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1 INTRODUCTION

This report was completed for purposes of Sub maicg 1, Zuni Indian Tribe Claims in
the United Sates vs. A&R Productions, et. al. Zuni River Basin Water Rights
Adjudication. It describes the past and preseigated lands that have been served by
permanent irrigation works. Irrigated lands wemrdirceated from aerial photography
taken between 1934 and 2005. Maps from the BIAws irrigation works and
irrigated lands, field visits, and BIA crop repodiso provided supplemental information
on the extent of irrigated lands. The irrigatioater requirements associated with the
identified lands were determined using climate-dasestimates of crop
evapotranspiration and estimated irrigation efficies. Separate reports will be
submitted that discuss past and present irrigdtjothe Zuni Pueblo from non-permanent
works, otherwise known as runoff irrigated lands.

1.1  Description of the Study Area

The Zuni Indian Reservation consists of about 640ase miles in west-central New
Mexico, along the Arizona border. The Reservatiovers approximately 446,600 acres,
of which approximately 322,550 acres are locatedoKinley County, and 124,050
acres are located in Cibola County, New Mexico.

The study area for this report includes all landthiw the Reservation that are or have
been served from permanent irrigation works. Temidy these lands, aerial photography
and irrigation maps were analyzed as describeckatié 2. The analysis indicates that
the Zuni Indian Tribe have cultivated over 13,08€ea of crops, of which approximately
7,000acres have been served from permanent water comvegystems. There are five
areas or agricultural units within the Zuni Reséora that are irrigated through
permanent works; these units are Nutria, Pescadnoi, Zekapo, and Ojo Caliente as
shown of Figure 1-1.

1.2  History of Permanent Irrigation Works

Agriculture has long been an essential part offtifethe Zuni people. In the T&entury

Spaniards reported extensive farming of corn anderotcrops in the area. Zuni
agricultural methods in the past have mainly cdedisof three types: floodwater
irrigation, canal systems, and waffle gardens. Ztioodwater irrigation involved

planting crops in channels that received occasiométr flows. Diversions were utilized
to control water levels and velocities. Zuni casgétems were largely used to grow
wheat and corn. The canals and ditches were usashieey water from natural springs to
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the fields. Waffle gardens have traditionally beesed to grow specialty crops. These
small plots had short mud walls to retain water awvete hand watered by the Zuni

women. When the Zuni Indian Reservation was estaddl in 1877, these methods for
agriculture were still being used. In additiorttte lands irrigated from canals, the use of
flooding/runoff irrigation and hand watering of dans and small fields were practiced.
These methods were described by early explorers f600-1880, as discussed by Hart
(2006).

Dams and associated canals and ditches were builteoZuni Indian Reservation in the
20" century. Between 1906 and 1909, Blackrock Dam isha@ssociated canals were
constructed near the village of Zuni. Shortly aftenstruction (September 1909), the
dam failed. The reconstruction of Blackrock Danmsveampleted in 1913. The Nutria
Diversion Dam (1929-1931), Pescado (1931), Nutmma & (1932), Nutria No. 3 (1934),
Ojo Caliente (1934), Tekapo (1937), and Nutria M¢1938), were all built in the 1930s.
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Figure 1-1: Zuni Reservation Agriculture Units.
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2 LANDSIRRIGATED BY PERMANENT IRRIGATION WORKS

An evaluation of past and present lands irrigatethfpermanent irrigation works was
completed.  The evaluation utilized existing higtak irrigation maps, aerial
photography, and recent field assessments. Pennarigation works were defined to
include diversion structures, canals and ditchgslipes, reservoirs, and wells. The
water sources serving the irrigated lands inclugeings, washes, rivers, creeks,
reservoirs, and groundwaterTable 2-1 summarizes the past and presently irrigated
acreage in each project area, and individual traictand are listed in Appendix A. The
past and present lands irrigated from permaneigation works have been mapped to a
scale of 1"=300" with aerial photography from 20&%a background image. These maps
are part of the hydrographic survey maps that veeremitted to the Court and are
viewable or can be downloaded wiw.zunibasin.com. After submittal of claim and
upon review of data, a 17.14 acre parcel was atiddte Nutria Project Area.

Table 2-1: Summary of Acreage Served from Permawanks by Project Area.

Project Area Acreage Primary Water Source(s)
Nutria 976.61 Rio Nutria, Springs, and three Resiesv
Pescado 1317.86 Springs, Zuni River, Rio Pescaeloola Creek,
Pescado Reservoir
Zuni 3629.78 Zuni River and Black Rock Reservoir
Tekapo 320.57 Zuni River and Tekapo Reservoir
Ojo Caliente 773.73 Springs and Ojo Caliente Raserv
Total 7018.55

21 BIA Historical Maps

Maps were obtained from the Bureau of Indian A84BIA) for each of the five project
areas (Nutria, Pescado, Zuni, Tekapo, and Ojo ftalie Two map sets were used in
evaluating irrigated lands and project works: (Aglian Irrigated and Irrigable Lands
maps showing irrigated and irrigable land tractsd é2) Engineering Maps showing
permanent irrigation works.

2.1.1 Indian Irrigated and Irrigable Lands (April / Jub@56)

These maps show the areas of irrigated and irrglainlds based upon land classification
plane table sheets prepared by Bureau of Reclam#@tiol939. The irrigated and
irrigable lands map for each unit are provided ppéndix B.
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2.1.2 Engineering Maps (1966)

The engineering maps provide a drawing of the ptojerks for each irrigation area.

These maps provide a record of canals, dams, dwaisand irrigated lands. The maps
also provide rehabilitation recommendations for gieject works of each area. The
engineering maps for each area are provided in AgigeB.

2.2 Aerial Photography

In addition to the historical BIA maps, aerial pbgitaphs taken between 1934 and 2005
were utilized to map lands irrigated by permanemgation works. Aerial photography
coverage of the study area exists for the yeal®84#-36, 1953-54, 1981, 1996-97, 2001,
and 2005. The BIA office in Albuquerque providdddk and white aerial photographs
of the project areas for the years 1934-1936, 1% and 1981 and color images for
2001. NRCE obtained the black and white DigitathOphoto Quarter-Quadrangles
(DOQQs) aerial photo maps for 1996-97 and DOQQ rcaéial photo maps for 2005
from the United State Geological Survey (USGS)able 2-2 summarizes the aerial
photographs used in the evaluation.

Table 2-2: Aerial Photographs Used in Evaluatmighted Lands and Irrigation Works.

Year(s) Photo Type Scale Sour ce
1934-1936 Black & White Aerial Image 1:31,680 BlAbuquerque
1953-1954 Black & White Aerial Image 1:60,000 BlAbuquerque
1981 Black & White Aerial Image 1:15,840 BIA — Alpuerque
1996-1998 Black & White Ortho-rectified Aerial Imag | 1:12,000 USGS
2001 Color Ortho-rectified Aerial Image 1:12,000 viN®lexico Aerial Surveys, Inc.
2005 Color Ortho-rectified Aerial Image 1:12,000 CS

The cropped fields and evidence of their correspandrigation works can be seen in
the aerial photographs, and this irrigated acreagktheir associated works were seen to
change over time in the aerial photography. A cositp delineation of irrigated lands
was created based on all of the aerial photograaity, summarized iable 2-1 The
composite delineation is overlaid on each of th@ahphotography datasets in Appendix
C.

2.3 Zuni Pueblo Information

The Zuni Pueblo provided a Geographic Informatigst&n (GIS) digital coverage of

the past and present irrigated lands served byament irrigation works. This coverage
was used along with the other maps and aerial phot@ssist in determining past and
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presently irrigated lands. The coverage was pegpar part by the Zuni Pueblo using a
Global Positioning System (GPS) to map fields andation conveyance systems.

24 Field Assessments

Field assessments were performed in 2004-2006 dadthor and other employees of
Natural Resources Consulting Engineers, Inc. tdytdre mapping and obtain additional
GPS data. The field visits were to confirm thesgnce of the irrigation facilities and
fields and observe irrigation methods.

25 BIA Crop Reports

Irrigated acreage data are available from the dnBlma crop reports for each area.
Available crop reports range in date from 1934 842QCrop reports were not available
for the years of 1935-51, 1953-80, 1992-96, and2200he acreages in the BIA crop
reports are less in any given year than the totakames developed from aerial
photography, shown iable 2-1 because the aerial photography acreage datasesjise

a composite total of all acreages determined te leen irrigated, as opposed to the total
acreage in any one year.

26 Irrigation Wells

For the most part, all of the irrigated lands idfged in the agricultural units are served
from reservoirs and springs, as shown in AppendixAAtotal of 12 irrigation wells were

identified that represent an additional water symuurce; four in the Nutria unit and
eight in the Zuni unit. These irrigation wells adentified inTable 2-and shown on the

maps in Appendix C.

Table 2-3: Wells Used for Irrigation on the Irrigen Project Lands.

Map L abel Township | Range Section Unit X (ft) Y (ft)
1C-3-W007 10N 19W 13 Zuni 2434282.25 148966452
1C-4-W004 10N 19W 24 Zuni 2435464.44 148910117
1C-4-W005 10N 19W 24 Zuni 2435457.69 1489149.5
1C-4-W007 10N 19W 23 Zuni 2432491.13 148734029
1C-4-W012 10N 19W 23 Zuni 2427887.Y7 148691121
1C-4-W026 10N 19W 27 Zuni 2423723.47 148193277
1C-4-W027 10N 19W 27 Zuni 2422631.89 148353312
1C-4-WO058 10N 19W 24 Zuni 2433878.15 148922Q.77
2C-2-W005 12N 16W 6 Nutria| 2506102.42 156490%.8
2C-3-w001 12N 17W 24 Nutria| 2501327.21 1547361.87
2C-3-W010 12N 16W 19 Nutria| 2503721.41 154753452
2C-3-W015 12N 17W 25 Nutria| 2497322.86 1546088.23
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2.7  Impoundments Used for Irrigation

Small impoundments also serve some of the irrigiteds identified in the agricultural
units. The identified impoundments serve municipadl livestock uses in addition to
being used for irrigation. A total of 16 impoundme were identified that represent an
additional water supply source; six in the Nutnmatuone in the Pescado unit, three in the
Ojo Caliente unit, and six in the Zuni unit. Theg snpoundments in the Zuni unit are
used primarily as municipal wastewater ponds witarflow used for irrigation. These
impoundments are identified in Table 2-4 and showmhe maps in Appendix C.

Table 2-4: Impoundments Used for Irrigation onj€ebLands

Volume
Map L abel T R S Unit X (ft) Y (ft) (ac-ft)
1B-4-SP005 10N 20W 36 Zuni 2405837.p7 1475174.18 .6216
1B-4-SP006 10N 19W 31 Zuni 2406472.p4 1475438.59 .9011
1B-4-SP007 10N 19W 31 Zuni 2406998.34 1475663.28 .7211
1B-4-SP008 10N 20W 36 Zuni 2405991.p7 147480%3.26 .03L7
1B-4-SP009 10N 19W 31 Zuni 2406625.38 1475069.94 .9811
1B-4-SP010 10N 19W 31 Zuni 2407156./8 147529(.29 .2812
2C-2-SP010 12N 16W 6 Nutria 250471307 156760%.84 .03 0
2C-2-SP011 12N 16W 7 Nutria 2505679p6 156043%.93 .450
2C-3-SP006 12N 17W 24 Nutria 250125545 1547295.8 .05 0
2C-3-SP007 12N 17W 24 Nutria 250085893 1547268.540.15
2C-3-SP009 12N 16W 18 Nutria 2504871.3 1553254.09 .36 3
2C-3-SP011 12N 17W 24 Nutria 249856768 154948].7%6.15
2C-5-SP001 10N 17W 12 Pescado 249764(0.78 1494988.10.52
5A-3-SP001 08N 20W 17 Ojo Caliente  2382272{45 133112 0.68
5B-3-SP002 08N 20W 21 Ojo Calient|e 238648044 172285 0.04
5B-3-SP009 08N 20W, 16 Ojo Calient|e 2386350.09 123681 0.14
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3 CROPPING AND IRRIGATION PRACTICES

The Zuni cropping and irrigation practices factotoi the estimation of irrigation water
requirements for the identified lands. The crox mas determined based on BIA crop
reports and county agricultural statistics. Grayseasons were estimated based on
typical growing seasons for each crop.

3.1 Cropping Pattern/ Crop Mix

The Zuni Pueblo have grown a wide variety of cropgheir lands. Using data recorded
by the BIA from 1934 to 2004, along with additiorgdta obtained for the counties of
Cibola and McKinley (NASS, 2007), the cropping pats were determined as a
percentage of the total irrigated land. The crogmattern and the irrigated acreage have
changed significantly during the last century. Sédhehanges are due to numerous factors
such as development of irrigation projects, conditof irrigation systems and water
storage facilities, water supply, demand for crdpgstock and wildlife encroachment,
and demographics. The selected cropping pattetmas®d on the weighted-average
percent of each crop in the BIA crop mix, adjudtedhclude pasture.

3.1.1 BIA Crop History Reports

BIA annual crop reports provide data specific toheaf the irrigation project areas. The
BIA inventoried the crops for each project aredatria, Ojo Caliente, Pescado, Tekapo,
and Zuni. The results of these annual inventaressummarized imable 3-1andTable
3-2. The table values are an average percentageigasited area that is based on data
collected from the following periods: 1934, 195881-1993, 1997-2001, and 2003-
2004. The crops were grouped to include corn, Isgrains, hay, alfalfa, and garden
crops. Small grains include oats, rye, and wheahsc Hay includes general hay, oat
hay, and rye hay. Garden crops include generaegat beans, chili, melons, orchards,
pumpkins, squash, and other similar types of vdxesta The trend in cropping pattern
from the BIA records and recent field visits hagrea reduction in the percentage of
grains (particularly wheat) and an increase inlfalfa.
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Table 3-1: Crops Grown in each Project Area. Infation from BIA Crop Reports.

Ojo
Crop Nutria CaIiJente Pescado Tekapo Zuni

Corn 26.3% 33.0% 18.9% 77.5% 45.9%
Hay 10.3% 8.8% 6.3% 0.5% 3.5%
Small Grains 15.6% 11.5% 11.1% 0.5% 10.0%
Alfalfa 37.1% 38.0% 61.3% 8.4% 33.6%
Garden Crops 4.1% 5.4% 1.5% 10.99 1.59
Non-Crops 6.6% 3.4% 1.0% 2.2% 5.5%
Total 100.0% 100.0% 100.0% 100.09 100.0%0

Table 3-2: Crops Grown in Various Time Periodsotniation from BIA CropReports.

1081- 1997- 2003-
Crop 1934 1952 1993 2001 2004

Corn 4.1% 1.3% 42.2% 10.2% 9.1%
Hay 0.0% 0.8% 9.5% 0.0% 0.0%
Small Grains 46.7% 47.0% 7.1% 11.69 17.3%
Alfalfa 33.9% 0.6% 29.7% 78.2% 73.6%
Garden Crop8 2.9% 50.4% 3.5% 0.0% 0.0%
Non-Crop¥ 12.4% 0.0% 8.1% 0.0% 0.0%
Total 100.0% 100.0% 100.0% 100.0% 100.0%6

@'1n 1997-2001 and 2003-2004 the crops reportsdlistgield for garden crops but no

acreage.

@ Non-Crops - Listed as irrigated non-cropped arfihdd as winter wheat in 1934 crop
reports. In 1982 only listed as irrigated non-grexg.

3.1.2 New Mexico Agricultural Statistics Service

Data from the New Mexico Agricultural Statisticsr@ee for the years 1999 and 2000
were obtained to evaluate crop mixes for Cibola lslict&inley counties. The data show
that alfalfa and pasture make up the majority & thopping patterns for these two
counties. The high percentage of pasture founithése two counties helps support the
use of a higher percentage in the overall croppmyg for Zuni relative to what has
historically been reported by the BlAable 3-3shows the county crop mix data.
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Table 3-3: Crop Mix Data for Cibola and McKinlep@nties (NASS).

1999 2000

Crop Cibola McKinley Cibola McKinley
Corn 4.7% 7.3% 5.9% 7.5%
Hay 0.0% 0.0% 0.7% 0.0%
Small Grains 0.0% 9.0% 1.6% 7.6%
Alfalfa 47.2% 12.2% 44.6% 12.5%
Garden Crops 2.4% 4.4% 3.9% 3.7%
Irrigated Pasture 45.7% 67.1% 43.1% 68.7%
Total 100.0% 100.0% 100.0% 100.0%

3.1.3 Overall Crop Mix

There is some concern that the BIA data collechmotedures have not been consistent
and the records are not complete. The acreagerighted pasture was not always
reported; therefore, the percent irrigated of pasts based on information from 1934,
1952, 1981, and 1982 BIA crop reports. Overallstpae is estimated to comprise
approximately 20% of the total irrigated area facte project. The acre percentages for
the other crops have been adjusted to include@be @asture and are shownTiable 3-4

Table 3-4: Crops Grown in each Project Area, Adjddbr Pasture.

Crop Nutria gajoiente Pescado | Tekapo | Zuni

Corn 21.0% 26.4% 15.1% 62.1% 36.79
Hay 8.2% 7.0% 5.0% 0.4% 2.8%
Small Grains 12.5% 9.2% 8.9% 0.4% 8.09
Alfalfa 29.7% 30.4% 49.0% 6.7% 26.9%
Garden Crops 3.3% 4.3% 1.2% 8.7% 1.2%
Non-Crops 5.3% 2.7% 0.8% 1.8% 4.4%
Irrigated Pasture* 20% 20% 20% 20% 209%
Total 100.00% 100.00% 100.00% 100.00% 100.0p%

* [rrigated Pasture is estimated as 20% for eaeh ar

The cropping patterns in the irrigated areas hatebeen consistent over the period of
record. The figures in Appendix D show that thecpatage of any given crop fluctuates
over time. Realizing that cropping patterns hakanged and will likely continue to
change over time and location, a single croppiniepa was used for all areas. The
percentages shown in Table 3-5 are acreage-weightadges based upon the combined
irrigated area for all five agricultural units ini$ project.
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Table 3-5: Cropping Pattern for all Units.

Crop Percentage by Area
Corn 30%
Small Grains, Hay 4%
Small Grains, Grain 9%
Alfalfa 31%
Garden Crops 2%
Irrigated Pasture* 24%

* [rrigated pasture includes the pasture (20%) plus-crops (4%) percentage.
3.2 Growing Seasons

Growing seasons were determined for the agriculaneas using a number of methods,
and climate data analysis. The main portion ofghlm®ving season for corn and garden
crops was determined by finding the median datetastf 28°F spring frost and the

number of days required for the crop to maturefalfd growth can be estimated to occur
between the last -4 °C (24.8°F) occurrence in gptinthe first -4°C (24.8°F) occurrence

in fall, in climates having frosts. Grass and pestgrowth can be estimated to occur 7
days before and after the first and last -4°C (H.&ccurrence (FAO, 1998). The

beginning of the small grains growing season wdsrdened as the average date of the
first continuous average temperature of 40° F (NM$968). The growing seasons for

each irrigation area are provided in Table 3-6.

The temperature data from National Weather Serstagons were used to determine the
growing seasons for crops in the cropping patte.discussion on which climate
stations were applied to the irrigation areas @vjgled in Section 4.1.

November 2008 34



Table 3-6: Growing Seasons by Unit and Crop.

Irrigation Growing Season
Area/Unit Crop Start End Days
< Small Grains, Grain 13-Mar 10-Jul 120
5 :)'_ Small Grains, Hay 13-Mar 16-Jun 96
EE Irrigated Pasture 17-Apr 3-Nov 201
2 T(S Alfalfa 24-Apr 28-Oct 187
o Corn 9-May 10-Sep 125
© Garden 9-May 26-Aug 110
Small Grains, Grain 4-Apr 1-Aug 120
Small Grains, Hay 4-Apr 8-Jul 96
-g Irrigated Pasture 22-Apr 26-Oct 188
Z Alfalfa 29-Apr 19-Oct 174
Corn 15-May 16-Sep 125
Garden 15-May 1-Sep 110
Small Grains, Grain 19-Mar 16-Jul 120
o Small Grains, Hay 19-Mar 22-Jun 96
-‘3 Irrigated Pasture 30-Apr 30-Oct 184
3 | Alfalfa 6-May | 23-Oct 171
Corn 13-May 14-Sep 125
Garden 13-May 30-Aug 110

3.3 Irrigation Methods

The lands irrigated by permanent irrigation worke arigated primarily by surface
irrigation methods including border, furrow, basamd wild flooding methods. The water

conveyance systems include canals, ditches, amitygpapelines.
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4 CROPIRRIGATION REQUIREMENTS

The irrigation requirements for any crop are basedhe contribution of a number of
factors. One of the more important factors thaedffthe irrigation requirements are
climatic conditions. This includes average dailynperatures, annual precipitation,
average wind speeds, humidity, and the amountoaidctover. These variables influence
the amount of water loss to the atmosphere threwgiporation and the amount of water
that is used by plant life though transpiratione3é elements are commonly combined
into a single parameter known as evapotranspirdfdr) and used to evaluate the total
amount of water required by a crop for growth angintenance in order to produce
maximum annual yields. lIrrigation requirementsrespnt the portion of the crop ET that
is not satisfied by natural rainfall. The watercessary to fulfill the crop irrigation
requirements, sometimes referred to as the divergiqQuirement, must take into account
water losses that occur in conveying water fromstwerce to the fields and in applying
water to the crops.

4.1 Climate Data

The climate of the Zuni River Basin where the Zimdian Reservation is located is
considered to be mostly arid with elevations ragdgnom approximately 6,000 to 8,000
feet above sea level. The average high temperatureng the summer months is
approximately 9€F with an average low of 8B. In the winter months, the average high
is approximately 50 with an average low dropping below 20°F. Like trargas located
in the southwestern United States, precipitaticecgived in relatively low amounts. The
Zuni River Basin receives approximately 12 inchéspcipitation annually, over 2
inches of which falls in the month of August. Foosh crops, the growing season falls
between the spring and fall months, starting a$y ems March for some crops and
extending through the month of November for lateps.

For the purposes of collecting climatic data, histd records obtained from the National
Climatic Data Center (NCDC) generated from Natioeatther Service (NWS) stations
near the project areas were used. A detailed sksmo on the climate data used in this
analysis is provided in Appendix E. Climate datanf each station were adjusted by
elevation to match the mean elevation of eachatiogn area. Data for the Nutria
agricultural area were obtained from weather sta#6560 at an elevation band of 6,800
feet. Data for the Pescado area were obtained Wweather station #9897 at an elevation
band of 6,600 feet. Tekapo, Ojo Caliente, and Alinieside within the same elevation
band at 6,200 feet; therefore data from weatheiost#9897 were used for all three of
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these agricultural areas. Climatic data necessaryttie calculation of ET include
temperature, precipitation, dew point, sky covad wind speed.

4.2 Crop Evapotranspiration

For each climate zone, a single reference ET mutated. The reference ET represents
the ET rate of a specific crop, usually clippedsgrar alfalfa. To account for the fact that
crops behave differently within their environmeniedto differences in size, water
requirements, surface area, and growing seasontefeeence ET (EJ) needs to be
adjusted for each type of crop. These differen@as/den individual crops are taken into
account with crop coefficients. Calculation of tleéerence ET is based on climate data.
Crop coefficients have been calculated previousty @e found in the literature.

421 Reference ET

A reference ET was calculated through the use ef Almerican Society of Civil
Engineers (ASCE) Penman-Monteith method (ASCE, R005is based on the climatic
conditions at the geographic region of interedting into consideration variations in the
local climates in each agricultural area of the idndian Reservation. ASCE defines the
reference crop as a clipped, cool-season grass ad#guate irrigation to facilitate
unstinted growth under the specified climatic ctinds. The equations and methods
used to calculate ETare provided in Appendix F.

The reference ET values calculated using the ASE@BmRan-Monteith method were
compared to other methods of calculating referda€ethat require fewer data inputs.
Some of the climate inputs into the ASCE Penman-Mtnequation are not recorded at
nearby climate stations #5566 and #9897, and meistbbained from climate stations
located farther away or estimated based on clirmatelocation conditions. As a check
on utilizing these non-local climate inputs, alaime ET, calculation methods were
explored that do not require these non-local clemaputs. The results, provided in
Appendix F, support the ASCE Penman-Monteith result

4.2.2 Crop Coefficients

The crop coefficients were determined by methodergiin USDA Natural Resources
Conservation Service National Engineering Handb@NIRCS-NEH) (1993). Three

factors are considered in calculating crop coedfits: basal crop coefficients, water
stress on the crop, and wet soil evaporation. |Bas@ coefficients represent the water
demand of a healthy crop that does not suffer wattesss. Basal crop coefficients are
divided by the various stages of crop growth suglg@mination, canopy development,
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full development, and harvest. Separate coeffisiane provided for each growth stage
in NRCS-NEH (1993).

The water stress factor was not included in the amefficient calculations. The water
stress factor is typically included to accountreduced rates of crop ET that occur when
there is a shortage of water in the crop root zoRer this water rights claim, water
shortages or water stress are not considered ethesvater right quantification is to
provide a full water supply to the past and prdgermigated lands.

During the initial, development, and late seascegest of crop growth, the water
evaporation from a wet soil surface is consideré@tite amount of evaporation depends
on the amount of canopy development, hydraulic @rigs of the soil, and the amount of
available energy to drive evaporation. A wet smibporation factor is provided in

NRCS-NEH (1993) based on soil properties and itioggamethods.

A more detailed discussion of crop coefficient adtions is provided in Appendix F.
4.3 Effective Precipitation

Effective precipitation is that portion of precagiion that contributes to the water needs
of the crop, which is dependant upon the fieldssawinfall amounts, and crop rooting
depth. Monthly effective precipitation was caldath using the method presented by
NRCS-NEH (1993). Effective precipitation was caéted using the 80% exceedence
rainfall during the irrigation season, instead ltd average rainfall, in order to provide a
more conservative estimate of irrigation water rexjuents. The effective precipitation
for each crop and agricultural area can be sed&ppendix G.

4.4 Net Irrigation Requirements

The net irrigation requirement (NIR) of a crop I tdifference in the amount of water
that is required by the crop (BTand the effective precipitation that the croperees
from rainfall. By taking the cropping patterns agwwing seasons into account, the
weighted average monthly NIR for each project ar@a be determined, as provided in
Table 4-1 Complete results are tabulated in Appendix G.
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Table 4-1: Weighted Average Monthly Net IrrigatiBequirements (inches).

Unit Jan | Feb [ Mar | Apr | May [ Jun | Jul [ Aug | Sep | Oct | Nov | Dec | Annual
Nutria 0.44 3.51 | 5.49| 541 417 252 1.26 22.79
Pescado 0.04 0.453.30| 5.79] 5.03 4.00 248 1.41 22,51
Zuni 0.08( 0.97 4.23| 5.72| 5.3 434 252 1.40 0.p5 24.86
Tekapo 0.08 1.01 4.28| 5.74] 529 429 251 1.40 0.p5 24.85
Ojo Caliente 0.04 0.9f 4.23| 5.72| 535 434 252 1.40 0.p5 24.86

45 lrrigation Efficiency

Water losses to irrigation occur as water is deerirom the source to the cultivated
fields and as water is applied to the fields agatron. The greater these losses are, the
less efficient the irrigation system. Sufficienater needs to be diverted such that the
crop receives its full irrigation requirement aftesses have reduced the water supply to
the crop. Therefore, the efficiency of the applma conveyance, and distribution
systems must be taken into account when calcul#étiegotal diversion requirements for
crops.

4.5.1 Conveyance and Distribution Efficiency

Conveyance losses occur as water is diverted freouece, such as a stream or reservoir,
and transported to the irrigation area. Distribnitiosses occur as water is moved from
field to field throughout the irrigation area. HBeelosses typically occur as evaporation
from the surface of canals and infiltration int@ thoil along canals. Earthen canals are
typically less efficient (greater losses), but ev@osed-conduit systems may develop
leaks as they age or become damaged, losing wasailtinfiltration. Conveyance and
distribution efficiencies were estimated as follow8 percent for open-channel systems
and 90 percent for pipeline systems.

45.2 On Farm Efficiency

Losses occur as water is applied to the fieldsrfagation. These losses can be caused
by evaporation of surface water and sprinkler detspl surface runoff, and deep soil
percolation beyond the roots of the crops. Thefaom irrigation efficiencies were
estimated at 60 percent. All of the areas pradigrix of surface irrigation methods;
including border, furrow, and flood irrigation. Igeneral, reasonable irrigation
efficiencies for surface irrigation range from 58 85 percent. Typically, 50 percent
irrigation efficiencies are associated with surfaoeersion irrigations with little control
of flow rate or application time. Fangmeier andjd& (1986) state that a well designed
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surface irrigation system is expected to have geaani efficiencies averaging between 60
to 70 percent. A guide of estimated applicatidicieincies for various irrigation systems
is included in Martin et. al. (1990). It gives afficiency range of 50 to 85 percent for
graded borders.

Different irrigation units use combinations of bothnals and pipelines, so specific
irrigation efficiencies are estimated for eachgated area, as shown in Table 4-2.

Table 4-2: Estimated Efficiency of Irrigation Sysie

Unit Conveyance Efficiency | On-Farm Efficiency | Overall Efficiency
Nutria 70% 60% 42%
Pescado 80% 60% 48%
Zuni 70% 60% 42%
Tekapo 80% 60% 48%

Ojo Caliente 90% 60% 54%

4.6 Irrigation Diversion Requirementsand Depletion

The total diversion requirement is based on thewarnof irrigation water required by the

crops taking the overall irrigation system effi@gninto account. Specifically, the net

irrigation requirement is divided by the overatigation efficiency. This is the amount of

water that must be diverted in order to ensuretti@tequired amount of water is applied
to the crops. The unit diversion requirements firheagricultural unit are listed in Table
4-3.

Table 4-3: Monthly Irrigation Unit Diversion Regaments (inches

Unit Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov Annual
Nutria 1.04( 837 13.04 1288 9.9 6.01 2[99 54.27
Pescado 0.09 098 6.7 12.p7 10j48 8|34 $.17 .94 46.89
Zuni 0.18| 2.31] 10.07 13.62| 12.73] 10.386.01| 3.80] 0.1 59.18
Tekapo 0.177 2.11 893 1195 11p1 8PpP3 H24 3.331pD. 5177
Ojo Caliente| 0.14 | 1.79] 7.83] 10.59 990 8.03 4.8 2|96 (.10 46.03

Some of the losses described in Section 4.5 rétusurface waters and/or groundwater.
These return flows do not represent a net depldtmm the water source, even though
the water was diverted for irrigation. The demetrepresents the net reduction of water
from the source caused by the diversion. The tiepl€or each project area was
calculated as the sum of the net irrigation regueet and 20 percent of the diverted flow
that is lost due to conveyance and applicationfiziehcies. Summary results are
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provided in Table 4-4. The results for each indixb tract
accompanying set of maps are listed in Appendix A.

Table 4-4: Irrigation Diversion Requirements angl@&on

that are shown on

the

Unit Irrigated Area Diversion Depletion
(acres) (ac-ft) (ac-ft)

Nutria 976.6 4,401.7 2,359.3
Pescado 1,317.9 5,096.9 2,976.6
Zuni 3,629.8 17,901.4 9,595.1
Tekapo 320.6 1,383.0 807.7
Ojo Caliente 773.7 2,967.9 1,875.7

Total 7,018.6 31,751.0 17,614.4

After submittal of the Zuni historical irrigation aker rights claims, subsequent work
identified two modifications to improve the crop Ea&lculations. Wind speed data used
to calculate reference ET were changed from daytila&@ to 24-hour average data,
which resulted in lower reference ET values retatio those in the claims. The crop
coefficients used to calculate crop ET were modifie include soil water evaporation,
which had the effect of raising the crop coeffitialues. The net effect of these
changes, seen by comparing the net irrigation rements of the claims and the
modified results, indicate less than one percdiférénce. This difference is considered
to be within the accuracy of the estimation method&ppendix H provides more
information on these modifications and the comperisvith the claims. Since
subsequent maodifications had a relatively minoeaffon the original claim values for
the net irrigation requirement, the original clawvalues for irrigation diversion and
depletion should be utilized instead of those valegported in Table 4-4. The irrigation

diversion and depletions in the original claim previded in Table 4-5.

Table 4-5: Claim Irrigation Diversion Requiremeatsd Depletion.

Unit Irrigated Area Diversion Depletion
(acres) (ac-ft) (ac-ft)

Nutria 959.5 4,338.7 2,325.8
Pescado 1,317.9 5,195.0 3,033.7
Zuni 3,629.8 17,934.9 9,611.8
Tekapo 320.6 1,583.9 848.9
Ojo Caliente 773.7 2,973.4 1,879.4

Total 7,001.4 32,026.0 17,699.5

Note: Nutria acreage does not include the 17.14 parcel (2C-3C-IRR004) that was added to the ptoje
unit after the claim had been submitted.
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APPENDIX A
TRACTSIRRIGATED BY PERMANENT WORKS

Appendix A provides a listing of individual irrigated tracts delineated from aerial
photography. Thenap label identifies each tract as according to a unique indicator. The
entire Zuni River Basin has been divided into 11 sub-areas, and each sub-area is further
divided into a grid. Figure A-1 describes the map indicator labels. cadrelinates

(X,Y) are located at the centroid of each irrigated tract, in UTM coordinatesar &hnef

each tract represents the estimated irrigated area of each tract from the composite
delineation of aerial photography (see Section 2). dépketion anddiversion volumes

follow the methodology discussed in Section 4. The water soarcd means of diversion

are listeed. Thevater source ID identifies the water source using a unique indicator
similar to the map label system.

The maps can be viewed on the internéttd://www.zunibasin.com/ They are located
at the Relevant Reports tab and at theZUNI RIVER BASIN ADJUDICATION
HYDROGRAPHIC SURVEY AND IRRIGATED TRACTS MAPS ZUNI INDIAN
RESERVATION AND MAZONE RANCH TRUST LANDS tab. The claims can also
be found on the web page undépurt Documents, Decisions, Orders, Etc. tab,
subproceeding 1, Zuni Indian Claims. The claims were filed May 11, 2007, titled
UNITED STATES' SUBPROCEEDING COMPLAINT AND STATEMENT OF
CLAIMS FOR WATER RIGHTS ON BEHALF OF, AND FOR THE BENEFIT OF,
THE ZUNI INDIAN TRIBE AND ZUNI ALLOTTEES, document number 1. Upon
review of the data another 17.14 acre irrigated field (2C-3C-IRR004) was added to the
claim see Figure A-2.

Figure A-1: Map Label System
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Figure A-2: Additional Irrigated Parcel added to the Zuni Indian Tribe claim for past and
present irrigation from permanent irrigation works.

SCALE IN FEET
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Area | Depletion | Diversion Means of Water Source
Map Label X (f) Y (1) (acres) (ag-ft/yr) (ac-ftlyr) Diversion Water Source ID
1B-4J-IRR001 2,410,133 1,480,146 | 152.14 402.87 751.73 Zuni Canal Black Rock Reservoir 2A-4-RS01
1B-4J-IRR002 2,410,556 | 1,481,884 0.52 1.38 2.57 Zuni Canal Black Rock Reservoir 2A-4-RS01
1B-4J-IRR003 2,409,601 | 1,481,294 28.88 76.48 142.71 Zuni Canal Black Rock Reservoir 2A-4-RS01
1B-4N-IRR0O01 2,405,412 1,476,721 | 195.12 516.68 964.08 Zuni Canal Black Rock Reservoir 2A-4-RS01
1B-40-IRR001 2,406,825 | 1,478,997 8.08 21.39 39.91 Zuni Canal Black Rock Reservoir 2A-4-RS01
1B-40-IRR002 2,408,555 | 1,477,601 | 309.05 818.37 1527.02 | Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-3P-IRR001 2,416,388 1,490,381 41.11 108.87 203.14 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-3P-IRR002 2,414,446 | 1,490,427 85.84 227.31 424.14 | Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-3P-IRR003 2,412,854 1,490,368 12.81 33.93 63.32 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-3Q-IRR001 2,419,323 1,490,073 39.85 105.53 196.91 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-3Q-IRR002 2,417,692 1,490,215 32.46 85.95 160.37 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-3T-IRR001 2,434,302 | 1,490,018 37.41 99.07 184.85 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4A-IRR0O01 2,416,353 | 1,485,735 77.51 205.26 383.00 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-4A-IRR002 2,414,428 1,485,797 | 147.78 391.31 730.16 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-4A-IRR003 2,412,549 1,486,677 16.93 44.83 83.65 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-4A-IRR004 2,416,377 1,488,378 78.22 207.12 386.47 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-4A-IRR0O05 2,414,390 1,488,398 | 156.32 413.93 772.37 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-4A-IRR0O06 2,412,276 | 1,488,493 89.38 236.68 441.63 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-4B-IRR001 2,421,642 | 1,485,248 35.95 95.21 177.65 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4B-IRR002 2,417,685 1,488,342 79.89 211.54 394.71 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4B-IRR003 2,421,603 1,488,372 48.09 127.35 237.64 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4B-IRR004 2,421,508 | 1,486,352 36.42 96.44 179.94 | Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4B-IRR005 2,419,606 1,488,597 | 125.74 332.97 621.30 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4B-IRR006 2,419,805 1,485,315 | 101.02 267.49 499.12 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4B-IRR0O07 2,417,617 | 1,485,595 69.32 183.55 342.49 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4B-IRR008 2,419,389 1,486,554 6.32 16.75 31.25 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4C-IRR001 2,424,455 | 1,485,623 | 233.55 618.43 1153.96 | Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4C-IRR002 2,427,449 | 1,484,404 4.31 11.41 21.30 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4C-IRR003 2,426,889 | 1,486,022 97.21 257.42 480.33 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4C-IRR004 2,423,531 1,486,907 52.63 139.35 260.02 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4C-IRR005 2,423,519 1,487,542 18.55 49.11 91.64 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4D-IRR001 2,428,177 | 1,486,171 76.77 203.29 379.32 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
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Area | Depletion | Diversion Means of Water Source
Map Label X (f) Y (1) (acres) (ag-ft/yr) (ac-ftlyr) Diversion Water Source ID
1C-4D-IRR002 2,431,834 1,486,542 55.08 145.86 272.16 Zuni South Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4D-IRR003 2,430,377 1,486,918 92.22 244.20 455.67 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4E-IRR001 2,434,142 1,487,833 108.8 288.11 537.60 Zuni South Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4E-IRR002 2,433,059 1,489,139 5.29 14.01 26.14 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4F-IRR0O01 2,413,360 1,480,736 | 175.49 464.71 867.11 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-4F-IRR002 2,416,332 1,483,097 76.94 203.75 380.18 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-4F-IRR0O03 2,413,990 1,483,021 193.4 512.13 955.60 Zuni Canal Black Rock Reservoir 2A-4-RS01
1C-4G-IRR001 2,420,970 1,482,302 34.13 90.37 168.63 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4G-IRR002 2,420,981 1,483,218 72.4 191.72 357.75 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4G-IRR003 2,420,547 1,483,791 20.75 54,94 102.51 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4G-IRR004 2,417,613 1,483,197 69.37 183.70 342.77 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4G-IRR005 2,419,221 1,483,758 54.2 143.53 267.82 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4H-IRR0O01 2,423,703 1,483,889 64.23 170.09 317.38 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4H-IRR002 2,424,689 1,483,228 | 104.63 277.07 516.99 Zuni Main Pipeline | Black Rock Reservoir 2A-4-RS01
1C-4K-IRR001 2,412,007 1,478,951 7.67 20.32 37.92 Zuni Canal Black Rock Reservoir 2A-4-RS01
2B-50-IRR001 2,483,668 1,501,803 | 202.32 465.73 797.53 Pescado Spring Springs And Pescado 2C-5-SPRO001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-3C-IRR001 2,500,476 1,552,250 32.54 78.89 147.16 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3C-IRR002 2,501,622 1,552,057 | 113.68 275.57 514.08 Nutria South Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3C-IRR003 2,501,466 1,554,487 50.76 123.04 229.54 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3C-IRR004 | 2,500,509 1,553,586 17.14 41.54 77.51 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3D-IRR001 2,502,955 1,553,498 2.67 6.48 12.08 Nutria South Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3D-IRR002 2,503,927 1,556,349 10.73 26.00 48.51 Nutria Pipeline Nutria Diversion 2C-2-RS01
Reservoir
2C-3D-IRR003 2,503,565 1,554,952 28.83 69.88 130.35 Nutria South Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3D-IRR004 2,502,716 1,555,411 18.83 45.64 85.13 Nutria Pipeline Nutria Diversion 2C-2-RS01
Reservoir
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Area Depletion | Diversion Means of Water Source
Map Label X (f) Y (1) (acres) (ag-ft/yr) (ac-ftlyr) Diversion Water Source ID
2C-3G-IRR0O01 2,496,133 1,548,759 4.62 11.19 20.87 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3G-IRR002 2,494,559 1,547,304 75.07 181.97 339.46 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3G-IRR003 2,496,069 1,547,413 26.45 64.11 119.60 Rio Nutria Canal Nutria Diversion 2C-2-RS01
Reservoir
2C-3G-IRR004 2,495,543 1,548,593 4.28 10.37 19.34 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3H-IRR001 2,498,357 1,550,241 18.36 4451 83.03 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3H-IRR002 2,499,370 1,550,723 49.74 120.58 224.94 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3H-IRR003 2,499,332 1,548,244 293.8 712.17 1328.56 | Nutria South Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3H-IRR004 2,497,754 1,549,582 4.38 10.61 19.79 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3H-IRR005 2,497,401 1,549,382 1.5 3.63 6.77 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-3H-IRR006 2,497,736 1,548,715 32 77.58 144.72 Rio Nutria Canal Nutria Diversion 2C-2-RS01
Reservoir
2C-3H-IRR007 2,497,409 1,548,042 6.1 14.80 27.60 Rio Nutria Canal Nutria Diversion 2C-2-RS01
Reservoir
2C-3L-IRR001 2,495,271 1,546,021 35.24 85.42 159.35 Rio Nutria Canal Nutria Diversion 2C-2-RS01
Reservoir
2C-3L-IRR002 2,492,388 1,545,415 | 149.89 363.33 677.80 Nutria North Canal | Nutria Diversion 2C-2-RS01
Reservoir
2C-5K-IRR001 2,489,170 1,500,536 | 139.18 320.40 548.66 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-5K-IRR002 2,486,726 1,501,164 17.06 39.27 67.25 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-5K-IRR003 2,485,931 1,501,288 63.86 147.00 251.73 Pescado Spring Springs And Pescado 2C-5-SPRO001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-5K-IRR004 2,489,281 1,499,769 8.34 19.20 32.88 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
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Area | Depletion | Diversion Means of Water Source
Map Label X (f) Y (1) (acres) | (ac-ftlyr) | (ac-ftlyr) Diversion Water Source ID
2C-5-RS01
2C-5K-IRR005 2,490,374 | 1,501,963 21.85 50.30 86.14 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Pescado Reservoir 2C-5-RS01
2C-5L-IRR001 2,494,202 | 1,500,656 27.21 62.65 107.28 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Pescado Reservoir 2C-5-RS01
2C-5L-IRR002 2,491,848 | 1,500,996 48.14 110.83 189.78 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Pescado Reservoir 2C-5-RS01
2C-5L-IRR003 2,493,186 | 1,500,732 14.65 33.72 57.74 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Pescado Reservoir 2C-5-RS01
2C-5L-IRR004 2,493,087 | 1,500,185 10.78 24.83 42.51 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Pescado Reservoir 2C-5-RS01
2C-5L-IRR005 2,491,228 1,500,105 8.49 19.53 33.45 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-5L-IRR006 2,491,813 1,499,699 12.23 28.15 48.21 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-5L-IRR0O0O7 2,493,966 | 1,499,772 11.55 26.59 45.53 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Pescado Reservoir 2C-5-RS01
2C-5L-IRR0O08 2,494,572 | 1,499,517 7.07 16.28 27.89 Pescado Spring Pescado Spring And 2C-5-SPR001,
North Pipe Pescado Reservoir 2C-5-RS01
2C-5P-IRR001 2,490,522 1,499,355 16.49 37.96 65.01 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-5Q-IRR001 2,494,212 | 1,499,040 21.27 48.97 83.86 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Canal 'D' Pescado Reservoir 2C-5-RS01
2C-5Q-IRR002 2,491,176 1,499,369 10.86 25.00 42.80 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-5Q-IRR003 2,491,445 1,498,447 22.33 51.40 88.01 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-5Q-IRR004 2,493,868 1,497,652 | 172.46 397.00 679.84 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
2C-5Q-IRR005 2,494,999 1,495,704 15.71 36.16 61.92 Upper Rio Pescado | Pescado Reservoir 2C-5-RS01

Canal
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Area | Depletion | Diversion Means of Water Source
Map Label X (f) Y (1) (acres) (ag-ft/yr) (ac-ftlyr) Diversion Water Source ID
2C-5R-IRR001 2,496,496 1,497,754 51.88 119.42 204.50 Pescado Spring Pescado Spring And 2C-5-SPR001,
North Pipe Pescado Reservoir 2C-5-RS01
2C-5R-IRR002 2,497,277 1,496,772 11.83 27.24 46.65 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Canal 'A' Pescado Reservoir 2C-5-RS01
2C-5R-IRR003 2,497,883 1,496,540 3.98 9.16 15.69 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Canal 'A' Pescado Reservoir 2C-5-RS01
2C-5R-IRR004 2,498,610 1,496,586 5.94 13.66 23.40 North Pescado Pescado Spring And 2C-5-SPR001,
Draw Canal 'A' Pescado Reservoir 2C-5-RS01
2C-5R-IRR005 2,498,441 1,496,072 15.72 36.18 61.96 Ruins Canal Pescado Spring 2C-5-SPR001
2C-5R-IRR006 2,497,666 | 1,495,939 19.29 44.41 76.05 Ruins Canal Pescado Spring 2C-5-SPR001
2C-5R-IRR007 2,500,025 | 1,495,869 27.4 63.08 108.01 Pescado North Pescado Spring And 2C-5-SPR001,
Canal Pescado Reservoir 2C-5-RS01
2C-5R-IRR008 2,498,527 | 1,496,800 39.72 91.43 156.58 Pescado Spring Pescado Spring And 2C-5-SPR001,
North Pipe Pescado Reservoir 2C-5-RS01
2C-5R-IRR009 2,498,111 | 1,495,241 10.99 25.29 43.31 Pescado Spring Springs 2C-5-SPR001,
South Pipe 2C-5-SPR002
2C-5R-IRR010 2,500,927 | 1,495,323 2.73 6.29 10.77 Pescado North Pescado Spring And 2C-5-SPR001,
Canal Pescado Reservoir 2C-5-RS01
2C-5R-IRR0O11 2,499,526 | 1,495,318 20.16 46.41 79.47 Pescado Spring Pescado Spring And 2C-5-SPR001,
South Pipe Pescado Reservoir 2C-5-RS01
2C-5R-IRR012 2,498,738 | 1,495,082 7.04 16.20 27.75 Ruins Spring Canal | Spring 2C-5-SPR002
2C-5R-IRR013 2,500,226 1,494,959 2.27 5.23 8.95 Pescado Spring Pescado Spring And 2C-5-SPR001,
South Pipe Pescado Reservoir 2C-5-RS01
2C-5R-IRR014 2,500,507 1,494,914 0.89 2.04 3.49 Pescado Spring Pescado Spring And 2C-5-SPR001,
South Pipe Pescado Reservoir 2C-5-RS01
2C-5R-IRR015 2,496,621 1,494,835 37.95 87.37 149.61 Upper Rio Pescado | Pescado Reservoir 2C-5-RS01
Canal
2C-5R-IRR016 2,497,927 1,494,662 3.86 8.88 15.21 Pescado South Spring And Pescado 2C-5-SPR002,
Canal Reservoir 2C-5-RS01
2C-5R-IRR017 2,498,603 1,494,362 10.85 24.98 42.77 Pescado South Pescado Reservoir 2C-5-RS01
Canal
2C-5R-IRR018 2,499,300 1,497,348 8.93 20.57 35.22 Pescado North Pescado Reservoir 2C-5-RS01
Canal
2C-5R-IRR019 2,496,671 1,495,860 21.53 49.56 84.86 Pescado Spring Springs And Pescado 2C-5-SPR001,
Main Pipe Reservoir 2C-5-SPR002,
2C-5-RS01
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Area Depletion | Diversion Means of Water Source
Map Label X (f) Y (1) (acres) (ag-ft/yr) (ac-ftlyr) Diversion Water Source ID
2C-5S-IRR001 2,502,090 1,495,159 51.5 118.56 203.02 Pescado North Pescado Reservoir 2C-5-RS01
Canal
2C-5S-IRR002 2,501,415 1,494,272 11.3 26.02 4456 Pescado South Pescado Reservoir 2C-5-RS01
Canal
2C-6C-IRR001 2,500,067 1,494,162 35.93 82.70 141.62 Pescado South Pescado Reservoir 2C-5-RS01
Canal
2C-6C-IRR002 2,500,984 1,493,607 21.28 48.99 83.89 Pescado South Pescado Reservoir 2C-5-RS01
Canal
2C-6C-IRR003 2,498,021 1,493,906 15.21 35.02 59.97 Upper Rio Pescado | Pescado Reservoir 2C-5-RS01
Canal
2C-6D-IRR001 2,502,168 1,494,157 14.32 32.96 56.45 Pescado South Pescado Reservoir 2C-5-RS01
Canal
2C-6D-IRR002 2,501,611 1,492,432 13.51 31.09 53.24 Stockpond Canal Springs 2C-6-SPR001,
2C-6-SPR002,
2C-6-SPRO003,
2C-6-SPR004
5A-3D-IRR001 2,379,659 1,428,673 26.31 63.90 101.10 Ojo Caliente Ojo Caliente Reservoir | 5A-3-RS01
Reservoir North
Pipeline
5A-3D-IRR002 2,377,830 1,427,301 61.3 148.89 235.57 Ojo Caliente Ojo Caliente Reservoir | 5A-3-RS01
Reservoir North
Canal
5A-3D-IRR003 2,379,813 1,427,421 4.07 9.89 15.65 Ojo Caliente Ojo Caliente Reservoir | 5A-3-RS01
Reservoir North
Canal
5A-3D-IRR004 2,379,861 1,426,790 34.52 83.86 132.67 Ojo Caliente Ojo Caliente Reservoir | 5A-3-RS01
Reservoir North
Pipeline
5A-3D-IRR005 2,378,781 1,428,140 36.88 89.58 141.72 Ojo Caliente Ojo Caliente Reservoir | 5A-3-RS01
Reservoir North
Pipeline
5A-3E-IRR001 2,381,143 1,430,179 40.57 98.56 155.93 Ojo Caliente North | Rainbow Spring 5B-3-SPR001
Pipeline Canal
5A-3E-IRR002 2,385,105 1,427,044 16.47 40.00 63.28 Rainbow Spring Rainbow Spring 5B-3-SPR001
Pipeline
5A-3E-IRR003 2,381,916 1,429,884 15.8 38.38 60.72 Rainbow Spring Rainbow Spring 5B-3-SPR001
Pipeline
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Area | Depletion | Diversion Means of Water Source
Map Label X (f) Y (1) (acres) | (ac-ftlyr) | (ac-ftlyr) Diversion Water Source ID

5A-3E-IRR004 2,382,002 1,427,793 40.45 98.24 155.43 Rainbow Spring Rainbow Spring 5B-3-SPR001
Pipeline

5A-3E-IRR0O05 2,380,880 1,427,589 42.91 104.24 164.92 Ojo Caliente Ojo Caliente Reservoir | 5A-3-RS01
Reservoir North
Pipeline

5A-3I-IRR001 2,378,816 1,425,671 | 167.14 405.97 642.30 Ojo Caliente Ojo Caliente Reservoir | 5A-3-RS01
Reservoir South
Pipeline

5A-3I-IRR002 2,377,666 1,426,618 15.05 36.57 57.85 Ojo Caliente Ojo Caliente Reservoir | 5A-3-RS01
Reservoir North
Canal

5A-3J-IRR001 2,381,771 | 1,426,337 19.29 46.85 74.12 Ojo Caliente Ojo Caliente Reservoir | 5A-3-RS01
Reservoir North
Pipeline

5A-3J-IRR002 2,384,518 | 1,426,392 28.97 70.36 111.32 Rainbow Spring Rainbow Spring 5B-3-SPR001
Pipeline

5A-3J-IRR003 2,383,267 | 1,423,950 5.02 12.21 19.31 Sacred Spring Sacred Spring 5A-3-SPR002
Pipeline

5A-3J-IRR004 2,384,583 | 1,423,571 17.71 43.02 68.06 Sacred Spring Sacred Spring 5A-3-SPR002
Pipeline

5A-3J-IRR005 2,384,533 | 1,425,305 53.95 131.04 207.32 Ojo Caliente North | Rainbow Spring 5B-3-SPR001
Canal

5A-3J-IRR006 2,383,470 | 1,426,062 1.79 4.35 6.88 Rainbow Spring Rainbow Spring 5B-3-SPR001
Pipeline

5B-1F-IRR001 2,388,411 | 1,466,585 | 244.11 646.39 1206.13 | Tekapo Main Canal | Tekapo Reservoir 5B-1-RS01

5B-1G-IRR001 2,391,910 1,466,310 76.46 202.46 377.78 Tekapo South Tekapo Reservoir 5B-1-RS01
Canal

5B-3A-IRR001 2,386,413 1,427,051 17.5 42.51 67.25 Rainbow Spring Rainbow Spring 5B-3-SPR001
Pipeline

5B-3A-IRR002 2,385,863 1,426,724 9.3 22.59 35.73 Rainbow Spring Rainbow Spring 5B-3-SPR001
Pipeline

5B-3F-IRR001 2,386,697 1,425,593 66.55 161.66 255.76 Ojo Caliente North | Rainbow Spring 5B-3-SPR001
Canal

5B-3F-IRR002 2,386,985 1,424,682 35.34 85.85 135.83 Ojo Caliente South | Springs 5B-3-SPR001,
Canal 5B-3-SPR002,

5B-3-SPR007
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Area | Depletion | Diversion Means of Water Source
Map Label X (f) Y (1) (acres) | (ac-ftlyr) | (ac-ftlyr) Diversion Water Source ID
5B-3F-IRR003 2,386,085 1,424,202 16.84 40.90 64.70 Ojo Caliente South | Springs 5B-3-SPR003,
Canal 'B' 5B-3-SPR006
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APPENDIX B

HISTORICAL BIA MAPS

Two BIA maps are provided for each irrigation area: Irrigated and Irrigable Lands Map,

and Engineering Maps. These maps were provided by the Albuquerque BIA Office.
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Figure B-1: Nutria Unit, Irrigated and Irrigable Lands Map

B-2




Figure B-2: Nutria Unit, Engineering Map




Figure B-3: Ojo Caliente Unit, Irrigated and Irrigable Lands Map
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Figure B-4: Ojo Caliente Unit, Engineering Map
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Figure B-5: Pescado Unit_lIrrigated and Irrigable Lands Map
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Figure B-6: Pescado Unit, Engineering Map
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Figure B-7: Tekapo Unit,_Irrigated and Irrigable Lands Map




Figure B-8: Tekapo Unit, Engineering Map




Figure B-9: Zuni Unit, Irrigated and Irrigable Lands Map
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Figure B-10: _Zuni Unit, Engineering Map
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APPENDIX C

HISTORICAL AERIAL PHOTOS

Historical aerial photographs are provided for each irrigation unit for 1953-54 are
provided for illustration. The composite irrigated land delineations, based on all years,
are shown on each aerial photograph data set. The maps for the other years 1934-36,
1981, 1996-97, 2001, and 2005 are not shown in this Appendix.
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APPENDIX D

CROP MIX DATA

Appendix D provides graphs of crop mixes for each irrigation unit, from 1981 to 2004.
The graphs indicate variations in the cropping pattern from year to year in each unit. The
annual crop mixes were developed from the annual BIA crop reports for each unit. The
“Crop % in Overall Mix, All Units” represents the weighted average crop mix used in the
crop water requirement calculations. The “Average Crop %” for a particular irrigation

unit represents the average percentage of that particular crop, in the specified unit only,
based on all BIA crop reports from 1934-2004.
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APPENDIX E

CLIMATE DATA

Appendix E describes the climate data, and modifications to the climate data, used in
generating estimates of crop ET. Original climate data were filled/extended to reduce
missing values, and expanded to develop specific climate data for individual elevation
bands.

The estimation of crop ET requires climatic inputs in the form of time series for the
precipitation, reference evapotranspiration, air temperature, dew point temperature, solar
radiation, and wind speed. This appendix describes the development of the climatic
inputs for the Zuni Indian Reseravtion. Throughout this appendix, the following
abbreviations are usefrcp = precipitation,Tmax = maximum temperaturéfmin =
minimum temperaturelavg = average temperaturédew = dew point temperatur@skc

= total sky cover,Wind = wind speed,Grad = solar radiationET,« = reference
evapotranspiration, Evap open water evaporation, and Cwcrop water requirements.

E.1 Climatic Data

The climatic inputs for the ET calculations are constructed based on the historical
climatic data. The historical climatic data used in the study were obtained from the
National Climatic Data Center (NCDC) Summary of the Day (SD) and Surface Airways
(SA) databases (Earthinfo 2005a, 2005b). The NCDC SD database contains daily
records ofPrcp, Tmax, andTmin. The NCDC SA database contains hourly and daily
records ofTdew, Tskc, andWind. The climatic stations used are listed in Table E-1. The
climatic data sets contain missing values. A summary of the missing data for each

station/data type is shown in Table E-2 for years 1948 to 2004.



Table E-1: Summary of Climate Stations Used for the Development of Climatic Inputs.

Station Elevation
Database ID |Station Name Latitude]  Longitudg (feet) Available Data Period
NCDC SD| 1018] Black Rock N35:06:J0 W108:47]00 6,443 Pycp Tmax Tmin 1908
NCDC SC [ 278t |ElI Morro Natl Mor | N35:03:0(] W108:21:0(] 7,227 | Prcg | Tmax| Tmin | 1938-200.
NCDC SC | 318( |Fence Lak N34:39:0(f W108:40:0(] 7,05t | Prcg | Tmax| Tmin | 1933-200
NCDC SL | 556( |McGaffey 5 Si N35:20:0(| W108:27:0(] 8,00C | Prcg | Tmax| Tmin | 1949-200.
NCDC SC | 9897 |Zuni N35:04:0(] W108:50:0(f 6,31C | Prcg | Tmax| Tmin | 1949-200.
NCDC SA | 2308! |Gallug N35:31:0(] W108:47:0(| 6,46€ | Tdew| Tskc [ Wind | 1973-200.
NCDC SA | 2305( |Albuguerqu N35:03:0(|W:106:37:0( 5,31C | Tdew| Tskc | Wind | 1948-200.
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Table E-2: Summary of Missing Climatic Data for Years 1948 to 2004.

Number of Days with Missing Data

Year Prcp Tmax Tmin Tdew Tskc Wind
101€ 278t 318( 556( 9897 101¢ 278t 318( 556( 9897 101¢ 278F 318C 556( 9897] 2305( 23087 2305( 2308 2305( 2308

194¢ 1 217 -~ - - 50 5 - - - 38 51 - - | 182 - 182 - 182
194¢ 184 7 - 17 47 18¢ 17 26 471 18¢ 27 - 22 47 0 0 0 -
195( 0 0 0 0 0 0 4 0 0 0 0 0

1951 0 1 0 0 1 1 0 1 0 0 0 0

1952 0 1 0 0 2 0 16 2 0 0 0 0

195: 0 0 0 0 1 0 0 1 0 0 0 0

195¢ 0 0 0 24 1 0 24 1 0 0 0 0

195¢ 0 62 0 3 62 0 10 62 0 0 0 0

195¢ 0 157 0 2 17¢ 0 1 17¢ 0 0 0 0

1957 0 0 0 1 0 1 1 0 0 0 0 0

195¢ 0 0 0 0 0 0 0 0 0 0 0 0

195¢ 0 0 0 0 0 0 0 0 0 0 0 0

196( 0 0 0 0 17 0 0 1€ 0 0 0 0

1961 0 0 0 0 9 0 0 8 0 0 0 0

1962 0 0 0 0 10 0 0 1C 0 0 0 0

196: 0 - 0 2 0 - 7 2 0 - 7 2 0 0 0

196¢ 0 121 0 0 0 12¢ 2 0 0 127 12 0 0 0 0

196t 13 0 0 0 12 19 1 0 12 19 1 0 0 0 0

196¢€ 0 61 10 0 0 10 11 0 0 10 11 0 0 0 0

1967 0 0 0 0 0 33 16 0 0 37 16 0 0 0 0

196¢ 0 61 0 0 0 99 25 0 2 114 25 0 0 0 0

196¢ 0 17¢C 0 0 2 14 47 0 1 148 47 0 0 0 0

197C 0 0 0 0 2 0 39 0 2 0 3¢ 0 0 0 0

1971 0 11 33 0 0 0 45 0 0 0 45 0 0 0 0

1972 0 0 0 0 0 13 32 0 0 14 32 0 0 0 0
197: 0 0 0 284 0 23 17 25¢ 0 23 17 314 0 7 0 7 0 7
197¢ 0 0 0 334 0 5 38 34¢ 0 5 38 34¢ 0 0 0 0 0 0
197¢ 0 0 0 3 0 1 27 10% 0 1 27 164 0 0 0 0 0 0
197¢ 31 0 0 62 0 0 23 14§ 0 0 25 18¢ 0 0 0 0 0 0
1977 0 2 0 0 1 2 19 6 0 2 18 7 0 0 0 0 0 0
197¢ 1 1 0 32 0 3 17 56 0 2 15 55 0 0 0 0 0 0
197¢ 2 0 0 0 0 1 15 37 0 1 15 36 0 0 0 0 0 0
198( 5 0 0 0 0 0 13 14 0 1 14 12 0 0 0 0 0 0
1981 0 0 0 0 1 0 18 19 2 0 18 82 0 0 0 0 0 0
198z 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
198: 1 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
198¢ 1 0 1 6 0 0 0 1 0 0 0 0 0 0 0 0 0 0
198t 4 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
198¢ 1 0 33 3 0 0 3 0 0 0 61 0 0 0 0 0 0 0
1987 0 0 6 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
198¢ 0 0 1 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0
198¢ 0 0 0 1 0 0 0 16 0 0 0 20 0 0 0 0 0 0
199( 0 0 4 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 1 1 13 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1992 0 0 2 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
199: 2 0 3 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0
199/ 1 0 7 5 0 0 0 0 0 0 0 1 0 0 0 0 0 0
199t 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
199¢ 7 0 3 1 0 0 0 0 0 0 0 0 0 19| 30 60 0 0
1997 4 2 8 15 0 0 0 0 0 0 1 0 0 0 59 0 0
199¢ 1 0 2 0 0 0 0 0 0 0 0 0 0 0 305 0 0
199¢ 61 0 0 0 61 0 2 0 62 0 18 1 0 80 121 0 31
200¢ 2 0 9 2 0 0 0 0 0 0 22 0 0 96 91 0 0
2001 1 1 24 1 20 0 0 0 25 0 37 0 0 0 0 0
2002 0 0 57 0 0 0 39 0 0 0 3¢ 0 0 0 0 0
200z 3 0 15 1 0 0 14 0 0 0 14 0 0 0 0 0
2004 0 5 19 3 - 0 5 20 of - 0 5 21 0 0 0 0 0
Total 121( 32€ 2231 484 86| 142: 43t 182¢ 82t 105€| 142/ 477 1864/ 93€ 1279 182 207| 487 643 182 38
% Miss 7.8¢ 1.3211.7¢ 2.37 4.22] 9.2€ 1.7¢ 10.01 4.0¢ 5.1€ 9.2¢ 1.9710.21 45¢ 6.2 0.87 173 27z 6.29 0.87 0.39
Notes: Percentage of missing data calculated with respect to the number of years on record for the particular statio

"---" indicates years with no data which are not included in the calculation of the percentage of mis¢
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E.2 Filling of Missing Data/Record Extension

The first step in the development of the climatic inputs is to fill all missing data and to
extend the period of record for the shorter-term stations. This process will be referred to
as “filling/extension”. The general method used for the filling/extension at the station
where data is missing on a given day is to utilize the data from one or more nearby

stations at which the data are available on that day.
Based on the review of Table E-2, the following conclusions can be made:

* The complete data sets fércp, Tmax, and Tmin for the ElI Morro, Fence Lake,

McGaffey, and Zuni stations can be developed for calendar years 1948-2004.

* The complete data sets fédew andWind for the Gallup station can be developed for
the period from July 1, 1948 through December 31, 2004, using data from the 23050
Albuquergue station (the 182 missing days in 1948 at the Albuquerque station are
from January 1 through June 30).

* A nearly complete record foFskc for the Gallup station can be developed for the
period from July 1, 1948 through 1995, using data from the 23050 Albuquerque
station.  Filling/extension to obtain a complelekc record through 2004 was
accomplished using a method from the literature (Thornton and Running, 1999).

SincePrcp, Tmax, Tmin, Tdew, Tskc andWind are all needed for the development of the
climatic inputs, the complete set of the climatic inputs can be developed for the period
from July 1, 1948 through December 31, 2004.

The Black Rock and Zuni stations are located near to each other, separated by a distance
of less than four miles and an elevation difference of less than 150 feet. However, the
common period of record between them is insufficient to determine the statistical
relationship between these records. Therefore, Black Rock Prgx, and Tmin

records were appended on to the Zuni records of these variables to form a single long

station record.
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The procedures used for the filling/extension are described in the following sections.

E.2.1 Air Temperature

Filling/extension of the maximum and minimum temperature data was performed using
the linear regression method. In this method, the missing data at station Y (“filled
station”) is filled/extended using the data from station X (“filling station”) using the

equation y =a+bx, where x is the data at the station X, is the estimate for the
missing data at station Yg=S,,/S,,; a=y-bX; X and yare the means of andy,
respectively, during the common period of record of stations X and Y,
Se =2 (% =%)?; S, =>" (x —X)(y,~¥): and n is the number of days on the

common period of record of stations X and Y.

The missing data was first filled/extended using the data from the climatic station that
exhibited the highest degree of correlation of the average temperature with the climatic
station being filled. Any remaining missing data was filled using the data from the

climatic station that exhibited the next-highest degree of correlation of the average
temperature with the climatic station being filled, and so forth until all stations have been

considered. Any remaining missing data was filled by linear interpolation. The average
daily temperatures were calculated as the arithmetic averages of the maximum and

minimum daily temperatures.

Table E-3 and Table E-4 present the filling/extension summaries for the maximum and
minimum temperature data. It can be seen from this table that the majority of the missing

data was filled/extended as follows:

» Station 2785 EI Morro was filled mostly by the station 9897 Zuni,
» Station 3180 Fence Lake was filled mostly by the station 2785 EIl Morro,
» Station 5560 McGaffey was filled mostly by the station 2785 EI Morro,
» Station 9897 Zuni was filled mostly by the station 2785 EI Morro.
Several missing days were also filled by linear interpolation, all of which occur in
calendar years 1948 and 1949, (October 1, 1949).



Table E-3: Summary of Filling/Extension of the Maximum Temperature Data.

Total DayS | Total Days
Filled Filling | Intercept Days Filled by Filled by | Total Day9
Station | Station a Slopeb| R? Filled | Regression| Interpolation] Filled
2785 9897 -0.7956 0.9643 0.9p1 1p3 193 4 197
2785 3.1235 0.9749 0.95 6,318
3180 9897 0.9417 0.960¢ 0.93¢ 95 6,413 4 6417
2785 -1.0725 0.9447 0911 1134
5560 98917 -3.212: 0.935] 0.90: 53 1,187 4 1,191
9897 2785 4.105f 0.9849 0.9p1 1,055 1,055 4 1,059

Table E-4: Summary of Filling/Extension of the Minimum Temperature Data.
Total Day: | Total Days

Filled Filling | Intercep Days Filled by Filled by | Total Days
Station | Station a ISIopeb R Flled | Regression| Interpolation] Filled

9897 -1.5538 0.9635 0.91L6 36

2785 31 | 1.256] 0.948] 089t 5| 2% 3 241
30 | oo Doso oops g 047 | 3 | eaw
5560 |—Go | saoi o] omd s 2P | 3 | 13w
e e | |

E.2.2 Dew Point Temperature

The NCDC SA database contains hourly and daily dew point temperature data for the
Gallup and Albuquerque stations. The calculations of solar radiation and reference
evapotranspiration require daily dew point temperature data. Therefore, the daily dew
point temperature record for the Gallup station was filled/extended using data from the

Albuguerque station.

Filling/extension of the Gallup dew point temperature data was performed using the

linear regression method described in Section E.2.1. Table E-5 presents the

filling/extension summary for the dew point temperature data.
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Table E-5: Summary of Filling/Extension of the Gallup Dew Point Temperature Data

Days Filled| Days Filed
Filled Filling | Intercept by Other Total Days
Station | Station a Slopeb R? Regression| Methods Filled
23081 23050 1.4124 0.8545 0.82/3 9152 0 9152

E.2.3 Total Sky Cover

The NCDC SA database contains hourly and daily total sky cover data for the Gallup and

Albuquerque stations. The calculations of solar radiation and reference
evapotranspiration require daytime sky cover data. Therefore, the daytime total sky
cover record for the Gallup station was filled/extended using data from the Albuquerque
station. The daytime total sky cover was calculated from the hourly sky cover

observations between sunrise and sunset.

Extension of the daytime Gallup total sky cover record for the period July 1, 1948
through January 7, 1973 was performed using the linear regression method described in
Section E.2.1. Filling of missing data in years 1996 to 2000 and extension of the record
for years 2001 to 2004 was performed as follows. The Thornton and Running (1999)
method was used to calculate for the attenuation to solar radiation due to cloud cover,
calledfyouq, at the Gallup station, as described in Appendix E. The total sky cover was
then calculated as a function fafu. Subsequently, several remaining missing values
were filled by linear interpolation. Table E-6 presents the filling/extension summary for

the total sky cover data.

Table E-6: Summary of Filling/Extension of the Gallup Daytime Total Sky Cover Data.

Days Filled
Days Filled| by Thornton| Days Filled
Filled | Filling by & Running | by Linear | Total Dayy
Station| Station| a b R | Regressiof method [ Interpolation Filled
23081 23050] 10.66]L 0.7898 0.62p1 8956 2100 4 11060




E.2.4 Wind Speed

The NCDC SA database contains hourly and daily wind speed data for the Gallup and
Albuquerque stations. The ASCE Penman-Monteith equation also requires daily wind
speed data as an input. Therefore, the daily wind speed records for the Gallup station

were filled/extended using data from the Albuquerque station.

The filling/extension of the wind speed data was performed using the method of ratio of
monthly means (RMM). In this method, the missing data at station Y (“filled station”) in
month m is filled using the data from station X (“filling station”) using the equation

y =b_x; where x is the data at the station X; is the estimate for the missing data at
station Y; b, =y /X,; and X and y, are the monthly means ok and vy,

respectively, during the common period of record of stations X and Y in mmonth
Subsequently, several missing days in the daytime record were filled by linear

interpolation. Table E-7 presents the filling/extension summary for the wind speed data.

Table E-7: Summary of Filling/Extension of the Gallup Wind Speed Data Using the Albuquerque
Wind Speed Data.

. Total Days
Ratios of Monthly Means Days Filled by Total
Jan| Feb| Mar | Apr | May | Jun Aug | Sep| Oct | Nov | Dec| Filled by Linear Days

b, b, bs b, bs be |Julbs bg bo | big | by | by RMM Interpolatior | Filled
0.659 0.734 0.839 0.8%3 0.848 0.807 0.f67 0|741 Q.757 0.7140.728/0.671 8988 0 8984

E.2.5 Precipitation

Filling/extension of the precipitation data was performed using a modified version of the
method of inverse-distance squared interpolation (Maidment, 1993) that accounts for the
ratios of the monthly means using the RMM method presented in Section E.2.1. The
method used also incorporates the feature of the Thornton et al. (1997) approach by
which the probability of precipitationrPOPp) on the missing day at station Y (“filled
station”) is calculated from in the observed precipitatiom rrounding stations pX X,

..., Xp (*filling stations”) using the equation:



3 d*PO,

s 0 x =0
Z -2 1 x>0

i=1

whered; is the distance from station, ¥ station Y in milesy; is the daily precipitation
observed at station;Xn inches, and?O; is a binomial variable related to precipitation
occurrence at station; X Precipitation is estimated to occur at station Y WR&#®p is
greater than or equal to a critical threshdRDP.i;, which Thornton et al. (1997)
estimated to be 0.52 for their analyses. For the present @Ry;; was set equal to

0.5. For missing days witPOPR, < 0.5, the missing precipitation value was set equal to
zero. For missing days witROP, = 0.5, the missing precipitation value at station Y in

monthmwas filled using the observed precipitation data ahtierrounding stations pX

Xo, ..., X, Uusing the equation:

i d,*PO x.
y =1 bh,
> d?PO,
i=1

whered;, x, andPO; are the same as defined above &fdis the ratio of the monthly

means as between stationsadd Y as defined in Section E.2.1.

For this study, the minimum allowable number of stations to be used to fill a missing
value,n, was set equal to two. Stations were selected for use in filling a missing value if
they have at least four years common period of record with the filled station, have a daily
cross-correlation coefficient of at least 0.3, and fall within a 50-mile radius about the

filled station. Although Thornton et al. (1997) report finding good results for a larger

radius (87 miles) and for a large number of stations (average on the order of 20 to 30), in
the present study of the Zuni River System, better results were found using the smaller
radius (50 miles) and generally fewer stations (5 to 7 on average). This difference may

be due to the smaller area of the present study and to the relative sparseness of stations in

the Zuni region.



One additional criterion was applied:

A minimum difference of 45 degrees in the

azimuths between stations used in a spatial group about a station being filled was used.

The purpose of this is to ensure that spatial interpolation is performed using stations that

surround the filled station rather than using several nearby stations that are all lined up in

the same direction from the filled station.

The climatic stations used in the filling/extension of the precipitation records are listed in
Table E-8.

Table E-8: Stations Used to Fill/Extend Precipitation Records.

Station Latitude | Longitude |Elevation| Begin End Coverage| Record

ID (d:m:s) (d:m:s) (feet) Date Date (%) Years |Station Name

74 N35:03:00 W107:43:00 6,585 1/1/1941  4/28/1P53 D8.8 13 ACOMITA CAA AP
108( N35:15:0(] W108:02:0! 6,804 7/1/189¢ 11/30/195 75.¢ 55|BLUEWATER 3 WSW
221¢ N35:41:0(] W108:09:0! 6,965 7/1/191¢ 11/12/196' 92.1 56| CROWNPOIN1

278( N35:01:0(] W108:24:0! 7,127 3/1/194( 2/14/194 93.( 1C]EL MORRO CAA AIRPOR”
278¢ N35:02:1°| W108:20:5 7,227 3/1/193¢ 12/31/200. 98.¢ 67|EL MORRO NATL MON
318( N34:39:1(| W108:40:3! 7,065 11/1/193: 12/31/200. 64.5 52|FENCE LAKE

330¢ N35:28:0(| W108:32:0! 7,008] 3/1/1897 7/22/196! 56.1 43|FORT WINGATE

342( N35:32:0(] W108:39:0! 6,604 8/1/191¢ 12/31/197 54.¢ 39|GALLUP 5 E

342z N35:30:4(| W108:47:2. 6,477 7/1/1977 12/31/200. 100.( 32|GALLUP FAA AP

3431 N35:36:0(| W108:46:0! 6,745 7/1/192) 5/31/195: 98.1 30(GAMERCC

362¢ N35:20:0(| W108:45:0! 7,30¢] 4/26/191Y 12/24/194: 63.¢ 23| GOWEF

367¢ N35:10:0(| W107:52:0! 6,50¢] 6/1/194% 10/31/195 94.% 12|GRANTS

556( N35:20:1:|W108:26:4: 8,00(] 1/1/194¢ 12/1/200: 98.( 56|MCGAFFEY 5 St

718( N34:20:4:1|W108:29:3. 6,87¢] 7/1/191% 12/31/200. 76.5 81)JQUEMADO

743 N34:31:0:| W109:24:1! 5,79(] 8/26/190: 12/31/200. 92.4 101|SAINT JOHN¢

748¢ N35:13:2¢| W109:19:2( 5,85¢ 11/1/194: 12/31/200. 74.¢ 53|SANDERS

7827 N35:06:0(| W107:36:0! 6,165] 5/1/192(] 9/30/197! 91.f 57|SAN FIDEL 2 E

8261 N35:27:0(] W108:34:0! 7,10¢] 8/1/194] 7/31/196! 86.¢ 23|GALLUP RANGER ST}
891¢ N35:51:0(| W108:44:0! 6,424 7/14/1914 4/30/197! 82. 64| TOHATCHI 1 ESE

941( N35:37:0:| W109:07:2! 6,92(] 3/1/1937  9/1/199¢ 95.( 62|WINDOW ROCK 4 S\
1018-989] N35:04:1¢| W108:50:2! 6,311 6/1/190¢§ 12/1/200 95.2 97[ZUNI / BLACK ROCK
3969-681) N34:29:3¢|W107:53:1! 7,961 9/1/194% 12/1/200- 91.¢ 60|PIETOWN 19 NE / HICKMAN

As may be seen from Table E-8, for the purpose of filling/extension, the records for
NCDC SD stations 3969 Pietown 19 NE and 6812 Hickman were also combined to for a

single precipitation record. These stations share no common period of record, yet are

located within about three miles of each other, and their elevations are different by only

156 feet.
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E.3 Precipitation Data Filling/Extension Data

This section presents tables that summarize the filling/extension of the daily precipitation

records according to the methodology presented in Section E.2.5.

Table E-9: Stations Used in Filling/ Extending Station 5560 McGaffey

Common
Distance Cross- period of AzimutJ Ratio
Station Station to station correlatipn  record to statjon of the
Rank 1D (miles) | coefficien (days) (degreep mear|s
1 8261 10.43 0.574 6,156 318%.8 1.324
2 3305 10.29 0.449 6,145 331.0 1.475
3 1018-9897 25.16 0.443 19,1557 22p.5 1574
4 2785 21.31 0.427 19,821 16%.3 1.373
5 3420 17.84 0.400 10,389 319.7 1.818
6 3180 49.08 0.3§1 14,290 19%.6 1.442
7 9410 42.82 0.377 17,240 29¢.9 1.$18
8 2219 29.12 0.338 6,964 34.6 1.928
9 74 45 .6 0.336 1,587 114.7 1.939
10 8919 38.99 0.319 10,116 33p.5 1.842
11 3678 34.69 0.314 2,591 109.8 1.722
12 3422 22.84 0.391 11,2)0 30L.9 1.Y74

Table E-10: Sations Usgd in FiIﬁIinq/ Extendina Station 1-9897 Blackroc-

Common
Distance Cross- period of Azimutj Ratios
Station Station to station correlatipn  record to statjon of the
Rank ID (miles) | coefficien (days (degrees mean
1 3180 31.49 0.494 15,949 168.9 0.904
2 2785 24.93 0.473 23,095 99.9 0.375
3 3626 16.28 0.450 6,703 q.6 0.430
4 5560 25.1% 0.443 19,157 49.4 0.435
5 7488 31.6 0.425 16,102 28%.7 1.924
6 8261 27.08 0.414 7,2%4 24.8 0.446
7 3420 30.86 0.406 11,521 14.1 1.182
8 3422 28.41 0.404 10,795 359.3 1.972
9 2780 22.44 0.400 2,809 104.9 1.070
10 3305 28.98 0.399 10,296 29.0 0.900
11 9410 40.58 0.348 20,6411 33L.8 1.937
12 7440 45.6]1 0.349 5,892 329.1 0.910
13 3431 34.56 0.332 10,197 .6 0.970
14 1080 43.5Y 0.374 14,582 76.2 1.214
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Table E-11: Periods Filled/ Extended for Station 5560 McGaffey

First Last Number off
Days date date stationg
filled filled filled used IDs of Stations Used:
8 1/1/1948  1/9/194[8 8 3305, 10189897, 2785, 9410, 2219, 74, 8919, & 3678
1 1/8/194%  1/8/1948 7 3305, 2785, 9410, 2219, 74,8919, & 3678
79 1/10/1948 4/23/1948 9 8261, 3305,10189897, 2785, 9410, 2219, 74, 8919, & 3678
18 1/31/1948 4/19/1948 8 8261, 3305,10189897, 2785, 9410, 2219, 74, & 8919
1 3/11/194§ 3/11/1948 8 8261, 10189897, 2785, 9410, 2219, 74, 8919, & 3678
7 4/3/194¢4  4/9/1948 7 8261, 3305,10189897, 9410, 2219, 74, & 8919
49 4124/1948 2/24/1992 10 8261, 3305,10189897, 2785, 3420, 9410, 2219, 74, 8919, & 3678
7 5/8/1948 5/14/1948 8 8261, 3305,10189897, 2785, 9410, 2219, 74, & 3678
7 5/15/194§ 5/21/1948 9 8261, 3305,10189897, 2785, 3420, 9410, 2219, 74, & 3678
7 6/12/194§ 6/18/1948 9 3305, 10189897, 2785, 3420, 9410, 2219, 74, 8919, & 3678
154 7/1/1948 1/17/1949 9 8261, 3305,10189897, 2785, 3420, 2219, 74, 8919, & 3678
13 7/10/1948 10/29/1948 8 8261, 3305,10189897, 3420, 2219, 74, 8919, & 3678
29 9/1/194§ 9/30/1948 8 8261, 3305,10189897, 2785, 3420, 74, 8919, & 3678
1 9/14/194§ 9/14/1948 7 8261, 3305,10189897, 2785, 3420, 74, & 8919
1 10/21/1948 10/21/1948 8 8261, 3305,10189897, 2785, 3420, 2219, 74, & 8919
1 10/28/194§ 10/28/1948 7 8261, 3305,10189897, 3420, 2219, 74, & 8919
1 10/30/194§ 10/30/1948 8 8261, 3305,10189897, 2785, 2219, 74, 8919, & 3678
1 12/28/1948 12/28/1948 8 3305, 10189897, 2785, 3420, 2219, 74, 8919, & 3678
34 8/7/195% 2/24/1956 8 8261, 3305,10189897, 2785, 3420, 9410, 8919, & 3678
1 11/9/195% 11/9/1945 7 8261, 10189897, 2785, 3420, 9410, 8919, & 3678
117 12/1/195p 8/31/19%6 9 8261, 3305,10189897, 2785, 3420, 9410, 2219, 8919, & 3678
1 1/14/195¢ 1/14/19456 8 8261, 10189897, 2785, 3420, 9410, 2219, 8919, & 3678
15 3/1/195¢ 4/19/1956 7 8261, 3305,10189897, 2785, 9410, 8919, & 3678
46 3/14/195¢ 4/30/1946 8 8261, 3305,10189897, 2785, 9410, 2219, 8919, & 3678
10 9/21/196¢ 9/30/1966 7 10189897, 2785, 3420, 3180, 9410, 2219, & 8919
31 11/1/197) 12/3/1911 6 10189897, 2785, 3420, 3180, 9410, & 8919
2 11/15/197] 11/16/1971 5 10189897, 2785, 3420, 3180, & 9410
76 3/18/198p 7/16/1998 5 10189897, 2785, 3180, 9410, & 3422
3 8/21/198¢ 11/27/1997 4 2785, 3180,9410, & 3422
127 2/9/1998 12/31/2004 4 10189897, 2785, 3180, & 3422
1 10/15/1994 10/15/1994 4 10189897, 3180, 9410, & 3422
1 17/1997 1/7/1997 3 10189897, 2785, & 3422

Note: The period fromfirst tol ast date filled may not be continuous.
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Table E-12: Periods Filled/ Extended for Station80897 Blackrock-Zuni

First Last Number of
Days date date stationd
filled filled filed used IDs of Stations Used:
1 1/8/1944  1/8/1948 7 2785, 3626, 2780, 3305, 9410, 3431, & 1080
2 7/26/1963 9/21/1943 6 2785, 5560, 8261, 3420, 3305, & 9410
120 1/1/1978 6/30/1913 6 3180, 2785, 5560, 7488, 3420, & 9410
11 3/1/1973 3/30/1973 5 3180, 2785, 5560, 3420, & 9410
579 8/1/1979 11/12/1978 7 3180, 2785, 5560, 7488, 3420, 3422, & 9410
31 8/1/1974 8/31/1974 6 3180, 2785, 5560, 7488, 3420, & 3422
1 10/29/1974 10/29/1974 6 3180, 2785, 5560, 3420, 3422, & 9410
1 1/25/197§% 1/25/1978 6 3180, 5560, 7488, 3420, 3422, & 9410
56 9/18/198p 12/26/1997 6 3180, 2785, 5560, 7488, 3422, & 9410
2 8/21/198¢ 8/22/1946 4 3180, 2785, 3422, & 9410
3 1/17/198F 12/10/1997 5 3180, 2785, 5560, 3422, & 9410
8 8/29/1993% 9/18/20Q4 5 3180, 2785, 5560, 7488, & 3422
1 11/27/199Y 11/27/1997 5 3180, 2785, 7488, 3422, & 9410
1 12/29/2004 12/29/2004 4 3180, 2785, 5560, & 3422

Note: The period from first to | ast date filled may not be continuous.
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E.4 Summary of Climatic Data

This section summarizes the filled/extended climatic data used for the development of the
climatic inputs. Figure E-1: Annual Preciepitation shows the annual precipitation at the
El Morro, Fence Lake, McGaffey, and Zuni stations for water years 1950 through 2004.
The average annual precipitation at these stations ranges from 12.10 in/year at the Zuni
station to 18.97 in/year at the McGaffey station. The average annual precipitation

increases with elevation.

Figure E-2 shows the average monthly precipitation at the El Morro, Fence Lake,
McGaffey, and Zuni stations for water years 1950 through 2004. It can be seen that, on

the average, the largest amount of precipitation occurs in July and August.

Figure E-3shows the average monthly maximum temperature, minimum temperature, and
average temperature at the El Morro, Fence Lake, McGaffey, and Zuni stations for water
years 1950 through 2004. The maximum, minimum, and average temperatures decrease
with elevation. Figure E-4 shows the average monthly dew point temperature, daytime
total sky cover, and daily wind speeds at the Gallup station for water years 1950 through
2004.
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Figure E-1: Annual Precipitation.
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Figure E-2: Average Monthly Precipitation.
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Figure E-4: Average Monthly Dew Point Temperature, Total Sky Cover, and Wind Speed.
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E.5 Regional Analysisof Long-Term Climatic Data

Since the precipitation, maximum air temperature, minimum air temperature, and dew
point temperature generally exhibit strong dependencies on elevation, these dependencies
should be taken into account.

The elevation adjustment factors (“lapse rates”) for the precipitation, maximum air
temperature, and minimum air temperature were developed through regional analysis as
described below. A set of sixteen climatic stations in the Little Colorado River Basin for
which the NCDC “normal” long-term averages were available was selected for the
regional analysis. The NCDC “normal” long-term averages were developed by the
NCDC for the period 1971-2000. The selected stations are located either along the
mainstem Little Colorado River or in basins of its northern tributaries, including the Zuni
River Basin. Locations of these stations are shown in Figure E-5. Table E-3 shows the
station elevation and the long-term average precipitation, maximum air temperature, and
minimum air temperature for the sixteen stations used in the regional analysis. This table
also shows the USGS Hydrologic Unit Code (HUC) number and name of the watershed
in which each climatic station is located.
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Figure E-5: Hydrologic Map of the Little Colorado River Basin with Climatic Stations Used in the Regional Climatic Analysis.
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Table E-13: Stations Used in the Regional Analysis of the Long-Term Climatic Data

Station IC |Station Nam [ Elev. (ft)] Prcp (in'] Tmax (F] Tmin (F)] Stat¢ | USGS HU({USGS HUC Nam
116¢ |Camerol 4,16¢ 5.5¢ 75.5 42.€¢| AZ | 1502001 |Lower Little Colorad
943¢  [Winslow 4,89( 8.02 70.¢ 40.(] AZ | 1502000: [Middle Little Colorad:
8792z |Tuba City 5,03( 6.3t 69.€ 40.¢f AZ | 1502001/ [Moenkopi Was
408¢ |Holbrook 5,07( 9.2( 73.€ 38.¢f AZ | 1502000: [Middle Little Colorad:
646¢ |Petrified Fores | 5,44« 10.4¢ 70.¢ 38.§l AZ | 1502000 [Lower Puerc
743t |Saint Johr 5,79( 11.47 69.¢ 37.2 AZ | 1502000: |Upper Little Colorad
458t |Keams Canyc 6,20t 10.1¢ 67.C 34.¢f AZ | 1502001. |Polacca Was
9897 [Zuni 6,31( 12.7¢ 68.7 33.4] NM | 1502000 [Zuni
330: |Ganad 6,34( 11.5¢ 65.2 34,7 AZ | 1502001 (Cottonwood Was
3422 |Gallug 6,46¢ 11.4¢ 66.¢ 28.¢, NM | 1502000t |Upper Puerc
468¢ |Klagetott 6,50( 9.3¢ 65.€ 39.7| AZ | 1502000 |Leroux Wasl!
718C |Quemad 6,86( 11.1¢ 66.5 29.¢f NM | 1502000: |Carrizo Was
941C |Window Rocl 6,92( 11.3] 63.1 3271 AZ | 1502000t |Upper Puerc
318C |Fence Lak 7,068 14.2: 65.¢ 31.4] NM | 1502000 [Zuni
278t |El Morro 7,22 15.3( 64.2 31.4] NM | 1502000 [Zuni
556( |[McGaffey 8,00( 20.3¢ 59.( 26.£] NM | 1502000 [Zuni

The elevation adjustment factors were developed from the correlation-based relationships
between the long-term average climatic data and elevation. Figure E-6 shows the plots of
the long-term average data versus elevation along with the best-fit straight lines obtained
by the linear regression analysis. The lapse rate is defined as the slope of the best-fit
straight line. It can be seen from the coefficients of determinaRénshown on the

figure that there is a good correlation between the long-term average data and elevation.
Therefore, the correlation-based relationships can be used to describe the dependence of

the long-term average climatic data on the elevation.
The lapse rates determined from the regional analysis described above are:

* Annual precipitation lapse rate is 3.059 inches per 1,000 feet.
* Maximum temperature lapse rate is —3.743 degrees Fahrenheit per 1,000 feet.
* Minimum temperature lapse rate is —4.205 degrees Fahrenheit per 1,000 feet.
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Figure E-6: Regional Analysis of the Long-Term Average Climatic Data.
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E.6  Elevation-Adjusted Climatic I nputs

The climatic inputs for the air temperature and precipitation for each elevation band
present in each sub-basin were developed by performing elevation adjustments of the air
temperature and precipitation recorded at the climatic station (El Morro, Fence Lake,
McGaffey, or Zuni) assigned to the sub-basin. The climatic inputs for the dew point
temperature for each elevation band present in the study area were developed by
performing elevation adjustments of the dew point temperature data recorded at the
Gallup station. Based on maps of mean wind speed and of mean total sky cover
percentage (sunrise to sunset) for the contiguous United States, these variables do not
exhibit clear elevation dependencies (NCDC, 2002). Therefore, the total sky cover and
wind speed data from the Gallup station were applied throughout the study area without
elevation adjustments. The methodology for calculation of the elevation-adjusted

climatic inputs is described in the following sections.

E.6.1 Air Temperature

The maximum and minimum daily air temperature for each elevation band is calculated
as the sum of the daily data recorded at the climatic station and the appropriate regional
lapse rate (with a negative sign) times the elevation difference between the mean
elevation of the elevation band and the elevation of the station. This is accomplished

using the following equations:

M band ( ): M station ( )' m0374$2band - Zstalion) )

Nband ( ): Nstalion ( )' CD0420~'7sznd - Zstalion) )

whereM 4 {)and N, {)are the maximum and minimum daily air temperatures for

the elevation band, in degrees Fahrenhdif,,,, t aQd N ¢ ) are the maximum and

station

minimum daily air temperatures at the climatic station, in degrees Fahrenpgiis the

mid-elevation of the elevation band, in feet, anygd , is the elevation of the climatic

ion

station, in feet.
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The average daily air temperature for each elevation band is calculated as the mean of the

maximum and minimum daily air temperatures:
1
Toana (1) = E[M band () + Niang (t)] ,

whereT,,, € )s the average daily air temperature for the elevation band.

E.6.2 _Precipitation

The daily precipitation for each elevation band is calculated by multiplying the daily data
recorded at the climatic station by a precipitation adjustment factor. This factor is
calculated such that the average annual precipitation for the elevation band equals the
sum of the average annual precipitation for the station and the regional precipitation lapse
rate times the elevation difference between the mean elevation of the elevation band and
the elevation of the station. This is accomplished using the following equation:

0003059
Puand (1) = Pygion ){1"' ——(Zyang ~ Zsation )}

station

where B, ) is the daily precipitation for the elevation barf,,, t ¥)the daily

precipitation at the stationl Is the long-term average annual precipitation at the

? station

station, in inchesgz,,, is the mid-elevation of the elevation band, in feet, ang,, is

the elevation of the climatic station, in feet.

E.6.3 Dew Point Temperature

The daily dew point temperature for each elevation band is calculated as:
Diang (1) = Dgaion (1) + Dadjust '

where D, ., € )is the daily dew point temperature for the elevation béng,, t isthe

daily dew point temperature data at the climatic station, Bpg, is the dew point
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temperature elevation adjustment, all in degrees Fahrenheit. The dew point temperature

elevation adjustmenb,,; ., is calculated as:

(Zoang ~ Zsation) 2373+ Dyion) 9
5 - ___ 128780 Dags =32+ Da

et = - ' adjust adjust
( Zband Zstati on ) + 2 3 73

128780 2373+ D.

station

whereDg, . is the dew point temperature elevation adjustment in Celsius deggggs,

is the mid-elevation of the elevation band, in fegt,, is the elevation of the climatic

station, in feet, and is the long-term average dew point temperature at the station,

station

in degrees Celsius.

The above equation for the dew point temperature elevation adjustment was derived
based on the following relationship between the actual vapor pressure and elevation, as
reported by Reitan (1963):

e(zband) =—exqg - (Zband B Zstation) )
&(Zyaion) 1457

The following standard equation for the actual vapor pressure (ASCE, 2005) was also

used in the derivation:

e= osloatexp{ﬂ]

D+ 2373

wheree is the vapor pressure in kilopascals (kPa) @nd the dew point temperature in

degrees Celsius.
E.7 Solar Radiation Calculations

The daily solar radiation for each elevation band in the study area was calculated as a
function of day of the year, the dew point temperature, and the total sky cover, using

equations from Dingman (1994).
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The solar radiation depends on the latitude. Within the range of latitudes in the study
area, the effect of the latitude is extremely small. For simplicity, the latitude was set to

35 degrees in all computations.

The solar radiation depends on the value of the reflectivity coefficient (albedo), denoted
by a. Solar radiation was used for the calculation of the reference evapotranspiration,
with a = 023. Dingman’s (1994) equations were selected for use in the present study
because they explicitly consider the effect of albedo, unlike the radiation equations
presented in FAO-56 (1998) and ASCE (2005), which are based on a fixed albedo of
0.23. As such, the FAO-56/ASCE equations cannot be used to calculate radiation for
snow covered surfaces. Sensitivity tests that were performed during this study indicated
that, fora = 023 Dingman’s equations yield results that closely agree with results from
the FAO-56/ASCE equations.

Solar radiation is calculated as a function of the latitude, day of the year, dew point
temperature, and total sky cover using equations presented in Appendix E of Dingman

(1994). These equations are presented below.

The position of the Earth in its orbit is given by tey angle, I (in radians), which is
calculated as:
. 2n(J - ),
N
where Jis the day number of the year (1 for January 1, etc.), Mni$ the number of

days in a given year (either 365 or 366).

Thesolar declination, o (in radians), is calculated from the day angle as:

5:@{ 006918 (B9991206 + 007025inT
Vi

- 006758082 (0009082 00269C0NB + (X)Ol4&in3r}

Thetime of sunrise before the solar noon, T, (in days), is given by:
S cos (- tangtanA)

r 1
w
where A is the latitude in radians arad = 271 radians per day is the angular velocity of
the Earth’s rotation.

The dimensionlesaccentricity correction E, is calculated as:
E, = 160011 03427te6s (00128@irr (00007180 + 0D0007Bin2I

(o]

E-26



The daily extra-terrestrial solar radiation flux on a horizontal plane, R (in
Langleys), is calculated as:

R = ISCEO{ cosﬁcos/\%+ﬂ sianin/\},

wherel o = 2821Langleys per day is the solar constant.

The daily optical air mass, M, is determined from the given latitudd by
interpolation from Figure E-4, page 533, in Dingman (1994).

The precipitable water content of the atmosphere above a pointW, (in centimeters),

is estimated from the surface dew point temperature as:
W, = 112exp00614T,),

p
whereT, is the dew point temperature in degrees Celsius.

Thetotal atmospheric transmissivity, 7, is estimated as:

I =Ty = Vs

where 7 is the transmissivity of the atmosphere due to scattering and absorption by
water vapor and constant atmospheric gases yggdis the attenuation due to dust,,

is calculated as:

r = expla DM ).

where:

a, =— 0124 0020,

b, =- 00682 00248\, .

The value of y,, has been observed to vary from 0 to 0.2, with typical values for

moderate-sized cities in the range of 0.03 to 0.10 (Dingman, 1994). For the Gallup
station, a value of 0.03 was used for this study.

The attenuation of the solar beam due to scattering by water vapor and permanent
atmospheric constituentg, , is given by:

ys =1_Ts +ydust 1

where

r, =expla,+bM,, ),

a, =— 00363 00084V,
b,=- 00572 00173N.

Thetotal clear sky solar radiation incident on a horizontal plane at the surfag, (in
Langleys per day), is calculated as:
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2

Vs  ayt  ays
=R, T+=2+ 2+ |,
R

wherea is the reflectivity coefficient (albedo).

Theactual solar radiation incident on a horizontal plane at the surfaRg,(in Langleys

per day), is determined by adjustiiy, for the presence of cloud cover according to the
following relationship:
Tske)’
=f 1 fcou =1-A—1.
Rs cloud ERso loud A(looj
whereTskc is the daily total sky cover expressed in percent. This relationship was

determined empirically by the Tennessee Valley Authority (TVA, 1972), in which they
determined the coefficiedt to be 0.65.

On days wherTskc data is not available, the valuefgf,q was estimated from the diurnal
range in air temperature using the Thornton and Running (1999) equation:

fiow = 10~ 09X~ BIATC),

whereC is equal to 1.5 andT is the diurnal temperature range, in Celsius degrees,
calculated for each daysing the Bristow and Campbell (1984) equation:
AT(i) = Tmax(i) — [Tmin(i) + Tmin(i+1)]/2.

Theparameter B is calculated from the expression:
B =h, +b, exp-b, @AT),
where the parametebg, b, andb, are respectively equal to 0.031, 0.201, and 0.185, and

AT is the 30-day moving averadd for the period starting with the current day and
going back in time. On days with precipitation, the valul&f predicted by the above
equation was multiplied by a constant correction factor of 0.75.

To complete the filling/extension of the Gallligkc record, the equation fog.fq was
solved forTskc as a function ofqq as follows:

Tske =100 1 Toou
A
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APPENDIX F

CROP EVAPOTRANSPIRATION CALCULATIONS

Appendix F desribes the ASCE Penman-Montieth methodology of calculating a reference
ET value based on climate data. Methods provided in SCS-NEH are described and used

to calculate crop coefficients. Crop ET is the product of the reference ET and the crop

coefficients for any given month.
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F.1 Reference Evapotranspiration

The daily reference evapotranspirati® ) for each elevation band was calculated as a
function of the solar radiation (general land surface), maximum air temperature,
minimum air temperature, dew point temperature, total sky cover, and wind speed using
the ASCE Penman-Monteith equation for the reference crop of clipped, cool season grass
(ASCE, 2005).

E.2.6 Reference ET Equation

The ASCE Penman-Montieth equation is:

C
04087 -G)+ " u, (e, —¢€
_ OAOBA(R, —G)+y 7 Uy(eq —6)
ET =

A+y@d+Cyu,)

Where: ETe = reference ET (mm/day); ,R= net radiation at the crop surface
(MJd/nf/day); G = soil heat flux density at the soil surface (MMay); T = mean daily

air temperature at 2 meter height (°C);umean daily wind speed at 2 meter height
(m/s); ea = mean saturation vapor pressure at 2 meter height (kPa); e = mean actual
vapor pressure at 2 meter height (ka3 slope of the vapor pressure-temperature curve
(kPa/°C);y = psychrometric constant (kPa/°C);, ©4 = constants for reference type and

calculation time step.

Equations used in calculating the required inputs into the ASCE Penman-Montieth

equation are provided below.

Thelatent heat of vaporization, A (in megaJoules per kilogram (MJ/kg)), is calculated
from the average air temperature for each day as:
A= 250% 000234,

whereT,,, is the average daily temperature in degrees Celsius, which is calculated as the
arithmetic average of the maximum and minimum temperatures.

The saturated vapor pressure, e, (in kiloPascals (kPa)), is calculated from the
maximum and minimum daily temperatures as:
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eTmax + eTmin

Eur =%, wheree» andelr, both in kPa, are given by:
167 -11 Vi P
e;ntax =ex 6 S_max 69 , e;";‘" =ex 1678-"“" 1169 ,whereTmaX and Tmin are
T +2373 T . +2373

the maximum and minimum daily temperatures in degrees Celsius.

Theactual vapor pressure, € (in kPa), is calculated from the dew point temperature as:

1679, —1169
e=ex :
T. +2373

dew
whereT,,, is the dew point temperature in degrees Celsius.

Theslope of the saturation vapor pressure versustemperature curve, A (in kPa/(E),
is calculated as:

204\ ( 204%l )
A= + .
T _+2373) |\T. +2373

Thepsychrometric constant, y (in kPa/(E), is calculated as:
C.P

_ p' atm
06220
whereC, = (0001013VJ/(kg KB is the specific heat of air at constant pressureRnd

is the atmospheric pressure in kPa. iK@licates Kelvin degrees.
P, IS approximately constant in time for a given elevation and is calculated as:

atm

g
— T0K+LT(Zl_ZO) AR
I:)atml - I:)atmo TK )

where g = 981 m/s’ is the acceleration due to gravitg,=  28/{kg KE) is the specific
gas constantl, = - 00065 KE/m is the lapse rate for saturated &jf; = IR is the

average temperature at the sea lexel 0 m is the elevation at the sea lewlis the

elevation in m,P,, = 101.3 kPa is the average atmospheric pressure at the sea level, and
P

., 1S the average atmospheric pressure, in kPa, at elewation

The net emissivity, £, between the atmosphere and the ground is calculated from the
actual vapor pressure as:

£= 034 014/e.

Thenet clear sky long-waveradiation, R, (in MJ/(nf day)), is calculated as:

e ) (1)
R,, =—€0 >

lo
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where TS and TS, are the maximum and minimum daily temperatures in degrees

Celsius ando = 4.903%10° MJ/(n day KE) is the Stefan-Boltzmann constant.

The net long-wave radiation, adjusted to account for the effect of the cloud cover, is
given by:

) R
=R, | 135" - 035],
A &( R, ]

where R, is the short wave solar radiation in MJIF(day) andR is the short wave solar

radiation for clear skies in MJ/fday)). Using the relationship determined by TVA
(1972),

R, R, = + 065C /10072,

where C is the total sky cover expressed in percent.
Thenet radiation, R, (in MJ/(nf day)), is then calculated as:
R =1-a)R+R,,

where ther is albedo, set to 0.23 for general land surfaces and to 0.08 for water surfaces.

Thesoil heat flux is approximated from the average air temperature as:
G=034T,, -T"%),

avg avg

where T is the air temperature (in degrees Celsius or Kelvin) for the previous day.

The constants C,, and C4 are provided as 900 and 0.34, respectively, for a short (0.12m)
reference crop and calculations performed on a daily time-step.

Table F-provides reference ET calculation results at various elevation bands, for the two
climate stations used in calculating crop water requirements for the historically irrigated

lands.

Table F-1: Average Climate Inputs and.&Talculations for Stations and Elevations.

Tmax Tmin Tavg Tdew | Rsland | Rssnow | ET,«

Station | Band (F) (F) (F) (F) | (MJm? | (MJI/m?) | (in)
5560 68 62.12 29.3 45.71| 2857 19.13 20.14| 48.56
9897 60 66.22 32.72| 49.47| 31.14 19.02 20.05| 52.06
9897 62 65.49 31.9 48.7 30.35 19.05 20.08| 51.55
9897 64 64.82 31.14| 47.98| 29.69 19.08 20.1 51.05
9897 66 64.17 30.4 47.29| 29.09 19.1 20.12| 50.54
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F.1.1 Aridity Effects

ASCE defines reference evapotranspiration as “the ET rate from a uniform surface of
dense, actively growing vegetation having a specified height and surface resistance, not
short of soil water, and representing an expanse of at least 100 m of the same or similar
vegetation” (2005). They also state: “weather data should be measured at stations that
are located in open, well-watered, vegetated settings (preferably grass).” ... “Humidity,
temperature, and wind speed variables change when entering an irrigated field
surrounded by dry or poorly irrigated fields. It is important, when making calculations of
[ET:«], that weather measurements are accurate and that weather measurements reflect
the environment that is defined by the reference surface.” Appendix D of ASCE (2005)
refers the reader to Annex 6 in FAO-56 (1998), which presents procedures for evaluating
and adjusting humidity and air temperature data for the effects of aridity, i.e., non-
reference conditions, at the weather station site. These procedures were used to evaluate
and adjust the dew point temperature and air temperature inputs to the solar radiation and
ET,« calculations for the diversion-irrigated lands. As can be seen from the top panel in
Figure F-1, the effects of the FAO-56 adjustments for aridity on the calculated solar
radiation are very small, less than 1% on the long-term average. The bottom panel in
Figure F-2, shows the average montldy,« for the four climatic stations for the
elevation band 70 under natural conditions (i.e., without adjustments for the effects of
aridity). It can be seen that all folT ¢ distributions are similar to each other.

F-5



35

30

25

20

15

10

Rs (MJ/m’/day) at 7,000 ft

—e—lLand, Natural Condition —-=--Land, Reference Condition

—a— Snow, Natural Condition ---X--- Snow, Reference Condition

ETe (in) at 7,000 ft
(Natural - not adjusted for aridit

Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Aug Sep

Figure F

-1: Average Monthly fand ET, Showing Aridity Effects

F-6



F.1.2 Comparison to Alternative Methods

The ASCE Penman-Monteith equation is considered one of the more accurate methods to
estimate reference ET from climate data; however, the equation requires climate
parameters that are often found only at a limited number of climate stations. Wind, dew
point temperature, and sky cover data were not available for climate stations in the Zuni
River Basin, and therefore data for these parameters were obtained from the Gallup
climate station. As a check on applying these non-local climate parameters in calculating
reference ET with the ASCE Penman-Monteith method, alternative methods of
calculating ETes which do not require non-local climate inputs were applied and results
were compared. These alternative methods included the 1985 Hargreaves equation

(Hargreaves et al., 1985):
ET., = (659810 )(00023R, T, —T.., )*° (g +178)

and the Hargreaves-Samani equation (Hargreaves and Hargreaves; Hargreaves and
Samani, 1982):

ETref = moogRﬁ (Tmax - Tmin ) 00 Tavg

Where: ET,s = reference ET (in); R= extraterrestrial solar radiation (MJfuay); Ry =
extraterrestrial solar radiation (Langleys).l = maximum daily air temperature (°F);
Tmin = Minimum daily air temperature (°F)a§ = mean daily air temperature (°F).

These alternative equations only require temperature data as climate inputs. Annual and
monthly comparisons of the reference ET calculation methods are shown in Figure F-2
andFigure F-3 The comparison shows that the difference ipsRlculated using the

various methods is relatively small (<5% annually).
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Figure F-3: Comparison on Monthly Reference ET Calculation Methods (Nutria Unit).
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F.2  Crop Coefficients

Crop coefficients are used to modify the reference ET values to match specific growth
and water use characteristics unique to each crop. Crop ET can be calculated using the
following equations (SCS-NEH, 1993):

ET, =K_ET, orET, =(K K, +K,)ET,

Where: ET = crop ET; K = overall crop coefficient; EJT= reference ET; K = basal
crop coefficient; K = water stress coefficient; K= soil water evaporation coefficient.

The crop coefficients were determined by methods given in the USDA Soil Conservation
Service National Engineering Handbook (SCS-NEH 1993). The general relationship
between the basal crop coefficientfKand time is shown in Figure F-4. For a given

crop, this relationship is defined by the growing season of the crop and six parameters:
initial crop coefficient, K., mid-season crop coefficientK

in?

«» end-of-season crop
coefficient,K ,,, fraction of the growing season where canopy development bdgins,
fraction of the growing season where canopy development is complEted,and

fraction of the growing season until physical maturity or harvegt,

A
c
Q2
O
=
)
(@)
)
o
o
)
ch Kcm
Kin
time
Fs, T
Fe, T
S2 ’
Fer T
S?i ’
Growing Season, T

< >

Figure F-4: Basal Crop Coefficients during Growing Season
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The growing seasons and the values of these six parameters for each agricultural area
along with the respective crops are shown in Table F-1. The basal crop coefficient
parameters shown in the table were used in calculating the crop water requirements for all
agricultural areas. Sufficient data are not available in order to quantify the small
differences that may exist between areas within the Zuni River Basin. The values for the
mid-seasons (i) an end of the season } were chosen based on a climate with arid
conditions and moderate wind.

Table F-1: Basal Crop Coefficients for each Crop

Crop Crop Coefficient Parameters
Kin ch Kcm Fsl Fsz Fs3

Small Grains, Grain 0.25 1.15 0.2 0.13 0.33 0.75

Small Grains, Hay 0.25 1.15 0.2 Cut at 80% of Small Grains

Irrigated Pasture 0.4 085 | 0.85 10 days| 30 day -
Alfalfa 0.4 1.15 1.15 | Dependent On Harvesting Scheglule

Corn 0.25 1.15 0.55 0.17 0.48 0.8

Garden 0.6 1.07 0.85 0.21 0.52 0.85

For alfalfa crops, the basal crop coefficient values do not follow the general relationship
shown in Figure F-4. After each mid season harvesting of alfalfa, gheakie will

return to the kg value, at which time re-growth begins and thg ¥alue will steadily
increase until reaching a value equal tg.K

The water stress coefficient {Kwas not included in the crop coefficient calculations.
The water stress coefficient is typically included to account for reduced rates of crop ET
that occur when there is a shortage of water in the crop root zone. For an Indian water
rights adjudication, past water shortages or water stress are not factors that should be
considered because the water right quantification is meant to provide a full water supply
to the irrigated lands in the future.

Water evaporation from the soil {(Kis a concern when the crop canopy does not provide
complete ground cover. The amount of evaporation depends on the amount of canopy
development, hydraulic properties of the soil, and the amount of available energy to drive
the evaporation. In order to adjust the crop coefficients for the consideration of wet soil

evaporation, Wright (1982) described the following relationship:
Kw = Fw (1_ ch)f (t)
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Where Ky is the wet soil evaporation factor and is added to the basal crop coefficient to
determine the average crop coefficient B the fraction of soil surface that is wetted
depending on the irrigation method arfc(t) is the evaporation decay function which
depends on the hydraulic properties of the soil and the wetting interval. Irrigation
frequency was estimated as 14 days for hay and garden crops and 21 days for all other

crops.

The wet soil evaporation factor is only applicable in the initial, development, and late
stages of the crop growing season when canopy cover is minimal. The wet soll
evaporation factor is not applied wheny,k 1. Figure F-5shows how the wet soll

evaporation modifies the original crop coefficient.

Figure F-5: Average Crop Coefficient (from SCS-NEH, 1993)

The overall crop coefficient is the sum of the basal crop coefficient and the wet soll
evaporation factor. Overall crop coefficients used in calculating crop ET are provided in
Table F-2
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Table F-2: Overall Crop Coefficients.

Crop Coefficient Parameters
Crop Kin Kcp Kcm

Small Grains, Grain 0.34 1.15 0.3
Small Grains, Hay 0.34 1.15 0.3
Irrigated Pasture 0.47 0.87 0.87

Alfalfa 0.47 1.15 1.15

Corn 0.34 1.15 0.61

Garden 0.67 1.07 0.88

F.3  Effective Precipitation

The calculation of crop ET represents an estimate of the crop water requirements over the
course of a growing season in order to have a healthy productive crop that does not
experience water stress. A portion of this crop water requirement is satisified by
irrigation water applied to the field and a portion is satisfied by natural rainfall falling on
the field. Obviously, these proportions change depending in large part on the amount of
precipitation that occurs over the growing season. In addition to considering the amount
of precipitation, other factors influence how much of the falling precipitation actually
infiltrates into the crop root zone and is available to the crop. These factors include the
characteristics of precipitation such as intensity and frequency, soil properties such as the
infiltration rate and water holding capacity, crop ET characteristics, and irrigation
management practices. The portion of the total precipitation that becomes available as a
water source to the crop is termed the effective precipitation. Monthly effective
precipitation can be estimated as (SCS-NEH, 1993):

P, = 5F( 070917 ®**° -~ 01155¢10%>2=" )
SF= ((63174% (295164 - (057692 + 000380D°

Where: R = average monthly effective precipitation (in)=Pmonthly mean precipitation

(in); ET. = crop ET (in); SF = soil water storage factor; D = usable soil water storage (in).

The usable soil water storage (D) was estimated to be three inches. In place of using the
monthly mean precipitation for.Pn the above equation, the 80 percent exceedance

monthly precipitation was used in order to calculate a more conservative estimate of the
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amount of crop water requirement that would be satisfied by rainfall. Effective

precipitation values for each crop and each unit are provided in Appendix G.
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APPENDIX G

EVAPOTRANSPIRATION, CROP ET, EFFECTIVE PRECIPICATION,

NET IRRIGATION REQUIREMENTSAND CROPPING PATTERN TABLES



ETo, Crop ET, Effective Precipitation, Net Irrigation Requirement and Cropping Pattern for Nutria

Jan Feb Mar | Apr | May | Jun Jul Aug Sep Oct | Nov | Dec | Total
ggﬁzzg:éeggﬁmi(&‘g:ﬁe;gv ater) ASCE 138 | 1.91 | 312 | 441 | 597 | 6.95 | 6.92 | 6.05 | 496 | 351 | 2.02 | 1.35 | 48.56
gggz;xceedance monthly Precipitation (1948- | 4 o3 | 085 | 1.04 | 0.63 | 0.43 | 030 | 1.41 | 1.62 | 0.94 | 0.88 | 0.87 | 0.86 | 10.95
Crop ET
Small Grains, Grain 1.74 | 6.38 | 8.00 5.23 0.06 21.41
Small Grains, Hay 3.28 | 6.39 | 8.00 2.03 19.70
Alfalfa 0.15 | 473 | 6.25 6.98 6.13 | 4.27 | 2.74 31.26
Irrigated Pasture 0.69 | 444 | 6.04 6.01 5.25 | 431 | 2.67 29.40
Garden 2.32 5.49 7.26 6.19 0.16 21.42
Corn 1.18 4.15 7.55 6.76 2.15 21.79
Calculated Effective Precipitation
Small Grains, Grain 0.36 | 0.34 | 0.33 1.10 0.00 2.14
Small Grains, Hay 0.39 | 0.34 | 0.33 0.10 1.17
Alfalfa 0.00 | 0.31 | 0.30 1.22 1.32 | 0.71 | 0.36 4.22
Irrigated Pasture 0.07 | 0.30 | 0.30 1.15 1.26 | 0.71 | 0.51 4.29
Garden 0.11 | 0.29 1.24 1.33 | 0.00 2.96
Corn 0.11 | 0.27 1.26 1.37 | 0.32 3.32
Calculated Net Irrigation Requirement
Small Grains, Grain 1.38 | 6.04 | 7.66 4.13 0.06 19.27
Small Grains, Hay 2.89 | 6.06 | 7.66 1.93 18.53
Alfalfa 0.15 | 4.42 5.95 5.77 4.81 3.57 | 2.38 27.04
Irrigated Pasture 0.63 | 4.13 5.74 4.86 3.99 3.60 | 2.16 25.11
Garden 221 | 5.20 6.02 486 | 0.16 18.46
Corn 1.07 | 3.88 6.29 5.39 | 1.83 18.47
Cropping Pattern Monthly Weighting Factors for Each Crop
Small Grains, Grain (9%) 0.12 | 0.54 | 0.69 0.37 0.01 1.73
Small Grains, Hay (4%) 0.12 | 0.24 | 0.31 0.08 0.74
Alfalfa (31%) 0.05 | 1.37 1.84 1.79 1.49 1.11 | 0.74 8.38
Irrigated Pasture (24%) 0.15 | 0.99 1.38 1.17 0.96 0.86 | 0.52 6.03
Garden (2%) 0.04 0.10 0.12 0.10 0.00 0.37
Corn (30%) 0.32 1.16 1.89 1.62 0.55 5.54
Weighted Average Monthly NIR (inches) 0.44 | 3.51 | 549 5.41 417 | 252 | 1.26 22.79
Unit Diversion Requirement (inches) 1.04 | 8.37 | 13.06 | 12.88 | 9.92 | 6.01 | 2.99 54.27
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ETo, Crop ET, Effective Precipitation, Net Irrigation Requirement and Cropping Pattern for Pescado
Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec | Total
Grass Referonce BT (Inches water) ASCE 144 | 200 | 3.42 | 479 | 6.28 | 7.16 | 7.09 | 6.20 | 5.07 | 3.56 | 2.06 | 1.38 | 50.54
gg;/z;fxceedance monthly Precipitation (1948- | ¢ 7 | 057 | 074 | 048 | 0.35 | 032 | 151 | 1.73 | 0.97 | 0.96 | 0.61 | 0.66 | 9.60
Crop ET
Small Grains, Grain 042 | 353 | 7.22 | 7.42 1.67 20.27
Small Grains, Hay 0.63 | 3.79 | 7.22 | 5.83 17.48
Alfalfa 3.55 6.95 6.71 5.65 | 435 | 3.23 30.44
Irrigated Pasture 0.08 | 4.02 6.21 6.15 5.39 | 4.40 | 3.02 29.28
Garden 2.69 | 578 7.49 6.10 22.07
Corn 1.37 | 4.53 7.85 6.84 | 1.88 22.47
Calculated Effective Precipitation
Small Grains, Grain 0.16 | 0.33 | 0.27 | 0.25 0.51 1.52
Small Grains, Hay 0.16 | 0.33 | 0.27 | 0.14 0.91
Alfalfa 0.17 0.24 1.28 1.37 | 0.74 | 0.50 4.31
Irrigated Pasture 0.00 | 0.23 0.23 1.24 1.35 | 0.74 | 0.65 4.45
Garden 0.10 0.23 1.34 1.37 3.03
Corn 0.09 0.21 1.37 1.47 | 0.28 3.42
Calculated Net Irrigation Requirement
Small Grains, Grain 0.26 | 3.20 | 6.95 | 7.17 1.16 18.75
Small Grains, Hay 0.47 | 3.46 | 6.95 | 5.69 16.57
Alfalfa 3.38 | 6.70 542 | 428 | 361 | 2.72 26.13
Irrigated Pasture 0.08 | 3.80 | 5.98 491 | 403 | 3.66 | 2.36 24.83
Garden 2.60 5.56 6.15 4.74 | 0.00 19.04
Corn 1.28 4.32 6.48 5.37 | 1.60 19.05
Cropping Pattern Monthly Weighting Factors for Each Crop
Small Grains, Grain (9%) 0.02 | 0.29 | 0.63 0.65 0.10 1.69
Small Grains, Hay (4%) 0.02 | 0.14 | 0.28 | 0.23 0.66
Alfalfa (31%) 1.05 | 2.08 1.68 1.33 | 1.12 | 0.84 8.10
Irrigated Pasture (24%) 0.02 | 0.91 1.44 1.18 | 0.97 | 0.88 | 0.57 5.96
Garden (2%) 0.05 | 0.11 0.12 | 0.09 0.38
Corn (30%) 0.38 1.29 1.95 1.61 | 0.48 5.72
Weighted Average Monthly NIR (inches) 0.04 | 045 | 3.30 | 5.79 5.03 | 4.00 | 248 | 141 22.51
Unit Diversion Requirement (inches) 0.09 | 0.93 | 6.87 | 12.07 | 1048 | 8.34 | 5.17 | 2.94 46.89
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ETo, Crop ET, Effective Precipitation, Net Irrigation Requirement and Cropping Pattern for Tekapo

Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec | Total
Grass Referonce BT (Inches water) ASCE 149 | 216 | 352 | 490 | 6.40 | 7.26 | 7.18 | 6.29 | 5.16 | 3.64 | 2.13 | 1.43 | 51.55
ggZﬁ)EX‘:eEdance monthly Precipitation (1948- | 5 | 053 | 0.69 | 0.45 | 032 | 0.30 | 1.41 | 161 | 0.91 | 0.89 | 057 | 0.61 | 8.93
Crop ET
Small Grains, Grain 0.83 | 453 | 7.36 | 6.83 1.03 20.58
Small Grains, Hay 094 | 458 | 7.36 | 4.20 17.07
Alfalfa 0.64 | 554 | 6.35 7.10 | 6.48 | 4.76 | 3.76 34.63
Irrigated Pasture 1.19 | 5.10 6.31 6.24 5.46 | 4.48 | 3.16 | 0.23 32.16
Garden 3.29 | 6.18 7.66 | 5.37 22,51
Corn 1.70 5.17 8.14 6.70 | 1.31 23.02
Calculated Effective Precipitation
Small Grains, Grain 0.24 | 0.32 | 0.25 | 0.22 0.27 1.30
Small Grains, Hay 0.24 | 0.32 | 0.25 | 0.05 0.86
Alfalfa 0.00 | 0.22 | 0.21 123 | 1.34 | 0.70 | 0.57 4.28
Irrigated Pasture 0.08 | 0.22 0.21 1.17 1.27 | 0.69 | 0.63 | 0.00 4.27
Garden 0.12 | 0.21 1.26 | 1.07 2.67
Corn 0.11 0.20 1.30 1.36 | 0.16 3.13
Calculated Net Irrigation Requirement
Small Grains, Grain 059 | 421 | 711 6.61 0.76 19.29
Small Grains, Hay 0.70 | 426 | 7.11 | 4.14 16.21
Alfalfa 0.64 | 5.32 6.14 5.88 5.13 | 4.06 | 3.19 30.36
Irrigated Pasture 1.10 | 488 | 6.10 5.07 | 419 | 3.79 | 253 | 0.23 27.88
Garden 3.17 5.97 6.40 4.30 | 0.00 19.84
Corn 159 | 4.97 6.84 | 534 | 1.15 19.89
Cropping Pattern Monthly Weighting Factors for Each Crop
Small Grains, Grain (9%) 0.05 | 0.38 | 0.64 | 0.59 0.07 1.74
Small Grains, Hay (4%) 0.03 | 0.17 | 0.28 | 0.17 0.65
Alfalfa (31%) 0.20 | 1.65 | 1.90 1.82 | 159 | 1.26 | 0.99 9.41
Irrigated Pasture (24%) 0.26 | 1.17 1.46 1.22 1.01 | 091 | 0.61 | 0.05 6.69
Garden (2%) 0.06 | 0.12 0.13 | 0.09 0.40
Corn (30%) 0.48 1.49 2.05 1.60 | 0.35 5.97
Weighted Average Monthly NIR (inches) 0.08 | 1.01 | 428 | 5.74 529 | 429 | 251 | 1.60 | 0.05 24.85
Unit Diversion Requirement (inches) 0.17 | 2.11 | 893 | 11.95 | 11.01 | 893 | 524 | 3.33 | 0.11 51.77

G-3




ETo, Crop ET, Effective Precipitation, Net Irrigation Requirement and Cropping Pattern for Ojo Caliente

Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec | Total
Stra?]sdsa sz"géeggr?m'z;](mgﬁt?;a’v ater) ASCE 149 | 2.6 | 352 | 490 | 6.40 | 7.26 | 7.18 | 6.29 | 5.16 | 3.64 | 2.13 | 1.43 | 51.55
ggZﬁ)EX‘:eEdance monthly Precipitation (1948- | 4 65 | 553 | 0.69 | 045 | 0.32 | 0.30 | 1.41 | 1.61 | 0.91 | 0.89 | 057 | 0.61 | 8.93
Crop ET
Small Grains, Grain 0.83 | 453 | 7.36 | 6.83 1.03 20.58
Small Grains, Hay 094 | 458 | 7.36 | 4.20 17.07
Alfalfa 0.64 | 554 | 6.35 7.10 | 6.48 | 4.76 | 3.76 34.63
Irrigated Pasture 1.19 | 5.10 | 6.31 6.24 | 5.46 | 4.48 | 3.16 | 0.23 32.16
Garden 3.29 | 6.18 7.66 | 5.37 22.51
Corn 1.70 | 5.17 8.14 | 6.70 | 1.31 23.02
Calculated Effective Precipitation
Small Grains, Grain 0.24 | 0.32 | 0.25 | 0.22 0.27 1.30
Small Grains, Hay 0.24 | 0.32 | 0.25 | 0.05 0.86
Alfalfa 0.00 | 0.22 0.21 1.23 1.34 | 0.70 | 0.57 4.28
Irrigated Pasture 0.08 | 0.22 0.21 1.17 1.27 | 0.69 | 0.63 | 0.00 4.27
Garden 0.12 | 0.21 1.26 | 1.07 2.67
Corn 0.11 | 0.20 1.30 | 1.36 | 0.16 3.13
Calculated Net Irrigation Requirement
Small Grains, Grain 059 | 421 | 711 | 6.61 0.76 19.29
Small Grains, Hay 0.70 | 426 | 7.11 | 4.14 16.21
Alfalfa 0.64 | 5.32 6.14 5.88 5.13 | 4.06 | 3.19 30.36
Irrigated Pasture 1.10 | 4.88 6.10 5.07 419 | 3.79 | 253 | 0.23 27.88
Garden 3.17 5.97 6.40 4.30 | 0.00 19.84
Corn 1.59 4.97 6.84 534 | 1.15 19.89
Cropping Pattern Monthly Weighting Factors for Each Crop
Small Grains, Grain (9%) 0.05 | 0.34 | 0.57 | 0.53 0.06 1.54
Small Grains, Hay (4%) 0.03 | 0.17 | 0.28 | 0.17 0.65
Alfalfa (31%) 0.20 | 1.65 | 1.90 1.82 | 1.59 | 1.26 | 0.99 9.41
Irrigated Pasture (24%) 0.26 | 1.17 | 1.46 122 | 1.01 | 091 | 0.61 | 0.05 6.69
Garden (2%) 0.06 0.12 0.13 0.09 0.40
Corn (30%) 0.49 1.54 2.12 1.66 | 0.36 6.16
Weighted Average Monthly NIR (inches) 0.08 | 0.97 | 423 | 5.72 535 | 434 | 252 | 1.60 | 0.05 24.86
Unit Diversion Requirement (inches) 0.14 | 1.79 | 7.83 | 1059 | 990 | 8.03 | 468 | 2.96 | 0.10 46.03
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ETo, Crop ET, Effective Precipitation, Net Irrigation Rates and Cropping Pattern for Zuni

Jan Feb | Mar | Apr May Jun Jul Aug Sep Oct | Nov | Dec | Total
Stra?]sdsa sz"géeggr?m'z;](mgﬁt?;a’v ater) ASCE 149 | 216 | 352 | 490 | 640 | 7.26 | 7.18 | 6.29 | 5.16 | 3.64 | 2.13 | 1.43 | 51.55
ggZﬁ)EX‘:eEdance monthly Precipitation (1948- | ¢ 65 | 053 | 0.69 | 0.45 | 032 | 030 | 1.41 | 1.61 | 091 | 0.89 | 057 | 0.61 | 8.93
Crop ET
Small Grains, Grain 0.83 | 453 | 7.36 6.83 1.03 20.58
Small Grains, Hay 094 | 458 | 7.36 4.20 17.07
Alfalfa 0.64 | 554 6.35 7.10 6.48 | 4.76 | 3.76 34.63
Irrigated Pasture 1.19 | 5.10 6.31 6.24 5.46 | 448 | 3.16 | 0.23 32.16
Garden 3.29 6.18 7.66 5.37 22.51
Corn 1.70 5.17 8.14 6.70 | 1.31 23.02
Calculated Effective Precipitation
Small Grains, Grain 0.24 | 0.32 | 0.25 0.22 0.27 1.30
Small Grains, Hay 0.24 | 0.32 | 0.25 0.05 0.86
Alfalfa 0.00 0.22 0.21 1.23 1.34 0.70 | 0.57 4.28
Irrigated Pasture 0.08 0.22 0.21 1.17 1.27 0.69 | 0.63 | 0.00 4.27
Garden 0.12 0.21 1.26 1.07 2.67
Corn 0.11 0.20 1.30 1.36 | 0.16 3.13
Calculated Net Irrigation Requirement
Small Grains, Grain 059 | 421 | 7.11 6.61 0.76 19.29
Small Grains, Hay 0.70 | 426 | 7.11 4.14 16.21
Alfalfa 0.64 5.32 6.14 5.88 5.13 4.06 | 3.19 30.36
Irrigated Pasture 1.10 4.88 6.10 5.07 4.19 3.79 | 253 | 0.23 27.88
Garden 3.17 5.97 6.40 4.30 0.00 19.84
Corn 1.59 4.97 6.84 5.34 1.15 19.89
Cropping Pattern Monthly Weighting Factors for Each Crop
Small Grains, Grain (9%) 0.05 | 0.34 | 0.57 0.53 0.06 1.54
Small Grains, Hay (4%) 0.03 | 0.17 | 0.28 0.17 0.65
Alfalfa (31%) 0.20 | 1.65 1.90 1.82 1.59 | 1.26 | 0.99 9.41
Irrigated Pasture (24%) 0.26 | 1.17 1.46 1.22 1.01 | 091 | 0.61 | 0.05 6.69
Garden (2%) 0.06 0.12 0.13 0.09 0.40
Corn (30%) 0.49 1.54 2.12 1.66 0.36 6.16
Weighted Average Monthly NIR (inches) 0.08 | 0.97 | 4.23 5.72 5.35 434 | 252 | 1.60 | 0.05 24.86
Unit Diversion Requirement (inches) 0.18 | 2.31 | 10.07 | 13.62 | 12.73 | 10.33 | 6.01 | 3.80 | 0.13 59.18
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APPENDIX H

MODIFICATION OF ET CALCULATIONS



After submittal of the Zuni historical irrigation water rights claims, subsequent work
identified two modifications to the crop ET calculations. These modifications can be
viewed as improvements to the previous crop ET estimates. The first modification
involved the wind speed climate input when calculating the reference ET. In the original
claims, the daytime average wind speed was used in calculating reference ET. Further
investigation indicated that the 24-hour daily average wind speed should be used with the
ASCE Penman-Montieth equation for reference ET. The wind speed inputs were
modified and the reference ET calculations were revised. The second modification was
to the crop coefficients. In the original claims, the crop coefficients were calculated as
the basal crop coefficients and did not include the soil water evaporation factor. The soill
water evaporation factor (i was included in the revised crop coefficients and the crop

ET calculations were revised.

Figure H-1 shows a comparison between the claim values and modified values of net
irrigation requirement. The effect of applying the daytime average wind speed was to
reduce the reference ET results relative to the claim values. The effect of applying the
soil water evaporation factor was to increase the crop ET results relative to the claim
values. The overall effect, seen in comparing the net irrigation requirement values for the
claim and modified values, was very little. Table H-1 shows that the net irrigation

requirements changed by less than one percent for all irrigation areas after making the
above modifications. This difference is considered to be within the accuracy of the

irrigation water use estimation methods. The conclusion is that the original diversion and

depletion estimates provided in the claim do not need to be modified.

Table H-1: Comparison of the Claim and Modified Scenarios.

Ojo
Scenario Zuni | Caliente | Tekapo | Pescado | Nutria
Claim 24.90 24.90| 24.90 22.71 22.79

Modified 24.86 24.86 24.85 22.51 22.79

Difference| 0.18%]| 0.18%]| 0.20%| 0.86%| 0.00%
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Figure H-1: Net Irrigation Requirement under the Claim and Modified Scenarios.
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	17.14 ac added after maps filed.



