AZ

fe Total ET. (ft/yr) % change from mean
min 0.030 0.92 -35.5%
'E 25th 0.058 1.11 -22.1%
£
g | mean 0.103 1.42 0.0%
=)
75th 0.150 1.74 22.8%
max 0.200 2.09 47.1%
min 0.030 0.43 -41.3%
‘E 25th 0.058 0.55 -25.7%
£
g mean 0.103 0.74 0.0%
)
- 75th 0.150 0.94 26.6%
max 0.200 1.15 54.9%




Table 2.8: ET. Sensitivity to f. at Keams Canyon, AZ

ETc with varying values of fc at Keams Canyon, AZ

fe Total ET. (ft/yr) % change from mean

min 0.030 0.85 -35.5%
"é 25th 0.058 1.03 -22.1%
£
g mean 0.103 1.32 0.0%
=)

75th 0.150 1.62 22.9%

max 0.200 1.95 47.2%

min 0.030 0.44 -40.1%
-‘é 25th 0.058 0.54 -26.3%
£
g mean 0.103 0.73 0.0%
S

75th 0.150 0.87 20.2%

max 0.200 1.06 45.3%




Table 2.9: Corn ETc values for Hopi DRY lower limit

Dryland Farmed Fields (DRY)

Lower Bound for Corn

Season FAO56PM ETo Kc ETc
month | days/mo | mm/day | mm/mo
April 0 5.09 000 | crop Days
Stage per Kc
? May 15 6.39 95.85 Stage
g June 30 7.60 228.00 1 20 0.12
2 [ July 31 7.68 238.08 2 35 interpolation | mm/yr | infyr | ft/yr
= | Aug 31 724 22444 3 40 0.40 | 22547 | 888 | 0.74
Sept 8 6.31 50.48 4 20 0.19
days/yr mm/yr ft/yr
Totals 115 924.29 3.03
Season FAO56PM ETo Kc ETc
month | days/mo | mm/day | mm/mo
= April 0 4.82 000 | Crop Days
> Stage ber Ke
% May 15 6.06 103.95 Stage
O | June 30 7.26 242.40 1 20 0.12
g July 31 7.29 259.47 2 35 interpolation | mm/yr | infyr | ft/yr
S| Aug 31 6.74 222.27 3 40 0.40 | 21388 | 842 | 0.70
X Sept 8 5.82 50.40 4 20 0.19
days/yr mm/yr ft/yr
Totals 115 878.49 2.88
Lower Bound ETo Input Variables
Wind Growing Season Tdew Kc
3 m/s 115 days Actual (MOVE.1) Kc adj Sparse Veg
Rainfall (in)
Keams Canyon Tuba City
Annual 10.31 6.41
Growing Season (Apr-Sept) 5.07 3.31
Annual Effective 6.40 3.86
Growing Season (effective) 3.11 1.99




Table 2.10: Corn ETc values for Hopi DRY upper limit

Dryland Farmed Fields (DRY)
Upper Bound for Corn

Season FAO56PM ETo Kc ETc
month | days/mo | mm/day | mm/mo
April 23 6.04 138.92 Crop Days per K
>| May 31 761 235901 | Stage Stage
O | June 30 9.19 275.70 1 30 0.15
© .
o | July 31 9.45 292.95 2 50 interpolation | mm/yr | in/yr | ft/yr
>
F | Aug 31 889 27559 55 0.40 | 432,80 | 1704 | 1.42
Sept 24 7.82 187.68 35 0.19
days/yr | mmlyr ft/yr
Totals 170 1406.75 4.62
Season FAO56PM ETo Kc ETc
month | days/mo | mm/day | mm/mo
g April 23 5.65 129.95 Crop Days per K
é‘ May 31 7.02 217.62 Stage Stage
8 June 30 8.72 261.60 1 30 0.15
g July 31 8.87  274.97 2 50 interpolation | mm/yr | in/yr | ft/yr
S | Aug 31 818 25358 55 0.40 | 402.97 | 15.86 | 1.32
¥ | Sept 24 7.12 170.88 35 0.19
days/yr | mm/yr ft/yr
Totals 170 1308.60 4.29
Upper Bound ETo Input Variables
Wind Growing Season Tdew Kc
5m/s 170 days Actual (MOVE.1) Kc adj Sparse Veg
ainfall (in)
Keams Canyon Tuba City
Annual 10.31 6.41
Growing Season (Apr-Sept) 5.07 3.31
Annual Effective 6.40 3.86
Growing Season (effective) 3.11 1.99




Figure 2.11: Corn ETc values for Hopi NDI upper limit

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 5.53 127.19 138 | 0.35 44.52 2.19
> | May 31 7.04 218.24 395 [ 0.72 157.13 5.24
O | June 30 8.55 256.50 724 | 1.04 266.76 9.27
_cng July 31 8.08 250.48 1133 | 1.07 268.01 9.27
| Aug 31 7.55 234.05 1526 | 0.56 131.07 4.40
Sept 24 7.19 172.56 1732 | 0.12 20.71 0.83
days/yr mm/yr ft/yr mm/yr in/yr ft/yr
Totals 170 1259.02 4.13 888.20 34.97 2.91
Season FAO56PM Eto GDD Kc ETc
month days/mo mm/day mm/mo mm/mo mm/day
g April 23 5.23 120.29 105 | 0.29 34.88 1.52
é\ May 31 6.52 202.12 308 0.6 121.27 3.91
8 June 30 8.18 245.4 594 | 0.94 230.68 7.69
g July 31 7.63 236.53 947 | 1.12 264.91 8.55
8 Aug 31 6.93 214.83 1281 | 0.95 204.09 6.58
X | Sept 24 6.05 145.2 1530 [ 0.55 79.86 3.33
days/yr mm/yr ft/yr mm/yr inlyr ft/yr
Totals 170 1164.37 3.82 935.69 36.84 3.07
Upper Bound ETo Input Variables
Wind Growing Season Tdew Kc
5m/s 170 days ASCE Method NM GDD Curve
Rainfall (in)
Keams Canyon Tuba City
Annual 10.31 6.41
Growing Season (Apr-Sept) 5.07 3.31
Annual Effective 6.4 3.86
Growing Season (effective) 3.11 1.99




Figure 2.12: Corn ETc values for Hopi NDI lower limit

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 o| o012 0 0
2| May 15 6.60 99.00 156 | 0.37 37.09 2.47
Ol June 30 7.56 226.80 485 [ 0.83 187.59 6.25
_c§ July 31 7.43 230.33 894 [ 1.11 256.37 8.27
F| 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
days/yr mm/yr ft/yr mm/yr in/yr ft/yr
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
g April 0 4.62 0.00 0| o012 0 0
é\ May 15 6.21 93.15 127 | 0.33 30.62 2.04
8 June 30 7.26 217.80 413 | 0.74 161.34 5.38
g July 31 6.98 216.38 766 | 1.07 230.63 7.44
8 Aug 31 6.15 190.65 1100 | 1.09 207.56 6.70
X | Sept 8 5.5 44.00 1175 | 1.05 46.01 5.75
days/yr mm/yr ft/yr mm/yr inlyr ft/yr
Totals 115 761.98 2.50 676.17 26.62 2.22
Lower Bound ETo Input Variables
Wind Growing Season Tdew Kc
3m/s 115 days ASCE Method NM GDD Curve
Rainfall (in
Keams Canyon | Tuba City
Annual 10.31 6.41
Growing Season (Apr-Sept) 5.07 3.31
Annual (effective) 6.4 3.86
Growing Season (effective) 3.11 1.99




Table 2.13: Acreage of fields previously claimed as Range Pasture

Field (Polygon ID) Acres USGS Topo Quad
1 6 Tovar Mesa West
2 69 Tovar Mesa West
564 235 Polacca
1154 252 Garces Mesas SE
1163 147 Egloffstein Butte
Total 709




Table 2.14: CU of Range Pasture Lands on the Hopi Indian Reservation (ft)

Keams Canyon

Tuba City

Composite

Upper Limit (NDVI)

1.18

1.27

1.22

Lower Limit (Pe)

0.53

0.32

0.43




Table 2.15: CU and SID estimates for corn and pasture on the Hopi Reservation

Corn and Pasture Water Demands (ft/yr)

CuU SID
Corn Pasture Corn Pasture
NDI - Upper 2.99 1.22 2.78 .79
NDI - Lower 2.29 n/a 2.08 n/a
DRY - Upper 1.37 0.43 0.94 0
DRY - Lower 0.72 n/a 0.29 n/a




Table 2.16: ET. for crops grown on the Hopi Reservation

NDI DRY
Crop ETc Upper (ft/yr) ETc Lower (ft/yr) ETc Upper (ft/yr) ETc Lower (ft/yr)
5 Corn 3.07 2.22 1.32 0.7
§ Beans (dry) 1.99 1.70 1.00 0.83
%,), Trees (orchard) 3.24 2.76 1.83 1.02
% Melon 1.96 1.68 1.96 1.68
X Squash 1.76 1.50 1.76 1.50
Corn 291 2.36 1.42 0.74
g Beans (dry) 1.92 1.63 0.92 0.77
E Trees (orchard) 3.51 2.96 1.96 1.14
= Melon 2.09 1.78 2.09 1.78
Squash 1.87 1.59 1.87 1.59




Table 2.17: Average ET. for crops grown on the 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 2.99 2.29 1.37 0.72
Beans (dry) 1.96 1.67 0.96 0.80
Trees (orchard) 3.38 2.86 1.90 1.08
Melon 2.03 1.73 2.03 1.73
Squash 1.82 1.55 1.82 1.55

Note: Based on average of ETc values calculated separately for Keams Canyon and Tuba City (see Table 2.16)




Table 2.18: Composite ETc values for agriculture grown on the Hopi Indian Reservation

NDI DRY
Crop ETc Upper (ft/yr) ETc Lower (ft/yr) ETc Upper (ft/yr) ETc Lower (ft/yr)
Corn 2.43 1.86 111 0.58
Beans (dry) 0.13 0.11 0.06 0.05
Trees (orchard) 0.27 0.23 0.15 0.09
Melon 0.05 0.04 0.05 0.04
Squash 0.03 0.03 0.03 0.03
Total ETc 2.91 2.27 1.41 0.79

Note: Based on average ETc values (see Table 2.17) weighted to account for expected reservation crop mix




Table 2.19: Revised SID Estimates for Agriculture on the Hopi Indian Reservation

Lower Limit (ft/yr) Upper Limit (ft/yr)

NDI 2.06 2.70

DRY 0.36 0.98




Table 2.20: Comparison of revised CU variables based on comments received on Hopi PHSR

This Report | Crowley (2007)
Revised CU

Variable Section Section Description of Change
Tdew 2.1.1 2.1.3.4,2.1.3.5 | Updated to reflect greater station period of record
Air Temperature | 2.1.3 2.1.3.1 Updated to reflect greater station period of record
Rs 2.1.4 2.1.3.2 Adjusted to RAWS weather station
Kc initial 2.2.2 2.2.1 Increased based on soil wetting frequency
fc 2.2.3 2.2.1 Revised percent cover estimates
Kc mid 2.2.3 2.2.1 Due to change in fc values
Pe 2.3 2.4 Revised model based on site conditions
Range Kc 2.5 n/a Added based on comments received
CU and SID 2.6 2.6 Incorporated all changes above
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Figure 2.1 Comparison between monthly Tdew(Brwn) and
Tdew(Move.1) for Keams Canyon, AZ
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Figure 2.2: Comparison between monthly Tdew(Brwn) and
Tdew(Move.1) for Tuba City, AZ
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Figure 2.3: ET, Sensitivity with Varying Dew Point Temperatures at
Keams Canyon, AZ with U, =3m/s
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Figure 2.4: ET, Sensitivity with Varying Dew Point Temperatures at
Keams Canyon, AZ with U, of 5m/s
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Figure 2.5: ET, Sensitivity with Varying Dew Point Temperatures at
Tuba City, AZ with U2 =3m/s
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Figure 2.6: ET, Sensitivity with Varying Dew Point Temperatures at
Tuba City, AZ with U2 =5m/s

12.0
10.0 =
8.0
>
1]
o
H
£ 6.0
o
-
w
4.0
2.0
0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
== Tdew(10th) 1.97 2.66 3.82 5.10 6.69 8.31 8.57 7.80 6.69 4.82 3.00 2.00
== Tdew(25th) 2.28 3.01 4.21 5.54 7.18 8.83 9.16 8.39 7.22 5.27 3.38 231
=f==Tdew(mean)| 2.68 3.46 4.71 6.11 7.81 9.52 9.90 9.16 7.91 5.85 3.85 271
=>é=Tdew(75th) 2.87 3.68 4.96 6.40 8.14 9.86 10.30 9.57 8.25 6.15 4.08 2.91
==i=Tdew(90th) 2.97 3.79 5.08 6.54 8.30 10.00 10.50 9.77 8.43 6.29 4.20 3.00




Figure 2.7: ET, Sensitivity with Varying U, at Keams Canyon, AZ

using Tdew(Brwn)
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Figure 2.8: ET, Sensitivity with Varying U, at Keams Canyon, AZ using

Tdew(Move.l)
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Figure 2.9: ET, Sensitivity with Varying U, at Tuba City, AZ using

Tdew(Brwn)
10.00
- /\‘/\;%'\
8.00 /)y \\\&‘\
7.00 // / /\L\ \\
—~ 6.00
>
1]
o
£ 5.00 M //\\ \\\\\
o
[
w 4.00
3.00
2.00
1.00
0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
=9=0m/s 0.49 0.95 1.81 2.90 3.91 4.67 4.90 4.35 3.14 1.86 0.90 0.50
=l=2 m/s 1.53 2.11 3.13 4.30 5.59 6.73 6.66 6.02 5.18 3.65 2.28 1.55
=h=3 m/s 1.86 2.50 3.59 4.81 6.23 7.54 7.38 6.70 5.97 431 2.75 1.89
==5m/s 2.34 3.07 4.27 5.59 7.24 8.87 8.58 7.82 7.26 5.32 3.44 2.37
=l=6 m/s 2.51 3.28 453 5.90 7.65 9.43 9.08 8.29 7.79 5.73 3.70 2.55




Figure 2.10: ET, Sensitivity with Varying U, at Tuba City, AZ using
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Figure 2.11: Average monthly solar radiation based on data from
RAWS weather station 020312
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Figure 2.12: Crop coefficient curves showing basal Kcb (thick line), soil evaporation Ke (thin line) and the corresponding single Kc
(dashed line). (Figure 26 in Allen et al. 1998)
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Figure 2.13: Average Kc initial related to ETo and the interval between irrigations and/or significant rain for all soil types when
wetting events are light to medium (3-10mm per event). (Figure 29 in Allen et al, 1998.)
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Figure 2.14: ET_ Sensitivity to varying fc
at Keams Canyon, AZ
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Figure 2.15: ET_ sensitivity to fc at Tuba City, AZ
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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 20" and a 50% chance that the first frost will occur here
before October 10". At Tuba City, there is still a 50% chance of frost by April 28" and a
50% chance that the first frost will occur before October 23" (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 (ET,) 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. ET, is a climatic parameter that
represents the evaporative ability of the atmosphere under ambient climatic conditions.
Because ET, does not take into account crop characteristics, nor soil factors, it can be
computed based on weather data alone. Once ET, is computed, it is multiplied by a crop
coefficient (K¢) which incorporates the various physical and physiological differences
between the reference surface and the crop of interest. K. can also be adjusted to
account for varying degrees of environmental stress that can inhibit the growth and crop
evapotranspiration (ET,) 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 ET, of a desired crop is:

ETo*Kc=ET,

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
(ET,) 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). ET, 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 ET. values on the Hopi Reservation,
and are characterized by “DRY” values. The methods and data that were used to
compute ET,, K, and ET. are outlined in the following sections.

2.1 REFERENCE EVAPOTRANSPIRATION (ET,)

Data to compute ET, 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 ET,.

211 EToMODELS

Three models were selected to compute ET,. These models are the FAO-24 Blaney-
Criddle, 1985 Hargreaves-Samani, and FAO-56 Modified Penman-Monteith. Each
model uses the ET, * K. 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™ 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 ET, 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 ET, values generated by this model.

2.1.1.2 1985 HARGREAVES-SAMANI

The 1985 Hargreaves-Samani model is another temperature-based method to compute
ET,. However, FAO-56 expresses greater confidence in this method over other
temperature-based models as it “has shown reasonable ET, 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 ET, 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 ET, (Allen et. al, 1998:
15). As aresult, 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 ET, 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 ET, 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 ET, values for the Hopi Indian Reservation.

2.1.1.4 OTHER MODELS

Other methods to calculating ET, 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 ET, models described above were run using the Ref-ET program developed at
the University of Idaho by Allen (2003) to estimate ET, 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 ET, 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 ET, values for the Reservation, some
climate variables were calculated via different means to provide upper and lower limits of
NDI and DRY. All ET, 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 T because
incoming solar radiation is not impeded (higher Trax) as it is when cloud cover exists, nor
is outgoing longwave radiation impeded at night (lower Tn). 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 ET, 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 (Tgw) FOR NDI

Tgew 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 Tgey to decrease. In
the ASCE manual, Walter et. al (2005) outline methods to estimate Tgew from Tpin.
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 Tgey for “Tmin - Ko”. A K, value in the
range of 2-4°C is recommended for semiarid and arid regions (Allen, 1996). However, in
Arizona, the value of K, 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 K, values for
the months of April-June was assumed to equal 5°C, and a K, value of 2°C was assumed
for the months of July-Sept during the monsoon season when Tgey is more likely to
approach Tmin. When Ty 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, Tqew 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 Tpmi, and Tgew 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 T Were then computed and
used in the Ref-ET program to calculate ET, for DRY.

No attempt was made to correct Tgew 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 Tgeyw 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 T 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 T correction factors be applied to
small fields. Therefore, due to the current and historic condition of Hopi fields, actual
Tgew measurements were used in calculating ET, for DRY

2.14 SUMMARY OF ET,

Table 2.1 lists the climate variables which were used to calculate upper and lower ET,
values for NDI and DRY conditions. Four climate variables (air temp, Tgew, 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 T 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 ET, values.

2.1.5 COMPARISON BETWEEN MODELS

Average monthly ET, 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 ET, 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 ET, 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 ET, 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 ET, values for the upper and lower limits of NDI and DRY are found in
Table 2.5. Note that ET, values for DRY conditions are higher than for NDI. Thisis a
result of the different T, values entered into the model. Tgew 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 K¢ VALUES

ET, values provide an estimate of the ET of a hypothetical reference crop under ambient
climatic conditions. K 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 ET. on the Hopi Reservation, K. 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 K. 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 K, values for the NDI condition are intended to reflect values for a well-watered
corn crop with no environmental stress. The only difference between ET, and ET. will
be the physical and physiological differences between a corn plant and grass, the
reference crop. K values change over the stages of the plant’s life, and therefore, a K
curve is needed.

A K, 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 Trin. A base temperature of 50°F
was used for corn. The WRCC (2007) site provides Tmax and Tnin data and these data
were used to get GDD for Keams Canyon and Tuba City.

Sammis et. al (1995) computed GDD and corresponding K. values for well-watered corn
at 2 sites in New Mexico with the goal of producing a K. 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 K
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curve developed by Sammis et. al was used to calculate NDI values for ET. 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 ET. estimations. Due to infrequent watering, readily
available water within the soil declines to the point of zero which causes the ET. to also
approach zero. In other words, when there is no moisture in the soil, the plant does not
transpire. To correct K. for such conditions, soil moisture needs to be quantified.
Because these data could not be obtained, an alternative approach to correcting K. was
used.

A K, curve based on Table 21 from FAO-24 was used for DRY conditions. However,
the K. values were modified using techniques outlined in Chapter 9 of FAO-56, ‘ET. for
natural, non-typical and non-pristine vegetation.” The intent of this chapter is to outline
methods to estimate K. values for agricultural vegetation when K, values are not
available, as is the case for crops grown on the Hopi Reservation. The procedure used
was a modification of K; 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 K. curves based on minimum relative humidity and wind
speed. The curves are created by connecting four K. values; Initial K¢ [Kc (nitiay], Crop
Development K¢ [Kc (crop dev.), Mid-season K¢ [Ke migy], and a Harvest K¢ [Kc (harvesy]. FOr
all FAO-24 K. values it was assumed RHpin<20% with a wind speed of 0-5m/sec. A K¢
(initial) of 0.12 was selected based on Sammis et. al (1995) and Figure 6 in FAO-24
(Doorenbus and Pruitt, 1977:38). K¢ (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 K. during mid-season when plant density is lower than full cover conditions. The
fraction of soil surface that is covered by vegetation (f;) values were based on ADWR’s
field investigation (2005) and corroborated by photographs of historic and current
agricultural fields (Ferguson, 2004). An f; of 0.091, with a plant height of 1m was used
for calculating the K. mig 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 K, 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 K. for NDI exceeds that of
the upper for the months of August and September, as indicated by the lower bound K.
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 K value later in the season may actually represent field conditions.

Tables 2.6 — 2.9 list the final ET. 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 ET, 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 K, values
that were based on average monthly GDD’s.

2.2.2 BEAN K

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. K. 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 K 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 f; 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 ET, rates from the K,
values established for Hopi beans are illustrated in Figure 2.12 and Figure 2.13.
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2.2.3 ORCHARD K,

Development of the K. values for orchards on the Hopi Reservation followed a similar
methodology as was used for corn and bean K values. K. 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, K. values are provided by
month rather than by developmental stages. K. 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 K 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 K,
value was necessary.

For DRY conditions, these K. values were modified to once again represent sparse
vegetation or tree stands. An f; 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 ET, 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. K 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).

ET. 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 ET, variables. K. values were obtained from Table 21
in FAO-24 (Doorenbus and Pruitt, 1977:41) with again the K. (soil) equal to 0.12. The
planting date assumed was May 1 and the growing season consists of 110 days (Ferguson
2004; Bradfield 1971). ET. rates throughout the growing season are illustrated in
Figures 2.20 and 2.21.

2.3 FINAL ET, CALCULATIONS

Final crop ET, 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 ET, for the range of conditions on the
Hopi Reservation. To apply a single ET, 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 ET. 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). ET. 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 ET. (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). Thisisa
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 K. 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.

K. 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 K. curves presented in this report are a best, first order estimation of crop water use
on the Hopi Reservation. The ET, 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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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)

) (ASCE, 2005), (ASCE 2001), MOVE.1 Record | (HOPI 2007), MOVE.1 Record (HOPI 2007),
Dew Point (Td ew) ASCE estimation (Brown, 2007) ASCE estimation | (Brown 2007) Extension (Hirsch 1982) Extension (Hirsch 1982)
Solar Radiation Hargreaves (FAO-56) Hargreaves (FAO-56) Hargreaves (FAO-56) Hargreaves (FAO-56)
) (FAO-56) (Hopi, (FAO-56) (Hopi, (FAO-56) (Hopi, (FAO-56) (Hopi,
Wind Speed (u) 5mis 2007) 3mis 2007) 5 m/s 2007) 3mis 2007)
(Ferguson, 2004; (Ferguson, 2004; (Ferguson, 2004; (Ferguson, 2004;
Manolescu, 1995; Manolescu, 1995; Manolescu, 1995; Manolescu, 1995;
Bradfield, 1971; Bradfield, 1971, Bradfield, 1971; Bradfield, 1971,
Prevost et. al 1984; Prevost et. al Prevost et. al 1984; Prevost et. al
170 days Soleri and Cleveland | 115 days 1984; Soleri and 170 days Soleri and 115 days 1984; Soleri and

Growing Season

(April 7-Sept 20)

1993)

(May 15-Sept 8)

Cleveland 1993)

(April 7-Sept 20)

Cleveland 1993)

(May 15-Sept 8)

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: ET, Rates for Hopi NDI fields

Monthly ET, Rates for NDI

FAO56-PM (upper)

FAQO56-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
g June 8.90 7.56 9.63 8.74 6.95 6.95
2 | July 8.65 7.43 9.55 8.71 7.18 7.18
~ | Aug 7.88 6.74 8.31 7.57 6.23 6.23

Sept 6.88 6.04 6.79 6.14 4.85 4.85
s | Apiil 5.83 4.62 4.85 431 3.83 3.83
> | May 6.69 6.21 6.73 6.05 5.11 5.11
S | June 8.46 7.26 9.01 8.16 6.57 6.57
2| July 8.03 6.98 8.78 7.98 6.67 6.67
S | Aug 7.08 6.15 7.40 6.71 5.65 5.65
X | sept 6.14 5.50 5.96 5.37 4.39 4.39




Table 2.3: ET, Rates for Hopi DRY fields

Monthly ET, 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
'Lg June 10.40 8.44 10.90 9.87 6.95 6.95
S | July 11.00 8.80 11.60 10.40 7.18 7.18
F | Aug 9.17 7.52 9.25 8.37 6.23 6.23

Sept 7.96 6.79 7.55 6.79 4.85 4.85
c | 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
S | June 9.86 8.08 10.30 9.25 6.57 6.57
2 | July 10.40 8.37 10.90 9.81 6.67 6.67
S | Aug 8.75 7.17 8.63 7.77 5.65 5.65
¥ | 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
-‘6 May 7.29 6.60 8.49 7.39
j June 8.90 7.56 10.40 8.44
2 July 8.65 7.43 11.00 8.80
Aug 7.88 6.74 9.17 7.52

Sept 6.88 6.04 7.95 6.79

S April 5.83 4.62 6.65 5.05
= May 6.69 6.21 7.78 6.93
S June 8.46 7.26 9.86 8.08
g July 8.03 6.98 10.40 8.37
5 Aug 7.08 6.15 8.75 7.17
X Sept 6.14 5.50 7.23 6.30




Table 2.6: Corn ETc values for Hopi DRY upper limit

Dryland Farmed Fields (DRY)
Upper Bound for Corn
Season FAO56PM ETo Crop Days per Ke ETc
month  [days/mo [mm/day [mm/mo Stage | Stage mm/mo  |mm/day |
April 23 7.20 165.60 1 30 0.12 18.46 0.00
é‘ May 31 8.49 263.19 2 50 interpolation 44.67 1.44
O une 30 10.40 312.00 3 55 0.36 95.25 3.18
_g 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 24 795  190.80 47.26 1.97
daysiyr | mmiyr ftlyr mm/yr infyr ftlyr
Totals 170 1556.86 5.11 424.63 16.72 1.39
Season FAO56PM ETo Crop Days per Ke ETc
— |month [days/mo |mm/day [mm/mo Stage Stage mm/mo  [mm/day |
o |April 23 6.65 152.95 1 30 0.12 17.11 0.00
Z’ May 31 7.78 241.18 2 50 interpolation 41.28 0.98
8 June 30 9.86 295.80) 3 55 0.36 90.03 1.48
o Puly 31 10.40 322.40 4 35 0.19 109.34 1.81
£ |Aug 31 8.75 271.25 97.98 1.57
g Sept 24 7.23 173.52 43.00 1.35
X daysiyr | mmiyr ftlyr mm/yr infyr ftlyr
Totals 170 1457.1 4.78 398.74 15.70 1.31
Upper Bound ETo Input Variables
Wind Growing Season Tdew Kc
5m/s 170 days Actual (MOVE.1) Kc adj Sparse Veg
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 2.7: Corn ETc values for Hopi DRY lower limit

Dryland Farmed Fields (DRY)
Lower Bound for Corn

Season FAO56PM ETo Crop Days per ETc
Kc
month |days/mo mm/day |mm/mo Stage Stage mm/mo  |mm/day |
April 0 5.40 0.00 1 20 0.12 0.00 0.00
2> May 15 7.39 110.85 2 35 interpolation 15.07 1.00
O |June 30 8.44 253.20 3 40 0.36 53.59 1.79
_g July 31 8.80 272.80 4 20 0.19 91.56 2.95
S JAug 31 7.52 233.12 79.40 2.56
= Sept 8 6.79 54.32 7.08 0.89
days/yr | mmiyr ftiyr mmiyr infyr ftiyr
Totals 115 924.29 3.03 246.70 9.71 0.81
Season FAO56PM ETo Crop | Days per Ke ETc
- month |days/mo mm/day |mm/mo Stage Stage mm/mo  |mm/day |
o [April 0 5.05 0.00 1 20 0.12 0.00 0.00
é‘ May 15 6.93 103.95 2 35 interpolation 14.14 0.98
8 June 30 8.08 242.40 3 40 0.36 51.15 1.48
o |Puly 31 8.37 259.47 4 20 0.19 87.17 181
£ |Aug 31 7.17 222.27 75.36 1.57
8 Sept 8 6.30 50.40 6.59 1.35
X daysfyr | mmlyr ftlyr mm/yr infyr ftlyr
Totals 115 878.49 2.88 234.41 9.23 0.77
Lower Bound ETo Input Variables
Wind Growing Season Tdew Kc
3m/s 115 days Actual (MOVE.1) Kc adj Sparse Veg
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 2.8: 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
2> | May 31 7.29 225.99 395 | 0.72 162.39 5.24
O | June 30 8.9 267 724 | 1.04 278.11 9.27
_g July 31 8.65 268.15 1133 | 1.07 287.48 9.27
E 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
Total days/yr mm/yr ft/yr mm/yr infyr ft/yr
otals 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
g April 23 5.83 134.09 105 | 0.29 39.31 1.71
é’ May 31 6.69 207.39 308 | 0.60 124.81 4.03
8 June 30 8.46 253.8 594 | 0.94 238.43 7.95
o | 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
O | Sept 24 6.14 147.36 1530 | 0.55 81.09 3.38
< Total days/yr mm/yr ft/yr mm/yr infyr ftlyr
otals 170 1211.05 3.97 970.68 38.22 3.18
Upper Bound ETo Input Variables
Wind Growing Season Tdew Kc
5m/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| 012 0.00 0.00
2> | May 15 6.6 99 156 | 0.37 37.09 2.47
O | June 30 7.56 226.8 485 | 0.83 187.59 6.25
_g July 31 7.43 230.33 894 | 1.11 256.37 8.27
E 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
Total days/yr mm/yr ft/yr mm/yr infyr ft/yr
otals 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 |
g April 0 4.62 0 0| 012 0.00 0.00
é‘ May 15 6.21 93.15 127 | 0.33 30.62 2.04
8 June 30 7.26 217.8 413 | 0.74 161.34 5.38
o | 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
O | Sept 8 5.5 44 1175 | 1.05 46.01 5.75
X Total days/yr mm/yr ftlyr mm/yr infyr ft/yr
otals 115 761.98 2.50 676.17 26.62 2.22
Lower Bound ETo Input Variables
Wind Growing Season Tdew Kc
3m/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)

Mean monthly wind speed at 2m above

Description ground surface
light wind ..£1.0 m/s
light to moderate wind 1--3m/s
moderate to strong wind 3--5m/s
strong wind ..25.0m/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
g Beans (dry) 2.06 1.78 1.12 0.91
LU), Trees (orchard) 3.34 2.87 2.27 1.95
5 Melon 2.03 1.75 2.03 1.75
X Squash 1.83 1.58 1.83 1.58
Corn 3.07 2.36 1.39 0.81
g‘ Beans (dry) 2.24 1.91 1.19 0.96
= Trees (orchard) 3.66 3.11 2.49 2.11
P Melon 2.20 1.88 2.20 1.88
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 ET, Values

Composite ET. 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 ET, 3.03 2.29 1.43 0.92

*Table based on average ET, 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

Hopi Supplemental Irrigation Demand for Agriculture on
the Hopi Indian Reservation

Average Maximum

0.61 0.99

(Based on irrigation depletion estimates and irrigated acreages from the Hopi Tribe’s
Statement of Claim, see Appendix A, this report)

ADWR Supplemental Irrigation Demand for Agriculture on
the Hopi Indian Reservation

Lower Limit Upper Limit

NDI 1.72 2.46

DRY 0.35 0.86




Figures
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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).
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Figur 1.2: Corn Fild in Pasture Cayon
Photo by ADWR 3/2007.



Figure 1.3: Hopi Con and Bea Feds near Moenkopi
Photo by ADWR 10/2005.



Figure 1.4: Hopi Corn Field near Kykotsmovi
Photo by ADWR 9/2005



Figure .5: Hopi Bean Field near Hotevilla
Photo by ADWR 9/2005.



Figure l.: Hoi Gade near Hotevilla
Photo by ADWR 9/2005.



N
)
= 5 \NQ%“
S / Red Lake o
9 ©
)0) A Q){\
5 RS
i
Coalmine Hotevilla
A N
@
Ktown Mochuvi & .
A 2 .
Keams Canyon g‘°
269
Spider
/x
iy } g
G
q Meteorological Stations !
/\  Hopi Tribe ] /ATovar a
A National Weather Service
; a Hopi Reservation
I
|~~~ Stream (
N Road 2 ’5?’ .
e T T 2 Y
Figure 2.1 Meteorological Stations on and Adjacent to the Hopi Indian Reservation. (Data Sources: HWRP, 2007; WRCC, 2007) sz ©
0 25 5 10 15 OF WATER
RESOURCES
11/14/2008, \\adwrsas1-phx01.azwater.gov\gis-vns, u:\workspaces\statewideplanning\adjudications\projects\hopi_hsr_adjud\maps\climate\mxd\fig2.1_metstations.mxd




ETo (mm/day)

Figure 2.2 Keams Canyon
ETo Models for Hopi CU

—o— P-M Upper
—&—P-M Lower

B-C Upper
—¢—B-C Lower
—¥— Hrgv-Sam

Sept

April May June July Aug
Month



ETo (mm/day)

Figure 2.3 Tuba City
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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 2.7: 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 2.12 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 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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INTRODUCTION

Pursuant to Paragraph 5 of the Court’s Order dated July 16, 2002 and Minute Entry dated

May 9, 2003, the Hopi Tribe hereby submits its Amended Statement of Claimant. This
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B. Surface Water for Irrigation
1. Past and Present Irrigation

The Hopi Tribe claims the right to divert 49,206 acre-feet of water annually from the five
washes and minor tributaries that flow from north to south through the Hopi Reservation to
irrigate 38,556 acres as shown in Table 1. The five washes are Moenkopi, Dinnebito, Oraibi,
Polacca and Jeddito. On average, the irrigation diversion is 28,700 acre-feet per year. However,
the Tribe claims the maximum quantity needed to irrigate all of the past and presently irrigated
acreage in order to provide én adequate water supply for irrigation in years) when that water is
not available. Table 1 identifies the different types of irrigation and the number of acres in each
category, and Table 2 shows the claims by source of supply, i.e. wash. Locations of acreage for
past and present irrigation for the Hopi 1882 and 1934 Reservation Areas are shown on Figures 4
and 5. These claims are based on the work of the experts retained by the United States, which is
discussed in additional detail in the United States’ Amended Statement of Claimant on Behalf of

the Hopi Tribe.
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from Moenkopi Wash. Location of this project is shown in Figure 6.
3. Future Irrigation from the Main Stem of the Little Colorado

The Hopi Tribe claims 21,060 acre-feet annually from the main stem of the Little
Colorado River to irrigate 7,400 acres of land on the 1882 Reservation. An off-stream storage
reservoir complex of 11,500 acre-feet capacity is required to firm up direct flow water supplies
from the main stem of the Little Colorado. Location of the project is shown in Figure 7.

4. Evaporative Uses and First Fillings for Irrigation Storage Facilities

The Hopi Tribe claims the right for first-filling and to replace evaporative losses for the
projects identified in Section X.B.2 and 3. The Tribe claims 15,700 acre-feet of water for the
first time filling of reservoirs and 2,842 acre-feet annually for evaporation from the proposed
storage facilities.

C. Ceremonial and Subsistence Irrigation

The Tribe claims 12,546 acre-feet per year for future irrigation of small family garden
plots for ceremonial and subsistence purposes. Such ceremonial and subsistence gardens have
historically and contemporaneously been located near the villages. Future gardens would require
a total of 3,136 acres of arable land surrounding the villages, as follows: Moenkopi ~ 754 acres,
Hotevilla — 386 acres, Bacavi — 197 acres, Kykotsmovi and Old Oraibi — 647 acres, First Mesa
Villages — 542 acres, Second Mesa Villages — 484 acres, Keams Canyon — 126 acres. Subject to
Section X.J., the source is groundwater.

D. Domestic, Commercial, Municipal and Industrial Use (DCMI)

For future domestic, commercial, municipal, and industrial (DCMI) uses of water, the

26
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l. Technical basis for past and present irrigated acreage claim.
The Hopi Tribe has historically irrigated and continues to irrigate crops on the Hopi
Reservation. The past and present irrigated acreage was identified based on interpretation of aerial
photos taken since 1934 and field assessment. These identified lands were divided into five

irrigation types based on water source and crop as follows:

10
11
12
13
14
15
16
17
18
19
20
21

23
24
25

Perennial Irrigation - Perennial surface water available to the parcel, conveyed by permanent

structures.

Seasonal Irrigation - Seasonal surface water available to the parcel and used on planted

fields; water is conveyed by structures ranging from temporary and/or permanent spreader
dikes to diversion with ditches.

Range Pasture Irrigation - Seasonal surface water available to the parcel and used to improve

range for pasture; water 1s conveyed by structures ranging from temporary and/or permanent
spreader dikes to diversions with ditches.

Native Irrigation - Seasonal surface water available to the parcel with minimal water control

structures; water arrives at the parcels by strategic placement of the parcel rather than by

conveyance of the water.

Spring Irrigation - Perennial groundwater available to the parcels obtained and distributed

from a spring.

The Hopi Tribe also crops land that is not irrigated and relies upon precipitation. These

precipitation farmed lands were identified, but are not associated with a water right claim.

The seasonal water supplies in the five northern washes for 1950 through 1993 were

estimated using the Precipitation Runoff Modeling System (PRMS) created by the United States
Geological Survey. The PRMS model estimates daily runoff based on precipitation, temperature,
solar radiation, and physical characteristics of the area being modeled. Crop water requirements

were estimated using the Modified Jensen-Haise method to determine evapotranspiration (ET)
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adjusted by crop coefficients based on crop type, typical planting dates, and cultural cropping
practices. The irrigation diversions and irrigation depletions were estimated using a deficit irrigation
simulation model that considers the available flows (from PRMS) for irrigation and potential crop
ET. The model tracks soil moisture and adjusts crop ET based on soil moisture. A deficit irrigation
model was used because full water supplies for the crops are seldom available. The seasonal water
supply limits irrigation diversions and depletion. The past and present irrigation claim is for the
maximum estimated diversion for irrigation during the period of analysis.

The water supply for perennial and spring irrigation is usually available throughout the
irrigation season (April through September). However, because of the nature of springs and the fact
that the perennial flows occur only in sections of the washes, a full irrigation supply is not always
available. The irrigation supply for these lands was therefore estimated to be 90 percent of the
irrigation requirement.

2. Outline of the past and present irrigation claim

The following two tables outline the past and present irrigation claim. Table 1, Presently and
Historically Irrigated Acreage in the Five Wash Basins through the Hopi Reservation, designates the
past and present irrigated acreage divided by wash. Table 2, Estimated Irrigation Depletion and
Diversion for Presently and Historically Irrigated Lands on the Hopi Reservation, outlines the
irrigation depletion and diversion in both average and maximum years.

In addition, a map labeled Presently and Historically Irrigated Lands is enclosed as Appendix
8 in order to provide an overview of the irrigated acreage based on the GIS coverages created from
interpretation of historical photos. The GIS coverages themselves are available for review if ADWR

determines such coverages would be helpful.
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Presently and Historically Irrigated Acreage in the five wash basins through Ho

Table 1

i Reservation.

Perenmnial Seasonal Range Native Spring Precxpxtatlon Total
Wash (acres) (acres) Pasture (acres) (acres) Farming (acres)
(acres) (acres) ’
Moenkopi Main
Reservation 16 121 334 2,002 23 1 2,497
Moenkopi Island 548 0 0 433 8 0 989
Dinnebito 0 1,375 359 5,107 97 333 7,271
Oraibi 0 1,653 4,052 4,910 0 455 11,070
Polacca 0 1,645 1,970 8,660 22 252 12,549
Jadito 0 1,392 807 1,926 1 1 4,127
Minor Tributaries 53 53
TOTAL 564 6,186 7,522 23,091 151 1,042 38,556

a major wash.

Precipitation Farming does not have a diversion or depletion from washes.
There is no irrigation from wells on the Hopi Indian Reservation.

Table 2

Minor tributaries is a small area of the Hopi Reservation drains directly to the Lower Colorado River rather than

Estimated Irrigation Depletion and Diversion for Presently and Hisortically Irrigated Lands on the Hopi

Indian Reservation

Imgation Depletion Irrigation Diversion
Wash Average (ac] Maximum | Average | Maximum

fvyr) (ac-fifyr) | (ac-fvyr) | (ac-f/yr)
Moenkopi Main
Reservation 2,084 2,440 2,772 3,246
Moenkopi Island 1,310 1,535 1,468 1,795
Dinnebito 3,961 6,552 5,280 8,714
Oraibi 5,384 9,865 5,384 13,120
Polacca 7,218 11,869 9,622 15,786
Jadito 2,936 4,790 3,914 6,371
Minor Tributary 37 59 49 104
TOTAL 22,930 37,110} 28,489 49,136

- 10 -
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DRAFT MEMORANDUM

Date:  October 29. 2007

To: Vanessa Boyd Willard, Esq.
Indian Resources Section
United States Department of Justice
Denver, Colorado

From: L. Niel Allen, Ph.D, P.E.
Natural Resources Consulting Engineers, Inc.

RE:  Responses to Arizona Department of Water Resources Questions Regarding Hydrological
Modeling on the Hopi Indian Reservation

In January 2004, the United States Department of Justice (DOJ) submitted an amended
Statement of Claimant for water rights on behalf of the Hopi Tribe to the Superior Court of the
State of Arizona in and for the County of Apache. The Statement of Claimant regards the
general adjudication of all rights to use water in the Little Colorado River system and sources.
As part of the adjudication, the Arizona Department of Water Resources (ADWR) is in the
process of preparing a hydrographic survey report of water uses on the Hopi Indian Reservation.
ADWR is using the claims submitted by the United States along with other information to
prepare the hydrographic survey.

Natural Resources Consulting Engineers, Inc. (NRCE) provided a summary of the estimation of
flows in the northern washes of the Little Colorado River to ADWR through the DOJ in June of
2007. In September of 2007, ADWR provided Vanessa Willard, Esq. of the DOJ in Denver,
Colorado a list of questions concerning water supply modeling and irrigation water use on the
Hopi Indian Reservation. This memorandum provides responses to the numbered questions.

[ May ADWR obtain a copy of the 2000 NRCE report entitled Historical/Present Irrigation

Water Uses of the Navajo and Hopi Indian Reservations within the Northern Washes of the Little

Colorado River Busin?

Attorney-Client Communication
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NRCE has been advised by the DOJ that the 2000 report entitled Historical'Present Irrigation
Water Uses of the Navajo and Hopi Indian Reservations within the Northern Washes of the Litile

Colorado River Basin (Report) is not being made available at this time.

2. Which meteorological stations were used to obtain precipitution and other data needed to

estimate crop evapotranspiration (ET)?

Climate stations selected for use in the study were on the basis of length and continuity of record
and location within the study area. The period of analysis was from 1950 through 1993.  The
National Weather Service stations used in this study were:

- Cameron I NNE (#1169)

- Gallup 5 E (#3420)

- Ganado (#3303)

- Keams Canyon (#4586)

- Leupp (#4872)

- Petrified Forest N.P. (#6468)

- Sanders (#7488)

- Sanders 11 ES (#7496)

- Window Rock 4 SW (#9410)

Regression analyses between stations were used to fill in missing temperature and precipitation
data so that each site had a full set of data from 1950 through 1993.

The reference ET was estimated in the Precipitation Runoff Model Simulation (PRMS) model
using the Modified Jensen-Haise method, which is based on daily temperature and solar radiation
data. The daily temperatures for each sub-basin are based on the National Weather Service data.
The solar radiation was estimated based on a procedure selected for use in the PRMS model.
The method is based on the maximum daily temperature, degree-day relationships for specific
months of the year, and a corresponding ratio of actual to potential daily solar radiation as
described in the PRMS User's Manual (Leavesley et. al, 1983).

The 869 hydrologic response units (HRUs) were each assigned to the station nearest in elevation
to the mean HRU elevation. The station precipitation was then adjusted using a lapse rate and an

adjustment due to differences in latitude.

o
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3. What was the source(s) for the crop coefficient (Kc) values used in the ET calculations, and

what crop mix was assumed on the reservation?

The historically irrigated lands on the Hopi Reservation were categorized based on crop group.
irrigation practices, and water source. The two crop groups are fields planted with cultivated

crops and range pasture. The two water supplies are seasonal or perennial.
Seasonal Water Supply

The seasonal water supplies are based on the PRMS model output. The ET potential for the
planted fields was based on the calculated ET for corn. Corn is the principal crop. with other
crops such as beans and squash having a similar ET. Crop coefficients for corn were obtained
from the United Nations Food and Agricultural Organization (FAO) Publication 24 (Doorenbus
and Pruitt, 1977) and University of California Publication 21454 (University of California,
1989). Corn crop coefticients were divided by 1.2 to adjust from a grass-based reference ET
method to the alfalfa-based Jensen-Haise method and were subsequently reduced by 30 percent

to account for field conditions.

The 30 percent reduction in Kc is used to account for the plant density that is much less than that
used to develop published crop coefficients. For example, on the farmed area in the Northern
Washes, corn plants are 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 the rows. Another consideration is that once crops become stressed due to lack of soil
moisture, plant growth can become stunted, and plants lack the growth and vigor required to
transpire water at their potential. The deficit irrigation conditions prevalent on lands irrigated
from the Northern Washes often result in low soil moisture conditions that limit the uptake of

water by crops.

Crop coefticients for native range were assumed to be the same as for short pasture, as listed in
Consumptive Use of Irrigated Crops in Utah (Hill, 1994). The following table is an example of
cropping dates and crop coefficients used in the deficit irrigation simulation model (DISM). The

cropping dates varied between sub-basins.
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Example of Cropping Dates and Crop Coefficients

Cropping Dates” Crop Coefficients®
Crop Type A B C E Kel | Ke2 | Ked | %
Com® JUNOL [ JUNI8 | JUL27 | SEP28 1 .16 | 95 | 33 | 90
Native Range APROI [ APR20 | MAY 15 SEPIS| 30 | 68 | 40 | 77
* Cropping Dates - A = planting, B = 10 percent ground shading, C = 75 percent ground shading, E =
transpiration ceases or harvest. Date D (not listed) is a calculated date that Kc begins to decrease linearly

to Kc3 .

" Crop Coefficients - Kel = crop coefficient from date A to B, K2 = crop coefficient from C to D, and
Kc3 = crop coefficient at date E, % = percent of growing season from A to D. The crop coefficients
between dates B and C are a linear interpolation between Kcl and Kc2, and the crop coefficients between
dates D and E are a linear interpolation between Kc2 and Kc3.

¢ Corn - Although several crops are grown on land that has seasonal irrigation, corn is the principal crop.
The water requirements of corn are similar to the other crops; therefore, the cropping dates and crop
coefficients of corn were used in the DISM.

Perennial Water Supply

The perennial irrigation on the Hopi Reservation is about 2 percentage of the total historically
irrigated land. The land is cropped, and corn is the major crop. The crop ET for the perennial
irrigation was calculated using the methodology described above; however, the Kc values were
reduced by 20 percent instead of 30 percent to account for more favorable field conditions in
areas irrigated from perennial water supplies in comparison to fields irrigated from seasonal

water supplies.

Perennial irrigation indicates water is available for irrigation to meet most of the crop ET needs.
Due to annual variability in perennial flows, it was assumed that 90 percent of the net irrigation
requirements were met on an annual basis by perennial flows, springs, and seeps. It was also
assumed that 95 percent of the net irrigation requirement would be met for irrigated lands that

are supplied water from wells.

4. What period of record for streamgage SW25 was used to calibrate the PRMS model. and can

model error summaries be provided?

Available flow data from station SW25 Peabody for the period of February 1989 through
December 1995 were used for calibration. The following table provides a comparison of
statistics between measured and predicted data sets. The measured and predicted values are not
paired due to the nature of the PRMS model and therefore a regression analysis is not applicable.

The data set compares flow rate values over | cubic feet per second (cfs).
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Statistics of Measured and Predicted Values at Gaging Station SW25 Coal Mine Wash.

Statistic Measured Predicted

Mean (cfs) 10.9 10.8
Median (cfs) 3.5 5.0
Standard Deviation (cfs) 22.8 15.7
Kurtosis (cfs) 25 22
Skewness (cfs) 4.6 4.1
Range (cfs) 168 124
Minimum (cfs) | 1
Maximum (cfs) 169 125
Count 138 308

3. Which climate stations were used to assess streamflow conditions for 1950-93 including the

station used for model verification at streamgage 94012397

See the response to question #2.

6. Does NRCE's estimated outflow at the mouth of Polacca Wash include outflows from the
Oraibi Wash tributary?

No, all the outflows from the Oraibi, Polacca, and Jadito Washes were calculated before the
convergence. Therefore, outflow from Polacca Wash does not include the flow from Oraibi
Wash tributary.

As stated in the report: “There are two areas which warrant special attention when examining
the results of the natural flow estimation. One area is defined as the region where Oraibi,
Polacca, and Jadito washes converge to form Corn Wash. Much of the area at this convergence
is devoid of any significant surface drainage features, and thus, flow events are spread out over a
large area and much of their volume is lost to seepage and evaporation. Quantifying the extent
of these depletions is beyond the intent and scope of the current analysis. Of particular
importance in the current study is the hydrology of the washes upstream of this area (i.e.
quantifying surface water available for irrigation use within each wash). The diminished flows
which actually exit this area do so through Corn Wash, and this study does not attempt to
quantify the streamflows ultimately reaching the Little Colorado River from this area.”
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Was PRMS used to estimate flows at active USGS stream gages along Moenkopi, Dinnebito,

Oraibi, Polacca, and Jeddito Washes? If so, can ADWR obtain a copy of these estimates?

PRMS was not used to estimate flows at active gage locations. A comparison of undepleted
flows from Moenkopi wash for the nearest modeled streamflow point (scaled by basin area) to
depleted USGS gage flows is presented in the Report. The gages used in this comparison
included #09395350 Puerco River near Church Rock. #09395500 Puerco River at Gallup.
#09395900 Black Creek near Lupton, #09396500 Puerco River near Adamana, #09401260
Moenkopi Wash At Moenkopi. #09401280 Moenkopi Wash Near Tuba, #09401400 Moenkopi
Wash near Tuba City, and #09401500 Moenkopi Wash near Cameron. No gages were available
in any of the washes other than Moenkopi and Puerco River except for two recently installed
gages in the Dinnebito and Polacca washes (#09401110 Dinnebito Wash near Sand Springs and
#09400568 Polacca Wash near Second Mesa). Unfortunately, the limited data available at these
two recently installed gages was insufficient enough to draw any conclusions.

This comparison is shown the following table.

Comparison of PRMS estimated flows and USGS Stream Gage Data

PRMS Natural Flow Estimation USGS Gage Data
1950-1993'

Average Adjusted Period of Average

Wash, Gage ID# Drainage Annual Annu;}l Drainage | Record Average Annual
Area Flow Flow~ Area (sq. (water Record Flow

(sq. miles) | (acre-feet) | (acre-feet) | miles) years) Quality | (acre-feet)

Moenkopi. 09401500 1.891 16,245 22,873 2,662 1954-1965 Good 9,990
Moenkopi, 09401400 1,735 15.766 22,649 2.492 1941-1978 Fair 1.167
Moenkopi, 09401280 1.583 14,520 17.459 1,904 1926-1940 | Good/Fair 16,340
Moenkopi, 09401260 1,583 14,520 14,937 1,629 1976-1991 Poor 7.736
Puerco. 09396500 2.580 29.067 29.898 2.654 1940-1949 Poor 46.759
Puerco, 09395900 514 6,218 5.979 494 1964-1982 Fair 5,978
Puerco, 09395500 591 7.418 7.009 558 1941-1982 Poor 6.849
Puerco, 09395350 286 3,521 2,705 220 1978-1992 Poor 7,037

" PRMS estimate for location closest to USGS gage location.
- Area weighted adjustment of average annual flow to match USGS gage drainage

In the above table, the second column from the right lists the overall data quality based on USGS
remarks in the annual water data reports. The data quality remarks are described as follows in
USGS (2006): “The degree of accuracy of the records is stated in the REMARKS in the station
description.  “Excellent” indicates that about 95 percent of the duily discharges are within 5
percent of the true value; “good™ within 10 percent. and “fair,” within 13 percent. “Poor”

indicates that daily discharges have less than “fair” accuracy.  Different accuracies may be
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attributed to different parts of a given record.” It may be seen from the above table that the
USGS data quality is often fair to poor for the gage stations listed. This low data quality

increases the uncertainty in comparing the PRMS data to the USGS records.

The main difficulty in using the USGS data in a comparison to the estimated natural flows is that
the measured data represents depleted flow values. Even in areas where there are only limited
depletions, the measured streamflows also include the effects of changes in hydrologic
characteristics such as vegetation and land use. Because statistical characteristics and
relationships are best established using longer data sets, an additional difficulty with the USGS

data was that many of the gages had only limited data availability.
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[ Estimation of Keb mid from effective ground cover (fc cfr)

Where only estimates of the fraction of soil surface effectively covered by vegetation are
available, the following approximation for K¢h mid adj can be used:
1
(75)

Kebmid = Kemin + (ch fn — K¢ min) min| 1, 2f, (fc eff) : (98)

where Kcb mid  estimated basal Ky, during the mid-season when plant density and/or
leaf area are lower than for full cover conditions,

Kcb full  estimated basal K, during the mid-season (at peak plant size or height)

for vegetation having full ground cover or LAI > 3 (see Equations 99 and

100),

K¢ min  the minimum K for bare soil (in the presence of vegetation) (K¢ mip =
0.15 - 0.20),

fe observed fraction of soil surface that is covered by vegetation as
observed from nadir (overhead) [0.01 - 1],

fe off the effective fraction of soil surface covered or shaded by vegetation
[0.01-1] (see Box 18),

h the plant height [m].

Stomatal conductance and water transport within plants may limit ET under conditions of
sparse, tall vegetation. Under these conditions, K¢, mig is limited by the “2f.” term in
Equation 98. Equation 98 applies well to trees and shrubs. .

BOX 18
Measuring and estimating fg o

fo eff Should normally represent the fraction of the soil surface that is shaded by vegetation. This value
is generally larger than f, the actual fraction of the soil surface that is covered by vegetation as
observed from directly overhead. The amount of shading represents the amount of solar radiation
intercepted by plants for potential conversion into evapotranspiration. The total fraction of shading is a
function of the sun angle and the horizontal size and shape of individual plants (or rows) relative to
their height.

f. off for ‘rectangular’ shaped canopies such as most agricultural plant rows can be approximated as:

HWR
f, = fo [ 14—
c eff c [ tan(n)]
where fe observed fraction of soil surface that is covered by vegetation as observed from nadir

(overhead) [0.01 - 1],

HWR height to width ratio of individual plants or groups of plants when viewed from the east
or from the west [ ],

tan(n) tangent of the mean angle of the sun, n, above the horizon during the period of
maximum evapotranspiration (generally between 11.00 and 15.00 hours) [ ]. For most
applications, n can be computed at solar noon (12.00 hours).




Crop evapotranspiration 189

Estimation of K¢p full
Agricultural crops:

Non-pristine agricultural crops represent crops that have not developed to their potential due to
environmental stresses caused by soil water shortage, fertility, disease, grazing or insect
damage or due to low plant density. The value for Kb full in Equations 97 and 98 can be taken
as the Kgp mig value listed for any “full-cover” crop (f¢ eff ~ 1) in Table 17, after adjusting it
for climate (Equation 70):

0.3
h
K cp full =Kcb mid, Table * [0.04 (u; —2)—0.004 (RH i, —45) ](-3-) (99)
where uy mean value for wind speed at 2 m height during the mid-season [m s,
RHpji, mean value for minimum daily relative humidity during the mid-season
(%),
h mean maximum plant height [m].

Natural vegetation and crops not listed in Table 17:

For natural vegetation, nonfull-cover crops, or for crops not listed in Table 17, K¢p 1) can be
approximated as a function of climate and mean plant height for areas of vegetation that are
greater than a few hectares:

0.3
O\
Kb full =Keb,h T [0.04 (uy —2)—0.004 (RH min — 45) ](-3—] (100)
where Keb,h Keb mid for full cover vegetation (LAI > 3) under sub-humid and calm
wind conditions (RHpin = 45% andup=2m s‘l), (Equation 101),
u mean value for wind speed at 2 m height during the mid-season [m s‘l],
RH iy, mean value for minimum daily relative humidity during the mid-season
[%],
h mean maximum plant height [m].

The value for Kcp h 1 estimated as:

K = 10+0.1h for h<2m (101)

where K¢p h 18 limited to < 1.20 when h > 2 m. The value of 1.2 represents a general upper
limit on Kb mig for tall vegetation having full ground cover and LAI > 3 under the sub-humid
and calm wind conditions. This limit of 1.2 is adjusted for other climatic conditions in Equation
100. Equations 100 and 101 produce a general approximation for the increase in K¢p ful) with
plant height and climate. The form of these equations adheres to trends represented in Equation
70.

For small, isolated stand sizes, Kcp fuil M3y need to be increased beyond the value given
by Equation 99 or 100, as discussed in Chapter 10.

:
Ao]
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ARIZONA DEPARTMENT OF WATER RESOURCES

IN THE SUPERIOR COURT OF THE STATE OF ARIZONA

IN AND FOR THE COUNTY OF APACHE
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OF ALL RIGHTS TO USE WATER IN
THE LITTLE COLORADO RIVER
SYSTEM AND SOURCE

Civil No. 6417

CITY OF FLAGSTAFF’S COMMENTS
AND JOINDER IN LCR CLAIMANTS’
COMMENTS TO ADWR’S
PRELIMINARY HYDROGRAPHIC
SURVEY REPORT FOR THE HOPI
INDIAN RESERVATION

(Assigned to the Honorable Eddward P.
Ballinger, Jr.)

Indian Reservation.

for the Hopi Indian Reservation

39-03-83949

Apache County on June 29, 2009.

Number of Pages: 4

Contested Case Name: In re Hopi Tribe Priority

HSR Involved: Preliminary Hydrographic Survey Report for the Hopi

Descriptive Summary: The City of Flagstaff submits comments and joins
in comments submitted by the LCR Claimaints related to the Arizona

Department of Water Resources’ Preliminary Hydrographic Survey Report
Statement of Claimant Nos.: City of Flagstaff 39-03-83947, 39-03-83948,

Date of Filing: Original mailed to the Clerk of the Superior Court for
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INTRODUCTION

The City of Flagstaff (the “City”) submits these comments to the Preliminary
Hydrographic Survey Report of the Hopi Indian Reservation (the “HSR”) submitted to
this Court in December 2008, by the Arizona Department of Water Resources
(“ADWR”). The City notes that many of the Hopi claims are not addressed in the HSR,
and others were excluded or have yet to be analyzed by ADWR due to “legal issues
pending before the Court and the Special Master” (See HSR, § 9.3.3). Therefore, these
comments are not comprehensive and additional comments may be required if the HSR is
revised or when it is finalized. Furthermore, the City joins in certain LCR Claimants’

Comments to the HSR for the reasons stated therein.
L The final HSR should include the Court’s March 2, 2009 order.

On March 2, 2009, after having considered the positions of the parties, this Court
declared “that the Hopi Tribe is precluded from asserting water right claims in this
adjudication to the extent such claims seek the right to water sources located within the
Little Colorado River Basin that neither abut nor traverse Hopi lands.” See Minute Entry
dated March 2, 2009. In the HSR, ADWR specifically notes the then-current status of
this issue as it existed before the Court at the time the HSR was submitted. See id. The
HSR states that “until the legal issues before the Court and the Special Master are
resolved, ADWR is unable to recommend certain water right attributes.” Id. Since the

Court has declared that the Hopi Tribe is “precluded from asserting water right claims . . .
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located within the Little Colorado River Basin that neither abut nor traverse Hopi lands,”
such claims should be addressed accordingly in the HSR. The City believes such an
approach furthers the interests of judicial economy by ensuring all of the Hopi Tribe’s
claims are evaluated comprehensively and concurrently. Shelving certain Hopi claims
while determining only those claims on the “main reservation” risks unnecessary delays,
duplication of work, and lack of certainty for non-Hopi claimants. Moreover, evaluating
all of the Hopi Tribe’s claims concurrently would satisfy the “comprehensive
requirement” of the McCarran Amendment, ensuring that all claims are included in the

adjudication. United States v. District Court of Eagle County, 401 U.S. 520, 525 (1971).
II. Comments by LCR Claimants

The City notes the comments filed by the LCR Claimants to the HSR and

specifically joins in paragraphs II — IV for all the reasons stated therein.
CONCLUSION

The City of Flagstaff respectfully requests that the above comments be included in
the HSR prior to its finalization. The City of Flagstaff respectfully requests further that,
having joined in certain comments to the HSR submitted by the LCR Claimants, that

such comments also be included in the HSR prior to its finalization.




Telephone: (602) 798-5400

3300 N. Central Avenue, Suite 1800
Phoenix, Arizona 85012-2518

Ballard Spahr Andrews & Ingersoll, LLP

10

11

12

13

14

15

16

17

18

19

20

21

22

DATED this 29" day of June, 2009.

BALLARD SPAHR ANDREWS &
INGERSOLL, LLP

By: W

Lee A. Storey )

3300 N. Central Avenue, Suite 1800
Phoenix, Arizona 85012-2518
Telephone: (602) 798-5443
Facsimile: (602) 325-0555

Email: storeyl@ballardspahr.com
Attorneys for the City of Flagstaff

ORIGINAL of the foregoing mailed for
filing to the Clerk of the Apache County
Superior Court this _2A day of _June
2009, and a COPY mailed to all persons
on the Court-approved mailing list for the
Little Colorado River Adjudication

Civil No. 6417 dated June 18, 2009.
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Ana M. Marquez

From: Richard Burtell

Sent:  Wednesday, July 01, 2009 7:47 AM

To: ‘champson@sonosky.com'

Cc: Janet L. Ronald; Glenda S. Winters; Ana M. Marquez
Subject: RE: Hopi Tribe Comments on Preliminary Hopi HSR

Hi Colin,

| received both of your emails yesterday (6/30/09) and was able to print out the attachments.
We'll let you know when the Federal Express packet arrives.

Thanks!

Rich

P.S. Scott's been out of the office since Monday.

From: Colin C. Hampson [mailto:champson@sonosky.com]
Sent: Tuesday, June 30, 2009 4:21 PM
To: Scott M. Deeny

Cc: Richard Burtell
Subject: RE: Hopi Tribe Comments on Preliminary Hopi HSR

Scott,

If you could confirm receipt of my two e-mails from a few minutes ago sending the comments and
exhibits, ['d appreciate it.

Thanks.

Colin Cloud Hampson

Sonosky, Chambers, Sachse, Endreson & Perry, LLP
Symphony Towers

750 B Street, Suite 3130

San Diego, CA 92101

(619) 546-5585

(619) 546-5603 (direct)

(619) 546-5584 (fax)

(619) 855-7050 (cell)

****NOTICE****

This message is intended solely for the use of the addressee and may contain information that is
privileged, confidential and exempt from disclosure under applicable law. If you are not the addressee,
you are hereby notified that any use, distribution or copying of this message is strictly prohibited. If you
received this message in error, please notify us by reply e-mail or by telephone (call us collect at (619)
546-5585) and immediately delete this message and any and all of its attachments. Thank you.

7/1/2009
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From: Colin C. Hampson [mailto:champson@sonosky.com]

Sent: Tuesday, June 30, 2009 4:11 PM

To: 'Scott M. Deeny'

Cc: 'Richard Burtell'; 'Harry R. Sachse’; 'SCanty0856@aol.com'; 'Vanessa.Willard@usdoj.gov'; 'Guarino,
Guss (ENRDY)'; "Joelynn Roberson'

Subject: Hopi Tribe Comments on Preliminary Hopi HSR

Scott,

Attached please find the Hopi Tribe's comments on the Preliminary Hopi Hydrographic Survey
Report. The exhibits will be sent by separate e-mail. The original comments and exhibits will be

sent by Federal Express.
Regards,

Colin Cloud Hampson

Sonosky, Chambers, Sachse, Endreson & Perry, LLP
Symphony Towers

750 B Street, Suite 3130

San Diego, CA 92101

(619) 546-5585

(619) 546-5603 (direct)

(619) 546-5584 (fax)

(619) 855-7050 (cell)

7/1/2009
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Kathleen A. Donoghue

From: Colin C. Hampson [champson@sonosky.com]

Sent: Tuesday, June 30, 2009 4:11 PM

To: Scott M. Deeny

Cc: Richard Burtell; 'Harry R. Sachse'; SCanty0856@aol.com; Vanessa Willard@usdoj.gov;,

‘Guarino, Guss (ENRD)'; 'Joelynn Roberson'
Subject: Hopi Tribe Comments on Preliminary Hopi HSR
Attachments: 65pld-Hopi Tribe's comments on Preliminary HSR 6.30.09.pdf

Scott,

Attached please find the Hopi Tribe's comments on the Preliminary Hopi Hydrographic Survey Report.
The exhibits will be sent by separate e-mail. The original comments and exhibits will be sent by Federal
Express.

Regards,

Colin Cloud Hampson

Sonosky, Chambers, Sachse, Endreson & Perry, LLP
Symphony Towers

750 B Street, Suite 3130

San Diego, CA 92101

(619) 546-5585

(619) 546-5603 (direct)

(619) 546-5584 (fax)

(619) 855-7050 (cell)

6/30/2009



WASHINGTON, DC

MARVIN J. SONOSKY (1909-1997)
HARRY R. SACHSE (DC)°

REID PEYTON CHAMBERS (DC)°
WILLIAM R. PERRY (DC)°

LiL.OYD BENTON MILLER (AK)®
DOUGLAS B. L. ENDRESON (DC)°
DONALD J. SiMON (DC)°

MYRA M. MUNSON (AK)®

ANNE D. NoTo (DC)°

MARY J. PAVEL (DC)°

DAVID €. MIELKE (NM)°®

JAMES E. GLAZE (DC)°

GARY F. BROWNELL (NM)°
CoOLIN C. HAMPSON (CA)
DOUGLAS W. WOLF (DC)°
RICHARD D. MONKMAN (AK)®
MARISSA K. FLANNERY (AK)®

LLAW OFFICES
SOoNOSKY, CHAMBERS, SACHSE,
ENDRESON & PERRY, LLLLP
SYMPHONY TOWERS
750 B STREET, SUITE 3130
SAN DIEGO, CALIFORNIA 92101

{619) 546-5585

FACSIMILE (619) 546-5584
WWW.SONOSKY.COM

June 30, 2009

Arizona Department of Water Resources

Attn: Adjudications

3550 N. Central Avenue, Fourth Floor

Phoenix, Arizona 85012

WIiLLIAM F, STEPHENS (DC)
JENNIFER J. THOMAS (DC)
HILARY V. MARTIN (AK)°
MICHAEL E. DOUGLAS (AK)
JAMES V. DEBERGH (DC)
APRIL DAY (CA)

MAND! L. HILL (NM)°

e

o

OF COUNSEL

ARTHUR LAZARUS, JR. (DC)°
ROGER W. DUBROCK (AK)®

KAY E. MAASSEN GOUWENS (AK)®
MATTHEW S. JAFFE (DC)°

°NOT ADMITTED IN CA

Re:  Comments of the Hopi Tribe on the Preliminary Hopi Hydrographic Survey

Report

Dear Sir or Madam:

In accordance with the Court’s Pretrial Order No. 6 regarding Notice of Hydrographic
Survey Reports of July 26, 2000 and Order of March 9, 2009, the Hopi Tribe respectfully
submits its comments on the Preliminary Hopi Hydrographic Survey Report dated December
2008 (hereinafter “Preliminary HSR” or “Preliminary Report”).

Comments on the Preliminary Report

The Hopi Tribe respectfully offers the following specific comments on the Preliminary
Report. The comments are provided on a section-by-section and page-by-page basis.

Chapter 1:  Introduction and Scope

Figure 1-2 should be revised to distinguish between allotments and the 21 “TR” or
“Murphy” tracts that are still tribal trust land that are interspersed among the allotments, comprising
approximately five acres each, totaling approximately 105 acres. While the Tribe is not aware of
the complete history of these tracts, it believes that the federal government surveyed these tracts but

never allotted them. See Preliminary HSR footnote at 2-24 and text at 2-25.

Chapter 2:  Summary of Adjudication Claims Related to the Hopi Indian Reservation

The Hopt Tribe intends to file a Second Amended Statement of Claimant which will set
out the Tribe’s revised claims for water rights.

ANCHORAGE

JUNEAU

SAN DIRGO ALBUQUERQUE
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2.3.2  Water Sources

Footnote 3 on page 2-4 states that the Tribe holds two contract entitlements for Colorado
River water for a total of 6,000 AF. The footnote also indicates the Hopi leases one of the
entitlements, and that the Hopi claims do not include plans to use the water entitlement on the
Reservation. The Hopi Tribe claims the right to import this water to the 1882 Reservation and
Moenkopi to satisfy water demands in those locations. The Hopi Tribe’s amended claims will
address this water.

2.3.3  Priority Date

On page 2-5 the Preliminary HSR discusses the Hopi Tribe’s claim to senior priority.
The sentence should be revised to read: “The Tribe's claim of immemorial priority, senior to all
claimants, Indian or non-Indian, extends to waters located on and underneath Hopi lands, as
well as waters located outside the boundaries of its lands necessary to meet on-reservation
demands consistent with the homeland purpose.”

2.3.4 Past and Present Irrigation Use

On Page 2-5 the Preliminary HSR discusses the Tribe’s past and present irrigation use
claim. The maximum amount of water available is claimed in order to provide any available
water to lands that have been irrigated in the past and present. The Tribe recommends that the
sentence beginning with the word “However, . . .” be revised to read: “However, the Hopi claim
a maximum quantity for irrigation of the past and presently irrigated acreage in order to provide
water in years when water is available.”

2.3.8 Stockponds, Springs and Wells

Footnote 5 on page 2-8 states that no capacities are claimed for the recreational lakes
identified in Footnote 2 to Table I in Appendix 2. However, as noted in Section 2.3.7, the Tribe
does identify capacities of the recreational lakes claimed.

2.3.12 Hopi Ranches

The Preliminary HSR states on page 2-10 that the Tribe claims “water for five ranches
based on state law,” pursuant to the Navajo-Hopi Land Dispute Settlement Act of 1996. On
December 11, 2008, the Bureau of Indian Affairs took into trust four of the five ranches referred
to in this section. As stated in the Tribe’s 2004 Amended Statement of Claimant, the Tribe
claims water rights provided for under the 1996 statute, as well as the rights pursuant to state
law. The following should be added at the end of the first sentence: “and the provisions of the
Act.”
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2.8.2 Past and Present Domestic, Commercial, Municipal and Light Industrial -

Table 2-1 does not compare the Hopi and United States claims accurately. The Hopi and
United States’ domestic, commercial, municipal and industrial (“DCMI”) claims include past,
present and future as one 11,211 AF claim. ADWR’s breakdown of the springs, wells and
stockponds does not accurately reflect past and present DCMI quantities as claimed. Table 2-1
should be revised to delete the DCMI entry and simply note that the United States and Hopi
Tribe claim a DCMI amount that includes past, present and future.

2.8.4 Past and Present Livestock

ADWR’s breakdown in Table 2-1 of the springs, wells and stockponds does not
accurately reflect past and present livestock quantities as claimed. The Preliminary HSR should
note that the Tribe claims multiple and continuous fillings of impoundments as unregulated
structures. See comments regarding Section 7.2.3 below regarding entitlements for stockponds.

2.11 Peabody Western Coal Company Claims

On page 2-25 the Preliminary HSR discusses claims filed by Peabody Western Coal
Company (PWCC) for groundwater used on Hopi and Navajo lands. These state law claims on
Hopi lands leased by PWCC appear to be for water reserved by the Hopi Tribe under federal law
governing Indian reserve rights and are leased to Peabody. Accordingly, they are not subject to
appropriation under state law.

2.12  Other Water Uses

On page 2-26 the Preliminary HSR discusses a claim made in 1892 by Mr. Freeman
Stewart, presumably a non-Indian, for water for mining and milling purposes from springs
located in Blue Canyon on the Hopi Reservation. The Preliminary Report should state whether
the claimed use was verified and, if so, has since continued. There is no possible legal basis for a
claim for such use on Indian lands, and none apparently has been made in the Adjudication.

Chapter 3: Hopi Reservation Lands

The Hopi Tribe is concerned about the accuracy of certain information presented in
Chapter 3 and the difficulty of accurately conveying the details necessary to understand many
complex circumstances, relationships and events discussed there. The Hopi Tribe understands
that the Preliminary HSR is not a scholarly paper but is intended to provide the Court and the
parties back background information about the Hopi people and their lands. Nevertheless, the
Preliminary HSR is produced by the State of Arizona and will be available to the general public
who may rely on the information presented in it. It is important to the Hopi people that the
information presented about Hopi history, culture and traditions is accurate. There is a vast



Arizona Department of Water Resources
June 30, 2009
Page 4

literature, both scholarly and general, on Hopi history, culture and tradition, a portion of which is
cited in the References.

The Tribe requests that ADWR carefully review Chapter 3, the Tribe’s comments
(including the Tribe’s comments on the Anderson report below) and the relevant literature to
ensure that this Chapter is accurate and that every passage in the discussion is necessary for
accomplishing the purposes of the HSR.

3.1.1 History to 1540

On page 3-1 the Preliminary HSR states, “[t]he Hopi are a Pueblo people.” The Hopi
refer to themselves as Hopisenom. The Hopi have been described as a “Pueblo people” but have
a history that is substantially distinct from the Pueblo peoples of New Mexico. Also, other clans
migrated to Hopi from southern Arizona and Mexico, so the Hopi culture has much more
extensive historical connections over a wider geographical area. Accordingly, we suggest that
the first sentence of the second paragraph be rewritten to state the following: “The Hopi have
been described as a ‘Pueblo people’ similar in some ways to the Zuni . ..”

On page 3-2 the Preliminary Report states, “[w]hether the occupants of these earliest sites
can be considered ancestors of the Hopi is unclear . . .” In fact, the relationship between modern
Hopi and the occupants of the sites described in the Preliminary HSR is clear. The Hopi
consider those populations their ancestors. There are Hopi shrines in these areas dating back to
this era which the Hopi continue to visit.

The interactions referred to on page 3-2 as “warfare” should more properly described as
“conflict” because they involved small raids and minor attacks, not large scale battles. The
phrase “or to other developments, such as warfare or social breakdown” should be deleted.

On page 3-3 the Preliminary Report states that Hopi sites supporting Ancestral Puebloan
Settlements “were abandoned.” However, the Hopi continue to maintain ceremonial ties to those
sites and visit them regularly in the course of their religious duties. Accordingly, those sites have
not been abandoned. The HSR should be revised to state that the settlements were
“depopulated.”

On page 3-3 the Preliminary Report describes Hopitutskwa in the past tense
(“Hopitutskwa’s boundary ran”). This is inaccurate because Hopitutskwa continues to exist and
hold substantial meaning for the Hopi people. “Hopitutskwal] is markedly a sacred landscape,
sung of and to in Hopi ceremonial songs, traversed frequently in religious pilgrimages, and re-
charged in every season of the calendrical cycle of Hopi ceremonies. Hopis continue to regard
their aboriginal lands as under Hopi religious stewardship and cultural sovereignty.” Peter M.,
Whiteley, The Importance of the Little Colorado River Drainage and its Water Resources to the
Hopi 15-16, 46-58 (2009). Also, the text’s use of the term “boundary” does not capture the full
meaning to the Hopis of these areas. It is a pilgrimage route which describes the area within the
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sacred sites in the LCR Basin regularly visited by Hopis as a part of ceremonies that date back to
the Hopi clans’ migrations to Hopitutskwa. The term “boundary” suggests a terminus of Hopi
culture and historic interest, but in some circumstances such interest and relationship extends
beyond the pilgrimage route. The Hopi continue to visit, revere and use these lands in
accordance with their culture and traditions.

On page 3-3 the Preliminary HSR describes the Hopi claim to Hopitutskwa as “based not
on current occupancy so much as it was on periodic use and past occupancy (or use) by ancestors
of the Hopi,” based apparently on a statement found on page 6 of the Anderson report. This
statement is inaccurate and involves numerous complex legal issues and should be deleted. For
example, the suggestion in the statement that “periodic use” can never amount to occupancy is
not consistent with the law. For example, in Masayesva v. Zah, 65 F.3d 1445, 1454-1455 (9th
Cir. 1995), the Ninth Circuit held that annual religious use by (even a small number of) the Hopi
of Hopi shrines outside the 1882 Reservation could be sufficient to establish that the Hopi were
“located” on the site within the meaning of the 1934 Act.

Page 3-3 purports to describe the limits of Hopitutskwa and refers to Figure 3-1. Figure
3-1 does not coincide with the description provided in the text. For example, the text includes
Bill Williams Mountain as a point along the outer edge of Hopitutskwa, while it is not included
in Figure 3-1. Also, the text states that a “significant part of Grand Canyon” is included in
Hopitutskwa. 1t should read “all of the Grand Canyon, encompassing the entire landscape. . .

3.1.3 Mexican Period

On page 3-4 the Preliminary Report refers to “intertribal conflict with the Navajo, Utes,
Paiutes, and to a lesser extent, the Apaches” in the Mexican Period between 1821 and 1848.
Initial conflicts involved the Utes at the Mesa villages. The Navajo conflicts came later, and
conflicts with Apaches were limited. The Anderson report (page 20) finds that “there does not
appear to have been any significant conflict between™ Hopi and the Southern Paiutes, noting one
instance of a conflict reported by Vizcarra. Accordingly, the phrase at the end of the sentence
should be revised to read: “intertribal conflict with the Navajo, Utes, and to a lesser extent, the
Apaches and Paiutes.”

On page 3-4 the Preliminary Report states that Navajo settlements could be found on
Black Mesa, the Kaibito Plateau, the Painted Desert and other land surrounding the Hopi Mesas
“[bly early 1800s.” Navajo settlements did not appear in these areas until the mid-1800s and
remained ephemeral and seasonal into the first third of the 20th century. Peter M. Whiteley, The
Historical Evolution of Navajo Occupancy Areas in the Southwest, with Particular Reference to
Black Mesa and the Hopi Washes 1, 2 (2009). The text should be revised accordingly.
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3.1.4 Early Contacts with Americans (1848-1882)

On pages 3-5 and 3-6 the Preliminary HSR discusses the initial Mormon visits in 1858 to
Hopi and settlement in Moenkopi Wash near the area now known as Tuba City. The first
Mormon settlement was not until 1875. Peter M. Whiteley, Historic Hopi Use and Occupancy of
the Little Colorado Watershed, 1540-1900 68-69 (2009).

3.1.5 Hopi Agency (1850-1882)

On page 3-6 the Preliminary Report states that Indian Agent John Ward provided the
Hopis corn and farming implements in 1865. With centuries of experience farming corn, the
Hopi certainly had corn and farming tools by 1865. When Jacob Hamblin and his first party of
Mormon explorers in 1858 tried to appeal to Hopis by offering them iron farming tools, they
were rebuffed because the Hopis had just received tools from the soldiers at Fort Defiance; even
in the 1770’s, regular visits were made by Spanish traders to Hopi with tools. Accordingly, the
word “additional” should be inserted before “corn and farming implements.” In addition to the
centuries of experience the Hopi had varieties of maize developed over a millennium with an
elongated mesocotyl and a single large radicle that were adapted to the arid Hopi environment.
New varieties of seed corn which the government attempted to introduce were inferior to the
native varieties. T.J. Ferguson, Hopi Agriculture and Water Use 30 (2009).

The Preliminary HSR quotes a letter from an Indian agent, A.D. Palmer who reported
that on a trip in the spring of 1870 he showed the Hopi how to “clean out and curb their springs
and wells” and “the best manner of using their tools and cultivating their cornfields and
vegetable patches, and in irrigating where there was sufficient water.” While it seems likely that
the tools provided by the agent were likely new to the Hopi at the time, and thus instruction on
their use was useful to the Hopi, it is unlikely that, after centuries of farming in the area and
using its water resources, the Hopis required instruction on cleaning springs and wells and
cultivation. In the traditional system, there are specific Katsinas who come around in the
springtime to call men to go clean the springs.

The reference in the first sentence on page 3-7 to the Hopi Reservation should be
modified to read “the Hopi Reservation in 1882.”

32 1882 Executive Order Reservation Lands

On page 3-8 it states that the provision of the 1882 Executive Order setting aside the
Hopi Reservation for the Hopi for “‘such other Indians as the Secretary of the Interior may see fit
to settle thereon™ included the Navajo. This is an incorrect interpretation of the Executive Order.
The court in Healing v. Jones, 210 F.Supp. 125, 134, 138-139, (D.Ariz. 1962), held that while
the Hopi Tribe acquired immediate rights to the 1882 Reservation under the Executive Order, the
Navajos (or any other Indians) had no right to the Reservation until “the act of the Secretary on
some date subsequent to December 16, 1882” settled them on the Reservation, that is by the
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fulfillment of the “future contingency.” There was no immediate grant of rights to the Navajo.
Id. at 139 (“Indians whose rights in the reservation are dependent upon future official acts of
discretion can hardly be said to have gained immediate rights by virtue of an executive order
which authorizes the exercise of such discretion™). The Healing court ruled that settlement
occurred in the 1930s. /d. at 158. The historical record also supports the contrary conclusion,
e.g. that, “[flrom events in the late 1880s involving direct action by the Secretary of the Interior,
it is incontrovertible that the ‘such other Indians’ clause did not refer to Navajos.” Whiteley,
Reply Report III at 8.

On page 3-8 it states that Navajos “settled on the Hopi Mesas™ by 1882. This description
suggests a greater degree of settlement on the Hopi Mesas than actually occurred. The court in
Healing v. Jones ruled that Navajos were not settled on the 1882 Reservation until the 1930s.
The sentence should be deleted.

3.2.1 District 6 Lands

On page 3-10 it states at the top, “The Hopi and Navajo continued to be unable to resolve
their differences.” This sentence should be deleted as it doesn’t relate to the discussion in the
paragraph regarding the establishment of District 6.

3.2.2 Hopi Partitioned Lands

On page 3-13 the Preliminary HSR states that relocation “was slow due to lack of
adequate funding and available land.” Considering that the Navajo Nation inhabits the largest
Indian reservation in the United States comprising 17.2 million acres the conclusion that
availability of land seems difficult to support. The Navajo Nation’s opposition to relocation was
also a significant, likely greater, factor. See Anderson report at 84.

On page 3-14 the Preliminary HSR notes that the Hopi-Navajo Land Dispute Settlement
Act of 1996 authorizes extensions of the 75-year leases to Navajos residing on Hopi lands
pursuant to accommodation agreements. Such extensions, while authorized in the
Accommodation Agreement approved by the Act, are not unilateral options to extend but are
instead subject to the Hopi Tribe’s approval at the time of any such extensions. See Pub. L. 104-
301 §§ 2(3), 4; Accommodation Agreement § E(2) (set out in S. Rep. 104-363, 104th Cong., 2d
Sess. 52 (1996)).

33 1934 Act Reservation Lands (including Moenkopi)

On page 3-17 the Preliminary HSR discusses the decision in the 1934 Act case, stating,
“The court also attempted to partition water sources equitably so that every grazing area would
have access to water.” The court awarded the Hopi Tribe a license and/or easement to maintain
the ditches running across the Navajo farms in the northern part of Pasture Canyon. Masayesva
v. Zah, 816 F. Supp. 1387, 1420 n.48, 1424 (D. Ariz. 1992). aff'd in part, rev'd in part, 65 F.3d
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1445 (9th Cir. 1995). The court granted certain Navajos a license and/or easement to water their
livestock in watering troughs if constructed by the Hopi Tribe. /d. The court did not address
groundwater resources. Indeed, Moenkopi suffers from lack of adequate groundwater resources.

Chapter 4:  Physical Setting
4.1 Location

BIA Route 2 should be included in the list on page 4-1 of “[m]ajor routes leading to the
Reservation” and included in Figure 6-9.

4.2  Topography
Wepo Wash should be included among the “important Hopi washes” listed on page 4-2.
4.3  Climate

On page 4-4 and on Table 4-2 the Preliminary Report indicates that annual surface water
evaporation rates on the Hopi Reservation vary from a lower bound estimate of 63.5 inches at
Keams Canyon to an upper bound estimate of 80.2 inches at Tuba City. ADWR should confirm
whether the rates are for gross or net lake evaporation.

Chapter 5:  Culture

The Hopi Tribe is very concerned about a number of inaccurate statements in Chapter 5.
The Hopi Tribe understands that the Preliminary HSR is not a scholarly paper but is intended to
provide the Court and the parties back background information about the Hopi people and their
lands. Nevertheless, the Preliminary HSR is produced by the State of Arizona and will be
available to the general public who may rely on the information presented in it. It is important to
the Hopi people that the information presented about Hopi history, culture and traditions is
accurate. There is a vast literature, both scholarly and general, on Hopi history, culture and
tradition, a portion of which is cited in the References.

The Tribe requests that ADWR carefully review the Tribe’s comments and the relevant
literature and make changes to ensure accuracy and that the discussion is necessary in light of the
purpose of the HSR.

5.1 Social Organization

On page 5-1 the Preliminary HSR refers to the Village of Tewa, which is also known as
Hano. The Tewa-speaking people of First Mesa are of the village of Hano located next to
Sichomovi and Walpi. Hano was established by Tano people who came from the Galisteo Basin
around 1700 after the Second Pueblo Revolt of 1696. Though they are not recorded historically,
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Hopis sometimes distinguish between Tewas who migrated to Sitsom’ovi before the Tano at
Hano.

On page 5-2 the Preliminary HSR states that the Oraibi Split resulted in the establishment
of two new villages, Hotevilla and Bacavi. It also resulted in the substantial growth of
Kykotsmovi which included only a few houses in the 1890s.

On page 5-3 the Preliminary Report discusses the kikmongwi of Oraibi who went to
Washington D.C. in 1890. The kikmongwi’s name was Loololma. It also states that troops were
sent to Oraibi in summer of 1891. They were buffalo soldiers from Fort Wingate.

On page 5-4 the Preliminary Report discusses a kikmongwi leader of the Friendlies who
was sent to Sherman Institute for three years and who, upon his return, sought to push out the
Hostiles. That leader was Tawaquaptewa. It also states that the Shungopavi Hostiles were
forced out of Oraibi to Bacavi, but, in fact they were forced to return to Shungopavi.

On page 5-5 the Preliminary HSR cites Mischa Titiev’s conclusion that the Oraibi Split
can be attributed to a social structure that favors small villages and prevents “unity beyond the
village level.” There is disagreement about the principal forces leading to the Oraibi Split. See
Anderson at 40-41; Whiteley (1988) and Clemmer (1995). Also, while there have been different
views between villages about certain issues over time, such differences have not prevented unity
between those villages. In religious and social matters there remains an overarching sense of
Hopi unity. See Anderson at 39 (describing “cultural solidarity of the Hopi) 40 (quoting
another who stated “[p]ractically everyone is related both by kinship and religious ties™). Also,
as discussed below, while villages are constituents of the present-day tribal government and
retain independence, the government is Reservation-wide. Accordingly, the phrase “no unity
beyond the village level” should be deleted.

The last paragraph of Section 5.1 on page 5-5 refers to the “tribal Hopi Council.” It
should state “Hopi Tribal Council.”

5.2 Governance

On page 5-5 the Preliminary Report states in the first paragraph that upon visiting Hopi
Mesas the Spaniards reported that Hopi villages were governed by a cacique, one or two captains
and a council of elders. In the third sentence the Preliminary HSR surmises that the cacique was
the kikmongwi and the two captains were likely the war chief and assistant. This statement
ventures into a complex area of Hopi culture, tradition and history. Village leadership structures
have varied from time to time and village to village. Accordingly, the last part of the sentence
following “kikmongwi, or village chief . . .” should be deleted.
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On page 5-5 the Preliminary HSR states that American observers “were uncertain about
whether the villages cooperated with each other or not.”” There was certainly village cooperation
albeit not on all issues at all times.

On page 5-6 the Preliminary HSR states that Oliver LaFarge’s constitution gave “the
kikmongwi power to appoint the representatives to the Tribal Council.” In fact, the Constitution
did not require appointment of Tribal Council representatives by the kikmongwi but allowed each
village to choose its means for selecting its representatives. See Hopi Constitution of 1936, art.
IV, § 4 (“Each village shall decide for itself how it shall choose its representatives” provided that
each selection was certified by the kikmongwi). The statement should be revised to read:
“LaFarge decided this by reserving powers to the villages and religious leaders to select Council
members and address internal village matters.”

On page 5-7 the Preliminary HSR states that representatives to the Council, under the
1936 Constitution, would be selected “either by appointment by the kikmongwi or by election by
its residents.” For the reasons described in the paragraph above this phrase should be deleted.

On page 5-7 the Preliminary Report also discusses issues related to the level of
participation in the 1936 referendum election on the Hopi Constitution. As noted, the proposed
Constitution and the election on its approval vote was controversial at the time and is not a
necessary or proper topic for the Preliminary HSR.

On page 5-8 the Preliminary HSR states that the Hopi tribal government is comprised of
an executive, legislative and judicial branch. In fact, under the Hopi Constitution the Tribal
Council holds all legislative, executive and judicial authority. The Council is authorized to
delegate the exercise of these powers as it sees fit in the best interest of the Tribe. For example,
the Tribal Council can delegate authority to the Council’s Chairman to carry out a broad range of
day-to-day executive responsibilities. In addition, the Constitution empowers the Council to
establish courts for the resolution of disputes. For example, by Ordinance No. 21 the Tribal
Council established the Tribal Court. Finally, the Council can delegate authority for
administrative matters to the various departments and programs that comprise the Hopi
governmental organization established by the Council. Attached as Exhibit 7 is a copy of the
Hopi Constitution.

53 Customs

On page 5-9 the Preliminary Report states that Hopi people use wild plants for “personal
use” such as for hair washing for ceremony and for basketry. The description should be changed
from “personal” to “ceremonial, religious and medicinal,” and it should emphasize that Hopis
use many wild plants for many purposes—personal, social, subsistence, and manufactures as
well as ceremonial etc.
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On page 5-9 it also states that rabbit hunting was carried out for sport. Hunting has a
broader cultural significance than as described as it is tied to the ceremonial cycle and is for
subsistence. Importance of Little Colorado River Watershed at 108-110. Accordingly, the
words “as a sport” should be deleted.

On page 5-9 the Preliminary HSR states that the Hopi “traditional subsistence economy
was first supplemented with and then replaced by a cash economy.” This is incorrect. A large
measure of the subsistence economy remains. Most crops are grown for consumption, not sale.

On page 5-9 the Preliminary HSR refers to the use of burros in the present tense. This
discussion needs to be in the past tense, as Hopis do not use burros any more (the last working
burro on Third Mesa died in 1981). Today Hopis use cars and pick-up trucks, which has
facilitated farming fields further removed from the villages though Hopis were farming a long
distance from the villages way before they had motor vehicles.

On page 5-10 the Preliminary HSR concludes that the stock reduction did not adversely
affect Hopi income because of efforts to improve and control breeding by fencing pastures. This
is incorrect. Stock reduction had devastating impact on Hopi economy. Importance of Little
Colorado River Watershed at 93; Clemmer, R.O., 1978, Continuities of Hopi Culture Change, pp
61-62 Hopi Hearings, 1955, pp 10-17, Whiteley, 1988, 142-43.

Page 5-12 contains a description in the first two full paragraphs of Hopi ceremony that
contains substantial inaccuracies and relies on an internet source (Sweat, 2008) that is not
authoritative. These two paragraphs should be deleted.

Chapter 6: Economic Base
6.1.2 Rangeland

The HSR indicates the ADWR does not have an estimate of useable rangeland in the
Moenkopi area. The Hopi Tribe has recently received funding for a range inventory for about
64,000 acres in Moenkopi and plans to complete the study in October 2009. The study results
may result in a revised claim for livestock uses.

6.1.3 Minerals and Energy Resources

On page 6-5 the Preliminary HSR indicates the preferred alternative in the November
2008 EIS for the PWCC coal operation in the Black Mesa complex would assume the now shut
down coal slurry pipeline would not resume and the Mohave Generating Station (MGS) would
not reopen. It should also be noted that the EIS also included a non-preferred Alternative A that
did include resumption of the coal slurry pipeline (using C aquifer water piped from near Leupp)
and reopening of the MGS. The EIS on page ES-2 notes that, while implementing Alternative A
is unlikely, such actions could still occur under certain circumstances.
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The Preliminary HSR describes the resources of the Reservation. Renewable energy and
wind and solar power should be included in the list of resources. The Hopi Tribe plans to
appoint four individuals to an Interim Hopi Regulatory Energy Board to continue the efforts of
creating a renewable energy program for its natural resources program.

The Hopi Tribe intends to evaluate possible future development of a Renewable Energy
Office (to change the name of current program Hopi Clean Air Partnership Project). The Hopi
Tribe will be completing the Feasibility for a Utility-Scale Wind Farm by constructing two 50-
meter towers for collecting data on wind resources in the Clear Creek Ranch area. The Hopi
Tribe is working with The State of Arizona Energy in development of a Tribal Rural
Electrification Program (for those residents who are not able to get on the local electrical grid).
The Hopi Tribe plans to install a 30 meter tower close to the villages to assess the wind resource
in that area.

All references to “JUA” should be changed to “former JUA.”

The Hopi Tribe believes that Morale Uranium Mine near Hopi Buttes mentioned on page
6-7 is outside the HPL and located east of Seba Dalkai, Arizona.

6.1.4 Timber Resources

Page 6-10 of the HSR indicates wood products available from woodlands include railroad
ties, but the Tribe does not believe that there is wood that makes good wood ties.

Mistletoe should be included in the list on page 6-11 of the threats to juniper.
6.1.5 Tourism

On page 6-11 the Preliminary HSR states that “some Hopi . . . have a cautious, if not
negative, attitude towards tourism today.” In fact most Hopis support tourism. In 2005 and
2006 the Tribe conducted a survey on the Reservation which provides evidence that many Hopi
do in fact support tourist development on the reservation itself. The survey asked respondents
“Do you support development that might bring more tourists to your village?” Out of 724
respondents, 65% said “yes,” 18% said “no,” and 16% said “not sure/neutral.” There was a
similar response to the statement that “the Tribal government should promote tourism on the
reservation.” 67% of the respondents agreed with the statement, 16% disagreed, and 17% were
unsure/neutral. Finally, when asked if they would support the building of a new modern
museum for the return and display of Hopi cultural arts and crafts on the reservation, 81% said
“yes,” 10% said “no,” and 9% were not sure/neutral. Accordingly, the statement should be
revised to read: “The behavior of early visitors to the Reservation caused concern among some
Hopi about tourism, but today a majority of Hopi support development, including a museum, that
would bring more tourism to the Reservation.”
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6.2.2 Utilities

The HSR refers to the Hopi Tribal Utility Regulatory Authority and a program for
renewable electric systems. This can be referred to as the Interim Hopi Regulatory Energy
Board.

6.4.1 Demographics

The Tribe will submit revised population projections in its upcoming amended claim. On
page 6-24 the Preliminary Report states that the average number of people in a Hopi household
has dropped from 4 in 1990 to 2 in 2007. The Tribe conducted a survey on the Reservation in
2005 and 2006 which reached a different conclusion, estimating a current average of 3.6 people
per household.

6.4.2 Labor Force

On page 6-25 the Preliminary HSR states, “[m]edian family income is as much as
$41,250 in 2007.” ADWR should clarify what “as much as” refers to in a median value and the
source of data for this figure. It seems unlikely to be accurate. A survey conducted by the Tribe
on the Reservation in 2005 and 2006 found a median family income of $22,500. In the SWCA
report it indicates for the Hopi Reservation the median family income was $15,875 with a per
capita income of $8,637 from the 2000 census data.

Chapter 7:  Water Resources
7.1.1 Hopi Washes

The Preliminary HSR should include a note in the text and footnote on Table 7-1 and
Figure 7-1 that USGS gage 09401265 Pasture Canyon Springs is not listed in the table because
ADWR does not consider this gage to be a stream flow gage but rather a spring flow gage which
is discussed in the springs section on pages 7-12 and 7-13.

The Preliminary HSR does not identify which PWCC gages were utilized in their
analysis. Page 7-3 of the Preliminary HSR indicates USGS and PWCC data were utilized in a
regional flow analysis. The Tribe requests that ADWR include a list and location map of the
PWCC gages in the final HSR.

On Page 7-5 of the Preliminary HSR ADWR presents a hypothetical scenario for
sediment filling on of a reservoir on a Hopi wash. Sediment loads are highly variable, and
therefore, the hypothetical scenario is not illustrative at all locations. The analysis should be
based on a range of sediment loads based on real data.
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The ADWR internal report on surface water quality indicates the sediment load estimates
in Table 7-5 and Figure 7-8 were derived from the 1981 USDA report and a 1993 Gebhard-
Sarma Group report. USGS has measured some suspended sediment data at their streamflow
gages on Dennibito, Oraibi, Polacca, and Jeddito Washes at various times starting in late 1993.
It appears that this data may not have been included in the sediment load estimates. This data is
available on the USGS website. Furthermore, Table 7-5 and Figure 7-8 should include an
additional sediment load site at Moenkopi Wash gage 09401260. This gage and nearby gage
09401250 have several years of sediment load data in the 1970’s. The Tribe’s water resource
experts’ preliminary calculations indicate an average of about 450 AF/year of sediment load
at/near gage 09401260 assuming a sediment density of about 97 Ib/cubic ft. This data would
result in significant changes to the estimates in ADWR’s scenario for sediment filling of a
hypothetical reservoir on Lower Moenkopi Wash.

7.2  Impoundments

The Tribe’s Second Amended Statement of Claimant will contain a revised impoundment
inventory which will address a number of issues discussed in this section.

7.2.1 Condition

There are also at least five current or historic reservoirs that are or were primarily used
for irrigation. Pasture Canyon Reservoir and Lower Lagoon Reservoir (previously unclaimed
reservoirs identified by ADWR in Pasture Canyon near Moenkopi) are active reservoirs
primarily used for irrigation (Pasture Canyon Reservoir also has incidental recreation use).
There was a Middle Reservoir located between Pasture Canyon Reservoir and Lower Lagoon
Reservoir that was used for irrigation. Use of Middle Reservoir was discontinued. DW10
Reservoir on Dinnebito Wash and DW11Reservoir on Many Sheep Valley Wash (tributary to
Dinnebito Wash) are two historic reservoirs currently breached that were used to store water for
historic irrigation further downstream of the dams. DW10 Reservoir was not claimed by either
the Tribe or identified by ADWR, while DW11 Reservoir appears to be ADWR unclaimed pond
UNC-D-01 but is erroneously labeled in Table C-2 in Appendix C as Big Mountain Dam (which
is claimed pond Hopi ID I-7-112). See comments in Chapter 8 and 9 for further information on
irrigation reservoirs.

7.2.2  Capacity

On page 7-9 the Preliminary HSR states that ADWR did not include the capacity of
claimed impoundments that had breached berms because “[i]t was assumed that impoundments
with breached berms store relatively little or no water and, therefore, may not be part of the
available water resources in the vicinity of the Reservation.” This approach is inconsistent with
the reserved water rights doctrine which holds that Indian water rights are not lost through non-
use. In re the General Adjudication of All Rights to Use Water in the Gila River System and
Source, 35 P.3d 68, 72 (Ariz. 2001) (“Gila V™) (a reserved right “retains priority despite non-
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use”). The Hopi Tribe has the right to repair breached facilities and to the water necessary to fill
them. Accordingly, their original capacity should be included in the Tribe’s water rights. This is
consistent with ADWR’s inclusion of the full capacity of partially silted in impoundments. See
page 7-9.

The Preliminary HSR capacity of Pasture Canyon Reservoir is listed on page 7-9 and in
the Appendix C tables as 202 acre-feet. Based on a past study of this dam, the Tribe’s experts
calculated the capacity to be 212 acre-feet based on planimetering contour areas on a design
drawing and using the conic method commonly used by the U.S. Corp of Engineers. See Exhibit
1.

The Preliminary HSR capacity for the Lower Lagoon Reservoir is listed on page 7-9 and
in the Appendix C tables as about 51 acre-feet. The Tribe’s experts calculated the capacity to be
about 121 acre-feet based on planimetering contour areas on design drawings and using the conic
method. See Exhibit 2.

The Tribe provides comments on the method ADWR used to determine capacity of
impoundments in the comments below related to Appendix C. Comments on the capacity of
other irrigation reservoirs are set out in the comments on Chapter 8.

7.2.3 Surface Water Depletion

For depletion, on Page 7-10 the Preliminary Report states that 50% of the volume
captured by the ponds was depleted, assuming that ponds with surface area of less than one acre
fill twice a year and ponds with surface area one acre or larger fill once a year. Depletion is not a
proper basis for calculating water right attributes. As explained in ADWR’s Water Entitlements
Report 14-15 (Sept. 1988) prepared for this Adjudication, stockponds are considered unregulated
structures that are permitted to fill until the water level reaches the spillway, and there is outflow.
The entitlement is calculated based on the maximum controlled storage capacity within the
associated maximum surface area. Though it should, ADWR does not appear to include
depletion (or diversion) in its recommendations for water right attributes in Chapter 9.
Furthermore, the proposed calculation of depletion, if it were used, is not appropriate, as it is not
consistent with the concept of unregulated flow allowed for stock ponds.

7.3 Springs
The Tribe’s amended claims will include a revised inventory of springs.

On page 7-12 the Preliminary HSR notes that 21 springs (18 claimed and 3 unclaimed)
are just outside the Reservation boundary along Pasture Canyon. The Tribe has a right to the
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flow from these springs as a result of historic use as found by the court in Masayesva, supra, at
1420, 1424.'

The ADWR total flow of all springs was based only on springs for which discharge
measurements were available, and flow was assumed zero if spring was dry, and no value (no
flow) if the spring had no measurement data (see Table 7-9). This unfairly denies the Hopi Tribe
a right to water which there is no question that is available and that Hopis have historically used.
Also, such springs should be assumed to have a flow based on reasonable estimates. This
comment also applies to Section 8.7.

Some of the springs, though documented as existing, may have been dry when observed
by ADWR in 2006 (see Appendix D) because 2006 was a drier than average year (as indicated
by precipitation data at Keams Canyon and Tuba City) and/or because the spring flow had not
yet recovered after PWCC reduced their pumping after shutting the coal slurry pipeline to the
Mohave Generating Station at the end of 2005. These springs may flow again in wetter years or
may flow as the N-Aquifer levels rise due to the reduced PWCC pumping. The Tribe should be
entitled to a right to the flow of those springs should it resume. This comment also applies to
Section 8.7.

Some places in the text on pages 7-10 to 7-12 indicate there are 41 unclaimed springs
while other places in the text and Table 7-9 indicate the number is 42. On Page 7-11 the
Preliminary HSR identifies S springs from the D-Aquifer and 103 springs from the T-Aquifer.
This may underestimate the number of springs tied to the D-Aquifer. ADWR should review the
location of springs in correlation with a geologic map to determine whether the springs tied to
the T-Aquifer actually come from the D-Aquifer.

On Page 7-13 in the top paragraph the Preliminary HSR discusses the USGS Pasture
Canyon gage. The Tribe notes that this gage does not measure the combined discharge of all
upstream springs. There are seeps and springs downstream of the gage, there is likely flow in the
subsurface beneath the gage, and there are losses above the gage due to evapotranspiration. The
higher historical measurements of spring flow made by the USGS were at a different location.

7.4 Agquifers

Page 7-14 states that ADWR was unable to verify 14 of the claimed wells. In its
amended claim, the Tribe will provide verification data for many of these clalmed wells. The
Tribe will also provide a revised inventory of wells claimed.

' The court awarded the Hopi Tribe a license/easement to maintain the ditches in the
northern part of Pasture Canyon.
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Page 7-14 of the Preliminary Report references Figures 7-15 and 7-16. Figure 7-15 is not
consistent with Figure 7-16. For example, T-Aquifer wells and springs appear near the eastern
corner of District 6 on Figures 7-14 and 7-15, but the extent of the T-Aquifer is not shown there
on Figure 7-16.

7.4.1 Overview

Page 7-14 of the Preliminary HSR references Figure 7-16 showing the extent and
dominant flows of the groundwater aquifers on the Reservation. The flow direction arrow in
Figure 7-16 for the N-Aquifer in the southeast corner of the Reservation is inaccurate. It is also
inconsistent with the flow directions indicated in Figure 7-23. The dominant flow direction in
the vicinity of the villages of First, Second, and Third Mesa is from the north. Any flow from the
southeast (as reflected in Figure 7-16) would be weak.

Page 7-15 of the Preliminary Report references Figure 7-17 which appears inaccurate.
For example, the depth to water in the N-Aquifer along the northern and western side of
Moenkopi District is less than 300 feet, not 1000 to 2000 feet as indicated. If the map reflects
the C-Aquifer, it may be correct. Furthermore, Figures 7-17 and 7-18 rely on a report from 1974
based on estimates. Substantial relevant data has been collected since 1974. ADWR’s analysis
should reflect more recent data.

Page 7-15 of the Preliminary Report references Figure 7-19 showing a conceptual
hydrologic model of the region. ADWR should explain why the T-Aquifer is not included.

7.4.5 D Aquifer

Page 7-20 of the Preliminary HSR cites Cooley, 1969 in its discussion of the D-Aquifer.
Truini and Longsworth, 2003, is a more is more comprehensive and recent report regarding the
D-Aquifer and should be cited rather than Cooley where the two reports address the same topic.
Also, the text should address the underlying confining layer.

On Page 7-22 the Preliminary HSR states that the primary drinking water standard for
arsenic was also exceeded at two Hopi public water supply wells (Polacca #5 and #6) which
were completed in the D-Aquifer. They draw predominantly from the N-Aquifer. See Exhibit 6.

The Preliminary Report discusses the estimated storage volume of the D-Aquifer. Sucha
discussion should also consider and explain that retrievable groundwater is substantially less than
the total volume in storage, and the volume of water in storage has little to do in many cases with
the potential detrimental effects of pumping.
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7.4.6 N Aquifer

On page 7-22 the Preliminary Report states that water can be obtained from the Kayenta
Formation. ADWR should note that the Navajo Sandstone is clearly the most important aquifer
unit at most locations. The Kayenta Formation generally does not yield significant quantities of
water to wells, and at many locations the Wingate Sandstone does not yield appreciable
quantities of water or is not present.

The phrase “... at or below the top of the aquifer” on page 7-23 in second paragraph under
“Flow Direction” should be modified to read: “... at or below the top of the Navajo Sandstone.”

Page 7-23 of the Preliminary Report states that the age of water in the N-Aquifer is
estimated to be older than 10,000 years where the aquifer is confined and about 35,000 years
where it is unconfined. This statement is incorrect and does not accurately reflect the
information in Lopes and Hoffman, 1997. The groundwater ages of 10,000 years to 35,000 years
relate to confined portions of the N-Aquifer only.

Pages 7-23 through 7-24 of the Preliminary Hopi HSR discuss recharge. The first
sentence states that the N-Aquifer has a median recharge of 13,000 acre-feet per year. The range
of recharge listed includes estimates based on different N-Aquifer model areas and differences
over time. The “median” of these estimates is not informative and could be misleading. The
Tribe proposes deleting the reference to a median and revising the first sentence in the first
paragraph of the Natural Recharge and Discharge Section as follows: “Recharge to the N
Agquifer overall is estimated to range from 2,600 and 20,248 acre-feet per year. The recharge in
the Shonto area, the main recharge area to the confined portion of the N-Aquifer, is estimated by
Lopes and Hoffman to be 2,500 to 3,500 acre-feet per year.”

Page 7-24 of the Preliminary HSR references Figures 7-24 and 7-25. ADWR should
make clear to the reader that those figures show values assigned to grid cells in a model, and
while they are based on some empirical data, they do not necessarily represent actual conditions.

On pages 7-25 and 7-26 the Preliminary Report discusses the estimated storage volume
of the N-Aquifer. As noted above with respect to the D-Aquifer, such a discussion should also
consider and explain that retrievable groundwater is substantially less than the total volume in
storage, and the volume of water in storage has little to do in many cases with the potential
detrimental effects of pumping.

The Western-Navajo Hopi N-Aquifer (WNHN) study and model are used throughout this
section. This violates the Protective Order dated January 3, 2002, which states:
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IT IS ORDERED that the Hopi/Western Navajo Water Supply Study shall not be
used in any judicial proceeding in this Adjudication by any party to this
Adjudication or by any representative of a party to this Adjudication.

All references to the model and study, including Figure 7-21 the third bullet and last paragraph
on page 7-25 under the “Water in Storage” should be deleted.

On page 7-27 the Preliminary Report discusses measured hydrologic impacts from
development. ADWR should point out that the wells that exhibit drawdown in Figure 7-27 are
far outside the mining area, while the wells that have exhibited the rising water levels in Figure
7-28 are within the lease area, much closer to the center of pumping. It also would be useful for
appropriate context to provide the drawdown portion of observed water levels for wells
NAVOBS3 and NAVOBSS6, rather than only the recovery portion of the curve. This information
would give some indication of the drawdown effects near large pumping centers in the confined
portion of the N-Aquifer.

Page 7-27 refers to Figure 7-29 which refers to “Betootkin, Arizona.” The correct
spelling of that location is Betatakin, Arizona. Also, the statement that “Pasture Canyon Springs
appear to have declined by about . . . 10 gpm respectively,” should be clarified that the decline is
based on values from the current USGS gage which, as discussed above regarding Page 7-13,
does not capture the entire flow of all springs in Pasture Canyon.

On page 7-28 the Preliminary HSR makes a recommendation regarding the “best suited”
model. This should be deleted. This conclusion is not needed and is inconsistent. For example,
the PWCC model does a poorer job than the USGS model! simulating observed water levels in
the vicinity of the Hopi villages.

Chapter 8: Water Demands
8.1 Agriculture
8.1.1 Quantification

The annual irrigated acreage values shown in the Preliminary HSR Figure 8-1 appear to
include crop or cultivated land but not irrigated pasture land, and therefore underestimate the
quantity of acreage that is irrigated. The source of data for all years of the data in Figure 8-1
except 2005 is Table 9 of the Anderson report. Many of the annual acreage values in this Table
9 come from the 2004 Ferguson report. No mention is made of irrigated pasture. However, the
report does mention an additional 5,750 acres of pasture were cultivated to improve forage.
Based on the 2004 Hopi and U.S. claims, the range pasture category of irrigation makes up about
20% of the total historic irrigated acreage claim. Accordingly, there appears to be a significant
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amount of current or historic irrigated pasture that is not included in the annual acreage values
shown in Figure 8-1 of the Preliminary HSR.

The Preliminary HSR on page 8-3 indicates that the ADWR net irrigation requirement
(NIR) figures for traditional farming are comparable to the “irrigation depletion” claimed by the
United States and Hopi Tribe. It states that the average and maximum depletion claimed
(derived from total claimed depletions and total claimed irrigated acres) of 0.61 and 0.99 acre-
feet per acre respectively are within the range of the ADWR traditional farming NIR values of
0.35 to 0.86 acre-feet per acre. Depletions, however, are typically more than NIR, and include a
portion of conveyance and on-farm losses which do not make it back to the stream as return
flow. In the case of traditional farming, there would probably not be much conveyance losses
because of the lack of conveyance facilities like canals, but there would be on farm or field
irrecoverable losses such as seepage to groundwater which would be depletions. Hence, for
traditional farming, depletions should be slightly more than NIR. Although the 0.61 to 0.99
acre-feet per “depletion rate” derived from the United States claim is slightly higher than the
ADWR traditional farming NIR, historic irrigation on the Hopi Reservation has included both
traditional farming as well as irrigation projects which have higher NIR values and depletions.
Therefore, it is not correct to compare the United States reservation wide depletion rates to just
traditional farming NIR and ignore historical project NIR.

Depletions and diversions should be determined as a part of the water right attributes.

The Preliminary HSR on page 8-3 indicates the Pasture Canyon service area has a
claimed depletion rate of 1.81 acre-feet per acre, which is within the range of the ADWR modern
farming NIR values. As pointed out above, depletion rate cannot be compared to NIR.

Depletion not only includes NIR but also the portion of conveyance and on-farm irrecoverable
losses which are not return flows. In addition, some of the Pasture Canyon service area along
Moenkopi Wash also receives supplemental water by pumping from Moenkopi Wash when
water is available. This impacts depletions in the Pasture Canyon service area.

The preliminary HSR on page 8-3 indicates that more modern methods of irrigation are
being used near Moenkopi, and states that 179 acres are being served by Pasture Canyon
Reservoir. This acreage figure is low (see comments on Section 8.1.3). In addition, the Hopi
also farm part of the Upper Kerley Valley Irrigation Project (downstream of the Pasture Canyon
project) which is a modern system of a diversion dam and canals. There are two major siphons
which serve two distinct service areas. The second most downstream siphon can be repaired,
and irrigation deliveries can resume.

8.1.2 Agriculture, Historic (Pre-1985)

On page 8-5 the Preliminary Report discusses areas previously farmed by Hopi. Hopis
farmed in Red Lake to the north (“Red Lake Plateau™). It also states that Hopis previously
traveled as much as 45 miles to farm. Such long-distance farming also included fields in Sand
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Spring, Burro Spring, Coyote Spring and Talahogan. Hopis continue to travel long distances to
farm.

On page 8-5 the Preliminary HSR concludes that the traditional farming acreage per
person has dropped from 2.5 acres prior to 1930 to 1.75 acres after 1930 to less than 1 acre in
2005. While this may be true in a general sense, the end of this paragraph speculates as to what
the ratio of acres per person may be. Such speculation is unnecessary and misleading. The Tribe
proposes deletion of the final two sentences which currently read as follows: “If it were assumed
that 8,000 Hopi were living on the Reservation in 2005 and they successfully cropped 5,000
acres that year, the ratio now would be less than 1. The ratio would be even lower if the entire
population of the Reservation at the time (about 12,000) were assumed.”

Table 8-3 lists past and present irrigation projects on the Hopi Reservation. The Tribe
makes the following comments on the Table:

a. The location of some of the irrigation projects is not clear. The HSR should
include a map showing the location of the projects. Also, it appears that there are errors. For
example, the table indicates the Lower Dinnebito Project lies 18 miles southwest of Hotevilla,
but this places it at the Sand Springs project. The Lower Dinnebito project is described in
Arizona v. California exhibits (and the facilities are still shown on USGS quad maps) as being
located where Dinnebito Wash re-enters the Hopi Reservation about 8.5 miles northeast of
Hotevilla.

b. While the table shows annual cropped acreage for each project, it does not reflect
the maximum historical acreage served by each project.

c. The list of historical irrigation projects is incomplete and fails to note that some
projects lie both on Hopi and Navajo land. Historic reports and interpretation of 1934 and 1954
aerial photos document several other historic irrigation projects and a much larger historic
project irrigated acreage. Projects omitted from the Preliminary HSR list include: Begashibito
2, Upper Kerley Valley (joint Hopi/Navajo), Oraibi Delta (joint Hopi/Navajo), Polacca Wash
(PW) 1, Polacca Wash 35, and Polacca Delta (joint Hopi/Navajo). A comprehensive list and
map locating the historic projects will be supplied in the Tribe’s Second Amended Statement of
Claimant. ADWR should evaluate this information along with aerial photography from the
1930’s through the 1950’s (shortly after many of the projects were built) to determine the
acreage cultivated when these projects were active, with special attention to above-average water
years.

On page 8-6 the Preliminary Report discusses dams built by Mormons in Pasture Canyon
and states that Navajos were using the irrigation when the government took ownership of
Moenkopi. When Mormons built the irrigation system, there were no Navajos living in the area.
Later the BIA came in and began farming in the area but didn’t use the Pasture Canyon system.
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Hopis were farming lands that are now on the Navajo Reservation, including east of Kerley
Valley. No Navajos were using lands served by Pasture Canyon irrigation system.

Page 8-6 of the Preliminary HSR refers to a return in 1875 and afterward by Hopi “to
fields [in Moenkopi] they had previously farmed before Navajo encroachment™ suggesting that
Hopi use of land in Moenkopi was not constant. The Anderson report does not support this
inference. While it states on page 25 that one scholar concluded that Hopi could not remain there
on a full-time basis because of the Navajo, he found that they continued to use the fields during
farming seasons.

On page 8-6 the Preliminary HSR refers to the Chambers & Campbell, 1962 report as
stating that Pasture Canyon irrigation system was serving an area of approximately 300 acres,
but only 40% of this area (120 acres) was being cropped at that time. This did not include
acreage farmed above Pasture Canyon Reservoir.

8.1.3 Recent

On page 8-9 it states that 74 fields surveyed were found to obtain their water from
springs, and 5 fields were supplied by wells. During dry years, many farmers haul well water to
fields, so the number of fields supplied by wells would be much more than 5.

On page 8-9 it states that “reclaimed water [from wastewater treatment plant] from the
plant is planned to be used to irrigate Hopi and adjoining Navajo lands.” The wastewater
treatment plant is now releasing water for irrigation use.

Page 8-9 of the HSR states that flows into Pasture Canyon Reservoir are presumably
gauged by the BIA. Inflow into the Reservoir is not gaged. There is no gage measuring inflow
to the Reservoir. The structure described in the Preliminary HSR is actually a diversion structure
for conveying water to drinkers. As noted above regarding page 7-13, there is a USGS gage
further upstream about 1.5 miles above the upper end of the Reservoir, but there are at least four
springs between the gage and the Reservoir. The measured flow is also subject to losses from
evaporation and transpiration before reaching the reservoir. Measurements by Chambers and
Campbell in 1962 and the Tribe’s experts in 1992 just above the Reservoir indicate that inflow to
the reservoir is larger than the flow at the USGS gage. These data indicate an inflow of 400
acre-feet per year. The inflow could be increased with watershed improvement measures.

Page 8-9 and Figure 8-3 of the preliminary HSR indicates that the Pasture Canyon
Reservoir Irrigation Project serves 179 acres. There are some minor differences between Figure
8-3 and the GIS inspected field coverage. For example, Figure 8-3 shows some tracts between
Highway 160 and Pasture Canyon Reservoir, while the GIS coverage does not. It is not clear
whether Figure 8-3 and the 179-acre value are derived from the GIS coverage for the inspected
field study, and if so, why there are differences in some of the tracts. These discrepancies should
be explained in the final HSR.
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The GIS coverage for the inspected field study provided by ADWR to the Tribe’s experts
has an outdated and erroneous column for tract (polygon) acres. While the acres column shows a
total of 651 acres as on HSR Table 8-4, the true total area of polygons in square meters is shown
as 2,467,206.3, which converts to 609.7 acres. It may be that some of the GIS polygons were
modified but the acreage of the polygons was not recalculated. This would impact some of the
values on Table 8-4. The Tribe’s experts recalculated the polygon acreage and found a total of
609.7 acres which matched the square meters total. Using the recalculated polygon acres, the
Tribe’s experts obtained for the Pasture Canyon Reservoir Irrigation Project about 144 acres
irrigated, 25 acres fallow, and 11 acres not irrigated for a total of 180 acres, which is slightly
different from the 179 acres listed in the Preliminary HSR. The ADWR 2005 agriculture and
riparian study GIS coverage shows a total of about 219 acres (202 acres active agriculture, 15
acres active ag or fallow, and 2 acres active fallow). Preliminary Tribal estimates of this acreage
including both active and idle irrigation exceed 240 acres, a figure that will be finalized in the
Tribe’s amended claim.

The Preliminary HSR on page 8-9 and on Figure 8-3 indicates that there are 55 acres of
recent irrigation of traditional farming in the Moenkopi area not served from Pasture Canyon.
The Tribe’s experts have preliminarily found much more than the 55 acres of non-Pasture
Canyon system irrigation. Some of this acreage is on the Hopi south side of Moenkopi Wash
within the Upper Kerley Valley Irrigation Project downstream of the Pasture Canyon project.
This area was not included in the ADWR 2005 field inspected study, but the upper part of it does
show up in the ADWR 2005 agriculture and riparian study. The upper part on the south side is
still mostly active and is served by an active flume carrying water across Moenkopi Wash, but
most of the lower south side is idle because the flume serving it washed away many years ago
and has not been replaced. Another part of this acreage is in isolated tracts which are either
served by pumping from Moenkopi Wash or are “traditional farm tracts™ served from springs and
small side tributaries of Moenkopi Wash upstream of the Pasture Canyon project area. In
addition, some of the Pasture Canyon service area adjacent to Moenkopi Wash receives
supplemental water pumped from Moenkopi Wash. Therefore not all this farming is traditional,
and it exceeds 55 acres. The ADWR 2005 agriculture and riparian study showed about 142 acres
of non-project agricultural land along Moenkopi Wash in the Moenkopi area. The exact amount
of acreage has not yet finalized by the Tribe but will be reflected in the upcoming amended
claim.

On page 8-11, while the Preliminary HSR correctly indicates that the January to April
precipitation in 2005 was higher than normal, the primary growing season months of April to
October precipitation was lower than normal. For Keams Canyon, the 2005 April to October
precipitation was about 5.0 inches while period of record normal is about 6.2 inches. At Tuba
City, the 2005 April to October precipitation was at least 4.0 inches compared to period of record
normal of about 4.1 inches. At both stations, the May and June precipitation was well below
normal with hardly any precipitation. Therefore, while there was good precipitation to plant
crops in 2005, the crops may not have developed in May and June unless there was local
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irrigation water available. Furthermore, a decade-long draught has likely temporarily reduced
the total area farmed.

Four current or historic irrigation reservoirs have been preliminarily identified:
1) Pasture Canyon Reservoir —212 acre-feet capacity

2) Lower Lagoon Reservoir—121 acre-feet capacity

3) DW10 Reservoir (historic}—592 acre-feet capacity

4) DW11 Reservoir (historic}—481 acre-feet capacity

Evaporation loss is not yet calculated, but will be in the Tribe’s amended claims. Exhibits
1 through 4 describe the calculations of the capacities of these reservoirs.

8.2 Domestic, Commercial, Municipal and Light Industrial
8.2.2 Historic (Pre-1985)

On page 8-14 the Preliminary HSR estimates historic DCMI use of 300 AFA based on
population estimates and 10-20 gpcpd, confirmed by estimates of usage by persons who must
haul water. ADWR should confirm that this estimate applies to the time period before the
construction of municipal water systems described in initial paragraphs of this Section. If so,
then the title should be changed to “Pre-1950.” If not, then the estimate is too low because water
use by persons using water from municipal water systems would consume greater amounts that
those who must haul water.

8.2.3 Recent

For DCMI use, ADWR determined the recent use rate is between 10-43 gpcd, based on
10-40 gpcd rates published in some Hopi references (see page 8-13), and 32-43 gpcd rates based
on public water system use (292-501 AFA on Table 6-3) and reservation populations on Table 6-
7 (see page 8-14). The Preliminary HSR compares this 292-501 AFA use to a claimed current
use of 716 to 742 gpm (1154 to 1196 AFA) for domestic and municipal wells plus an additional
amount for domestic springs (see page 8-15). The Tribe makes the following comments:

a. The 32-43 gpcd rates for public water systems listed on page 8-14 are too low
because they are apparently based on total population but do not include non-public water
sources such as private domestic wells and springs, as acknowledged in the Preliminary HSR on
page 8-15. Also, Table 6-3 indicates the amount of use from the spring serving Lower Moenkopi
is unknown and hence is not included in the 292-501 AFA public use totals. These low rates of
usage are the result of poor infrastructure and overcrowding of housing. It should also be noted
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that if the 2004 water demand from Table 6-3 (445.3 AF) is divided by the 2004 on-Reservation
population from Taylor in Table 6-7 (8000 people), the result is 49.7 gpcd.

b. ADWR apparently arrived at the 1154 to 1196 AF claimed amounts by summing
the entire United States claimed amounts for those wells and springs that included domestic and
municipal use. The Preliminary HSR notes that most of these wells and springs are also claimed
for stock use, and the claims did not separate amounts for each use of multiple use wells and
springs. This will be addressed in the Tribe’s amended claims.

8.2.4 Future

On page 8-16 the Preliminary Report states, “The future per capita use assumed in the
[Hopi, United States] claims is within the range recently reported for large communities in the
region. In 2000, the cities of Williams and Page had an estimated per capita use of 198 and 351
gpcd, respectively. For Flagstaff, per capita water usage was estimated at 120 gpcd in 2005 and
132 gped in 2002.” First, the assumed future per capita use of 160 gpcd occurs not just in large
communities, but in small communities as well (and Page is not a large community with
population less than 7,000). Second, this 160 gpcd is conservative in the sense that it is constant
over the planning period, i.e., does not increase over time. The Flagstaff figure may be
depressed by the significant population of students at NAU. In addition to the data cited by
ADWR, it is worth noting that water use in Tuba City is now 146 gpcd, not far below the 160
gpcd benchmark. While Tuba City has better infrastructure and housing conditions than
Moenkopi and Kykotsmovi, it still suffers from the infrastructure deficiencies of most American
Indian Reservations. Improved water supply, better housing, and economic development will
certainly lead to higher levels of water use at Tuba City as well as at Moenkopi, Kykotsmovi,
and other parts of the Hopi Reservation.

8.4 Livestock

On page 8-19 the Preliminary HSR states that BIA has authority over Navajo still grazing
the HPL. The Tribe enforces grazing regulations pursuant to contract with the Department of
Interior.

8.4.3 Recent

The lower quantification limit discussed on page 8-22 of the Preliminary HSR is based on
livestock data from the recent drought period which depressed the number of cattle grazed.

In calculating recent livestock use ADWR states on page 8-22 that the capacities of
breached stockponds were not counted. See footnotes in Table 8-7. As discussed above, this is
inconsistent with the reserved rights doctrine which holds that tribal rights are not lost through
non-use. See Gila V, supra. The Tribe has the right to rebuild the breached impoundments.
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It is unclear if ADWR used all verified wells which included stock use, or if ADWR used
verified wells whose only claimed use was stock.

8.5  Recreation
8.5.1 Historic
On Preliminary HSR page 8-24 the reference for USDA should be 1981, not 1980.

Table 8-8 indicates the ADWR recreational lake capacities are smaller than both those in
the Hopi claim and those published in the 1981 USDA study. This raises the question whether
the ADWR capacities of the lakes are calculated based on their existing partially silted-in
conditions or are they based on the original unsilted conditions. The capacities should be based
on the unsilted condition. Also, Table 8-8 erroneously attributes to the USDA report a finding
that Keams Lake is completely silted in. This finding related to “Upper Keams Lake,” also
known as Lake Maho. The USDA report states with respect to Keams Lake: “Lower Keams
Pond is stocked each year with catchable rainbow trout and occasionally with catchable channel
catfish. Substantial demand for recreational fishing exists in the area . . . .” This facility
continues to be stocked for fishing (as recently as March 2009) and used for recreational

purposes.
8.5.2 Recent

As noted above in the comments on Chapter 4, ADWR should confirm whether its
evaporation rates are gross or net lake evaporation rates.

8.7 Cultural/Ceremonial

On page 8-27 ADWR argues that the irrigated family gardens would only need 0.35-0.86
acre-feet per acre. These are the crop water duties that ADWR estimated for traditional Hopi
agriculture, including dryland farms. The proposed plan for irrigated family garden plots calls
for much more intensive irrigation than this using modern irrigation methods. The crop water
duties the Tribe will be using in the upcoming amended claim will be much closer to project
acreage values. ADWR should correct this mistake.

The comments in Section 7.3 regarding springs with unmeasured flow and springs which
have been documented but are currently dry apply to this Section.
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8.8  Riparian Evapotranspiration
8.8.1 Historic

Page 8-28 of the Preliminary HSR discusses the introduction of saltceder to the riparian
environments on the Hopi Reservation. Russian olive was also introduced from outside the
Reservation.

8.8.2 Recent

Page 8-29 mentions species in riparian environments, including cottonwood, willow,
Russian olive and saltcedar. Alkali sacaton and camelthor should also be included in this list.
Also, ADWR’s estimates for annual water demand of the riparian vegetation are based on a
study from New Mexico. However, New Mexico is under a different climate regime than the
Colorado Plateau. A composite of riparian water use values in the Four Corners states would be
more appropriate, with strong consideration for evapotranspiration rates on the Hopi
Reservation.

Chapter 9: ADWR’s Analysis of Hopi Water Rights and Proposed Water Right
Attributes for Past and Present Water Uses

Chapter 9 is based on information presented in prior chapters (and appendices) in the
Preliminary HSR. Accordingly, the Tribe’s comments on previous chapters (and appendices) are
incorporated into Chapter 9 and should be applied to its conclusions, proposed water right
attributes and supporting discussion. In addition, the Tribe makes comments specific to Chapter
9 below. Furthermore, as noted above, the Tribe intends to file revised claims in the near future.

9.1.1 Agriculture

As discussed above, ADWR’s estimates and water rights recommendations on page 9-2
and Table 9-1 of past/present agricultural use (350 to 7921 AFA) for traditional farming and (0
to 1582 AFA) for irrigation projects undercount actual uses principally for the following reasons:
(a) some historic irrigation projects are omitted, and (b) irrigated pasture land is omitted. Also,
the water rights attributes should include diversion and depletion amounts.

9.1.2 DCMI

The Tribe’s DCMI claim includes past, present and future use as a single claim. It did
not present a past and present use portion of the claim. Therefore, the Tribe notes that such an
approach is inconsistent with the Tribe’s claims as filed in the Adjudication.



Arizona Department of Water Resources
June 30, 2009
Page 28

9.1.4 Livestock

As discussed above, ADWR’s estimates and water rights recommendations on pages 9-3
and 9-4 and Table 9-1 underestimate Hopi livestock use for the following principal reasons: (a)
stockponds with breached dams or berms were omitted, and (b) depletion was not included in the
calculation.

There appears to be a conflict between Table 9-1 which indicates 159 claimed and 18
unclaimed wells for stock purposes, and Table 7-10 which identifies 170 claimed and 18
unclaimed wells for stock use. This conflict may be due to ADWR’s allocation of wells claimed
for multiple purposes between stock and domestic purposes.

9.1.5 Recreation

As discussed above, ADWR’s estimates and water rights recommendations on page 9-4
and Table 9-1 underestimate present Hopi recreational uses principally because ADWR’s
measurements of capacities of the recreational lakes are less than those claimed and less than
those identified in the 1981 USDA study on the LCR basin (see Table 8-8).

9.1.6 Ceremonial/Cultural

As discussed above, ADWR’s estimates and water rights recommendations on page 9-4
and Table 9-1 underestimate present Hopi ceremonial and cultural uses because ADWR assumes
no flow for documented springs with no measured flow. Hopi rights to spring flow should be
estimated for documented springs even where there is no measured flow.

9.3  ADWR’s Recommended Water Right Attributes

On page 9-12 the Preliminary Report states “Because the Court has not yet determined
whether the Hopi are entitled to use surface water sources that do not cross the Reservation, and
because the Court has not yet analyzed or quantified proposed future uses, ADWR cannot make
a recommendation regarding whether the Hopi federal reserved water right extends to
groundwater.” This statement is unnecessary and should be deleted.

For the reasons explained above, the Tribe comments that ADWR underestimates the
quantity of water used for past and present purposes by the Hopi Tribe.
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Tables and Figures

Most comments for tables and figures are already included in the comments on the
various chapters. Additional comments are set out below.

In Figure 8-3 showing the Pasture Canyon irrigation system, the Hopi Reservation
boundary is incorrect, as it seems to exclude the allotment area. In addition, there is additional
irrigation not shown in the Hopi portion of the Upper Kerley Irrigation Project, as well as
additional current or historic irrigation upstream of the Pasture Canyon area along Moenkopi
Wash.

Appendix A-2: USA Adjudication Claims

The first 50-60 pages of this appendix appear to be an unorganized mix of 1985, 1994
and 1995 claim material. These pages are followed by the 1985 claim (starting with the cover
sheet 39-91441 (US) 11-29-85), the 1994 claim (cover sheet 39-91441 (US) 11-22-94), and then
the 2004 claim.

The second and third sheets of Appendix A-2 are Statement of Claimant form 39-91442
filed by the Navajo Nation. It is not clear why they are included here.

The United States 1985 claim is missing part of Table 11, plus all of the tables following
Table 11 of the 1985 Stetson Report.

Appendix A-4: Allotted and Other Lands

This appendix contains allotment information submitted by the United States in August
of 2002, and includes the size, location map, and irrigated acreage of each allotment (and other
tracts) located along Moenkopi Wash served from Pasture Canyon. The Appendix omits a later
letter submitted in September 5, 2002 by the United States (described in a footnote in the main
Preliminary HSR Preliminary Report page 2-24) which clarifies the August 2002 submittal
noting that only the “AR” tracts are allotments created by the allotment act while “TR” tracts are
not allotments but are tracts still in Tribal trust that were assigned to individuals or families.
This appendix should contain a copy of that September 5, 2002 letter.

Appendix A-5: Other Water Uses

The first page of this appendix is a map that shows the allotments and Murphy tracts
described in the June 3,2008 letter at the end of Appendix A-4. It appears this map is a part of
this letter and should be moved to Appendix A-4 following the above mentioned letter. This
map is also not one of the two items described in the Preliminary HSR table of contents for
Appendix A-5.
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Appendix B: USGS Stream Gages on or near the Hopi Reservation

USGS gage 09401265 Pasture Canyon Springs is not included in this Appendix because
ADWR apparently does not consider this to be a stream gage but rather a gage measuring spring
flow. The gage is discussed in the main Preliminary HSR Preliminary Report in section 7.3.2
spring discharge on pages 7-12 and 7-13.

Appendix C: Impoundments

Pages C-6 and C-7 describe the ADWR method used to calculate pond capacity. For the
ponds with field data, pond capacity was calculated as capacity = (surface area) x (berm height)
x 0.4, where capacity is 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,” surface area is the field measured area in acres, berm height is the
outside spillway crest or embankment height in feet, and 0.4 is the assumed pond shape factor.
For capacity of ponds measured from photo analysis without field measurements, ADWR
performed a regression analysis of the field data from 51 measured impoundments to arrive at a
equation relating pond capacity to pond area, from which capacity of ponds identified from
photos could be estimated from the pond area measured on the photos. Ponds with breached
berms were assumed to have no capacity. The Tribe has the following comments on the capacity
methodology:

a. ADWR should not have assumed that there is no capacity for ponds with
breached berms. Most breached berms or dams can be rebuilt, and the capacity should have been
based on the potential rebuilt berm and pond. This would be consistent with the nature of
reserved rights.

b. It is not clear what surface area ADWR measured in the field, the existing surface
area, or the potential maximum surface area at the top elevation contour of the spillway crest or
embankment if there was no spillway. To meet the definition of capacity as the maximum stored
volume, the area should have been the maximum pool area at the spillway crest or top of
embankment if it had no spillway.

c. Similarly, it is not clear what surface area was measured on the photos, the area at
the existing pool level or the maximum pool level at spillway crest or top of embankment. If the
pond surface area was measured at maximum pool, how was this done without analyzing the
ponds in three dimensions using stereo photo analysis?

d. Based on analysis of ponds visited in the field by both ADWR and the Tribe’s
retained water resources experts, it appears that the ADWR capacity is generally lower than that
of the capacity developed by tribal experts. This appears to be because ADWR’s measurements
of pond depths were less than those of the Tribe’s experts and likely did not account for the usual
construction practice of excavating the material for the berm from the pond water storage area.
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This common practice was observed by the Tribe’s experts in the field on the Hopi Reservation
and other reservations in the southwest United States, as well as previous discussions with a
stock pond contractor. If there was water and/or silt in the pond so that the original excavation in
the pond storage could not be seen, the original pond depth could be easily underestimated
without knowledge of common construction practices. It appears that ADWR estimated the
depth for capacity calculations as the depth between the spillway and the bottom of the natural
drainage. If embankment soil was excavated from the reservoir bottom and not the hillside (as it
was in almost all Hopi ponds), then the depth should have been increased to account for the extra
excavated depth. Based on field experience, this extra depth is commonly roughly equivalent to
the spillway depth, and hence an estimate of the true depth can be estimated by taking the depth
from the berm top to the downstream toe of the berm. This would have typically added roughly
five feet to the ADWR depth estimate. NRCS criteria shows typical minimum depths should be
12 to 14 feet for the precipitation range on the Hopi Reservation. See Exhibit 5. Most ADWR
field measured depths are markedly lower than this.

ADWR’s regression equation used to estimate pond capacity is inaccurate. The ADWR
internal report on the regression analysis indicates the coefficient of correlation r is 0.79, which
is below the 0.80 to 1.00 normally used to describe strong correlation. In addition, the regression
equation understates such estimates because it relies on data which, as described above,
understates capacities of ponds which ADWR measured. The Tribe’s experts did not rely on an
artificial regression equation to determine capacity, but used stereo aerial photo analysis to
estimate the area and depth of each claimed impoundment. The stereo estimated depths and
areas were calibrated by actual field visits to many of the ponds.

Appendix C indicates that ADWR used a shape factor of 0.4 to calculate capacity. A
shape factor of 0.4 is consistent with NRCS standards. However, the ADWR field sheets show
factors of 0.25 to0 0.33. ADWR should review its calculations to ensure that it applies a shape
factor of 0.4.

The ADWR capacity of the 4 claimed recreational ponds are lower than both the claimed
amounts and those listed in the USDA 1981 study and therefore should be re-evaluated.
Similarly, the capacities of Pasture Canyon Reservoir and Lower Lagoon Reservoir are lower
than those calculated by the tribal experts. See previous comments on Chapters 7 and 8.

Appendix D: Springs

Tables D-1 and D-2 include a column stating if water quality data are available for a
spring. Following that column there are three columns for exceedences of various water quality
standards. While this information may be useful, the quality of the water is not a factor in
determining if the Hopi Tribe has a reserved right for the water.
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The two columns under spring use in Table D-1 are confusing. In almost all instances,
the use identified in the “Other Documented” column are already identified in the “Claimed”
column. How are they “other’” uses?

Table D-2 identifies several potentially unclaimed springs. These springs will be
reviewed and may be included in the upcoming amended claim to be submitted. However, it is
noted that for one facility only the general location is now known. If this spring is included in
the amended claim and final HSR, would it be classified as “unverified”?

Appendix E: Wells

The same comments regarding water quality provided for springs also apply to the tables
of wells.

The same comments regarding potentially unclaimed springs also apply to potentially
unclaimed wells. In addition, some of the unclaimed wells listed in Table E-2 are included in
Table E-1.

Appendix F: ADWR Report on Consumptive Use of Crops

Why does Figure 2.9 of Appendix F show both a higher and lower curve of GDD for
each site if for GDD the only variable in its calculation is mean temperature?

There is some question whether Appendix F Figures 2.12 and 2.13 match the data in
Appendix F Tables 2.6 to 2.9.

Is the reference for FAO24 Table 21 the correct table reference for the K¢ curve for the
DRY scenario?

The Appendix F Table 2-24 compares the ADWR NIR values to those claim values
derived by taking average and maximum claimed depletion divided by total claimed acreage. As
previously noted in comments on Chapter 8, this is not valid because NIR is not equal to
depletions.

It is not clear whether ADWR’s methodology accounts for the Hopi practice of planting
corn in clumps when the calculating the NIR values for DRY condition.

It appears that ADWR did not develop NIR for irrigated pasture land which is irrigated
by water spreading. The Tribe claims 7,522 acres of historic range pasture type irrigation.
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Appendix G-3: 2005 Agriculture & Riparian Lands

Although the accuracy assessment of the 2005 agriculture study involved 40% of the 514
fields mapped in the field, Table 2 of Appendix G-3 indicates this 40% involved only about 228
acres out of the total 5613 identified agricultural acres (or about 3.9%). ADWR should explain
why only 40% of the field mapped irrigation was used in the accuracy assessment, and on what
basis the 40% of the fields were selected. It would also help to know generally where this 228
acres was located (was most of it in the Moenkopi area or was it randomly spread across the
reservation) and what proportion of the 228 acres is traditional farming versus project irrigation.

The difference between the different categories of active agriculture, active agriculture or
fallow, and active fallow should be explained. ADWR should also explain assumptions about
crop rotations in defining the category and analyzing the data and whether Hopi crop rotation
methods were taken account.

It appears that ADWR did not include irrigated pasture land in the 2005 study. Such
lands should have included.

Appendix G-4: Drainages Derived by ADWR

In Appendix G-1 and Appendix G-3, the reduced quad map for Moenkopi shows a large
blue area in the southeast portion of the quad. What does this area represent, or is this some type
of error in generating the stream segments from the Digital Elevation Model (DEM) described in
Appendix G-4?

ADWR Hydrographic Survey Groundwater Report Nelson (2008)

The comment made above in Chapter 7 that the Western-Navajo Hopi N-Aquifer
(WNHN) study and model may not be used in the Preliminary HSR because of the Protective
Order dated January 3, 2002 applies to this report where they are cited throughout, including
Chapter 6, Figures 3 through 5 and 25 through 28, and the storage estimate at the bottom of the
first paragraph on page 8-1. The references to the WHHN study and model and all estimates,
analyses or conclusions based on them should be removed from the report.

2.4 D Aquifer Geologic Units

On page 2-3 the report states that the thickness of D-Aquifer ranges from 100 feet in the
northwest to 700 in the southeast to 1,300 feet near the center. These measurements appear to be
of the thickness of all geologic units that may comprise a portion of the D-Aquifer. The
sandstone units that produce water or potentially produce water have significantly less thickness
as indicated, for example, by information provided in Truini and Longsworth (2003).
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2.5 N Agquifer Geologic Units

On page 2-4 the report describes the thickness of the N-Aquifer as measuring move than
1,200 feet northwest of Black Mesa. These measurements appear to be of the thickness of all
geologic units. The units that produce water or potentially produce water have less thickness.

3.5 D Aquifer

The report discusses withdrawals from the D-Aquifer on pages 3-3 and 3-4 but omits
withdrawals from Peabody wells. Some PWCC wells are screened across the D-Aquifer and
obtain water from both the D- and N-Aquifer when pumped, as detailed in the PWCC modeling
reports.

3.6 N Aquifer

On page 3-4 (and elsewhere) the report refers to the geologic unit (e.g. Navajo
Sandstone) and is used interchangeably with the term aquifer (e.g. N-Aquifer). The top of the
Navajo Sandstone (or other geologic unit) is not the same as the top of the aquifer. Where a
water table occurs, the top of the aquifer is the water table, and unsaturated portions of the
geologic formation should not be included in thickness computations or referred to as the
aquifer. This point, which also has bearing on use of the terms “water table” and “potentiometric
surface,” should be clarified throughout the text to avoid potential confusion. For example, on
page 3-4 in the second paragraph the report states “where the water table was higher than the top
of the aquifer.” This should be changed to read: “where the potentiometric surface was higher
than the top of the Navajo Sandstone.”

On page 3-5 in the bottom paragraph the report states that the storage coefficient of a
confined aquifer is the ratio of the specific storage and saturated thickness. The storage
coefficient of a confined aquifer is the product, not the ratio, of the specific storage and saturated
thickness.

3.7  C Aquifer

On page 3-6 of the report, ADWR should note the poor quality of C-Aquifer water under
the Hopi Reservation. It is not potable.

3.8 Paleo-Hydrology

On page 3-7 report discussed recharge. The recharge values in the Shonto area from
Lopes and Hoffmann (1996) should be specifically mentioned. They estimated current Shonto
area recharge to be about 2,500 to 3,500 ac-ft/yr. This is the main recharge area to the confined
portion of the N-Aquifer.
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4 Water Use Trends

On page 4-2 the report discusses withdrawals in the periods 1965-1972, 1973-1974,
1985, 1986-2004, 2005. ADWR should explain why these periods were selected.

The top paragraph on page 4-2 states that the PWCC production wells draw from the N-
Aquifer. Some of the PWCC production wells are also screened in the D-Aquifer, and obtain a
portion of their water from this aquifer. See also comment regarding Section 3.5,

6 Groundwater Flow Models

The purpose of the discussion on page 6-1 and subsequent pages that recount the previous
simulation results is not clear. The model simulations are outdated and do not appear to be
applicable to this Adjudication and were not based on projected demands at issue in this
Adjudication. This discussion should be removed.

7 Estimate of Groundwater in Storage.

Chapter 7 estimates storage of the N-Aquifer. The report does not explain the value of
such estimates. Such discussion should also consider how much of the estimated storage can
actually be efficiently and economically recovered from beneath the Hopi Reservation.

8 Summary and Conclusions

On page 8-1 the report states that mining operations at Peabody ceased and discusses
water levels after the cessation. Although use of the slurry has ceased, mining operations have
not ceased, and significant quantities of water are still used for mining operations.

On page 8-2 the report recommends that the PWCC model be used for future studies.
This recommendation should be removed. The PWCC model is not as accurate as the USGS
model in the vicinity of the Hopi Villages. On page 6-7 (bottom of second paragraph) the report
quotes one of the model authors as making the recommendation that the model be improved
prior to application in the vicinity of the Hopi villages. The observation that the PWCC model
extends further southeast than the USGS model is a primary reason not to use it, and it is one of
the reasons that the model does a poor job simulating water levels in the vicinity of the Hopi
villages. The N-Aquifer southeast of the Hopi Villages is non-existent at many locations. The
PWCC model assumes that some pumping from the Polacca area occurs in the D-Aquifer (in
part) rather than from the N-Aquifer. Hopi’s hydrologists have considered this issue in detail
and believe that Polacca pumping is predominately from the N-Aquifer, although there may be
some casing leakage at the production well. See Exhibit 6.

The summary of simulation results that begins at the bottom of page 8-2 and continues
through page 8-5 should be removed. None of these simulations include Hopi or Navajo claims,
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nor do they include updated predictive scenarios given current events on the ground. The
referenced simulations were all conducted for purpose other than the present adjudication, and
therefore there is no basis for reference as to what they do, or do not, imply.

On page 8-4 in Paragraph 5 the report concludes that the USGS and PWCC models
overestimate water level declines in the Tuba City area and therefore overstate predicted declines
in streamflow and spring discharge. The conclusion may be incorrect and at a minimum should
be verified. An overestimation of groundwater declines will not necessarily overestimate
reductions in stream flow and spring discharge because: (a) overestimation of water level
declines may lead to dry cells during the predictive simulations, at which point the effects of
continued pumping on surface water are artificially reduced (i.e. pumping associated with the dry
cell location is effectively removed form the simulation), (b) If the overestimation of drawdown
is due to a hydraulic conductivity that is too low, then the extent of the simulated cone of
depression will also be artificially constrained. This condition may lead to the result that springs
and portions of Moenkopi Wash that should experience depletion due to pumping may not,
because the extent of the cone of depression is underestimated.

Fred Anderson Consulting, Historical Research for a Hydrographic Survey Report of the
Hopi Reservation (2008)

The Hopi Tribe has served expert reports on topics addressed in this report in In re Hopi
Priority. Those reports are: (1) Peter M. Whiteley, The Importance of the Little Colorado River
Drainage and its Water Resources to the Hopi (2009); (2) Peter M. Whiteley, Historic Hopi Use
and Occupancy of the Little Colorado Watershed, 1540-1900 (2009); (3) Peter M. Whiteley, The
Historical Evolution of Navajo Occupancy Areas in the Southwest, with Particular Reference to
Black Mesa and the Hopi Washes (2009); (4) David J. Weber, Hopi Land and Water Rights
Under Spain and Mexico (2009); (5) T.J. Ferguson, Hopi Agriculture and Water Use (2009);

(6) E. Charles Adams, Hopi Use and Development of Water Resources in the Little Colorado
River Drainage Basin of Arizona: an Archaeological Perspective to 1700 (2009); (7) Whiteley,
Peter M., Ph.D., Reply Report I: re: The Myth of Late Arrival of the Navajo in the Southwest, by
Alan S. Downer, Ph.D., and Diné Presence in the Little Colorado River Watershed: Pre-
Columbian Times to ¢ AD 1800, by Klara Kelley, Ph.D. (June 2009); (8) Peter M. Whiteley,
Reply Report II: re: Federal Indian Policy and the Diné/Navajos, 1846 to the Present, by
Jennifer Nez Denetdale, Ph.D. (June 2009); (9) Peter M. Whiteley, Reply Report III: re: two
Reports by Historical Research Associates, Inc.: Report I: Water Use and Boundary Disputes in
the Litile Colorado River Basin, 1860s—1940s, Report II: A Brief Summary of Legislative and
Judicial Attempts to Resolve the Hopi-Navajo Land Dispute, 1950s-1990s (June 2009); and

(10) T.J. Ferguson, Tree Ring Dates and Navajo Settlement in the Little Colorado River Basin of
Arizona (June 2009).
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1.1 Prehistoric Period

Anderson states that “some scholars have suggested that thef] early residents were the
Hopi’s ancestors.” Adams states that “the Western Pueblo people of the upper Little Colorado
River area, and the Anasazi of the plateau are all believed to be ancestral Pueblo groups and all
probably contributed to the ancestry of the Hopi.” E. Charles Adams, Hopi Use and
Development of Water Resources in the Little Colorado River Drainage Basin of Arizona: an
Archaeological Perspective to 1700 at 20. This is consistent with Hopi oral tradition which
firmly establishes the relationship between modern Hopi and the Hisatsinom the Hopi ancestors
who lived throughout northern Arizona.

1.2.5 Standoff with Spain (1700-1821)

On page 15 the report states that at the time of the Escalante and Garces expedition in
1776 Navajos “were moving onto land surrounding the Hopi mesas.” While there is evidence
that Navajos were to the east of Hopi at that time (at some distance) there is “no indication of
any Navajo presence to the west or north of Hopi country.” Whiteley, The Historical Evolution
of Navajo Occupancy Areas in the Southwest, with Particular Reference to Black Mesa and the
Hopi Washes at 23.

1.3.2 Relations with Other Tribes

On page 21 the report states “[b]y the early 1800s, Navajo settlements could be found on
Black Mesa, the Kaibito Plateau, the Painted Desert and other lands surrounding the Hopi
mesas.” Whiteley concludes that it is unlikely that in the early 1800s Navajos were in Black
Mesa, noting that Navajos needed to conduct raids from a distance in order to retreat, as far as
the Lukachukai Mountains. Whiteley, The Historical Evolution of Navajo Occupancy Areas in
the Southwest, with Particular Reference to Black Mesa and the Hopi Washes at 45, 55. Tree-
ring data suggest a mid-nineteenth century date for Navajo settlement on Black Mesa. Ferguson
explains: “tree-ring dates indicate that a few Navajos first occupied Black Mesa in the early
1840s, and this was followed by a movement to areas northwest and southeast of the Hopi Mesas
during the early 1860s, when Navajos fled from military campaigns waged by the U.S. Army.
More extensive Navajo occupation began on Black Mesa, at the head of the Moenkopi Wash,
and along the upper Little Colorado River after the release of Navajos from Fort Sumner in 1868,
as the Navajo people began to slowly resettle the areas they had first occupied during the 1860s
when they sought to evade capture by the U.S. Army.” Ferguson, Tree Ring Dates and Navajo
Settlement in the Little Colorado River Basin of Arizona at 1-2.

2.1.3 Creation of the Reservation

On page 32 the report discusses the purpose of the establishment of the 1882 Reservation,
noting that the language permitting settlement of “other Indians” was boilerplate. Whiteley
demonstrates that the original intent of the 1882 Hopi Reservation was, infer alia, to protect the
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Hopi from Navajo encroachment, and to prevent the latter from trespassing on the rights and
resources of the former. Whiteley, Reply Report IIl at 4. Also, its boilerplate language
authorizing the settlement of “other Indians” was included as a part of policies then favored by
the government to permit deliberate Secretarial removal of Indians to a reservation. Id. at 8.
However, “[f]rom events in the late 1880s involving direct action by the Secretary of the Interior,
it is incontrovertible that the ‘such other Indians’ clause did not refer to Navajos.” Id.

2.6.2 Indian Claims Commission

This section discusses the Indian Claims Commission decisions. The Tribe notes that the
final judgment of the Claims Commission on Hopi’s claims did not rest on the findings and
conclusions in that decision discussed in the report. The Hopi Tribe and the United States settled
the case while the Tribe’s petition for review of the decision cited above was pending before the
United States Supreme Court. See 429 U.S. 1030 (1976) (order dismissing petition under then
Supreme Court Rule 60). The parties expressly stipulated that the judgment would have no
preclusive effect, and the Claims Commission entered judgment in accordance with the
stipulation. 39 Ind. Cl. Comm. 204, 222 (Dec. 2, 1976) (Findings 7 and 9). The 1970 decision
never became final.

3.1.1 Navajo Migrations

On page 58 the report concludes that “[b]y the time the Navajo Reservation was
established in 1868, there is no doubt that the Navajo settlement area had expanded to the point
where it completed surrounded the Hopi mesas.” Whiteley reaches a different result. In his
exhaustive review of the contemporaneous accounts of the location of Navajos, Whiteley shows
that the westernmost boundary of regular Navajo settlement prior to the establishment of the
1868 Navajo reservation was the Pueblo Colorado wash and the Wide Ruins area to the south,
with some stockgrazing northwest of Canyon de Chelly at the Calabasa and Vaca Mountains.
Whiteley, The Historical Evolution of Navajo Occupancy Areas in the Southwest, with
Particular Reference to Black Mesa and the Hopi Washes 71, map accompanying 71. To be
sure, during the military campaign against the Navajo during the late 1850s and early 1860s
some Navajos moved somewhat further north west, to Skeleton Mesa, the Klethla Valley and
Navajo Mountain, as well as onto Black Mesa, and even as far as the Grand Canyon and the San
Francisco Mountains, id. at 70, 76, but, with the apparent exception of Skeleton mesa and the
Klethla Valley, expeditions to these areas showed little signs of Navajo habitation. Id. at 760-78.
During the final push of the military campaign to subdue the Navajos in 1864, many Navajos did
flee to the Hopi washes and mesas, where they resided temporarily while the U.S. military
sought to capture them, /d. at 85-89, but the short term residence of very few small groups of
Navajos does not indicate that the Navajo settlement area surrounded the Hopi mesas. To the
contrary, the established line of Navajo settlement consistently along the Chinle wash and the
Pueblo Colorado wash. Id. at map accompanying p. 6, map accompanying p. 71, which were
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well east of Black Mesa. And there appears to have been no Navajo settlements to the west of
the mesas, which would be necessary for the Hopi mesas to have been completely surrounded.

3.1.4 Hopi-Navajo Relations after the Navajo War

On page 65 the report states “[m]uch of the reservation was, at the time of its creation,
occupied not by Hopis but by Navajos.” This is incorrect. To be sure, after the creation of the
1868 Navajo reservation, a significant number of Navajos refused to remain within its
boundaries and moved westward, encroaching on historically Hopi areas. Whiteley, Historic
Use and Occupancy of the Little Colorado Watershed, 1540-1900) at 81. See also Whiteley,
Historical Evolution of Navajo Occupancy Areas at 92. But as late as 1876, the Navajo
population remained mainly to the east of the Hopi people. Whiteley, Historic Use and
Occupancy of the Little Colorado Watershed, 1540-1900 at 79. And the Navajos that did move
into Hopi areas, such as Black Mesa, did so on a largely seasonal basis. Whiteley, Historical
Evolution of Navajo Occupancy Areas at 90-91. Moreover, Navajo movement onto the southern
parts of the Hopi Reservation of 1882 did not occur until the 1890s, see Whiteley, Historical
Evolution of Navajo Occupancy Areas at 92.

4.5  Federal Irrigation and Agricultural Projects
4.5.1 Early Projects

On page 127 the report states, “[i]n the 1930s several irrigation projects were built on the
Hopi washes. The Hardrocks, or Lower Oraibi Wash, project was built as a Navajo farm unit in
the 1930s but never used. In 1942 it was turned over to the Hopi. It included a masonry dam,
gates, and ditches to serve up to three hundred irrigable acres. Neither Ferguson nor Whiteley
indicated that this land was ever actually irrigated by Hopis (IIS 1943; IIS 1944:4).” In fact,
Laura Thompson reported that Hardrock was farmed by Hopis. Ferguson explains: “In 1946, in
a report prepared for Indian Service administrators, Laura Thompson reported there were 7,130
acres under cultivation. A total of 6,967 acres were cultivated using floodwater and dry farming
techniques, while 163 acres were irrigated, including 11 acres of irrigated village gardens, 5
acres of irrigated school gardens, and 147 acres in Irrigation Division Projects at Hardrock,
Jeddito, and Phillips Farms.” Ferguson, Hopi Agriculture and Water Use at 172.

On page 129 the report states: “Moenkopi was farmed by Hopis in the past, but not
permanently occupied.” Moenkopi was seasonally occupied during the growing season in the
19" century, and probably earlier. By the late 19" century, the Hopis established a permanent
settlement at Moenkopi. See Ferguson, Hopi Agriculture and Water Use at 133.
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Conclusion

The Hopi Tribe will provide ADWR new information regarding its claims and the
matters addressed in the Preliminary HSR as it becomes available. The Tribe reserves the right
to supplement information provided to date prior to issuance of the final HSR.

The Hopi Tribe looks forward to working with ADWR as the Adjudication proceeds.
Please do not hesitate to contact us with any questions regarding these comments.

Sincerely,
Harry R. Sachse

Colin Cloud Hampson
A. Scott Canty

65pid-
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Kathleen A. Donoghue

From: Colin C. Hampson [champson@sonosky.com]

Sent: Tuesday, June 30, 2009 4:14 PM

To: Scott M. Deeny

Cc: Richard Burtell; 'Harry R. Sachse’; SCanty0856@aol.com: Vanessa.Willard@usdoj.gov;
'Guarino, Guss (ENRD)'; 'Joelynn Roberson'

Subject: RE: Hopi Tribe Comments on Preliminary Hopi HSR - Exhibits

Attachments: Hopi Comments on Prelim Hopi HSR - Exhs 1-7 (complete set).pdf
Scott,
Attached are the exhibits to the Hopi Tribe's comments on the Preliminary HSR.
Regards,

Colin Cloud Hampson

Sonosky, Chambers, Sachse, Endreson & Perry, LLP
Symphony Towers

750 B Street, Suite 3130

San Diego, CA 92101

(619) 546-5585

(619) 546-5603 (direct)

(619) 546-5584 (fax)
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ENGINEERING FIZLD MANUAL

CHAPTER 11. PONDS AND RESERVOTRS

Q Compiled by: George M. Renfro, Agricultural Engineer, SCS, Fort Worth, Tex.
Contents

PART I - GENERAL

Page
Deffnitdon . . . . . ... .. ... 11-1
Uses for Water on the Farm e e e e e e e e e, 11-1
Water for Livestock e e e e e e e e e e, 11.1
Irrigation Storage . . . e e e e, 11-2
Regulation of Irrigation Streams s e e e e e e e 11-2
Field and Orchard Spraying e e e e e e, 113
Fish Production PR e e e e e e e e 113
Fire Protection e T T T T 114
Recreation . . e e e e e e e e, 11-4
Waterfowl and other Wildlife e e e e e e e 11-6
Multiple Uses . . . . ., . . . . . .. _ ... . . . 11-6
Legal Requirements . . . . . , . ., . . . . . . . . 11-6
Types of Ponds and Reservoirs . . . . . , . ., . . . . . .. 11~6
' Salecting the Pond Site . . . . . . . . . . ., ... .. 11~7
Preliminary Site Studfes . . . . . ., . . . . . . 11-8
Adequacy of the Drainage Area - . . . . . ., . .. . . .. 11-.8
Minimum Pond Depth . . . . e e e e 11-8
Drainage Area Protection . . . . . . . . . . . . . . 11-9
Adequacy of Pond Capacity . . . . . . . . . . . . . .. 11-9
Evgineering Surveys e e e e e e e e e e e 11-9
PART TI - EMBANKMENT PONDS
Geologic Investigations . . . . ., . . . . . . . . . s e .. 11.12
S0ils in the Ponded Area . . . e e e e e e e e 11-12
Studies of Foundation COnditions .. e e e e 11-12
Availability of Suitable Fill Material e e e e 11-13
Soils in the Spillway Area . . . . e e e e 11-13
Records of Soils Investigations e e e e e e e, 11-13
Spillway Requirements . . . . . . . . . . . . . 1113
Trickle Tubes . . . . . . . . . . ... ... ... .. 11-13



A check should be made to insure that no buried pipelines or cables .
exist in the construction area. These might be hroken or punctured by the

excavating equipment, resulting not only in damage to the utility but in
injury to the operator of the equipment as well. Whare such a site mst

be used, the utility ownere should be contacted prior to foundation investi-
gation or construction.

5. PRELIMINARY SITE STUDIES

In addition to the considerations mentioned for the selection of a
pond location, there are othar physical characteristics of the drainage
area and the pond site which should be investigated bafore the final selec-
tion is made.

ADEQUACY OF THE DRAINAGE AREA

Where surface runoff 1s the main source of water supply, the contri-
buting drainage area should be large enough to yileld sufficient runoff to
maintain the water supply in the pond during all perileds of intended use.
The drairdage area should not be so large, however, as to Tequire large and
expensive overflow structures to bypass runoff safely.

The amount of runoff that can be expected annually from a watershed
of a given area depends on so many factors that no set rule can be given
for its determination. The physical characteristics of the watershed that
have a direct effect on the yield of water are land slopes, soil infiltra~
tion, vegetal cover and surface storage. - Storm characteristics such as .
the amount, intensity and duration of rainfall also affect water yield.
All of these characteristies vary widely throughout the United States.

Exhibit 11-1 can be used as a general guide for estimating the size
of a watershed required for each acre-foot of capacity in a pond or reger-
voir to maintain normal pool level, 1if more precise local data is not
available. The map does not apply when ponds are used for irrigation.

MINIMUM POND DEPTH

For a permanment water supply, it is necassary to provide sufficient
water depth to meet the intended use and to offset seepage and evaporation
losses. These losses vary in different sections of the country and also
from year to year in any section. Table 11-3 shows recommended minimum
depths of water for farm ponds, assuming normsl seepage and evaporation
losses. Greater depths are desirable where a year-round water supply is
essential or where seepage losses may exceed three inches per month. See
State Standards and Spacifications for local minimum depths.



1i~3

’ Table 11-3. Recommended minimum depths of tonds and reservoirs
Annual Minimum Water Depth
- Rainfall Over 25 percent of
Climate (inches) the Area
(faet)

Superhumid Over 60 6
Humid 40 - 60 8
Subhumid - Moist 30 « 40 9
Subbumid - Dry 20 - 30 10
Semiarid 10 - 20 12
Arid Under 10 14

DRATNAGE ARFA PROTECTION

To maintain the required depth and capacity of a farm pond, it is
necesgary that the inflow be reasonably free from sediment. The best
protection is adequate srosion control on the contributing drainage area.
Land under a cover of permanent vegetation, such as trees or graasses,
makes the most desirabla drainage area. 1If such an area {s not availsble,
cultivated areas that are protected by necessary coneervation practices,
such as terracing, contour tillage, strip-cropping, comservation cropping
systems, vegatated desilting areas, and other sofl-improvement practices,
may be utilized as a last resort. Allowance ghould be made for the ex~

0 pected sedimentation during the effective life of the structure.

ADEQUACY OF POND CAPACITY

To insure that the water stored in a farm pond will ba adequate to
satisfy the intendad uses, a reasonable estimgte of the pond capacity
should be made. The following is a simple method of estimating capacity.

The pond-full water elevation is established and the waterline is
staked at this elevation. The widths of the valley at this elevation are
measured at regular intervals and these measurements are used to compute
the pond-full surface area in acres. The surface area 1s multiplied by
0.40 times the maximum water depth at the dam. For example, a pond with
a surface area of 3.2 acres and a depth of 12.5 feet at the dam would
have an approximate capacity of 0.4 x 12.5 x 3.2 = 16.0 ac.ft. (1 acre~
foot = 325,857 gallons). If a more accurate answer is required, the
surface area at successive intervals of elevation way be determined and
the average end-area method may be used to compute the volume.

6. ENGINEERING SURVEYS
Once the location of the pond or reservoir has been determined, suffi-

clent engineering surveys should be made so that the dam, spillway and
other features of the pond can be planned.

Surveys for embankment-type ponds normally will consist of a profile
' of the centerline of the dam, a profile of the centerline of the earth
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MEMORANDUM
TO: Paul Clark, OSM
FROM: Neil Blandford and Chris Wolf
DATE: June 20, 2006

SUBJECT:  Summary of Well Completion Data for Polacca Wells No. 5 and 6

Water supply wells for the Village of Polacca were investigated by Daniel B. Stephens &
Associates, Inc (DBS&A) to determine the source of elevated total dissolved solids (TDS) and
the lithology of water producing zones. DBS&A reviewed existing records and conducted a
borehole geophysics analysis (DBS&A, 1998b). The primary issues investigated were the
quality of well completion and sources of water in the well. The primary aquifer at Polacca is
the Navajo Sandstone aquifer system (N-aquifer). The Dakota Sandstone aquifer system
(D-aquifer) is stratigraphically higher and is shallower than the N-aquifer. The N-aquifer
produces high-quality (low-TDS) water, but the D-aquifer contains poorer quality groundwater
and is typically “cased off” to prevent mixing of water between the aquifers.

Well Completion

Polacca wells No. 5 and 6 were installed in 1986 within 500 feet of each other. The wells are
telescoped from a 10-inch casing to an 8-inch casing. The 10-inch casing is grouted in the
annular space. The 8-inch casing has no annular seal, so it is essentially hanging in an open
borehole. Completion details presented herein (Table 1 and the attached well completion
diagram) are primarily based upon a video log run in 1997. Some of the entries in Table 1 are
queried because suspended materials in the water column obscured the view of the well casing in
the video log.

Table 1. Polacca Supply Wells Nos. 5 and 6 Completion Details

Hopi Tribe, Arizona
Detail Polacca No. 5 Polacca No. 6
Total depth (ft bgs) 910 915
Casing diameter (inches) 10 10
Casing reduction (ft bgs) 636 626
Screen diameter (inches) 8 8
Screen interval (ft bgs) 825(2%-910 715-717, 760-915

ft bgs = Feet below ground surface
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Lithologic Interpretation

The U.S. Geological Survey (USGS) originally had designated the Polacca wells as D-aquifer
wells (USGS, 1997a), but subsequently reinterpreted the stratigraphy and decided that the
Polacca wells were N-aquifer wells based on a geophysical log from the Mishongovi Well west
of Polacca (USGS, 1997b). The USGS also provided a lithologic profile to the Hopi Tribe
indicating that the Navajo Sandstone was 215 feet thick and exposed in Polacca No. 4 (USGS,
1997¢). DBS&A confirmed the N-aquifer status of nearby Polacca wells No. 5 and 6 during a
water quality and geophysical investigation (DBS&A, 1998b).

Table 2. Lithology of Polacca Wells Nos. 5 and 6

Hopi Tribe, Arizona
Top of Formation Bottom of Formation Thickness

Formation (ft bgs) (ft bgs) (feet)
Valley Fill 0 30 30
Mancos Shale 30 ? ?
Dakota Sandstone ? 338 ?
Cow Springs Sandstone 338 542 204
Entrada Sandstone 542 692 150
Carmel Formation 692 771 79
Navajo Sandstone 771 910+ 139+

ft bgs = Feet below ground surface

Water Quality Issues

Based on our geophysical investigation of Polacca wells No. S and 6, DBS&A concluded that
both wells predominantly produce water from the N-aquifer (DBS&A, 1998b). After these wells
were completed, it was noticed that water obtained from well No. 6 was poorer quality (higher
TDS) than that obtained from well No. 5. Because the differences in water quality are not
related to geologic structures such as faults (as determined from the good correlation of gamma-
neutron logs run in each well), it was suspected that the marked differences in water quality
might be attributable to poor well completion that could allow for vertical mixing of poor water
quality from the D-aquifer to mix with the better quality water of the N-aquifer. Because the
10-inch casing and associated annular seal was intended to seal off the D-aquifer, the grout
competency of this zone was investigated using a cement bond log for each well.

Polacca well No. 6 appears to have a poor cement seal based upon the cement bond log. The
cement bond log indicated a poor seal from about 400 feet below ground surface (ft bgs) to the
reduction point at 626 ft bgs, thereby indicating the strong potential for the downward leakage of
water along the annulus. The cement bond log for Polacca well No. 5 indicated a better seal, and
downward leakage from above the reduction point at 636 ft bgs was not suspected.
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DBS&A concluded that two mechanisms are allowing the mixing of D-aquifer and N-aquifer
water in Polacca well No. 6. The first mechanism is downward seepage from the Entrada
Sandstone exposed below the reduction point at top of the 8-inch casing. Below the reduction
point there is no annular seal, so any water from the D-aquifer from a leaking cement seal or that
exposed in the adjacent open borehole will be able to reach the perforated section of the casing
deeper in the borehole. The second mechanism is vertical seepage along the annular space from
zones of D-aquifer above the casing reduction point.

While working at the Hopi High School, DBS&A observed that water quality became better
(TDS decreased) as pumping progressed. This same trend is probably true at Polacca wells

No. 5 and 6 because the High School well is completed in a similar manner. The majority of
water pumped from each well is believed to be from the N-aquifer, although a minor volume of
the flow would be expected to travel through the annular space behind the casing and contribute
to the produced water.
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PREAMBLE i
This Constitution, to be known a3 the Constitution and By-Laws of the Hopi Tribe, is adopted

. by the seif-governing Hopi and Tewa Villages of Arizona to provide a Way of working together
.-~ for peace and agreement between the villages, and of preserving the good things of Hopi life,
and to provide a way of organizing to deal with modem problems, with the United States

Government and with the outside world generally.

ARTICLE { - JURISDICTION .

The authority of the Tribe under this Constitution shall cover the Hopi villages and such lan
as shall be determined by the Hopi Tribal Coundil in agreement with the United States
Government and the Navajo Tribe, and such lands as may be added thereto in future. The Hopi
Tribal Council is hereby authorized to negotiate with the proper officials to reach such
agreement, and to accept it by a majerity vote.

ARTICLE I - MEMBERSHIP

SECTION 1. The following persons shall be enrolled mermbers of the Hopi Tribe:

All persons whose names appear on the Census Roll of the Hopi Tribe as of December 31,
1937, as corrected and adopted by the Hopi Tribal Council; PROVIDED, That subsequent
corrections may be made to said roll by the Hopi Tribal Council at any time with the approval of
the Secretary of Intetior. ,

SECTION 2. After the effective date of this Constitution, the following persons shall be eligible
for ergolled membership in the Hopi Tribe,

{a) All persons of a one-fourth (1/4) degree Hopi Indian blood or more, or one-fourth (1/4)
degree Tewa Indian blood or more, or one-fourth (1/4) degree Hopi-Tewa Indian blood or more
combined, born after December 31, 1937, who are not enrolled with any other Indian Tribe.

(b) For the purpose of determining enrolled membership, Hopi Indian blood, Tewa Indian
blood, and Hopi - Tewa Indian blood shall mean biological lineal descent from any Hopi or
Tewa Indian person whose name appears on the Corrected Membership Roll of the Hopi Tribe
as defined in Section 1,

SECTION 3. Persons Already Enrolled. All persons properly errolled as members of the Hopi
Tribe as of the effective date of this Constitution shall continue to be members.




SECTION 4. Village Membership. Village membership shall be determined by the individual
Hopi Villages.

SECTION 5. Hopi Enrollment Ordinance. The Hopi Tribal Council shall adopt, and from time
to time may amend, an enrollment ordinance not inconsistent with this Article, setting forth the
manner in which this Article shall be implemented and administered.

ARTICLE III - ORGANIZATION

SECTION 1. The Hopi Tribe is a union of self-goveming villages sharing common interests
and working for the common welfare of all. It consists of the following recognized villages:

First Mesa (consolidated villages of Walpi, Shitchumovi, and Tewa).

Mishongnovi.

Sipaulavi.

Shungopavi.

Oraibi.

Kyakotsmovi,

Bakabi.

Hotevilla. .

Moenkopi. E

SECTION 2. The following powers which the Tribe now has under existing law or which have

been given by the Act of June 18, 1934, (48 Stat. 984), and acts amendatory thereof or
supplemental thereto, are reserved to the individual villages:

{2) To appoint guardians for orphan children and incompetent members.

(b) To adjust family disputes and regulate family relations of members of the villages.
(¢) To regulate the inheritance of property of the members of the villages,

(d) To assign farming land, subject to the provisions of Article VII.

SECTION 3. Each viliage shall decide for itself how it shall be organized. Until a village shall
decide to organize in another manner, it shall be considered ag being under the traditional Hopi
organization, and the Kikmongwi of such village shall be recognized as its leader. ‘

SECTION 4. Any village which does not possess the traditional Hopi self-govemment, of -
which wishes to make a change in that government or add something to it, may adopt aVillage -
Constitution in the following manner: A Constitution, consistent with this Consﬂtuhon and
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By-Laws, shall be drawn up, and made known to all the voting members of such village, and a
copy shall be given to the Superintendent of the Hopt jurisdiction. Upon the request of the
Kikmongwi of such village, or of 25% of the voting members thereof, for an election on such
Constitution, the Superintendent shall make sure that all members have had ample opportunity
to study the proposed Constitution. He shall then call a special meeting of the voting members
of such village, for the purpose of voting on the adoption of the proposed Constitution, and shall
see that there is a fair vote. If at such referendum, not less than half of the voting members of the
village cast their votes, and if a majority of those voting accepts the propesed Constitution, it
shall then become the Constitution of that village, and only officials chosen according to its
provisions shall be recognized.

The village Constitution shall clearly say how the Council representatives and other village
officials shall be chosen, as well as the official who shall perform the duties placed upon the
Kikmongwt in this Constirution. Such village Constitution may be amended or abolished in the
same manner as provided for its adoption.

ARTICLE IV - THE TRIBAL COUNCIL
SECTION 1. The Hopi Tribal Council shall consist of a Chairman, Vice Chairman, and
representatives from the various villages. The number of representatives from each village shall
be determined accordingly to its population, as foliows: villages of 50 to 250 population, one (1)
representative; villages of 251 to 500 population, two (2) representatives; villages of 501 to 750
population, three (3) representatives; villages of over 750 population, four (4) representatives.

The representation in the first Tribal Council shall be as follows:
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SECTION 2. The term of office of the representatives shall be two (2) years, except that at the

first election or choosing of representatives following the adoption of this section, approximately
one-half of the representatives shall serve for a term of one (1) year. The determination as to
which representatives shall serve for one (1) year shall be made by the Tribal Council and
announced to each village Kikmongwi or Governor on or before the first day of October 1969.
Representatives may serve any number of terms in succession or otherwise.

SECTION 3. Each representative must be a member of the village which he represents. He
mustbe twenty-five (25) years or more of age, and must have lived in the Hopi jurisdiction for
not less than two (2) years before taking office, and must be able to speak the Hopi language

fluently.

SECTION 4. Each village shall decide for itself how it shall choose its representatives, subject -

ta the provisions of Section 5. Representatives shall be recognized by the Coundl only if they are
certified by the Kikmongwi of their respective villages. Certifications may be made in writing or
in person.

SECTION 3. One (1) representative of the Village of Moenkopi shall be selected from the
Lower District, and certified by the Kikimongwi of Moenkopi, and one (1) representative shall
be selected by the Upper district, and certified by the Official whom that District may appoint, or
who may be specified in a village Constitution adopted under the provisions of Article 111,
Section 4. This section may be repealed, with the consent of the Tribal Council, by vote of a
two-thirds majority at a meeting of the voting members of Moenkopi Village called and held
subject to the provisions of Article ITl, Section 4.

SECTION 6. No business shall be done unless at least a majority of the members are present.

SECTION 7. The Chairman and Vice-Chairman shall be elected by secret ballot by all
members of the Hopi Tribe. The Tribal Council shall choose from its own members or from other
members of the Tribe, a secretary, treasurer, sergeant-at-arms and interpreters and such other
officers and conrunittees as it may determine necessary, subject to the provisions of the By-Laws,
Axticle .

SECTION 8. All members of the Hopi Tribe eighteen (18) years of age or over shall be
qualified to vote in any election or referendum other than village elections and referendums
under such rules and regulations as may be prescribed by the Hopi Tribal Council .

SECTION 9. The Chairman and Vice Chairman shall serve for a term of four (4) years.
Candidates for the offices of Chairman and Vice Chairman shall be members of the Hopi Tribe,
twenty-five (25) years of age or older and must be able to speak the Hopi language fluently. Each
candidate for either of said offices must also have lived on the Hopi Reservation for not less than
two years immediately preceding his announcement of such candidacy.

T T e e

PR

RS T SOV

b




SECTION 10. Candidates for the offices of Chairman and Vice Chairman may declare their
candidacy by filing with the tribal Secretary or tribal Chairman or Vice Chairman a petition
signed by at least ten (10) adult members of the tribe at least 15 days before the date set for the
election. It shall be the duty of the Secretary to post the names of the qualified candidates for
both the primary and final elections in a public place in each village at least ten (10} days prior to
the election.

SECTION 11. A primary election shall be held on the first Wednesday in November in 1969
and on the first Wednesday in November in every fourth year thereafter, PROVIDED. That, no
primary election shall be held in the years when there shall be no more than two (2) candidates
for either of the offices of Chairman and Vice Chairman. The two (2) candidates in a primary
election receiving the highest number of votes for each of said offices of Chairman and Vice
Chairman shall have their names entered in the final election. In the event there are not more
than two (2) candidates for either of such offices those candidates with no more than one (1)
competing candidate shall have their names entered in the final election without the necessity of
a primary election.

SECTION 12. The general election shall be held on the third Wednesday in November 1969
and on the third Wednesday in every fourth year thereafter.

SECTION 13. Inauguration: of the Chairman and Vice Chairman shall take place at the first
regular Tribal Council meeting following their election.

ARTICLE V - VACANCIES AND REMOVAL FROM OFFICE

SECTION 1. Any Chairman, Vice Chairman, representative or other officer found guilty in a
tribal or other court of a misdemeanor involving dishonesty, of a felony, or of drunkenness, shall
be automatically removed from office and the Council shall refuse to recognize him.

SECTION 2. Any officer or representative may be removed from office for serious neglect of
duty, by 2 vote of not less than two-thirds of the Council, after the officer to be so removed has
been given full opportunity to hear the charges against him and to defend himself before the
Council.

SECTION 3. Vacancies occurring for any reason among the representatives shall be filled for
the rest of the term by the village concerred, in the same manner as 2 representative from that
village is ordinarily chosen.

Vacancies occurring for any reason among the officers appointed by the Council shall be filled
by the Council.
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! Vacancles occurring for any reason In the offices of Chairman and Vice Chairman or in the
H office of any other officer shall be filled for the rest of the term in the same manrner as those
officers are ordinarily chosen.

ARTICLE VI - POWERS OF THE TRIBAL COUNCIL

SECTION 1. The Hopi Tribal Council shall have the following powers which the Tribe now
has under existing law or which have been given to the Tribe by the Act of June 18, 1934. The ‘
Tribal Council shall exercise these powers subject to the terms of this Constitution and to the
Constitution and Statutes of the United States. _ .

(a) To represent and speak for the Hopi Tribe in all matters for the welfare of the Tribe, and to
negotiate with the Federal, State, and local governments, and with the councils or governments
of other tribes.

(b) To employ lawyers, the choice of lawyers and fixing of fees to be subject to the approval of
the Secretary of the Interior so long as required by Federal law.

{¢) To prevent the sale, disposition, lease or encumbrance of tribal lands, or other tribal
proper (’y '

{d) To advise with the Secretary of the Interior and other governmental agencies upon all ;
appropriation estimates or Federal projects for the benefit of the Tribe, before the submission of ;
such estimates to the Office of Maragement and Budget or to Congress.

(e) To raise and take care of a tribal council fund by accepting grants or gifts from any person,
State, or the United States Government, or by charging persons doing business within the
Reservation reasonable license fees.

{f) To use such Tribal Council fund for the welfare of the Tribe, and for salaries or authorized
expernses of tribal officers. All payments from the Tribal Council fund shall be a matter of public
record at all imes.

(g) To make ordinances to protect the peace and welfare of the Tribe, and to set up courts for
the settlement of claims and disputes, and for the trial and punishment of Indians within the
jurisdiction charged with offenses against such ordinances,

() To act as a court to hear and settle claims or disputes between villages in the manner
RE: provided in Article VIIL
s () To provide by ordinance for removal or exclusion from the jurisdictionof amy
non-members whose presence may be harmful to the members of the Tribe.

(i) To regulate the activities of voluntary cooperative associations of members of the Tribe for ;
business purposes. , 5
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(k) To protect the arts, crafts, traditions, and ceremonies of the Hopi Indians.

(1) To delegate any of the powers of the Council to committees or officers, keeping the right to
review any action taken.
{m} To request a charter of incorporation fo be issued as provided in the Act of June 18, 1934.

(n) To adopt resolutions providing the way in which the Tribal Council itself shall do its
business.

SECTION 2. Any resolution or ordinance which, by the terms of this Constitution, is subject to
review by the Secretary of the Interior, shall be given to the Superintendent of the jurisdiction,
who shall, within ten (10) days thereafter, approve or disapprove the same.

If the Superintendent shall approve any ordinance or resolution, it shall thereupon become
effective, but the Superintendent shall send a copy of the same, bearing his endorsement, to the
Secretary of the Interior, who may, within ninety (90} days from the date of enactment, veto said
ordinance or resolution for any reason by notifying the Tribal Council of his decision.

if the Superintendent shall refuse to approve any ordinance or resclution submitted to him,
within ten (10) days after enactment, he shall report his reasons to the Tribal Council. If the Tribal
Council thinks these reasons are not gufficient, it may, by a majority vote, refer the ordinance or
resolution to the Secretary of the Interior, who may, within ninety (90) days from the date of its
enactment, approve the same In writing, whereupon the said ordinance or resolution shall
become effective.

SECTION 3. The Hopi Tribal Council may exercise such further powers as may in the future
be delegated to it by the members of the Tribe or by the Secretary of the Interior, or any other
duly authorized official or agency of the State or Federal Government.

SECTION 4. Any rights and powers which the Hopi Tribe of Indians now has, but which are
not expressly mentioned in this Constitution, shall not be lost or limited by this Article, but may
be exercised by the members of the Hopi Tribe of Indians through the adoption of appropriate
by-laws and constitutional amendments.

ARTICLE VI - LAND

SECTION 1. Assignment of use of farming land within the traditional clan heldings of the
. Villages of First Mesa, Mishongnovi, Sipaulavi, and Shurigopavi, and within the established
village holdings of the Villages of Kyakotsmovi, Bakabi, Orafbi, Hotevilla, and Moenkopi, as in
effect at the time of approval of this Constitution, shall be made by each village according o its
established custom, or such rules as it may lay down under a village Constitution adopted
according to the provisions of Article III, Section 4. Unoccupied land beyond the clan and village
holdings mentioned shall be open to the use of any member of the Tribe, under the supervision
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of the Tribal Council Nothing in this Article shall permit depriving 2 member of the Tribe of
farming land actually occupied and beneficially used by him at the time of approval of this
Lo Constitution, but where an individual is occupying or using land which belongs to another by
agreement with the owner, that land shall continue to belong to that ownex.

SECTION 2. In order to improve and preserve the range, range land shall be supervised by the
Tribal Council in cooperation with the various United States Government agencies.

SECTION 3. All springs shall be considered the property of the Tribe, and no individual or
Y group of individuals shall be allowed to prevent the reagonable use of any spring by members
S of the Tribe generally, but the individual who develops a spring, or on whose land it is, shall
o have the first use of it

SECTION 4. The administration of this Article shall be subject to the provisions of Section 6 of
the Actof June 18,1934

ARTICLE VI[I - DISPUTES BETWEEN VILLAGES
SECTION 1. When a dispute arises between villages over any matter, the Kikmongwi of any
village party to the dispute may inform the Chairman of the Tribal Council of the nature of the
dispute, and ask him to call a special meeting of the Cound] to settle the matter.

The Chairman shall thereupon call a special meeting of the Council, to be held on the eighth
day from the day of such request, at which meeting he, and the Council representatives or other
persons chosen by each village party to the dispute to speak for it before the Councll, may :
summon all witnesses having evidence to give in the matter, and may examine them. .

When the Council has heard all the evidence and examined the witnesses to its satisfaction, it
shall hold a secret meeting which shall not be attended by the representatives of the villages
party to the dispute, and after full and careful consideration and discussion, shall vote on a
decision. Such decision shall become effective when it is carried by a majority of the Council
members present. The Council shall keep a record of the evidence and the reasons for its
decision.

SECTION 2. If both the Chairman and the Vice Chairman are representatives of villages party
to the dispute, the Coundil shall elect a temporary Chairman to serve for the duration of the trial.

SECTION 3. If any village party to the dispute feels that the Jecision of the Council In such
case i3 unjust, the Kikmongwi of that village may notify the Superintendent within ten (10} days \
and the decision of the Council shall then be subject to review by the Secretary of the Interior, .
within ninety (90) days thereafter, in the manner provided in Article VI, Section 2.
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ARTICLE IX - BILL OF RIGHTS

SECTION 1. All resident members of the Tribe shall be given equal opportunities to share in
the economic resowrces and activities of the jurisdicdon

SECTION 2. All members of the Tribe shall be free to worship in their own way, to speak and
write their opinion, and to meet together,

ARTICLE X - AMENDMENT

Any representative may propose an amendment to this Constitution and By-Laws at any
meeting of the Council. Such proposed amendment may be discussed at that meeting, but no
vote shall be taken on it until the next following meeting of the Council. If the Counil shall then
approve such proposed amendment by a majority vote, it shall request the Secretary of the
Interior to call a referendum for accepting or rejecting such amendment. It shall then be the duty
of the Secretary of the Interfor to call such referendum, at which the proposed amendment may
be adopted subject to the Secretary’s approval. in the same manner as provided for the adoption
and approval of this Constitution and By-Laws.

ARTICLE XX - TAXATION

SECTION 1. The Hopi Tribal Council shall, subject to the express limjtations contained in this
Constitution and the laws of the United States, have the power to impose duties, fees, taxes, and
assessments on any person, corporation or association residing or doing business within the
Hopi Reservation, PROVIDED, That the Tribal Council shall not have the power to impose a
personal income tax.

SECTION 2. No tax imposed by the Tribal Council vnder Section 1 of this Article
shall become effective unless approved by a majority vote of the eligible voters of the Hopi Tribe
voting in a referendum called for that purpose pursuant to Section 8 of Article IV of this
Constitution.
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ARTICLE I - DUTIES AND QUALIFICATIONS OF OFFICERS

SECTION 1. The Chairman shall preside over all meetings of the Tribal Council. He shall
perform all duties of a Chairman fairly and impartially, and exercise any authority delegated to
him by the Council.

He shall vote only in case of a tie.

SECTION 2. The Vice Chairman shall help the Chairman {n his duties when called upon to do
50, and in the absence of the Chairman shall act as Chairman with all the attendant powers and
duties,

SECTION 3. The representatives shall perform the duties of the Council, set forth in this
Constitution and By-Laws. They shall inform the people of their villages of the matters
discussed and the actions taken, and they shall fairly and truly represent the people of their
villages.

SECTION 4. The Secretary shall write all tribal correspondence, as authorized by the Council,
and shall keep an accurate record of all action of regular and special meetings of the Council. He
shall keep a copy of such records in good order and available to the general public and shall
send another copy of them, following each meeting of the Coundll, to the Superintendent of the
jurisdiction. He shall have a vote in the Council onlly if he is a regular representative.

The Secretary must be a resident member of the Hopi Tribe, and must be able to speak the
Hopi language fluently, and to read and write English well.

SECTION 5. The Treasurer shall receive, receipt for, and take care of 21l funds in the custody
of the Council, and deposit them in a bank or elsewhere as directed by the Council. He shall
make payments therefrom only when authorized by a resolution of the Coundl, and in the
manner authorized. He shall keep a faithful record of such funds, and shall report fully on
receipts, payments, and amounts in hand at all regular meetings of the Council and whenever
requested to do so by the Council. His accounts shall be open to public inspection.

He shall have a vote in the Council only if he is & regular representative.

The Treasurer may be required by the Council to give 2 bond satisfactory to the Council and to
the Commissioner of Indian Affairs,

The Treasurer must be a resident member of the Hopi Tribe, and must be able to speak the
Hopi language fluently and to read and write English well

10
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SECTION 6. The interpreter or interpreters shall be resident members of the Hopi Tribe, and
shall be able to interpret fluently and accurately in the Hopi, English, and Navajo languages,
and shall do so whenever requested by the Council. Interpreters shall have a vote in the Council
only when they are regular representatives.

SECTION 7. The Sergeant-at-Arms, at the orders of the Chairman, shall enforce order in the
Council, and shall summon all persons required to appear before the Council, and deliver
notices of special meetings, and perform such other duties as may be required of him by the
Council. The Sergeant-at-Arms shall be a resident member of the Hopi Tribe, and must be able to
speak Hopi fluently, and to speak English,

SECTION 8. The qualifications and duties of all committees and officers appointed by the
Council shall be clearly defined by resolution of the Tribal Council at the time the positions are
created. Such committees or officers shall report to the Council whenever required,

ARTICLE H - MEETINGS OF THE COUNCIL

SECTION 1. Regular meatings of the Tribal Council shall be held on the first day of December,
March, June, and September, at such places as shall be determined by the Council.

SECTION 2. Within sixteen (16) days after this Constitution goes into effect, the villages shall
choose their representatives for the first term of one (1) year, and on the sixteenth day the first
meeting of the Council shall be held at Oraibi Day School

SECTION 3. Special meetings of the Council shall be called by the Chairman in his discretion
or at the request of four (4) representatives, ot in the case of a dispute between villages, as
provided in Article VI of the Constitution. Notice of special meetings shall be delivered to each
representative not less than eight (3) days before such meeting, together with a statement of the
business to be discussed thereat,

SECTION 4. All members of the Hopi Tribe may attend any meeting of the Council, but they
may not speak, except by invitation of the Council. Non-members may be invited by the
Council to attend any meeting and to address it.

SECTION 5. The Council may employ, or may request the Superintendent of the jurisdiction
to furnish, a clerk trained in shorthand, to take down verbatim minutes of any meeting.

SECTION 6. When the Council desires advise of, or consultation with, any officer of the
Federal Government, it may invite him to attend any meeting and may give him the privilege of
the floor,




ARTICLE I - ORDINANCES AND RESOLUTIONS
All ordinances and resolutions shall be recorded and available at all times for the information
and education of the Tribe. Copies of all ordinances shall be posted from time to time in a public
place in each village.

ARTICLE IV - EAGLE HUNTING TERRITORIES AND SHRINES
The Tribal Council shall negutiate with the United States Government agencies concerned,
and with other tribes and other persons concerned, in order to secure protection of the right of
the Hopi Tribe to hunt for eagles in its traditional territories, and to secure adequate protection
for its outlying, established shrines.

ARTICLE V - ALL-PUEBLO COUNCIL

The Tribal Council may appoint delegates to speak for the Tribe at the All-Pueblo Council, and
to report to the Council and the Tribe on all proceedings thereof.

ARTICLE VI- ADOPTION OF CONSTITUTION AND BY-LAWS
This Constitution and By-Laws, when ratified by a majority vote of the adult members of the
Hopi Tribe voting at a referendum called for that purpose by the Secretary of the Interior,
ERQVIDRED, That at least thirty percent (30%) of those entitled to vote shall vote at such
referenclum, shall be submitted to the Secretary of the Interior, and if approved, shall take effect
from the date of approval.

12




-CERTIFICATION OF ADOPTION
Pursuant to an order, approved September 30, 1936, by the Secretary of the Interlor, the
attached Constitutionand By-laws was submitted for ratification to the Hopi Triberesiding onthe
Hopi Reservation, and was on October 24, 1936, duly adopted by a vote of 651 for, and 104
against, in an election in which over 30 percent of those entitled to vote cast their ballots, in
accordance with section 16 of the Indina Reorganization Act of June 18, 1934, (48 Stat. 984), as
amended by the Act of June 15, 1935 (49 Stat. 378).

George Coochise, Chairman of Election Board,
Albert Yava, Secretary of Election Board.
A. G. Hutton, Superintendent.

I, Harold L. Ickes, the Secretary of the Interior of the Unites States of America, by virture of the
authority granted meby theactof June 18,1934 (48 Stat. 984), asamended, do herebyapprovethe
attached Constituticn and By-laws of the Hopi Tribe.

Alirulesand regulations heretoforepromulgated by the Interior Department orby the Officeof
Indian Affairs, so far as they may be Incompatible with any of the provisions of the said
Constitution and By-laws are hereby declared inapplicable to these Indians.

Allofficers and employeesof the Interior Department are ordered toabideby the provisions of
the said Constitution and By-laws.

Approval recommended December 14, 1935,

John Collier, Commissioner of Indian Affairs.
Harold L. Ickes, Secretary of the Intertar. {Seal]
Washington, D.C., December 19, 1936

13
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Sectioz 3 of Artisle IT, Hembarship, shsll be deleted in its entivazy.

The first santancs of Articla IV, Tha Tribal Council, shall be
=eded to read:

Ssction 1. The Hopl Tribal Council shall constst of
& chairman, vies chafrmin and reprasentatives from the
wvarious villages.

Sectlon 2 of kredels IV, The Tribal Council, ahell de amended in {ts
aatirery o tead ae follows:

Ssc. 2, The term of office of the representatives

ba tou years, excepc that at the £irst electien
or cheoaing of reprasencatives following the adoption
of this sectdon, approximately cne-half of the
rapresentatives shall sexve for a torm of cue year.
The determination ss to which represantatives ghall

saxve tor ors year ahall be nade by che cribal scencil

i . axd acaounced to sach village Kickmopgwl ¢r Covermer
; o on or bafoze the firat day of October 1968. Rapre- c
t sectatives may saxve soy number of toxms in succession
R ox otharvisa.

Sestion 7 of Azricie IV, The Tribal Counail, shall be iawsded to rasd
as follows: .

Sec. §. Tha chaivman azd vice chairman shall be dlactad :
by sesrst ballot by all smbers of the Hogd Tride. The z
tribal cousail shell choosa froa its own weshets o frow ;
other menbers of tha tride, 2 sssrataty, CVessuIar,
sergeantres-azns and {ntorprecers aod suck otber
officass exd committees as it pay determine fetese
sary, schject tw tha provizions of the Bylaws,
Azticle I,

14
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Azedsle YV, The Tridal Councdl, shall ba sménded by uddiog to 4t )
Smctions 8, 9, 10, 11, 12 and 13 21 follova:

Sec. 8. AllL machars of the Hapi Tribe twenty-cne years
of ags or ovar shall be qualified to vote in any slec-
tica or referendum, other than villaige slections aod
refereadiens under such rules zad vegulations as may

bs prescribed by the Hopi Tridal Counc{l sud appraved
by tha Secretary of the Interise.

Sec. 9. Tha chafrman and vice chatrzaz shall aash seeve
for & tarm of. four years, Cazdidaces for the affices
of chairman and vice chairman shall ba mexbers of the
Hopl Tribs, rwency-five years of age or older and must
be ably to speak the Hopi lauguage fluently, Euéh
caadidate for either of said offices must also have
1fved on the Zopi Reservation for nse lesg them tws
yeirs fmuediztaly precading his annousceasat of gush
candidaay.

Sec. 10. Candi{dates for tha offfceq of chafrman and
vice chairman zay dsclars thefr candidsey by filing

vith tha tribal secratary or oxibal chafmmen or vics
chatrzan & peritfon sigoed by 2t lsast ten gdult

zanbers of tha tribe at least 15 days before che datu
set for the alection, It shall ba the duty of the sacre=
Qary ta post the mimes of the qualified candtdxten for
toch the primsry azd fina) alsctious in & public place
in each villege at lexst ren diys prisr t» the slestion.

Sec, 11. A pricary election stall be held ou the first
Wednasday 1n November in 1969 and ou the first Vedneaday
{2 Bovember in every fourth year thereaftas, provided
thac, m primary election shall be held iz the yarra
viea chers stall be no mors Chaz two candidates for
sither of the offices of chairmen ard vica chairmaz.

The two candilates in 2 primary wlestion Tecaiving the
bigheat mmbar of votes for esch of ssid offices of
chairman and vice chairmzo shall have thedlr pizes
catered in the fimsl elestion. In che avant there
ATe 2ot morte than two candidates for efither of such

offices those cyndidates
compe ca te shz!l have the!r naces sntared

in the f{ml elections withour the recesnily of &
prizary election.

15
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Sec. 12, The gaceral election shall be held ou the
third Wednesday ia Fovember 1949 and om tha third
Wedoesday In Novezber in every fourth yesr thermafter.

Sec. 13. Inauguration of the chairman and vice chairman
shall zmke placa aZ the first ragular tribal counedl

mesting folloving their election,

L]
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AMENDMENT
CUNSTITUTION AND BYTAWS

of the
HOPI TRIZE
ARIZONA
AEDMENT IT
Article V, Vacancies and Removal from Office, shall ba amended as
follous:

Section 1. Asy chaimman, vice chalrsen, represeutstive
or other officer found guilty in a tribal or athar court
of & misdemeanor involviag dishonesty, of s felony, or
of deuskagness, shall be automstically remeved Eros
office, and the councyl shall refuss to vecogaize him,

Sectian 3, paragtaph 3 shall ba addud as follovs:

Vacancies occurring for any teasvn iu the offices
of chairman and vies chatrmag oz in tha office
of any othar officer shall te filled for the rest
e the %az3 in the sams mauner as thoss olficers
ara ordinarily chosan.

17
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Harrison Lossch

ATFROVAL
Assisicnt

Secratacy of the

Intarior of the United States of Anerics, by virtua of the suthority

and Bylaws of tha Bopd Txibe of Arisona.

granted to ma by the Act of June 13, 1934 (48 Stet. 984), as amended,
do hareby apsrove.the attsched Anendzents I asd IT to the Coestitution




AMENTENT
CONSTITUTION AND BYLAWS
OF THE

HOPI TRIBE OF ARIZONA

Amendmeat ILI

Articla II, Hembeyship, Sezctioa 1, subsactions 1{a)}, 1(b) aud 1(c} shall
ba amended as follows:

Section 1. MNembership in the Hopi Triba shall be as follovs:

{a) All persons whose pames appasr on the census roll of the Hopi
Tribe as of becembar 31, 1937, provided that corrsctions may be made
at say time to said toll by the Tribal Council, subject to the
approval of the Becratary of the Intarfor,

{b) ALl children bowm after December 31, 1937, whose fathar axd
mother #re both members of the Hopi Tribe,

(<) ALl children born after December 31, 1937, whoes mocher is
a pember of the Eopl Tribe, and whose father iz & uember ¢f scome

pther tribe,

Article II, Section 1, subsection 1(d) 1s not baing amended,

19
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CERTIFICATES OF RESULTS OF ELECTION

Pursuant to sn electioa suthorized by the Phoenix Area Office

T en Juze 26 , 1679, the attached Amendment 1II to
the Constitution and By-laws of the Hopi Tribe, was submitted

to the qualified voters of tha Hapi Tribe of Arizenz and was

an Jasoary 30 , 1980, duly adopted by a vete of
£07 for and 74 against, im an election in which at
niober aumber)
p least 30 per cant of the __ 477 eatitled to vote cast their
3 number

ballots in accardince with Section 16 of the Indian Reergsnization
Act of Juns 13, 1934, (48 Stac. 984} as amended by the Act of
June 18, 1934, (49 Stat. 378).

2
Xoifg,
Board

ectioa
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APPROVAL

Anendment No. 111

1, Curtis Geiogomsh, Daputy Phoenix Acea Dicector, Bureau of Indian affairs,

e

by virtus of tha autherity delegacted to the Conmissloner of Indiza Affairs by

the Act of June 18, 1934 (48 Star, 984), as amanded, and redslegated to we,

do heraby approve the foregoing Amandment No. I1I Co the Constitution end 1

Bylaws of the HopL Trida of Arisomay provided that nsthing In chis approval

shall be construed as suthorizing eny action under the Consctitutlon and Bylavs

that would be coatrary to Federal Law.

puty
Bureau of Indiagaffairs

Phoenlx, Arizona

Dace:  FEG 14 1980




AMENDMENT
CONSTITUTION AND BYLAWS
OF THE
HOP) TRIBE OF ARIZONA

AMENDMENT NQ. A
ARTICLE !l - MEMBERSHIP shall bs amended in it enticety 10 road a2 follows:
» ARTICLE It - MEMBERSH(P
Secdon 1. The following persons shall be enrolled members of the Hopi Tribe.

All persons whoss names appexr on the Census Roll of the Hopi Tribe as of
© Deceutber 31, 1937, a8 corrected and adopted by the Hopt Tribal Council;

PROVIDED, That subsequent corrections may be made to said roll by the Hopl

Tribal Counci at any time with the approval of the Secreury of dwe Iaterior.

Section 2. ARer the sfiective date of this amendmens, the fhilowing persons shalt
be cligitde for anrolled membership in the Hopi Tribs.

(8) All pecsons of ons-fourth (1/4) degrec Hopi lodian blood or more, or
one-fourth (1/4) degree Tewa Inclan blood or more, or one-fourth (1/4)
dagree Hopi-Tawa ladian blood oc more combiged, born after December 31,
1937, who are not enrolled with any other Indn Tribe. ’

(b} For the purpose of determining encolled membership, Hopi Indien blgod,
Tewa Indien blood, sod Hopi-Tawa Indian biood shal} mean biclogical lineal
descent from any Hopl or Tewa lndian person whose aame sppears on the
Carrected Mambership Roll of the Hopi Tribe as defined in Secticn 1.

Section 3. Persony Already Enrolied. Al persaus properly enrolled a3 members
of the Hopl Tribe a2 of the offective date of this smendmest shall continue o be

members.

Section 4. Viflage Membership. Vithge meanberskip shall be determined by the
individual Hopt Viliagss.

Section §. Hopk Enrollment Ocdingnce. The Hopi Tribal Councl shall adopt,

and froa tims w tme may amerd, 10 encollment ordinance not inconsistent Witk

this Artick, setting forth the maaner in which thi Article shall be implementad

and administerad.
Having been duly adopted and approved, Propossd Amendment A
a8 Amendment No. IV to the Cousttution
the Hopl
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CERTIFICATE OF RESULTS Of ELECTION

Pursuant (o a Sectetsrist election authorized by he Assistant Secretwy - Indign Affais on
Septerobee 8, 1993, Amasndment No. A to tw Consdardon ant Bylaws of the Hopt Tribe of Arlzom
wag submired w tie gualified voters of te Hop! Tribe, and was oo Dee. 72, 7993 , duly
dgpiad/rejecred by & vow of &  focad_ /34 agens wd =] ext
banol:t‘wnd spoiled or mutilaed, in an clevdon in which w least thinty percent (30%) of the

mbusuﬁdndmww,mﬁnumuoummdmcemmmwotmhmm
Rsor;amnﬁou Act of June 18, 193¢ (48 Stat, 384), a8 amended.

m ’71 : ’Pﬂmm

Chairmaa, Ekction Board

Blectun B smber

Bz Hondy B

Election Board Member

b fMa/’z

: /2/07/9_3




APPROVAL

1, Ads E. Deer, Astistant Seccetary - Indian Affairs, by virtue of the authority granted o die
Secretary of the Interior by the Act of June 18, 1534 (48 Stat. §84), as amended, and dekegated 0
me by 230 D. M. 2.4, do hereby approve Amendiment A, heretnafier known as Amendment No, IV,
to the Constitution und Bylaws of the Hopi Tribe of Arizona. This Amendment is effective as of this
date; PROVIDED, That nothing In this approva shall be construed a5 authorizing any action under
this document that would be contrary to Federal law.

C‘k. TR (c, }(:_ﬁ,_‘; (

Ada E. Deer
Assisiant Secretary - Indian Affairs
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AMENDMENT
CONSTITUTION AND BYLAWS
OF THE
HOPI TRIBE OF ARIZONA

AMENDMENT B
Section 8 of ARTICLE IV - THE TRIBAL COUNCIL shall be amended to read as follows:

Scction 8. All members of the Hopi Tribe sighteen (18) years of age or over shall
be qualified to vote in any clection or referendum other than village clections and
referendums under such rules and regulations as may be prescribed by the Hopi

Tribal Council.

Having been duly adopted and approved, Proposed Amendment B
is hercby d as Amendment No. V to the Comstitution

i sl VIR
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CERTIFICATE OF RESULTS OF ELECTION

Pursuait ® a Socyewrial shecdon authorized by the Assistant Secretary - indlan Affairs on
September 8, 1993, Amendment B to the Constitution and Bylaws of the Hopl Tribe of Arigong was
submitted o the qualified votsrs of the Hopi Tribe, and was ot L2, (7 , duly
B@mfl’cjcct:d byavowof __J#3 for,and ___/.5#  against, =) catt
allots found spoiled or mutilated, in an election in which at keast thirty peccent (30%) of the
77 members entided to voue, cast their balluts in sccurdance with Sectlon 16 of the ndian
Reorganizadon Act of June 18, 1934 (48 St 984), as amended.

‘D(W /) ‘ Pez'uk':m

Chairroan, Elecdon Board

Election Board Mcmgﬁ E

Elecdon Bﬁ %xb‘s
Blection ZE:( Member

fodlut L. Sulcistorr o

Election Beard Member

TR A

Y
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APPROVAL

1, Ada E. Deer, Assistant Secretary - Indian Affairs, by virtue of the authority granted to the
Secretary of te Interior by the Act of June 18, 1934 (48 Stat, 984), as amended, and delegated to
e by 230 D.M. 2.4, do hereby approve Amendment B, hereinafter knowm as Amendment No. V,
to the Constitution and Bylaws of the Hopi Tribe of Arizona. This Amendment is effective as of this
date; PROVIDED, That nothing in this approval shall be construed 4s authurlzing any acdon undet
this document that would be contrary to Federal law,

i

:

1’-_
B
. ¥
-

:

!

]

1

L oriae € }(ALL’/'

Ada E. Detr P
Assistant Secretacy - Indian Affairg

Washington, D. C,

Date
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i AMENDMENT
i CONSTITUTION AND BYLAWS
% OF THE
HOP! TRIBE OF ARIZONA
1 AMENDMENT C
Section 1(¢) of ARTICLE VI - POWERS OF THB TRIBAL COUNCIL shalf be ameaded ©

eliminate Secretarial approval to read as follows:

from agy perton, Saw,

adopted and approved,
as Amendment No. VI
Tribe of Arizona.

B po T s

Having been duly
ted

g is

() To raise and ke care of & tribal counclt fund by accepting grang or gifts
oc the Unitzd States Government, or by charging

persons doiug busiess within the Reservation reasonable license fecs.

Amendment C -
to the Constitution i

28
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" CERTIFICATE OF RESULTS OF ELECTION

Pursuant to  Secrearial elaction autbarize by tUw Asslstaot Secretary - (ndisn Afduirt on
September 8, 1993, Anendment C o the Constitution and Bylaws of the Hopi Tribe of Arizona was
subatittsd to the quulified vowry of the Hopi Tribe, and was on Dec. 7./223 ., iy

adopted/eejermd by wvorof _ B 28  for, and /P  wguinst and o] cast
tslloes found spoiled or mudiated, in an election in which at least thirty percent (30%) of the
276 members entltled ta vote, cast thelr batiots In accardance with Section 18 of the Indian
Reorganization Act of June 18, 1934 (48 Stat. 984), as amended.

T:kuu_;~;'7%aa§o

Chairman, Ekction Board

Elestion Board %ﬁﬁ é
: Electdon ﬁ &

S Hoedo bt
bt €. Jabecsbor £

Blection Board Member

Due: /2/07 /93

S TRATEE Y M S

L4
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APPROVAL

i, Ada E. Deer, Assistant Secretary - Indian Affairs, by virue of the suthority graned to the
Secretary of the Interior by the Act of June 18, 1934 (48 Stat. 984), as amended, and deiegared W
me by 230 D.M. 2.4, do hereby approve Amendment C, hereinafter known as Amendment No, ¥,
t the Constitution and Bylaws of the Hopi Tribe of Arizona. This Amendment is effective as of this
date; PROVIDED, That nothing in this approval shall be construed as suthorizing any acton under
this document that would be contrary % Federal law. ’ ‘

Ada E. Deer
Assistant Secratary - Indian Affairs

¥
N e T

Washington, D. C.
Date; Lic & . (3%

TR
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AMENDMENT
CONSTITUTION AND BYLAWS
OF THE
HOPL{ TRIBE OF ARIZONA

AMENDMENT D

Sectioa 1(g) of ARTICLE VI - POWERS OF THE TRIBAL COUNCIL shafi be amanded
olimioate Secretarial approval to resd as follows:

@ To rake ordinances w protsct the pesce and welfare of the Tribe, 184 to set
up courls for the settdoment of claims and disputes, and for the oial and p
punishment of [ndians within ths joridiction charged with offemcy against -
such ordinances. b
L
;'2
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» } ' | CERTIFICATE OF RESULTS OF ELECTION
!
!

Pursuant to a Secrearial clection suthorized by tw Assisten: Secretary - indian Atfaigs oo | B
Scpember 8, 1993, Ameodmant D to the Constimdon and Bylaws of ¢ Hopi Tribe of Arizonas was
submitted 1 the qualified vowrs of the Hopi Tribe, &id was on LDec: 7, 2373, duy
2dpppdircjected by avosof B/ foraxd_ (78 sgalow, end =) cast
ballots found spoiled or mutilated, in an clecdon in which at least thirty percent (30%) of the

7246 members zatitled to voue, cast their batlots in sccordance with Section 16 of the Indisn
3 - Reorganization Ack of Juns 18, 1534 (48 Stec. 984), a8 umended,

Chairman, Election Board
e -
bn s foke

ool ,&é“/%& =

Rlection Board Member 5
B 3 '1:1:;
1 D= /2/ 07/93 £

SR
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APPROVAL

I, Ada E. Deer, Assistant Secretary - Indian Affairs, by virme of the authority granwed o the
Secretary of the [nterior by the Act of June 18, 1934 (48 Sur. 984), a3 amended, and delegaied w0
me by 230 D. M. 2.4, do hereby approve Amendment D, bereinafter known as Amendment Na. VI,
to the Congtitution and Bylaws of the Hopl Tribe of Arizona. This Amendment is effective as of this
date; PROVIDED, That nothing in thix approval shall be congrued as authorizing any sction under

this document that would be contracy to Faderal law.

e e NS .

Cl- ¢ kl G \’(‘, »i i.:. }

Ada E. Devr
Assistant Secretary - Indlon Affairs

Washington, D. C.
Date: PEC 30 1093 ]
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1 | AMENDMENT ' |
, CONSTITUTION AND BYLAWS : :
: OF THE . i
i HOPI TRIBB OF ARIZONA : :
3 ’
H AMENDMENT E
! N
! Saction 1 (i) of ARTICLE VI - POWERS OF THE TRIBAL COUNCIL shall be amended to L4
! eliminate Secrewris! spproval (o read 35 follows: .
() To provide by ordimince for removal or exclusion from the jurisdicdon of [
- any non-mambers whose presence may be harmful o the members of the
0 Tribe.
B
E
. '
' |
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CERTIFICATE OF RESULTS OF ELECTION

Pursuant to a Sevreqrial election authorized by te Assistant Secretary - Indian Affaky on
September 8, 1993, Amendment E to the Constitution and Bylaws of te HopiTribc of Arizona was
mbmimdmttuqmlmedvmmordnﬁum'rrme andwason , duly
rejected by avaeof _ 329 forand /62 anlm, cast

found spolled or mutilawd, &t an alkction in which ot least thirty percent (30%) of the .
members entitiad to vow, cast thelr batints la sccordance with Section 16 of the lndizs S

n Act of June 18, 1934 (48 Stt. 934), 11 amended,

f
f
f
!

D‘L«_u/ ? W{asﬂ

Chairman, Election Board

Election Board Mé\ﬁ i ' A

Eleedon
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APPROVAL

1. Ada E. Deer, Assistant Secretury - Indian Affairs, by virme of the athority granted to the
Secretary of the Interior by the Act of June 18, 1934 (48 Stat. 984), 1s amended, and delsgawed to
meby 230 D.M. 2.4, do hereby approve Amendment E, hereinafier known a8 Amendrment No. VIII,
to the Constitution and Bylaws of the Hopi Tribe of Arizooa. This Amendment is effective a8 of this
date; PROVIDED, That nathing in this approval shall be coastrued as authorizing any action under
this document that would be contrary (o Federal law.

o ..
CLetg < )LL-'L'\ /
Ada E. Deer
Assistant Secrotury - Indian Atfaics
Washingron, . C.

pae: DEC 30 108

s - P




Jul 08 04 08:28a

AMENDMENT
CONSTITUTION AND BYLAWS
OF THE
HOPt TRIBE OF ARIZONA
AMENDMENT F
Section 1(b) of ARTICLE V- POWERS OF THE TRIBAL COUNCIL shail be anended ©
~ read a5 follows:
. (@ To employ Iawycrs, the choice of lwyers and Fxing of foms to be tubject L
W the spproval of the Secremary of the lnterior 8o fong & required by Foo
Federal aw. e

Froposed Amendment F
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CERTIFICATE OF RESULTS OF ELECTION

Pursuant to & Secrstarlal election guthorized by the Assistant Secretury - {odisn Affairs on
September 8, 1993, Amenuiment F to the Coastimtion and Bylaws of tw Hopl Tribe of Arizona was
submined to the qualitied voers of the Hopi Tribe, and was on , duly
adopeed/rajected by avowof __Z 4 for.and _ /¥4 agaiost and cast
balloes found spoiled or mowdilated, in an election In which at least thicty percent (30%) of the

722 menhers endtiad to vobe, cast their baflots in accordance with Section 16 of the Indian
Reorganization Avt of june 18, 1934 (48 Sut. 984), g8 amended.

Thun 3. Basg

Chairman, Ekction Board
Electien Board Mcmbc’ é

Election smber

%%Mm Yauk
Blection d Member
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APPROVAL ’

1, Ada E. Deer, Assistant Scoretery - Indian Atfairs, by vicue of the suthority granted w the
Secretary of the [nterior by the Act of Jue 18, 1934 (48 Stat. 984), 23 amended, and delegated
me by 230 D.M. 2.4, do bereby approve Amendment F, hereinafier known o Amcndment No. IX,
1o the Coastmtion and Bylaws of the Hopl Tribe of Arizona, This Amendment is effectve as of this R
date; PROVIDED, That nothing in this spproval shall be construed as authorizing any action under s
this document thst would be Contrary o Faderal law.

. <, .
(__L R /(..‘c T /
Ada E. Deer
Assistant Secretary - Indian Affairs

Washingon, D. C.

Dae: DEC 30 1903

39
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CONSTITUTION AND BYLAWS
QF THE
HOP( TRIBE OF ARIZONA

AMENDMENT G

The Consdltution und Bylaws of the Hopi Tribe ahall be amended by 2dding 2 new article entitled
ARTICLE X1 - TAXATION 10 read as follows:

ARTICLE XI - TAXATION

Section |. The Hopi Tribal Council shall, subject % the express limitations
contained in this Constitution and the lawy of the United States. have the pawer
to imposs duties, fees, taxes, and assessments on any peison, corporation or
association residing or doing business within the Hopi Reservasien, PROVIDED,
That the Tribal Council shall not have the power 19 imposs & personal income B,

Section 2. No tix imposed by the Tribal Councll under Section [ of this Article
shall become affective unless approved by a majority vowe of the eligible voters
of the Hopi Tribe voting in & referendum called for that purpose pursuans o
Section § of Arnicle IV of this Consticution.

4
7
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Having been duly adopted snd approved, Proposed Amendment G
is hersby desigoated as Amendment No. X to the Constitution
sud Bylaws of the Hopi Tribe of Arizona.

Y,
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CERTIFICATE OF RESULTS OF ELECTION

Pucsuant v M Socretarial election authorized by the Assistant Secretary - Indian Affairs on
September §, 1993, A ) G o the Constitution and Bylaws of the Hopi Tribe of Arizona was
submited o the quaiified voters of the Hopl Tribe, and was on R 23, duly
sdopled/rejected by avote of __ 20 8 for,and __2-/3 wanst, and ~_ © cast
ballots found spoiled or nwtliated, in an electon In which at least thirty percent (30%) of the

& members entitied 1o vote, cast their ballots in accordance with Section 16 of the Indien
Reorganizadon Act of June 18, 1934 (48 Smt 984), as unemded.

(‘GZUM 1 T’«’Lu?ﬁ
Chairman

. Election Board
Elecdon Board Mcm ﬁ-

Election ember

L Ml ks
Election Member

ol & Sokhisstocon e ,»»._.;, 

Election Board Member

Dws /2/07/93
RIS R BT R R
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AR APPROVAL

1, Ada E. Deer, Ausistant Secretary - [ndlan Affairs, by virme of the authority granwd to the
Sueretary of the Interior by die Act of June 18, 1934 (48 Stat. 984), as amended, and delegated w
me by 230 D. M. 2.4, do hereby spprave Amendment G, hereinaftér known is Amendment No. X,
10 the Constitution snd Bylaws of the Hopi Tribe of Arizona. This Amenduent ls effective as of this
date; PROVIDED, That nothing in chis approval shall be construed 8 wutharizing aay sction under
this document that would be contrary to Federal law.

(o il QC', /L(J,Lt/

J Ada E. Dexe
Assistant Secretary - Indian Affuirs

Washington, D. C,
Dae: DEC 3 0 1983
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ADJUDICATIONS

Auce E. Warkee
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Dawer £, Steuer
Greos o B Via Overnight Courier

June 29, 2009

Herb Guenther, Director

Arizona Department of Water Resources
Attn: Adjudication

3550 N. Central Avenue, 4th Floor
Phoenix, Arizona 85012

Re:  Navajo Nation Comments on the Preliminary Hydrographic Survey Report for the Hopi
Indian Reservation

Dear Mr. Guenther:
On behalf of the Navajo Nation, we file the following comments.

I. INTRODUCTION

On December 31, 2008, the Arizona Department of Water Resources (“*ADWR™)
released a Preliminary Hydrographic Survey Report for the Hopi Indian Reservation (“PHSR™)
pursuant to A.R.S. § 45-256, as part of the proceedings in the adjudication of water rights in the
Little Colorado River (“LCR?”) basin, entitled /n re the General Adjudication of All Rights to Use
Water in the Little Colorado River System and Source, No. 6417, pending in the Apache County
Superior Court (“LCR adjudication”). Comments on the PHSR were initially due on March 31,
2009, PHSR § 1.4, at 1-7." but that deadline was later extended by the Court to June 30, 2009.
Order Granting Expedited Joint Motion for Extension of Time to Submit Comments on the
Preliminary Hydrographic Survey Report for the Hopi Reservation (Mar. 9, 2009). The Navajo
Nation now timely files its comments on the PHSR. The Navajo Nation first offers general
comments on the PHSR and the role the PHSR plays in this adjudication. followed by comments
that reference specific sections of the PHSR, as directed by the ADWR. See § 1.4, at1-7.

' For simplicity, all future citations to the PHSR will only provide section and page
number references.
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II. PROCEDURAL BACKGROUND

Through the preparation of a PHSR, the ADWR provides “technical assistance” to the
Court on aspects of the adjudication “with respect to which [ADWR] possesses hydrological or
other expertise.” A.R.S. § 45-256(A). The PHSR plays a critical role in the adjudication of
water rights in Arizona by providing an underpinning for defining and resolving the complex
issues raised by competing claims to water. See id. The establishment of that common
foundation benefits the Court and the parties by facilitating the development of the factual record
required to address the disputed claims to water rights. Thus, Arizona law mandates that the
PHSR must “list all information that is obtained by [ADWR] and that reasonably relates to the
water right claim or use investigated.” /d. § 45-256(B).

Expanding on this mandate, the Court directed ADWR to “include hydrological and
technical information about available surface water and groundwater supplies and resources to
meet each claim” as well as “comprehensive and detailed information about historic, current and
existing water uses.” Minute Entry at 7 (July 16, 2002). The Court also directed that the PHSR
include “ADWR’s proposed water right attributes . . . for historic, current and existing water
uses [but not] to report proposed water right attributes for proposed future water uses.” /d. at 8
(quoting Pre-Trial Order No. 2 Re: Content of HSRs at 2 (Aug. 15, 1988)). The Court, however,
explicitly instructed ADWR to not analyze “the feasibility, profitability or practicability of future
uses of water” and to not “report proposed water right attributes for proposed future uses.” Jd. at
8-9. ADWR was nevertheless charged with providing “adequate descriptive and technical
information about proposed future uses” to ““serve as a basis for evaluating claims of future
uses.” /d. at 8-9. The Court required ADWR to “use all available relevant technical reports and
try to find the most recent reports or the ones having the most recent data or information.” Jd. at
9. The Court also encouraged the parties “to provide technical and other information to ADWR
during the course of preparing the Hopi HSR.” Id. at 10. The Court recognized that “[sJome of
the factors to be considered by ADWR as a result of this order require that ADWR undertake
economic analysis and consider proposed uses of water within the Hopi Tribal lands that may
not be known to ADWR.” Id. at 11. Thus, the Court declared that it “expects that the Hopi
Tribe and the United States will provide ADWR., on a cooperative and ongoing basis, with
information and supporting documentation relating to the Tribe’s current and future land and
water use planning within the area affected by the Hopi HSR.” 1d.

The Court also explicitly directed ADWR to prepare the PHSR with an evaluation of the
factors listed in In re the General Adjudication of All Rights to Use Water in the Gila River
Svstem and Source, 201 Ariz. 307. 35 P.3d 68 (2001) (“Gila V). Minute Entry at 6 (July 16,
2002). Accordingly, the PHSR purports to include an analysis of “the tribe’s history; tribal
culture; geography, topography, and natural resources of the tribal lands, including groundwater
availability; the tribe’s economic base: past water usc; and the tribe’s present and projected
population.” § 1.3, at 1-4: sce also Gila V,201 Ariz. at 318-19, 35 P.3d at 79-80. The Court
directed ADWR to use the Gila V factors in order to comply with A.R.S. § 45-256(B) in
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reporting the proposed water rights attributes and examining all relevant details of the water
rights claims. Minute Entry at 6 (July 16. 2002). Those factors, “which are not intended to be
exclusive,” were adopted by the Arizona Supreme Court because a *“*fact-intensive inquirly] . ..
made on a reservation-by-reservation basis' . . . is the only way federally reserved rights can be
tailored to meet each reservation’s minimal need.” Gila V, 201 Ariz. at 318.35 P.3d at 79
(quoting In re the General Adjudication of Al Rights to Use Water in the Gila River Svstem and
Source, 195 Ariz. 411, 420, 989 P.2d 739, 748 (1999) (“Gila III")). The Gila V court explained
that only by examining these factors and any other relevant information can the lower court
adequately determine the feasibility of proposed uses and the amount of water needed to fulfill
the homeland purpose of the reservation. /d. at 320,35 P.3d at 81.

HI. GENERAL COMMENTS ON THE PHSR
AND THE LITIGATION PROCESS

In light of the above process and framework, as a general matter the Navajo Nation
asserts that there is no way to properly evaluate — and, ultimately, to litigate — the validity of the
claims of the Hopi Tribe, and the United States’ claims on behalf of the Hopi Tribe,? based on
the information presented in those claims and as analyzed in the PHSR. The Hopi Tribe claimed
water rights based on historical and present use as well as water for proposed future uses. See
generally § 2.3, at 2-3to 2-11. But while AR.S. § 45-256(B) mandates that objections to the
final Hydrographic Survey Report (“final HSR”) “specifically address [ADWR’s]
recommendations regarding the particular water right claim or use investigated,” ADWR may
not make any such recommendation for claimed future uses by the Hopi Tribe. Minute Entry at
8 (July 16, 2002). It is, therefore, unclear how the litigating parties are to bring the proposed
future uses claimed by the Hopi Tribe to issue before the Court.

It is also unclear how the Gila V factors integrate with the statutory scheme and the
pretrial orders of the Court, and thus how litigation of even the water rights claims based on
existing and historical uses will proceed. For example, pursuant to the Court’s order and Gila V,
ADWR analyzed the Hopi Tribe’s history and cultural practices in the PHSR. See § 3,at 3-1to
3-18,and § 5, at 5-1 to 5-14. However, those topics are beyond ADWR’s special expertise in
water matters, see A.R.S. § 45-256(A), and as such the PHSR offers no real guidance to the
Court with respect to those topics. Moreover, if the Navajo Nation disagrees with any of
ADWR’s analysis of those topics, the Navajo Nation may offer comments but there is no
mechanism to formally object to that analysis. As noted above, A.R.S. § 45-256(B) only permits
objections to “specifically address [ADWR’s] recommendations regarding the particular water
right claim.” According to the statute, objections that do not comply with that directive — that do

* Because of their similarities, the Navajo Nation will hereafter refer to both the Hopi
Tribe’s claims and the United States’ claims on behalf of the Hopi Tribe as the “Hopi claims,”
except where differentiation between the Hopi Tribe’s claims and the United States’ claims is

relevant.
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not specifically relate to a particular recommendation by ADWR - shall be “summarily
dismiss[ed] with prejudice.”™ Jd. It is unclear how or if ADWR used its analysis of the Gila
factors as the basis for the recommendations in the PHSR. It is also unclear how that
information might be used as the basis for litigation over the Hopi Tribe’s claims for future uses.
However, because ADWR possess no special expertise on such topics as tribal history and
culture, and because no mechanism exists to object to any analysis of the Gila V factors in the
final HSR, that analysis should not be given any evidentiary credence in future litigation over the

Hopi claims.

This confusion regarding the future course of the litigation must be resolved. The
confusion appears to be the result of applying a statutory process that was designed for litigation
of non-Indian uses in a prior appropriation system to Indian water rights that operate differently.
While the Navajo Nation commends ADWR s efforts to comply with the Court’s directive in the
drafting of the PHSR, the Navajo Nation asserts that the current process does not facilitate the
resolution of the complex issues raised in this adjudication. The Navajo Nation recognizes that
ADWR may be unable to resolve this problem, yet confusion over how this process will move

forward nonetheless exists.

In addition to the confusion that exists over the process of litigating the Hopi claims, the
PHSR also fails in a number of other respects. In conducting its fact-intensive inquiry pursuant
to Gila V and the Court’s direction, ADWR essentially ignored the single most important fact
relating to the Hopi claims: the existence and competing water uses of the Navajo Nation. Just
as the Hopi Reservation was set aside to serve as the permanent homeland of the Hopi Tribe, so
too was the Navajo Reservation set aside as the permanent homeland of the Navajo Nation. Gila
V,201 Ariz. at 315, 35 P.3d at 76 (“We therefore hold that the purpose of a federal Indian
reservation is to serve as a ‘permanent home and abiding place’ to the Native American people
living there.”). The Hopi Tribe and the Navajo Nation share — and compete for — most of the
water present on the Hopi Reservation, yet the PHSR fails to give this fact any consideration,
and instead analyzes the Hopi claims in a vacuum, thereby failing to adequately provide all facts
“that reasonably relate[] to the water right claim or use investigated.” A.R.S. § 45-256(B).
Given this failure of the PHSR to recognize the Navajo Reservation’s status as a permanent
homeland for the Navajo people, and, therefore, to adequately explain all of the relevant facts of
the Hopi claims or its past, present and future water usage, it is impossible to see how the Court
or the parties can rely on the PHSR as the factual foundation for litigating the Hopi claims. It is
entirely unclear how the Court could use this PHSR, and any objections to it, and move directly
to a case that quantifies and prioritizes the Hopi Tribe’s water rights in the LCR basin, without
any consideration of the Navajo Nation’s competing water uses or the Navajo Reservation's
purpose as a permanent homeland for the Navajo people. See Gila V,201 Ariz. at 315, 35 P.3d

at 76.

Litigating this case based on the PHSR as it currently exists is also made more difficult
by the fact that the Hopi Tribe has not yet identified the sources of water that would satisfy
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certain of the claims which it asserts, and the PHSR does little to analyze this failure to identify
water sources for the Hopi claims. For example, the PHSR does not identify the source aquifer
associated with the Hopi Tribe’s claim for groundwater to serve its proposed future uses, nor
does the PHSR indicate the location of pumping wells for the Hopi Tribe’s proposed major uses.
such as a power plant. While the Court instructed ADWR to not analyze “the feasibility,
profitability or practicability of future uses of water,” ADWR was still charged with providing
information that is “adequate to . . . *serve as a basis for evaluating claims of future uses.’”
Minute Entry at 9 (July 16, 2002) (quoting Pre-Trial Order No. 2 Re: Content of HSRs at 2
(Aug. 15, 1988)). The PHSR, however, lacks sufficient detail about the Hopi claims for future
uses to serve as the basis for evaluating those claims.

Even if one could ignore the Navajo Nation’s competing water uses or the Navajo
Reservation’s unmistakable homeland purpose when considering the Hopi claims, the PHSR also
does not adequately explain the unique nature and limitations of the Hopi Tribe’s water uses
described in the PHSR. Much of the irrigation practiced by the Hopi Tribe can be defined as dry
land farming or “native irrigation,” and the washes themselves are often dry. See generally §
8.1, at 8-1 to 8-12. These native irrigation fields are strategically placed by Hopi farmers in
areas that receive runoff and maximize stored soil moisture;’® “water arrives at the parcels by
strategic placement of the parcel rather than by conveyance of the water.” United States’
Amended Statement of Claimant on Behalf of the Hopi Tribe at 8 (Jan. 29, 2004). This type of
agriculture is far different than modern agricultural systems in which regional supplies
concentrated in a stream channel can be diverted and conveyed to agricultural fields. While such
modern systems may be amenable to administration by water managers, the native irrigation
system that strategically relies on localized water supplies that are unique to the particular field
situation cannot be similarly subject to water-rights administration. Thus, the notion that native
irrigation water rights on the Hopi Reservation can be aggregated and transferred from one
location on the Reservation to another is extremely problematic and ignores the physical reality
of water uses in the LCR basin. Such water uses should be considered in situ. Furthermore,
these in situ uses are sui generis and do not fit traditional models of agriculture and crop water
usage, yet the PHSR does not adequately address this fact.* The final HSR should adequately
reflect and analyze the unique nature of these Hopi Tribe water uses.

The PHSR also appears to rely at least in part on a study prepared by HDR Engineering.
Inc., entitled Western Navajo-Hopi Water Supply Needs, Alternatives and Impacts (2003) (“HDR
study”). Although it is unclear to what extent ADWR relied upon the HDR study, the PHSR lists

* Typical geomorphological locations of farmed fields include, but are not limited to, the
base of sand dunes, within arroyos and floodplains adjacent to streams, gentle slopes below rock

escarpments, and alluvial fans.

* See the Navajo Nation’s comments on Chapter 8 of the PHSR for a further discussion of
this issue.
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this study among its references, at R-5, and Figure 7-21 cites the HDR study as its source. The
HDR study was the subject of a protective order by the Court, prohibiting its use “in any judicial
proceeding in this Adjudication by any party to this Adjudication.” Protective Order at 1 (Dec.
31,2001). While ADWR is not a party to this adjudication, the PHSR provides the factual
record upon which the adjudication is based. Sce A.R.S. § 45-256. Thus, parties that rely on the
PHSR might indirectly be using the HDR study. Ata minimum, the final HSR should note the
protective order and include a discussion regarding the use of the HDR study.

Lastly, as a general housekeeping comment, the appendices of the PHSR — which were
only available electronically — were not globally paginated, making the task of locating pages
within these appendices extremely problematic. For example, Appendix F contains a document
prepared by ADWR. While this document is numbered internally, it is not globally numbered as
“Appendix F-page #” nor do any of the pages of the text, tables or figures indicate that it is part
of Appendix F. Thus, the task of locating a document in the appendices, or of determining
which appendix a particular page is located in, is very difficult. ADWR should include global
pagination for all included documents in the final HSR.

IV. COMMENTS ON SPECIFIC SECTIONS OF THE PHSR

CHAPTER 2: SUMMARY OF ADJUDICATION CLAIMS
RELATED TO THE HOPI INDIAN RESERVATION

2.6 2004 UNITED STATES CLAIMS ON BEHALF OF THE HOPI
Section 2.6.6 Present and Future Domestic, Commerecial, Municipal and Industrial Use

The total water demand of 11,211 acre-feet per year (“AFA”) for future domestic,
commercial, municipal and industrial (“DCMI”) use described in this section is based on 160
gallons per capita per day (“gpcd”) for a population of 62,512. However, ADWR later notes that
some of this domestic demand is included more than once. § 2.8, at 2-20. The Hopi Tribe’s
water claim for 1,083 AFA for future tourism, § 2.9.6, at 2-24, should already be accounted for
in the DCMI value. The final HSR should more clearly reflect this fact.

2.9 SUMMARY AND COMPARISON OF HOPI AND UNITED STATES 2004
CLAIMS FOR FUTURE USES

2.9.1 Future Agriculture (Irrigation)

The Hopi Tribe claims 3,000 AFA for future irrigation for the Moenkopi Irrigation
Project from Moenkopi Wash. This claim may overlap with historic irrigation. The final HSR
should address whether the proposed future irrigation use includes any waters already claimed

for historic irrigation.
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CHAPTER 3: HOPI RESERVATION LANDS

3.3 1934 ACT RESERVATION LANDS (MOENKOPI)

The PHSR overstates the holding of Sekaquaptewa v. MacDonald, 448 F. Supp. 1183 (D.
Ariz. 1978), aff'd in part, rev'd in part, 619 £2d 801 (9th Cir. 1980). In that case, the court held
that the Hopi Tribe received rights to land it occupied or used at the time of the passage of the
Actof June 14, 1934, 48 Stat. 960 (“1934 Act”). The court declared that the 1934 Act
“protect[ed] the rights and interests of the Hopi tribe to the land they were occupying and using .
... Inasmuch as the 1934 Act did not attempt to separate Hopi and Navajo property interests,
the Hopi tribe and the Navajo tribe each received an undivided one-half interest in these lands.”
Sekaquaptewa, 448 F. Supp. at 1196 (emphasis added). The court did not hold that the Hopi
Tribe “received an undivided one-half interest in the 1934 Act Reservation,” as stated in the
PHSR. § 3.3, at 3-15. Indeed, on appeal the Ninth Circuit explicitly upheld the district court on
this point, declaring that the 1934 Act “cannot be read to convey to the Hopis a one-half interest
in the Reservation.” Sekaquaptewa v. MacDonald, 619 F.2d 801, 806 (9" Cir. 1980). It should
also be noted that the Ninth Circuit overturned the district court on a related point, holding that
for lands that the Hopi Tribe “exclusively possessed, occupied, or used in 1934,” the Hopi Tribe
was not limited by the 1934 Act to “an undivided one-half interest,” but rather received
exclusive rights to those lands. /4. at 808. The final HSR should more accurately state the

holding of the Sekaquaptewa cases.

CHAPTER 6: ECONOMIC BASE
6.2 INFRASTRUCTURE AND PUBLIC SERVICES

6.2.2 Utilities

The PHSR indicates that Hopi Tribe’s public water systems serve approximately 12,000
residents. Table 6-3, however, presents the factual background for that assertion, and appears to
double count many people. Large student populations are indicated as being served by these
water systems, and these students are almost certainly included in the counts for their home
communities. Similarly, workers at tribal offices and many businesses are indicated as being
served by these water systems; the population of people served by each system as stated in the
PHSR far outstrips the likely number of residents served. Hopi tribal workers are almost
certainly also included in the counts for their homes. The final HSR must more carefully analyze

the populations being served by the Hopt Tribe’s public water systems.
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6.4 HUMAN RESOURCES

6.4.1 Demographics

In its amended claims, the Hopi Tribe claims future DCM] water for a population that
will stabilize at 62,512 in 2175. Table 6-7. Neither the PHSR nor the Hopi claims provide
sufficient documentation and methodology to support this assertion. Projecting a population 166
years into the future is, simply stated, highly questionable from a demography standpoint.
Indeed, the United States Census Bureau has expressed great reservations about projecting
populations even 100 years into the future, yet the PHSR does not even suggest that the Hopi
Tribe’s population projection of 166 years is problematic. See FREDERICK W. HOLLMANN ET
AL., U.S. CENSUS BUREAU, METHODOLOGY AND ASSUMPTIONS FOR THE POPULATION
PROJECTIONS OF THE UNITED STATES: 1999 To 2100 (2000), http://'www.census.gov/population/
Www/documentation/twpsOOB8/twpsO()38.html (*“The boldest decision was undoubtedly the one
to extend the series to the year 2100. In making this decision, we were fully aware of the
precarious nature of any population projection that is three human generations past the existing
population base.”).* In this respect, the PHSR fails to meet the Court’s directive to analyze “the
tribe’s present and projected population.” § 1.3, at 1-4; see also Gila V, 201 Ariz. at 319, 35
P.3d at 80. The final HSR must, therefore, include an adequate analysis of the Hopi Tribe’s

population figures.

For this section on Hopi Tribe demographics, the PHSR relies on data compiled by
SWCA Environmental Consultants (“SWCA?”) in a report prepared for ADWR.® § 6.4.1, at 6-22.
The SWCA 2008 report declares that a variety of statistics exist for the Hopi Tribe, but where
these statistics differ, SWCA utilized the figures generated by the department or entity “closest
to the source of the data” in question. SWCA 2008 at 1. However, SWCA did not appear to
give any consideration to the quality of the data in question nor to the credibility of the source
closest to the data. SWCA notes, for example, that the 2000 census counted 6,815 persons on
the Hopi Reservation (the actual count was 6,946, of whom 6,573 were American Indians), but
the Hopi Tribe, in an update to its comprehensive development plan, declared the census total an
undercount and substituted a figure of 10,571 as its benchmark for 2000. Without any attempt to
evaluate the accuracy of the Hopi Tribe’s number, SWCA utilized 10,571 as the population of
the Hopi Reservation in 2000 because the Hopi Tribe, the source of the numbers, is closest to its

people.

" Even though national projections draw from a larger database and are, therefore, more
reliable, the Census Bureau still calculated a low. middle and high value, recognizing that
projecting a century into the future is problematic.

® Socioeconomic Study in Support of a Hydrographic Survey Report for the Hopi Indian
Reservation (2008). This report is referenced in the PHSR as “"SWCA 2008." Thus, it is
similarly referenced as such here.



Arizona Department of Water Resources
June 29, 2009
Page 9

Similarly, SWCA cites a 2006 study of water sources and contamination on the Hop1
Reservation completed by Tetra Tech, Inc.. Source Water Assessment for Communities and
Villages of the Hopi Reservation, in which a 2006 population of 13,000 is claimed for the
reservation. Again, without any critical evaluation, SWCA inserts 13,000 as the Hopi
Reservation population in 2006. In the 2006 Tetra Tech report, a 93-page document prepared by
water treatment experts, there are two sentences stating that 13,000 is the estimated population
for the Hopi Reservation in 2006, without any indication of the source of this number nor the
method by which it was derived. Besides appearing in the SWCA 2008 report, the PHSR also
cites the Tetra Tech report in Table 6-7, but inexplicably reduces the Tetra Tech estimate to
12,000. In a footnote for this number, ADWR states that it represents an estimated number of
persons served by public water systems on the Hopi Reservation, although no such explanation
or documentation exists in the Tetra Tech report.

The update to the Hopi Tribe’s comprehensive development plan, Hopi 7 unatya at 2000:
The Hopi Strategic Land Use and Development Plan (2001), which as noted above was cited in
the SWCA 2008 report, was prepared by the Hopi Office of Community Planning and Economic
Development and referenced in the PHSR as “Hopi (2001).” Although this document was relied
on by SWCA — and thus by the PHSR — it is rife with errors. For example, on page 24, the Hopi
(2001) report indicates that from 1999 to 2000, Hopi tribal enrollment grew from 10,704 to
10,870, an increase of 166 new members, which the report states is an increase of 4.75%; it is
actually an increase of 1.6%. On the following page, the report notes that the 1980 census was
the first census that reported populations for Indian Reservations, when a special subject report
dealing with American Indians was published following the 1970 census. The Hopi Reservation
total count of Indians in 1970 was 4,404 persons living in 765 households according to the
Census Bureau. Inexplicably, the Hopi (2001) report indicates a total 10,757 people as the 1970
census count on the Reservation, even though the report also indicates that no reservation totals
were tabulated by the Census Bureau prior to the 1980 census. For the same reason, it is unclear
where the count of 9,360 persons on the Hopi Reservation in 1960 came from, though it is

presented with authority in Hopi (2001).

The Hopi (2001) report also cites the 1980 and 1990 census counts of Indian persons on
the Hopi Reservation as 6,606 in 1980 and 7,061 in 1990. The report does not mention,
however, that following the 1977 partition of the Joint Use Area into Hopi Partitioned Lands
(“HPL”) and Navajo Partitioned Lands (“NPL™), the Navajo people who were counted on the
Hopi Tribe’s side of the line were counted as Indians living on the Hopi Reservation in 1980 and
1990. Fred Anderson, who completed a historical research report under contract to ADWR in
2008, states that 1.763 Navajos were counted in the HPL in 1980, Historical Research for
Hydrographic Survey Report of the Hopi Reservation at 169 th].8. Thus, the actual count of
Hopis in the pre-partition District 6 in 1980 was 4,843. The PHSR, however, ignores this
information in the Anderson report. The bottom line is that SWCA, acting as ADWR’s
consultant, accepted highly questionable data from the Hopi Tribe because the Hopi Tribe is
“closest to the source of the data,” and ADWR in turn uncritically used the information passed
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along by SWCA in the PHSR. Pursuant to the Court’s mandate to ADWR to analyze the present
and projected future population of the Hopi Tribe, the final HSR must include independent
verification of data and methodologically sound calculations.

CHAPTER 7: WATER RESOURCES

7.1 STREAMS

7.1.1 Hopi Washes

The PHSR indicates several hydrologic factors affecting Hopi Reservation streamflows,
determining that some of these factors have only “minor” effect. The PHSR does not include a
definition for “minor” nor does it indicate whether the same definition extends to all surface
water channels; what is a minor effect on the mainstem of the LCR might not be a minor effect
on a tributary to one of the washes. The final HSR should explain what constitutes a “minor”

effect for each surface water channel.

The PHSR indicates that a formerly perennial reach of Jeddito Wash has become
ephemeral in recent years. ADWR attributes this change to the “occurrence of wet and dry
periods over the region.” § 7.1.1, at 7-3. The PHSR does not, however, provide sufficient
background information to support this explanation. The final HSR should include a more
detailed explanation for why this change is attributed solely to climate variations.

The PHSR provides no explanation for why the time period of 1981 to 2006 is used.
Moreover, a number of the values presented in Table 7-3, from which the data on page 7-4 is
derived, are inconsistent with some of the values shown in F igure 7.6. For example, in Table 7-
3, Point I-13 has a mean flow of 3,830 AFA and a median of 4,540 AFA, while in Figure 7-6 it
has a mean flow of 3,810 AFA and a median flow 0f 4,510 AFA. Other points have similar
discrepancies. The final HSR should correct or explain these inconsistencies.

Table 7-3 also contains values that defy common sense. In Table 7-3, the mean flows are
almost always less than the median flows. For example, the mean flow at I-13 is 3,830 AFA
while the median flow is 4,540 AFA. Generally speaking, one would expect the mean flows to
be higher because the mean is heavily influenced by a relatively small number of very high flow
periods. A review of USGS gaging data presented in the table below shows that the means are
larger than the medians, and it indicates that the ADWR results are highly suspect.
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USGS Gage Data in the Moenkopi Area

i USGS Station Period Mean ,,Mfg_i?lﬂ
9401260 Moenkopi at Moenkopi 1981 to 2006 7,397 6,391
9401400 Moenkopi near Tuba City 1941 t0 1978 11,048 9,373
9401280 Moenkopi near Tuba City 1927 to 1940 16,879 9,988

Letter from John Leeper, Civil Engineer, to Ms. Bidtah Becker. Esq. (June 26, 2009),
Attachment 1.

This problem is compounded in subsequent analyses in the PHSR because ADWR
developed extended records of streamflow for the gages for periods with short and/or missing
records, and for a common “base period” from 1981 to 2006. Only gage number 0941260 had a
complete record for the base period, and for several of the gages with missing data, ADWR used
gage number 0941260 as the “Index ‘Station” for computation of “synthetic data™ (estimates of
flows for periods of missing data) for the base period. These synthetic flows for the base period
were then used by ADWR in a regional watershed analysis to generate flow estimates at 21
ungaged locations on the Hopi Reservation boundaries (13 inflow points and 8 outflow points).
Table 7-3 in the PHSR presents the final results for the estimated mean and median annual flows
from this regional analysis at the 21 ungaged locations, and in 17 of 21 cases the median flows
are higher than the mean flows. In several cases, the median flow is more than twice as high as
the mean flow. These projections are not only nonsensical but are inconsistent with the observed
annual flows at the gaged locations, indicated in Table 7-1 of the PHSR, where only one gage —
number 0941260 - exhibited a median higher than the mean, and for that one gage the median
flow is less than 5% higher than the mean flow. ADWR should reexamine the data and either
correct the final HSR or adequately explain the highly unusual results.

Table 7-3 further shows that the reported mean outflow at O-8 is approximately 4,710
AFA. This site is very close to the USGS gage which reports that the mean flow from 1981
through 2006 is more than 6,300 AFA. The PHSR should address this discrepancy. The PHSR
also does not address the fact that the USGS gage data already reflect the effects of the current
Navajo Nation and Hopi Tribe depletions upstream from the existing irrigation. It is not clear
how ADWR addresses the Navajo Nation demands upstream from the Hopi Tribe. The final
HSR should reflect ADWR’s evaluation of the impact of upstream Navajo Nation irrigation.

" The complete data set for this gage is from 1977 to 2008. For that period, the mean is
7,261 AFA and the median is 6,272 AFA.
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Footnote 5 of Table 7-3 has a huge impact on the interpretation of this table and the
subsequent description of the water supply on page 7-4 and other sections. The footnote
indicates that some “outflows become inflows again over relatively short distances.” The PHSR
appears to aggregate the flows at O-7 and O-8, which essentially describe the same physical
water supply that leaves the western border of the Hopi Reservation (O-7), enters the eastern
boundary of Moenkopi (I-13), and then leaves the western border of Moenkopi (O-8). The
interpretation on Page 7-4 implies that the “Total Outflows” is the measure of the water supply
available when it is not. Table 7-3 presents the difference between the “total outflows” and the
“total inflows™ which creates an even more misleading characterization of the water supply that
may be generated on the Hopi Reservation. The lack of analysis of the natural undepleted flows
versus the depleted flows makes it difficult to uses these results in a meaningful way. The final

HSR should address these discrepancies.

Please see the comments from the Navajo Nation Department of Water Resources for a
lengthier discussion of the regional stream flow analysis, Attachment 1.

7.2 IMPOUNDMENTS

7.2.2 Capacity, and Appendix C

The PHSR includes estimations of the capacity of impoundments on the Hopi
Reservation. These capacities were derived using formulas provided in Appendix C, at C-6.
The PHSR does not, however, indicate the basis for these formulas, making it impossible to
assess the validity of ADWR’s impoundment capacity estimations. The final HSR should
include a detailed explanation of the basis for its impoundment capacity formulas.

7.2.3 Surface Water Depletion

The PHSR indicates that ADWR utilized certain assumptions when calculating surface
water depletions. The basis for these assumptions is unclear, and the PHSR does not include nor
reference any hydrologic analysis to assess the validity of these assumptions. The final HSR
should explain the hydrological basis for these assumptions.

7.4 AQUIFERS
7.4.6 N Aquifer

The PHSR notes the drawdown likely to occur as a result of increased pumping of wells
in the N-Aquifer, as represented in Table 7-14. That table, however, uses information derived
from the Final Black Mesa Project Environmental Impact Statement (“Black Mesa EIS"), and
impacts are predicted only through 2025. Given the Hopi Tribe’s projected population estimate
of over 62,000 people in 2175, Table 6-7, the effect on springs., streamflow and water levels in
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wells will no doubt increase significantly beyond that predicted in Table 7-14. Assuming the
population projections are correct, which the Navajo Nation does not admit, see Comment re §
6.4.1, supra, the final HSR should reflect this fact.

CHAPTER 8: WATER DEMANDS

8.1 AGRICULTURE

8.1.1 Quantification

ADWR estimates that the net irrigation requirement for crops grown following traditional
Hopi farming practices is 0.35 to 0.86 acre-feet per acre. The net amount reflects the difference
between the crop water requirement and the estimated rainfall but does not include the effect of
riparian salvage. In other words, the crops grown according to traditional Hopi farming
techniques may actually deplete less water than the native vegetation that they are replacing.
Traditional Hopi farming practices are extremely opportunistic in terms of the location of
planting and how water is conserved. Thus, a standard irrigation system model may not be the
best analog for these fields. For example, rainfall can be collected from a larger area and
concentrated close to a single cluster of plants. These techniques magnify the impact of the
rainfall. It is unreasonable to substitute a standard irrigation model on this type of farming
system. Please see the attached technical memo for a lengthier discussion of this issue. Letter
from Jim McCord, Ph.D., P.E., AMEC, to Ms. Bidtah Becker, Esq. (June 28, 2009), Attachment
2. The final HSR should analyze the net irrigation requirement for traditional Hopi farming
practices with a more appropriate model.

Also, while ADWR calculated consumptive use for five different crops grown on the
Hopi Reservation, it did not calculate consumptive use for range pasturage, as indicated in § 1-5
of Appendix F to the PHSR. The Natural Resource Consulting Engineers (“NRCE”) report
prepared in support of the United States’ claims on behalf of the Hopi Tribe did calculate
consumptive use for corn and range pasturage but not for other crops, as indicated in Appendix
B to Appendix F to the PHSR. Thus, direct comparison of the ADWR and NRCE estimates of
crop water use is impossible. The final HSR should explicitly compute per-acre crop water use
for the same crop mix and same irrigation categories as did NRCE to facilitate checking and

validation.

Calculating the crop coefficient K values for DRY conditions required adjustments by
ADWR beyond the more standard application for modern irrigated agriculture. Standard Ke
values could not be used for the dry conditions since the much of the agriculture is dryland
farming and does not express a micro-climate similar to modern day agriculture. In addition, the
crop coefficient must account for increase in spacing of crops as compared to modern
agricultural practices. While this adjustment is likely well justified, ADWR fails to consider
another adjustment to account for the fact that the widely spaced plantings will lead to a greater
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water use per “plant cluster” due to each cluster being exposed to lower relative humidity.

Please see the attached technical memo for a lengthier discussion of this issue, Attachment 2.
The final HSR should include a detailed analysis of Kc as there are many variables used in
determining this value and the methodology is unique and has not been repeated. At a minimum,
ADWR should conduct a sensitivity analysis of the variables that would help better identify and
quantify uncertainties in the Kc estimates.

To develop the final crop water use estimates, ADWR takes the average of ETc values
calculated for Tuba City and Keams Canyon weather data and averages these values for the final
ETc values. These final values are used to calculate the net irrigation water requirement.
Temperature and precipitation values from the Tuba City and Keams Canyon stations are
significantly different. ADWR should also weigh ETc values for irrigated crops based on
proximity to each weather station. The final HSR should then include a sensitivity analysis to
compare ETc values computed both ways.

ADWR estimates effective precipitation, which is subtracted from the ETc¢ to obtain the
net crop irrigation requirement. ADWR estimates that 52 - 89% of ETc is met by from annual
precipitation at the Keams Canyon station, implying that 11 - 48% of ETc is acquired from
surface water. The Tuba City estimate assumes that a smaller percentage of ETc is met by
effective precipitation. ADWR averaged the values of effective annual rainfall to calculate the
final net irrigation requirements. ADWR calculated effective precipitation from total annual
rainfall rather than using the more common standard of the amount of rainfall during the growing
season. ADWR adopted this alternative since the Hopi Tribe’s fields are geographically situated
so as to maximize effective precipitation by taking advantage of deeply stored soil moisture.
While this assumption may be valid for dryland crops irrigated via the Hopi Tribe’s traditional
methods, for crops grown using modern-day irrigation in leveled fields, the standard approach of
using only growing season precipitation might be more appropriate. The final HSR should
include a sensitivity analysis to assess the impacts of ADWR s effective precipitation

assumptions.

The irrigation water claim in the PHSR report has been determined based on the
assumption that 643 acres were farmed using modern day irrigation practices (non-deficit
irrigation, or “NDI") and that the remaining acreage was irrigated using native irrigation
techniques (DRY). This is inconsistent with the definition of irrigation types as included in the
Hopi Tribe’s Amended Statement of Claimant, found in Appendix A of the PHSR. The 2004
Hopi Tribe claim defines native irrigation” as lacking the use of structures for diversion. Based
on irrigation types defined in the Hopi Tribe’s claim, it appears that there is a range of variability
in crop densities rather than only two types, NDI and DRY. The final HSR should explicitly
provide some comparison between the NDI and DRY definitions and the irri gation types
identified in the Hopi Tribe’s claim.
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The PHSR reports that crops grown in the Moenkopi area, served by the Pasture Canyon
irrigation system, have a depletion rate of 1.81 acre-feet per acre. The PHSR also reports that
the diversion rate for the same irrigation system is 2.01 acre-feet per acre, resulting in irrigation
efficiency of 90%. This is an extremely high value compared to most modern flood irrigation
systems. ADWR should reexamine these values and either correct or explain the anomalous
result i the final HSR.

8.1.2 Historic (Pre-1985) and 8.1.3 Recent

ADWR reports that the Hopi Tribe and the United States “indicate that actual diversions
for irrigation on the Reservation have averaged about 29,000 AFA, but are claiming the larger
amount [49,200 AFA] to provide an adequate water supply during years when Jess water is
available.” § 8.1.2, at 8-7 (emphasis added); see § 8.1.3, at 8-10. It is very unlikely that the
actual average diversion, even including native irrigation, was 29,000 AFA. The average water
supply as described in the PHSR appears to be much less, possibly around 13,900 AFA. Any
modeling results that might support a conclusion of higher diversions were not made available to
ADWR. See,e.g., § 8.1.1, at 8-3 (“ADWR’s request for a copy of the surface water model [used
by the United States ‘to simulate the quantity of surface water depleted by irrigation of Hopi
fields’] was denied.”). In addition, some of the water diverted for native irrigation may not have
reached the downstream gages used to create this analysis. The water supply on the Hopi
Reservation is not fungible, but instead is highly sensitive to specific locations and practices.
Simply aggregating the total acreage and the total water duty implies that there is an aggregate
volume of water that can be moved around with impunity, and this is not the case. The final
HSR should reflect this reality.

Also, the PHSR indicates that the Hopi Tribe is claiming larger amounts of water to
provide adequate water during years when /less water is available. This statement appears to be
worded incorrectly. The final HSR should presumably indicate that more water is being claimed
for the few years when more water is actually available.

8.1.4 Future

The PHSR uses the term “net irrigation demand” to apparently indicate the consumptive
use demand of a crop which is not satistied by precipitation. At other points in the report and
accompanying documentation, ADWR appears to use the terms “net irrigation water
requirement” and “supplemental irrigation demand” synonymously with “net irrigation demand.”
The final HSR should explicitly define and if necessary distinguish all of these terms at the
beginning of the report.

The PHSR suggests that “there is enough surface water physically available for these
projects.” § 8.1.4, at 8-12. This statement is based on the 190,000 AFA in the LCR. However,
no demonstration has been made that the water in the LCR is practically or legally available.
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Without the LCR mainstem water, there may not be enough surface water available. The final
HSR should reflect this.

8.3 HEAVY INDUSTRIAL

8.3.2 Recent and 8.3.3 Future

The Black Mesa EIS preferred alternative proposes to operate the Black Mesa Complex
coal mines into 2026 without supplying the Mohave Generating Station, i.e. with no slurry water
use. Proposed water use is estimated at 1,236 AFA for ongoing operations at the Kayenta mine,
up to 505 AFA for reclamation and public use from 2026 to 2028, and 444 AFA from 2029 to
2038 for post-reclamation and public use. § 8.3.3, at 8-17. The Black Mesa EIS reports a past
average usage of 3,100 AFA of N-Aquifer water for slurry of coal to the Mohave Generating
Station and 1,300 AFA for other mine-related uses, for a total of 4,400 AFA. Based on the
foregoing, it appears that Hopi claims for ground water at Black Mesa may be overstated in
terms of both historic and future uses. This conclusion is based on the fact that seven of the
eight Peabody water supply wells are on Navajo Reservation land and the claimed future 5 ,600
AFA for slurry to the Mohave Generating Station is nearly twice what has been required to
operate the pipeline in the past. The final HSR should reflect this.

Proposed future development areas and well locations are shown on Map F from
Appendix A of the PHSR. Proposed N-Aquifer wells for these developments are located further
south and west than the existing Peabody wells. While studies to date have found little impact to
springs and streams on the Hopi Reservation, moving the wells to the south and west closer to
Hopi Reservation springs and stream segments could result in future impacts to these features.
The final HSR should provide some analysis on the potential effects of these proposed wells.

The Hopi Tribe claims 6,000 AFA of groundwater for the Black Mesa Mine and another
19,000 AFA of groundwater (or off-reservation water sources) for new industrial uses; the water
source for these projects is not identified beyond “groundwater.” The PHSR notes a proposed
1,200 megawatt coal-fired power plant that would use 15,000 AFA and a proposed coal
liquefaction plant and 300-megawatt power generating station.® The PHSR reports that both
projects were previously abandoned due to the lack of a sustainable water supply. While ADWR
was instructed to not analyze “the feasibility, profitability or practicability of future uses of
water,” ADWR was still charged with providing information that is “adequate to . . . ‘serve as a
basts for evaluating claims of future uses.”” Minute Entryat 9 (July 16, 2002) (quoting Pre-Trial
Order No. 2 Re: Content of HSRs at 2 (Aug. 15, 1988)). In describing these projects. the PHSR
does not provide sufficient information to evaluate the proposed future uses. These projects are
very speculative, and no substantive material is provided to evaluate whether they are feasible or

* The PHSR does not make clear if the coal liquetaction plant and 300-megawatt power
generating station account for all of the remaining 4,000 AFA claimed for future industrial use.
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practical. Moreover, it is likely that the lack of a sustainable water supply is only one reason
among many that led to their abandonment. For example, air quality concerns, transmission
limitations, and widespread public resistance all may have factored into the fate of these projects.
The final HSR should include more information on the proposed projects in order for the HSR to
meet ADWR’s obligation to provide information that is “adequate to . . . ‘serve as a basis for
evaluating claims of future uses.”” /d.

8.4  LIVESTOCK

8.4.2 Historic

The PHSR uses the phrase “[a]t the time of the Navajo migration” without explaining the
reference. Also, the PHSR states that “[u]p to this point” there had been little development of
livestock water sources, without identifying exactly what point in time is being indicated. The
final HSR should explain these references.

8.6 TOURISM

The PHSR presents water demands for tourist purposes. This type of demand should be
included as part of the 160 gpcd DCMI claim to avoid being double counted. See § 2.6.6, at 2-
16. For example, the City of Flagstaff provides for thousands of tourists as part of its municipal
demands. Facilities like the Tuuvi Travel Center should be included in the DCMI claim. While
the PHSR later indicates that ADWR assumes that the Hopi Tribe’s tourism claims are included
in its DCMI claims, § 9.1.2, at 9-2 n.2, it does so in a footnote and not in its primary presentation
of the Hopi claims. The final HSR should clearly reflect that the Hopi claims for water for
tourist purposes should be subsumed within the DCMI amount.

8.6.3 Future

The PHSR notes that the Hopi Tribe claims 1,038 AFA for two resorts, one recently
opened in Moenkopi (Tuuvi Travel Center) and a future resort in Keams Canyon. The claimed
amounts for these uses are 522 AFA and 516 AFA, respectively. The Tuuvi Travel Center
includes two fast food restaurants, a convenience store, smoke shop, gas station and car wash. A
planned 72-acre development would include a 100-room motel and conference center, office
complex and bank. Using the ADWR Generic Demand Calculator, a similar project in the
Phoenix Active Management Area (“AMA”) would have an annual water demand of less than

200 AFA, as follows:
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Item Units Use Rate Demand (AFA)
Commercial 72 acres 2.25 ac-ft/ac 162
57 gped
Hotel 100 du 2 o/du 12.7
Pool 5,000 See ADWR guidance 0.8
Turf 2 ac 4.9 ac-ft/ac 11.6
Total Demand 187.1

gped ~ gallons per capita per day
¢/du — capita per dwelling unit (room)

No information is provided for the proposed Keams Canyon resort.” Based on the
comparison with the ADWR Generic Demand Calculator for the Phoenix AMA, the Hopi Tribe
claimed amounts for these two resorts are at least twice what a similar project in the Phoenix
AMA would require. The final HSR should note that fact. Of course, as described above, these
projects should be included in the Hopi Tribe’s DCMI claims.

8.7 CULTURAL/CEREMONIAL

8.7.2 Future

The PHSR indicates that the Hopi Tribe claims water for future irrigation demands for
3,136 acres for gardens and a 4.0 acre-feet per acre water duty for these gardens. ADWR
correctly notes that the water duty should be far less. However, the PHSR ignores the fact that
the water supplied to these gardens would increase the shortages for the future irrigation
projects, possibly reducing their viability. Another consideration ignored in the PHSR is that
many homeowners use water for outside landscaping and gardens, and such outside water use is
typically included within DCMI demands. The final HSR should either integrate the garden
water demand into future irrigation analysis or consider the garden water demand to be part of

the DCMI demand.

8.8 RIPARIAN EVAPOTRANSPIRATION

8.8.3 Future

The PHSR reports that Arizona Water Protection Fund projects will be removing Russian
olive and salt cedar along the washes. While this is important work and should be commended.,
replacing the exotic vegetation with native vegetation may not result in a significant change in
the overall water budget. The final HSR should reflect this reality.

’ The PHSR indicates that ADWR is unaware of any plans for a resort in Keams Canyon,
but does identify plans for a motel, restaurant. conference center and museum/cultural center at
Tawaivi. § ¥.6.3, at 8-26.
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CHAPTER 9: ADWR’S ANALYSIS OF HOPI WATER RIGHTS
AND PROPOSED WATER RIGHT ATTRIBUTES FOR PAST
AND PRESENT WATER USES

9.1 SUMMARY OF ADWR’S EVALUATION OF PAST AND PRESENT TRIBAL
WATER USES

9.1.4 Livestock

The PHSR includes impoundments in the livestock category, and its quantification of
water use for these impoundments is based strictly on storage capacity, as indicated in Tables 9-1
and 9-2. Because this quantification is based solely on the volume of water that the
impoundments can hold, ADWR does not explicitly take into account surface water depletions
due to evaporation, infiltration, and stock use in determining how much water the Hopi Tribe
uses for livestock. ADWR should perform independent, physically-based hydrologic analyses to
test the empirical equations for depletion to impoundments, and the final HSR should reflect

that.

9.2 COMPARISON OF QUANTITIES OF WATER FOR PAST AND PRESENT USES
CLAIMED BY THE HOPI AND UNITED STATES TO QUANTITIES OF WATER
DETERMINED BY ADWR

9.2.1 Agriculture

The PHSR describes the Hopi Tribe’s claim of composite irrigated acreage of 38,556
acres. ADWR reported convincing evidence of only 25,261 acres, and estimates a total 019,503
AFA for agriculture purposes in any year. While this analysis is much more accurate than the
analyses presented by the Hopi Tribe and the United States, it still appears to be too high. The
PHSR uses an “estimated crop water demand,” § 9.2.1, at 9-6, but the final HSR should instead
consider the specific farming practices used on all of the lands in question.

9.3 ADWR’S RECOMMENDED WATER RIGHT ATTRIBUTES FOR PAST AND
PRESENT WATER USES ON THE HOPI RESERVATION

9.3.2 ADWR’s Recommended Water Right Attributes and 9.3.3 Legal Issues Pending
Before the Court and Special Master

The PHSR indicates that the question of whether the Hopi Tribe may receive water
rights to streams that do not traverse or abut the Hopi Reservation is currently pending before the
Court. On March 2, 2009, the Court ruled that “that the Hopi Tribe is precluded from asserting
water right claims in this adjudication to the extent such claims seck the right to water sources
located within the Little Colorado River Basin that neither abut nor tray erse Hopt lands.™
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Minute Entry at 2 (Mar. 2, 2009). The final HSR should be amended to reflect the Court’s
ruling.

The PHSR indicates that water reserved for an Indian tribe to meet the homeland
purpose, once recognized, may be diverted and used anywhere on the Reservation. ADWR
bases this statement on Gila V, 201 Ariz. at 313, 35 P.3d at 74. Not only does the PHSR take
this pronouncement out of its legal context, but it also ignores the well-established “no harm”
rule of water law. See generally DAVID H. GETCHES, WATER LAW IN A NUTSHELL at 173-75 (4th
ed. 2009) (changes in use of a water right may not injure other water users). Moreover, the
PHSR’s statement fails to take into account the unique nature and limitations of the Hopi Tribe’s
water uses described in the PHSR. As noted previously, much of the irrigation practiced by the
Hopi Tribe can be defined as dry land farming or “native irrigation,” and the washes themselves
are often dry. Fields being irrigated in this manner are chosen specifically for their location;
water arrives at these fields by virtue of their placement, not by conveyance of water to the
fields. United States’ Amended Statement of Claimant on Behalf of the Hopi Tribe at 8. Thus,
the notion that “native irrigation” water rights on the Reservation can be aggregated and
transferred from one location on the Reservation to another is extremely problematic and
unrealistic. Such water uses should be considered in situ. The final HSR should reflect this.

SBM/dav
ce: Bidtah N/ Becker

Enc.:

Letter from John Leeper, Civil Engineer, to Ms. Bidtah Becker, Esq. (June 26, 2009),
Attachment |.

Letter from Jim McCord, Ph.D., P.E., AMEC, to Ms. Bidtah Becker, Esq. (June 28, 2009),
Attachment 2
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Ms. Bidtah Becker, Esq.
Water Rights Unit

Navajo Department of Justice
P.O. Box 2010

Window Rock, AZ 86515

SUBJECT: Comments on the Preliminary Hydrographic Report for the H.

and Source, December 2008
Dear Bidtah,

The objective of this memorandum is to provide Navajo Nation Department of Water Resources’
comments on the Regional Stream Flow analysis (Pages 7- 1 through 7-6, Streams - Regional Stream
Flow Analysis) in the Preliminary Hydrographic Report for the Hopi Indian Reservation, In re The
General Adjudication of the Little Colorado River System and Source, December 2008..

The Arizona Department of Water Resources (ADWR) made a substantial effort to estimate the
volume of water that flows into the Hopi Reservation and the volume of water that flows out of the
Hopi Reservation. Table 7.3 presents the final numerical conclusions of the ADWR hydrologic
analysis. Table 1 in this memorandum present selected values from ADWR’s Table 7-3 Estimated
Stream Inflows and Outflows on the Hopi Indian Reservation for the base period 1981 through 2006
and values from nearby gaged sites for the same base period.

The lack of gaged data along with the complexity of the flow regimes, make it very difficult to
accurately estimate these inflows and outflows. There is no single correct or incorrect method for
generating these estimates. ADWR went to great lengths to develop an appropriate methodology.
Much of this methodology is described in Stream Flow Characteristics of the Hopi Reservation
January 2008. However, in spite of the significant effort made by ADWR, the overarching concern
is that several of the key technical decisions made by ADWR may have resulted in misleading
values.

1 Attachment 1




1. Estimated mean flows are frequently less than estimated median flows

The ADWR estimate stream inflows and outflows in Table 7-3 are very unusual. In this
region the mean (average) runoff volume is almost always greater than the median runoff
volume. (The median flow is the flow that is available 50 percent of the time.) An
inspection of more than 20 locally gaged sites verifies this observation. Intuitively this result
does make sense because the average is influenced by a relatively small number of very large
events. However, the ADWR estimated mean flows are frequently less than ADWR
estimated median flows.

The values cited in the first paragraph on Page 7- 4 are derived from Table 7-3 Estimated
Stream Inflows and Outflows on the Hopi Indian Reservation. Table 7-3 includes mean and
median stream flows for a number of sites that are intended to reflect the points of inflow to,
and the outflow from, the Hopi Reservation. For example, as presented by ADWR, the
estimated mean flow at Point I-1 is 650 AFA while the median flow is 1,440 AFA. The
total average inflow at all of the estimated points is 6,820 AFA while the estimated median
inflow is 10,800 AFA. For this basin, this result would be very unlikely. This finding
indicates that the ADWR results may be suspect.

2. The measurements at the Moenkopi Gage USGS #09401260 are unusual

The USGS Moenkopi Gage #09401260 calender year data appear to be the exception to the
rule that the regional stream flow averages are greater than the regional medians. In this
respect, this gage differs from every other gaging site on the Moenkopi Wash. NRCE
Incorporated reports in its October 29, 2007 response to ADWR that the average record
quality at this gage is poor. Even so, no clear explanation for this possible anomaly is
apparent. Accurately measuring flows in the local sandy stream channels is very difficult,
It is as much art as science. There are theoretically possibilities that could account for this
anomalus result. For instance, it is theoretically possible that at large flows the rating curves
underestimate the actual flows. This problem could result in the larger flows that should
have raised the overall average having less statistical impact.

Another possibility is that the flows passing the gage occasionally become isolated from the
gage’s transducer. If this ever occurred, the gage would record a zero flow while the actual
flow would be somewhat greater. This problem could result in some unknown number of
relatively small flows that should have raised the overall average result in a lower reported
average. Another possibility is sediment clogging the gage’s transducer resulting in a
recorded flow when actually there is no flow. Based on a field trip to this site on June 10,
2009 either problem appeared possible. Due to limited resources, unless there is an obvious
problem with the data stream, the USGS only visits the site every six weeks. So these types
of problems could go uncorrected for weeks.




Table 1.1 ADWR Points and Nearby Gaged Sites for the ADWR Base Period (1988 to 2006)

Site Label Estimated Estimated

Average Mean

AFA AFA

ADWR I-1 650 1,440
ADWR I-2 350 514
PWCC SW25 + SW26 +SW 155 2226 1187
ADWR I-13 3810 4510
USGS 0901260 7610 7780
ADWR O-8 4620 4140
USGS 090583 305 230
ADWR 0O-3 191 208
USGS 090568 305 230

ADWR 0O-4 1,250 1,520
USGS 090562 1520 880
ADWR O-5 1610 1560
USGS 09401110 2260 1740
ADWR 0-6 1780 2460
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In order to extend the USGS Gage #09401260 record ADWR appended the gage records
from USGS Gages #09401280 and #09401250 to it. Because of the influence of the other
two gages, the extended record resulted in an average flow greater than the median flow.
However, simply appending these records together may introduce error. ADWR F igure 7.1
shows that USGS Gages #09401260 and #09401280 are in the same location. However,
ADWR Figure 7.5 shows that USGS Gage #09401280 is several miles downstream from
USGS Gage #09401260. This confusion is understandable because the USGS published
incorrect location information for USGS Gage #09401280 that indicated that they were in
the same location. The reality is that the USGS Gage #09401280 was several miles
downstream. Its watershed was 17 percent greater in area, it included flows from Pasture
Canyon, and it was influenced by upstream irrigation diversions. Some of these USGS gage
values are shown in Table 2.

Another very unexpected result is shown in Table 1. During the base period the average
estimated ADWR flow upstream from USGS Gage #090126 is 3,810 AFA while the average
estimated flow downstream from USGS Gage #09401260is 4,620 AFA. However, the flow
at #09401260 during the base period is 7,610 AFA. This result indicates that the estimated
flow data is not well calibrated.

Table 2. USGS Gage Data in the Moenkopi Area

USGS Station Period Mean Median
9401260 Moenkopi at Moenkopi 1977 to 2008 7,261 6,272
9401260 Moenkopi at Moenkopi 1981 to 2006 7,397 6,391
9440140 Moenkopi nr Tuba City 1941 to 1978 11,048 9,373
9401280 Moenkopi Near Tuba City 1927 to 1940 16,879 9,988

. ADWR made no attempt to census outliers

ADWR made no attempt to identify or censor outliers. It is understandable that ADWR
would rely on the source data as they are without any screening that would bias the results.
However, some greater screening might have eliminated data sets that resulted in suspect
results.




4. Oraibe, Polacca and Dinnebito Washes data were filled with PWCC FL15 data

ADWR ran an extensive series of Pearson correlations among the gaged sites in the study
area. One result is that Peabody Western Coal Company (PWCC) FL15, a gaged site on
Yellow Water Wash, showed a high correlation with sites on Oraibe (USGS Gage
#09400562), Polacca (USGS Gage #09400568) and Dinnebito (USGS Gage #09401110).
The Pearson correlation coefficient values were 0.93, 0.94 and 0.83 respectively. Based on
these high correlations, ADWR used the FL15 data in the formula for filling in the flow
records for these washes during the base period.

The use of this data in this manner is completely understandable. However, the results are
again suspect. As shown in Table 1, the estimated means are again less than the estimated
medians. This result is surprising because between 1987 and 2002 the PWCC sites have an
annual mean that is 30 percent greater than the median. In addition, the original USGS
records show that the annual means for these three closest USGS gages are also
approximately 30 percent greater than the medians.

Although the data collected at FL15 may have a high correlation, several aspects of that site
may have made it a poor choice for this purpose. The FL15 watershed is 42.1 square miles
and the stream length is 13 miles. However, Oraibe is 666 square miles and the stream
length is 107 miles, Polacca is 908 square miles and the stream length is 80 miles, and
Dinnebito is 491 square miles and the stream length is 89 miles. Furthermore, the data
collected by PWCC may not have been mean daily values. The Peabody data may be more
similar to peak discharge measurements.

One interesting comparison is that correlation coefficient between FL15 and the downstream
USGS Gage #09401260 is 0.20. Evidently one is to assume that FL15 is a better hydrologic
indicator for Oraibe, Polacca and Dinnebito than it is for the watershed that it is in. Another
interesting comparison is that the correlation coefficient between FL15 and Jeditto Wash,
which is close to the other three washes is only 0.06. The apparent correlations between
FL15 and the three washes may be spurious.

5. ADWR’s selected base period may not be representative

ADWR indicated that the base period was driven by the availability of data. Consequently
the inflow and outflow results may not be representative. For instance, it is possible that this
base period reflects a drier period. For instance, the average flow of the Little Colorado
River at Cameron between 1948 and 2006 was more than 220 cfs while the average flow
during the ADWR base period was less than 200 cfs. This is roughly a 10 percent difference.




6. ADWR Text Includes Numeric Discrepancies

Several of the values presented in Table 7.3 are inconsistent with some of the values shown
in Figure 7.6 Stream Inflows and Outflows on the Hopi Indian Reservation. For instance in
Table 7-3, Point I-1 has a mean flow of 659 AFA and a median of 1,440 AFA, while in
Figure 7-6 it has a mean flow of 690 AFA and a median flow of 1,520 AFA And Point I-13
has a mean flow 0f 3,830 AFA and a median of 4,540 AFA, while in Figure 7-6 it has amean
flow of 3,810 AFA and a median flow of 4,510 AFA. Other points have similar
discrepancies.

7. Impacts of existing uses on the inflows and outflows

Another issue that ADWR does not address is that the USGS gage data already reflect the
effects of the current Navajo and Hopi depletions upstream from the existing irrigation. It
is not clear how ADWR addresses the Navajo depletions upstream from Hopi. The impact
of Navajo irrigation appears to have been ignored. The inflows and outflows values are not
comparable to estimates of the natural flows.

8. Possible misinterpretation of the inflow and outflow results

Table 7-3 includes a footnote that has a huge impact on the interpretation of this table and
the subsequent description of the water supply on Page 7-4 and other sections. That footnote
indicates that some “outflows become inflows again over relatively short distances.” It might
make sense to aggregate the separate discrete flows from the five major washes to generate
an estimate of the total aggregate water supply flowing onto, or off of, the Hopi Reservation.
But, it is absurd to aggregate the flows at O-7 and O-8 which essentially describe the same
physical water supply that leaves the western border of the Hopi Reservation (O-7), enters
the eastern boundary of Moenkopi (I-13), and then leaves the western border of Moenkopi
(O-8). The interpretation on Page 7-4 implies that the “Total Outflows” is the measure of
the water supply available when it is not. Table 7-3 presents the difference between the
“total outflows” and the “total inflows” which create an even more misleading
characterization of the water supply that may be generated on the Hopi Reservation. The
lack of analysis of the natural undepleted flows verses the depleted flows, makes it difficult
to uses these results in a meaningful way.

Thank you for the opportunity to provide these comments. If you have any further questions please
contact me at (928) 729-4004.

Sincerely

THE NAVAJO NATION

Joht Leeper, Civil Engineer
ater Management Branch

Department of Water Resources
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28 June 2009

Ms. Bidtah Becker, Esq.

Water Rights Unit

Navajo Nation Department of Justice
P.O. Box 2010

Window Rock, AZ 86515

Re:  Comments on Agricultural Water Use Estimates in Preliminary Hydrologic Survey
Report of Hopi Claims in Little Colorado River Basin Adjudication by the Arizona
Department of Water Resources

Dear Bidtah:

This letter report summarizes my comments to date on behalf of the Navajo Nation regarding the

above-referenced adjudication court filing.

SCOPE OF AMEC REVIEW
In our review of the Preliminary HSR, AMEC is focusing on hydrology issues related to claims,
water supplies, and demands (in Chapters 2, 7, 8, and 9), and we offer no critical evaluation of
ADWR’s summary of Hopi Reservation lands, physical setting, the Hopi Tribe culture, and its
economic base (addressed in Chapters 3, 4, 5, and 6). In this letter report, my technical review
and comments focus in particular on the agricultural water-use category. I reviewed two broad
aspects of the agricultural claims and the ADWR assessment of those claims:

a) The crop water use per acre for the various agricultural systems employed by the Hopi,

and

b) The quantification of the historically irrigated acreage.

For simplicity in my citation of references herein, I employ the same reference list compiled by

the ADWR in the PHSR.

Privileged & Confidential Attorney — Client Work Product
AMEC Earth & Environmental

Socorra Office
115 West Abeyta Street, Suite A Tel +1(575) 835-2569
Socorro, New Mexico 87801 USA Wwww.amec.com Fax +1 (575) 835-2609
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AGRICULTURAL WATER DEMANDS

The PHSR was reviewed in conjunction with its associated appendices (as well as available
references therein) for subject matter concerning agricultural land use and associated
consumptive use values. This section provides a summary of my review with associated
comments noted that either require further attention, or items that are not congruent with
referenced material. Overall conclusions and suggestions for further analysis are made at the

end of this section.

In Chapter 8 of the PHSR (and detailed in Appendix F), ADWR estimated agricultural water
demands on the Hopi reservation by characterizing:
¢ the types of crops being grown,
® the net irrigation requirement of the crops (crop consumptive use demand less the
effective precipitation),
e the efficiency of the irrigation system; and

® the cropped acreage.

Crop Mix and Water Demands
The ADWR notes (PHSR Table 8-1, details in Appendix F) that corn has been the most common
crop grown, followed by orchards, beans, melons, and squash.

e Corn: 81.2%

¢ Orchards: 8.1%

¢ Beans: 6.7%

¢ Melons: 2.3% (note: usually grown in home gardens)

® Squash: 1.7% (note: usually grown in home gardens)

AMEC Earth & Environmental

Sacorro Office

115 West Abeyta Street, Suite A Tet +1 (575) 835-2569
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The ADWR calculated consumptive use for these 5 different types of crops, but did not calculate
consumptive use for range pasture (Section 1.5 Appendix F to the HSR, Consumptive Use of
Crops Grown on the Hopi Indian Reservation ADWR 20008). According to the Hopi claim
summarized in the PHSR (and included as part of Appendix A of the PHSR), range pasture
occupied a significant acreage, 19.5% of all Hopi-identified historically farmed lands, or 7,522
acres (Section 2.3.4 HSR). In comparison, an NRCE memo (National Resource Consulting
Engineers, 2007; attached as Appendix B to Appendix F of the PHSR) in support of US claim on
behalf of Hopi Tribe calculated consumptive use for corn and range pasture but not for
individual types of crops (Answer to Question 3 in Appendix B to Appendix F, Consumptive
Use of Crops Grown on the Hopi Indian Reservation ADWR 20008). This prevents direct
comparison of ADWR and NRCE estimates of crop water use. The ADWR should augment the
existing analyses by explicitly computing per-acre crop water use for the same crop mix and

same irrigation categories as did NRCE to facilitate checking and validation.

The majority of historical agricultural fields use dryland farming techniques (Appendix F, page
1-2). Dryland fields are strategically placed by the Hopi in areas that receive runoff and
maximize stored soil moisture. Typical geomorphological locations of dry farmed fields include,
but are not limited to, the base of sand dunes, within arroyos and floodplains adjacent to streams,
gentle slopes below rock escarpments, and alluvial fans. This type of “Native” or “ak chin”
agriculture is far different than modern agricultural systems in which regional water supplies
concentrated in a stream channel can be diverted and conveyed to agricultural fields. While such
modern systems may be amenable to administration by water managers, the Native system that
strategically relies on localized water supplies that are unique to the particular field situation and
location can not be similarly subject to water-rights administration. Rather, the estimated crop
consumptive use for the Native systems provide an indication of the potential crop water

depletions to total water yield of the wash watersheds.

AMEC Earth & Environmental
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The ADWR report calculates a lower and upper confidence interval for “Native” or dry land
farming and “modern day” or non-deficit irrigation farming, entitled “DRY” and “NDI”

respectively (Appendix F, pages 1-4, 2-1).

Water demand for any particular crop mix involves calculating the “reference”
evapotranspiration (ETo) and multiplying that by a “crop coefficient” (K,). to yield a crop-

specific estimate of evapotranspiration, ETc.

As described in Appendix F of the PHSR (Section 2.1), three models were considered to
compute ETo. These models are:

¢ FAO-24 Blaney-Criddle: not used for final CU calculations because there was no local
calibration

® 1985 Hargreaves-Samani: not used for final CU calculations because it has been shown
to be less accurate in windy areas unless local calibration is available.

* FAOQ-56 Modified Penman-Monteith: This method incorporates winds into the ETo
calculation and was therefore chosen to calculate final ETo values for the Hopi
Reservation. This method is largely equivalent with the “ASCE Reference” method
(ASCE-EWRI, 2005).

Even beyond the advantages of the FAO-56 method described above, it is currently the most
widely accepted method for estimating crop water use (Allen et al., 1998). While in general I
support ADWR’s selection of the FAO-56 method for estimating crop water use on the Hopi
reservation, its application to “native” Hopi farming systems is outside the range of conditions
for which it was developed, imparting a large unquantified uncertainty to those estimates. The
ADWR (Appendix F, Sections 1.3 and 1.4) explicitly recognizes the uncertainty in crop water
use estimates due to the lack of availability of needed meteorological data, and attempts to
account for that uncertainty by computing a range of CU values “that bracket the actual CU rates
for crops on the Reservation.” They also attempt to make adjustments to the crop coefficients to

address how Native cropping systems deviate from NDI “modern” irrigated systems (Appendix

AMEC Earth & Environmental

Socorro Office
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F, Section 2.2); this adjustment for Native agriculture is based on effective ground cover and
according to ADWR this adjustment method was reviewed and approved by Dr. Richard Allen
(Appendix F, page 2-8), one of the co-authors of both the FAO-56 and the ASCE Reference

methods.

The three models were run using the Ref-ET program developed at University of Idaho, using
input data compiled by the ADWR from WRCC and the Hopi Water Resources Program.
Default values were developed using FAO-56. The Penman-Monteith model requires as input:
air temperature, wind speed, air humidity, and solar radiation data. Of these, only air temperature
had a satisfactory period of record (>10 years). All other variables were estimated, interpolated,
or calculated.
¢ Solar Radiation was calculated by using the difference between maximum and minimum
air temperatures on any given day. An adjustment coefficient of 0.16 was used as
recommended for interior, non-coastal regions.
® Dew Point (Tdew) for NDI. There appears to be a typographical error on p. 2-5 of
Appendix F, Section 2.1.3.4 where ADWR imply that an increase in relative humidity
would lead to a decrease in Tdew; this is the exact opposite of what one would expect
and therefore the ADWR must have meant the increase in humidity over an NDI-cropped
field would lead to an increase in Tdew; if this is not"a typographical error, the ADWR
needs to clarify what they mean here. In this same section, the ADWR next notes that
they employed the ASCE Reference method of Walter et al. (2005) to estimate Tdew
from Tmin. This methodology was chosen because much of the data for which it was
developed for ASCE are specifically taken from Arizona. This methodology described to
estimate Tdew from Tmin appears reasonable for NDI crop water use estimation.
¢ Dew Point (Tdry) for DRY. Because of the large data gaps in relative humidity
measurements the Method Of Variance Extension, Type I, or MOVEI, was used by the
ADWR to create a relationship between Tmin and Tdew for each month to extend the

record of relative humidity data. They further note that no Tdew correction is needed for

AMEC Earth & Environmental
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small size and sparse cropping pattern for the DRY fields. 7 recommend that the ADWR
provide a “Tdew sensitivity” chart or table to illustrate the difference that results in the
calculated ETo from adjusting the Tdew for two equivalent time series of climatic input

data.

Calculating the crop coefficients Kc values for DRY conditions required adjustments beyond the
more standard application for modern irrigated agriculture. Standard Kc values could not be
used for the DRY Native agriculture conditions since the much of the agriculture is dryland
farming and does not express a micro-climate similar to modern day agriculture®. In addition,
the crop coefficient needs to account for increase in spacing of crops as compared to modern
agricultural practices. This adjustment is likely well justified, however, it is unclear whether
this adjustment also accounts for the fact that the widely spaced plantings will lead to a greater
water use per “plant cluster” due to each cluster being exposed to lower relative humidity. A
more detailed summary of the ADWR’s method to compute Kc is recommended’ as there are
many variables used in determining this value, and the methodology is unique and has not been
repeated. At a minimum, ADWR should consider a sensiti vity analysis of the various variables
that would help better identify and quantity uncertainties in the Kc estimates. For example,
ADWR notes (Appendix F, pages 2-8 and 2-9) that use of a single growing degree-day (GDD)
curve irrespective of planting date leads to anomalous results, but I could not find an illustration
of how using different GDD curves for different corn plantings may affect results. See Table

2.11 of Appendix F for ETc values for each crop under each condition.

To develop the final crop water use estimates, ADWR takes the average of ETc values calculated
for Tuba City and Keams Canyon weather data and averages these values for the final ETc

values. These final values are used to calculate NIWR. Temperature and precipitation values

Zin modern-day irrigated agriculture with an adequate water supply, the micro-climate within an irrigated
field is characterized by a high relative humidity compared to the background ambient conditions
expected for the arid and semi-arid Hopi reservation lands.

AMEC Earth & Environmental
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from these two stations are significantly different. An alternative, and perhaps better, approach
would be to weight ETc values for irrigated crops based on proximity to each weather station.

The ADWR should include a sensitivity analysis to compare ETc values computed both ways.

Effective Precipitation
Finally, ADWR needed to estimate effective precipitation, which is subtracted from the ETc to
obtain the net crop irrigation requirement. Keams Canyon and Tuba City annual and effective

precipitation values calculated by the ADWR are shown in the table below.

Location Annual Rainfall Effective Precipitation
Keams Canyon 9.97 6.48
Tuba City 8.19 5.48

As described in Appendix F (Section 2.4), ADWR estimates that 52 - 89% of ETc is met by from
annual precipitation. This implies that from 11 to 48% of ETc is acquired from surface water.
Note that this value is for the Keams Station. The Tuba City estimate assumes a smaller
percentage of ETc met by effective precipitation. ADWR averaged the values of effective
annual rainfall when calculating the final net irrigation requirements (0.57 ft). The ADWR
calculated effective precipitation from total annual rainfall rather than using the more common
standard of the amount of rainfall during the growing season. ADWR adopted this alternative
since the Hopi fields are geographically situated as to maximize effective precipitation by taking
advantage of deeply stored soil moisture. While this assumption may be valid for dryland crops
irrigated via the Hopi’s unique traditional methods, for crops grown using modern-day
irrigation in leveled fields (NDI), the standard approach of using only growing season
precipitation may be preferred. ADWR should perform a sensitivity analysis to assess the

impacts of their effective precipitation assumptions.

With the calculated ETc and estimated effective precipitation, the net Crop Irrigation

Requirement can be computed for by NDI and DRY conditions. Lower and upper limits for NDI

® The current presentation of K¢ methods in Section 2.2 of Appendix F is quite detailed, however, it

AMEC Earth & Environmental
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and DRY irrigation methods as calculated by ADWR are listed in the table below (from Table
2.14 of Appendix F).

Irrigation Method Lower Limit (ft/ac) Higher Limit (ft/ac)
NDI 1.72 2.46
DRY 0.35 0.86

These values were calculated assuming the consumptive use for Hopi agricultural fields is 0.92 -
1.43 ft/acre and 2.29-3.03 ft/acre if water was not a limiting factor. Effective precipitation was

estimated to be 0.57 ft per year as described above.

Working for the US on behalf of the Hopi tribe, NRCE conducted a consumptive use study using
the Jensen-Haise model to calculate ET. The ADWR did not use this method because it is a
solar 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.” The NRCE report entitled ‘Historical/Present Irrigation water
uses of the Navajo and Hopi Indian Reservation within the Northern Washes of the Little
Colorado River Basin’ is not being made available at this time, so the methodology used to
calculate consumptive use is unknown. According to Table 2.14 of Appendix F, the net crop
irrigation demand for dryland “native agriculture” calculated by NRCE to support the Hopi

claim.

Average (ft/acre) | Maximum (ft/acre)
0.61 0.99

The irrigation water demand in the ADWR report has been determined based on the assumption
that 643 acres were farmed using modern day irrigation practices (non-deficit irrigation, or NDI)
and that the remaining acreage was irrigated using native irrigation techniques (DRY). This is

inconsistent with the definition of irrigation types as defined in the Hopi Claim submitted to

proceeds in a narrative fashion that makes it difficult to evaluate, let alone reproduce, ADWR's findings.

AMEC Earth & Environmental
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ADWR on 2/2/2004 (Appendix A of HSR). As defined in the 2004 Hopi claim, claimant defines
an irrigation type entitled “native irrigation” as lacking the use of structures for diversion. Based
on irrigation types defined in this claim it appears that there is a range of variability in crop
densities rather than only two types, NDI and DRY. The ADWR should explicitly provide some
sort of cross-walk between their NDI and DRY definitions and the irrigation types identified in

the Hopi claim.

In summary, ADWR determined a net Crop Irrigation Requirement (CIR) of 0.35 to .86 acre-feet
per acre for traditional farming practices and 1.72 to 2.46 acre-ft per acre for modern farming
practices, compared to the claims of the Hopi (and the US on behalf of the Hopt) of 0.61 - 0.99
acre-feet per acre for traditional farming, and 1.81 acre-ft per acre for modern practices. In
general, the ADWR approach that relies on the FAO-56 method should yield results superior to

the Jensen — Haise method employed to develop the Hopi claim.

Agriculture in the Moenkopi Area uses more modern irrigated agricultural methods. A reservoir
has been constructed along Pasture Canyon to capture spring discharge, and releases from the
reservoir are used to irrigate 179 acres near Moenkopi Wash. The United States reported 2.01
acre-feet per acre are diverted for these parcels. Combining this diversion amount with the
estimate of 1.81 acre-ft per acre depletion indicates a 90% irrigation efficiency. This efficiency
is extremely high compared to most modern flood irrigation systems. The ADWR should

comment on this issue and determine whether such an assumed irrigation efficiency is defensible.

Past and Present Agricultural Acreage

The last piece of the puzzle for estimating past and present agricultural water diversions and
depletions is the amount of acreage cultivated annually. ADWR estimates that 63% of the
reservation land (over I million acres) have soils that could potentially grow crops, if irrigated.
Consultants working on behalf of the Hopi used aerial and satellite photography to identify all

lands that had been historically or are currently being farmed. They estimated that 38,556 acres

AMEC Earth & Environmental
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have been historically farmed on the Hopi reservation in 8,210 individual agricultural fields; it is

important to note this is NOT what is currently being farmed.

ADWR reviewed the same photography and determined only 25,261 acres show convincing or
partial evidence of farming (PHSR Appendix G). ADWR reduced the 8,210 individual
agricultural fields to 2,214 by joining fields that bordered each other and reviewed 76% of the
total claimed area. In their formal review, ADWR determined that:
® 11% of agricultural lands identified by Hopi consultants was found to have complete
evidence of agricultural activity
® 55% was found to have partial evidence of agricultural activity in one or more years
® 34% was found to have either questionable or no evidence of agricultural activity.
® In their verification review of agricultural acreage, ADWR also undertook a topographic
drainage analysis (ADWR, 2008m) to determine that surface water drainages pass

through or in close proximity of most fields, and can provide a source of water.

Historic and recent data indicate that since the 1870s the total acreage farmed by the Hopi in any
given year has not exceeded 9,330 acres (Table 9-1 of PHSR), and has typically ranged between
3,500 and 6,500 acres as shown in Figure 8-1 of PHSR. (Note that ADWR recorded this value
as 2,000 to 7,000 acres in the ADWR report ‘Identification of Recent (2005) Agricultural and

Riparian Lands on the Hopi Reservation’).

The ADWR annual water demand for irrigation is calculated assuming an annual farmed acreage
of 1,000 - 9,853 acres. This is a very different approach than the Hopi and the U.S. are using,
who are claiming water for all land that has at any point in time been farmed, 38,556 acres. This
value of acreage claimed on ehalf of the Hopi Tribe should be compared to the historical
agricultural water use quantities summarized in Table 9-1 of the PHSR and the following
information:

* The annually cropped acreages summarized in Figure 8-1.

AMEC Earth & Environmental
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¢ In 2005 ADWR identified a total of 5,613 acres of agricultural lands on the Reservation
(PHSR Appendix G). Approximately 63% of this acreage was classified as actively
farmed, 6% were left fallow during the growing season and the remaining 31% either
active or fallow. Accounting for potential errors, the ADWR estimates that the total area
of agricultural lands on the Reservation in 2005 is estimated to have ranged between

5,570 and 6,506 acres.

Future Agricultural Water Use

In section 8.1.4 of the PHSR, the ADWR notes that the Hopi, but not the US on their behalf,
claim water for future crop irrigation beyond the historical and current uses. Those future claims
include new garden plots near the Hopi villages (these uses are claimed under ceremonial /
cultural uses and are suggested to be supplied by groundwater) as well as new agricultural

irrigation projects supplied by surface flows in Moenkopi Wash and the mainstem LCR.

With regard to the future irrigation projects fed by surface supplies, the ADWR crop water use
values for NDI should be used to estimate crop water use on a per acre basis. The ADWR
correctly notes that the magnitude of the Hopi claim for the future Moenkopi Wash project

appears to exceed the sustainable water yield of the wash.

With regard to the village garden plots claimed for future ceremonial / cultural uses, the ADWR
notes (Section 8.7.2 of the PHSR) that the crop water use for these fields should use values
computed using the DRY per-acre water use numbers. When using the DRY water use values
and a reasonable value for irrigation system efficiency, the total expected water use for these

cultural garden fields should be a half or lass than the amount claimed by the Hopis.

ADWR SUMMARY AND CONCLUSIONS
As summarized in Table 9-1, ADWR calculated the quantity of water used each year by the Hopi

for agriculture by multiplying the range of farmed acreages in a given year (Appendix G) by the

AMEC Earth & Environmental

Socorro Office

115 West Abeyta Street, Suite A Tel +1(575) 835-2569
Socorro, New Mexico 87801 USA www.amec.com Fax +1 (575) 835-2609
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averaged weighted consumptive use values summarized above (Appendix F). Based on these
calculations, ADWR determined that traditional farming used from 350 to 7,921 AFA, and
irrigation projects used from 0 to 1,582 AFA, which results in a net irrigation demand of 350
AFA 10 9,503 AFA for agricultural purposes in any one year (Table 9-1). These estimates of
historical agricultural water use developed by the ADWR are much smaller than the Hopi claim
of approximately 28,000 to 49,000 af/yr. Based on my review of the PHSR, the ADWR’s
conclusions of historical water use summarized in Chapter 9 are more defensible than the

historical agricultural water use claimed by the Hopi and the US on their behalf.

As described above, for future agricultural claims, the ADWR draws defensible conclusions that:
(i) the Moenkopi Wash surface water yield is less than the projected demands for the claimed
future irrigation project in the Wash, and (ii) the expected water use for the new ceremonial /
cultural garden plots adjacent to the Hopi villages is far less than the amount claimed by the

Hopis for this use.

After reviewing my comments above, please do not hesitate to call me (505-835-3026) or email

(Jim.mccord@amec.com) if you have any questions.

Sincerely,
) - )
R o st o I ~# / /C- (;7(_

by: ~
Jim McCord, Ph.D., P.E.

AMEC Earth & Environmental

Socorro Office

115 West Abeyta Street, Suite A Tel +1(575) 835-2569
Socorro, New Mexico 87801 USA Www.amec.com Fax +1 (575) 835-2609
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March 30, 2009

Arizona Department of Water Resourced  ADJUDICATIONS

Adjudications Section
3550 North Central Avenue, 4 Floor
Phoenix, AZ 85012

RE: PRELIMINARY HYDROGRAPHIC SURVEY REPORT FOR THE HOPI
INDIAN RESERVATION

Dear Sirs:

Peabody Western Coal Company (PWCC) has reviewed the preliminary Hydrographic
Survey Report for the Hopi Indian Reservation (Hopi Preliminary Report) released on
December 31, 2008 for inspection and comment. PWCC’s comments on the Hopi

Preliminary Report are provided in the following sections.

Chapter 6: Economic Base

1. Page 6-5, Second Paragraph: The Office of Surface Mining Reclamation and
Enforcement (OSM) issued the LOM Permit to PWCC on December 22, 2008. This fact
should be included in this paragraph.

Tables

1. Table 7-4: Table 7-4 indicates surface water sampled at CG85 exceeded numerous
trace element standards associated with Primary and Secondary Drinking Water quality
standards, as well as several trace element standards for Livestock Water. Water samples
collected by PWCC at CG85 were collected from runoff events that typically featured
very high concentrations of suspended sediment. These samples were analyzed by a
contract laboratory using both the dissolved and total analytical method. The total
method typically results in high concentrations of trace elements for un-filtered samples
collected from water with high sediment loads, as the acid digestion process breaks down
the suspended silts and clays. PWCC’s review of the data collected at CGS85 indicates
trace elements analyzed using the dissolved method were very low concentrations, and
most met all of the standards compared in Table 7-4. PWCC recommends using the
dissolved analyses collected at CG85 for comparing water quality standards as shown in
Table 7-4, and questions whether samples collected at the other sampling sites had high
suspended solids concentrations and which analytical method was used for the trace
elements compared against the standards.
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Appendix C

1. Table C-1: Table C-1 shows PWCC’s sediment pond WW-9 has a claimed capacity
of 21.21 acre-feet, and the ADWR regression analysis indicates a capacity of 2.53 acre-
feet. There are two ponds in series at the location of pond WW-9, WW-9#1, and WW-
9#2, both with a combined capacity of 21.21 acre-feet. Also, PWCC believes the pond
associated with Hopi Claim No. 1-3-302 is a pre-existing stock pond within the PWCC
leasehold and is not a PWCC permanent or temporary sediment pond.

2. Table C-2: The ponds associated with ADWR ID No.’s UNC-M-14 through UNC-M-
17 are pre-existing stock ponds within the PWCC leasehold and are not PWCC
permanent or temporary sediment ponds.

Appendix D

1. Sand Spring is a developed spring located on southwestern portion of the PWCC
leasehold, and review of the springs in Tables D-1 and D-2 indicate this spring has not
been identified. The coordinates to Sand Spring are 551960 (easting) and 4029066.8
(northing).

2. Table D-1: PWCC believes the spring listed as Hopi Claim No. S-3-226 no longer
exists, as recent site investigations have yielded no evidence of its existence.

Appendix E

1. Table E-1: Table E-1 lists Hopi Claim No. W-3-8, and indicates the ADWR could not
find the well. PWCC is aware of the location of this well, as it is within sight of the
coordinates provided in Table E-1. PWCC is willing to provide assistance to the ADWR
finding the location of this well in the future.

If you have any questions or require additional information, please do not hesitate to
contact me via phone at (928) 913-9218 or via email ( jcochran@peabodyenergy.com).

(el

Cochran
anager Environmental Hydrology
Peabody Investments Corporation

C: Gary Wendt (PWCC)
Jim Ohlman (PWCC)



SALT RIVER PROJECT
P.O. Box 52025
Phoenix, AZ 85072-2025

June 30, 2009

Arizona Department of Water Resources
Adjudications Section

3550 North Central Avenue, 4™ floor
Phoenix, Arizona 85012

RE: Comments of SRP on the Preliminary Hydrographic Survey Report for the Hopi Indian
Reservation

To Whom it Concerns,

Attached please find the document titled, SRP Comments to the Preliminary Hydrographic
Survey Report for the Hopi Indian Reservation. We hope that these comments provide useful
information and suggestions to the Department in preparation of the final Hydrographic Survey

Report.
Thank you for your consideration of our comments.

Very truly yours,

’M é,W/

Dave Roberts, Manager

SRP Water Rights and Contracts
PABI110

P.O. Box 52025

Phoenix, AZ 85072-2025

Attachment ‘ }‘ ; o e
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Bee:  John Weldon
Salmon, Lewis & Weldon, P.L.C.
2850 East Camelback Road, Suite 200
Phoenix, AZ 85016

Lisa McKnight

Salmon, Lewis & Weldon, P.L.C.
2850 East Camelback Road, Suite 200
Phoenix, AZ 85016

Dave Roberts

SRP Water Rights and Contracts
PABI110

P.O. Box 52025

Phoenix, AZ 85072-2025

Craig Sommers
ERO

1842 Clarkson Street
Denver, CO 80218

Patrick Sigl

SRP Litigation & Claims
PAB341

P.O. Box 52025
Phoenix, AZ 85072-2025

Steve Westwood

SRP Water Rights and Contracts
PABI110

P.O. Box 52025

Phoenix, AZ 85072-2025

Catherine May

SRP Research Archives
PAB 111

P.O. Box 52025
Phoenix, AZ 85072-2025
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SALT RIVER PROJECT COMMENTS
ON THE
PRELIMINARY HYDROGRAPHIC SURVEY REPORT FOR THE
HOPI INDIAN RESERVATION

JUNE 30, 2009

The Salt River Project Agricultural Improvement and Power District, referred to herein as the
Salt River Project or SRP, submits the following comments on the Preliminary Hydrographic
Survey Report for the Hopi Indian Reservation (HSR) published by the Arizona Department of
Water Resources (Department) on December 31, 2008. SRP’s interest in this preliminary HSR
and subsequent proceedings are primarily due to the potential precedents for HSRs on other
federal and Indian Reservations, which may have a direct impact on SRP water rights.
Following receipt of comments and any changes in the preliminary HSR, the Department will
publish a final HSR, which will trigger the formal objection process. The intent of SRP’s
comments is to suggest changes that are needed before final publication. These changes are
intended to enhance understanding of the HSR, minimize objections, and reduce the need to
introduce evidence at subsequent hearings, thereby expediting the resolution of these claims.

In general, SRP concurs with the Department’s approach for all procedures that are not
specifically addressed below. However, SRP reserves the right to comment on or object to

additional items if further review results in the identification of other problems or concerns.
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I. Comments on Overall Scope of the HSR.

A. Overall Content and Support

The preliminary HSR is a significant improvement over past HSRs. The Department

compiled a large amount of useful information, which is well-documented and well-cited.

L

Issue
The preliminary HSR heavily relies on internal and consultant reports; the reports are

referenced throughout.

Recommendation

Internal and consultant reports should be readily available for review when the draft
is published and throughout the comment period. These could all be posted on the
Department’s website. Likewise, the reports should be readily available when the
final HSR is published, including any revisions or additional reports that were

developed after publication of the draft HSR.

II. Comments on Specific Sections of the HSR

A. Riparian Evapotranspiration

L

Issue

Although acknowledging that claims were not made for water use by riparian
vegetation, the Department conducted an analysis of this naturally occurring
consumption of water (Section 8.8). It is not clear how estimates of riparian

evapotranspiration are relevant to the adjudication of these or other water rights.

Recommendation
Unless the Department establishes the relevance of the riparian evapotranspiration
estimates to the adjudication of Hopi or other water rights, SRP recommends that the

evaluation of riparian evapotranspiration be removed from the final HSR.
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B. Net Irrigation Demand For Rain-fed Crops

1. Issue
The Department includes 7,921 acre-feet per annum (AFA) for cropped acreage under
“Traditional Hopi Farming” as part of its recommended quantity of 19,896 AFA for
water use on the Reservation (Sections 9.1.1 and 9.3.2, and Table 9-1). This quantity
includes estimated crop consumptive use for areas that are “dryland farmed” (Section
9.1.1 and Table 8-2; Appendix F, Section 1.2). Dryland agriculture is not entitled to a
water right. |

2. Recommendation
Crop consumptive use estimates for dryland acreage without a diversion from a water
source should not be included in the quantity of use recommended for a water right.

C. Evaporation Estimates

1. Issues
The Department uses estimates of gross evaporation to report historical demands and
recommended water right attributes for evaporation from recreation and multi-

purpose lakes and reservoirs (Sections 8.5.2 and 9.2.5).

The period of record used for evaporation estimates is not clear (pp. 4-4 and 8-25;

ADWR 2008f).

2. Recommendations
The Department should use net evaporation, which is gross evaporation minus

precipitation, to estimate evaporation losses from lakes and reservoirs.

The Department does not specify the period of record used to estimate evaporation.
To calculate net evaporation as recommended above, the same period of record

should be used for both gross evaporation and precipitation.



SRP COMMENTS ON THE PRELIMINARY HSR FOR THE HOP! INDIAN RESERVATION
JUNE 30, 20609

D. Pre-history and History
Hopi pre-history and history appear in Chapter 3: Hopi Reservations Lands, Chapter 5:
Culture, and throughout the report in the chapter sub-sections labeled Historic. The two

chapters and the sub-sections are reviewed separately below.

Chapter 3: Hopi Reservation Lands

Overall, Chapter 3 provides a solid, general history of the Hopi Reservation lands. The
account begins with the pre-reservation period which discusses pre-1540 evidence by
charting the early record as documented during the Spanish, Mexican and early U.S.
periods (1540 to 1882). Hopi population and settlement patterns were drawn from the
early writings which were reiterated in later writings. The history of Hopi Reservation
lands, beginning with the 1882 Executive Order, is well presented. The description of
post-Executive Order history clearly describes the complexity of Hopi land evolutions
through the many designations, enactments, court proceedings, and allotments. The
author has provided information and data based on research findings and, for the most

part, steered away from offering interpretation of the findings.

1. Issue
The quote, “one historian stated that ‘the cultural remains present a clear,
uninterrupted, logical development culminating in the life... Hopi Mesas today.”
(Section 3.1.1, History to 1540, p. 3-2)

2. Recommendation
Remove conclusion drawn by “one historian” and replace with data/information the
historian used to reach said conclusion.

3. Issue
The Hopi Tribe claims Pueblo water rights under the Treaty of Guadalupe Hidalgo
(Section 9.3.2, p. 9-11). (The Treaty of Guadalupe Hidalgo is mentioned in Section
3.1.4, p. 3-5).

4. Recommendation
Given that there is a legal issue about whether the Hopi Tribe holds 1848 water rights
under the Treaty of Guadalupe Hidalgo (Section 9.3.3, p. 9-14), it would be helpful
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for the Treaty citations to be included in the text (9 Stat. 922; Feb. 2, 1848) and for

the Treaty itself to be appended to the HSR.

Specific Comments and Questions

* All citations in the HSR need to be checked for format consistency throughout the report.
Some are listed below.

Page Section; Line - Comment
2-20 2.8.1,line 5 “Wash” should be capitalized.
3-9 3.2.1 1* paragraph Citation should be on its on line (See example — p. 3-11).
3-11 Citations for the two inset quotes and the endnote — treat as other citations
with parentheses.
3-17 1 paragraph Citation — 2006 Intergovernmental Compact appears twice in paragraph. 1%
time in does not provide location, 2™ time it is not in parentheses.
4-3 Precipitation; lines 3 Insert “average” before “annual”
and 5
4-4 Surface Water Insert “average” before “annual”
Evaporation;
line 1
4-5 4.5.1; lines 11-13 It is not correct to state that “Soils series consist of soil families with similar
color, texture, structure and composition (NRCS, 2007b).” Soil families are a
broader classification than soil series (ADWR 2008f, Section 2.1). Suggest
rewording as follows: “Soils series consist of soils with similar color, texture,
structure and composition (NRCS, 2007b).”
5-2 1* paragraph Citation should follow the quote. (See example - p. 3-11).
5-5 1* paragraph Reference to Mischa Titiev - Does this work appear in the bibliography?
5-8 1" & 2™ paragraphs | Citations are missing page number(s).
5-9 2" paragraph Suggest moving paragraph farther down in the section to be adjacent to other
paragraphs on domesticated animals.
All Chapter 6, 7 Citations are missing page number(s).
8-4 Last paragraph Citation is missing page number(s).
8-5 1 & 2™ paragraphs Citations are missing page number(s).
8-6 1 & 2™ paragraphs Citations are missing page number(s).
8-14 1" & 3™ paragraphs Citations are missing page number(s).
8-17 1* paragraph Citation missing.
8-19 8.4.2 intro paragraph | Andersen citation — move parenthesis to before Andersen from before 2008
8-24 8.5.1 intro paragraph | Citation is missing page number(s).
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Page Section; Line Comment
8-27 8.7.1 Documentation / report for this information is missing.
8-28 8.8.1 Citation is missing page number(s).




United States Department of Justice

VBW Environment and Natural Resources Division
Denver Field Office Telephone (303) 844-1372
1961 Stout Street Facsimile (303} 844-1350
8% Floor

Denver, CO 80294

June 29, 2009
Via Federal Express

Arizona Department of Water Resources
Attn: Adjudications

3550 N. Central Ave, 4" Floor

Phoenix, AZ 85012

Re:  United States’ comments on the Preliminary Hydrographic
Survey Report for the Hopi Indian Reservation

Dear Sir or Madam,

Pursuant to A.R.S. § 45-256(H) and in accordance with the Court’s Pretrial Order
No. 6 re: Notice of Hydrographic Survey Reports, dated July 26, 2000, the United States
of America (“United States”) respectfully submits its comments on the Preliminary
Hydrographic Survey Report for the Hopi Indian Reservation (“Preliminary HSR™). The
comments are provided below by section consistent with the presentation in the
Preliminary HSR. Language presented in italics below reflects the United States’
proposed revisions to the Preliminary HSR.

Chapter 1: Introduction and Scope

1.1: Introduction

p. 1-2, footnote 1 — The information regarding the San Juan Southern Paiute
Tribe should be clarified to note that they are a federally recognized tribe although they
do not currently have a land base. It should be noted that the San Juan Southern Paiute
lands are located generally northwest of Moenkopi village. The proposed revision would

replace Section 1.1, footnote 1: R E C E l VE D

JUN 3 0 2009

ADJUDICATIONS
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“The lands occupied by the San Juan Southern Paiute Tribe are not depicted on Figure
I-1. The San Juan Southern Paiute Tribe is a Jederally recognized Indian Tribe but does
not currently have a reservation. The lands occupied by the San Juan Southern Paiute
Tribe are generally located northwest of Moenkopi Village and may form the basis ofa
Juture San Juan Southern Paiute Reservation.”

1.3: Scope

p- 1-4, 92— The Gila V statement of law should recognize that “[t]he method
utilized in arriving at such an amount, however, must satisfy both present and future
needs of the reservation as a livable homeland.” /n re the General Adjudication of All
Rights to Use Water in the Gila River System and Source, 201 Ariz. 307, 35 P.3d 68, 77
(2001). The proposed revision for Section 1.3, 92, 2" Sent. follows:

“Under Gila V, the water rights for the Hopi Reservation are to be quantified by
determining the amount necessary to satisfy both the present and future needs that serve
the purpose of the reservation, i.e. as a permanent home and abiding place, also referred
to as homeland purposes. Gila V, 35 P.3d at 76-77.”

Chapter 2: Summary of Adjudication Claims

As a general matter, the United States intends to file a Second Amended
Statement of Claimant on behalf of the Hopi Tribe that will set out revised water right
claims.

2.3.4: Past and Present Irrigation Use

p- 2-5, 9 1, last sentence — The maximum amount of water available is claimed in
order to provide any available water to lands that have been irri gated in the past and
present. The proposed revision for Section 2.3 .4, 91 follows:

“However, the Hopi claim a maximum quantity for irrigation of the past and presently
irrigated acreage in order to provide water in years when water is available. In other
words, for those years with higher than average water availability, the maximum quantity
claim ensures that the Hopi will be able to increase their Jarming acreage at the times
that increased water is available. Such an approach is consistent with Hopi historic
practice.

2.5: 1994 United States Claim

p. 2-12,~ The summary of the 1994 United States Amended Claim needs to
clarify that the numbers provided in the HSR are for Hopi only. The proposed revision
for Section 2.5, 9 1 follows:
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“On November 22, 1994, pursuant to court order, the United States, on its own behalf
and as trustee for the Navajo Nation, the Hopi Tribe, the White Mountain Apache Tribe
and the Zuni Pueblo, filed amended SOCs on behalf of Indian Lands in the Little
Colorado River Basin, including SOC No. 39-9]44] (See Appendix A-2). The 1994
United States Amendment separated the water claimed by tribe. The claimed water uses
Jor the Hopi Tribe set forth in the amendment are set Jorth below, and are based on
‘current or recent’ (as of 1994) as well as Juture additional’ uses, which respective
amounts are indicated parenthetically after the fotal.”

2.6.4: Past and Present Irrigation Use

p- 2-15, 9 1 on this page, last sentence — The maximum amount of water available
is claimed in order to provide any available water to lands that have been irrigated in the
past and present. The proposed revision for Section 2.6.4, 91 follows:

“This information is presented in Table 2 of the United States claim, which includes an
average irrigation diversion of 28,489 AFA. The United States claims the maximum
diversion amount in order to provide irrigation on larger areas of historically irrigated
land in years when water is available. (see also Sec. 2.3.4) ™

2.8: Summary and Comparison of Hopi and United States 2004 Claims and
2005 Supplemental Information for Past and Present Uses

p. 2-18,— HSR Table 2-1 claims to compare the Hopi and United States claims but
does not compare them accurately. The Hopi and United States’ domestic, commercial,
municipal and industrial (“DCMI”) claims included past, present and future DCMI claims
asone 11,211 AF claim. ADWR’s breakdown of the springs, wells and stockponds does
not accurately reflect past and present DCMI quantities as claimed. The proposed
revision for Table 2-1 is to delete the DCMI entry and simply note that the US and Hopi
Tribe claim a DCMI amount that includes past, present and future and that the separation
of the time-dependant components of the DCMI claim has not been performed. ‘

2.12: Other Water Uses

p- 2-26, - The first sentence of Section 2.12 may create some confusion as it does
not specify that it is addressing non-Hopi uses. The proposed revision for Section 2. 12,
1 Sent. follows:

“The Department is aware of two parcels of land that may lie within the Hopi
Reservation on which water may have been claimed or used by persons or groups other
than the Hopi Tribe or its members.”
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Chapter 3: Hopi Reservation Lands

3.1.5: Hopi Agency (1850-1882)

pp- 3-6 through 3-7,— This Section 3.1.5 charts generally the administrative
history of Hopis under American authority, but glosses over much of the background
behind the issuance of the 1882 Executive Order which set aside the "Moqui," i.e. Hopi
reservation. The proposed revision is to add the following paragraph, to be inserted after
the fourth paragraph of this section:

“Efforts to set aside a reservation for the Hopi spanned the careers of all of these Indian
agents. Prior to 1882, these agents' concern focused on the lack of a reservation to
protect the Hopis from threat of encroachments by non-Indian cattlemen, the proximity of
the Mormons at Moenkopi, the presence of the Navajos and the resulting competition
over land and water. All of these issues led periodically to recommendations by some
Indian agents to move the Hopis from their villages to the Little Colorado River in order
to secure a reliable water source”

3.2: 1882 Executive Order Reservation Lands

p- 3-8, , 91— This Section provides an instructive description of Jesse Fleming’s
depiction of proposed Hopi Reservation boundaries but lacks the underlying reasoning
for his decision to exclude Moenkopi and fails to mention another government official’s
recommendation that Moenkopi be included as part of the Hopi Reservation. The
proposed revision is to substitute the following text in lieu of the 5™ sentence beginning
“ds instructed...”:

“His proposal did not include the Moenkopi area, occupied by approximately 100 Hopi
in 1882, because Fleming felt that the inclusion of the non-Indians ar Moenkopi could
complicate the administration of the reservation. It should be noted that contemporary to
Fleming'’s survey of the land was the work of another government official, Charles H.
Howard. Inspector Howard was in the process of making his own reservation proposal,
one to include the Moenkopi area within a Hopi reservation, when the 1882 Executive
Order was issued.”

p. 3-8, § 2 — Historical evidence does not support the statement that Navajos
settled on the Hopi Mesas, but rather that the Navajo occupied lands between the Hopi
mesas at times. The proposed revision is to substitute the following sentence for the third
sentence in Sec. 3.2, §2:

"Some Navajo used lands berween the Hopi Mesas and within the boundaries of the 1882
Executive Order Reservation for raising livestock and building homes. ”
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3.3: 1934 Act Reservation Lands (Moenkopi)

pp. 3-14 through 3-15, 9 1 — The description of the 1900 Executive Order lands as
opposed to the 1934 Navajo Boundary Extension Act should be clarified. The proposed
revision is to redraft Sec. 3.3, 9 1 & the first sentence of 1 2 as follows:

“In addition to lands within the 1882 Executive Order Reservation, there are
Hopi lands within the surrounding Navajo Reservation. The Navajo Reservation was
initially created by Treaty of June 1, 1868, 15 Stat. 667, and was expanded through
various executive orders. For example, the Executive Order, dated January 8, 1900,
incorporated the lands immediately west of the 1882 Executive Order Reservation
extending to the Little Colorado River and Colorado River into the Navajo Reservation,
including Upper and Lower Moenkopi villages as well as surrounding areas to which the
Hopi claimed an exclusive interest. This land is often referred to as the 1900 Extension.
See Figure 3-2. (keep footnote 13 the same) The 1900 Executive Order did not mention
the Navajo or any other Indians, but the consensus of the government officials was that
the lands were withdrawn in anticipation of the areas being allotted to the Indians.
Certain Moenkopi lands were allotted and occupied by both Hopis and Navajos prior to
the issuance of the 1900 Executive Order.

In 1934, Congress passed legislation that confirmed the boundaries of the Navajo
Reservation resulting from the additions made by the prior executive orders. Act of June
14, 1934, Ch. 521, 48 Star. 960. In addition to confirming the boundaries of the Navajo
Reservation, the 1934 Act permanently ...

3.4: Allotted Lands

pp. 3-17 through 3-18,— This Section needs some additional information to clarify
that the Dawes Act authorized allotment of lands from the unappropriated public domain
as well as from reservation lands. This is important because the Hopi allotments were
withdrawn from the public domain, not from the 1882 Executive Order Reservation, and
allotted to Hopi individuals. This clarification is important because the Hopi allotments
occurred prior to the 1900 Executive Order but were part of the lands covered by the
1900 Executive Order that were added to the Navajo Reservation as a result of the
passage of the 1934 Navajo boundary extension bill. The proposed revision is to
substitute the following text in lieu of 91 and 1™ Sent of 72 :

“Under the Indian General Allotment Act of 1887, also known as Dawes Severalty
Act, the President was authorized to allot reservation lands to individual Indians when
advantageous for “agricultural and grazing purposes.” Act of February 8, 1887, ch.
119, § 1, 24 Stat. 338. The Act authorized the allotment of lands within the boundaries of
Indian reservations as well as from lands on unappropriated public domain to Indians
not residing upon a reservation or for those with no tribal reservation, The allotment
program ended in 1934 as part of the Indian Reorganization Act. 48 Stat. ar 984.

The allotments to Hopi Tribal members were established in the late 1800s and
were allotted from the public domain at Moenkopi, located outside the exterior
boundaries of the 1882 Hopi Reservation. The surrounding area was subsequently
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withdrawn by the January 8, 1900 Executive Order. This withdrawal became a
permanent addition to the Navajo reservation as the result of the passage of the 1934
Navajo boundary extension bill. These allotted lands are depicted on Figure 1-2 ...

Chapter 4: Physical Setting

The United States has no comments on this section.

Chapter 5: Culture

The United States has no comments on this section.

Chapter 6: Economic Base

6.1.1: Arable Land

p. 6-2, Sec. 4 — The use of the term “irrigated” in the last sentence appears to be
an error and should be changed to “arable” as follows: :

“The other 37% of Reservation lands or approximately 597,758 acres had soil types that
were not found to be arable during the NRCS survey and, therefore, were not given an
Irrigated Capability Class by NRCS.”

6.4: Human Resources

As a general matter, the United States intends to update its population projections
for the Hopi Tribe in its Second Amended Statement of Claimant.

The United States finds that Section 6.4 reveals a number of data gaps and, with
'some data, a level of inter-year variation that on its face puts to question the data’s
accuracy. While the United States understands that accurate and consistent data on
Reservation demography. employment and general economics is sometimes unavailable,
we feel that this section demands closer examination of data and explanation of possible
sources of error. Given the number and specificity of the United States’ concerns,
proposed revisions for Section 6.4 have been made in the table below.
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Chapter 7: Water Resources

7.1.1: Hopi Washes, Flow Conditions and Regional Flow Analysis

pp. 7-1 through 7-4,— This discussion is a summary of the information presented
in Streamflow Characteristics of the Hopi Indian Reservation (ADWR, 2008b) (“ADWR
Streamflow Report”). Accordingly, the United State’s provides detailed comments on
the ADWR Streamflow Report in Attachment 1. As a general matter and for purposes
of commenting on the Preliminary HSR rather than its supporting documentation, there
are three primary shortfalls with the methods described in the ADWR Streamflow
Report. First, the methods used to determine perennial streams are too restrictive and
result in misclassifications. Second, the filling/extension of annual streamflows uses
models built from either too short of periods (as short as four data points) or with
inadequate explanation of the variance to use for record extension. Third, these filled
annual data are used to produce models of ungaged locations using questionable
statistical techniques including correlated predictor variables from a non-representative
period. The result is a compounding of errors in the final results. For gll of these
reasons, the United States requests that ADWR reevaluate their methodology for
estimation of undepleted wash flows consistent with the United States’ comments in
Attachment 1.

7.2: Impoundments

pp. 7-7,— As a general matter, the impoundment information presented by the
Preliminary HSR has some errors which the United States will address when it files its
amended statement of claimant on behalf of the Hopi Tribe. For example, the difference
in the number and/or size of each individual impoundment and verification of the 4
impoundments that ADWR could not verify will be addressed in the amended statement
of claimant rather than through these comments.

7.2.1: Condition

pp. 7-7 through 7-8 — ADWR identified breached and silted-in impoundments, but
either did not include a storage quantity or included a limited storage quantity for such
impoundments. The claim submitted by the United State is based on past and present use
and thus includes impoundments that are breached and silted-in. The breached and
silted-in impoundments can be repaired and/or the silt removed, therefore, the United
States will claim the storage quantities based on original construction capacities. It
should be noted that the United States” Second Amended Statement of Claimant will
include updated storage quantities for these impoundments.

7.3: Springs

pp. 7-10— As a general matter, the springs information presented by the
Preliminary HSR has some errors which the United States will correct when it files its
Second Amended Statement of Claimant on behalf of the Hopi Tribe. For example, the
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difference in the number and /or size of each individual spring will be addressed in the
amended statement of claimant rather than through these comments.

7.3.1: Characteristics

p. 7-11- This section states that ADWR verified the location of 328 of the overall
360 springs claimed. Therefore, ADWR was unable to verify 32 springs. In its amended
claim, the United States will provide verification data for many of the 32 springs plus
additional unclaimed springs.

7.4: Aquifers

As a general matter, the information about wells presented by the Preliminary
HSR has some errors which the United States will correct when it files its Second
Amended Statement of Claimant on behalf of the Hopi Tribe. For example, the
difference in the number and/or size of each individual well will be addressed in the
amended statement of claimant rather than through these comments.

On p. 7-14 this section also states that ADWR was unable to verify 14 of the
claimed wells. In its amended claim, the United States will provide verification data for
many of these claimed wells.

7.4.2: Aquivers, Alluvial/Coluvial Aquifer

Colluvial water may be entirely distinct from alluvial water, as suggested by the
mapped occurrence of landslide debris by Cooley et al (1969, their Plate 2), which is
different than the alluvium mapped in Figure 7-16. Calling it a single aquifer appears
inappropriate.

This section expands on the limited concept of alluvial water provided by Cooley
et al (1969, Plate 2) to nearly the entire area mapped as Quaternary alluvium (Figure 7-
16). Truini and Longsworth (2003) and Richards et al (2000) did not indicate that
additional information existed regarding the saturated conditions of this mapped unit.
Therefore, the map should be limited to the alluvial areas that Cooley et al identified as
being water bearing unless ADWR has additional information not cited that would justify
including the larger areas shown.

p- 7-16, 9 3 — The reference to Section 8.6 should instead be to Section 8.8.

7.4.3: Bidahochi Aquifer

This section refers to the “underlying T Aquifer” which insinuates that the T
Aquifer underlies the entire Bidahochi Aquifer. On the contrary, much of the Hopi
Buttes portion of the Bidahochi directly overlies Mancos Shale, lower Jurassic rocks, and
Triassic rocks. It appears that only the northeast area of the Bidahochi Aquifer directly
overlies the T aquifer in the Roberts Mesa area. (Plate 1, Sheet 4 in Cooley et al, 1969).
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The United States proposes that the following sentences be added to the end of the
“Occurrence” paragraph on p. 7-17:

“In many places, the Bidahochi Aquifer directly overlies Mancos Shale, lower Jurassic
rocks, and Triassic rocks. It overlies the T Aquifer in the northeast area near Roberts
Mesa.”

7.4.6: N Aquifer, Occurrence

The last paragraph on page 7-22 states that water is obtained from sandstones in
the Kayenta Formation. This is incorrect. As shown in Figure 4-9, the Kayenta
Formation is non-water bearing, a fact which is evident where the Kayenta Formation
outcrops in the Dinnebito, Polacca and Moenkopi Washes in the form of springs
emanating from the top of the Kayenta/base of Navajo Sandstone. The United States
proposes that reference to the Kayenta Formation be deleted from the 2™ sentence, last ¥,
p. 7-22 and be revised as follows:

“The Navajo Sandstone is the primary water-bearing unit, with water also obtained from

underlying sandstones in the Lukachukai Member of the Wingate Sandstone. (Figure 4-
9)’3

7.4.6: N Aquifer, Natural Recharge and Discharge

p. 7-23,~ The 1* sentence states that the N Aquifer has a median recharge of
13,000 AFA. The range of recharge listed includes estimates based on different N
aquifer model areas and differences over time. The “median” of these estimates is not
informative and could be misleading. The United States proposes deleting the reference
to a median and revising the 1% sentence of this section as follows:

“Recharge to the N Aquifer is estimated to range from 2,600 and 20,248 AFA.”

p. 7-24,2™ 9 — The 1% sentence of this paragraph states that the Jeddito Wash,
among others, is fed by the N Aquifer. This is incorrect because there is no indication
that Jeddito Wash receives water fed by the N aquifer. The perennial reach mapped by
Hack (1942), and by Cooley et al (1969, their Plate 2) lies mostly adjacent to D aquifer
rocks or Mancos Shale. The USGS N aquifer model boundary runs north of Jeddito
Wash because the Navajo Sandstone thins to extinction along that boundary. The United
States proposes deleting Jeddito Wash and revising the sentence as follows:

“Perennial and intermittent stream reaches historically and currently observed along
Moenkopi, Dinnebito, Oraibi and Polacca Washes are also believed to have been fed by
the N Aquifer (Figure 7-5).”
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7.4.6: N Aquifer, Water in Storage

pp. 7-25 through 7-269 — The calculated ratio of total N aquifer pumping to total
volume in storage (0.1%, page 7-26) is misleading because it infers that existing
pumping has a negligible impact on N aquifer groundwater resources. As the various
groundwater modeling results have shown, this inference is incorrect because the ratio is
neither a measure of groundwater availability nor is it an indicator that pumping impacts
on the groundwater resources are negligible. The United States proposes deletion of the
last sentence of this section.

7.4.6: N Aquifer, Well Development

p. 7-26 — The Truini and Macy (2007) report provides N aquifer pumping totals
through year 2005, not 2002. The United States proposes that 2002 be changed to 2005
in the 3" sentence, 3™ 9 as follows:

“Over 218,000 acre-feet of water have been pumped from the N Aquifer over the period
Jrom 1965 to 2005 and, since 1972, annual withdrawals have steadily risen from 4,300
acre-feet in 1972 to 8,000 acre-feet in 2005 (Truini and Macy, 2007).”

7.4.6: N Aquifer, Measured Hydrologic Impacts from Development

p. 7-279 — The United States proposes that the last sentence, 1 q, be revised to
change “municipal well” to “Hopi Reservation boundary” as follows:
“A municipal well (PM2) near Keams Canyon showed a water-level decline of 196.2 feer,
a USGS monitoring well (BM2) northeast of the leasehold showed a change of -87.8 feet,
and a USGS monitoring well (BMG6) between the leasehold and the Hopi Reservation
boundary showed a change of -161.7 feet.”

7.4.6: N Aquifer, Future Hydrologic Impacts from Development

pp. 7-28 through 7-299 — The HSR recognizes its limitations as to future uses on
p. 1-5. Based on these limitations, the United States proposes that this section be
renamed and changed to simply list the models that exist rather than recommending the
use of one model over another for calculating future uses. Comparing various models
and recommending one over others was not an objective of the HSR and is not
appropriate in light of the specific limitations imposed on ADWR in opining on future
uses. Such recommendations should be left to the hyrdologists that will present evidence
regarding future uses without prejudicing the court and parties regarding which model is
preferred by ADWR for simplistic reasons listed on p. 7-28. For example, although the
PWCC model is indeed more complex than the others listed, predictions made by that
model did not significantly differ from the much simpler USGS N aquifer model, given
the uncertainties in modeled hydrologic properties. Increased model accuracy is not a
natural result of model complexity. The United States proposes that this section be
changed as follows:
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“dvailable Models to Evaluate Future Hydrologic Impacts from Development

Three numeric groundwater flow models have been developed to simulate existing
hydrologic impacts from well development in the N Aquifer and predict future impacts. A4
detailed review and comparison of the models is presented in ADWR (2008h).
(delete remainder of this section)”

Moreover, any discussion of the HDR model developed by the Western Navajo-
Hopi Water Supply Study, 2004, should be deleted pursuant to the Protective Order,
dated January 3, 2002, which states the following:

IT IS ORDERED that the Hopi/Western Navajo Water Supply Study shall not be used in
any judicial proceeding in this Adjudication by any party to this Adjudication or by any
representative of a party to this Adjudication.

Chapter 8: Water Demands

8.1.1: Agriculture, Quantification

The United States’ approach to quantification of the historic and present irrigation
claim on behalf of the Hopi Tribe has significant differences from ADWR’s approach to
quantification in this section of the HSR. A detailed explanation of these differences,
including suggested changes to ADWR’s approach, is provided below in Attachment 2 -
United States’ Comments on HSR Appendix F: Consumptive Use of Crops Grown on
the Hopi Indian Reservation (ADWR, Dec. 2007). A summary of comments and
proposed revisions is provided here.

ADWR summarizes its approach to quantification by stating that it “estimated
agricultural water demands on the Reservation utilizing the following commonly used
factors: 1) the type of crops being grown; 2) the net irrigation requirement of the crops
(1.e., the amount of water needed to supplement local precipitation); 3) the efficiency of
the irrigation system; and 4) the cropped average.” HSR, p. 8-2. The United States
provides comments on this section according to each subject outlined above:

1. Type of crops being grown — The United States generally agrees with
ADWR’s conclusion that corn has been the most common crop, followed by orchards,
beans, melons and squash, among other items.

2. Net irrigation requirement of crops in traditional agriculture/native irrigation —
ADWR provided a range from 0.35 to 0.86 acre-feet per acre for crop water irrigation
demands. This estimate is lower than the United States’ claimed depletion of 0.61 to 0.99
acre-feet per acre. Some of the difference between the net irrigation requirements for
crops can be explained by the different approaches, i.e., the United States’ claim is based
on modeling of the water supply to simulate the quantity of surface water depleted by
irrigation whereas ADWR did not analyze water supply. However, even under ADWR’s
approach, a number of important factors such as climate data, crop spacing, growing
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season, soil moisture accounting, crop coefficients, and effective precipitation were not
properly addressed and need to be considered in any final analysis. The United States’
proposed changes to ADWR s analysis on these topics are outlined in detail in
Attachment 2. 1t should be noted that this discussion of the net irrigation of crops refers
to crops under traditional farming methods rather than project irri gation systems.

3. Efficiency of the irrigation system ~ ADWR’s treatment of irrigation
efficiency, on p. 8-3, § 2, is inconclusive and unhelpful. The United States estimated
conveyance seepage and evaporation water uses for seasonal and range pasture irrigation
as 16% of irrigation diversion. Generally, seasonal and range pasture irrigation have
structures that convey water a short distance to the parcels. Since native farming uses
few structures, and irrigated parcels are very near the water source, it is reasonable to
assume that conveyance and distribution water uses are small. These values are
appropriate based on diversion into dry unlined canals (ditches). The intermittent use of
the ditches does not allow for steady-state seepage conditions, which would result in less
loss. ADWR could adopt the United States’ estimate of 16% of the irrigation diversion
going to inefficiency losses composed of deep percolation and evaporation from
conveyance facilities or provide support for other conveyance efficiency value. The field
level (on-farm) efficiency estimated by the United States is from the irrigation model
output based on irrigation water entering the field through the diversion, deep percolation
in the soil moisture budget, and a runoff estimate. ADWR should also include estimates
of field-level efficiencies to determine irrigation diversion requirements.

The last sentence on p. 8-3, “[clomparison of the depletion and diversion rates
indicates an irrigation efficiency of 90%,” should be deleted because it is incorrect. The
90 percent is actually the percentage of diverted water that does not return to the surface
flows. To the extent that this 90% may be based on NRCE’s October 29, 2007
memorandum, it does not represent the irrigation efficiency. There, the 90% represents
the fact that the full water requirements of crops irrigated with a perennial water supply
would not be met on an annual basis because even perennial flows are not constant from
year to year. Thus, the claim was reduced fo 90 percent of crop irrigation requirement to
account for water supply shortages. It was also assumed that with well 1rrigation 95
percent of the irrigation requirement would be met on an average annual basis. The
reduction in this irrigation requirement is to account for typical irrigation management
and cropping conditions.

4. Cropped Acreage — On pp. 8-4 and 8-10, ADWR concludes that the maximum
cropped acreage in one year on the Hopi Reservation has been 9,330 acres but has
typically ranged between 3,500 and 6,500 acres. In its Second Amended Statement of
Claimant, the United States intends to provide an updated photo interpretation analysis
that will improve its estimate of the irrigated acreage on the Hopi Reservation in a certain
time period.

It should be noted that ADWR’s estimate of a maximum of 9,330 acres irrigated
at one time is likely an underestimate for several reasons. First, to the extent that the



US comments on Hopi HSR
June 29, 2009
Page 16 of 21

estimate is based on the Anderson Report and historical documents relied on therein,
those historical documents represent a sporadic collection of materials gathered over a
large period of time and cannot accurately reflect a single irrigated acreage. While the
historical documents are helpful in generally identifying irrigated lands, they should not
be viewed as a comprehensive inventory of all irrigated lands.

The second reason that ADWR’s estimate likely undercounts acreage is the flaws
associated with ADWR’s photo interpretation outlined in HSR Appendix C. ADWR’s
photo analysis is flawed for the following reasons: 1) it was based on images scanned
from aerial photos rather than negatives of the photos; 2) it lacks stereoscopic analysis; 3)
1t incorrectly assumes “digitizing errors” in its evaluation of United States” interpretation;
4) it is based on a misleading classification scheme; 5) it inappropriately collapses small
fields into larger fields; and 6) it failed to identify clear categories of irrigation such as
orchards and range pasture. Attachment 3 provides a detailed critique of the ADWR
photo interpretation.

Despite the flaws in ADWR’s photo interpretation effort, the United States
supports the premise that photo interpretation methodology is the most important source
of information necessary to estimate irrigated acreage during a certain time period,
particularly when used in conjunction with historical documents such as those cited in the
Anderson Report. For these reasons, the United States’ Second Amended Statement of
Claimant will provide an updated photo interpretation of irrigated acreage for a certain
time period.

8.1.2: Historic (Pre-1985)

The last paragraph observes that Hopi farming in the number of acres per person
has decreased. While this is true in a general sense, the end of this paragraph speculates
as to what the current ratio of acreage per person may be. Such speculation is
unnecessary and misleading because it is based on certain assumptions that lack a basis,
i.e.: 8,000 Hopis on the Reservation farming 5,000 acres. The HSR does not provide
sufficient information to support these population and acreage numbers; therefore, the
United States proposes deletion of the final two sentences which currently read as
follows:

“If it were assumed that 8,000 Hopi were living on the Reservation in 2005 and they
successfully cropped 5,000 acres that year, the ratio now would be less than | . The ratio
would be even lower if the entire population of the Reservation at the time (about 12,000)
were assumed.”

8.1.2: Historic (Pre-1985), Irrigation Projects

p. 8-6 and Table 8-3 — The list of historical irrigation projects is incomplete
because historic reports and interpretation of aerial photos document several other
historic irrigation projects as well as a much larger historic project irrigated acreage.
Some of the projects omitted from the Preliminary HSR list include Begashibito 2, Upper
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Kerley Valley (joint Hopi/Navajo), Dinnebito Wash (DW)10, Oraibi Delta (joint
Hopi/Navajo), Polacca Wash (PW) 1, Polacca Wash 35, and Polacca Delta (joint
Hopi/Navajo). A comprehensive list and map locating the historic projects will be
provided in the upcoming Second Amended Statement of Claimant.

8.1.2: Historic (Pre-1985), Claims

pp. 8-7 through 8-8 — As mentioned above, the maximum amount of water
diverted and total acreage claimed by the United States and Hopi Tribe will be updated
when the amended statements of claimant are filed in the future with updated
information. Therefore, the number of AFA (49,200) and amount of acreage (37,514)
listed in the 1% 9 will change.

ADWR’s photographic analysis of irrigated acres, Preliminary HSR Appendix G-
1, is inaccurate in many instances for two primary reasons. F irst, ADWR used scanned
photos rather than prints from original negatives. Second, ADWR did not employ
stereoscopic analysis of the photos. For these reasons, ADWR’s conclusions that 11% of
acreage had complete evidence of agriculture, 55% of acreage had partial evidence of
agriculture, and 34% of acres were questionable or lacked evidence of agriculture is
incorrect and wholly unreliable. Moreover, ADWR’s classification scheme listed at the
bottom of p. 8-7 is misleading. For example, based the explanation in Appendix G-1, the
“Questionable” category should be labeled “Cannot be Determined.” A complete set of
comments regarding HSR Appendix G-1 is provided herewith in Attachment 3. [n light
of the United States’ view that ADWR’s photographic analysis underestimates the
number of irrigated acres, the United States proposes that ADWR not rely on this photo
interpretation and rely on the acreage provided in the United States’ amended claim that
will be filed in the near future.

Sec. 8.1.3 Recent

The Preliminary HSR indicates that the Pasture Canyon Reservoir Irrigation
Project serves 179 acres. There are some minor differences between the tracts in F igure
8-3 and the GIS coverage for the ADWR 2005 inspected field study. For example, Fig.8-
3 shows some tracts between Highway 160 and Pasture Canyon Reservoir, while the GIS
coverage does not. The United States requests that ADWR clarify the basis for Figure 8-
3. The United States intends to update the acreage for the Pasture Canyon Reservoir
Irrigation Project in its Second Amended Statement of Claimant because it appears that
ADWR’s approach underestimates the total acreage under irri gation.

The Preliminary HSR on page 8-9 and on Figure 8-3 indicates that there are 55
acres of recent irrigation of traditional farming in the Moenkopi area not served from
Pasture Canyon. The United States believes there are more than the 55 acres of non-
Pasture Canyon system irrigation. Some of this acreage is on the Hopi south side of
Moenkopi Wash within the Upper Kerley Valley Irrigation Project downstream of the
Pasture Canyon project. The Upper Kerley Valley Irrigation Project is a modern system
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of a diversion dam and canals. There are two major siphons which serve two distinct
service areas. One of the siphons is currently not in operation but could be repaired.
Another part of this acreage is in isolated tracts which are either served by pumping from
Moenkopi Wash or are “traditional farm tracts” served from springs and small side
tributaries of Moenkopi Wash upstream of the Pasture Canyon project area. In addition,
some of the Pasture Canyon service area adjacent to Moenkopi Wash receives
supplemental water pumped from Moenkopi Wash. 8.2.4, Domestic, Commerecial,
Municipal and Light Industrial, Future

p. 8-15 — The 2™ sentence states that the growth rate is 2.2%. The 2.2% growth
rate reflects the first 100 years only. The growth rate to the stable population of 62,512
in 2175 is actually 1.26%. The United States proposed the following revision:

“This claim assumes that the population of the Reservation grows annually at 1.26% and
stabilizes in 2175 at 62,512.”

Sec. 8.4.1, Livestock, Quantification

p. 8-19 — The United States” claim for livestock is referenced as a use in the wells,
springs, and impoundments claim and quantification. The United States does not have a
specific identifiable quantity of water use for livestock. However, ADWR calculated
upper and lower limit quantifications for livestock use. ADWR assumes that a cow or
horse need 12 gallons per day (gpd) and sheep need 1.5 gpd. The livestock water used by
Daniel B. Stephens and Associates in the Hopi Drought Plan of 19.5 gpd per animal unit
is a more suitable number because it includes the losses and other inefficiencies
associated with livestock water. For these reasons, the United States proposes that
ADWR use the 19.5 gpd instead of 6-12 gpd.

8.8, Riparian Evapotransporation

The discussion of riparian evapotranspiration (ET) is not necessary as it is not part
of either the Hopi or US claims. Moreover, the analysis appears to have significant flaws
as explained below.

ADWR calculated ET by multiplying 14,000 acres of riparian vegetation times a
demand of 2.3 to 4.4 acre-feet per acre, and subtracting a portion provided by local
precipitation. The total ranges between 23,100 and 56,400 AFA. Both values are
extraordinarily large, up to 7 times greater than total modeled ET in the USGS N aquifer
model, more than 5 times greater than the total aquifer discharge to streams on the Hopi
Reservation, and between 2 and 4 times as much as the average yearly streamflow in the
five Hopi Washes (Section 7.1.1).

It is likely that the supply of water to the alluvium is grossly inadequate for this
amount of ET to occur. Additionally, winter periods, when ET is negligible, should show
a cumulative increase in base flow in washes of between 32 and 78 cubic feet per second
during a winter month (or a large rise in the alluvial aquifer water table), if this
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calculation was correct. However, the wintertime increase in base flow in these washes is
only a small fraction of this amount, and there is no evidence that alluvial storage could
increase by this amount. For these reasons, this amount of ET is not justified based on
alluvial aquifer water balance considerations.

Likely errors are in how the acreage was calculated, and in the assumption that the
riparian vegetation evapotranspires at its potential rate. The measured 14,000 acres is
undoubtedly not at 100 percent plant density, and probably not even half that, on average.
Lower plant density, for example 20 percent, would reduce this ET calculation by a factor
of 5. Equally as important is that riparian vegetation may be significantly water stressed
over most of the year, and actual ET over a year may be much less than the demand listed
above.

For these reasons, the United States proposes that ADWR delete this section.

Chapter 9: Analysis

Chapter 9 provides a summary of the information presented in prior chapters in
the Preliminary HSR. Accordingly, the United States comments on previous chapters are
incorporated into Chapter 9 and should be applied to the relevant issues below. In
addition, the United States summarizes certain comments for Chapter 9 below.

9.1.1, Agriculture

p. 9-2, and Table 9-1 — ADWR underestimates the water amounts used by the
Hopi Tribe for traditional irrigation (350 to 7,921 AF Y) and project irrigation (0 to 1,582
AFY) for several reasons that were explained in detail above and are summarized below.
The United States intends to provide updated acreage amounts in its Second Amended
Statement of Claimant and requests that ADWR consider adopting that updated acreage
at that time. The primary reasons that ADWR’s methodology underestimates the water
use for historic and present agriculture are:

1. ADWR’s estimate of traditional irrigation cropped acreage 1s too low because:

a. Historical documents in the Anderson Report are helptul but do not
represent a comprehensive record of irrigated acreage;

b. ADWR’s photo interpretation underestimates irrigated acreage because it
was based on images scanned from aerial photos rather than negatives of
the photos and lacks stereoscopic analysis; and

¢. ADWR’s photo interpretation failed to identify clear categories of
irrigation such as orchards and range pasture.

2. ADWR’s estimate of crop water demand for traditional irrigation is low because:
a. it does not acknowledge the importance of water availability, as calculated
through the United States PRMS model, to estimate water diversions; and
b. it does not include critical data components in its analysis including, but
not limited to, climate data analysis, proper crop spacing, appropriate crop
growing season estimates, soil moisture accounting, crop coefficients,
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realistic effective precipitation, accurate cropped area and crop
evapotransporation, deep percolation and conveyance losses
measurements.

3. ADWR underestimates the acreage irrigated from historic and recent projects.
The United States intends to provide an updated estimate of cropped acreage
within projects in its Second Amended Statement of Claimant.

9.1.2: DCMI

The United States’ claim includes past, present and future use within the DCMI
category as a single claim. It did not separate the time-dependant components of the
claim nor did it present a past and present use portion of the claim distinct from the future
use portion of the claim. Therefore, the United States does not provide comments on
ADWR’s attempt to separate the claim in this manner other than to note that such an
approach is inconsistent with the claims as filed in the adjudication.

9.1.3: Heavy Industrial

The United States intends to provide an updated mining claim in its Second
Amended Statement of Claimant.

9.1.4: Livestock

The United States intends to provide an updated livestock claim in its Second
Amended Statement of Claimant.

9.2: Comparison of Quantities of Water for Past and Present Uses Claimed
by the Hopi and United States to Quantities of Water Determined by ADWR

: Overall, ADWR accurately describes the differences between the 2004 claims and
ADWR’s determination. It should be noted that the United States intends to file a Second
Amended Statement of Claimant which will update certain categories of information,
such as providing an updated agricultural acreage for a single period rather than just a
composite of acreage. The comparison presented in this Section will necessarily change
in light of the amended claims.

9.3.2: ADWR’s Recommended Water Right Attributes, Quantity of Use

p- 9-12, Water Source — The second sentence in the second paragraph is
unnecessary and should be deleted. For convenience, the sentence proposed for deletion
reads “Because the Court has not yet determined whether the Hopi are entitled to use
surface water sources that do not cross the Reservation, and because the Court has not yet
analyzed or quantified proposed future uses, ADWR cannot make a recommendation
regarding whether the Hopi federal reserved water right extends to groundwater.”
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p- 9-12, Quantity of Use - For the reasons explained above, the United States
comments that ADWR underestimates the quantity of water used for past and present
purposes by the Hopi Tribe.

Please do not hesitate to contact either Vanessa Willard at (303) 844-1353 or
Guss Guarino at (303) 844-1343 if you have questions regarding these comments and

enclosures.
Sincerely, M
U Vanessa Boyd Williard
Andrew “Guss” Guarino
Enclosures
cc (w/enclosures) via US Mail: Chris Banet, BIA

Grant Vaughn, Solicitor’s Office
Colin Hampson, Counsel for Hopi Tribe
Scott McElroy, Counsel for Navajo Nation



ATTACHMENT 1 - United States’ Comments on Streamflow Characteristics of the
Hopi Indian Reservation (ADWR, 2008b) (“ADWR Streamflow Report”)

ADWR (2008b) was examined in detail; it reviews four general attributes of streamflows
on the Hopi Reservation: Streamflows at Gaging Stations, Temporal Streamflow Patterns,
and Spatial Streamflow Patterns. Each is described in further detail below:.

Streamflows at Gaging Stations

ADWR attempted to characterize streamflows by their magnitude and frequency and
categorize them as perennial, intermittent, or ephemeral. This categorization was based
upon Meinzer (1923) which listed perennial flows as 100% of days showing flows,
intermittent as 10%-90%, and ephemeral as below 10%. There are many attempted
categorizations of streamflows between perennial, intermittent, and ephemeral. For
example, the State of Idaho defines intermittent streams as such (Rea and Skinner, 2009):

Intermittent Waters. A stream, reach, or water body which naturally has a period of zero (0)

flow for at least one (1) week during most years. Where flow records are available, a stream

with a 70, hydrologically-based unregulated flow of less than one-tenth (0.1) cubic feet per

second (cfs) is considered intermittent. Streams with natural perennial pools containing
significant aquatic life uses are not intermittent. (IDAPA 58.01 .02.010.45)

Hedman and Oesterkamp (1982) define the break between intermittent and perennial
as 80% and Hewlett (1982) defines it at 90%. Clearly, the Meinzer definition of
“intermittent” would misidentify a number of perennial stream reaches, including on
Moenkopi Wash and the Little Colorado River.

A comparison of some of the gages between calculated values and reported (ADWR)
reveals slight differences in streamflows (see Table 1 below).

Table 1: Comparison of gage flow summaries between NRCE and ADWR.

Number 9400568 | 9400583 9401110 | 9401260 9401400
Gage Moenkopi
Name Polacea | Jadito Dinnebito | Moenkopi | Near Tuba
City
Minimum ADWR - . - - -
(acre-~ (2008g)
feet/year) ADWR
HSR 194 14 312 1,376 2,181
NRCE 194 13 311 1,373 2,188
Mean (acre- élgxg 2320 | 298 2,790 7,290 11,200
feet/year) ADWR
HSR 2,319 298 2,787 7,292 11,165
NRCE 2,312 298 2,787 7,282 11,167
Median (acre- | ADWR n "
feet/year) (2008g) 2,130 145 2,300 7,470 | 8,830
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ADWR
o 2,126 | 145 2,297 7,462 8,838
NRCE 2,128 | 145 2294 7471 8,845
Maximum ADWR B n - - -
(acre- (2008g)
feet/year) ADWR 6,151 1,427 6,687 14779 | 44,482
HSR
NRCE 6,070 | 1.425 6.703 14,739 | 44.580

Temporal Streamflow Patterns

The temporal streamflow pattern section attempted to identify likely trends in
streamflows over a long period. ADWR used maintenance of variance extension
(MOVE) to extend annual streamflows through 1926. Comments on individual
analyses are listed below.

USGS 9402000

ADWR lists a 13-year record as the calibration period for this model. It is not clear
whether this period is long enough to develop a robust model. The periods in
question may not contain representative dry, normal, and wet periods that are required
to properly calibrate a model.

USGS 9401260

ADWR correlated annual rainfall and runoff between Tuba City and the streamflow
gage on Moenkopi Wash. The reported correlation coefficient was 0.17 for the model
used to extend this gage for annual flows. Because of the extremely low amount of
variance explained by this model, it is unlikely that it represents the annual
streamflows well. Similarly, they use a model reconstruction for the period 1940
through 1973 based on four overlapping annual streamflows. While the reported
correlation coefficient is relatively high, this is clearly not a robust model. The period
of overlap was also from 1974-1977, so most likely represents only a small portion of
hydrologic conditions.

USGS 9400562 Oraibi Wash, 9400568 Polacca Wash, 9401110 Dinnebito Wash,
941400 Moenkopi Wash

These gages use relationships built from between four and six years of data. Again,
they are unlikely to represent a range of hydrologic conditions and are not robust
models.

9400583 Jeddito Wash

Over an 11-year concurrent period, the model explained only 25% of the variance in
annual streamflows. This is not adequate to use for filling and extension of gage
records.
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Peabody Coal Company records

Similar problems exist with the models developed for the Peabody gages. These
either show a short period of record, inadequate explanation of variability, or both.

Long-term flow variability

ADWR uses Meko et al. (2007) and Meko and St. George (in prep.) to examine the
long-term variability of flow in the Colorado and Little Colorado River basins.
NRCE was unable to obtain a copy of Meko and St. George, so these data were not
reviewed.

Meko et al. use tree ring data from various locations in the Colorado River basin to
synthesize an annual hydrograph to 762 at the Lee’s Ferry gage. However, none of
these tree rings were contained within the Little Colorado basin, so this provides little
insight into the streamflows in the Hopi Reservation. In fact, examination of F igure
7-11 shows little correlation between the extended Moenkopi Wash data and the
extended Lee’s Ferry record for the period beginning in 1927.

It should be also noted that tree ring reconstructions tend to underestimate years of
high streamflows, so it is possible that comparisons with tree ring reconstructions are
biased toward lower streamflows.

Spatial Streamflow Patterns

In the spatial streamflow patterns section, ADWR attempted to estimate mean and
median annual runoff at various points throughout the Hopi Indian Reservation.
ADWR used multiple regression analysis to create models between their extended
gage records described in the Temporal Streamflow Patterns section and various
basin characteristics. These models were then transferred to other ungaged points in
the basin and runoff was estimated.

The ADWR models used a calibration period of 1981-2006. These data were filled at
13 gages and measured at one gage. As mentioned previously by ADWR, the
Colorado River basin may see significant persistence of trends including drought or
wet periods. It is quite possible that this 25-year period is not representative of the
total record. If their trend analysis is correct, the runoff on the Reservation has
recently been declining. This could indicate that the most recent period represents a
relatively dry period.
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The model was developed using a number of basin characteristics including drainage
area, stream gage elevation, stream length, stream slope, forested area, barren area,
mined area, Quaternary deposit area, and mean annual precipitation. They point out
that there is a significant correlation between variables, which promotes error in
multivariate models. ADWR used a multivariate model using stream gage elevation,
forested area, and barren area to predict mean and median annual runoff.

Three potential problems arise from the use of these models. First, while there may
be a significant correlation between gage elevation and runoff, it is not clear that this
is a causal link that can be explained through any physical reasoning. Similar
problems can be seen with the other variables used.

The second problem arises with the multivariate regression method used. As
mentioned previously, there is substantial correlation between predictor variables
used. A common method of removing collinearity is to use principal components
analysis (PCA). PCA transforms related variables into orthogonal components
(Haan, 1977) and would have been appropriate in this situation.

Finally, the model was produced using depleted streamflows. The model represents
undepleted streamflows at the Reservation boundary but does not take into account
the fact that the predictive model was built using gaged (depleted) streamflows.
Hence, this is not a viable model of undepleted flows available for irrigation at the
Reservation boundary.



Attachment 1 — US Comments on Preliminary HSR
Page 5 of 11

Attachment 1 References

ADWR, 2008a. Streamflow Characteristics of the Hopi Indian Reservation. Internal
report prepared in support of Preliminary Hopi HSR, January 2008.

ADWR, 2008b. Surface Water Quality of the Hopi Indian Reservation. Internal report
prepared in support of Preliminary Hopi HSR, March 2008.

Haan, C.T. 1977. Statistical Methods in Hydrology. The lowa State University Press,
Ames, TA.

Hedman, E.R., and W.R. Osterkamp. 1982. Streamflow Characteristics Related to
Channel Geometry of Streams in Western United States. USGS Water-Supply Paper
2193.17 p.

Hewlett,J.D. 1982. Principles of Forest Hydrology. University of Georgia Press. 183p.

Meko, D.M. and St. George, S., in preparation. Tree-ring reconstruction of Little
Colorado River Annual Flows. University of Arizona, Tree Ring Laboratory.

Meko, D.M., Woodhouse, C.A., Baisan, C.A., Knight, T., Lukas, J.J., Hughes, M.K., and
Slazer, M.W., 2007. Medieval Drought in the Upper Colorado River Basin.
Geophysical Research Letters, v. 34, L10705.

Rea, Alan, and Skinner, K.D., 2009, Estimated perennial streams of Idaho and related
geospatial datasets: U.S. Geological Survey Data Series 412, p. 32.



ATTACHMENT 2 - United States’ Comments on HSR Appendix F: Consumptive

Use of Crops Grown on the Hopi Indian Reservation (ADWR, Dec. 2007)

The differences between the analysis of irrigation conducted by the United States in
support of its irrigation claim on behalf of the Hopi Tribe and the agricultural analysis
conducted by ADWR for the HSR are substantial. A large portion of the difference
results from the difference in irrigated acreage and a smaller portion results from the
different methodologies of estimating crop irrigation water requirements.

The United States’ approach is superior because it is more thorough and includes a
number of important factors that the HSR analysis ignored. Therefore, the United States
recommends that ADWR revise its report, Consumptive Use of Crops Grown on the Hopi
Indian Reservation (ADWR, Dec. 2007), to account for the following factors:

D

2)
3)

4)

5)

6)
7

8)

9)

Climate data analysis should include all available data (not just two stations),
adjust for location, utilize the method that best estimates solar radiation in the
region, and perform an exceedance probability analysis based on daily ET (rather
than using mean climatic data); '

Proper Crop Spacing measurements;

Crop Growing Season should be tailored to subbasins and elevations (rather than
simply using high and low values of 170 and 115 days for corn);

Soil Moisture Accounting should be included;

Crop Coefficients should be determined using the proper method to estimate
water use when adjusting for non-standard conditions where crops do not reach
effective cover;

Realistic Effective Precipitation estimates;
Calculation of overall consumptive use should include:

a) Cropped Area with all historic acres cropped because Indian water rights are
not lost through non-use; and

b) revised Cropped ET calculation;

Deep Percolation Losses should be included;

Conveyance Losses, such as evaporation and seepage, should be included;

10) Acknowledge the importance of Water Availability, such as calculated through

the PRMS model, to estimate diversions.

These factors are discussed in detail below. The following analysis compares and
comments on the methods used by ADWR versus those used by the United States in
estimating irrigation water use on the Hopi Reservation.
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Differences in Treatment of Climate Data

ADWR’s climate analysis is inadequate for two reasons. First, the HSR uses limited
climate data and does not attempt to adjust these data for location. This is an important
process and calculations are easily performed. ADWR did not use the full climate record
available at the Keams Canyon station. As Shown in Figure 1 below, ADWR’s method
of radiation calculation is not the best method available for the region, overestimating
measured radiation at the Flagstaff station.

Second, ADWR uses only mean climatic data to calculate evapotranspiration. Irrigation
requirements will be highest during drought seasons that have higher than average
temperatures and lower than average precipitation. A more comprehensive analysis
should be performed by estimating daily ET and performing an exceedence probability
analysis. The United States analysis rectifies these two inadequacies as explained below.

Temperature and Precipitation Records

The United States used nine stations in the generation of climatic data for calculations of
depletions. These stations are shown below in Table 1. The selection of stations was
based upon climate record and proximity to the basin. The closest station was used and
lapsed to each hydrologic response unit (HRU) in the PRMS model, developing refined

precipitation and temperature records for the ET analysis.

Table 1: Summary of climate stations used in the hydrologic modeling.

Station | Station . . Elevation ]

D Name County State | Latitude Longitude (feet) Period

1169 | Cameron | NNE Coconino | AZ | N35:53:00 | W111:24:00 | 4.165 1962-1992
3103* i};gmffpulham Coconino | AZ | N35:09:00 | W111:40:00 | 7003 1950-2006
3303 | Ganado Apache | AZ | N35:42:59 | W109:33:58 | 6,340 1929-2006
3420 | GallupSE McKinley | NM | N35:32:00 | W108:39:00 | 6,604 1918-1979
4586 Keams Canyon Navajo AZ N35:48:40 | W110:11:30 | 6,205 1894-2006
4872 | Leupp Coconino | AZ | N35:17:00 | W110:58:00 | 4,705 1914-1981
6468 | Bellemont NWFO | Coconino | AZ | N35:13:48 | W111:49:17 | 7,152 1999-2006
7488 | Sanders Apache | AZ | N35:13:26 | W109:19:20 | 5,853 1949-2006
7496 | Sanders 11 ESE Apache | AZ | N35:10:00 | W109:10:00 | 6,250 1961-1986
9410 EVV;“dOWROC“ Apache | AZ | N35:37:01 | W109:07:28 | 6,920 1937-1999

*Station was used only for solar radiation data; not included in precipitation or temperature calculation.
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Table 1 (Continued): Summary of climate stations used in the hydrologic modeling.
Annual Annual Annual
Station . Elev. Avg. Avg. Avg. USGS
D Station Name (f) Prep Tmax Tmin State HUC USGS HUC Name
{in) (F) )
1169 Cameron I NNE | 4164 | 5.59 739 420 AZ 15020016 | Lower Little
Colorado
3303 Ganado 6340 12.32 64.9 33.7 AZ 15020011 | Cottonwood Wash
3420 Gallup 5 E 6604 9.18 66.9 317 NM 15020012 | Cottonwood Wash
4586 Keams Canyon 6205 10.60 66.4 346 AZ 15020013 | Polacca Wash
4872 Leupp 4705 6.49 72.2 35.2 AZ
6468 Petrified Forest 5444 9.37 70.7 39.0 AZ 15020007 | Lower Puerco
7488 Sanders 5853 11.26 68.9 352 AZ
7496 Sanders 11 ESE | 6250 12.37 67.3 313 AZ
9410 | RAOWROKA o000 117 | 640 326 AZ | 15020006 | Upper Puerco

ADWR used only two stations: 8792 Tuba City and 4586 Keams Canyon. ADWR used a
period of record from 1900 to 2006 for Tuba City and 1948-2006 for Keams Canyon.
However, the record extends to 1894 for both stations. Using the entire set of data would
provide better average data. Precipitation and temperature were assumed to be relatively
uniform across cropped areas and these records were not refined for geographical
location. ADWR states that:

“data from additional met stations on the Reservation with a significant period of record may
improve ET estimates”. (Appendix F to the HSR, page 3-1)

The United States used the daily data over the period of analysis which accounts for
differences in temperature that occur over time. The United States then filled missing
data using a regression analysis between weather stations. ADWR methodology relied
only on mean data. The ADWR methodology does not take into account the temperature
and precipitation differences that result from the elevation changes across the
Reservation. Since mean data was used by ADWR the missing data was not filled.

Solar Radiation

Daily solar radiation was calculated by the United States as a function of day of the year,
the dew point temperature (Tdew), and the total sky cover (Tskc), using equations from
Dingman (1994). These values were adjusted within PRMS for aspect, elevation, and
slope. ADWR used the Hargreaves Method. The United States compared measured
radation at Flagstaff to the Dingman and Hargreaves method as presented in Figure 1.
The Hargreaves method overestimates radiation in this comparison.
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Figure 1. Average monthly solar radiation based on data from NCDC SA station 3103.

Wind Speed

Wind speed was not considered by the United States, as the method of ET calculation did
not require wind speed data. ADWR estimated the wind speed to be between 3 and 5
meters per second.

Differences in Crop Evapotranspiration and Consumptive Use Determinations

The largest differences in crop ET between the HSR and the United States’ claim are due
to crop coefficient estimates. For example, the United States used very different peak
crop coefficient estimates than the HSR. It should be noted that Table 2.1 of Appendix F
the HSR is incorrect; the growing season should be April 7-September 24 for a 170-day
growing season.

As listed in Table 2, the HSR peak coefficient is considerably lower than the already-
reduced estimates by the United States. ADWR justifies this by estimating crop spacings
at a minimum of 8-12 feet and a maximum of 15-20 feet. However, ADWR’s own
photos show this spacing to be unreasonable (see photo figures in Appendix F in ADWR
Hopi HSR). Figure 2 shows a typical field; for scale the tire tracks at the left of the photo
should be no more than 12” wide. Clearly crop spacing is not 8-12 feet.
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Table 2: Comparison of U.S. and ADWR cropping dates and coefficients.

Crop Cropping Dates® Crop Coefficient®

Type A B C E Kel Ke2 Ke3 Yo
uU.s. Comn 1-Jun [8-Jun | 27-Jul 28-Sep | 0.16 0.95 0.33 S0
U.S. Native Range | 1-Apr | 20-Apr | 15-May | 15-Sep | .30 .68 40 77
éﬁ;"g‘) Com 7-Apr | 7-May | 26-Jun | 24-Sep | 0.12 | 036 | 0.19
o DS Com 15-May | 4-Jun 9-Jul 7-Sep 0.12 0.36 0.19
(Lower)

* Cropping Dates: A = planting, B = 10% ground shading, C = 75% ground shading, E = transpiration
ceases or harvest. Date D (not listed) is a calculated date at which Kc begins to decrease linearly to Kc3.
b Crop Coefficients: Kcl = crop coefficient from date A to B, Kc2 = crop coefficient from C to D, and
Kc3 = crop coefficient at date E, % = percent of growing season from A to D. The crop coefficients
between dates B and C are a linear interpolation between Kc1 and Kc2, and the crop coefficients between
dates D and E are a linear interpolation between Kc2 and Kc3.

Figure 2: Example of corn spacing on the Hopi Reservation.

Crop Growing Season

The United States used different cropping dates for individual subbasins based upon
elevation. While cropping dates vary from year to year, the cropping dates were
estimated by one set of cropping dates for each subbasin. The cropping dates provide
adequate results due to the soil moisture budget accounting which allows irrigation before
planting. ADWR used cropping dates to produce a high and low value of 170 and 115
days, respectively for corn.
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Soil Moisture Accounting

ADWR did not use a soil moisture accounting approach to account for reductions in crop
water use due to low soil moisture. The United States used a daily soil moisture
accounting model. ADWR recognized the need for this:

“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 K¢ was used.”. (2008 ADWR HSR, Appendix F page 2-8).

Crop Coefficients (Detail)

Both the United States and ADWR used the methods outlined in Food and Agriculture
Organization of the United Nations, Publication 56 (FAO, 1998) to estimate crop
coefficients. Both claims adjusted the crop coefficients (Kc) to represent the less than
ideal growing conditions observed on the Hopi Reservation. ADWR estimated the plant
spacing at 8-12 feet between rows and clumps of plants. ADWR estimated the peak crop
coefficient for corn at 0.36, using a method described in FAO 56. However, the
methodology is applicable to adjustments in the basal crop coefficients, not the K¢ mean.
Kc basal only includes plant transpiration and evaporation beneath the vegetation canopy;
therefore, if effective cover is never obtained the soil evaporation component needs to be
included. Additional water use or demands are needed to account for the evaporation
from the soil surface during and after a precipitation events or irrigations. The combined
or average (evaporation and transpiration) Kc for the crop is 1.0 for the day of a rain
decreases over the following days depending on the soil type. Similarly, upon irrigation
the K¢ combined is also increased to account for soil evaporation. For crops with a small
percentage of effective cover the soil evaporation is a significant contributor to crop ET.

The proper method for estimation of water use when adjusting for non-standard
conditions is described in the FAO 56 manual and Part 623 Irrigation of the National
Engineering Handbook (NEH, 1993). Figure 3 is an illustration from the National
Engineering Handbook Part 623, Chapter 2, page 2-90. If the crop coefficient is less than
1.0 due to less than 100 percent effective cover than the average coefficient is greater that
the basal crop coefficient. This is particularly important because most crops grown on
the Hopi Reservation never reach effective cover due to the crop spacing.



Attachment 2 — US Comments on Preliminary HSR

Page 7of 11
Figure 2-23 Comparison of basal and average crop coeflictents for the average crop coefficient example
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Figure 3. Example of Basal and Average Crop Coefficients from National Engineering Handbook.

ADWR made an adjustment for “DRY” referred to as dry land, based primarily on the
crop spacing of corn. ADWR’s definition of dry land is crops grown without irrigation.
While precipitation farming was a land use category, the United States did not estimate a
water requirement for the precipitation farming.

The United States made an adjustment in the K¢ for crops irrigated from seasonal water
supplies based on a variety of non-quantified conditions. It used the water use of corn for
lands with seasonal and native irrigation. The United States’s peak crop coefficient was
0.95 (vs. 0.36 as determined by ADWR). The United States estimated plant spacing at
4-5 feet between rows and 3 feet between clumps of plants based on photographs taken
during a field visit. In addition to the Kc adjustment, the soil water budget reduces the
crop ET further when the soil water limits crop ET.

Reference Evapotranspiration

The United States estimated reference ET using the Jensen-Haise method (1963). This
method uses mean daily air temperature and solar radiation to estimate ET. Temperature
and radiation are adjusted within the model by HRU, representing elevation, slope, and
aspect. The United States estimates ET on a daily basis using climatic data.
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ADWR used the Penman-Monteith method described in FAQ (1998) via the Ref-ET
program to calculate reference ET. ET is calculated based upon mean long-term daily
data rather than actual year-to-year daily data.

The Jensen-Haise method is used in the PRMS model. The United States conducted
analysis to determine the sensitivity of reference ET to irrigation depletion. It was found
that the estimated water supply was the most significant factor in the determination of
crop water use. Under the deficit irrigation conditions the reference ET methodology
made little difference in irrigation depletion.

Potential Crop ET

Both the United States and ADWR calculated potential crop ET as reference ET
multiplied by the crop coefficient. As stated in the discussion on crop coefficients, it
appears that ADWR neglected to consider the evaporation portion of the crop ET when
adjusting the Kc for crops grown in non-standard conditions.

Effective Precipitation

Effective precipitation is calculated by the United States using daily time step and a soil
moisture accounting model. The daily precipitation was based upon recorded
precipitation adjusted based on location and elevation. The United States also neglected
precipitation events less than 0.05 inches, these small precipitation events do not provide
a significant source of water for plants and the storms as often accompanied by winds
that increase ET. Additionally, the United States used only 67 percent of winter
moisture as being available for soil moisture storage. During the winter there is
evaporation from wet soil surfaces and snow which was not modeled for the fields. On
an annual basis, the United States estimated that effective precipitation ranges from about
55 to 60 percent of total precipitation.

ADWR estimated that 81 and 85 percent of the long-term annual average precipitation is
effective for Keams Canyon and Tuba City, respectively. ADWR estimated that over 90
percent of the growing season precipitation is effective. These estimates were applied to
both dry land farmed and non-deficit irrigated lands. In addition to the high effective
percentages, the long-term average precipitation the irrigation water claim would be
insufficient over 50 percent of the years.

Consumptive Use and Irrigation Requirement

Two main differences result in the large discrepancy between the United States’ Claim
and the HSR: cropped area and the crop ET. Tables 3-5 provide summaries of the United
States’ irrigation claim and the ADWR’s estimate of net irrigation requirements. The
HSR cropped area is considerably lower, at a maximum of 9,853 acres and a minimum of
1,000 acres, compared to a total cropped area in the United States’ Claim of 37,514 acres.
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Likewise, for net irrigation requirements, ADWR estimates a low end of 4.2 inches per
year and a high end of 10.32 inches per year for traditional farming (dry land), and low
end of 20.64 inches per year and a high end of 29.52 inches per year for irrigation
projects (non-deficit irrigation). The United States did not provide estimate of net
irrigation requirements in their Hopi claim. However, the weighted irrigation averaged
7.33 inches per year with a maximum of 11.87 inches per year and the irrigation
diversion averaged 9.11 inches per year with a maximum diversion of 15.72 inches per
year. ADWR’s maximum net irrigation requirement is 9,502 acre-feet per year verses the
United State’s maximum irrigation depletion claim of 37,110 acre-feet per year.
ADWR’s minimum net irrigation requirement is 305 acre-feet per year. The United
States’ claim did not report a minimum irrigation depletion. ADWR’s only estimated
net irrigation which does not include irrigation efficiencies or losses.

Table 3: United States Estimates of Acreage, Irrigation Depletion, and Irriagtion Diversion.

Irrigation Depletion Irrigation Diversion
Wash Acreage | Average Maximum | Average Maximum

(ac-ft/yr) (ac-ft/yr) (ac-ft/yr) (ac-ft/yr)
Moenkopi Main 2,496 2,084 2,440 2,772 3,246
Reservation
Moenkopi Island 989 1,310 1,535 1,468 1,795
Dinnebito 6,938 3,961 6,552 5,280 8,714
Oraibi 10,615 5,384 9,865 5,384 13,120
Polacca 12,297 7,218 11,869 9,622 15,786
Jadito 4,126 2,936 4,790 3,914 6,371
Minor Tributaries 53 37 59 49 104
TOTAL 37,514 22,930 37,110 28,489 49,136

Table 4: United States’ Esitmate of Irrigation Depletion and Diversion Rate.

Irrigation Depletion

Irrigation Diversion

Wash Average Maximum | Average Maximum
. (infyr) (in/yr) (in/yr) (in/yr)
Moenkopi Main 10.02 11.73 1333 15.60
Reservation
Moenkopi Island 15.90 18.62 17.81 21.79
Dinnebito 6.85 11.33 9.13 15.07
Oraibi 6.09 11.15 6.09 14.83
Polacca 7.04 11.58 9.39 15.40
Jadito 8.54 13.93 11.38 18.53
Minor Tributaries 8§31 13.45 11.06 23.51
Weighted Average | 7.33 11.87 9.11 15.72
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Table 5: Summary of ADWR’s Cropped Acreage and Net Irrigation Demand.

Lower Upper Limit | Total Net Total Net
Limit Net Net Irrigation Irrigation
Irrigation Practice Area Type | Acreage Irrigation Irrigation CU (Lower | CU (Upper
CuU CU Limit) (ac- | Limit) (ac-
(in/yr) (in/yr) ft/yr) ft/yr)
Traditional Farms Maximum | 9,210 4.2 10.32 3,224 7,921
Dry Land Minimum | 1,000 4.2 10.32 350 860
Irrigation Projects Maximum | 643 20.64 29.52 1,106 1,582
Non-Deficit Minimum | 0 20.64 29.52 0 0
Total Maximum | 9,853 4,329 9,502
Minimum | 1,000 350 860
Table Notes: Acreage from Table 9-1 ADWR HSR 2008

Irrigation CU from Appendix F, ADWR HSR 2008, Table 2.13 and 2.14

Other Factors Governing Water Use

Deep Percolation Losses from Irrigation Applications

The United States uses the daily soil moisture accounting to calculate deep percolation
losses. Deep percolation occurs after a field’s soil moisture reaches field capacity.
ADWR does not account for any deep percolation.

Conveyance inefficiency—Evaporation and Deep Percolation Losses

The United States estimates 16% of the irrigation diversion goes to conveyance
inefficiency losses. These losses include deep percolation and evaporation from

conveyance facilities that do not return to the surface flows. ADWR ignores these losses.

Water availability

The United States conducted a detailed accounting of available flow. This is performed
by estimating streamflows in the washes using the PRMS hydrologic model, routing them
through the channel network, and estimating diversions on a daily basis. ADWR does
not estimate water availability; instead they reduce crop coefficients to limit the claim.
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ATTACHMENT 3 - United States’ Comments on HSR Appendix G-1: Verification
of Claimed Agricultural Lands on the Hopi Indian Reservation (Dianne Yunker)

The United States provides the following detailed comments regarding ADWR’s
photographic review of irrigated acres. These comments can be divided in the following
categories and are addressed in detail below:

1) ADWR’s aerial photo data is faulty because it consists of digital images
scanned from aerial photos rather than images created from negatives;

2) ADWR’s analysis erred because it did not employ stereoscopic analysis;

3) “Digitizing errors” identified by ADWR are not errors but results of the
unioning process that are removed once a Dissolve function is applied to the data;

4) ADWR’s classification scheme is misleading and ambiguous;

5) ADWR’s decision to collapse small fields into larger fields for random review
leads to errors; and -

6) ADWR’s analysis overlooks critical irrigated lands such as orchards and range
lands.

Aerial Photographic Data and Process used by ADWR

The aerial photographic data used by ADWR as the basis for their critique are not
comparable to the aerial photos used by the United States. The photo analyses which
support the United States’ claim were accomplished using stereo aerial chemical
photographic contact prints and enlargements made from original negatives, while
ADWR used only digital images scanned from aerial photos and did not employ stereo -
photo analysis.

Stereoscopic analysis is vitally important in mapping agricultural fields and determining
their water uses for many reasons. Stereoscopic photo analysis allows the topography of
the landscape and therefore the sources of water supplied to fields to be identified and
classified by the photo analyst.

In addition, things on the ground are often expressed very differently on the left vs. the
right frames of a stereo pair because of variation in photographic exposure due to
vignetting, and because of the effects of lens aberration in photos, which depends largely
on an objects’ distance from the principal point (the point in the middle of an aerial
photo, directly below the central lens axis). By viewing the stereo pair with a
stereoscope, the photo analyst sees entities on the land surface on both of the frames of
the pair, with clarity and definition almost always unattainable by viewing a monoscopic
image.
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There are other problems associated with relying solely on digital images scanned from
aerial photos to identify ground features such as those important in identifying
agricultural water use. When images are scanned there is a fundamental tradeoff between
spatial resolution and file size. If, for instance, a 10” x 10" black-and-white contact print
is scanned at 3200 dpi resolution, which is a common maximum optical resolution for
many recent flat-bed scanner models, a file about 1 gigabyte in size results, much too
large to be used without difficulty in ArcGIS. A scan of the same print at 800 dpi
produces a file about 70 megabytes in size, much more reasonable for use in ArcGIS.
There is no indication in ADWR’s report of what file sizes they used for viewing scanned
aerial data in ArcGIS, but depending upon the scale of the images they had scanned for
them, files of workable size were clearly of too low resolution to show some features
clearly. The quality of scans produced by different scanners, even at the same dpi
resolution, can vary significantly as well. The fact that about 15% of the “joined fields”
ADWR inspected were classified as “questionable,” indicating the images were of poor
quality, show ADWR had significant concerns regarding the usefulness of their digital
images.

Viewing images with magnifying, optical stereoscopes as well as digitally on a computer,
infers many advantages over digital viewing alone.

Photographic data from the mid-1930’s are especially important in the Hopi water claim
because they are the only source from which maps of early Twentieth Century Hopi
agricultural water use can be made.

The 1930’s aerial photographic data ADWR used were obtained from the Arizona State
University Library’s Map Collection. This collection contains monoscopic mosaics of
most of the state of Arizona, which were created by overlaying portions of 10” x 10”
contact prints made from negatives flown at an approximate scale of 1 :28,000 by
Fairchild Aerial Surveys in 1935-1937. At the time these mosaics were made, the aerial
contact prints were manually overlain using a network of metal aerotriangulation
templets and pasted together, then rephotographed and printed. They were then printed
on paper from the third-generation photographic negatives, making them a fourth-
generation photographic product (the original negatives are the first generation, and
contact prints made from them are the second generation). Each time another
photographic generation is made, contrast increases (i.e. the light-to-dark range of the
photographic image is decreased), and spatial definition of details in the photo product is
decreased. The fourth-generation mosaics were printed at a reduced scale of 1 162,500 so
they would cover the same area, at the same scale, as a USGS 15-minute quad sheet.
These mosaics were scanned for ADWR at the ASU Library.

The United States worked with 1:28,000 scale contact prints from the 1930’s Fairchild
aerial photographs, many of them originals printed at that time by Fairchild and archived
by the BIA. The lower resolution of the scanned versions of the 4" or perhaps later,
generation mosaics, reduced in scale to 1:62,500, is probably responsible for ADWR’s
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inability to identify fields from these images, and classifying so many areas with
agricultural fields as “No.”

Comments on “Digitizing Errors”

The GIS shapefile analyzed by ADWR is the first generation of a fields database created
with a unioning process. This unioned fields shapefile can be thought of simply as
comprising three different years of field shapes superimposed and collapsed upon one
another. The boundaries of all original fields are retained in this data. It is, therefore, not
surprising that myriad small polygons, or slivers of the original field shapes, occur in the
database. These are not “very small claimed fields” or “ residual errors from digitizing”
as described on page 3 of Appendix G-1, but are instead artifacts of the unioning process
that are removed once a Dissolve function is applied to the data. This is, in fact, the
process ADWR used in beginning to evaluate the data.

The ADWR’s Classification Scheme and Decision Flow

Two categories in the ADWR’s classification scheme are markedly ambiguous. The
“Questionable” category has a name which is misleadingly and conveys an unwarranted
connotation. The “Questionable” classification is given to a “joined field” if, ...due to
poor image quality, it was difficult to determine if agriculture had actually occurred in an
area (Yunker, page 8).” A better name for this class would be “Cannot be Determined,”
or “We Can’t Tell Due to the Quality of the Digital Data We’re Using.” If a
determination cannot be made, it apparently means a conclusion cannot be reached as to
whether the joined field they are inspecting is “Complete,” or “Partial,” or “No.”

The “Partial” category is also ambiguous and misleading. No mention is made in the
report of any mapping being done to determine how much of a “joined field” classified as
“Partial” is devoid of agricultural activity or not, “in a given year.” The “Partial” class
and the enumeration of the acreages defined as being “Partial,” purposefully or not,
conveys the connotation that since the whole unioned area wasn’t being farmed on a
single photo date, the United States interpretations are incorrect. Since the GIS data is
unioned, it would be expected that one would find some places in a unioned field area
that are not being farmed in any single year.

The “Fields Selected for Review” Procedure used by ADWR

One of the first steps in reviewing the GIS database criticized by ADWR was to dissolve
the boundaries of individual agricultural fields, reducing “... the number of claimed
fields to verify from 8,121 to 2,214 (Yunker, page 3).” The new “fields,” as they are
referred to in Appendix G-1, are actually collections of contiguous agricultural fields.
After this was done, “... ADWR randomly reviewed about 25% of the resulting fields,
which covered between 0 and 10 acres, about 50% of the fields that covered between 10
and 100 acres, and 100% of the fields that covered more than 100 acres (Yunker, page 6).
No mention is given in appendix G-1 as to how the fields were selected randomly, and it
needs to be determined how the “random” selection was made. “Randomly” is just as
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likely, in our opinion, to actually mean “arbitrarily” in this context, and the method of
doing so is not explicated in the report.

The rationale behind this selection was probably that ADWR did not want to have to find
and look at many small fields, but rather fewer, larger ones. Such a selection process
biases ADWR’s results; however, when individual photo years are selected for inspection
rather than unioning all photo years by type. It is far more likely that in the large “field”
areas created by the unioning process there will be areas that are not being farmed in
single years, than in smaller field areas, resulting in ADWR’s classification of them as
“partial.” This is evidenced by the fact that the average acreage of “joined fields™ they
classify as “Complete” is 21.71 acres, while the average size classified as “Partial” is
72.36 acres.

ADWR’s Approach Misidentifies Irrigated Acreages in the “No” Category such as
Orchards and Range Pasture

ADWR review classified acres in one of four classes: Complete, Partial, Questionable
and No. The United States’ contractor reviewed a sampling of the fields classified by
ADWR as “No” and concluded that ADWR’s approach overlooked both orchards and
irrigated pasture lands. For example, several of the “No” fields are unequivocally
orchards. Most others are characterized by rectilinear outlines, cleared level surfaces
some of which are bordered by heavy vegetation. Indeed, a large portion of acreage is a
waterspreading area within the Polacca Irrigation Project. This area is irrigated pasture in
the BIA classification. A simple visual inspection of the topographic maps in the ADWR
Appendix B allows an estimate of about 3,250 acres of areas classed as irrigated pasture
(Type 3) reviewed as “No” by ADWR. The irrigated pasture in the United States’
inventory appears to have been overlooked by the ADWR review, its reco gnition
dependent more on a definition of what uses of surface water distributed by means of
waterspreading structures comprise irrigation than on its photographic signature.

"The poor quality of imagery used in the ADWR effort is probably the cause for lack of
field recognition in the case of photos taken in 1934. The inability to recognize orchards
could be due to inexperience or the small scale of 1954 photos. Even with these
problems, fields in this “No” class that were reexamined on digital and hard copy
imagery are fully recognizable.

It was not possible to review a large enough sample of the ADWR “Questionable” field.
However, field areas identified as “Questionable” by ADWR that were seen during the
above described inspection of “No” fields also appear to be good candidates for
classification as cultivated fields.
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Introduction

ADWR completed its Preliminary Hydrographic Survey Report (“HSR”) in this

contested matter in December 2008. The Court granted an extension of time in which the
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parties can file comments to the Preliminary HSR. The LCR Claimants hereby submit
their comments to the Preliminary HSR.

The Preliminary HSR includes an analysis of some of the Hopi’s claims.
However, many Hopi claims are not included in the analysis. The HSR also excludes
analyses of certain attributes of the Hopi claims “until the legal issues before the Court
and the Special Mater are resolved”. [Section 9.3.3] Accordingly, these comments are
cursory in nature and lacking in detail. Nevertheless, the following should be considered
in a completed HSR. This list is not exhaustive.

L ADWR Should Apply the Court’s March 2, 2009 Decision to the HSR.

In an order dated March 2, 2009, the Court granted the Navajo Nation’s motion for
partial summary judgment and ruled, “that the Hopi Tribe is precluded from asserting
water right claims in this adjudication to the extent such claims seek the right to wateq
sources located within the Little Colorado River Basin that neither abut nor traverse Hopi
lands.” [March 2, 2009 Minute Entry at 2] This ruling limits the sources from which the
Hopi can satisfy its water claims under the federal reserved water rights doctrine and it
affects the viability of the remainder of their claims.

To take the Court’s latest ruling into account, the HSR should be changed in at
least the following respects: (1) The “History of Proceedings” Section [§1.2] should
include the March 2009 ruling; (2) ADWR’s Recommended Water Right Attributes
[§9.3.2] should be amended in the paragraph about Water Source to reflect that the Court
has ruled that the Hopi have no right to fulfill their water claims from the Little Colorado
River; (3) The “Legal Issues Pending Before the Court and Special Master section|
[§9.3.3] should be changed to reflect the Court’s March 2009 ruling, and (4) Many other

references throughout the HSR need to be moditied to reflect the ruling.

I
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I1. ADWR’s HSR Should Analyze all of the Hopi Claims.
The Preliminary HSR does not address the following Hopi Claims:

1. The Hopi Industrial Park claims [§ 1.3]

2. Hopi’s state law claims on five ranches [§ 2.3.12]

3. Hopi’s claims related to off-reservation tourism [§ 2.9.6]

4. Ananalysis of Hopi claims under the Treaty of Guadalupe Hidalgo [§9.3.2]

The stated reason for these omissions is the Court’s November 4, 2004 minute entry in
which the Court told ADWR to limit its Preliminary HSR to the *“main reservation

ba]

lands.” In any event, all of the Hopi claims should be added to the HSR before it is
completed.

In order to satisfy the “comprehensive requirement” of the McCarran Amendment,
an adjudication must include the “whole community of claims.” United States v. District
Court of Eagle County, 401 U.S. 520, 525 (1971). Not only does the federal
comprehensiveness requirement necessitate an analysis of all claims, a concern for
efficient use of resources also weighs in favor of including all Hopi claims in the HSR.
All of the above claims will have to be decided in this adjudication and requiring ADWR|
to prepare an additional HSR later that addresses these claims would cause a wastefull
duplication of effort. In addition, when these claims are raised in this adjudication, if the
Court and the parties need hydrographic data, the adjudication will be further stalled
while ADWR prepares this data. It would be more efficient to ask ADWR to analyze all

of the Hopi claims now, before any evidentiary determinations are made.

III. The HSR Needs Additional Information

In several places, the HSR lacks information. This information should be
completed before the HSR becomes final. Some of the additional information that is

needed includes:

(%)




10

11

12

13

15

16

18

19

20

1. Additional information promised by the Hopi and the United States
regarding the claimed quantities and impoundment facilities for stock
watering. [§ 2.3.9]

2. Information from the Hopi and the United States to clarify how much water
from impoundments is needed for stock watering and how much is needed
for other uses of the impoundments. [§ 2.8.4 (“Neither the Hopi nor the
United States claim a separate quantity of water for livestock, but instead
include livestock among the purposes for which impoundments, springs and
wells are used.”)]

3. Additional information promised by the Hopi regarding future
stockwatering claims. [§ 2.9.4]

4. The amount of acreage of usable rangeland in the Moenkopi Area [§ 6.1.2]

5. The carrying capacity of rangeland in the Moenkopi Area [§ 6.1.2]

6. Revised storage estimates for impoundments with degraded or eroded
berms or siltation. [§ 7.2.2]

7. Flow data for the springs claimed in the Hopi SOC [§ 8.4.3]

8. Any information in any Amended Claims should be considered prior to the
issuance of a final HSR.

IV.  The HSR Should Reflect Current Information.
The HSR includes several comments regarding the Mojave Generating Station|
(MGS) as being one of the bases of the Hopi claim. The new HSR should reflect the fact
that MGS was recently decommissioned and will be torn down. Arizona Republic. Jund
11, 2009. Furthermore, the HSR should reflect lack of viability of the claim for Heavy
Industrial water use in light of the statement in §8.3.3 that “both projects were
abandoned, lacking a sustainable water supply.”
V. HSR Should Not Include ADWR’s Analysis of Legal Issues.
In the HSR, ADWR makes several analyses of legal issues. For example, sea
§9.3.1. Such analysis is not within the purview of the Department's responsibilities and

should be deleted.
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Conclusion

The LCR claimants respectfully request that the above-listed issues be considered
and included in the HSR before it is finalized and presented to the Court.

RESPECTFULLY SUBMITTED this 30th day of June, 2009.

BROWN & BR LAW.OFFICES, P.C.

ORIGINAL of the foregoing mailed/faxed this
30th day of June, 2009, to:

Arizona Department of Water Resources
Adjudications Section

3550 N. Central

Phoenix, AZ 85012

COPIES of the foregoing mailed this
AP day of ?W , 2009, to
those parties who appear on the

Court-Approved Mailing List for
Case No. 6417.
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IN THE SUPERIOR COURT OF THE STATE OF ARIZONA
IN AND FOR THE COUNTY OF APACHE

IN RE: Case No. 6417

LCR CLAIMANTS® COMMENTS T
THE GENERAL ADJUDICATION OF ALL ADWR'’S PRELIMINARY ©

RIGHTS TO USE WATER IN THE LITTLE HYDROGRAPHIC SURVEY REPORT
COLORADOQ RIVER SYSTEM AND FOR THE HOPI INDIAN RESERVATION

SOURCE gSubmitted to Arizona Department of Water
esources)

CONTESTED CASE NAME/NO. In re Hopi Tribe Priority

DESCRIPTIVE SUMMARY The LCR Claimants submit their Comments to the

Arizona Department of Water Resource’s Preliminary
Hydrographic Survey Report for the Hopi Indian
Reservation
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Introduction

ADWR completed its Preliminary Hydrographic Survey Report (“HSR”) in thig

contested matter in December 2008. The Court granted an extension of time in which the
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parties can file comments to the Preliminary HSR. The LCR Claimants hereby submit
their comments to the Preliminary HSR.
The Preliminary HSR includes an analysis of some¢ of the Hopi’s claims,
However, many Hopi claims are not included in the analysis. The HSR also excludes]
analyses of certain attributes of the Hopi claims “until the legal issues before the Courl
and the Special Mater are resolved”. [Section 9.3.3] Accordingly, these comments are
cursory in nature and lacking in detail. Nevertheless, the following should be considered
in a completed HSR. This list is not exhaustive.
I ADWR Should Apply the Court’s March 2, 2009 Decision to the HSR.
In an order dated March 2, 2009, the Court granted the Navajo Nation’s motion for
partial summary judgment and ruled, “that the Hopi Tribe is precluded from asserting
water right claims in this adjudication to the extent such claims seek the right to water
sources located within the Little Colorado River Basin that neither abut nor traverse Hopj
lands.” [March 2, 2009 Minute Entry at 2] This ruling limits the sources from which the
Hopi can satisfy its water claims under the federal reserved water rights doctrine and it
affects the viability of the remainder of their claims.
To take the Court’s latest ruling into account, the HSR should be changed in af
least the following respects: (1) The “History of Proceedings” Section [§1.2] should
include the March 2009 ruling; (2) ADWR’s Recommended Water Right Attributes|
[§9.3.2] should be amended in the paragraph about Water Source to reflect that the Court
has ruled that the Hopi have no right to fulfill their water claims from the Little Colorado
River; (3) The “Legal Issues Pending Before the Court and Special Master section
[§9.3.3] should be changed to reflect the Court’s March 2009 ruling, and (4) Many other

references throughout the HSR need to be modified to reflect the ruling.
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I1. ADWR’s HSR Should Analyze all of the Hopi Claims.
The Preliminary HSR does not address the following Hopi Claims:

1. The Hopi Industrial Park claims [§ 1.3]

2. Hopi’s state law claims on five ranches [§ 2.3.12
3. Hopti’s claims related to off-reservation tourism [§ 2.9.6]

4. An analysis of Hopi claims under the Treaty of Guadalupe Hidalgo [§9.3.2]

The stated reason for these omissions is the Court’s November 4, 2004 minute entry in
which the Court told ADWR to limit its Preliminary HSR to the “main reservation
lands.” In any event, all of the Hopi claims should be added to the HSR before it is
completed.

In order to satisfy the “comprehensive requirement” of the MeCarran Amendment,
an adjudication must include the “whole community of claims,” United States v. District
Court of Eagle County, 401 U.S. 520, 525 (1971). Not only does the federal
comprehensiveness requirement necessitate an analysis of all claims, a concern for
efficient use of resources also weighs in favor of including all Hopi claims in the HSR.
All of the above claims will have to be decided in this adjudication and requiring ADWR
to prepare an additional HSR later that addresses these claims would cause a wasteful
duplication qf effort. In addition, when these claims are raised in this adjudication, if the
Court and the parties need hydrographic data, the adjudication will be further stalled
while ADWR prepares this data. It would be more efficient to ask ADWR to analyze all
of the Hopi claims now, before any evidentiary determinations are made.
III.  The HSR Needs Additional Information

In several places, the HSR lacks information. This information should be
completed before the HSR becomes final. Some of the additional information that is

needed includes:

A¥2 ]
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1. Additional information promised by the Hopi and the United States
regarding the claimed quantities and impoundment facilities for stock
watering. [§2.3.9]

2. Information from the Hopi and the United States to clarify how much water
from impoundments is needed for stock watering and how much is needed
for other uses of the impoundments. [§ 2.8.4 (“Neither the Hopi nor the
United States claim a separate quantity of water for livestock, but instead
include livestock among the purposes for which impoundments, springs and
wells are used.”)]

3. Additional information promised by the Hopi regarding future
stockwatering claims. [§ 2.9.4]

4. The amount of acreage of usable rangeland in the Moenkopi Area [§ 6.1.2)

5. The carrying capacity of rangeland in the Moenkopi Area [§ 6.1.2]

6. Revised storage estimates for impoundments with degraded or eroded

berms or siltation. [§ 7.2.2]

Flow data for the springs claimed in the Hopi SOC [§ 8.4.3]

Any information in any Amended Claims should be considered prior to the

issuance of a final HSR.

® N

IV.  The HSR Should Reflect Current Information.
The HSR includes several comments regarding the Mojave Generating Station
(MGS) as being one of the bases of the Hopi claim. The new HSR should reflect the fact
that MGS was recently decommissioned and will be torn down. Arizona Republic. Juné
11, 2009. Furthermore, the HSR should reflect lack of viability of the claim for Heavy
Industrial water use in light of the statement in §8.3.3 that “both projects were
abandoned, lacking a sustainable water supply.”
V.  HSR Should Not Include ADWR’s Analysis of Legal Issues.
In the HSR, ADWR makes several analyses of legal issues. For example, see
§9.3.1. Such analysis is not within the purview of the Department’s responsibilities and

should be deleted.
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Conclusion

The LCR claimants respectfully request that the above-listed issues be considered
and included in the HSR before it is finalized and presented to the Court.

RESPECTFULLY SUBMITTED this 30th day of June, 2009.

BROWN & BR:

LAW GFFICES, P.C.

David A.
Douglas ¥/Brown
Bradley /. Palmer
Post Office Box 1890

ORIGINAL of the foregoing mailed/faxed this
30th day of June, 2009, to:

Arizona Department of Water Resources
Adjudications Section

3550 N. Central

Phoenix, AZ 85012

COPIES of the foregoing mailed this

D* day of _JWnZ_, 2009, to
those parties who appear on the
Court-Approved Mailing List for
Case No. 6417.

BVW

L%

, Arizona 85936
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