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Kane Springs Valley Wells KMW-1 and KPW-1

Step-Discharge Test Results

900 WEEH| i - 1T 11] T T N T
! 1 AL . | j’"TI L I L} ! ‘ l T L] 4
bl KMW-1 [SWL 992041t | | - 1 ! +
- bmp (12/08/05)] 5 i - : :
M I = Bl A N A N
ey« - T
— i | = JI - - — e ___-_!. .__i__{_d_ e = ._T_
1000 ; e st e ,.__1_:"_ _\{, _i_ o F == i._
' \ NN RIS G B Atk s S :
[ T 0 N e T 1 [
o eI t— < e b
2 \ I S 0 PP A e 0
i | [ | | Ll lid "7 7 T iTrey !
| I ' | | 110 | |
5 o 1 e e 7 s W A 1) St
8 KPW-1 [SWL89T43R [ 1 7 Z ; T L
H 1,100- bmp (12/08/05)) 900 gpm step [ ———r
° P S S T 6 i G T 1T 1,200 gpm step - e
2 . ] I 1, L (0| [ 4 L | .
; l_'l_l j\ } * I A‘r 14 I3 -] //I |
= N i L paren  F 1 p—— '
o N _.+ . s * - HT 1,500 gpm step . g_L_
Y —4 4 1 S S - 11 e e S o 4» 3 +
o Lrrn | EEEE D 0 o o v ol ‘
2 L I I ;I | : ‘ l—<_ |4 I I : i ..._ :_
2 A+ — 1L +—+— —.-+¢~“1 800 gpm step f+— e
1.200 | N |1 ] 1
' ! | T A — T
+ | | f—¥+H+ —+ L L + T N T —_— ; -t
Sl i e==r S S = 2 ol EES S . = -+ | t { :
— Y-JH-+ -————%—e————f—%‘—ﬂ-l-i- __.'_il | S : b' (I t r—J-—Al
T T T0 Tl W
B N N A I O W 1 B I
NN ! [ DN e . N W EEAL = L]
t “‘%“7; — +—3L H 1 :; %F" - - TiAT x \’ [ ‘1;_”
1,300 P [ |_Ih) | 1l
0.1 1.0 10.0 100.0 1,000.0 10,000.0

Elapsed Time (minutes - logarithmic)

SE ROA 54239

JA_18377



SE ROA 54240

JA_ 18378



SE ROA 54241

JA_18379



SE ROA 54242

JA_18380



SE ROA 54243

JA_18381



Aquifer Test Data Summary

Transmissivity Storage
Well Method (gpd/ft) Coefficient

KMW-T (Drawdown) Huantush-Jacob (Leaky -Contined) A0.000) 1~
Hantush ¢bcaky-Contined) 90,000 -

KMW-T (Recovery) Theis tmud 1) 93,000
Theis (late ¢1) 240.000

KPW-1 (Recovery) Theis (lute 1) 380.000

| Porous medium equivalency Source: Hantush 1960
2 No lndraulic barrier to flow Hauntush 1955
I'heis 1935

3 Recharge elteet (fault zone)

4 High vielding well(s)
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Summary

Intersected fault zone
Carbonate-rock aquifer, 260 feet
Faulted/Fractured >
Highly Productive

Completed 7-day (167 hour)

constant rate aquifer test

1,800 gpm

T-Values
Fault induced high T- ~300,000 gpd/ft
Regional T value - ~50,000 gpd/it

S-Values ~10°
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June 27, 2019

The Honorable Tim Wilson, P.E.
Acting Nevada State Engineer
901 S. Stewart St., Suite 2002
Carson City, NV 89701

RE: GBWN Report on Order 1303

As a stakeholder that would be affected by potential water right developments in the
Lower White River Flow System, the Great Basin Water Network (GBWN) respectfully submits
the following report pursuant to Part VI, Section 2 of State Engineer Order 1303 (Jan. 11, 2019).

GBWN was formed to protect the water resources of the Great Basin for current and
future residents — human, animal and plant. The Network is comprised of organizations,
businesses and individuals dedicated to ensuring that decisions on all water development
proposals in the Great Basin are made in the open with caution, coherence, and based on the
best scientific information. GBWN also works to ensure that decisions are made without undue
political and developer special interest pressure. The Network is supportive of efforts to tackle
the challenging problems of water management in Nevada’s over-appropriated basins in order
to correct long-term and sometimes severe overdraft.

As it relates to Part VI, Section 2, Subsections (a) through (e) of Order 1303, we see the
need to ensure that the State Engineer upholds his statutory obligations to protect the public
interest and be the final arbiter deciding the merits of any management plan developed in the
stakeholder process. To do so, we believe that it is paramount for the State Engineer to
recognize and incorporate the interconnected nature of all basins comprising the White River
Flow System (“WRFS”) in his future decisions. Also critical is the need for the State Engineer to
explain how stakeholder data will be evaluated in order to create a new means of regulating
the hydrologic basins of the WRFS. Additionally, we want to make certain that public
participation is not limited to only those who engage via the criteria outlined in Part VI, Section
2 of Order 1303. We also want to ensure the public has a robust role in the processes listed in
Part VI, Sections 3 and 4 of the Order. Listed below is section by section input on Part VI of
Order 1303.

Section 2(a) The geographic boundary of the hydrologically connected groundwater

and surface water systems comprising the Lower White River Flow

System
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Pursuant to NRS 533.370 (2), we believe that in order to prevent long-term harm to the
public interest and protect existing water rights the State Engineer must include in the
scope of Order 1303 all interconnected basins in the WRFS such that pumping in those
interconnected basins may be properly managed to ensure sustainability over the long
term. We believe any calculation of water available for appropriation may not be fully
informed if the State Engineer fails to take into account the interconnected nature of all the
hydrologically connected basins in the WRFS.

Section 2(b) The information obtained from the Order 1169 aquifer test and
subsequent to the aquifer test and Muddy River headwater spring flow
as it relates to aquifer recovery since the completion of the aquifer test

Considering that the State Engineer has not determined the precise extent of the
development of existing appropriations within the Lower White River Flow System
(“LWRFS”) that may occur without harming the fully decreed Muddy River, we believe the
State Engineer should publicly disclose how he will decide what stakeholder data are
accurate, fair, and in line with Nevada water law as it relates to determining spring flows
and aquifer recovery in the stakeholder process outlined in Order 1303. The State Engineer
also should convey how stakeholder-submitted data points will be used to create standards,
such as sustainable yield, and for determining how the State will develop and implement a
framework for conjunctively managing waters in the LWRFS. The Legislature has
encouraged the State Engineer to use the best science available under NRS 533.024(1) (c). It
is certainly in the public interest for the public to have a reasonable opportunity to review
and offer comment on how the Division of Water Resources concludes what is “the best
science.”

Section 2(c) The long-term annual quantity of groundwater that may be pumped
from the Lower White River Flow System, including the relationships
between the location of pumping on discharge to the Muddy River
Springs, and the capture of Muddy River flow

In order to maintain the integrity and long-term functionality of the essential groundwater
resource that WRFS is for eastern Nevada, to protect the long-term public interest in the
environment and species such as the Moapa Dace, and to prevent conflicts that would
destroy the property and of senior water rights holders within the WRFS, the State Engineer
must resolve the over-appropriation of the LWRFS in a way that accounts for all of the
interconnected basins in the White River Flow System and the fact that any future
appropriations in those hydrologic basins will affect one another.

Section 2(d) The effects of movement of water rights between alluvial wells and
carbonate wells on deliveries of senior decreed rights to the Muddy
River.
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Because it is understood that pumping within the LWRFS has a direct interrelationship with
the flow of the Muddy River, we believe that it is in the public interest to ensure that the
scope of Order 1303 includes every WRFS basin with a hydrologic connection with the
Muddy River. All decisions must take that connection into consideration or the State will
risk continuing the unsustainable practice of over-appropriating basins.

Section 2(e) Any other matter believed to be relevant to the State Engineer’s
analysis.

Great Basin Water Network requests that the order provide for the following in order to
ensure full public participation and transparency in this matter.

The State Engineer will continue to post on the Division of Water Resources website:

o State Engineer notices regarding deadlines or meetings.

o Rulings and Orders related to these proceedings.

o Minutes of the stakeholder meetings.

o All documents submitted by stakeholders or prepared by the State Engineer,
including reports and rebuttals.

o All stakeholder proposals on how to address the future management and
corrections of the over-appropriated basins.

The State Engineer will provide opportunities for concerned members of the public to
provide comments to the State Engineer and stakeholders on the process, the submitted
stakeholder documents, and any proposals to rectify the over-appropriation of the basins in
the Administrative Unit. Areas of comment may include but not be limited to:

o Hydrologic, environmental, social, and economic impacts on the White River

Flow System.
o Impacts on the Moapa Dace.
o Impacts on Moapa Warm Spring flows, on which the dace depends.

A reasonable amount of time for public comment shall be provided at all stakeholder
meetings and be made part of the record.

Thank you for considering the GBWN Order 1301 report and making it part of the record.
Sincerely,
s/s

Kyle Roerink
Executive Director
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Evapotranspiration
and
Net Irrigation Water Requirements for Nevada
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All compiled evapotranspiration data files are available via internet download from the
following NDWR website:

http://water.nv.gov/INVET
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Evapotranspiration and Net Irrigation Water Requirements for Nevada

By

J. L. Huntington® and R. G. Allen?
! Hydrologist, Nevada Division of Water Resources, 901 S. Stewart Street, Carson City,
NV, 89701; PH (775)684-2867; FAX (775)684-2811; email: jhuntington@water.nv.gov

2 Professor of Water Resources Engineering, University of Idaho, Research and
Extension Center, 3793 N. 3600 E., Kimberly, Idaho, 83301; PH (208) 423-6601; FAX
(208) 423-6699; email: rallen@kimberly.uidaho.edu

January 2010
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EXECUTIVE SUMMARY

Accurate estimates of evapotranspiration (ET) are becoming more important as
increasing demands are placed on finite water supplies in Nevada and across the western
U.S. Local, state, and federal water resource agencies require accurate crop ET (ETac)
and net irrigation water requirement (NIWR) estimates for evaluating irrigation
development, transfers of irrigation water for municipal use, and litigation of water right
applications and protests. The ET. was calculated via a crop coefficient approach,
where ET, Is equal to the reference ET multiplied by a crop coefficient. The NIWR is
equal to the annual ET. less the effective precipitation entering the root zone that is
available for evaporation or transpiration. The major objective of this study was to
update estimates of the ET, and NIWR for Nevada. The methods for estimating the
reference ET follow the new ASCE-EWRI Standardized Penman-Monteith (ASCE-PM)
approach, while the ET,: and NIWR were estimated using a dual crop coefficient and
daily soil water balance. Estimates of the ET. and NIWR for major crops grown in
Nevada were made for daily, monthly, and annual time steps at 190 locations using
National Weather Service weather stations located throughout the state for available
periods of record.

Assessing the error in estimated ASCE-PM reference ET using estimates of the
‘secondary’ weather parameters solar radiation, dewpoint, and wind speed, versus using
measured data is of significant concern because estimation of these weather variables
provides the ability to use NWS stations, which allows for sufficient spatial coverage and
statewide application. To address this issue, a comparison was made between estimated
reference ET at NWS stations, and calculated reference ET at nearby stations located in
irrigated areas that measure the full suite of weather variables. Results of the comparison
indicate that the ratios of annual reference ET based on estimated secondary weather
parameters, to reference ET based on measured secondary weather parameters, range
from 1.01 to 1.06 with an average of 1.03. These results are acceptable considering the
overall error or uncertainty inherent to reference ET and crop coefficient calculations,
which have been suggested to be about 10%.

To explore the accuracy of estimated alfalfa ET,, a comparison was made to
measured ET, of alfalfa using results from previous studies for respective Hydrographic
Areas (HASs) and time periods. The average ratio of estimated ET, to the average of the
reported ET, is 1.04. Results generally agree well, however there are significant
differences in some instances where published measurements of ET, were likely being
impacted by water limiting conditions or instrumentation biases.

For purposes of estimating the mean annual ET, and NIWR for each HA, the
analysis was limited to weather stations on valley floor areas representative of potential
agricultural areas. Mean annual values of the ET, and NIWR were assigned to the HA
if a single station was available, or if multiple stations were available, a period of record
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weighted average of the ET,; and NIWR was assigned to HAs. Of the 256 HAs in the
state, 160 are absent of weather stations from which to estimate the ET, and NIWR;
therefore, spatial interpolation of weather station estimates of the mean annual ET, and
NIWR was performed for alfalfa, grass hay, pasture grass, turf grass, and small shallow
open water bodies. Results of the NIWR per HA (Appendix 15 and Plate 1) indicate that
in central and northern parts of Nevada, the NIWR for alfalfa is less than the typical
permitted irrigation water right of 4 ac-ft/ac. However, in southern Nevada the NIWR
may exceed the typical irrigation water right of 5 ac-ft/ac. These results represent the
NIWR for pristine crop conditions under full water supply and should be considered the
maximum.

ii
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Annex 1. Allen et al., 2005 paper outlining soil and root zone water balance methods
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ACRONYMS

o = albedo

AGRIMET  =U.S. Bureau of Reclamation Agricultural Weather Network

ASC = Antecedent Soil Condition

ASCE-EWRI = American Society of Civil Engineers — Environmental Water Resources
Institute

ASCE-PM = American Society of Civil Engineers Standardized Penman Monteith
equation

AWC = Available Water Holding Capacity

AZMET = Arizona Meteorological Network

B = angle of the sun above the horizon

B = empirical solar radiation fitting coefficient

Cyq = ASCE-PM equation constant dependent on reference type

CEMP = Community Environmental Monitoring Program

CGDD = Cumulative Growing Degree Day

CIMIS = California Irrigation Management Information System

CN = Runoff Curve Number

Ch = ASCE-PM equation constant dependent on reference type

CN;, = Runoff Curve Number associated with dry antecedent soil conditions

CNyy = Runoff Curve Number associated with wet antecedent soil conditions

A = slope of the saturation vapor pressure-temperature curve

) = solar declination

d = zero plane displacement height for the weather site vegetation

De = Depletion of evaporative layer

dr = squared inverse relative distance factor for the earth-sun

DRI = Desert Research Institute

€a = mean actual vapor pressure

e’(T) = saturation vapor pressure at a specified temperature T

°(Tdew) = actual vapor pressure at daily dewpoint temperature

es = saturation vapor pressure

ET = Evapotranspiration

Xi
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ETact = Actual Evapotranspiration

ET, = Reference Evapotranspiration

ETos = Standardized Grass Reference Evapotranspiration

ETs, = Standardized Reference Evapotranspiration

fea = cloudiness function

Ftimeroot = fraction of time from the start of root growth until the time of maximum
root depth

Y = psychrometric constant

G = soil heat flux

GDD = Growing Degree Day

h = vegetation height

HA = Hydrographic Area

[0) = latitude

J = Julian day (1-365 or 366 for leap years)

Kp = index of atmospheric clearness

K = crop coefficient

Keb = basal crop coefficient

Kemean = mean crop coefficient curve (i.e. lumps evaporation, transpiration, and
cutting effects)

Kq = diffuse radiation index

Ke = soil evaporation coefficient

Ko = dew point depression (i.e. Tmin — Tdew)

Ks = stress coefficient

Kr = atmospheric transmissivity

Kip = atmospheric turbidity coefficient

A = latent heat of vaporization

LCRAS = Lower Colorado River Accounting System

MAD = Maximum allowable Depletion

NCGDD = Normalized Cumulative Growing Degree Day

NIWR = Net Irrigation Water Requirement

NRCS = Natural Resource Conservation Service

NWS = National Weather Service

P = mean atmospheric pressure

Pint = depth of infiltrated precipitation

PPT = precipitation

Ra = exoatmospheric radiation

RAW = Readily Available water in the root zone

RAWS = Remote Automated Weather Station

REW = Readily Evaporable Water

RH = Relative Humidity

RMSE = Root Mean Squared Error

Rn = net radiation

Rni = net long wave radiation

Rns = net short wave radiation

RO = surface runoff

Rs = incoming short wave solar radiation

xii
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RJ/Rso = relative solar radiation

Rso = calculated clear sky radiation

S = maximum depth of water that can be retained as infiltration and canopy
interception during a single precipitation event

c = Stefan-Boltzmann constant

STATSGO = State Soil Geographic database

T = mean daily air temperature

TAW = Total Available Water in the root zone

Thase = base temperature used in the growing degree method

Tdew = dewpoint temperature

TEW = Total Evaporable Water

Tkmax = maximum daily Kelvin temperature

Tkmin = minimum daily Kelvin temperature

T max = maximum daily air temperature

T min = minimum daily air temperature

U, = mean daily wind speed at 2m height

USBR = U.S. Bureau of Reclamation

USDA = U.S. Department of Agriculture

USGS = U.S. Geological Survey

u; = measured wind speed at z,, m above ground surface

VPD = Vapor Pressure Deficit (i.e. es — ea)

W = precipitable water in the atmosphere

s = sunset hour angle

z = weather station site elevation above mean sea level

Zmax = maximum effective root depth

Zmin = initial root depth at planting or greenup

Zom = aerodynamic roughness length for the weather site vegetation

Z; = effective root depth

Zw = height of measurement above ground surface

SE ROA 54265

Xiii

JA_18403



INTRODUCTION

Irrigation water requirements are primarily controlled by the evapotranspiration
(ET) of agricultural crops. Quantifying the amount of ET for a particular type of
vegetation and region is necessary for proper design of irrigation systems, basin water
balance estimates, irrigation water management, and review and litigation of water right
applications and disputes; all of which continue to receive high priority attention. In the
past, the State of Nevada has based ET and net irrigation water requirement estimates on
a combination of reports, mainly from the USDA Nevada Irrigation Guide (USDA-SCS,
1992), State of Nevada Report No. 3 (Pennington, 1980), and studies used in hearings
associated with the Alpine Decree (Mahannah, 1979; Hill, 1979; Guitjens and Mahannah,
1977). These publications primarily utilized temperature based Blaney-Criddle, modified
Blaney-Criddle, Jensen-Haise, and Penman equations for computing reference ET, as
well as empirical relationships between estimated crop ET and crop yields, and soil
moisture balance (depletion) estimates of ET, resulting in a wide range of estimates.
Other publications specific to Nevada have outlined methods for computing potential ET
(Behnke and Maxey, 1969), and have estimated statewide (Shevenell, 1996) and eastern
Nevada (McCurdy and Albright, 2004) potential ET, and crop water use for eastern
Nevada (Welch et al., 2007) and the Death Valley flow system (Moreo and Justet, 2008).
Net irrigation water requirements (crop ET — (precipitation — runoff — deep percolation))
were not estimated in many previous publications, and if so, were estimated as the annual
crop ET minus an assumed effective precipitation amount. While these reports have been
extremely useful, their somewhat dated methods, or simplified approach for estimating
evaporation from surface wetting and effective precipitation, and limited spatial coverage
have created a need to update statewide ET and net irrigation water requirement estimates
using a standardized and more detailed approach.

The major objective of this report was to update crop ET and net irrigation water
requirement estimates for Nevada using newly available standardized methods and
detailed soil water balance accounting. Estimates of crop ET and net irrigation water
requirements were made for 34 different crop and land cover types using 190 National
Weather Service stations located throughout the state (Figure 1).
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Figure 1. Weather stations used for calculating crop ET and net irrigation water
requirements.
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EVAPOTRANSPIRATION CALCULATION APPROACH

The approach used in this study for computing crop ET is the common crop
coefficient — reference ET approach, where the reference ET is multiplied by a crop
coefficient for estimating the actual ET (ETa) of a vegetative surface. There are many
methods available for estimating the reference ET (ET,), while many are simple
temperature-based technigues, others are data intensive as required for more physically
based models. Estimates of ET, vary widely among the methods, and there is
considerable debate as to which is the more correct method. Generally, the lack of
weather variables such as incoming solar radiation, dewpoint temperature, and wind
speed needed for more physically based models of ET, has led to the use of simple
temperature based methods, even though investigators are often aware that more
physically based methods result in more accurate and representative estimates of ET,.
Given that the number of weather stations that collect incoming solar radiation, relative
humidity, and wind speed is limited, there is a great need to utilize basic National
Weather Service (NWS) weather data of maximum and minimum temperature and
precipitation, and apply these data to an ET, equation that is robust and currently
accepted in the literature and scientific community to estimate the ET.c; and net irrigation
water requirement (NIWR) throughout the state.

The Penman-Monteith method is a physically based method for calculating ET,
and is currently accepted as a standard method (ASCE-EWRI, 2005) for calculating a
standardized and consistent value for ET,, referred to here as ETs,. The Penman-
Monteith method requires weather variables that are not routinely measured at NWS
stations. Recent advancements in estimating weather variables such as incoming solar
radiation (Allen, 1997; Thornton and Running, 1999; ASCE-EWRI, 2005), generalization
of dewpoint temperatures representative of irrigated areas (ASCE-EWRI, 2005; Allen et
al., 1998; Allen and Robison, 2007) and regionalizing of wind speed (Allen and Robison,
2007) have proven useful for estimating ETs; using the Penman-Monteith equation, while
maintaining sufficient accuracy and spatial coverage for state-wide application. The
grass reference Penman-Monteith equation is widely applied by Arizona and California
State agencies for computing ET, (i.e. AZMET and CIMIS), as well as the U.S. Bureau
of Reclamation for their Lower Colorado River Accounting System (LCRAS) model.
Consequently, the State of Nevada has adopted the daily time step grass reference
Penman-Monteith equation (ET,s) as the basis for computing the ETa: and NIWR. As a
result, this equation was applied in this study.

ETs, refers to ET from a reference crop that is actively growing, not limited by
soil moisture, and is at full cover and peak height. The ratio of ET,;: to the ET,
otherwise known as a crop coefficient (K;) representing specific crop types, must be
applied to adjust the ETs, to simulate the ET, of a particular crop or surface. The
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majority of crop coefficients in the literature are derived from research weighing
lysimeter measurements of actual ET from stress-free crops and calculated ETs; at the
lysimeter sites, mainly from Davis, CA, and Kimberly, ID (Doorenbos and Pruitt, 1977
Wright, 1981, 1982). This study utilizes a dual crop coefficient and daily soil water
approach to compute the ET,:, where the K. value is separated into a ‘basal’ crop
coefficient, K¢, and a soil evaporation coefficient, K¢ (Allen et al., 1998; Allen et al.,
2005). The heritage of many of the K¢, values used in this study can be traced to Wright
(1982), but have been converted from Wright’s alfalfa reference basis to the grass
reference basis used here. The advantage of using a dual crop coefficient over a ‘mean’
or single crop coefficient approach is that it allows for separate accounting of
transpiration and evaporation to better quantify evaporation from precipitation and
irrigation events, and allows for accounting of winter time soil moisture storage.

METHODS
Weather Station Data Assembly

Weather station data from the NWS used in the computation of ET,s and NIWRs
include daily maximum and minimum air temperature and precipitation, and observations
of snowfall and snow cover depth for some stations. These data are officially collected
and housed by the National Climatic Data Center (NCDC) of the National Oceanic and
Atmospheric Administration (NOAA). Data are generally available from the NCDC
from about 1930 onwards, however lengths of records vary widely from station to station
in Nevada, ranging from less than 1 month to 120 years. Limiting weather station
datasets to those stations having at least 4 years of complete annual records result in over
190 usable weather stations in Nevada. Missing data, which were usually at monthly
periods due to the reporting of monthly data sheets to the NWS, were flagged using
values of -999 for temperature and -99 for other variables. Missing temperature data for
up to two consecutive days were estimated using the previous day’s temperature,
otherwise long term averages were used for purposes of computing growing degree days
and 30 day mean temperatures to simulate the onset or end of growing seasons during the
ET.c calculations. However, these periods of missing data were set back to -999 values
for temperature and computed ET, in later processing, and those years that contain any
missing days were not used in statistical summaries.

Computing the NIWR for each hydrographic area (HA) was accomplished by
using weather stations located on valley floor or near irrigated areas, and either assigning
or computing the average of multiple station estimates of the NIWR. Limiting stations to
valley floor and irrigated areas for computing the NIWR for each HA where weather
stations exist reduces the number of weather stations to 148 (Figure 1), however the ET
and NIWR was computed for all 190 stations for other potential uses such as assessing
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the ET,: for high elevation pasture grass, etc. Weather data and results are available
through July of 2007, unless weather station data collection ended before this date.
Appendix 1a and 1b list the full 190 weather station dataset, along with the respective
NCDC station number, station location and altitude, period of record, number of
complete years in the period of record, and HA name. Appendix 1a is sorted by weather
station name, while Appendix 1b is sorted by HA name. Two weather stations operated
and maintained by Washoe County Department of Water Resources were included in this
analysis and are located in Washoe Valley and Redrock Valley. Details on data
compilation for these stations and modifications made to temperature data for 2 NWS
stations due to poor station siting are outlined in Appendix 2. In this report, statistics of
ET results were computed over the most recent 30 years of valid data or over shorter
periods if less than 30 years of valid data were available (minimum of 4 years). For
further discussion on treatment of missing data in computed monthly, annual, and
statistical summaries refer to Appendix 9.

Standardized Penman-Monteith Equation

As a part of a standardization effort, the ASCE Penman-Monteith (ASCE-PM)
equation and associated equations for calculating aerodynamic and bulk surface
resistance are combined and condensed into a single equation that is applicable to both
grass and alfalfa surfaces by changing standardized constants (ASCE-EWRI, 2005). The
ASCE-PM equation is intended to simplify and clarify the presentation and application of
the method. As used in this analysis, the term ET,s refers to the standardized grass
reference ET. Calculation of parameters required in the ASCE-PM equation was
accomplished using guidelines from ASCE-EWRI (2005).

The standardized reference evapotranspiration equation is

0.408A(R, —G) +y C, u,(e, —e,)

ETSZ — T + 273 Eq' 1
A+y(1+C,u,)

where

ETs, = standardized reference crop evapotranspiration for short (ETos) or tall (ET.s)
surfaces [mm d™],

R,= calculated net radiation for the standardized surface [MJ m? d™],

G = soil heat flux density at the soil surface [MJ m? d™'], and is assumed to be 0 over a
day,

T = mean daily air temperature at the 1.5 to 2.5m height [°C],
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u,= mean daily wind speed at 2m height [m s,

es = saturation vapor pressure at 1.5 to 2.5m height [kPa], calculated for daily time
steps as the average of saturation vapor pressure at maximum and minimum air
temperatures,

ea = mean actual vapor pressure at 1.5 to 2.5m height [kPa],

A= slope of the saturation vapor pressure-temperature curve [kPa °C™],

Y= psychrometric constant [kPa °C™],

Cn= numerator constant that changes with reference type and calculation time step,
and

Cq= denominator constant that changes with reference type and calculation time step.

Calculation of the Standardized Penman-Monteith Reference ET

Because NWS stations only measure and report daily maximum and minimum air
temperature and precipitation, variables of daily incoming solar radiation, humidity, and
wind speed required in Eq. 1 were estimated following recommendations similar to those
in ASCE-EWRI (2005) and are discussed below.

Psychrometric and Atmospheric Variables

The standardized application of latent heat of vaporization, A, equal to 2.45 MJ
kg™, results in a psychrometric constant, vy, that is proportional to the weather station
mean atmospheric pressure, P,

7=6.65*10""P Eq. 2
where P has units of kPa, and y has units of kPa °C™*. Mean atmospheric pressure at

weather stations was estimated from the site elevation using a simplified formulation of
the Universal gas Law (Burman et al., 1987)

5.26
p_ 101.3( 293 - 0.00GSZ)

293

where

z = weather site elevation above mean sea level [m].
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The slope of the saturation vapor pressure-temperature curve, A, was computed following
Murray (1967) as

2503 exp 2t
T +237.3
5 Eq. 4
(T +237.3)
where

A = slope of the saturation vapor pressure-temperature curve [kPa°C™], and
T = daily mean air temperature [°C].

Dewpoint temperature (Tqew) is defined as the temperature at which a parcel of air
must be cooled to become saturated with water vapor. The dewpoint temperature can be
used to represent the humidity content of the lower air mass, for example the relative
humidity (RH) is at 100% when the air temperature is at the dewpoint. Because NWS
stations do not record relative humidity, the Tmi, was used indirectly to estimate the
humidity of the lower air mass. In an irrigated setting Tmin Will usually approach Tgew,
especially in the early morning when winds are calm and soil moisture is high. Weather
measurements taken from non-irrigated settings typically result in higher daily
temperatures and lower humidity than those collected in irrigated areas due to the lack of
available water, causing the net radiation to be partitioned into sensible heat instead of
latent heat or ET. The use of humidity data collected from non-irrigated settings can
cause overestimation of reference ET by as much as 20% - 26% (Brown, 2001; ASCE-
EWRI, 2005), therefore corrections are required to bring the calculated Tgew closer to that
which would be measured under irrigated conditions (Allen, 1996; Allen et al., 1998;
ASCE-EWRI, 2005).

Taew IS typically calculated from actual vapor pressure of the air (e,), which can be
derived from measured maximum relative humidity (RHma) and minimum relative
humidity (RHmin) following recommendations by Allen et al., (1998) and ASCE-EWRI
(2005). Tgew Was calculated from e, based on the Murray (1967) equation as

~116.91+237.3In(e,)
T 16.78—In(e,)

Eq.5

where Tgew = the dewpoint temperature (°C), and
e, = actual vapor pressure (kPa).
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Equation 5 can be rearranged to estimate actual vapor pressure, e,, from Tgey as

17.27T,,, } Eq.6

e, =e°(T —
T, +237.3

dew

) = O.6108exp{

where e°(Tqew) = saturated vapor pressure at daily dewpoint temperature (kPa), and the
saturation vapor pressure function for a specified temperature, e°(T), is

Eq. 7

e’(T) = O.6108exp(ﬂj

T+237.3

where vapor pressure is in units of kPa and temperature is in °C. In this study daily Tgew
at each NWS weather station was estimated from Tn,in, because of the lack of RH or Tgew
measurements, as

T = Tmin -K Eq 8

dew o}

where T, is the daily minimum air temperature (°C) and K, is an offset coefficient (°C)
and is synonymous with the dewpoint depression. Typically, it is common in arid and
semi-arid regions to have a Tgey Of 2 to 5 °C below Ty, under well watered conditions
(Allen, 1996). K, can be substantially higher in non-irrigated environments (i.e. non-
reference conditions), sometimes reaching 10 °C in arid climates. However, the 2to 5 °C
range is generally observed in arid and semi-arid climates when the local and subregional
environment is irrigated.

Most NWS weather stations are located in non-irrigated or only partially irrigated
environments. Because non-reference conditions can cause an increase in air temperature
due to the lack of the cooling effect of ET, it is recognized that the higher T, may cause
the Tqew to be overstated, even for reference conditions. Because the computation of
vapor pressure deficit, VPD, in the ETf equation includes both T, and Tgew, as

VPD =0.5[e° (T,) +€° (Trin) |~ €° (Tgen) Eq. 9

where e°(Tqew) = saturation vapor pressure at the dewpoint temperature (kPa), both the
air temperature and dewpoint temperatures may be overstated for non-reference
conditions (since the Tgew estimate is based on Tmi,). However, the upward biases in the
e°(T) functions by all temperature parameters will tend to cancel, thereby producing a
VPD that is generally representative of a reference condition (Allen et al., 1998; ASCE-
EWRI 2005).
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Rather than assign NWS stations temporally constant Ko values, spatially
distributed Ko values that varied by month were derived and assigned to NWS stations.
There are very few weather stations in Nevada that measure RH in irrigated areas to
compute K,, therefore mean monthly Ko values were computed from weather stations
located in irrigated areas both in Nevada and in nearby areas outside Nevada (Figure 2),
including the AZMET (Arizona Meteorological Network), CIMIS (California Irrigation
Management Information System), AGRIMET, and Utah Agriculture Weather Network,
as well as U.S. Geological Survey (USGS) micrometeorological stations located in
irrigated areas in Nevada from studies by Maurer et al., (2006) and Allander et al.,
(2009). Calculated mean monthly Ko values for weather stations analyzed are listed in
Appendix 3 and illustrated in Figures 3a-c, where it is apparent that mean monthly Ko
values vary depending on the climate of the location. For instance, southern regions have
higher monthly Ko values than northern regions. Mean monthly Ko values were assigned
to NWS stations by spatial interpolation using inverse distance weighting. Spatially
interpolated mean monthly Ko surfaces were averaged to individual HAs, and these mean
monthly K, values per HA were assigned to respective NWS stations. Measured mean
monthly Ko values were assigned to NWS stations in HAs where measurements occurred.
For illustration purposes the spatial distribution of the mean annual Ko is shown in Figure
4.

As expected, southern locations have a larger mean annual dewpoint depression
(i.e. larger Ko value) than northern areas. This spatial trend is partially due to regional
scale advection of dry air, and more specifically the climatology that governs regional
scale advection such as precipitation and available water, the resultant surface energy
balance from valley floor areas, and typical air mass origins or jet stream patterns. Figure
5 illustrates the spatial distribution of HA average PRISM precipitation (Daly et al.,
1994), which exhibits a similar spatial distribution as the mean annual dewpoint
depression and supports the fact that regional scale advection is largely controlled by
available moisture and the resultant energy balance of the surrounding environment.

The degree of local advection and its effect on the ET rate of an irrigated area is
dependent on the scale of the irrigated area. Local advection occurs when wind blows
across a surface, which is discontinuous in temperature, humidity or roughness (Brakke,
1978), such as wind blowing from a dry area across an irrigated field. Many studies have
concluded that ET on the leading edge of an irrigated field is highest due to local
advection, and as the distance from the leading edge increases, the influence of local
advection on ET decreases until the cooler and moist boundary layer is formed and
horizontal uniformity is established (Rider et al., 1963; Dyer and Crawford, 1965; Goltz
and Pruitt, 1970). Brakke et al., (1978) attempted to partition local and regional
advection effects on ET from an irrigated field of alfalfa surrounded by non irrigated
areas, and found that advection effects were greatly reduced within 200m downwind of
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Figure 2. Weather stations located in irrigated areas measuring relative humidity
representative of reference conditions. These stations were used for estimating the
dewpoint at stations not measuring relative humidity.
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Figure 3a. Measured mean monthly dewpoint depression for southern latitude weather
stations in reference (irrigated agriculture) environments.

Figure 3b. Measured mean monthly dewpoint depression for central latitude weather
stations in reference (irrigated agriculture) environments.
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Figure 3c. Measured mean monthly dewpoint depression for northern latitude weather
stations in reference (irrigated agriculture) environments.

the field. In this study, the use of weather stations located in predominately irrigated
areas for computing regional monthly K, values tend to minimize local advection effects
while preserving regional advection effects that most irrigated areas in Nevada
experience due to the arid climate and small scales of irrigation projects. For example,
the mean monthly dewpoint depression, K,, for the Fallon AGRIMET site is significantly
greater than surrounding stations located in irrigated environments as shown in Figure 3b.
To verify this relative ‘dryness’ of the Fallon AGRIMET station, K, from a weather
station located nearby in a completely dry environment was compared against monthly
K, of the Fallon AGRIMET station. The mean monthly K, computed at the Fairview
Valley DRI weather station, located approximately 30 miles to the east of Fallon and at
the same elevation but in a desert environment, indicates that the subregional air mass is
much dryer than that found over agricultural areas near Fallon, where the desert K,
peaked at 18°C in the summer compared to 10°C for the Fallon AGRIMET station
(Figure 6). This finding suggests that the Fallon AGRIMET site experiences some
amount of conditioning of the boundary layer due to the cooling effect of evaporation in
the area.

12
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Figure 4. Spatially interpolated mean annual reference
condition dewpoint depression.

Figure 5. Basin average PRISM precipitation (800m
v.2), which illustrates a similar spatial pattern as Figure
4, and supports the fact that regional scale advection is
largely controlled by available moisture and the resultant
energy balance of the surrounding environment.
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Figure 6. Comparison of dewpoint depression between the Fallon AGRIMET and
Fairview Valley DRI stations illustrating how the presence of evaporation of irrigation
water impacts the dewpoint depression, Ko.
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Net Radiation (Ry)

Net radiation, Ry, is the amount of radiant energy available at a surface that can be
used for evaporation of water (latent heat flux), heating of the air (sensible heat flux), or
heating of the surface (ground heat flux). R, includes both long wave and short wave
radiation components and defined following Brutsaert (1982) as

R,=R,—-R

n ns

Eq. 10

nl

where
Rns = net short wave radiation being positive downwards and negative upwards,
[MJm?2d?], and
Rni = net long wave radiation being positive upwards and negative downwards,
[MIm?2d?].

Net short wave radiation is the result of the incoming and the reflected solar

radiation and was estimated using a fixed albedo or canopy reflection coefficient for the
standardized reference evapotranspiration equation as

R.=(0-a)R, Eqg. 11
where

o = albedo, and is fixed at 0.23, which represents the albedo of a grass surface
[dimensionless],

and

Rs = incoming solar radiation [MJ m™ d™].

Net Long Wave Radiation (Rn)

The methods of Brunt (1932, 1952) are used for the estimation of daily net long
wave radiation for the standardized surface, which takes advantage of the actual vapor
pressure to predict the net emissivity as

15
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R, =of ,(0.34-0.14 /e, { < +TK4m'“} Eq. 12

where

o = Stefan-Boltzmann constant [4.901 x 10° MJ K* m? d™],
feq = cloudiness function [dimensionless],

e, = actual vapor pressure [kPa],

Tkmax = daily maximum Kelvin temperature [K], and

Tkmin = daily minimum Kelvin temperature [K].

The superscripts “4” in Eq. 12. indicate the need to raise the air temperature, expressed in

Kelvin units, to the power of 4. For daily and monthly timesteps, f.q was calculated
following Jensen et al., (1990) and Allen et al., (1998) as

fcd =

Eq. 13

SO
where

Rs/Rso = relative solar radiation (limited to 0.3 — 1)
Rs = measured or calculated solar radiation [MJ m™ d'], and
Rso = calculated clear sky radiation [MJ m™ d™].

The ratio R¢/R, in Eq. 13 represents relative cloudiness and is limited so that f.q has
limits of 0.05 - 1.0.

Incoming Solar Radiation (Rs)

Incoming solar radiation (Rs) is the primary variable for net radiation and
therefore a primary variable for many ET estimation methods. Because NWS stations do
not measure R, it was estimated at each NWS station following a method described by
Thornton and Running (1999), which is based on the difference between daily maximum
and minimum air temperature. The general premise of the method is based from the fact
that during cloud cover maximum air temperatures generally decrease and the minimum
temperature is increased due to increased downward emission of long wave radiation by
clouds at night (Allen, 1997). The Thornton and Running (1999) method estimates Rs as

16
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R, =R, JL-0.9exp(— BT, — T, )f*]. Eq. 14
and
B = 0.023 + 0.1exp(— 0.2ATmonth), Eq. 15

where Ry, is the theoretical solar radiation on a clear day (MJ m™ d™), Tpax is the daily
maximum air temperature (°C), Tmin is the daily minimum air temperature (°C), and B is
an empirical fitting coefficient which has a slightly modified form compared to Thornton
and Running’s original B function, where Allen and Robison (2007) derived coefficients
in Eq. 15 using only western stations of Portland and Salt Lake City from the Thornton
and Running paper. The generalized equation of Thornton and Running for B was based
on weather stations throughout the US. Ry, is computed using the exoatmospheric
radiation, R,, which is a function of latitude, day of year, and atmospheric transmissivity
Kt. Rso is computed as

R, =K;R,. Eq. 16

For daily time steps R, was calculated following Duffie and Beckman (1980) as

_24G

«d, [, sin(g)sin(d) + cos(p) cos(d) sin(w, )] Eq. 17

where:

Gs. = solar constant [4.92 MJ m-2 h-1],

d = squared inverse relative distance factor for the earth-sun [unitless]
®s = sunset hour angle [radians]

[0) = latitude [radians], and

) = solar declination [radians].

The squared inverse relative distance factor was calculated as
2r

d, =1+0.033cos| —J Eqg. 18
365

where
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J is the day in the year from 1 to 365 (366 for leap years), and the sunset hour angle was
calculated as

@, = arccos[—tan(e) tan(o)]. Eq. 19

ASCE-EWRI (2005) provides an accurate method for estimating atmospheric
transmissivity, Ky, needed for Eq. 16 that considers sun angle and the effects of water
vapor as it relates to the absorption of short wave radiation as well as scattering of beam
and diffuse radiation. ASCE-EWRI (2005) separates Kt into scattering and absorption
components such that:

K, = Kg + Ko Eq. 20

where Kg is a index of atmospheric clearness for direct beam radiation [unitless] and Kp
is a index of transmissivity for diffuse radiation [unitless]. The ASCE-EWRI (2005)
equation for Kg is:

0.4
K, =0.98exp M—oms L Eq. 21
Ky Sin S sin 5

where Ky, is a atmospheric clearness coefficient and ranges between 0 and 1, and Ky, = 1
for clean air and Ky, <0.5 for turbid, dusty, or polluted air. P is the atmospheric pressure
at the station elevation [kPa], £ is the angle of the sun above the horizon [radians], and W
is the precipitable water in the atmosphere [mm]. A value of Ky = 1 was used in Eq. 21
for this study, which represents clean, low aerosol air and is generally appropriate for
Nevada due to the lack of consistent turbid conditions and significant development
causing haze. Precipitable water in the atmosphere, W, was estimated as:

W =0.14e,P + 2.1 Eq. 22

where e, is the actual vapor pressure of the air [kPa] and P is the atmospheric pressure at
the station elevation [kPa].

The diffuse radiation index needed for Eq. 20 was estimated following Allen (1996) and
ASCE-EWRI (2005) as:

K, =0.35-0.36K, for K, >0.15 Eqg. 23
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K, =0.18+0.82K, for K, <0.15.

For daily time steps the average value of the angle of the sun above the horizon, g was
weighted according to R, and was approximated by regression following Allen (1996) as:

sin g,, = sin{0.85+ O.3¢Sin[32?7;\] —1.39} — O.42(p2} Eq. 24

where f,4is the average gduring the daylight period, weighted according to R, [radians].

The Thornton-Running equation has been found to produce more accurate
estimates of Rs on a daily and monthly basis than the commonly used Hargreaves-Samani
equation (Hargreaves and Samani, 1982) when compared to measurements of Rs, where
the Hargreaves-Samani was found to consistently over estimate measured R by about 7%
(Allen and Robison, 2007). One other advantage of the Thornton-Running equation is
that it is self-limiting to the maximum value of Rs, being the clear sky solar radiation, Rs.
For more information on the computation of Ry, and its accuracy, see Allen (1996) and
ASCE-EWRI (2005).

Estimated vs. Measured Incoming Solar Radiation

To evaluate the accuracy of Rs estimates using the Thornton-Running equation, a
comparison was made between measured Rs at 14 weather stations and estimated R at
nearby NWS weather stations. Weather stations that measure Ry in Nevada are part of
several weather station networks including the US Bureau of Reclamation (USBR)
AGRIMET, joint agency Community Environmental Monitoring Program (CEMP),
Remote Automated Weather Stations (RAWS), and Desert Research Institute (DRI)
networks. All weather stations within these networks measure R, air temperature, RH,
wind speed and direction, and precipitation. Figure 7 illustrates the location of Rs
measurement stations and respective NWS stations used for the comparison of measured
and estimated R discussed below. While there are considerably more stations in Nevada
that measure Rs that are part of the CEMP, RAWS, and DRI networks, a QAQC
assessment of measured Rs from these stations following recommendations of Allen
(1996) and ASCE-EWRI (2005) revealed that the majority of stations were inadequate
for comparison to estimated Rs due to pyranometer malfunction or miscalibration.

Because Ry, is the theoretical limit of measured Rs, it can easily be used as a
check to ensure quality R; measurements. An example comparing Rs, to measured Rs is
illustrated in Figure 8 for the Baker Flat RAWS station where it is obvious that the
measured Rs exceeded the theoretical limit for the majority of the time series due to
pyranometer drift or miscalibration, but compared very well with the Rs, curve during
some years. Figures 9 illustrates the comparison of Ry, vs. measured R at the Fallon
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Figure 7. Location of weather stations used for comparing measured to estimated daily
solar radiation, Rs.
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Figure 8. Baker Flat RAWS measured R, and theoretical clear sky radiation, R,
showing miscalibration of the pyranometer during years 2000, 2001, 2002, 2003, 2004,
and 2007.

Figure 9. Fallon AGRIMET measured R, and theoretical clear sky radiation, R,
showing results from a well calibrated pyranometer, with the exception of 2005.
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AGRIMET station. AGRIMET sites generally collect high quality Rs data and employ
annual sensor calibration, which Figure 7 illustrates; however, it appears that the
pyranometer drifted out of calibration or contains a time stamp error in 2005, therefore Rs
measurements for 2005 were omitted from the larger comparison. Periods of record for
the comparison were determined from the length of quality of R; measurement and the
respective period of record of the NWS station data.

When comparing daily time series of measured vs. estimated Rs, using Fallon as
an example, it is evident that there are some discrepancies (Figure 10); however, this is
expected since the estimates of Rs are based on only daily Tmax and Tmin. On a mean
monthly basis, the estimated Rs compares well with the measured mean monthly Rs at
most sites. Figure 11 illustrates the mean monthly comparison between measured Rs and
estimated R; for the Fallon AGRIMET station. Table 1 lists the R; measurement stations
and respective NWS stations used for the comparison, as well as the HAs where the
stations are located, measurement station network, period of record used for the
comparison, ratio of estimated to measured Rs, and root mean squared error (RMSE) of
the daily estimated Rs, The RMSE is computed as

X —-X ¥
RMSE — \/z( est n meas) Eq. 25

where Xeg IS the estimated Ry and Xmeas 1S the measured Rs, and n is the number of
observations. The average ratio of estimated to measured R for all 14 stations was 1.02
with a standard deviation of 0.05, while the average RMSE for daily estimated Ry was
3.75 MJ/m?d. In general the Thornton-Running equation provides good estimates of Rs
over the ranges measured and during all months of the year. The Thornton-Running
equation was applied in similar applications for Idaho by Allen and Robison (2007).

Wind Speed

Wind speed (U) is not measured at NWS stations except at airport stations;
therefore, mean monthly wind speed (Appendix 4) was derived from available data from
NWS airport stations and weather stations operated by the Nevada Department of
Transportation (NDOT), AGRIMET, CEMP, RAWS, and DRI networks located on
valley floor areas with sufficient period of record, totaling 58 stations. These wind speed
means were used to assign the mean monthly wind speed at each NWS station as
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Figure 10. Fallon AGRIMET daily measured and estimated R.

Figure 11. Fallon AGRIMET mean monthly measured and estimated Rs.
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Table 1. Estimated solar radiation at NWS stations vs. measured solar radiation at weather stations nearby NWS stations.

Name of NWS ) ) Ratio of RMSE for
. ) NWS Basin of NWS Name of R, R ) Basin of Rg Type of Rg ) . .
NWS Station Station A A ) R, Station ) Period of Record Estimated R, Daily
3 Station Station Measurement Station i Station Measurement . )
for Rs Latitude ) . ) i Longitude ) ) for Comparison to Measured Estimated R,,
) . Longitude Location Station Latitude Location Station 2.1
Estimation R MJm™“d
Battle MTN Lower Reese X Lower Reese
40.62 -116.90 ) Beacon Light 40.56 -116.76 ] RAWS 1/98 -5/04 1.08 3.62
AP River Valley River Valley
Smoke Big Smoke Lower Bi Big Smoke
v 38.78 -117.17 '8 v '8 38.37 -117.47 '8 v DRI 12/03 -6/07 1.01 3.77
Valley Valley Smokey Valley Valley
Diamond Diamond Eureka Diamond
39.72 -116.05 39.69 -115.98 AGRIMET 8/01 - 6/06 1.09 3.51
Valley USDA Valley AGRIMET Valley
Fish Lake Dyer Wallace Fish Lake
Dyer 37.62 -118.02 37.61 -117.99 DRI 4/03 - 7/06 1.01 3.65
Valley Farms Valley
Fallon EXP Carson Fallon Carson
39.45 -118.78 39.46 -118.78 AGRIMET 3/01-12/04 1.01 3.00
STN Desert AGRIMET Desert
Steptoe Spruce Goshute
Lages 40.07 -114.62 ] 40.44 -114.81 RAWS 8/98 - 5/04 1.05 3.91
Valley Mountain Valley
. . Railroad
White River
Lund 38.87 -115.02 Vall Currant Creek 38.76 -115.41 Valley - RAWS 1/99 - 12/04 1.00 3.53
alle
v Northern Part
Middlegate - Cowkick Desatoya Smith Creek
39.30 -118.02 ) 39.30 -117.58 RAWS 1/99 - 5/05 1.09 3.77
Lowery Valley Mountain Valley
Lower Moapa Lower Moapa
Overton 36.55 -114.45 Overton 36.55 -114.45 CEMP 1/04 -5/07 1.03 3.21
Valley Valley
Truckee Reno Wolf Run Truckee
Reno INT AP 39.48 -119.77 39.42 -119.80 DRI 4/00 - 3/06 0.99 3.67
Meadows Golf Course Meadows
Railroad
Shoshone 5N 38.92 -114.40 Spring Valley Currant Creek 38.76 -115.41 Valley - RAWS 1/99 - 12/04 1.00 4.04
Northern Part
Smoke Creek Smoke Creek Smoke Creek
) 40.60 -119.75 Buffalo Creek 40.58 -119.79 RAWS 9/98 - 12/04 0.90 3.33
Espil Valley Valley
Lemmon Stead Golf Lemmon
Stead 39.62 -119.88 39.63 -119.89 DRI 7/01-9/04 0.99 5.55
Valley Course Valley
Twin Springs
Fallini 38.20 -116.18 Hot Creek Pancake 38.30 -116.19 Hot Creek RAWS 1/98 - 4/04 1.02 3.88
allini
Average of Ratios
and RMSE 1.02 3.75
Std. Dev. of
Ratios and RMSE 0.05 0.59
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u,=U Eq. 26

— ™ 2meanmonthly

where U, is the estimated daily 2 meter height wind speed for each NWS station, and
Uzmeanmonthiyi 1S the measured mean monthly 2 meter height equivalent wind speed or HA spatially
averaged 2 meter wind speed assigned from a measurement site. Adjustment to the measured
wind speed was required to estimate the wind speed at the standardized 2 meter height using a
typical logarithmic wind profile relationship

2-d
In
U Zom
, =
z, —d
In
Zom

where

Eq. 27

U, = wind speed at 2m above ground surface [m s™],

u, = measured wind speed at z,, m above ground surface [m s™],

z,y = height of measurement above ground surface [m],

d = zero plane displacement height for the weather site vegetation [m], and
Zom = aerodynamic roughness length for the weather site vegetation [m].

The wind speed measurement heights for weather stations used vary from 2-10 meters,
and have vegetation surface heights that range from bare ground to small brush found in
xerophyte communities. Given the range of vegetation height associated with wind speed
measurements it was assumed that the standardized zero plane displacement height of d=0.67m,
and standardized aerodynamic roughness length of z,,, = 0.123h, representing a tall grass of
0.12m be employed. Station locations and measured wind speed time series from all selected
stations were visually inspected during QAQC, in which many stations were rejected due to
excessive anemometer height, fetch obstructions by buildings and or trees as determined from
photos, or bad quality data due to anemometer calibration or lack of maintenance causing
systematic error. For example, Figure 12 illustrates a decreasing trend in measured wind speed
at the Caliente CEMP station. From observation of the Caliente station photo, the long-term
decrease is likely caused by a growing tree next to the station. Analyses of measured wind speed
time series generally reveal strong seasonal variations, with increased wind speeds in early
spring and summer and decreased wind speeds in early fall and winter. Figure 13 illustrates 2m
height equivalent mean monthly wind speed for selected stations located across the state. Of the
58 stations analyzed, the Lower Big Smokey Valley DRI station had the highest 2m equivalent
mean annual wind speed of 3.6 m/s.
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Figure 12. Daily measured wind speed at the Caliente CEMP weather station. The downward trend over
time illustrates that the anemometer is likely being influenced by a nearby growing tree and/or failing
bearing.

Figure 13. Mean monthly 2 meter height equivalent wind speed for selected stations across the state
illustrating seasonal trends and magnitudes of wind speed.
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Similar to the assigning of K, values to NWS stations with no measurements within a
HA, spatially interpolated mean monthly wind speed surfaces were generated using inverse
distance weighting and were spatially averaged to HAs, where NWS stations were assigned
respective spatially averaged mean monthly wind speed values for computation of ET,s. Figure
14 illustrates the weather stations used for spatially interpolating mean monthly wind speed as
well as the spatial distribution of mean annual wind speed spatially averaged to HAs. In general,
the spatial distribution of mean annual wind speed is spatially consistent with wind power maps
produced by the Nevada State Office of Energy (NSOE) and U.S. Department of Energy,
National Renewable Energy Laboratory (NREL) (data available at http://www.nrel.gov/).

Crop Evapotranspiration

Crop Coefficient Approach

The application of K. values to ET,s simulates cutting periods, initial and late crop stages
where the crop is not at full cover or peak height, roughness of the crop surface to account for
turbulent effects, and crop geometry. Simply put, the effects of weather variables are
incorporated into ET,s, whereas the effects that distinguish vegetated, bare, or open water surface
from the reference surface are integrated into the crop coefficient. As such, the K. is defined as
the ratio of ET, to the calculated ET,s, such that the crop evapotranspiration, ET,g, which
includes evaporation from the soil surface following wetting by precipitation or irrigation is
defined as

ET,, = K.ET,, Eq. 28
where

ETys = the standardized reference ET
K. = crop coefficient respective of the ETs.

Several crop ET studies conducted in Nevada have applied the ‘mean’ K. approach
(Rashedi, 1983; Guitjens and Goodrich, 1994; Pennington, 1980; Moreo et al., 2003; Welch et
al., 2007; Moreo and Justet, 2008), where all time-averaged effects of evaporation from the soil
surface from precipitation and irrigations are averaged into the K. value. The mean K, therefore
represents the average evaporation fluxes expected from the soil and plant surface under some
average wetting interval, either by precipitation or irrigation. A more detailed K. approach is the
‘dual” K; method, where the K. value is separated into a ‘basal’ crop coefficient, K, and a soil
evaporation coefficient, Ke. The basal crop coefficient is defined as the ratio of ETa t0 ETos
when the soil surface is dry and transpiration is solely derived from the root zone soil moisture
present to support the full potential transpiration. The soil evaporation component is calculated

27
SE ROA 54292

JA_18430



Figure 14. Spatially distributed mean monthly wind speed derived from multiple weather station
networks located on valley floor areas. For basins where wind speed measurements exist, basins were
assigned 2m height equivalent estimated wind speed, or the average 2m height equivalent estimated wind
speed where multiple measurements exist. Basins with no wind speed measurements were estimated using

inverse distance weighting.
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separately according to precipitation and simulated irrigation events and is then added to the K,
to produce the total K.. The equation for the potential ET, ETpq, in the dual K¢ approach is

ET, = (Kg + K, )ET,, Eqg. 29

where K¢, is the basal crop coefficient and K. is the soil water evaporation coefficient. K, and
Ke range from 0 to 1.4 when used with ET,s and are dimensionless. ET, may be less than the
ETpot When the soil water content is less than that needed to sustain full rates of transpiration. In
this situation the ET, is calculated by incorporating a stress coefficient

ET.. = (KK, +K,)ET, Eq. 30

where K is a dimensionless coefficient ranging from 0 to 1 for when there is stress caused by
low soil moisture not adequate to sustain full potential plant transpiration. Kgis equal to 1 when
there is no water stress, as is the case for irrigated crops during the irrigation season opposed to
rain fed crops or native vegetation.

A daily root zone water balance is required to calculate Ks, which incorporates the
available soil moisture for the simulated effective root zone. An additional soil water balance is
maintained for the estimation of K¢, and is limited to the upper 0.1m of the soil since this zone is
assumed to be the only layer that supplies water for direct evaporation from the soil surface.

The daily water balance procedures and the calculation of Ks and K, follow methods
established in FAO-56 (Allen et al., 1998) and further refined in Allen et al., (2005). Included as
an annex to this report (Annex 1) is the Allen et al., (2005) ASCE publication describing in detail
the dual crop coefficient approach and daily soil water balance procedures used in this study.
Departures from the FAO-56 and Allen et al., 2005) procedures implemented in this study are
not in the soil water balance, but in the K¢, curves, which are curvilinear, similar to those
published by Wright (1982), rather than the linear curves used in FAO-56 and Allen et al.,
(2005). This same modification was used by Allen and Robison (2007) for applications in Idaho
and provides more flexibility in representing the changes in K¢, over the course of the growing
season using a growing degree approach rather than using specified dates that define linear
segments of the K¢y, curves.

Soil Characteristics and Water Holding Properties

Infiltration characteristics and water holding properties needed for calculations of the soil
and root zone water balance were estimated using spatial soils information. Spatial soil
information was obtained from STATSGO (State Soil Geographic Database), a digital soils map
developed by the USDA Natural Resource Conservation Service (NRCS). The STATSGO
database depicts soil units at a regional scale (Figure 15) and contains attributes pertaining to the
physical character of soils such as the available water holding capacity (AWC), layer thickness,
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soil texture, and permeability for use with the USDA-NRCS curve number method for estimating
runoff. The primary variable used in the soil and root zone water balance is the AWC, which
affects the estimation of irrigation scheduling, evaporation losses from soil, and deep percolation
from root zones. Soil attributes of AWC and permeability for each polygon were depth weighted
according to the reported layer thickness. Hydrologic soil groupings for use in the curve number
method were assigned to soil polygons according to Allen and Robison (2007), where
permeability ranges of greater than 4, 1-4, and less than 1 inch per hour were assigned
hydrologic groupings of A, B, and C, respectively. Soil attributes were then assigned to weather
stations based on weather station location. Rather than taking a spatial average of soil attributes
associated with some boundary, such as a valley floor boundary, and assigning spatially
averaged soil attributes to respective weather stations that are located within the boundary, a
simple identity operation was performed. The identity operation simply assigns soil attributes to
weather stations that fall within respective soil polygons. As illustrated in Figure 16, most
irrigated areas are generally within contiguous soil units, making the assignment of soil attributes
to respective weather stations generally representative of irrigated areas.

The daily soil water balance model includes the simulation of evaporation from the upper
0.10m of the surface layer of the soil, and is parameterized by the readily evaporable water
(REW) and total evaporable water (TEW). The REW represents the cumulative depth of soil
evaporation during the period when evaporation is energy limited (known as stage 1), and TEW
is the maximum cumulative depth of soil evaporation that occurs from an initially wet soil at the
AWC (total evaporation during stage 1 and stage 2). For further details on REW and TEW, see
FAO-56 (Allen et al., 1996) or Annex 1. REW and TEW were estimated from regression
equations of Allen and Robison (2007) as

AWC

REW =0.8+54.4— Eqg. 31
1000

and

TEW =-3.7 +166ﬂc Eqg. 32
1000

where AWC is in mm/m, the independent variables REW and TEW are in mm, and the
dependent variable of depth weighted AWC was estimated from the STATSGO soils database.
These regression equations were developed based on values of REW and TEW vs. AWC
presented in Table 1 of Allen et al., (2005) shown in Annex 1, and have R? values of 0.88 and
0.85 respectively. The estimate for REW is limited to less than or equal to 0.8 TEW during the
growing season and 0.7 TEW during winter periods having low ET. The primary parameters
associated with the root zone soil water balance include the total available water in the root zone
(TAW) and the readily available water in the root zone (RAW).
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Figure 15. State Soil Geographic Database (STATSGO) used for estimating soil properties at
weather stations for soil water balance simulations.
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Figure 16. A close up view of the STATSGO soils database illustrating contiguous soil units
that surround irrigated areas, which commonly include weather stations.
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The TAW (mm) was estimated as
TAW = AWC*Z, Eqg. 33

where Z; is the root depth (m) and AWC is the available water holding capacity (mm/m), and
was estimated from the STATSGO soils database. The RAW (mm) represents the fraction of

TAW that a crop can extract from the root zone without suffering water stress, and was estimated
as

RAW =TAW » MAD Eq. 34
100

where MAD is the maximum allowable depletion of soil moisture for each crop (%) before stress
occurs (see Appendix 5 for crop dependent MAD values). A conceptual model of the root zone
soil water balance is shown in Figure 17. For more detailed information on the soil and root
zone water balance and calculation of K, and K coefficients, refer to FAO-56 (Allen et al.,
1996) and Annex 1.

Irrigation
Evapotranspiration | Rain

¢ v Runof;
saturation - .7 /
field capacity e A - -

=4
%/ RAW
threshold } | &
= TAW
v
wilting point

Capillary Deep
Rise Percolation

Figure 17. Conceptual model of the FAO-56 root zone water balance used in this study.
Capillary rise in this study was assumed to be negligible. Modified from Allen et al., 1998.
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Root Growth

Root depth is an important variable when considering the daily root zone soil water
balance, specifically the amount of soil water available to plants over time. Root growth was
estimated as a function of time between the initial rooting, assumed to occur at the time of
planting or greenup, until the time of maximum effective rooting depth. Both initial and
maximum effective root depths were specified for each crop (Appendix 5, crop parameter table).
Initial and maximum root depths were adopted from FAO-56 and Allen and Robison (2007).
The root depth between the initial and maximum root depth values were estimated using the
Borg and Grimes (1986) sigmoidal function as
z, =1, +[0.5+0.5sin(3.03F,

~1.47)]z Eq. 35

imeroot max — Zmin ]

where z; is the effective root depth at some time during the growing season, zmi, is the initial root
depth at planting or greenup, zZmax IS the maximum effective root depth, and Fiimeroot IS the fraction
of time from the start of root growth until the time of maximum root depth. The root depth
variables can have units of meters or feet. The Borg and Grimes root growth function is
illustrated in Figure 18.

Figure 18. Root growth function following Borg and Grimes (1986) used for simulating root
growth and plant available soil water in soil water balance calculations.
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Runoff from Precipitation

Runoff during precipitation events is strongly influenced by soil texture, soil structure,
sealing and crusting of the soil surface, slope, local land forming such as tillage and furrowing,
antecedent moisture, and precipitation intensity and duration. Because of the complexities of
estimating runoff, the simple, widely accepted USDA-NRCS curve number approach was
applied in this study. Required data are daily precipitation depth and computation of a daily soil
water balance to determine antecedent soil water conditions.

The curve number (CN) represents the relative imperviousness of a soil-vegetation
surface and ranges from 0 for an infinite pervious surface to 100 for a completely impervious
surface. Generally, the CN is selected from standard tables based on general crop and soil types
and is adjusted for the antecedent soil conditions prior to the precipitation event. The soil water
content prior to the rainfall event affects the CN value, as the soil infiltration rate is a function of
the soil water content. Therefore, the CN was adjusted according to the estimated soil water
content prior to the rainfall event. This soil water content is termed the antecedent soil condition
(ASC). Adjustment of the CN based on the ASC is defined by the USDA-SCS (1972) for dry
(ASC 1) and wet (ASC I1I) conditions. USDA-SCS defined the ASC I occurring when “soils are
dry enough for satisfactory plowing or cultivation to take place” and ASC Il as when the “soil is
practically saturated from antecedent rains.”(National Engineering Handbook, Section 4
Hydrology, 1972, p. 4.10). The ASC Il is defined as the average condition. CN values for the
ASC Il condition for various crop types and hydrologic groupings used in this study are listed in
Table 2, which were adopted from SCS (1972) and Allen (1988).

Hawkins, et al., (1985) expressed tabular relationships in SCS (1972) in the form of
equations relating CN values for ASC | and ASC Il1, to CN values for ASC 11 as:

CN, = CN,
=
2.281-0.01281CN,, Eqg. 36
and
CN
CNm = -
0.427 +0.00573CN,, Eq. 37

where CN; is the curve number associated with ASC | (dry), CN y, is the curve number associated
with ASC Il (average condition), and CN y; is the curve number associated with ASC I11 (wet).
The soil surface layer water balance associated with the dual K. procedure was used to
estimate the daily ASC condition. An approximation for the depletion of the soil surface layer at
ASC 111 (wet) is when De=0.5 REW, that is when the evaporation process is halfway through
stage 1 drying (Annex 1, Figure 2). This point will normally be when approximately 5 mm or
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less has evaporated from the top 150 mm of soil since the time it was last completely wetted.
Thus, the relationship for De-ASC Il is developed as

D, sy = 0.5REW Eq. 38

where De.ascii 1S the depletion of the evaporative layer at ASC IlIl. AWC | (dry) can be
estimated to occur when 10 to 20 mm of water have evaporated from the top 100 to 150 mm of
soil from the time it was last completely wetted. This is generally equivalent to when the
evaporation layer has dried to the point at which D, exceeds 30% of the total evaporable water in
the surface layer beyond REW. This depletion amount was expressed as

Table 2. Typical antecedent soil water conditions (AWC) 11 curve numbers (CN’s) for general
crops and hydrologic group classes. Hydrologic groups classes of A, B, and C, represent coarse,
medium, and fine textured soils, respectively. Table modified from from SCS (1972) and Allen
(1988).

Soil Texture - Hydrologic Grouping

Crop Coarse-A Medium-B Fine-C
Spring Wheat 63 75 85
Winter Wheat 65 75 85
Field Corn 67 75 85
Potatoes 70 76 88
Sugar Beets 67 74 86
Peas 63 70 82
Dry Edible Beans 67 75 85
Sorghum 67 73 82
Garden Vegetables 72 80 88
Fruit Trees-Bare 65 72 82
Fruit Trees-Grnd. 60 68 70
Onions/Garlic 72 80 88
Tomatoes 65 72 82
Alfalfa Hay 60 68 77
Pasture 40 70 82
Lentils, canola, safflower, sunflower 58 72 83
Bare Soil 77 86 92
Suggested defaults 65 72 82
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D, = REW +0.3(TEW — REW) Eq. 39

where TEW is the total evaporable water in the surface layer. Therefore

D =0.7REW +0.3TEW Eq. 40

e—-ASC|

where TEW is the cumulative evaporation from the surface soil layer at the end of stage 2

drying. When D, is in between these two extremes, that is when 0.5REW < De <
0.7REW+0.3TEW, then the ASC is near the ASC Il condition and the CN value is linearly
interpolated between CN | and CN IlI. In equation form, the CN for the intermediate ASC
condition becomes

cn=cn,, for De < 05REW Eq. 41
and

(D, —0.5REW )CN, +(0.7REW +0.3TEW — D, CN
0.2REW + 0.3TEW Eq. 43

CN =

for the condition where

0.5REW < D, < REW +0.3(TEW —REW) Eq. 44

Equation 43 produces CN;; when De is half way between the endpoints of CN; and CNy;; due to
the symmetry of CN; and CNyj, relative to CNy,.

Parameter S [mm] in the CN procedure is the maximum depth of water that can be
retained as infiltration and canopy interception during a single precipitation event, and is
calculated as

S= 250(@— j Eq. 45
CN

and surface runoff is then calculated from the standard curve number method for P > 0.2S as
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2
ro - (PPT-0.25) Eq. 46
PPT +0.8S

where RO is the depth of surface runoff during the precipitation event [mm], and PPT is the
depth of precipitation during the event [mm]. The 0.2S term represents the abstracted
precipitation that is intercepted by canopy and soil surface before any runoff occurs. Once the
surface runoff depth was estimated using the CN procedure, the depth of precipitation infiltrated
was calculated as

P, =PPT-RO Eq. 47

where Pjys is the depth of infiltrated precipitation [mm] and RO is the depth of surface runoff
[mm]. If Pis exceeds the depth of the soils AWC, the remainder is considered deep percolation.

Simulated Irrigations

The simulation of irrigations was accomplished using the daily root zone soil water
balance. Irrigations are simulated when the root zone dries to the maximum allowable depletion
threshold point where stress will begin to occur (point where RAW is exceeded). The simulated
irrigation amount is the difference between the cumulative depletion at or slightly beyond the
RAW (due to that day’s depletion), and the TAW (AWC*Z,). In other words, at the threshold
where stress is to occur, irrigations are scheduled to fill the root zone from the cumulative
depletion amount to the field capacity (see Figure 17). Irrigations are scheduled on the day that
the cumulative depletion first exceeds the RAW. The initiation of the irrigation season begins
when K¢, exceeds 0.22 during the initial K¢, curve development period to prevent a series of
frequent, light irrigations early in the season when the root zone is shallow. The irrigation
frequency and depth per irrigation represent surface and fixed grid types of sprinkler systems
such as wheel line and hand lines. The frequency would be greater for center pivot and solid set
types of sprinkler systems where smaller depths are applied.

Deep Percolation

Deep percolation is defined as the flux of water past the root zone. Deep percolation is
simulated when the soil water content is at the AWC and additional water is applied via
precipitation. Deep percolation is also simulated to occur during irrigation events where 10% of
the irrigation depth was assumed to contribute to deep percolation. This 10% of the irrigation
depth was included in the soil water balance computations to provide recharge to depths in the
soil profile within the maximum rooting depth but below the current rooting depth of the crop.
This was necessary to simulate buildup of soil water during irrigation events that is used later in
the season as roots deepen. This phenomenon is typical in practice. The deep percolation from
irrigation is summed separately from deep percolation from PPT in output data files.
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Crop Coefficient Curves

Vegetation phenology is impacted by seasonal changes in solar radiation, temperature,
precipitation, and agricultural practices.  The crop coefficient curve represents changes in
vegetation phenology of a particular crop or vegetation type. The shape of the crop coefficient
curve is dependent on the growing season and changes in vegetation cover and maturation.
During the beginning of the growing season, which is often shortly after planting of annuals or
the emergence of new leaves for perennials, the value of K, is small, typically ranging from 0.1
to 0.2. When soil evaporation of non-growing season accumulation of soil moisture is accounted
for by adding the K. coefficient to the K¢, coefficient, the total K. value typically ranges from
0.3 to 0.4 during the beginning of the growing season. As the vegetation develops over the
course of the growing season and leaf area increases, covering more of the soil surface, the K¢
curve increases until the vegetation reaches full cover. Depending on the vegetation or crop
type during the middle of the growing season the K¢, curve is generally constant, or is reduced
based on simulated cuttings and harvest. Later in the growing season the K, curve is reduced
due to aging and drying of the leaves (Figure 19).
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Figure 19. Schematic showing the typical shape of the FAO-56 K¢, curve with four different
crop stages dependent on development of vegetation. Modified from Allen et al., (1998).

As described above, K¢, curves represent changes in vegetation phenology, which can
vary from year to year depending on the start, duration, and termination of the growing season,
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all of which are dependent on air temperature conditions during spring, summer, and fall periods.
Three different methods were used to define the shape and duration of the K¢, curves to allow the
curves to be scaled differently each year according to weather conditions based on relative time
scales or thermal units. These methods are:

1) Normalized cumulative growing degree-days from planting to effective full cover,
with this ratio extended until termination,

2) Percent time from planting to effective full cover, with this ratio extended until
termination, and

3) Percent time from planting to effective full cover and then number of days after full
cover to termination.

Basal crop coefficient curves from Allen and Robison (2007) for 34 crop types were adopted for
this study and are listed in Table 3, along with the type of normalizing basis used for scaling the
curve and primary source of the curve. The K¢, curves listed in Table 3 were originally based on
percent time from planting or greenup until effective full cover and days after effective full cover
following procedures described by Wright (1981, 1982), and were later normalized to a
cumulative growing degree base by Wright (2001) and Allen and Robison (2007), and converted
for use with the ASCE standardized Penman-Monteith tall reference equation (ET) by Allen
and Wright (2006). In this study the more widely accepted ASCE standardized Penman-
Monteith short reference (ET,s) method was used, therefore the family of K, curves derived
from Wright (2001) and Allen and Robison (2007) for use with ET,s were converted to an ET s
basis for the Nevada applications by multiplying the K, curve values by 1.20, which is the
standardized ratio for alfalfa to grass reference for the standard climate condition proposed by
FAO (Allen et al., 1998), where mean wind speed at 2m is 2m/s and mean daily minimum
relative humidity is 45%. Departures from the standard climate condition were accounted for
during daily calculations by adjusting the daily K¢, value upward based on the estimated daily
RH, wind speed, and simulated crop height following procedures outlined in FAO-56 (Allen et
al., 1998). Tables of K¢, values and for each crop and land cover type simulated in this study are
listed in Appendix 6.

Application of cumulative growing degree-days (CGDD) has been widely used as a basis
for crop coefficient development representing crop phenology, allowing for the scaling of
lengths of development and growth periods and transferability among regions (Sammis et al.,
1985; Slack et al., 1996; Howell et al., 1997; Snyder et al., 1999; Wright, 2001; deTar, 2004;
Marek et al., 2006; Allen and Robison, 2007). Because air temperature regulates nearly all plant
functions, the phenology of vegetation is closely related to the amount of heat the crop and soil is
exposed to, as opposed to calendar dates. For this reason, the CGDD has gained wide spread use
and was adopted in this study. The equation for the general growing degree-day (GDD) method
following Mitchell (1997) and Wright (2001) is
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T T
GDD = max(@ —Thase ,Oj Eq. 48

where Tmax and T are the daily maximum and minimum air temperatures, respectively, and
Thase 1S the base temperature. If T, is far enough below T to cause the average daily
temperature to be below Tpae, then GDD is zero. This formulation is suggested by Wright
(2001) to be realistic for many crops in semi-arid climates, where cold nighttime temperatures
can limit growth. Values for Tpase for this study range from 0°C to 5°C depending on the crop
type and are listed in Appendix 5 (crop parameter table). For corn crops a variation of the GDD
equation is used that assumes no growth at air temperatures above 30°C and no negative
adjustment to the GDD value if the minimum temperature goes below 10°C, and is defined as

Table 3. Basal crop coefficient type, normalizing basis, and source.

Type of )
Crop Curve Name 1 Primary Source
Basis
Spring Grain (wheat,
pring ( 1 modified from Wright(1982)
barley)
Winter Grain (wheat,
( 1 modified from Wright(1982)
barley)
Peas, seed modified from Wright(1982)

Peas, fresh

modified from Peas, seed

Sugar Beets

modified from Wright(1982)

Potatoes (baking)

modified from Wright(1982)

Potatoes (processing)

modified from Potato, baking

Field Corn modified from Wright(1982)
Sileage Corn modified from Wright(1982)
Sweet Corn modified from Wright(1982)

Snap Beans (dry)

modified from Wright(1982)

Snap Beans (fresh)

modified from snap beans, dry

Alfalfa 1st cycle

modified from Wright(1982)

Alfalfa Intermediate cycles

modified from Wright(1982)

Alfalfa Last cycle

modified from Wright(1982)

Garden Vegetables

modified from Onion curve

Grass Hay modified from AGRIMET
Onions modified from AGRIMET
Winegrapes modified from AGRIMET
Melons modified from AGRIMET
Hops modified from AGRIMET
Orchards modified from AGRIMET
Canola modified from AGRIMET

Sunflower/Safflower

modified from Canola

Turf/Lawn

modified from AGRIMET

Pasture Highly Managed

modified from Allen and Robison (2007)

Pasture Low Managed

modified from Allen and Robison (2007)

Alfalfa Seed

WIWIW[N[N[N[N[N|N[NN R R R Rr[Rr|Rr[R|Rr[R|R[R|Rr[R| R~

modified from Allen and Brockway (1983)

! Curve Basis

1 = Normalized cumulative growing degree days (NCGDD)

2 = Percent of time from planting or greenup to effective full cover, applied all season

3 = Percent of time from planting or greenup to effective full cover, then days after effective full cover
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GDD,,,, =

corn

Eqg. 49

2

This formulation of the GDD equation is commonly referred to as the standard corn GDD
equation or heat unit equation.

In this study the starting date for accumulation of GDD was specified as January 1 for all
crops except for winter wheat, which was specified as October 1. The CGDD was normalized
following Wright (2001) by the quantity of CGDD required to advance the K¢, curve from
planting or greenup to effective full cover. The normalized CGDD, NCGDD, ranges from 0 to 1
for the period from planting or greenup until effective full cover, and typically ranges from 1 to 2
for the period of effective full cover to harvest or the killing frost. The NCGDD is defined as

CGDD,
CGDDeeeqrrenm

NCGDD =

Eq. 50

where CGDD; is the cumulative growing degree-day for the i day, and CGDDerr or TerMm iS the
cumulative growing degree-day from planting or greenup to effective full cover, or the
cumulative growing degree-day from planting or greenup to termination depending on the crop
type. Formulation of the x axis for percent time based K¢, curves is similar to equation 50, but
time based. The K¢, curves are advanced by interpolating between K¢, values according to the
NCGDD or percent of time. NCGDD or percent of time and their respective K¢, values are
listed in Appendix 6. Harvests or termination of crops were calculated by evaluating when the
CGDD value, percent of time since planting or greenup, or days after effective full cover, exceed
threshold values that are specified for each crop (Appendix 5), or a killing frost occurs.

Defining the length of the growing season, time to effective full cover, and harvest dates
are all important aspects of estimating the ET,; and NIWR. The greenup and time to effective
full cover of perennial vegetation during spring months is strongly impacted by short-term
weather conditions, primarily by air temperature, soil temperature, and water availability.
Likewise, planting dates for annual crops are affected by temperature conditions, in particular the
soil temperature at seed depth. Sakamoto and Gifford (1970) published spring and fall low
temperatures and growing season probabilities for 71 locations in Nevada by statistically
analyzing NWS weather station minimum air temperature data. The Nevada Irrigation Guide
(USDA-SCS, 1992) outlines earliest planting dates and termination dates based on daily
minimum air temperatures. The Bureau of Reclamation’s Lower Colorado River Accounting
System (LCRAS) ET, estimates are based on fixed dates defining the time limit and shape of K,
curves for different crops (Jensen, 1998). Estimating growing season length and crop phenology
from fixed minimum air temperatures and/or dates is useful for general applications, however an
approach that takes into account year to year variations of air temperature and provides the
ability to estimate year to year variations in time to greenup or planting, time to effective full
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cover, harvest, and termination, is desired for a more detailed analysis of the ET,and NIWR as
proposed in this study.

Two methods were used for estimating the greenup or planting dates for various crops in
this study, a 30-day moving average of mean daily air temperature, T3, and CGDD depending
on the crop type following Allen and Robison (2007). Values of T3, and CGDD used in this
study are listed for each crop or land cover type in Appendix 5. The T3 approach for defining
greenup and planting dates has been previously applied in Washington (James et. al., 1982) and
Idaho (Allen and Brockway, 1983; Allen and Robison, 2007), and the CGDD approach has been
recently applied in ldaho (Wright, 2001; Allen and Robison, 2007), Texas (Marek et al., 2006),
Oregon (Mitchell, 1997), and Nebraska (NHPCC, 2006). Both the T3, and CGDD approaches
provide the ability to account for annual variations in temperature and automate the selection of
the greenup or planting dates. While the T3 and CGDD approaches take into account
temperature variations, actual farm and field practices can significantly alter the greenup,
planting, time to effective full cover, harvest, and termination dates, therefore calculated dates
defining crop stages from this study should be considered general.

Values of T3y and CGDD that define greenup dates were initially adopted from Allen and
Robison (2007), which were originally developed from noted planting and greenup dates during
lysimeter studies in Kimberly, ID (Wright, 1982) and modified to reflect more recent
observations and current cultivars. After analyzing computed greenup and planting dates using
initial CGDD and T3y values from Allen and Robison (2007), CGDD and T3, values were
adjusted to reflect known greenup and planting dates for specific crops grown in Nevada.
Calibration of greenup and planting T3, and CGDD values was based on computing T3 and
CGDD using temperature data collected at NWS stations located in valleys where early spring
photos were available, documented greenup or planting dates were available from previous
studies, or verbal and written communication was obtained from phone interviews. If ‘typical’
greenup or planting information was obtained, the simulated mean annual greenup or planting
date was calibrated. Likewise if detailed yearly greenup or planting date information was
available, respective year-to-year calibration was performed.

Calibration of the CGDD for simulating harvests is similar to calibration of greenup and
planting dates. Calibration of CGDD and T3 for simulating greenup and planting dates is
simpler than calibration of CGDD for predicting harvest and termination dates due to the wide
variation in farming practices, impacting harvest. For example, some farming operations have
dozens of fields of alfalfa, in which they need to stagger cutting dates to have a continuous flow
of cut, dry, and bail cycles. Recognizing the reality of large variations in cutting, harvest, and
termination dates, both generalized and specific cutting and harvest dates that were assumed to
be ‘typical’ were used for calibrating CGDD, percent time since effective full cover to harvest,
and days after effective full cover to harvest values.

Calibration of CGDD, T3, percent time from effective full cover to harvest, and days
after effective full cover to harvest, for simulating greenup and harvest dates was ultimately
accomplished by minimizing the error in simulated vs. documented/typical greenup, planting,

43
SE ROA 54308

JA_ 18446



and harvest dates outlined in Table 4, which lists the results and specific information used in the
calibration. Figures 20 and 21 illustrate the calibration results for alfalfa where the best fit
CGDD value from January 1 until greenup for alfalfa was 300 °C-days, and the best fit CGDD
value for time from greenup until the first cutting for alfalfa was 880 °C-days, and 740 °C-days
for later cuttings. Calibrated CGDD values give promising results across the state considering
the extreme spatial variation of air temperature. General descriptions of greenup, planting, and
harvest information obtained from farmers and ranchers, including locations of observations and
dates, are summarized in Appendix 7.

Crop Specific K¢, Curves

As discussed earlier, three different methods were used, depending on crop type, to
define the time to effective full cover, and harvest and/or termination for the construction of K,
curves (see Appendix 5). The first method, the normalized cumulative growing degree-days
from planting to effective full cover, with this ratio extended until termination, is used for
advancing the K¢, curve for many primary crops grown in Nevada, including alfalfa. In the
following sections, each crop simulated will be discussed in terms of the K¢, curve used, source
of the K¢, curve, parameters used defining the shape of the K¢, curve, and some details about the
implementation. Crops chosen for simulation of ET,.: were primarily based from common
knowledge of occurrence and crops chosen in the Nevada Irrigation Guide (USDA-SCS, 1992).
Some crops were simulated that are not grown in Nevada to assess potential water use.

Normalized cumulative growing degree-days from planting to effective full cover, with this ratio
extended until termination:

Alfalfa

Alfalfa farming practices in Nevada can vary significantly depending on the climate,
water availability, and market prices. For example, in central western Nevada harvesting beef
hay typically results in three large cuttings, while harvesting dairy hay typically results in four
cuttings, often before any bloom occurs. However, some beef hay farmers get four cuttings
depending on climate, water availability, and length of growing season. Dairy hay is cut more
frequently to increase the protein content of the hay and to reduce steminess, and tends to be a
less dormant genotype with quicker re-growth, but with less longevity. For simplicity only one
type of alfalfa crop was simulated, which could be considered more representative of beef hay
than dairy hay; however, calibration of cutting dates used information from both beef and dairy
hay farmers. Calibration of CGDD values to predict known cutting cycles of both beef and dairy
hay farmers was accomplished by optimization of CGDD values to known cutting dates for both
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Table 4. Documented/typical greenup and harvest dates vs. simulated greenup and harvest dates.

Simulated
) Weather Documented/Typical Documented/Typical Simulated Mean
Hydrographic ) Mean Green . .
Crop Station Used Green Up or . Cutting and Harvest Cutting/Harvest Source Notes
Area . . Up or Planting
for Analysis Planting Dates Dates Dates
Dates
Simulated and Measured
6/12,7/22,9/1, . Greenup and Cutting Dates
Alfalfa Carson Desert | Fallon EXP 3/20 3/23 6/15,7/19, 9/1, 10/21 /12,7/22,9/ Rashedi (1983) P &
10/21 are an average from 1974,
75,77, 78, 81, 82, 83
. Simulated Greenup and
6/1-6/10, every 30-40 6/8, every 40 days Latin Farms (2008), .
Alfalfa Carson Desert Fallon EXP 3/20-4/1 3/21 Rk . o Cutting Dates are the
days after, 3-4 cuttings after, 3-4 cuttings Verbal Communication
1971-2005 average
Simulated Greenup and
6/19, 7/29, 9/10, ) P
. . Aldax (2008), Verbal Cutting Dates are average
Alfalfa Carson Valley Minden 3/20-4/5 4/2 6/15, 8/1,9/15 sometimes a 4th o .
. Communication annual estimates from
cutting at 10/29
1971-2006
Documented and
Simulated Cutting Dates
. are an average for the
Aldax (2006), Written .
) 6/8,7/28, 9/20, no 4th 6/15, 7/26, 9/4, no R 2003-2004 growing
Alfalfa Carson Valley Minden 3/20-4/5 3/27 . K Communication via
cutting 4th cutting USGS season. The reported last
cutting date average of
9/20 is abnormally late for
a 3rd cutting.
Godecke (2006), Documented and
i 6/8,7/21, 9/5, no 4th 6/14,7/24,9/3, no Written Simulated Cutting Dates
Alfalfa Carson Valley Minden 3/20-4/5 3/27 ) . L ) )
cutting 4th cutting Communication via are for the 2004 growing
USGS season
Simulated Greenup and
. . 6/2,7/12, 8/17 no 4th 6/5,7/13, 8/17, no Cutting Dates are from
Alfalfa Smith Valley Yerington NA 4/1 . i Rush (1976)
cutting 4th cutting 1973 to match study
period of Rush (1976)
6/3, every 39 days
5/25-6/5, every 35-45 after, 9 out of 10 Snyder Livestock Simulated Greenup and
Alfalfa Mason Valley Yerington 3/15-4/1 3/20 days after, mostly 4 years have 4 cuttings (2008), Verbal Cutting Dates are the
cuttings (6/3,7/12, 8/17, Communication 1971-2006 average
9/28)
45
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Table 4 cont. Documented/typical greenup and harvest dates vs. simulated greenup and harvest dates.

3 Simulated A X
. Weather Documented/Typical Documented/Typical Simulated Mean
Hydrographic ) Mean Green ) R
Crop Station Used Green Up or . Cutting and Harvest Cutting/Harvest Source Notes
Area . . Up or Planting
for Analysis Planting Dates Dates Dates
Dates
Alfalfa Simulated Greenup and
4/5-4/20, every 30 days 4/18, every 32 days Hardy (2008), Verbal .
Moapa Valley Overton 2/1-2/20 2/9 o Cutting Dates are a 1949-
after after Communication
2006, 15 year average
Simulated Greenup and
Antelope 6/15, 8/5, 10/15, no 4th 6/24, 8/3, 10/17, no Farr Farms (2008), . P
Alfalfa Antelope Valley 4/1-4/15 4/6 . . o Cutting Dates are a 1985-
Valley Farr cutting 4th cutting Verbal Communication
1997 average
Simulated Greenup and
6/15-6/30, every 35-45 7/3, every 48 days Atlanta Farms (2009), .
Alfalfa Lake Valley Gyser Ranch 4/10-4/20 4/20 ] i o Cutting Dates are a 1944-
days after, 3-4 cuttings after, 3-4 cuttings Verbal Communication
1987, 14 year average
Documented and
5/25-6/15, 7/21-8/4, TS Ranch (2008), )
6/19,7/27, 10/10, no . Simulated Greenup and
Alfalfa Boulder Flat Beowawe 4/1-4/15 4/9 9/29-10/13, no 4th . Written .
. 4th cutting o Cutting Dates are for the
cutting Communication )
2004 growing season
Snyder Livestock and Simulated Greenup and
Onions (fresh) Mason Valley Yerington 4/1-4/15 a4/7 8/20-9/20 9/7 Peri and Sons (2008), Harvest Dates are the
Verbal Communication 1970 -2007 average
Snyder Livestock and Simulated Greenup and
Garlic Mason Valley Yerington 4/1-4/15 a4/7 8/15-9/10 8/29 Peri and Sons (2008), Harvest Dates are the
Verbal Communication 1970 -2007 average
Black Rock Empire Farms and Simulated Greenup and
ack Roc
Garlic b R Gerlach 4/5-4/20 4/16 8/15-9/15 9/3 Orient Farms (2009), Harvest Dates are the
eser
Verbal Communication 1994-2003 average
Simulated Greenup and
Potatoes Atlanta Farms (2009),
Lake Valley Gyser Ranch 4/10-5/10 5/4 9/15-10/10 9/30 o Harvest Dates are the
(fresh) Verbal Communication
1972-1977 average
Potatoes Paradi Winnemucca Farms Simulated Greenup and
aradise
(processing- Paradise Valley Vall 4/1-5/15 4/5 9/1-10/15 9/1 (2008), Verbal Harvest Dates are the
alle
early) y Communication 1970-2007 average
. Winnemucca Farms Simulated Greenup and
Potatoes X Paradise
Paradise Valley 4/1-5/15 4/5 9/20-10/20 9/19 (2008), Verbal Harvest Dates are the
(fresh-late) Valley o
Communication 1970-2007 average
Simulated Greenup and
X Antelope Farr Farms (2008),
Spring Wheat | Antelope Valley 4/1-4/20 4/5 7/10-7/31 7/31 o Harvest Dates are the
Valley Farr Verbal Communication
1985-1997 average
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Table 4 cont. Documented/typical greenup and harvest dates vs. simulated greenup and harvest dates.
Simulated
. Weather Documented/Typical Documented/Typical Simulated Mean
Hydrographic . Mean Green ) .
Crop Station Used Green Up or . Cutting and Harvest Cutting/Harvest Source Notes
Area . . Up or Planting
for Analysis Planting Dates Dates Dates
Dates
Spring Wheat Paradi Winnemucca Farms Simulated Greenup and
aradise
Paradise Valley vall 3/20-4/20 4/10 7/15-9/15 8/5 (2008), Verbal Harvest Dates are the
alle
v Communication 1970 -2007 average
. Simulated Greenup and
. Latin Farms (2008),
Spring Wheat Carson Desert Fallon EXP 3/10-4/1 3/13 7/10-7/31 7/15 o Harvest Dates are the
Verbal Communication
1970 -2007 average
Paradi Winnemucca Farms Simulated Greenup and
aradise
Winter Wheat | Paradise Valley vall 9/15-10/30 10/15 7/15-8/15 7/29 (2008), Verbal Harvest Dates are the
alle
v Communication 1970 -2007 average
. Simulated Greenup and
. Latin Farms (2008),
Winter Wheat Carson Desert Fallon EXP 9/20-10/20 10/15 6/1-6/30 6/30 o Harvest Dates are the
Verbal Communication
1970 -2007 average
. Simulated Greenup and
Latin Farms (2008),
Melons Carson Desert Fallon EXP 5/1-5/15 5/9 8/10-8/20 8/19 o Harvest Dates are the
Verbal Communication
1970 -2007 average
. Simulated Greenup and
Latin Farms (2008),
Fresh Beans Carson Desert Fallon EXP 5/10-5/20 5/14 8/10-8/20 8/10 o Harvest Dates are the
Verbal Communication
1970 -2007 average
. Simulated Greenup and
Sweet Corn - Latin Farms (2008),
Carson Desert Fallon EXP 4/20-5/10 4/27 8/10-9/1 8/23 o Harvest Dates are the
Early Verbal Communication
1970 -2007 average
. Simulated Greenup and
. Latin Farms (2008),
Silage Corn Carson Desert Fallon EXP 4/20-5/10 4/27 9/20-10/10 9/29 Harvest Dates are the

Verbal Communication

1970 -2007 average
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Figure 20. Documented and typical greenup dates compared to simulated greenup dates for alfalfa for 9
locations using a CGDD value of 300 °C-days from January 1.

Figure 21. Documented and typical cutting dates compared to simulated cutting dates for alfalfa using a
CGDD value of 880 °C-days from greenup to the first cutting, and 740 °C-days for later cuttings.
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dairy and beef hay as discussed in the previous section. Results from initial simulations of ET
using separate dairy and beef hay parameterizations of CGDD revealed that the ET, for the two
different classes are nearly identical, due to the fact that while the dairy hay reaches a max K,
value faster than beef hay, dairy hay is cut more frequently, reducing the simulated ET, and
making ET,c of both classes nearly equal.

Three different alfalfa K¢, curves were used according to the cycle of growth, that being
an initial cycle, an intermediate or mid cycle, and a late cycle curve according to Wright (1981,
1982) and lysimeter records in Kimberly, ID (Figure 22). Implementation of three different K,
curves for alfalfa is consistent with the fact that the first cycle or cutting of alfalfa has the largest
yield and hence water consumption, with subsequent cuttings having less yield, and the final
cutting generally having the least amount of yield. The second and later cycles require more
CGDD since these cycles contain a period of no growth after cutting prior to launch of rapid
growth that is not present in the first growth cycle. The CGDD values for the first growth cycle
are accumulated beginning at greenup of the crop in spring, and from the time of cutting for all
subsequent growth cycles. The killing frost temperature of -7°C defines termination of the
growing season for alfalfa. This temperature was also used by Allen and Robison (2007) in
Idaho.

Figure 22. Alfalfa K, curve for the first, intermediate, and last growth cycles.
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The number of cuttings of alfalfa varies significantly from southern to northern Nevada
due to the large variation in growing season length, therefore an automated approach was applied
to determine when to shift to the late cycle K¢, curve. To accomplish this, the average number of
cuttings for the period of record for each weather station was recorded during an initial
simulation, and then specified in a subsequent simulation using the recorded average number of
cuttings. The average number of cuttings was rounded to the nearest whole number, and the late
cycle Ky, curve for each year was implemented by evaluating if the cutting count exceeded the
rounded average number of cuttings minus one.

Adjustments were made to the computed K¢, curves during fall periods following Allen
and Robison (2007) to account for effects of cold nighttime temperatures and occasional light but
non-killing frosts. The adjustments reduced the value for K, following the first occurrence of a
-3°C in the fall by 0.005 each day following the -3°C temperature. For example, this reduction
of 0.005/day would equate to a total reduction in K¢, of 0.10 by the 20" day following the first
occurrence of T, < -3°C. Justification for the reduction is based on field observation of stunted

and retarded growth, and verbal communication with farmers and ranchers in Nevada.

Grass Hay

The grass hay K¢, curve was constructed to follow the shape of the K¢, curve for the first
cycle of alfalfa, but with a peak K¢, of 1.14 rather than 1.2, and about a 25% longer CGDD
required until a single large cutting (1200 °C-days at a base of 0°C), usually occurring around
mid July in central and northern Nevada (Davidson et al., 1988). Following the single large
cutting (at NCGDD = 1.0), the K¢, was assumed to stay near 0.90 and then decline towards fall,
when subsequent grazing or smaller cuttings may occur (Figure 23). The curve was terminated
at the killing frost as listed in Appendix 5. The shape is similar to the AGRIMET grass hay
curve.

Winter and Spring Grain

Winter wheat and spring grain K¢, curves (Figures 24 and 25) were derived from Wright
(1982). The K¢, vs. NCGDD curve for winter wheat is begun on October 1 and run through the
winter. The planting date of October 1 was selected based on typical planting dates of winter
wheat for most areas of Nevada where winter wheat is grown. Adjustments to winter wheat
CGDD following Allen and Robison (2007) are implemented to account for extremely cold
weather retarding growth. Adjustments to winter wheat CGDD are made using the following
criteria. Whenever Tmin Was below —25°C and there is no documented snow cover present, 10%
of the canopy was assumed to be frost burnt, with the reduction in green material implemented
by reducing any CGDD accumulated since Oct. 1 by 10% on the day following the low
temperature. Also, whenever Tmin Was below -10°C, the GDD for the following day, if greater
than 0, was reduced by 5 GDD units to reflect retarded growth on the day after the cold freeze
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Figure 23. Grass hay K¢, curve which assumes one large cutting, and later smaller cuttings or grazing.

Figure 24. Winter wheat K, curve.
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Figure 25. Spring grain K, curve.

due to cold shock. Finally, if Tpin was below —4°C, then the GDD for that day was assumed to
be zero regardless of the Tmax Or Tmean tO reflect no growth during the day due to cold shock.
These adjustments are from Allen and Robison (2007) and were based on personal
communication between Wright and Allen (2002) and observations of winter behavior of winter
wheat in southern Idaho by Allen and Robison. No adjustments were made to spring grain.

Potatoes

Potato crops were separated into two classes, a) long season varieties representing baking
potatoes and varieties that are harvested in September and October, and b) short season varieties
representing processing potatoes that begin to be harvested as early as August. Planting and
development dates for both varieties are generally similar and therefore a single curve was used
for the period between planting and effective full cover. Separate curves were used from
effective full cover to harvest and both are based on a normalized cumulative growing degree-
day scale. The K¢, vs. NCGDD relationship for the long season class was developed from
Wright (1982). The K¢, vs. NCGDD relationship for the short season class was developed from
the long season variety and modified by shortening the relative time required for maturity and
reducing values of K, beginning at about 1.75 times NCGDD as shown in Figure 26. The
recommended CGDD at harvest for the long season variety is about 1800 GDD and the short
season variety is about 1600 GDD.
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Figure 26. Potato K, curves for two different classes representing baking (long season) and processing
(short season) potatoes.

Corn

Three different corn crops of field corn, sweet corn, and silage corn were simulated using
Ke vs. NCGDD curves from Wright (1982) for field corn and sweet corn (Figure 27). The
silage corn K¢, vs. NCGDD curve was derived from the field corn curve by reducing the field
corn K¢ beginning at NCGDD = 2.2 and terminating at 0.1 at NCGDD = 2.3. The silage K
curve ends sooner than field corn due to the abrupt end of the season when it is harvested. Sweet
corn also has a shorter life cycle than field corn, since it is harvested during the ‘milk’ stage of
the ear as opposed to silage corn that is harvested at a later stage.

Beans

The K¢, vs. NCGDD curve for snap beans (also known as dry, edible beans) was derived
from Kimberly, ID lysimeter data for a snap bean crop grown in 1973 (Figure 28). The fresh
snap beans K¢, vs. NCGDD curve was derived from the dry snap beans curve by terminating the
curve at NCGDD = 1.6, which represents harvest.

Sugar Beets

The K¢, vs. NCGDD curve for sugar beets from Wright (1982) was adopted for this study
and was derived from 1975 lysimeter data for a crop of sugar beets (Figure 29).
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Figure 27. Corn K, curves for three different classes representing field, sweet, and silage corn.

Figure 28. Bean K, curves representing dry and fresh snap beans, which are harvested earlier than dry
beans.
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Figure 29. Sugar beet K, curve.

Peas

Dry peas (for seed) and fresh peas were simulated using the K¢, vs. NCGDD curve for
dry peas from Wright (1982), derived from lysimeter data from a crop of dry peas in 1977. The
K Vs NCGDD curve for fresh peas was derived from the dry peas curve by terminating the
curve at NCGDD = 1.6, which represents harvest (Figure 30).

Kep_based on percent time from planting or greenup to effective full cover, with this ratio
extended until termination:

Onions and Garlic

The onion and garlic K¢, curve (Figure 31) was developed from the Kgmean curve of
AGRIMET by multiplying by 0.75 to adjust to a basal condition and adding values of 0.15
during the planting to emergence period, as AGRIMET K¢mean Curves characteristically begin
only at emergence. The 25% difference between the AGRIMET mean K. curve and the K¢,
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Figure 30. Pea K, curves for dry peas (for seed) and fresh peas, which are harvested earlier.

Figure 31. Onion and garlic K, curves modified from AGRIMET. Garlic was terminated earlier due to
earlier harvest.
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curve is to account for the evaporation component that is embedded in the AGRIMET mean K.
curve. Evaporation is considered separately in the dual crop coefficient approach employed in
this study. The full cover date was approximated by AGRIMET, when half of the onion stand
has about 12 leaves. For applications in this report, 80 days from planting to effective full cover
was assumed, with generally an early April planting and mid September harvest. The garlic Kg,
curve was created by shortening the onion curve by 20% to account for the cease in irrigation
that takes place to dry the garlic before harvest, which is about 3-4 weeks before onions, usually
in mid July to early August in central western Nevada.

Wine Grapes

The K¢, curve for wine grapes (Figure 32) is similar to the Kgmean Curve used by
AGRIMET and modified by Allen and Robison (2007), where the AGRIMET curve was
extended past 200% of time from greenup to effective full cover to 270% by the addition of K,
= 0.72. This extension is to allow the grape K¢, curve to extend until frost, which is when grape
leaves in Nevada typically brown.

Figure 32. Wine grape K¢, curve modified from AGRIMET.
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Melons

The melon K¢, curve (Figure 33) was derived from AGRIMET by shifting the curve in
time by the equivalent of 10 days to account for the period between planting and emergence, as
AGRIMET K mean curves characteristically begin only at emergence.

Figure 33. Melon K¢, curve modified from AGRIMET.

Hops

The K¢, curve for hops (Figure 34) was derived from a K¢mean Curve developed by Wright
(Pers. Comm., 2003) for use with AGRIMET. The K¢, curve was derived by subtracting 0.05
from the AGRIMET Kcmean Curve to convert to a basal curve.

Orchards

The K, curve for orchards (Figure 35) was developed for apple/cherry orchards having
ground cover of grass or other vegetation, and no ground cover, and based on FAO-56 K, data.
The general curve shape was made similar to the AGRIMET apple Kcmean curve by
approximating the effective full cover to occur approximately 55 days after bloom or greenup.
Both K, curves were progressed through percent of time from greenup to effective full cover
until the killing frost. K¢, was reduced after 175% of time from greenup to effective full cover to
account for leaf aging.
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Figure 34. Hops K, curve modified from AGRIMET.

Figure 35. Orchard K, curves modified from FAO-56 and AGRIMET.
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Canola and Sunflower/Safflower

The K¢, curve for canola (Figure 36) was patterned after the AGRIMET rapeseed curve,
but with 7 days added to the beginning of the curve to account for the planting to emergence
period and 0.03 subtracted during the midseason to convert the K¢mean AGRIMET curve to a K
curve. The sunflower/safflower curve was developed by Allen and Robison (2007) from the
canola K¢, curve by subtracting 0.10 during the peak period to account for less dense planting
and ground cover for sunflower and safflower as compared to canola and for the tendency of
these plants to exhibit some stomatal control under high vapor pressure deficit conditions
(Tardiew et al., 1996).

Turf Grass
The K¢, curve for lawn or turf grass (Figure 37) was developed from the AGRIMET turf Kgmean
curve by subtracting 0.10 during the peak period to convert the curve to a K¢, type curve. The

curve was progressed at a constant K¢, value until killing frost. The resultant K¢, values are
similar to FAO-56 turf grass K¢, values.

Figure 36. Canola and Sunflower/Safflower K, curves modified from AGRIMET.
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Figure 37. Turf grass K¢, curve modified from AGRIMET.

Kb vs. Percent Time from Planting or Greenup until Effective Full Cover and Days After
Effective Full Cover:

Pasture Grass

Pasture grass was simulated using two different K¢, curves (Figure 38). The first Ky, curve
represents a pasture having high management and rotated grazing, while the second K¢, curve
represents having relatively low management and with less vigorous growth and with sustained
lower grazing height. The two curves were developed by Allen and Robison (2007) from the
AGRIMET Kcmean curve for pasture by multiplying by 1.17 for the high management K¢, curve
so that the peak K¢, equals 0.96, and by multiplying by 0.88 for the low management K, curve
so that the peak K¢, equals 0.72 (these values are equivalent to 0.8 and 0.6 for an alfalfa
reference basis). In addition, the AGRIMET curve was converted to a percent time from
greenup to effective full cover and days after effective full cover so that the K¢, curves would
equal 0.48 and 0.36, for highly managed and low managed pasture grass, respectively, during the
fall until terminated by a killing frost.

Alfalfa Seed
The alfalfa seed K¢, curve (Figure 39) was adopted from Allen and Brockway (1983), but with

0.05 subtracted to convert to a K¢, curve.
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Figure 38. Pasture grass K, curves representing two classes of highly managed rotated grazing with
significant re-growth height, and low management pasture grass with sustained lower grazing height.

Figure 39. Alfalfa seed K, curve modified from Allen and Brockway (1983).
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Termination and Killing Frosts

Killing frosts can terminate growing seasons prematurely for crops that grow late into fall
or for crops that are sensitive to even light frosts. Temperatures for killing frosts were adopted
from Allen and Robison (2007), which were derived from literature and internet searches, and
personal field observations and notes from southern Idaho. Appendix 5 lists killing frost
temperatures as well as all crop parameters used in this study.

Aridity Rating

Most NWS weather stations in Nevada are not located in agricultural areas. Local aridity
of the area surrounding the weather station can elevate air temperature measurements above that
expected within an agricultural field. This elevation in temperature can cause the progression of
CGDD and NCGDD to over-accelerate. Therefore, to account for local aridity effects on CGDD
and T3p impacting the computation of the beginning and ending of the growing season, the
measured average daily temperature was reduced according to estimated station aridity. The
amount of maximum adjustment to the measured average daily temperature is listed in Table 5,
by month, where adjustments are in proportion to the % aridity. Aridity ratings for weather
stations were computed following procedures outlined by Allen and Brockway (1983), where the
station, local, and regional aridity is rated from 0-100 (O=irrigated and 100=completely arid), and
the cumulative aridity is computed as 0.4(station aridity)+0.5(area aridity)+0.1(regional aridity).
The qualitative analysis for assigning aridity ratings was based on NWS weather station photos
requested from various NWS Nevada field offices and high resolution imagery, where the station
location was analyzed in terms of the degree of aridity or lack of available moisture surrounding
the stations. The local station aridity was based on land use within the immediate area of the
station (~50m), area aridity of the station (~1500m), and regional aridity of the station (50km)
following Allen and Pruitt (1986). The adjustment to temperature was to subtract the adjustment
from both Tmax and Tmin.

Table 5. Aridity adjustments to the average temperature for stations having aridity ratings of 100%
following Allen and Brockway (1983). A linear adjustment was assumed for stations having less than
100% aridity.

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

Aridity Adjustment (°C)| 0 0 0 1 (15| 2 |35(|45] 3 0 0 0

Avridity ratings for all weather stations used in this study are reported in Appendix 8. The
aridity adjustment to the measured average daily temperature was applied before the calculation
of CGDD since the CGDD thresholds ‘expect’ to have input from weather stations having
relatively well-watered surroundings. Conversely, the aridity adjustment to the average daily
temperature was made after computation of ET,s because the air temperature and dewpoint
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temperature used to calculate ETs are already paired, based on K,, as described earlier, so that
the VPD in the ETy calculation is generally representative of a reference condition (Allen et al.,
1998; ASCE-EWRI 2005).

Non-growing Season Evapotranspiration

ET during the non-growing season varies widely depending on the availability of soil
moisture, freezing of soils, snow cover, condition and amount of dormant vegetation, and
availability of energy for ET. Estimation of non-growing season ET is important for maintaining
the soil and root zone water balance and estimating the amount of non-growing season
precipitation that accumulates during the non-growing season that is available during the start of
the subsequent growing season.

Few studies have been performed where ET has been measured from dormant
agricultural vegetation during the non-growing season. Wright (1991, 1993) conducted a series
of non-growing season measurements of ET using the dual precision weighing lysimeter systems
at Kimberly, ID, near Twin Falls, ID. The lysimeter surfaces included clipped fescue grass and
bare soil conditions of disked wheat stubble, disked alfalfa, disked soil, dormant alfalfa, and
winter wheat. Wright (1991, 1993) found that the K¢mean during the non-growing season rarely
exceeded 1.0, for an alfalfa reference basis, even during periods having a constant supply of soil
moisture from precipitation. Goodrich (1986) compiled water balance lysimeter measurements
of non-growing season alfalfa ET at the Nevada Agricultural Experiment Station’s Newlands
Research Center in Fallon. Goodrich found that the average annual non-growing season (mid
October — mid March) dormant alfalfa ET from 1974-1984 was 2.7 inches. Goodrich also
reported that bare soil evaporation for the non-growing season of 1985-1986 was 1.2 inches.
Unfortunately, no crop coefficients were developed in Goodrich’s study.

Non-growing season K, of 0.12 was assumed in this study for bare soil conditions,
surfaces covered with some amount of mulch, and for dormant turf. The K, represents
conditions when these surfaces have a dry soil surface but with sufficient moisture at depth to
supply some diffusive evaporation. The value was reduced during calculations if the soil
moisture becomes overly dry during extended period of no precipitation. The evaporation
component, Ke, is estimated separately in the daily soil water balance, where K. max during the
non-growing season was assumed to equal 1.1 for bare soil, 1.0 for mulched surfaces, and 0.96
for dormant grass cover. The lower value for grass is to account for insulation effects of the
grass and higher albedo. The surface of mulch was used to represent surfaces that are part way
between bare and grassed conditions. The assumed effective fraction of cover for estimation of
Ke (discussed in Annex 1) was 0.7 for dormant grass, 0.4 for mulch, and 0 for bare soil.

The effective rooting zone of 0.10m was assumed during the non-growing season for
mulch and dormant turf. A stress coefficient was applied during the non-growing season for all
dormant mulch and dormant turf so that when the depletion of soil water dropped below the
RAW for the upper 0.10m or effective root zone, the actual K. was reduced below the K,
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representing the condition when both the ground surface and subsurface soil was dry. The non-
growing season was defined as the period beginning at the end of a K¢, curve representing the
growing cycle for a specific crop or the occurrence of a killing frost, and ending at greenup or
planting of the same crop the following season. All crop types were assigned one of the three
non-growing season cover conditions of dormant grass, bare soil, or mulch for the estimation of
ET during the non-growing season (Appendix 5).

During the non-growing season when ET demands are low, the depth of effective drying
by evaporation decreases due to lower transport of heat into the soil profile and lower vapor
pressures in the soil. This phenomena was accounted for following recommendations similar to
those outlined in Allen et al., (2005) and Allen and Wright (2009), where if the 30 day average
ETos ending on the day in question was less than 4mm/day, then

ETOS 30

TEW =TEW 2 Eq. 51

applied

and the value for REW was limited to less than or equal to 0.7(TEWagpiied). UsSing ETos as a
surrogate for temperature and radiation conditions, this adjustment is recommended to account
for cool periods where less energy is available for evaporation and the total effective TEW
representing a drying event will typically be smaller than during a warm period.

Snow cover information from NWS stations was used to adjust the K, value to account
for higher albedo of snow and absorption of heat by melt. The following algorithms were applied
following Allen and Robison (2007) and Allen and Wright (2009) for the adjustment of K¢, as

(1-albedo,,,, )

radiation _term_ winter radiation _term _winter
(1 —albedo, .. )

K =1-K

Eq. 52

¢ _ multiplier

where the Kragiation term winter represents the weighting of, or contribution to, winter time ETos
estimates by the radiation term of the ASCE-PM equation, albedosow is the mean albedo of snow
cover, and albedosyrsce 1S the mean albedo of the bare surface. Albedo of snow was assumed to be
0.8 and the albedo of the surface was set t0 0.25. Kqagiation_term_winter IS €quivalent to

K A Eq. 53

raditation _term _ winter r
A+ }/(1+ S]
r

a

where A is the slope of the saturation vapor pressure-temperature curve, y is the psychrometric
constant, rs is the surface resistance to vapor flow, and r, is the aerodynamic resistance to heat
and vapor flow above the surface. The intent of Eq. 52 was to adjust the ET,s estimate, which is
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parameterized to estimate the potential ET for a vegetation surface, not a snow covered surface.
The primary adjustment is for albedo of the surface, which is higher for snow cover. For ease of
calculation, Kragiation_term winter IS Calculated as a function of day of year based on a relationship
derived using full years of Kimberly, ID, weather data and the ASCE-PM equation as

K vaiation_term_winter = (2.2E —08)J® —(2.42E —05)J% +0.006 J +0.011. Eq. 54

An additional reduction in evaporation of 30% was made to account for absorbed latent heat of
fusion of any melting snow prior to evaporation.

Some of the NWS stations report daily snowfall but do not report observed accumulated
snow depth. In these cases, estimated depth of snow on the ground was made by accumulating
snowfall and applying a simple melt rate function, following Allen and Robison (2007), as

Snow _ accumulation; = Snow _ accumulation; , + SnoTwﬁall — Melt; Eqg. 55
and
Melt =4T . Eq. 56

where Snow_accumulation is the snow depth accumulation in mm, Snowfall is the reported
snowfall depth for the day in mm, Melt is the melt rate in mm/day, and Tma is the daily
maximum air temperature in °C. The snowfall amount is reduced by half in Eg. 55 as an
approximation to settling of the snow. The snowmelt rate function was based on 50 years of
snow cover and temperature observations in Ashton, ID by Allen and Robison (2007). The
snow_accumulation parameter was calculated for all stations that reported snowfall.

Evaporation from Small Open Water Bodies

Small water bodies are common components to irrigation and municipal water supply
systems. Estimating evaporation from open water bodies is complex. Energy balance variables
that control the rate of evaporation include net radiation, heat storage, advection of heat into and
out of the water body, and the transfer of sensible heat between the water and air. In addition,
the aerodynamics of the water surface, turbidity of the water, and inflow and outflow rates
control the rate of transfer between energy balance variables. For example, evaporation from a
deep water body can be significantly lower than ET,s during the spring and summer due to the
storage of heat from penetrating solar radiation beneath the water surface. An example of the
effect of lake heat storage causing the lake evaporation to be lower than the ET,s in the summer
and then higher than ETy in the fall is shown for Walker Lake in Figure 40, where the Bowen
ratio energy balance monthly estimated lake evaporation (Allander et al., 2009) is compared to
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Figure 40. Walker Lake Bowen ratio energy balance estimated evaporation vs. calculated ET,s using
Bowen ratio weather data. The illustrated shift in estimated Bowen ratio evaporation is due to heat
storage in the summer months, and then the release of stored heat later in fall and winter.

the computed ET,s using weather variables measured at the Bowen ratio station. Later in the fall
stored energy can be partitioned into evaporation, heating of the air, emission of long wave
radiation, or advection of heat in the discharging water being released for irrigation. Because
evaporation is a surface process, solar radiation stored as heat in the spring and summer months
is not readily available for evaporation, rather heat storage is only available to the surface energy
balance when transferred there by conduction or convection. During the conduction or
convection of heat to the surface, air temperature is sometimes lower than the water temperature
causing a large portion of energy to be partitioned from stored heat into sensible heat or long
wave emission rather than evaporation, therefore reducing the total evaporation from the water
body. In the example of Walker Lake, it appears that the heat stored in the summer is largely
being partitioned into sensible heat in the fall when the water skin temperature is warmer than
the air temperature. The skin temperature at the Bowen ratio station for respective time periods
was estimated using MODIS (Moderate Resolution Imaging Spectrometer) satellite thermal
imagery.

A number of recent studies have been conducted estimating evaporation from large open
water bodies in Nevada and surrounding states (Allen and Tasumi, 2005; Allander et al., 2009;
Westenburg et al., 2006; Trask, 2007). Estimating evaporation from large water bodies without
significant amounts of field instrumentation is difficult due to the fact that each lake or reservoir
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has their own energy storage and energy exchange characteristics with the surrounding
environment, which is a function of the hydrologic and physical characteristics of the water
body, such as inflow and outflow volumes, water body depth and geometry, water turbidity, and
topography and climate of the surrounding environment. For simplicity, this report only focuses
on estimating open water evaporation from small, shallow (<5m) open water bodies, where
impacts of energy storage are smaller and energy exchange with the surrounding environment is
more similar to that of irrigated vegetation. Many studies have estimated evaporation from
small, shallow water bodies using combination equations (i.e., combination of mass transfer and
energy budget principles such as the Penman and Penman-Monteith equations). Such an
approach was used in this report, where the ASCE-PM method was used to calculate the ETs,
and the ET,s was multiplied by a coefficient of 1.05 following recommendations outlined in
FAO-56 (Allen et al., 1998). Evaporation estimates using the ET,s approach assume that no
freezing occurs. The evaporation rate for open water will tend toward zero during periods of ice
cover, therefore open water evaporation estimates in this study could be slightly inflated during
winter months because ice coverage was not considered. In addition, deep open water systems
could have significantly lower evaporation rates than those published in this report due to
reasons summarized above. Additional measurements of evaporation using eddy correlation
methods over a variety of open water surfaces are needed to characterize energy balance and
physical properties of open water bodies so that more accurate estimates of open water
evaporation using simplified methods can be developed and validated.

RESULTS

Reference ET, Actual Crop ET, and Net Irrigation Water Requirements

Reference evapotranspiration (ET,s), actual crop ET (ETac), and the net irrigation water
requirement (NIWR) were calculated for up to 34 different crop and land cover types at a daily
time step using 190 weather stations shown (Figure 1) and the ASCE-PM grass reference
equation and dual crop coefficient approach following methods outlined in FAO-56, Allen et al.,
(2005), and Allen and Robison (2007). Numerous ET and water balance related results for each
weather station are organized by time series of daily, monthly, annual, and statistics files, which
can be found on Nevada Division of Water Resources’ website, water.nv.gov/NVET, and are
also available by request. Details and definitions of variables included in daily, monthly, annual
time series and statistics files are described in Appendix 9. For the purpose of assessing the
amount of water available for water transfers from agriculture to some other use, the most useful
result of this report is the mean annual NIWR. The NIWR is defined as the ETa minus
precipitation residing in the root zone, and represents the amount of additional water that the
crop would evapotranspire beyond precipitation residing in the root zone. The NIWR is
synonymous with the terms net consumptive use and precipitation deficit. Precipitation residing
in the root zone, P_rz, is the amount of gross reported precipitation that infiltrates into the soil
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and that remains in the root zone for consumption by evaporation or transpiration. Although
P_rz includes precipitation that is later evaporated and not “consumed” by the crop, it is
important to note that because ET, includes evaporation of precipitation, ET, — P_rz represents
the net irrigation water requirement, and not ET, — P_rz that is effective toward transpiration
only (see Appendix 9 for further details). P_rz was computed as P — Runoff — DPerc, where P is

gross reported precipitation, Runoff is estimated surface runoff and DPerc, is deep percolation of

any precipitation below the maximum root zone for the crop or land-use condition. A list of the
crops for which ET,: and the NIWR were estimated at each weather station is presented in
Appendix 10. Crops grown in limited areas in the state, such as onions, were only simulated at
weather stations located near areas where they are known to be grown. Crops of alfalfa, pasture
grass, grass hay, turf grass, and small shallow open water bodies were simulated at every weather
station.

Examples of the daily estimated ETos, ETpas, and ET 4 at Fallon, Yerington, and Minden
for crops of alfalfa, onions, and pasture grass, respectively, are illustrated in Figures 41a-c. Also
included in these figures are the simulated K. and K¢ curves, simulated irrigations, and
measured precipitation to illustrate the affect of cuttings and wetting events on the K. curve
(Kep*Ks+Ke) and ET,;. The difference between the ET, and the basal ET (ETpas = ETos * Kep)
represents the contribution of bare soil evaporation from irrigation and precipitation events.
Using time series results for all stations and crops analyzed, the mean annual NIWR were
computed for the last 30 years of record available, with a minimum of 4 complete years. Figure
42 illustrates the large spatial variation of the NIWR of alfalfa, which can be attributed to the
spatial variability in ETos (Figure 43), growing season length, and precipitation amount. In
general, HAs located in southern parts of Nevada experience a NIWR that is larger than the
typical permitted irrigation water right of 5ft/yr (1,524mm/yr), and in central and northern areas
of Nevada the NIWR is less than the typical permitted irrigation water right of 4ft/yr
(1,219mml/yr). Weather station estimates of the mean annual ETo and ET,: are listed for
alfalfa, grass hay, pasture grass, turf grass, and open water for each station sorted by weather
station and HA name in Appendix 11a-b and the NIWR in Appendix 12a-b.

For purposes of estimating the mean annual NIWR per HA, weather stations located in
upland and mountain block areas were omitted, and mean annual NIWR estimates for weather
stations located on valley floor areas representative of potential agricultural areas were assigned
to respective HAs based on single weather station estimates, or period of record weighted
average estimates for HAs with multiple weather stations. For an example of the assignment,
weighting procedure, and weather stations used in assigning or averaging the ET.; and NIWR
for each HA, see Appendix 13. Several HAs include weather stations that are not located within
the HA, but are near the boundary or considered representative, and therefore were used in
assigning or computing the weighted average NIWR.

Of the 256 HAs in the state, 160 are absent of weather stations from which to estimate the
ETac and NIWR, therefore spatial interpolation of valley floor weather station estimates of ET
and NIWR was performed for alfalfa, grass hay, pasture grass, turf grass, and small shallow open
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water bodies using the inverse distance weighting squared technique. Other spatial interpolation
techniques that consider independent variables such as elevation were explored, however results
were highly variable and inconsistent. Therefore, a simple inverse distance weighting technique
was chosen where spatially interpolated surfaces of the ET, and NIWR for the major crops
previously discussed were averaged to each HA. Appendix 14 and 15 list the ET4 and NIWR
of alfalfa, grass hay, pasture grass, turf grass, and small shallow open water bodies for each HA,
and denotes the HAs for which the ET4; and NIWR were estimated using spatial interpolation.
Plate 1 illustrates the estimated NIWR of alfalfa for each HA. The assignment and spatial
interpolation of the NIWR for all HAs was limited to crops of alfalfa, grass hay, pasture grass,
turf grass, and small shallow open water bodies. For HAs where the NIWR of specific crops are
of interest, such as melons in Carson Desert, onions in Mason and Smith Valley, potatoes in
Paradise Valley, etc., see Appendix 16 for a limited summary. For additional HAs and crops of
interest, see electronic statistical summaries by station number. Descriptions of the statistical
summaries are given in Appendix 9.

An interesting but not surprising result worth noting are the trends in simulated growing
season lengths for alfalfa, as computed using a CGDD from Jan 1 of 300°C-day and killing frost
of -7°C. Results of simulated growing season lengths indicate generally increasing trends over
time due to increased average daily temperatures and minimum temperatures. Likewise
simulated annual ETpot (ETpot = ETos * Ko + Ke) has also increased due to increased
temperatures and growing season length. ETp, Was analyzed instead of ET, to avoid the effects
of any stress (K;) caused by limiting water conditions that may occur during the non-growing
season or early parts of the growing season. Examples of increases in simulated growing season
lengths and annual ET, over time for alfalfa are illustrated in Figure 44a-e for selected weather
stations in Nevada that have long periods of record. Several researchers have found similar
results of increasing growing season lengths due to earlier spring greenup (Manzel and Fabian,
1999; Walther et al., 2002; Parmesan and Yohe, 2003) and later occurring frosts (Cooter and
LeDuc, 1995; Easterling, 2002; Kunkel et al., 2004), resulting in increases in ET and
intensification of the global water cycle (Brutsaert and Parlange, 1998; Golubev et al., 2001,
Walter et al., 2004; Huntington, 2006). Although it is clear that the annual ET,q is increasing
through time for some stations, in this report the last 30 years of record was used to compute the
average NIWR for purposes of evaluating the amount of water available for water transfers when
converting existing irrigation water rights to some other use. Some of the observed trends in
growing season length and ETp, are caused by changes in relative dryness of the local or
regional environment due to irrigation development or land-use change, by station location or
relocation, or perhaps by change in overall climate. The last 30 years of usable record were
considered to be more representative of expected future conditions than prior periods. The full
records for each station are preserved in the daily, monthly, and annual time series files.
Therefore, statistics for the full periods of record can be computed as needed from these data
sets.
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Figure 41a. Simulated alfalfa ET.y (top graph) and K. (middle graph) using the NWS Fallon weather station. The simulated K, curve, irrigations,
and measured precipitation are shown to illustrate the response of the K. curve and ET, from cuttings and soil evaporation due to wetting events.
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Figure 41b. Simulated onion ET, (top graph) and K. (middle graph) using the NWS Yerington weather station. Simulated K, curve, irrigations,
and measured precipitation are shown to illustrate the response of the K. curve and ET,y from soil evaporation due to wetting events. More
frequent irrigations are simulated compared to alfalfa as a result of the smaller root depth of onions and hence small amounts of available soil

water.
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Figure 42. Spatially distributed mean annual alfalfa net irrigation water requirements (i.e. net
consumptive use) and NWS stations used for computations and spatial interpolation.
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Figure 43. Spatially distributed mean annual ET, using NWS stations used in estimating average
hydrographic area net irrigation water requirements.
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Comparison of Estimated ETs vs. Calculated ETos

Assessing the error in estimated ETos using estimates of Rs, Tgew, and U,, verses using
measured data is of significant interest because estimation of these variables provides the ability
to use NWS stations allowing for sufficient spatial coverage and statewide application. To
address the accuracy of estimating these secondary parameters, a comparison was made between
estimated ET,s at NWS stations and calculated ET,s at nearby stations located in irrigated areas
that measure the full suite of weather variables. Results of the comparison indicate that the ratios
of annual estimated ET,s to calculated ET,s range from 1.01 to 1.06, with an average of 1.03, and
an average RMSE for daily estimated ET,s of 0.036 in/d (0.91 mm/d) (Table 6). These results
are acceptable considering the overall uncertainty in the K. x ET,s estimation procedures. The
estimated ET,s was dependent on spatially interpolated K,, U,, and estimated R using Tmax and
Tmin. Unfortunately very few weather stations exist that measure R, RH, and U, and are located
in reference settings to compare estimated ET,s. As more weather stations become available that
are located in agricultural areas the uncertainty in estimated ET,s can be better quantified.

Table 6. ET, from NWS stations where solar radiation, wind speed and dewpoint were estimated vs.
ET,s at nearby irrigated area weather stations that measure the full suite of weather variables to calculate
the “full-suite” ETs.

Ratio of
. . Mean
Name of A Basin of A Estimated X
Basin of Name of Period of RMSE for Annual Estimated
NWS ET,s full- Type of ETos Annual ET, . |
) NWS ET,s full- ) ) Record Used Daily ET,s (in) Mean
Station for ) ) suite full-suite for NWS .
Station suite ) ) for X Estimated for full- Annual ET,
ETos ) . Station Station i stations to ) ) )
. Location Station ) Comparison . ET.s (in/d) suite (in)
Estimation Location Full-Suite )
station
Annual ET,
Diamond i i
Diamond Eureka Diamond
Valley AGRIMET 8/01 - 6/06 1.06 0.03 47.6 50.4
Valley AGRIMET Valley
USDA
Fallon EXP Carson Fallon Carson
AGRIMET 3/01-12/05 1.02 0.03 50.1 50.8
STN Desert AGRIMET Desert
X Colorado Mohave
Laughlin Mohave AZMET 1/03 - 5/07 1.01 0.06 76.3 77.1
Valley Valley, AZ
i Mason Mason USGS Bowen
Yerington B11 ) 3/05 - 3/07 1.04 0.03 47.1 48.9
Valley Valley Ratio
. Carson Carson USGS Bowen
Minden ET-2 X 4/03-11/04 1.05 0.03 50.2 52.4
Valley Valley Ratio
Average of
Ratios and 1.03 0.04
RMSE
Std. Dev. of
Ratios and 0.02 0.01
RMSE
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Figures 44a. Alfalfa simulated growing season lengths and ET, for Lahontan Dam and Fallon NWS weather stations.
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Figures 44b. Alfalfa simulated growing season lengths and ET for Yerington and Reno AP NWS weather stations.
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Figures 44c. Alfalfa simulated growing season lengths and ET,; for Golconda and Austin NWS weather stations.
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Figures 44d. Alfalfa simulated growing season lengths and ETp, for Minden and Carson City NWS weather stations.
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Figures 44e. Alfalfa simulated growing season lengths and ET,; for Pahranagat WR and Amargosa Farms NWS weather stations.
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Comparison of Estimated ET, vs. Previously Reported ET

Many studies have investigated the ET of alfalfa in Nevada using multiple techniques
such as water balance lysimeters, soil moisture depletion, and micrometeorological methods.
Most of the studies were conducted from the 1950’s through the 1980’s with more recent
applications of micrometeorological methods. Houston (1955) used two water balance tank
lysimeters to investigate ET of alfalfa from 1951 to 1953 in the Truckee Meadows, at the
University of Nevada Valley Road Farm. Houston’s lysimeter experiments for 1951, 1952, and
1953 suggested that the estimated ET for alfalfa during the growing season was 42.7, 37.5 and
50 inches, with an oven dry weight yield of 2.5, 4.0, and 4.9 tons per acre, respectively.

Tovey (1963) investigated ET and crop yield of alfalfa in the Truckee Meadows, at the
University of Nevada Main Station Farm during the 1959-1961 growing seasons, where he
installed 63 water balance tank lysimeters and varied soil texture, lysimeter static water levels,
and irrigation treatment (irrigated/non-irrigated). The ET, of alfalfa was estimated by recording
and adding the measured surface water irrigation volume applied to lysimeters, volume of water
that maintained the static water level in the lysimeters, and volume of precipitation. Tovey
(1963) reported an average seasonal ET, of alfalfa to equal 42, 38, 40, and 31 inches, grown
with lysimeter static water levels of 2, 4, 8 feet, and no static water level, respectively, where the
growing season reported was from mid May to mid October. Yields associated with these ET
estimates were 7.4, 7.1, 7.2, and 6.4 tons per acre, respectively, however it is unclear if these
estimates represent the field weight or dry weight.

Many studies have been conducted evaluating lysimeter measurements of ET and crop
yields of alfalfa in Fallon at the Nevada Agricultural Experiment Station’s Newlands Research
Center (Greil, 1974; Neyshabouri, 1976; Tuteur, 1976; Wilcox, 1978; Staubitz, 1978; Guitjens,
1982; Rashedi, 1983; Goodrich, 1986; Guitjens and Goodrich, 1994). These study objectives
ranged from evaluating winter water use by seedling alfalfa, ET under conditions of a shallow
water table and controlled irrigation, ET for maximum crop yields, crop yields from controlled
irrigation, dormant season ET, development of alfalfa yield equations, and estimation of crop
coefficients using different reference ET equations. Given that the ET rate will vary depending
on the study design, goals and objectives, an average growing season ET rate is difficult to
estimate from these studies. However, given that the crop yield of alfalfa is a function of the ET
rate, a reported crop yield can be chosen to provide a fair evaluation of the respective ET rate.
According to the USDA National Agriculture Statistics Service, the average yield for alfalfa hay
for Churchill County, NV from 1969-2005 was 4.4 tons per acre, and the statewide average was
4 tons per acre from 1969-2005. The USDA National Agriculture Statistics Service crop yield
estimates for Nevada are derived from mail and phone surveys in which approximately 85% of
growers and farmers participated (USDA/Don Breazeale, 2006, verbal communication).
Measurements of alfalfa yield from lysimeter studies conducted in Fallon (Greil, 1974;
Neyshabouri, 1976; Tuteur, 1976; Wilcox, 1978; Staubitz, 1978; Rashedi, 1983; Goodrich, 1986)
are reported to range from 5.0 to 10.5 tons per acre, with all of the years of measurement
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reporting substantially greater alfalfa yields than the USDA National Agriculture Statistics
Service 1969-2005 average estimate for Churchill County, NV. Lysimeter studies conducted in
Fallon reported alfalfa yield at the field weight, which is assumed to be at 12% moisture content
(Tuteur, 1976). Possible reasons for the discrepancy between reported lysimeter yields and
USDA reported statewide yields are 1) likely due to scaling the lysimeter yields from the small
area of the lysimeter to 1 acre, 2) lysimeter studies were conducted under excellent agronomic
practices and pristine crop conditions, and 3) no dry matter loss occurred, where dry matter loss
can be a significant factor in reported low yields (Guitjens, 2006, verbal communication). For the
purposes of comparison, 12 lysimeter measurements of ET during the growing season (average
of mid March to mid October), summarized by Rashedi (1983, Table 11), were compiled and
averaged to produce an average growing season ET of 43 inches and average yield of 9.3 tons
per acre from 1974-1982.

Mahannah (1979) summarized multiple multiyear alfalfa ET studies that have been
conducted in Carson Valley as part of a written report for U.S. District Court case United States
vs. Alpine Land and Reservoir Company. Annual ET estimates for alfalfa and pasture grass were
derived using class A evaporation pans, application of various empirical equations (i.e. Blaney
Criddle, radiation method, Penman, etc.), and soil moisture depletion techniques (Guitjens and
Mahannah, 1977). Findings of the multiyear study (1971-1975) estimated a mean annual ET rate
of 43, 44, and 42 inches, using the class A pan, various empirical methods, and soil moisture
depletion methods, respectively, and recommended that 44 inches be representative of annual
alfalfa and pasture grass ET in Carson Valley. Mahannah (1979) also estimated the NIWR, or
the annual ET, minus the effective precipitation, using an ET estimation type approach and
valley wide depletion approach. Mahannah (1979) assumed that 54% of the long term
precipitation of 9.4 inches was effective, making the NIWR equal to 39 inches. Mahannah’s
valley wide depletion estimate was 28 inches, however this estimate was qualified as likely being
low respective to what the potential consumptive use could be due to water supply and priority
issues.

Kimbell et al., (1990) performed a multiyear experiment of alfalfa ET,. near Wadsworth,
located in the Tracy Segment HA. Like Guitjens’ and Mahannah’s studies in the Carson Valley,
soil moisture depletion methods were used to estimate the annual ET, and associated crop for
various water application rates. Findings from the study estimated that the annual alfalfa ET; of
45 inches produced maximum yields of 7.5 tons/acre.

The US Geological Survey has conducted numerous ET studies to estimate the ETgc from
agricultural areas. Maurer et al., (2005) deployed several micrometeorological stations in Carson
Valley from 2003-2004 to quantify ET, from various alfalfa and pasture grass fields. Results
from the study suggest that the annual ET, for flood irrigated alfalfa may range from 36 — 37
inches, and annual ET for flood irrigated pasture grass may range from 34 — 52 inches. As part
of a water resource study of the Walker River basin, Allander et al., (2009) deployed several
micrometeorological stations, two of which were located in alfalfa fields in Mason Valley and
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operated from 2005-2007. Results from Allander’s study suggest that the ET,: from the
monitored alfalfa may range from 40 - 49 inches.

Table 7 summarizes the comparison of previous estimates of alfalfa and pasture ET, and
ETac: Simulated in this study. Comparisons were made at NWS weather stations near study areas
for respective time periods. The average ratio of simulated ET, to the average of previously
published ET,: is 1.04, and standard deviation of the ratios is 0.12. Results generally agree
however there are significant differences in some instances. For example, Carson Valley alfalfa
annual ET, of 36 — 37 inches, estimated by Maurer et al., (2005), does not compare well with
the simulated alfalfa ET. of 47 inches. There could be several reasons for this discrepancy.
Given that pasture ET, from the same study was estimated at 52 inches, the most likely reason
for the discrepancy is that the 2 alfalfa fields monitored were water limited and not under optimal
agronomic management. It is important to note that simulated ET, in this study represents the
ET that would occur under near-pristine crop conditions and not limited by water supply. In
practice, this condition is difficult to achieve unless the water supply is not limited, and excellent
irrigation system designs and agronomic management strategies are practiced.

Uncertainties of the accuracy of reported ET estimates exist and are not quantifiable in
most cases. The accuracy of water balance lysimeters is limited to the accuracy of measuring
individual water budget components, of which the most uncertain are soil moisture
measurements used to calculate the change in soil moisture storage over time and how
representative the lysimeter vegetation and immediate environment are to the surrounding field
condition. Allen et al., (1991) described a range of management problems with lysimeters that
impact the ET measurement, including bloom or clothesline effects that can cause substantial
overstatement of ET. Likewise, the soil moisture depletion technique is limited by the accuracy
of the soil moisture measurement and estimation of deep percolation past the root zone.
Application of the Bowen ratio energy balance technique calculates ET as a residual of the
radiation energy balance, transferring all the uncertainty and bias from net radiation and soil heat
flux measurements into the estimate of ET. If all energy balance variables are measured,
uncertainty in the ET estimate using the eddy correlation technique, where the ET calculated
from vapor flux measurements, can be compared to the ET calculated as a residual of the energy
balance. The uncertainty in ET estimates from micrometeorological sites used for comparisons
made in this study is assumed to be accurate to within about 12 percent (Allander et al., 2009;
Maurer et al., 2006). The most accurate and least uncertain measurement of ET is obtained using
well-managed precision weighing lysimeter techniques, however no precision weighing
lysimeter measurements exist in Nevada.
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Table 7. Previously reported alfalfa and pasture ET, based from measurement techniques vs. estimated alfalfa and pasture ET, made in this
study. Comparisons are made for respective time periods and hydrographic areas.

Ratio of
Average ET.: From | Estimated to Weather
Period . Yield Ranges of Reported of act Station Used Notes on ET. Estimated in This
Reference Location Method Crop ) This Study Average of .
of Study (tons/acre) ET.c (in) Reported . for Study Used for Comparisons
. (in) Reported .
ET.« (in) Comparison
ET.ct
1951- Truckee Water Balance 37.5-50 (Growing Average simulated growing season
Houst 1955 Alfalf 25-49 43.4 44 1.01 R AP
ouston ( ) 1953 Meadows Lysimeters afta Season) €no ET, from 1951-1953
1959- Truckee Water Balance 31-42 (Growing Average simulated growing season
T 1963 Alfalf 6.4-7.4 37.9 46.3 1.22 R AP
ovey ( ) 1961 Meadows Lysimeters aa Season) ene ETact from 1959-1961
Mahannah 1971- Carson Soil Moisture . Average simulated annual ET,¢
(1979) 1975 Valley Depletion Alfalfa NA 42.2 (Annual) 42.2 42.8 1.01 Minden from 1971-1975
. 1974- Carson Water Balance 36.8-55.1 Average simulated growing season
Rashedi (1983 Alfalf 8.1-10.5 42.7 40.5 0.95 Fallon EXP
ashedi ( ) 1982 Desert Lysimeters alta (Growing Season) aflon ET. from 1974-1982
Average simulated non-growing
season ET,of 1.6 and 3.5 inches
from 1974-1986, which represent
Goodrich (1990) | 1974 Carson Water Balance |0\ NA 1.2-3.6 (Non- 26 25 0.96 Fallon EXP simulated ET, during simulated
1986 Desert Lysimeters Growing Season) . .
non-growing dates, and simulated
ETact during Goodrich's non-
growing season dates, respectively
Kimbell et al., 1984- Tracy Soil Moisture Wadsworth Average simulated annual ET,
(1990) 1986 Segment Depletion Alfalfa 75 44.5 (Annual) 44.5 458 1.03 4N from 1984-1986
Maurer et al., 2003- Carson Bowen Ratio & . Average simulated annual ET,e
Alfalf NA 36.4 -37.1 (Al | 36.8 46.9 1.28 Mind
(2005) 2004 Valley Eddy Correlation alta (Annual) inden from water year 2004
Average simulated annual ET, of
Maurer et al., 2003- Carson Bowen Ratio & . low and highly managed pasture
P N .6-52.2 | 41. 41.7 1.01 M .
(2005) 2004 Valley Eddy Correlation asture A 33.6-52.2 (Annual) 3 0 inden grass of 37.4 and 46.1 inches from
water year 2004, respectively
Allender et al., 2005- Mason . . Average simulated annual ET,
(2009) 2007 Valley Bowen Ratio Alfalfa NA 40.1 - 48.8 (Annual) 44.5 41.2 0.93 Yerington from 2005-2007
Average of Ratios 1.04
Std. Dev. Of Ratios 0.12
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SUMMARY and CONCLUSIONS

Accurate estimates of evapotranspiration (ET) are becoming more important as
increasing demands are placed on finite water supplies in Nevada and across the western U.S.
Local, state, and federal water resource agencies require accurate crop ET (ETa:) and net
irrigation water requirement (NIWR) estimates for evaluating irrigation development, transfers
of irrigation water for municipal use, and litigation of water right applications and protests. The
ETac is equal to the reference ET multiplied by crop specific crop coefficients. In this study, the
NIWR is equal to the annual ET,: minus precipitation that resides in the root zone that is
available for evaporation or transpiration (i.e. ETa — (PPT — runoff — deep percolation of
precipitation)). The major objective of this study was to update estimates of ET,.; and NIWR for
Nevada. The methods for estimating the reference ET followed the new ASCE-EWRI
Standardized Penman-Monteith approach, while the ET,; and NIWR was estimated using a dual
crop coefficient and daily soil water balance. The dual crop coefficient and daily soil water
balance approach allows for the consideration of evaporation from surface wetting by irrigation
and precipitation in the computation of the crop coefficient value, which provides a more refined
estimate of the ET. and NIWR than previous studies. Estimates of the ET, and NIWR for
major crops grown in Nevada were made for daily, monthly, and annual time steps at 190
locations using National Weather Service weather stations located throughout the state for
available periods of record. Evaporation from small shallow open water bodies was also
estimated at all weather stations evaluated.

The ASCE standardized Penman-Monteith reference ET equation is a nationally
standardized method (ASCE-EWRI 2005), is well regarded, and serves as a reproducible index
approximating the climatic demand for water vapor. Reference ET is the ET rate from an
extensive surface of reference vegetation having a standardized uniform height, is actively
growing, completely shading the ground, has a dry but healthy and dense leaf surface, and is not
short of water. The ASCE Penman-Monteith (ASCE-PM) equation was recently standardized by
ASCE-EWRI (2005) for application to a tall full cover alfalfa crop and to a clipped grass
reference. Because the grass reference is being widely applied by Arizona and California State
agencies for computing ET,: (i.e. AZMET and CIMIS), as well as the U.S. Bureau of
Reclamation for their Lower Colorado River Accounting System (LCRAS) model, the State of
Nevada has adopted the daily time step grass reference evapotranspiration equation as the basis
for computing the ET, and NIWR in this study. Daily calculation time steps allow for the
calculation and refined accounting of evaporation from wet soil surfaces following precipitation
or irrigation events. ETg for monthly, growing season, and annual periods were summed from
the daily calculation results.

Because only maximum and minimum air temperature are observed at National Weather
Service cooperative stations, solar radiation, humidity, and wind speed variables required in the
ASCE-PM equation were estimated using methods similar to recommendations in ASCE-EWRI
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(2005). Estimates of solar radiation were based on an empirical relationship of differences
between daily maximum and minimum air temperature and solar radiation, where maximum air
temperatures generally decrease during cloud cover, and the minimum temperature is increased
due to increased downward emission of long wave radiation by clouds at night. Estimates of
daily dewpoint temperature representative of agricultural areas were based on measured mean
monthly differences between the daily minimum air temperature and the dewpoint temperature,
otherwise known as the dewpoint depression, which was calculated at 17 weather stations
located in agricultural areas in Nevada and neighboring states. Similarly, estimates of wind
speed were based on measured mean monthly wind speed from 58 weather stations located in
valley floor areas representative of where agriculture potentially occurs.

Greenup and planting dates and growing season lengths for most crops were determined
year by year according to cumulative growing degree days following January 1, or according to
mean air temperature over 30-day periods prior to the start date. Growing seasons were
terminated by predicted maturation of the crop or by a killing frost. Basal crop coefficient
curves (Kg,) used to scale the reference ET and to calculate the ET,.: were expressed on relative
time scales or relative thermal unit scales to allow K¢, curves to be scaled differently each year,
according to weather conditions. Three different methods were used to express the base K,
curves depending on the crop: 1) percent time from planting or greenup to harvest; 2) percent
time from planting to effective full cover, with this ratio extended until termination; and 3)
percent time from planting to effective full cover and then days after full cover. Basal crop
coefficient curves were developed and organized for 34 crop and land cover types.

A modified FAO-56 dual crop coefficient method for estimating evaporation from bare
soil was utilized, where a daily soil water balance was computed from the top 10 cm of soil to
account for the reduction of evaporation as the soil surface dries. Irrigations were simulated to
account for evaporation from wet soil surfaces. Scheduling of irrigations were made using a root
zone water balance, where the root zone was estimated from a simple root growth model limited
to specified maximum root depths, and the irrigation event was specified when the depletion of
soil water exceeds the maximum allowable depletion level before plant stress occurred.
Simulated irrigations are typically like those practiced with ‘low frequency’ surface irrigation
such as hand line or wheel line sprinkler systems. Available water holding capacity and texture
properties of soils for each station needed for parameterizing the soil and root zone water balance
model were estimated from the USDA national STATSGO soils database using GIS. Runoff
from precipitation was estimated using the USDA NRCS Curve Number method, where
antecedent moisture was computed from the daily surface soil water balance. The curve number
was estimated from soil texture based on the STATSGO soils GIS information at each station.
Snow cover information was used to modify wintertime estimates of evaporation caused by high
albedo of snow and energy required for heat of fusion and was also used during adjustment of
cumulative growing degree days for winter wheat during winter.

Results of daily, monthly, and annual time series of the ET. and NIWR were compiled
into output files for each station, in addition to files containing tables of statistics describing the
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ET.: and NIWR over the latest 30 years, or period of record available. These tables include
means, standard deviations and 20 and 80% exceedence values that describe the expected
variation within populations of the ET,; and NIWR. Statistics were computed for time period
lengths of 3, 7, 15, and 30 days within each month. These period lengths were selected to
encapsulate expected lengths of irrigation intervals or drying periods that are of interest in
irrigation system design and operation. The statistics were computed over the most recent 30
years for stations having extensive periods of record rather than the entire period of record due to
the fact that the periods of record vary widely from station to station and trends in air
temperature and growing season length were evident. Some of these trends are caused by
changes in relative dryness of the local or regional environment due to irrigation development or
land-use change, by station location or relocation, or perhaps by change in overall climate. The
last 30 years of usable record were considered to be more representative of expected future
conditions than prior periods. The full records for each station were preserved in the daily,
monthly, and annual time series files. Therefore, statistics for the full periods of record can be
computed as needed from these data sets.

Assessment of error in estimated ASCE-PM reference ET using estimates of solar
radiation, dewpoint, and wind speed, versus using measured data was done to determine whether
estimation of these weather variables supports the use of NWS stations to provide sufficient
spatial coverage and statewide application. To address this issue, a comparison was made
between estimated reference ET at NWS stations and calculated reference ET at nearby stations
located in irrigated areas that measure the full suite of weather variables. Results of the
comparison indicate that the ratios of annual estimated reference ET to calculated reference ET
range from 1.01 to 1.06, with an average of 1.03. These results are acceptable considering the
overall error, and that estimated reference ET is entirely dependent on estimated dewpoint
depression, wind speed, and solar radiation.

To explore the representativeness of estimated ET,; of alfalfa, a comparison was made to
measured ET, of alfalfa using results from previous studies for respective HAs and time
periods. The average ratio of estimated ET, to the average of the reported ET, is 1.04, and the
standard deviation of the ratios is 0.12 inches. Results generally agree well, however there are
significant differences in some instances where published estimates of ET,: may have been
impacted by water limiting conditions.

For purposes of estimating the mean annual ET,: and NIWR for each HA, the analysis
was limited to weather stations on valley floor areas representative of potential agricultural areas.
Mean annual values of the ET,: and NIWR were assigned to HAs if a single station was
available, or if multiple stations were available, a period of record weighted average of the ET
and NIWR was assigned to HAs. Of the 259 HAs in the state, 160 are absent of weather stations
to estimate the ET. and NIWR from, therefore spatial interpolation of valley floor weather
station estimates of the mean annual ET,: and NIWR was performed for alfalfa, grass hay,
pasture grass, turf grass, and small shallow open water bodies. Results of the NIWR per HA
(Appendix 15 and Plate 1) indicate that in central and northern parts of Nevada, the NIWR for
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alfalfa is less than the typical permitted irrigation water right of 4 ac-ft/ac. = However, in
southern NV the NIWR may exceed the typical irrigation water right of 5 ac-ft/ac. These results
represent the NIWR for pristine crop conditions under full water supply and should be
considered the maximum.
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Appendix 1a. Weather stations used for estimating ET and net irrigation water
requirements (sorted by station name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION LAT LONG | ELEVATION | FILE | FILE | YEARSWITH BASIN
STATION NAME NUMBER | (NADS3) | (NADS3) (feet) START | END | INsiGNIFicanT | BASINNAME | MBeR
YEAR | YEAR | MISSING DATA
ADAVEN 260046 38.12 -115.58 6250 1914 | 1981 53 Garden Valley 172
ALAMO* 260099 37.37 -115.17 3517 1921 | 1962 29 Pa:‘/;a”r;aygat 209
AMARGOSA FARMS- 260150 36.57 -116.47 2450 1965 | 2006 28 Amargosa 230
GAREY* Desert
ANTELOPE VALLEY FARR* | 260282 39.97 117.43 4900 1984 | 1998 8 A:’:‘I:zse 57
ARTHUR 4 NW* 260438 | 40.78 -115.18 6300 1963 | 2007 34 Ruby Valley 176
AUSTIN #2* 260507 39.50 -117.07 6780 1887 | 2007 82 Upper Reese 56
River Valley
Teels Marsh
BASALT 260668 38.00 -118.27 6355 1941 | 1957 10 Valley 114
BATTLE MTN* 260688 | 40.65 -116.93 4514 1898 | 1945 25 Clovers Area 64
BATTLE MTN AP* 260691 | 40.62 -116.90 4540 1944 | 2007 55 Lower Reese 59
River Valley
BEATTY* 260715 36.92 -116.75 3304 1917 | 1972 32 Oasis Valley 228
BEATTY 8 N* 260718 37.00 -116.72 3550 1972 | 2007 28 Oasis Valley 228
BEOWAWE* 260795 40.58 -116.47 4700 1908 | 2007 60 C(/?”C:;t 54
BEOWAWE U OF N RCH* | 260800 39.90 -116.58 5740 1972 | 2007 28 Grass Valley 138
Railroad
BLUE EAGLE RCH HANKS* | 260955 38.52 -115.55 4780 1978 | 2007 23 Valley 1738
BLUE JAY HWY STN* 260961 38.38 -116.22 5322 1963 | 1984 7 Hot Creek 156
BOULDER CITY* 261071 35.98 -114.85 2500 1931 | 2004 64 E'S;Ej" 167
BRINKERHOFF RCH* 261160 | 40.08 117.67 3661 1966 | 1981 7 Dixie Valley 128
BUFFALO RCH* 261311 40.38 117.47 5430 1966 | 1981 7 Buffalo Valley 131
BUNKERVILLE* 261327 36.77 -114.12 1550 1979 | 2007 6 V”s!‘”z\'/"er 222
CALIENTE* 261358 37.62 -114.52 4400 1903 | 2007 2 Clover Valley 204
Black
CALLVILLE BAY* 261371 36.13 114.73 1270 1989 | 2007 8 Moutains 215
Area
CARLIN NEWMONT MINE | 261415 40.92 -116.32 6520 1966 | 2002 24 Boulder Flat 61
CARSON CITY* 261485 39.15 -119.77 4651 1893 | 2007 90 Eagle Valley 104
CATHEDRAL GORGE SP* | 261590 37.80 -114.40 4830 2003 | 2007 4 Panaca Valley 203
CENTRAL NEVADA FLD 261630 39.38 117.32 5950 1965 | 1986 13 Upper Reese 56
LAB* River Valley
CHARLESTON* 261660 41.68 -115.53 5947 1961 | 2007 4 Br”nif:aR“’er 38
CLOVER VALLEY* 261740 | 40.85 -115.03 5750 1900 | 2007 39 Clover Valley 177
Columbus Salt
COALDALE JUNCTION* | 261755 38.05 -117.90 4603 1941 | 1965 6 118
Marsh Valley
CONTACT* 261905 41.77 -114.75 5350 1949 | 1999 33 salmon Falls 40
Creek Area
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Appendix la cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by station name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION LAT LONG | ELEVATION | FILE | FILE | YEARS WITH BASIN
TATION NAME B E
STATIO NUMBER | (NAD83) | (NADS3) (feet) START | END | INsiGNiFicant | BASINNAME | meer
YEAR | YEAR | MISSING DATA
*
CORTEZ GOLD MINE 261975 | 4018 | -116.63 4905 1968 | 1979 10 Crescent 54
Valley
CURRANT* 262078 38.75 -115.47 5184 1941 | 1949 4 R\z;![lc;?d 1738
Railroad
CURRANT HWY STN 262091 38.80 -115.35 6243 1963 | 1977 7 Valley 1738
Steptoe
CURRIE HWY STN* 262096 | 40.27 -114.75 5820 1961 | 1991 10 Valley 179
Lake Tahoe
DAGGET PASS 262119 38.98 -119.88 7334 1988 | 2007 5 b %
DENIO* 262229 | 41.98 -118.63 4190 1951 | 2006 39 Pueblo Valley 1
DESERT NWR* 262243 36.43 -115.37 2920 1940 | 2007 60 La\ja\:iias 212
DIABLO* 262276 37.92 -116.05 5105 1959 | 1978 10 Rs:[lc;?,d 173A
Diamond
*
DIAVOND VALLEY USDA* | 262296 | .o oo | oo oo 5970 1979 | 2007 19 Valley 153
Railroad
DUCKWATER* 262390 38.85 -115.63 5550 1966 | 2003 19 Valley 1738
DUFURRENA* 262394 | 41.87 -119.02 4800 1959 | 2005 30 Virgin Valley 4
DYER* 262431 37.62 -118.02 4900 1903 | 2007 55 F'\S/ZHL:':,@ 117
EASTGATE* 262477 39.30 -117.88 5023 1956 | 1964 4 Eastgate 127
Valley Area
Black
ECHO BAY* 262497 36.32 -114.43 1250 1989 | 2007 10 Moutains 215
Area
Lower
ELGIN* 262557 37.35 -114.55 3420 1985 | 2007 20 Meadow 205
Valley Wash
Lower
ELGIN 3 SE* 262562 37.32 -114.50 3301 1965 | 1985 15 Meadow 205
Valley Wash
ELKO* 262570 | 40.87 -115.75 5235 1999 | 2007 6 Elko Segment 49
ELKO RGNL AP* 262573 40.83 -115.78 5050 1888 | 2007 94 Elko Segment 49
ELY 6 NE 262626 39.30 -114.83 6263 1999 | 2005 5 S\"/Z‘I’lg;e 179
Steptoe
ELY YELLAND FLD AP* 262631 39.30 -114.85 6262 1893 | 2005 68 Valley 179
EM'GRA'\ISTTIZASS HWY 262656 | 40.65 -116.30 5760 1963 | 2001 27 Boulder Flat 61
San Emidio
EMPIRE* 262662 | 40.58 -119.35 3953 1951 | 1976 6 22
Desert
EUREKA 262708 39.52 -115.97 6540 1888 | 2007 67 D'\?:I‘l:cd 153
FALLON EXP STN* 262780 39.45 -118.78 3965 1903 | 2007 % Carson Desert 101
FERGUSON SPRINGS 262820 40.42 -114.18 5840 1972 | 1982 7 Great Salt 192
HMS* Lake Desert
FERNLEY* 262840 39.62 -119.25 4163 1907 | 1974 21 Fernley Area 76
FISH CREEK RCH* 262860 39.27 -116.00 6053 1943 | 1964 14 L'tt\'fai?yoky 155A
GERLACH* 263090 40.65 -119.37 3950 1948 | 2007 27 sagjs";'rf'o 2
GEYSER RCH* 263101 38.67 -114.63 6020 1904 | 2002 19 Lake Valley 183
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Appendix la cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by station name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION LAT LONG | ELEVATION | FILE | FILE | YEARSWITH BASIN
STATION NAME NUMBER | (NAD83) | (NADS3) (feet) START | END | INsiGNIFicanT | BASINNAME | mBeR
YEAR | YEAR | MISSING DATA
- :
GIBBS RCH 263114 | 4157 115.22 6000 1953 | 2007 43 Mar/i':e':"er 42
Lake Tahoe
GLENBROOK* 263205 39.08 -119.93 6350 1909 | 2007 50 bar 90
GOLCONDA* 263245 40.95 -117.50 4415 1906 | 2007 71 Winnemucca 70
Segment
Alkali Spring
GOLDFIELD 263285 37.70 -117.23 5690 1906 | 2007 66 Valloy 142
Ivanpah
GOODSPRINGS* 263316 35.83 115.43 4000 1999 | 2007 6 Valloy 164A
GREAT BASIN NP 263340 39.02 -114.23 6830 1987 | 2007 16 Snake Valley 195
HAWTHORNE* 263512 38.52 -118.63 4330 1954 | 2007 13 Wa\'/kae“rebake 110C
HAWTHORNE AP* 263515 38.55 -118.67 4220 1888 | 1991 39 Wa\'/k:“re:/ake 110C
HIKO* 263671 37.55 115.22 3900 1989 | 2007 15 Pa'\’/;a“‘;gat 209
HUMBOLDT FLD 263853 40.08 -118.15 4160 1940 | 1947 7 B”f/r;i:\';ta 129
South Fork
I-L RCH* 263940 | 41.57 -116.40 5203 1962 | 1969 3 Owyhee River 35
Area
IMLAY* 263957 | 40.65 118.17 4260 1914 | 2007 56 Imlay Area 72
INDIAN SPRINGS* 263980 36.58 -115.68 3123 1913 | 1964 23 '”d'f/';lsls;mgs 161
JACKPOT* 264016 41.98 -114.67 5290 1986 | 2007 15 Salmon Falls 40
Creek Area
JARBRIDGE 4 N 264038 | 41.93 -115.43 6168 1916 | 1995 22 Jarb'f\f:aR"’er 39
JARBIDGE 7 N* 264039 41.98 -115.43 6050 1995 | 2007 11 Jarb'if:aR'Ver 39
JIGGS 8 SSE ZAGA* 264095 40.35 -115.62 5800 1978 | 2007 19 H“\';;'ITeg;o” 47
JUNGO MEYER RCH* 264108 | 40.88 -118.43 4200 1968 | 1986 7 Desert Valley 31
KIMBERLY 264199 39.27 -115.03 7234 1928 | 1958 28 Wh\':llz;"er 207
KNOLL CREEK FLD STN 264268 41.63 -114.73 6004 1971 | 1979 6 salmon Falls 40
Creek Area
KYLE CANYON RS 264314 36.25 -115.60 7205 1939 | 1948 4 La\ja\flzias 212
LAGES* 264341 40.07 -114.62 5960 1984 | 2007 21 S\t/‘;':’l:;e 179
Churchill
LAHONTAN DAM* 264349 39.47 -119.07 4150 1911 | 2007 72 Valley 102
LAKE VALLEY STEWARD | 264384 38.32 -114.65 6350 1971 | 1998 22 Lake Valley 183
Lamoille
LAMOILLE YOST* 264394 | 40.72 -115.52 5840 1975 | 2004 22 Valley 45
LAMOILLE PH 264395 40.68 -115.47 6293 1916 | 1972 35 L"\a/':lfe"\:e 45
LAS VEGAS* 264429 36.17 -115.13 2011 1895 | 1956 36 La;aYiias 212
LAS VEGAS* 23112 36.17 -115.15 1867 1949 | 1970 22 La\ia\fﬁfyas 212
LAS VEGAS WB AP* 264436 36.08 -115.07 2160 1948 | 2005 57 La;aYiias 212
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Appendix la cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by station name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
YEAR | YEAR | MISSING DATA
LAS VEGAS NWFO* 264439 | 36.05 -115.18 2170 1996 | 2007 9 La\ja\fgas 212
LATHROP WELLS 264457 | 36.65 -116.40 2671 1942 | 1963 8 Fg;tr:’;::e 227A
LAUGHLIN* 264480 | 35.17 -114.58 605 1988 | 2007 10 C%';:zjo 213
LEHMAN CAVES NM 264514 | 39.00 -114.22 6826 1937 | 1987 44 Snake Valley 195
LEONARD CREEK RCH* | 264527 | 41.52 -118.72 4224 1954 | 2007 44 B'aDst:r‘fk 28
LEWERS RCH 264542 | 39.23 -119.85 5203 1893 | 1938 15 Vi’/aafgze 89
LITTLE RED ROCK 264600 | 36.15 -115.42 3802 1965 | 1970 4 La\ja\:gas 212
LOGANDALE* 264651 | 36.62 -114.48 1410 1968 | 1992 20 L°W$;|'I\g;’apa 220
LOVELOCK DERBY FLD* | 264700 | 40.07 -118.57 3902 1948 | 2005 49 L‘\’/‘;T:;’;k 73
LUND* 264745 | 38.87 -115.02 5560 1957 | 2007 47 Wh\;:lzil"er 207
MALA VISTA RCH* 264824 | 4132 -115.25 5594 1939 | 1965 16 Mar/l’:eziver 42
MARLETTE LAKE 264858 | 39.17 -119.92 8005 1916 | 1952 19 Lak;;?:"e 90
MCDERMITT* 264935 |  42.00 -117.72 4527 1892 | 2007 29 Q”U‘arh:;"er 338
MCGILL* 264950 | 39.40 -114.78 6270 1892 | 2007 90 S\t;;ﬁ’l::;e 179
MESQUITE* 265085 36.80 -114.07 1570 1942 | 2006 13 Virs:‘”:\i/"er 222
METROPOLIS* 265092 | 41.28 -115.02 5800 1965 | 1995 18 MarAy:eZi"er 42
MIDAS 4 SE* 265105 | 41.20 -116.73 5203 1961 | 1969 4 W”'\c/’;"l’lgeek 63
MIDDLEGATE-LOWERY* | 265132 | 39.30 -118.02 4600 1988 | 2007 15 C\‘;:I’E;k 126
MINA* 265168 | 38.38 -118.10 4550 1896 | 2007 79 So‘i/aaﬁz;i”g 121A
MINDEN* 265191 | 38.95 -119.77 4720 1906 | 2007 86 Carson Valley 105
MONTELLO 2 SE* 265352 | 41.25 -114.17 4890 1902 | 2007 67 SpTr?n;L;s\jgﬁey 189D
MONTGOS'\;'ERY MNTC | 265362 | 37.97 -118.32 7100 1960 | 1980 10 Queen Valley 116
MOORMAN RCH* 265371 | 39.33 -115.32 6539 2002 | 2007 4 Jakes Valley 174
MTN CITY RS* 265392 | 41.83 -115.97 5650 1955 | 1999 35 owy;‘::am"er 37
MT CHARLESTON FS 265400 | 36.27 -115.65 7600 1949 | 2007 6 La\ja\fgas 212
MT ROSE BOWL 265440 | 3935 -119.87 7500 1973 | 1987 8 P{f;fs;‘t 88
NIXON* 265605 | 39.83 -119.35 3904 1928 | 1974 30 Pyr?/rzlilde ;ake 81
NORTH LAS VEGAS* 265705 | 36.22 -115.13 1888 1951 | 2007 20 LacaYiias 212
OASIS* 265722 | 41.03 -114.47 5830 1987 | 2007 17 G\‘/’:n:\t/e 187
OLD RUTH 265760 | 39.27 -114.98 7034 1978 | 1985 5 S\t/zpl)l:le 179
100
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Appendix la cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by station name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION LAT LONG | ELEVATION | FILE | FILE | YEARSWITH BASIN
STATION NAME NUMBER | (NADS3) | (NADS3) (feet) START | END | INsiGNIFicanT | BASINNAME | mBeR
YEAR | YEAR | MISSING DATA
* —

OROVADA3 W 265818 | 41.57 117.83 4200 1911 | 2007 74 Q”{;‘a””:\'/"er 33A
OVERTON* 265846 36.55 -114.45 1250 1939 | 2007 35 "°W\‘Zl'|\2$apa 220
OWYHEE* 265869 | 41.95 -116.10 5397 1948 | 1984 30 OWVZ‘:;R“’” 37

PAHRANAGAT WR* 265880 37.27 -115.12 3400 1964 | 2007 33 Par\‘/zlneaygat 209
PAHRUMP* 265890 36.22 -116.02 2700 1914 | 2007 Py Pf/':"“er:p 162
PAHUTE MEADOWS 265907 41.30 -118.93 4383 1963 | 1976 4 Black Rock 28
RCH* Desert
PALMETTO 265931 37.47 117.77 5906 1890 | 1911 14 F'\S/';"Lea:e 117
Paradise
PARADISE VALLEY 1 NW* | 266005 41.50 -117.55 4675 1894 | 2007 47 Valley 69
PARIS RCH* 266055 40.22 -117.68 4140 1966 | 1991 2 Pl\:f:;t 130
PENOYER VALLEY* 266130 37.65 -115.80 4800 1967 | 2006 5 P\?Zﬁ’;’sr 170
PEQUOP 266148 | 41.07 114,53 6033 1959 | 1985 23 G\(/’:H:\t{e 187
Pilot Creek
PILOT VALLEY-LEE* 266228 | 41.12 11412 4905 2000 | 2007 6 Valley 191
PINE VALLEY BAILEY RCH* | 266242 40.43 116.12 5047 1982 | 2006 11 Pine Valley 53
PIOCHE 266252 37.95 -114.47 6180 1888 | 2006 61 Pa\;:l:‘/’” 202
QUINN RVR CROSSING | 266504 | 41.57 -118.43 4091 1901 | 1951 10 vaea;(;:,e“ 29
RAND RCH PALISADE* 266574 | 4043 -116.12 5046 1957 | 1982 19 Pine Valley 53
RATTLESNAKE 266630 38.45 -116.17 5915 1948 | 1966 13 Hot Creek 156
Red Rock
RED ROCK WC* 29999 39.892 | -119.9345 4708 2004 1 2008 4 Valley 99
RED ROCK CANYON SP 266691 36.08 -115.45 3780 1977 | 2007 20 La\jz:lllzg;s 212
REESE RIVER* 266746 39.07 117.42 6550 1972 | 2007 26 Upper Reese 56
River Valley
REESE VALLEY CARPER | 266748 | 40.05 117.23 4898 1976 | 1983 6 Middle Reese 58
River Valley
Truckee
RENO TAHOE INTLAP* | 266779 39.48 -119.77 4410 1937 | 2007 69 87
Meadows
RENO WFO* 266791 39.57 -119.80 4974 1996 | 2007 10 Truckee 87
Meadows
RUBY LAKE* 267123 40.20 -115.50 6010 1940 | 2007 61 Ruby Valley 176
RUTH 267175 39.28 -114.98 6850 1958 | 2007 30 S\t/‘;‘l’l:/e 179
RYNDON* 267188 | 40.95 -115.60 5150 1999 | 2007 6 N°;::’ezmk 44
RYE PATCH DAM* 267192 40.47 -118.30 4135 1935 | 2007 63 Imlay Area 72
SAND PASS* 267261 40.32 -119.80 3904 1913 | 1971 4 Sm‘;':;rteek 21
SAN JACINTO* 267284 41.88 114.68 5203 1904 | 1948 21 salmon Falls 40
Creek Area
SARCOBATUS* 267319 37.27 -117.02 4022 1941 | 1961 14 Sarc;::tus 146
101
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Appendix la cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by station name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION LAT LONG | ELEVATION | FILE | FILE | YEARSWITH BASIN
STATION NAME NUMBER | (NADS3) | (NADS3) (feet) START | END | INsiGNIFicanT | BASINNAME | ivBER
YEAR | YEAR | MISSING DATA
*
SAVAL RCH 267324 41.28 115.92 6365 1960 | 1967 5 N”;’ezmk 44
SCHURZ* 267358 38.95 -118.82 4124 1920 | 1957 30 Wa\llljlre';ake 110A
SEARCHLIGHT 267369 35.47 114.92 3540 1913 | 2007 73 Piute Valley 214
SEVENTY ONE RCH* 267397 40.90 -115.32 5453 1939 | 1952 4 Sta';r\é:”ey 43
SHELDON 267443 | 4185 -119.63 6506 1933 | 1972 35 Guano Valley 6
SHOSHONE 5 N* 267450 | 38.92 -114.40 5930 1988 | 2007 17 Spring Valley 184
SILVERPEAK* 267463 37.77 117.57 4260 1967 | 2007 31 Clayton Valley 143
SMITH 1 N* 267609 38.82 119.33 4754 1937 | 1966 23 Smith Valley 107
SMITH 6 N* 267612 38.95 119.33 5000 1973 | 2007 23 Smith Valley 107
SMOKE CREEK ESPIL* 267618 40.60 119.75 3850 1987 | 2006 14 smg'::r'teek 21
SMOKEY VALLEY* 267620 38.78 11717 5625 1949 | 2007 46 B'%I:Irl'::/ky 1378
Little Smoky
SNOWBALL RCH 267640 | 39.03 -116.20 7160 1966 | 2002 33 Valley 155A
SOUTH FORK SP* 267690 40.68 115.75 5270 1993 | 2007 8 Dixie Creek 48
Tenmile
SPRING VALLEY SP* 267750 | 38.03 114.18 5950 1974 | 2007 24 Spring Valley 201
STATELINE-HARRAH'S* 267806 38.97 -119.95 6248 1984 | 1998 13 LakBeaTS?:oe 90
STEAD* 267820 39.62 119.88 5120 1985 | 2007 14 Lf/";lrl';zn 928
Black Rock
SULPHUR* 267873 |  40.90 -118.67 4042 1914 | 1953 21 ot 28
SUNNYSIDE* 267908 38.42 -115.02 5300 1891 | 2007 35 Wh\ﬁl;"er 207
SUTCLIFFE 267953 39.95 -119.60 3900 1967 | 2007 27 Pyravn;'i ;ake 81
TEMPIUTE 4 NW* 267983 37.68 -115.72 4889 1972 | 1985 12 P\‘j;ﬁz;fr 170
THORNE* 268034 38.60 -118.60 4203 1914 | 1950 24 Wa\'/';e”rebake 110C
TONOPAH* 268170 | 38.05 117.08 5395 1954 | 2005 49 Ralston Valley 141
TOPAZ LAKE 3N* 268186 38.73 -119.52 5105 1957 | 2007 19 AC:::;’E 106
TOPAZ LAKE 4 N* 268202 38.75 -119.52 5577 1986 | 2000 11 A(‘/::Zf/’e 106
TUSCARORA* 268346 41.32 -116.22 6170 1958 | 2007 40 '”de\’/’aelrl‘:;me 36
TWIN SPRING FALLINI* | 268443 38.20 116.18 5300 1985 | 2005 10 Hot Creek 156
UNIV'OF NEVADA EXP 268500 39.52 -119.78 4514 1949 | 1954 4 Truckee 87
FM* Meadows
URSINE 268538 37.98 114.22 5833 1964 | 1972 4 Eagle Valley 200
Black
VALLEY OF FIRE SP 268588 36.43 114,52 2000 1972 | 2007 33 Moutains 215
Area
VIRGINIA CITY 268761 39.32 -119.65 6340 1887 | 2007 4 Dayton Valley 103
VYA 268810 4158 119.92 5663 1959 | 1980 14 S\‘;;'ﬂ;'ie 14
WABUSKA 6 SE* 268822 39.07 119.12 4300 1972 | 2007 27 Mason Valley 108
102
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Appendix la cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by station name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION LAT LONG | ELEVATION | FILE | FILE | YEARSWITH BASIN
STATION NAME NUMBER | (NAD83) | (NADS3) (feet) START | END | INsiGNIFicant | BASINNAME | meer
YEAR | YEAR | MISSING DATA
*
WADSWORTH 268834 39.63 119.28 4081 1902 | 1948 6 Tracy 83
Segment
WADSWORTH 4 N* 268838 39.68 -119.28 4200 1974 | 2007 21 Dodge Flat 82
Washoe
WASHOE VALLEY WC* 39999 39.285 | -119.789 5050 2004 1 2008 4 valley 89
WELLINGTON RS* 268977 38.75 -119.37 4843 1942 | 1973 27 Smith Valley 107
WELLS* 268988 | 41.10 114.97 5700 1895 | 2004 66 Mar;’:ez"’er 4
WILDHORSE RSVR* 269072 | 41.63 -115.80 6226 1982 | 2007 18 owy:f::"’er 37
Thousand
WILKINS* 269122 | 41.43 -114.75 5643 1948 | 1980 16 . 189A
Springs Valley
WILLOW SPRINGS* 269137 38.43 -117.20 6125 1941 | 1948 4 B'i:ﬁ:{"y 137A
WINNEMUCCA #2* 269168 | 40.93 117.75 4300 1999 | 2007 6 Grass Valley 71
WINNEMUCCA MUNI AP* | 269171 40.90 -117.80 4296 1949 | 2007 57 Winnemucca 70
Segment
YERINGTON* 269229 39.00 119.17 4380 1894 | 2007 66 Mason Valley 108
103

SE ROA 54368

JA_18506



Appendix 1b. Weather stations used for estimating ET and net irrigation water
requirements (sorted by basin name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION NAME STATION | LAT LONG | ELEVATION | FILE FILE YEARS WITH BASIN BASIN
NUMBER | (NAD83) | (NADS3) (feet) START | END | INSIGNIFICANT NAME NUMBER
YEAR | YEAR | MISSING DATA
Alkali Spring
GOLDFIELD 263285 | 3770 | -117.23 5690 1906 | 2007 66 Valloy 142
AMARGOSA FARMS- Amargosa
oanEye 260150 | 3657 | -116.47 2450 1965 | 2006 28 ke 230
ANTELOPE VALLEY FARR* | 260282 | 39.97 | -117.43 4900 1984 | 1998 8 Astj:zse 57
TOPAZ LAKE 3N* 268186 | 38.73 | -119.52 5105 1957 | 2007 19 Agﬁ:zse 106
TOPAZ LAKE 4 N* 268202 3875 | -119.52 5577 1986 | 2000 11 Asgﬁ:zse 106
SMOKEY VALLEY* 267620 | 38.78 | -117.17 5625 1949 | 2007 46 B'i:ﬁ:\’/ky 1378
WILLOW SPRINGS* 269137 | 3843 | -117.20 6125 1941 | 1948 4 B'f/:;:;\’lky 137A
Black
CALLVILLE BAY* 261371 | 3613 | -114.73 1270 1989 | 2007 8 Moutains 215
Area
Black
ECHO BAY* 262497 | 3632 | -114.43 1250 1989 | 2007 10 Moutains 215
Area
Black
VALLEY OF FIRE SP 268588 | 3643 | -114.52 2000 1972 | 2007 33 Moutains 215
Area
Black Rock
LEONARD CREEK RCH* | 264527 | 4152 | -118.72 4224 1954 | 2007 44 N 28
PAHUTE MEADOWS 265907 | 4130 | -118.93 4383 1963 | 1976 4 Black Rock 28
RCH* Desert
Black Rock
SULPHUR* 267873 | 4090 | -118.67 4042 1914 | 1953 21 28
Desert
CARLIN NEWMONT MINE | 261415 | 4092 | -116.32 6520 1966 | 2002 24 Boulder Flat 61
EM'GRA'\'STT;ASS HWY 262656 | 40.65 | -116.30 5760 1963 | 2001 27 Boulder Flat 61
CHARLESTON* 261660 | 41.68 | -115.53 5947 1961 | 2007 4 Bruneau 38
River Area
HUMBOLDT FLD 263853 | 40.08 | -118.15 4160 1940 | 1947 7 B”f/';i;/fta 129
Buffalo
BUFFALO RCH* 261311 | 4038 | -117.47 5430 1966 | 1981 7 Valley 131
Carson
FALLON EXP STN* 262780 | 39.45 | -118.78 3965 1903 | 2007 9% e 101
MINDEN* 265191 | 3895 | -119.77 4720 1906 | 2007 86 f/aarﬁ;’; 105
Churchill
LAHONTAN DAM* 264349 | 3947 | -119.07 4150 1911 | 2007 72 Valley 102
Clayton
SILVERPEAK* 267463 | 37.77 | -117.57 4260 1967 | 2007 31 Valler 143
CALIENTE* 261358 | 37.62 | -114.52 4400 1903 | 2007 22 Clover Valley 204
CLOVER VALLEY* 261740 | 4085 | -115.03 5750 1900 | 2007 39 Clover Valley 177
BATTLE MTN* 260688 | 40.65 | -116.93 4514 1898 | 1945 25 Clovers Area 64
LAUGHLIN* 264480 | 3517 | -114.58 605 1988 | 2007 10 Cc\’/';’lzso 213
Columbus
COALDALE JUNCTION* | 261755 | 38.05 | -117.90 4603 1941 | 1965 6 Salt Marsh 118
Valley
104
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Appendix 1b cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by basin name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION NAME STATION | LAT LONG | ELEVATION | FILE FILE YEARS WITH BASIN BASIN
NUMBER | (NAD83) | (NADS3) (feet) START | END | INSIGNIFICANT NAME NUMBER
YEAR | YEAR | MISSING DATA
- * N
MIDDLEGATE-LOWERY 265132 3930 | -118.02 4600 1988 | 2007 15 Cf,’:ﬁkefﬁk 126
BEOWAWE* 260795 | 4058 | -116.47 4700 1908 | 2007 60 C(/?T:;t 54
CORTEZ GOLD MINE* 261975 | 40.18 | -116.63 4905 1968 | 1979 10 C(/T”C:;t 54
Dayton
VIRGINIA CITY 268761 | 3932 | -119.65 6340 1887 | 2007 2 Vallor 103
JUNGO MEYER RCH* 264108 | 40.88 | -118.43 4200 1968 | 1986 7 Desert Valley 31
DIAMOND VALLEY USDA* | 262296 | 39.683 | -116.03 5970 1979 | 2007 19 D'\?;ﬂzsd 153
EUREKA 262708 | 39.52 | -115.97 6540 1888 | 2007 67 D'\Zﬂ‘e’cd 153
SOUTH FORK SP* 267690 | 40.68 | -115.75 5270 1993 | 2007 8 Dixie Creek 48
Tenmile
BRINKERHOFF RCH* 261160 | 4008 | -117.67 3661 1966 | 1981 7 Dixie Valley 128
WADSWORTH 4 N* 268838 | 39.68 | -119.28 4200 1974 | 2007 21 Dodge Flat 82
CARSON CITY* 261485 | 39.15 | -119.77 4651 1893 | 2007 90 Eagle Valley 104
URSINE 268538 | 37.98 | -114.22 5833 1964 | 1972 4 Eagle Valley 200
EASTGATE* 262477 | 3930 | -117.88 5023 1956 | 1964 4 Eastgate 127
Valley Area
BOULDER CITY* 261071 | 3598 | -114.85 2500 1931 | 2004 64 E'S:ﬁg? 167
ELKO* 262570 | 4087 | -115.75 5235 1999 | 2007 6 Elko 49
Segment
ELKO RGNL AP* 262573 | 40.83 | -115.78 5050 1888 | 2007 9 Elko 49
Segment
FERNLEY* 262840 | 39.62 | -119.25 4163 1907 | 1974 21 Fernley Area 76
DYER* 262431 | 3762 | -118.02 4900 1903 | 2007 55 F'\S/ZHL:':I(G 117
Fish Lake
PALMETTO 265931 | 37.47 | -117.77 5906 1890 | 1911 14 Valley 117
LATHROP WELLS 264457 | 36.65 | -116.40 2671 1942 | 1963 8 Fg;tr:';;'r:e 227A
ADAVEN 260046 | 38.12 | -115.58 6250 1914 | 1981 53 Gvaarltyn 172
OASIS* 265722 | 41.03 | -114.47 5830 1987 | 2007 17 G\‘/’:::;e 187
PEQUOP 266148 | 41.07 | -11453 6033 1959 | 1985 23 G\‘;:n:;e 187
BEOWAWE U OF NRCH* | 260800 | 39.90 | -116.58 5740 1972 | 2007 28 Grass Valley 138
WINNEMUCCA #2* 269168 | 4093 | -117.75 4300 1999 | 2007 6 Grass Valley 71
FERGUSON SPRINGS Great Salt
Ve 262820 | 4042 | -114.18 5840 1972 | 1982 7 e 192
SHELDON 267443 | 4185 | -119.63 6506 1933 | 1972 35 Guano Valley 6
BLUE JAY HWY STN* 260961 | 3838 | -116.22 5322 1963 | 1984 7 Hot Creek 156
RATTLESNAKE 266630 | 3845 | -116.17 5915 1948 | 1966 13 Hot Creek 156
TWIN SPRING FALLINI* | 268443 | 3820 | -116.18 5300 1985 | 2005 10 Hot Creek 156
JIGGS 8 SSE ZAGA* 264095 | 4035 | -115.62 5800 1978 | 2007 19 H“\’;;'ITS;O” 47
IMLAY* 263957 | 4065 | -118.17 4260 1914 | 2007 56 Imlay Area 72
105
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Appendix 1b cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by basin name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION NAME STATION LAT LONG | ELEVATION | FILE FILE YEARS WITH BASIN BASIN
NUMBER | (NAD83) | (NADS3) (feet) START | END | INSIGNIFICANT NAME NUMBER
YEAR | YEAR | MISSING DATA
RYE PATCH DAM* 267192 40.47 -118.30 4135 1935 2007 63 Imlay Area 72
TUSCARORA* 268346 | 4132 | -116.22 6170 1958 | 2007 40 '”deesznzjnc 36
Indian
INDIAN SPRINGS* 263980 | 3658 | -115.68 3123 1913 | 1964 23 Springs 161
Valley
Ivanpah
GOODSPRINGS* 263316 | 3583 | -115.43 4000 1999 | 2007 6 Valloy 164A
MOORMAN RCH* 265371 | 3933 | -115.32 6539 2002 | 2007 4 Jakes Valley 174
JARBRIDGE 4 N 264038 | 4193 | -115.43 6168 1916 | 1995 22 Jarbidge 39
River Area
JARBIDGE 7 N* 264039 | 41.98 | -115.43 6050 1995 | 2007 11 Jarbidge 39
River Area
DAGGET PASS 262119 | 3898 | -119.88 7334 1988 | 2007 5 Lak;;?:“ 90
Lake Tahoe
GLENBROOK* 263205 | 39.08 | -119.93 6350 1909 | 2007 50 e %0
MARLETTE LAKE 264858 | 39.17 | -119.92 8005 1916 | 1952 19 Lak;;?:“ 90
STATELINE-HARRAH'S* 267806 | 38.97 | -119.95 6248 1984 | 1998 13 Lak;;?:oe 90
GEYSER RCH* 263101 | 38.67 | -114.63 6020 1904 | 2002 19 Lake Valley 183
LAKE VALLEY STEWARD | 264384 | 3832 | -114.65 6350 1971 | 1998 22 Lake Valley 183
LAMOILLE YOST* 264394 | 4072 | -115.52 5840 1975 | 2004 2 Lf/';’lfe'te 45
LAMOILLE PH 264395 | 40.68 | -115.47 6293 1916 | 1972 35 L‘:/:T;'\:e 45
DESERT NWR* 262243 | 3643 | -115.37 2920 1940 | 2007 60 La;;flzias 212
KYLE CANYON RS 264314 | 3625 | -115.60 7205 1939 | 1948 4 La\j;fﬁaias 212
LAS VEGAS* 264429 | 3617 | -115.13 2011 1895 | 1956 36 Lac;flzias 212
LAS VEGAS* 23112 36.17 | -115.15 1867 1949 | 1970 2 La\j;ﬁ/as 212
LAS VEGAS WB AP* 264436 | 36.08 | -115.07 2160 1948 | 2005 57 Lac;fiias 212
LAS VEGAS NWFO* 264439 | 36.05 | -115.18 2170 1996 | 2007 9 La\j;flzias 212
LITTLE RED ROCK 264600 | 36.15 | -115.42 3802 1965 | 1970 4 La\j;ﬁ,as 212
MT CHARLESTON FS 265400 | 3627 | -115.65 7600 1949 | 2007 6 La\ja\llgas 212
NORTH LAS VEGAS* 265705 3622 | -115.13 1888 1951 | 2007 20 La\jsllﬁjas 212
RED ROCK CANYON SP | 266691 | 36.08 | -115.45 3780 1977 | 2007 20 La\jgﬁas 212
STEAD* 267820 | 39.62 | -119.88 5120 1985 | 2007 14 Lf/";rl';i” 92B
Little Smoky
FISH CREEK RCH* 262860 | 39.27 | -116.00 6053 1943 | 1964 14 Valley 155A
Little Smoky
SNOWBALL RCH 267640 | 39.03 | -116.20 7160 1966 | 2002 33 Valley 155A
LOVELOCK DERBY FLD* | 264700 | 40.07 | -118.57 3902 1948 | 2005 49 Lc\’/‘;e”';’;k 73
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Appendix 1b cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by basin name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION NAME STATION | LAT LONG | ELEVATION | FILE FILE YEARS WITH BASIN BASIN
NUMBER | (NAD83) | (NADS3) (feet) START | END | INSIGNIFICANT NAME NUMBER
YEAR | YEAR | MISSING DATA
ELGIN* Lower
262557 | 3735 | -114.55 3420 1985 | 2007 20 Meadow 205
Valley Wash
Lower
ELGIN 3 SE* 262562 | 3732 | -114.50 3301 1965 | 1985 15 Meadow 205
Valley Wash
Lower
LOGANDALE* 264651 | 36.62 | -114.48 1410 1968 | 1992 20 Moapa 220
Valley
Lower
OVERTON* 265846 | 3655 | -114.45 1250 1939 | 2007 35 Moapa 220
Valley
BATTLE MTN AP* 260691 | 4062 | -116.90 4540 1944 | 2007 55 Lower Reese 59
River Valley
GIBBS RCH* 263114 | 4157 | -115.22 6000 1953 | 2007 43 Mar/z':ezwer 42
MALA VISTA RCH* 264824 | 4132 | -115.25 5594 1939 | 1965 16 MarAy:eF:VGr 4
METROPOLIS* 265092 | 4128 | -115.02 5800 1965 | 1995 18 Mar/l’:e':“’er 4
WELLS* 268988 | 41.10 | -114.97 5700 1895 | 2004 66 MarAy:eF:VGr a2
Mason
WABUSKA 6 SE* 268822 | 39.07 | -119.12 4300 1972 | 2007 27 Valey 108
Mason
YERINGTON* 269229 | 39.00 | -119.17 4380 1894 | 2007 66 Valley 108
Middle
REESE VALLEY CARPER | 266748 | 40.05 | -117.23 4898 1976 | 1983 6 Reese River 58
Valley
SOLDIERS MEADOW* 267682 | 4135 | -119.17 4554 1962 | 1966 8 Mud 26
Meadow
RYNDON* 267188 | 4095 | -115.60 5150 1999 | 2007 6 N°2:’62°rk 44
SAVAL RCH* 267324 | 4128 | -115.92 6365 1960 | 1967 5 N°2:‘e';°rk 44
BEATTY* 260715 | 36.92 | -116.75 3304 1917 | 1972 32 Oasis Valley 228
BEATTY 8 N* 260718 | 37.00 | -116.72 3550 1972 | 2007 28 Oasis Valley 228
MTN CITY RS* 265392 | 41.83 | -115.97 5650 1955 | 1999 35 Owyhee 37
River Area
OWYHEE* 265869 | 41.95 | -116.10 5397 1948 | 1984 30 Owyhee 37
River Area
WILDHORSE RSVR* 269072 | 41.63 | -115.80 6226 1982 | 2007 18 Owyhee 37
River Area
ALAMO* 260099 | 3737 | -115.17 3517 1921 | 1962 29 Par\‘/;a”';aygat 209
HIKO* 263671 | 37.55 | -115.22 3900 1989 | 2007 15 Pai';lneaygat 209
PAHRANAGAT WR* 265880 | 37.27 | -115.12 3400 1964 | 2007 33 Par\‘/;a””eaygat 209
PAHRUMP* 265890 | 36.22 | -116.02 2700 1914 | 2007 42 Pf/:rlrercp 162
Panaca
CATHEDRAL GORGE SP* | 261590 | 37.80 | -114.40 4830 2003 | 2007 4 Valley 203
Paradise
PARADISE VALLEY 1 NW* | 266005 | 4150 | -117.55 4675 1894 | 2007 47 Valley 69
PIOCHE 266252 | 37.95 | -114.47 6180 1888 | 2006 61 Pa\;;i:;” 202
107
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Appendix 1b cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by basin name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION NAME STATION LAT LONG | ELEVATION | FILE FILE YEARS WITH BASIN BASIN
NUMBER | (NAD83) | (NADS3) (feet) START | END | INSIGNIFICANT NAME NUMBER
YEAR | YEAR | MISSING DATA
£ 3
PENOYER VALLEY 266130 | 37.65 | -115.80 4800 1967 | 2006 5 P\i;ﬁxr 170
TEMPIUTE 4 NW* 267983 | 37.68 | -115.72 4889 1972 | 1985 12 P\‘izﬁ;’:r 170
Pilot Creek
PILOT VALLEY-LEE* 266228 | 4112 | -114.12 4905 2000 | 2007 6 Valiey 191
QUINN RVR CROSSING 266504 | 4157 | -118.43 4091 1901 | 1951 10 P'"\f;lz;e“ 29
PINE VALLEY BAILEY RCH* | 266242 | 4043 | -116.12 5047 1982 | 2006 11 Pine Valley 53
RAND RCH PALISADE* 266574 | 4043 | -116.12 5046 1957 | 1982 19 Pine Valley 53
SEARCHLIGHT 267369 | 3547 | -114.92 3540 1913 | 2007 73 Piute Valley 214
MT ROSE BOWL 265440 | 3935 | -119.87 7500 1973 | 1987 8 P{;’:If:;t 88
PARIS RCH* 266055 | 4022 | -117.68 4140 1966 | 1991 22 Plf:”s:;‘t 130
DENIO* 262229 | 4198 | -118.63 4190 1951 | 2006 39 T/L;Tg;) 1
NIXON* 265605 | 39.83 | -119.35 3904 1928 | 1974 30 Pyramid 81
Lake Valley
SUTCLIFFE 267953 | 39.95 | -119.60 3900 1967 | 2007 27 Pyramid 81
Lake Valley
MONTGOMERY MNTC 265362 | 37.97 | -118.32 7100 1960 | 1980 10 Queen 116
STN Valley
MCDERMITT* 264935 | 42.00 | -117.72 4527 1892 | 2007 29 Q”{;‘ar:lz;ver 338
OROVADA 3 W* 265818 | 4157 | -117.83 4200 1911 | 2007 74 Q”{;’ar:leR\'/"er 33A
Railroad
BLUE EAGLE RCH HANKS* | 260955 | 3852 | -115.55 4780 1978 | 2007 23 Valley 1738
CURRANT* 262078 | 3875 | -115.47 5184 1941 | 1949 4 R\"’/‘:Irl(:/d 173B
Railroad
CURRANT HWY STN 262091 | 38.80 | -115.35 6243 1963 | 1977 7 Valley 1738
DIABLO* 262276 | 37.92 | -116.05 5105 1959 | 1978 10 R\j:;l‘;?/d 173A
Railroad
DUCKWATER* 262390 | 38.85 | -115.63 5550 1966 | 2003 19 Valley 1738
Ralston
TONOPAH* 268170 | 3805 | -117.08 5395 1954 | 2005 49 Valler 141
_ Red Rock
*
RED ROCK WC 20999 | 39892 | oo 4708 2004 | 2008 4 Valley 99
ARTHUR 4 NW* 260438 | 4078 | -115.18 6300 1963 | 2007 34 Ruby Valley 176
RUBY LAKE* 267123 | 4020 | -115.50 6010 1940 | 2007 61 Ruby Valley 176
CONTACT* 261905 | 4177 | -114.75 5350 1949 | 1999 33 salmon Falls 40
Creek Area
JACKPOT* 264016 | 41.98 | -114.67 5290 1986 | 2007 15 Salmon Falls 40
Creek Area
KNOLL CREEK FLD STN 264268 | 41.63 | -114.73 6004 1971 | 1979 6 Salmon Falls 40
Creek Area
SAN JACINTO* 267284 | 41.88 | -114.68 5203 1904 | 1948 21 salmon Falls 40
Creek Area
San Emidio
EMPIRE* 262662 | 4058 | -119.35 3953 1951 | 1976 6 2
Desert
GERLACH* 263090 | 40.65 | -119.37 3950 1948 | 2007 27 San Emidio 2
Desert
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Appendix 1b cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by basin name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION NAME STATION LAT LONG | ELEVATION | FILE FILE YEARS WITH BASIN BASIN
NUMBER | (NAD83) | (NADS3) (feet) START | END | INSIGNIFICANT NAME NUMBER
YEAR | YEAR | MISSING DATA
*

SARCOBATUS 267319 | 3727 | -117.02 4022 1941 | 1961 14 Sarc;;:ft”s 146
SMITH 1 N* 267609 | 38.82 | -119.33 4754 1937 | 1966 23 Smith Valley 107
SMITH 6 N* 267612 | 3895 | -119.33 5000 1973 | 2007 23 Smith Valley 107

WELLINGTON RS* 268977 | 3875 | -119.37 4843 1942 | 1973 27 Smith Valley 107
SAND PASS* 267261 | 4032 | -119.80 3904 1913 | 1971 4 smg';es:rrtee'( 21
Smoke Creek
SMOKE CREEK ESPIL* 267618 | 40.60 | -119.75 3850 1987 | 2006 14 o 21
GREAT BASIN NP 263340 | 39.02 | -114.23 6830 1987 | 2007 16 Snake Valley 195
LEHMAN CAVES NM 264514 | 39.00 | -114.22 6826 1937 | 1987 44 Snake Valley 195
MINA* 265168 | 3838 | -118.10 4550 1896 | 2007 79 So‘i/aaﬁzcng 121A
South Fork
I-L RCH* 263940 | 4157 | -116.40 5203 1962 | 1969 3 Owyhee 35
River Area
SHOSHONE 5 N* 267450 | 3892 | -114.40 5930 1988 | 2007 17 Spring Valley 184
SPRING VALLEY SP* 267750 | 3803 | -114.18 5950 1974 | 2007 24 Spring Valley 201
SEVENTY ONE RCH* 267397 | 4090 | -115.32 5453 1939 | 1952 4 Sta;\rr\ézney 43
CURRIE HWY STN* 262096 | 4027 | -114.75 5820 1961 | 1991 10 s\t/?ﬂ:;e 179
ELY 6 NE 262626 | 39.30 | -114.83 6263 1999 | 2005 5 S\tl?l’l:;e 179
Steptoe
ELY YELLAND FLD AP* 262631 | 3930 | -114.85 6262 1893 | 2005 68 Valey 179
LAGES* 264341 | 4007 | -114.62 5960 1984 | 2007 21 S\t/zrl’l:/e 179
MCGILL* 264950 | 39.40 | -114.78 6270 1892 | 2007 90 S\t/z’l’l:;e 179
OLD RUTH 265760 | 39.27 | -114.98 7034 1978 | 1985 5 S\t/zrl’l:\’/e 179
RUTH 267175 | 39.28 | -114.98 6850 1958 | 2007 30 S\t/z’l’l:;e 179
VYA 268810 | 4158 | -119.92 5663 1959 | 1980 14 S\“/;‘l’l':/e 14
BASALT 260668 | 38.00 | -118.27 6355 1941 | 1957 10 Tee\'/zl':gmh 114
Thousand
MONTELLO 2 SE* 265352 | 4125 | -114.17 4890 1902 | 2007 67 Springs 189D
Valley
Thousand
WILKINS* 269122 | 4143 | -114.75 5643 1948 | 1980 16 Springs 189A
Valley
Tracy
WADSWORTH* 268834 | 39.63 | -119.28 4081 1902 | 1948 6 83
Segment
Truckee
RENO TAHOE INTLAP* | 266779 | 39.48 | -119.77 4410 1937 | 2007 69 87
Meadows
RENO WFO* 266791 | 39.57 | -119.80 4974 1996 | 2007 10 Truckee 87
Meadows
UNIVOF NEVADA EXP 268500 | 39.52 | -119.78 4514 1949 | 1954 4 Truckee 87
FM* Meadows
AUSTIN #2* 260507 | 39.50 | -117.07 6780 1887 | 2007 82 Upper Reese 56
River Valley
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Appendix 1b cont. Weather stations used for estimating ET and net irrigation water requirements
(sorted by basin name). * indicates station was used for basin average.

DATA | DATA | NUMBER OF
STATION NAME STATION | LAT LONG | ELEVATION | FILE FILE YEARS WITH BASIN BASIN
NUMBER | (NADS3) | (NADS3) (feet) START | END | INSIGNIFICANT NAME NUMBER
YEAR | YEAR | MISSING DATA
CENTRAL NEVADA FLD
. 261630 | 39.38 | -117.32 5950 1965 | 1986 13 Upper Reese 56
LAB River Valley
REESE RIVER* 266746 | 39.07 | -117.42 6550 1972 | 2007 26 Upper Reese 56
River Valley
BUNKERVILLE* 261327 | 3677 | -114.12 1550 1979 | 2007 6 V”é:‘”:\'/"er 222
MESQUITE* 265085 | 36.80 | -114.07 1570 1942 | 2006 13 V'rf/'a””:;"er 222
DUFURRENA* 262394 | 41.87 | -119.02 4800 1959 | 2005 30 Virgin Valley 4
HAWTHORNE* 263512 | 3852 | -118.63 4330 1954 | 2007 13 Wa\'/k:”rebake 110C
Walker Lake
HAWTHORNE AP* 263515 | 3855 | -118.67 4220 1888 | 1991 39 Valley 110C
SCHURZ* 267358 | 38.95 | -118.82 4124 1920 | 1957 30 Wa\'/kae”rebake 110A
THORNE* 268034 | 3860 | -118.60 4203 1914 | 1950 24 Wa\'/kae”rebake 110C
LEWERS RCH 264542 | 3923 | -119.85 5203 1893 | 1938 15 Vi'/:x,e 89
Washoe
WASHOE VALLEY WC* 39999 | 39.285 | -119.789 5050 2004 | 2008 4 valloy 89
KIMBERLY 264199 | 3927 | -115.03 7234 1928 | 1958 28 er'/ge”;'/ver 207
LUND* 264745 | 3887 | -115.02 5560 1957 | 2007 47 Wh\'/ge”:\'/"er 207
SUNNYSIDE* 267908 | 3842 | -115.02 5300 1891 | 2007 35 WPUZ?E\I,VH 207
MIDAS 4 SE* 265105 | 4120 | -116.73 5203 1961 | 1969 4 W'”\c/’;"l’lgeek 63
GOLCONDA* 263245 | 4095 | -117.50 4415 1906 | 2007 71 Winnemucca 70
Segment
WINNEMUCCA MUNI AP* | 269171 | 40.90 | -117.80 4296 1949 | 2007 57 Winnemucca 70
Segment
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Appendix 2. Details of supplementary Washoe County weather data and modifications
made to 2 NWS weather station data sets due to poor station siting.

Non NWS Weather Station Analysis

Two weather data sets from “full sweet’ weather stations not part of the NWS
network were added to this analysis to provide ET and net irrigation water Requirement
estimates in basins where information is needed to address current and future water rights
applications. These stations are operated and maintained by Washoe County Department
of Water Resources and are located in Washoe Valley and Redrock Valley. Weather data
used from these stations were compiled and formatted to be used in the computer
program developed to read NWS station data.

Measured daily wind speed, calculated daily dew point from measured RH, and
measured precipitation for the Redrock weather station were used to calculate daily ETs
and the net irrigation water requirement for the period of record. After analyzing the
dewpoint depression for the Redrock weather station it was determined that no
adjustment was needed to reflect reference conditions due to the fact that the computed
mean annual dewpoint depression was 2.5°C, which generally represents near reference
conditions.

Washoe Valley contains two weather stations that Washoe County maintains and
operates. One of the weather stations is located near Old Franktown road on the west
side of Washoe Valley, while the other is located near Washoe Lake on the east central
side of Washoe Valley. The location of the weather station located near Old Franktown
road is not ideal, as it is located in an area where the predominant upwind fetch is
obstructed by tall timber. Conversely, the east side weather station is located downwind
of Washoe Lake and experiences high winds, partly due to the smooth surface of the lake.
Additionally, the precipitation gradient from the west side to the east side of the valley is
large. According to the 800m version 2 PRISM (Parameter-elevation Regressions on
Independent Slopes Model) precipitation map (Daly et al., 1996) the west side weather
station averages 15.4 inches verses the east side weather station of 12.1 inches.
Measured mean annual precipitation of 16 and 9 inches (2004-2008) from the west and
east side weather stations, respectively, confirm this gradient. Because ETs is a function
of wind speed, and the net irrigation water requirement is a function of ET, and the
precipitation amount, averaging and developing basin wide representative variables of
wind speed and precipitation was required to obtain one dataset that could be used to
calculate the ETos and the net irrigation water requirement that is representative of the
entire valley. This approach was chosen rather than calculating separate net irrigation
water requirement estimates for each station and averaging the two, due to the
questionable quality and representativeness of measured wind speed, missing data, and
having access to Nevada Department of Transportation (NDOT) weather data located
near the center of the valley in a more valley wide representative area of pasture grass.
The single weather dataset was constructed for the period of 2004-2008 and consisted of
daily Tmax, Tmin, and calculated dew point collected from the east side weather station,
mean monthly wind speed from the NDOT station, and daily precipitation, which was
calculated by averaging daily measurements of precipitation from the west and east side
weather stations. Average precipitation for 2004-2008 (i.e. average of east and west
stations) was 12.7 inches, similar to the 1971-2000 PRISM 800m version 2 (Parameter-
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elevation Regressions on Independent Slopes Model) precipitation map (Daly et al.,
1996) spatial average for the valley floor of 12.8 inches. Calculated mean annual
dewpoint depression from the east side station represented near reference conditions of
2.4°C, therefore no adjustment were made to the calculated dewpoint.

NWS Sation Data Adjustment

Two NWS stations were identified in the Nevada dataset that had questionable
temperature data. The first station identified was the Laughlin station (264480).
Questionable temperature data were identified when comparing estimated solar radiation
to measured solar radiation at a nearby weather station in Mohave, AZ. Figure AP1 and
AP2 illustrate the estimated and measured solar radiation for Laughlin and Mohave,
respectively, where it is obvious that the estimated solar radiation is below the measured
solar radiation and does not ever approach the clear sky solar radiation “envelope” that it
should for that elevation and latitude. Given that estimated Ry from Tmax and Tpin
compares well with measurements at other stations, and that the estimated daily Rs is a
function of the daily difference between Tmax and Tmin, investigation of Laughlin
measured Tmax and Tmin Was pursued to explain the underestimation. When comparing
mean monthly measured Tnin and Tmax for Laughlin and Mohave it was evident that the
maximum temperatures compared well but the Laughlin Tyin was significantly higher
than Mohave (Figure AP3).

Figure AP1. Daily measured, estimated, and clear sky solar radiation for Mohave and
Laughlin weather stations. The estimated solar radiation for Laughlin using Tyax and
Tmin 1S Underestimated when compared to the Mohave measured solar radiation.
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Figure AP2. Mean monthly measured and estimated solar radiation for Mohave and
Laughlin weather stations.

Figure AP3. Mean monthly T, comparison between the Mohave and Laughlin weather
stations.

The Mohave weather station is in an irrigated area along the Colorado River, so it is
logical that there would be less sensible heat surrounding this station, which is illustrated
in Figure AP4, where Mohave Tnax is slightly lower than Laughlin in the spring and
summer months due to evaporative cooling.
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Figure AP4. Mean monthly Tnax comparison between the Mohave and Laughlin weather
stations.

The fact that Laughlin T, is significantly higher than Mohave for all times of the year
led to question if the area surrounding the Laughlin station could possibly be storing heat
during the day and emitting it at night, such as from pavement or asphalt, thereby
affecting the Tmin. Photographs of the Laughlin station indicate that the station is indeed
surrounded by asphalt and darker colored gravel (Figures AP5-AP6) perhaps having low
thermal radiation emissivity and could be causing inflated Tmi, measurement. Miss
calibration of the temperature sensor could also be causing inflated T, measurement.

Figure AP5. Photo of the Laughlin weather station looking north.
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Figure AP6. Photo of the Laughlin weather station looking south.

Artificially inflated Ty, measurements are the primary reason why the estimated
Rs did not compare well with the measured Rs nearby at the Mohave weather station. As
previously mentioned, the empirical method used to estimate Rs (Thornton and Running,
1999) is based on the daily difference between Tmax and Tmin. The physical basis for the
method is based from the fact that during cloud cover maximum air temperatures
generally decrease and the minimum temperature is increased due to increased downward
emission of reflection of long wave radiation by clouds at night (Allen, 1997). Because
the Tmin was abnormally inflated at Laughlin and not characteristic of an agricultural
(evaporating) surface, the Thornton and Running equation, generally calibrated for more
reference conditions, predicted that conditions were typically cloudy, when clearly from
comparing to the Mohave measured R, it was not as cloudy as predicted in the region.
To adjust the Laughlin Tnin the mean monthly difference between the Laughlin and
Mohave measured Tmi, was calculated and then subtracted from the Laughlin Tyn time
series for the period of record (1988-2007). After adjustment of the Laughlin T, time
series, estimated Ry compared well with measured R; at the Mohave weather station.

During the QAQC process it was noted that the Minden weather station (265191)
had significantly higher measured Tnax than USGS micrometeorological weather station
(ET-2) measured Tmax, Which was collected in a field of irrigated alfalfa when compared
for respective time periods (Figure AP7). Measured Tnin for both stations were very
similar (Figure AP8). It is expected that the Tm.x measured over irrigated alfalfa would
be somewhat lower due to less sensible heat and more ET occurring as compared to the
area immediately surrounding Minden station which is a residential setting. However,
the magnitudes of mean monthly differences of Tmax, peaking at 7.8 °C in August for
Tmax, (Figure AP9) were considered significant given that the town of Minden is largely
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Figure AP7. USGS Bowen Ratio micrometeorological weather station located in a field
of irrigated alfalfa (modified from Maurer et al., 2005).

surrounded by irrigated alfalfa and pasture grass. These issues warranted an investigation
of the area surrounding the Minden weather station. Figures AP10 and AP11 illustrate
that the immediate area surrounding the Minden weather station is composed of a darker
colored gravel, and is located within a residential area. Given that the Minden measured
Tmin compared well with measured T, at the ET-2 site, the site surroundings of Mindin
likely caused the increased Tmax measurements. The affect of gravel surrounding the
Minden weather station on Ty, is smaller than the Laughlin station due to the limited
extent of the gravel, where the Laughlin grave area immediately surrounding the station
was large and included large areas of asphalt. In addition to the gravel surface in the
vicinity of the Minden station, where there is no evaporative cooling to reduce air
temperatures, there was probably substantial heat loading of the air temperature sensors
due to thermal radiation emissions from the gravel, adjacent fence, and building shown in
Figure AP11. The fence and building face the sun and would warm during the daytime,
emitting substantial radiation toward the temperature shelter. In addition, the fence and
building restricted air flow past the temperature shelter.

SE ROA 54381

116

JA_18519



Figure AP8. Mean monthly T, comparison between the ET-2 Aldax and Minden
weather stations.

Figure AP9. Mean monthly Tn.x comparison between the ET-2 Aldax and Minden
weather stations.
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Figure AP10. Gravel area surrounding the Minden NWS weather station looking
northwest.

Figure AP11. Gravel area surrounding the Minden NWS weather station looking
northeast
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To adjust the Minden measured Tnax, One half of the mean monthly difference
between the Minden and the ET-2 site Tnax were subtracted from the Minden Tpax time
series, beginning in 1991 when the station was relocated to the present site. Only one
half of the T difference was used to adjust the Minden Tnax time series based on
findings that by using the full Ty difference produced unreasonable simulated greenup
and harvest dates for Minden. Greenup and harvest date cumulative growing degree day
parameters were calibrated to many areas of the state (see greenup and harvest date
calibration section of report) using mostly NWS data that generally have a small amount
of aridity bias due to siting near residential developments or non reference type settings.
Therefore, the calibration may not perform well with Tyax and Tmin data collected in
centers of irrigated fields that tend to run cooler. Because many NWS weather stations
are not located in large irrigated areas, or directly over alfalfa or irrigated pasture grass,
the adjustment was selected to replicate temperature measurements that would be more
representative of typical NWS station site locations.
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Appendix 3a. Mean monthly dew point depression (°C) for stations used in spatial interpolation and assignment to NWS weather
stations.

STATION NETWORK STATE | ELEVATION (ft) LAT LONG PERIOD OF RECORD | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | ANN
Aberdeen, ID BOR Agrimet ID 4400 4295 | -112.83 1992-2004 -24 | -22 | -0.5 1.4 1.6 1.0 | 06 | 19 1.2 | 06 | -16 | -27 | -01
Fairfield, ID BOR Agrimet ID 5038 43.31 | -114.83 1990-2004 43 | -44 | -2.4 0.5 0.8 0.4 1.4 2.2 1.6 0.5 -2.3 -4.2 | -0.9
Malta, ID BOR Agrimet ID 4410 42.44 | -113.41 1990-2002 -1.1 | -1.3 | 041 1.1 0.9 13 | 25| 29 1.3 | 08 | -11 | -1.7 | 05
Rupert, ID BOR Agrimet ID 4154 42.60 | -113.84 1988-2008 -14 | -1.0 0.4 1.5 1.7 1.3 1.2 2.0 1.2 0.8 -0.7 | -14 0.5
Twin Falls, ID BOR Agrimet ID 3919 42.55 | -114.35 1990-2008 -06 | -03 | 13 2.0 2.4 3.0 | 33 | 3.0 26 | 19 00 | -0.7 | 15
Grand View, ID BOR Agrimet ID 2579 42.91 | -116.06 1993-2008 -1.6 | -1.2 0.6 14 2.2 3.2 4.6 3.5 1.4 0.1 -1.3 -1.8 0.9
Bishop, CA CIMIS CA 4170 37.36 | -118.40 1996-2007 1.6 2.0 4.3 5.0 4.4 4.4 4.0 3.7 2.7 2.5 2.0 2.0 3.2
Buntingville, CA CIMIS CA 4005 40.29 | -120.43 1986-2007 -15 | -06 | 04 0.9 0.9 22 | 33| 40 24 | 06 | -18 | -1.8 | 0.7
Beryl Junction, UT Utah Agmet uT 5186 37.72 | -113.70 2003-2007 3.1 | -14 0.5 2.4 3.1 5.8 4.3 2.9 3.1 1.2 0.3 -2.0 1.4
Drainage Farm, UT Utah Agmet uT 4430 41.83 | -111.88 2003-2007 -19 | -1.8 | -1.6 2.0 2.5 29 | 44 3.8 1.7 0.0 -04 | -13 0.9
Parowan, UT Utah Agmet ut 5754 37.86 | -112.88 2004-2007 -33]|-10| 14 3.2 3.9 60 | 49 | 3.7 | 43 | 1.7 1.1 | -1.9 | 2.0
Cedar City, UT Utah Agmet uT 5515 37.67 | -113.14 2005-2007 -2.6 | -0.3 1.2 3.4 4.7 8.1 6.5 4.7 4.8 2.2 2.9 -1.4 2.9
Flowell, UT Utah Agmet ut 4715 38.96 | -112.42 2006-2007 -0.8 | 1.1 2.2 3.3 4.4 54 | 43 | 33 24 | 19 15 | 37 | 21
Mason Valley, NV USGS Bowen NV 4322 39.11 | -119.15 2005-2007 -04 | 0.7 2.3 2.2 1.6 2.3 3.6 2.4 1.4 0.6 -0.6 | -0.7 1.3
Carson Valley, NV | USGS Bowen Ratio NV 4686 39.01 | -119.78 2003-2004 -0.1 | 2.0 23 3.0 1.9 24 | 24 | 138 25 | 19 02 | -03 ]| 17
Eureka, NV BOR Agrimet NV 5897 39.69 | -115.98 1989-2007 -36 | -26 | 03 1.1 1.8 41 | 48 | 44 28 | 1.7 | 09 | 29 | 09
Fallon, NV BOR Agrimet NV 3965 39.46 | -118.78 2001-2007 -1.0 | 1.0 4.6 5.6 6.7 96 | 83 | 59 | 49 | 3.2 03 | -01] 41
Lakeview, OR BOR Agrimet OR 4808 42.12 | -120.52 1988-2007 -16 | -1.4 | -03 0.4 1.1 1.8 3.1 3.2 2.1 0.3 -1.5 | -19 0.4
Lorella, OR BOR Agrimet OR 4130 42.08 | -121.22 2001-2007 -1.7 | -1.2 -1.0 -1.0 -0.2 0.1 0.7 0.3 -12 | -24 | -22 | -1.6 | -1.0
Mohave, AZ AZMET AZ 1581 34.97 | -114.61 2003-2007 27 | 35 4.4 6.4 8.0 9.1 | 81| 6.8 77 | 53 3.1 33 5.7
120
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Appendix 3b.

Interpolated or assigned basin average mean monthly dew point

depression K, (°C) used for assignment to respective weather stations. Symbol * next to
the basin name indicates the basins that were assigned the measured mean monthly dew
point depression.

Nz‘::g:R BASINNAME | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC A';';ﬁ':L
142 Alkali Spring Valley | 02 | 09 | 29 | 38 | 38 | 48 |46 | 38 [ 31| 21| 09 | 01 25
111B Alkali Valley 02| 11| 30 | 35| 33 | 42|43 34 |27]| 18] 04 |01 23
230 Amargosa Desert | 05 | 0.8 | 27 | 39 | 43 |57 | 51| 41 | 38| 24 | 12 | 00 2.8

57 AntelopeValley | -16 | 03 | 20 | 27 | 30 | 47 |49 | 40 |29 | 17 | 04 | 12 1.9
106 AntelopeValley | 0.4 | 1.3 | 25 | 29 | 23 | 31 |34 | 25 |24 | 15 | -01 | -04 1.7
1868 AntelopeValley | 23 | 14 | 04 | 19 | 24 | 36 |38 | 34 |24 | 13 | 03 | 23 11
137A Big Smoky Valley | 06 | 0.7 | 2.8 | 36 | 36 | 49 | 47| 38 | 30| 20 | 06 | -0.2 24
1378 Big Smoky Valley | -1.8 | 05 | 1.9 | 27 | 30 | 48 | 49| 40 |30 | 1.8 | -01 | -14 1.9
215 B'aCk;Vr';’:tams 06|08 | 24 | 41| 50 |69 |59]| 47 |49]| 28| 1.7 | 00 3.2

28 Black Rock Desert | -1.3 | -03 | 1.3 | 20 | 22 | 34 | 39| 34 | 23| 10 | 09 | -13 13

61 Boulder Flat 21| -13| 09 | 18| 22 | 34|40 36 | 24| 13| 08 |-19 11

38 BruneauRiver | ;o | 14| 03 | 16 | 20 | 25 | 32| 31 | 19| 09 | -09 | -19 0.8

Area

129 Buena VistaValley | -1.2 | 00 | 22 | 29 | 32 | 48 | 49 | 39 | 29| 16 | 05 |-10| 20
131 BuffaloVally | -1.7 | 06 | 1.5 | 23 | 26 | 40 | 44 | 37 | 26 | 1.4 | 0.7 | -14 15
101 Carson Desert* | -1.0 | 1.0 | 46 | 56 | 67 | 96 |83 | 59 |49 |32 | 03 | -04| 41
105 CarsonValley* | 01 | 20 | 23 | 30 | 14 | 22 | 24| 16 | 30| 30 | 02 | -03 1.7
102 Churchill valley | 06 | 09 | 29 | 32 | 29 | 42 | 47| 33 | 25| 15 | -03 | -05 21
143 ClaytonValley | 03 | 1.3 | 34 | 41 | 40 | 47 | 44| 37 | 30| 22 | 12 | 07 2.7
177 Clover Valley 22| -15| 04 | 18| 22 [ 32|36 33 |22 12| 06|21 1.0
204 Clover Valley 27| 09| 10 | 28| 36 | 61|49 | 35 |36]| 16| 09 |-18 1.9

64 Clovers Area 19 | -10| 10 | 1.8 | 22 |34 | 40| 35 | 23| 12 | 09 | 17 1.2
213 ColoradoValley | 1.8 | 27 | 38 |57 | 72 | 85 | 75| 62 | 69 | 46 | 27 | 24 5.0
118 ColumbusSalt | o) | 45 | 35 | 39 | 38 | 46 |44 | 37 | 29| 21| 09 | 04 26

Marsh Valley

126 Cowkick Valley | -1.0 | 0.6 | 3.1 | 38 | 41 | 60 |58 | 43 |34 | 21 | -01 | -05 26

54 CrescentValley | 24 | -14 | 1.0 | 1.8 | 23 | 40 |44 | 39 | 27 | 15 | 0.7 | 20 13
103 DaytonValley | -04 | 13 | 25 | 29 | 23 | 32 | 36| 26 | 24 | 15 | 02 | -05 1.8

31 Desert Valley 14| -05| 13 [ 20| 22 |34 |39 34 |23]| 10| 09 |-14 13
153 Diamond Valley* | 3.6 | 26 | 03 | 1.1 | 1.8 | 41 |48 | 44 | 28 | 1.7 | 09 | 29| 09

Dixie Creek-
48 TenmileCreek | 2.4 | -1.6 | 06 | 1.7 | 22 | 36 | 40| 37 |24 | 13 | 07 | 22 1.0
Area

128 Dixie Valley 11| 03| 28 [ 35| 39 |57 |56 42 33| 20| 0207 24

82 Dodge Flat 08|08 | 29 [35] 36 |52]52] 39 |31]19]|-03]-05 24
104 Eagle Valley 02| 18| 23 | 29| 20 |26 |27] 20 |25]| 18| 01 |-03 17
200 Eagle Valley 27| -10| 09 | 28| 36 | 61|48 34 |35]| 15| 08 |-19 1.8
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Appendix 3b cont. Interpolated or assigned basin average mean monthly dew point

depression K, (°C).

N?JAMS::R BASIN NAME JAN | FEB | MAR | APR | MAY | JUN | JuL | AUG | seP | ocT | Nov | DEC A'.\::ﬁ%
127 EaSthtrZ;/a”ey 10| 05| 29 [ 36| 39 |57 |56 42 | 33| 20| 01 |-06 2.5
167 EldoradoValley | 09 | 20 | 33 | 51 | 63 | 78 | 68| 56 | 61| 39 | 23 | 15 43
49 Elko Segment 22|15 06 | 17| 22 | 34 |38 35 | 23| 13| -07 |21 1.0
76 Fernley Area 08|09 | 34 | 40| 42 |61 |58 42 |34 21| -01|-04 2.7
117 FishlakeValley | 0.7 | 1.5 | 37 | 44 | 41 | 45 | 42| 37 | 29 | 23 | 14 | 11 2.9

227A Fortymile Canyon -0.7 0.6 2.5 3.7 4.1 5.6 5.0 4.1 3.7 2.3 11 -0.2 2.7
122 Gabbs Valley 08|07 | 29 [ 35| 36 |51]|51] 38 30| 19| 00 |-05 24
172 GardenValley | -1.9 | 03 | 1.7 | 30 | 36 | 56 | 49| 39 | 35| 19 | 07 | -14 2.1
187 GoshuteValley | 22 | -14 | 03 | 1.7 | 22 |32 |35 33 | 22| 1.2 | 04 | -21 1.0
71 Grass Valley 15 | 04| 16 | 23| 26 | 39 | 43| 36 | 25| 13 | 07 | -13 15
138 Grass Valley 26 | -15| 11 | 19| 24 | 44 | 47| 41 | 28| 17 | -06 | -2.1 14
192 GreatSaltlake | | 13| 03 | 18 | 24 | 34 [35] 33 | 23| 12 | 03 | 21 1.0

Desert
6 Guano Valley 16 |-10| 02 | 08| 12 | 20|30 28 | 16| 01 | -1.4 | -17 0.5
156 Hot Creek 17|03 19 | 29| 33 | 51|49 | 40 | 32| 19| 04 |-12 2.0
24 Hualapai Flat 13| 03| 21| 17| 29 | 30|37 33|22 08 -11]-13 11
47 Huntington Valley | -2.9 | -1.9 0.6 1.5 2.1 40 | 45 4.0 2.7 15 -0.7 | -2.5 11
72 Imlay Area 13|01 18 | 25| 28 | 41 | 44| 36 | 26| 14 | -06 | -1.1 17
36 Independence | o | ;4| 04 | 16 | 20 | 28 | 35| 33 | 20 | 10 | -10 | -19 0.9
Valley
161 Indian Springs |15 | 65 | 22 | 37 | 43 | 61 |53 | 42 | 41| 24 | 13 | 04 2.7
Valley
135 lone Valley 09| 05| 27 | 34| 35 |50 |49 38 |30 19| 01 |-06 23

164A lvanpahValley | 0.7 | 1.8 | 31 | 49 | 60 | 75 | 66 | 53 |57 | 3.7 | 21 | 1.2 4.0
174 Jakes Valley 28 |-15| 09 | 19| 25 | 45 | 47| 40 | 29| 17 | 02 | 23 14
39 Jarbiifsamver 17 |-13| 03 | 16| 20 | 24 [ 30| 30 | 18| 1.0 | -09 | -18 0.8
30A Kings RiverValley | 1.6 | 09 | 07 | 14 | 1.8 | 27 [ 35| 31 | 19| 06 | -1.1 | -1.6 0.9
90 Lake Tahoe Basin -0.3 1.7 2.3 2.9 2.1 2.7 2.7 2.1 2.5 1.8 0.1 -0.3 1.7
183 Lake Valley 23| 07| 12 | 28| 36 |58 |49 37 |35]| 17| 09 |18 2.0
45 LamoilleValley | 2.2 | -15 | 05 | 17 | 22 | 33 [ 38| 35 | 22| 12 | -07 | 2.1 1.0
212 LasVegasValley | 0.4 | 09 | 25 | 42 | 50 | 68 | 59 | 47 | 48 | 29 | 16 | 0.2 33
92A LemmonValley | -08 | 0.6 | 21 | 26 | 24 | 35 | 39| 33 | 26| 14 | -06 | 08 17
92B Lemmon Valley -0.8 | 0.7 2.2 2.7 2.5 3.6 | 4.0 3.2 2.6 15 -0.5 | -0.7 1.8

155A | Little Smoky Valley | 2.9 | 17 | 09 | 1.8 | 23 | 44 | 48 | 42 | 29 | 1.7 | 05 | 2.3 13
73 Lovelock Valley -1.0 | 04 2.7 34 3.7 54 | 53 4.1 3.1 1.8 -0.4 | -0.7 2.3
205 Lower Meadow |, ) | 54| 14 | 31 | 39 | 62 |51 | 38 | 38| 19 | 11 |-14 2.2

Valley Wash
220 towerMoapa | 1 ¢ 60 | 18 | 35 | 44 | 65 | 55| 41 |42 | 23| 14 | -09 26
Valley
59 Lower Reese River | ;o |\ 09 | 13 | 21 | 25 |39 | 44| 38 | 26 | 15 | -07 | -1.6 14
Valley
52 Marys Creek Area | 23 | -14 | 08 | 1.8 | 22 | 36 | 40| 37 | 24 | 1.4 | 08 | -21 11
4 Marys River Area | 19 | -1.4 | 04 | 1.7 | 21 | 27 | 32| 31 | 20| 1.1 | 08 | -1.9 0.9
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Appendix 3b cont. Interpolated or assigned basin average mean monthly dew point

depression K, (°C).

Nﬁﬁg‘éR BASINNAME | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC Aﬁlﬁﬁ%
108 Mason Valley* 04 07| 23 | 22| 16 | 23 |[36]| 24 | 14| 06 | -06 |-07 13
225 Mercury Valley -0.7 | 0.6 2.4 3.8 4.3 59 | 53 4.2 4.0 2.4 13 -0.2 2.8
58 Middle Reese |, o | 7 | 16 | 23 | 27 | 43 | 46| 39 | 28 | 16 | -05 | -15 16

River Valley

26 Mud Meadow | -1.4 | -05 | 1.0 | 16 | 1.9 | 29 |36 | 32 [ 21| 07 | -11 | -14 1.0
44 North Fork Area -19 | -14 0.5 1.7 2.1 29 | 34 3.2 2.0 11 -0.8 | -2.0 0.9
228 Oasis Valley 06|07 | 26 | 37| 40 | 53|48 39 |35]| 22| 11 |-01 26
37 OwyPAK:zaRiver 18 | -14 | 03 | 15| 20 | 26 | 33| 31 [ 19| 09 | -10 |-19| 08
209 PahranagatValley | -1.9 | 03 | 1.6 | 32 | 39 | 60 | 51| 39 |37 | 19 | 10 | -13 22
162 PahrumpValley | -03 | 1.0 | 26 | 41 | 48 | 64 |57 | 45 | 45| 28 | 1.5 | 02 3.2
203 PanacaVally | -26 | 08 | 1.0 | 28 | 36 | 61 | 49| 35 |36 | 16 | 09 | -18 1.9
69 Paradise Valley | -1.7 | 09 | 09 | 1.7 | 21 | 31 |38 | 33 | 21| 09 | -1.0 | -16 11
202 Patterson Valley -2.5 | -0.8 11 2.9 3.6 6.0 | 4.9 3.6 3.6 1.7 0.9 -1.8 19
170 Penoyer Valley -1.5 | -0.1 1.9 3.2 3.7 5.6 5.0 3.9 3.5 2.0 0.8 -1.0 2.2
191 Pilot Creek Valley | -1.9 | -14 | 02 | 17 | 21 | 28 |32 | 31 [ 20| 1.1 | -05 | 20| 09
29 Pine Forest Valley | -1.6 | -08 | 07 | 1.5 | 1.8 | 28 | 35| 31 |19 | 06 | -11 | -16 | 09
53 Pine Valley 29 |-19| 07 | 16| 21 | 40 | 45| 41 | 27| 16 | 07 | 24 11
214 Piute Valley 20 | 29| 39 | 59| 73 |86 |76 63 | 71| 47| 28 | 26 5.1
88 PleasantValley | -04 | 13 | 24 | 29 | 23 | 31 |33 | 26 | 25| 16 | 01 | -05 1.8
130 Pleasant Valley -1.4 | -0.2 19 2.6 2.9 4.4 | 4.7 3.8 2.7 15 -0.5 | -1.2 1.8
1 PuebloVally | -16 | 09 | 06 | 13 | 1.7 | 26 [ 33| 30 | 18 | 05 | -1.2 | -16 | 08
65 Pumpernickel | 2| o7 | 13 | 20 | 24 |37 |41| 35 | 24 | 12 | -08 | -15 13

Valley
81 Pyramid Lake 10| 04 | 21 | 27| 27 | 42| 45| 37 | 28| 14 | 07 | -09 1.8

Valley
116 Queen Valley 06 | 1.4 | 35 | 42 | 39 | 44 |42 ] 36 | 28| 22| 12 | 10 2.7
33A Quinn River Valley | -1.6 | -09 | 08 | 1.6 | 1.9 | 29 | 36 | 32 | 20| 08 | -11 | -16 1.0
33B Quinn River Valley | -1.7 | -1.0 | 06 | 15 | 1.9 | 28 | 35| 31 |19 | 07 | -11 | -17 | 09
173A Railroad Valley | -1.4 | 00 | 20 | 32 | 36 | 54 |49 | 39 [ 34| 20| 07 |-10]| 22
1738 Railroad Valley | 22 | -08 | 1.4 | 25 | 31 | 51 |48 | 40 |32 | 1.8 | 02 | -17 1.8
141 RalstonValley | 09 | 04 | 25 | 34 | 36 | 50 |48 | 39 [ 31| 20| 06 |-05 23
176 Ruby Valley 27|27 | 05 | 17| 23 |39 |42 38 | 26| 14 | 06 | -23 11
40 Sa'm°”AFrZ!s Creek | 16|12 04 | 16| 20 | 24 | 20| 20 | 19| 11| 07 |-17| o8
22 San Emidio Desert | -1.2 0.0 1.6 2.1 2.3 3.5 4.0 3.6 2.5 1.1 -0.9 -1.1 1.5
146 SarcobatusFlat | 02 | 09 | 29 | 39 | 40 | 51 |47 | 39 |33 | 22| 11 | 02 26
107 Smith Valley 04| 11| 25 | 28| 23 [ 3137 27 | 22| 13| 02|-05 17
21 Smoke Creek 13| -03| 11 | 16| 17 | 29 |36 | 35 | 23| 08 | -12 | -13 11

Desert
195 Snake Valley 23|07 | 11 | 26| 34 |53 |46| 37 31| 16| 06 |-21 17
121A | SodaSpringValley | 05 | 08 | 29 | 35 | 34 | 47 |46 | 36 | 29 | 1.9 | 03 | -02 23
46 South ForkArea | -2.5 | -16 | 0.6 | 1.7 | 22 |36 |40 | 37 | 24 | 1.3 | 0.7 | -2.3 1.0
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Appendix 3b cont. Interpolated or assigned basin average mean monthly dew point
depression K, (°C).

BASIN MEAN
NUMBER BASIN NAME JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | 0t
35 South Fork
OwyheeRiver | 1.9 | -14 | 04 | 15 | 20 | 27 | 35| 32 | 129 | 08 | -11 | -19 08
Area
184 Spring Valley -2.4 | -0.9 1.1 2.5 3.2 5.1 | 4.6 3.7 3.1 1.6 0.4 -2.1 1.7
201 Spring Valley 26| -08| 10 | 28 | 36 | 61 | 49| 35 | 36| 16 | 09 | -18 1.9
43 StarrValleyArea | 21 | 14 | 05 | 17 | 22 | 31 | 35| 33 | 21| 12 | -07 | -20 0.9
179 Steptoe Valley | 25 | 13 | 08 | 21 | 27 | 45 | 45| 38 | 28 | 15 | 00 | 22 1.4
149 Stone CabinValley | -12 | 02 | 23 | 32 | 35 | 51 | 48| 39 | 32| 20| o5 | -08 22
14 Surprise Valley -1.5 | -0.9 0.2 0.8 1.2 21 | 3.0 2.8 1.6 0.1 -1.4 | -16 0.5
114 Teels Marsh Valley 0.1 1.2 3.2 3.8 3.6 44 | 43 3.6 2.8 2.0 0.8 0.4 2.5
189A Thousand Springs | 1 ¢ | 13| 03 | 27 | 20 | 26 | 30| 30 | 20| 11 | 07 | -19 08
Valley
189D Thousand Springs | o\ 13| 05 | 16 | 20 | 25 | 29 | 29 | 1.9 | 1.0 | -06 | -18 08
Valley
83 TracySegment | 06 | 1.0 | 27 | 32 | 29 | 42 | 44| 33 | 27| 1.7 | 02 | -05 20
91 Truckee Canyon | o o 14 | 53 | 28 | 23 | 32 | 35| 28 | 25 | 1.6 | -03 | -0.6 17
Segment
87 Truckee Meadows | -0.6 | 1.1 | 24 | 29 | 24 | 34 [ 37| 29 | 25| 16 | -02 | -06 18
56 Upper Reese River | ) ¢ | 93| 21 | 28 | 32 | 49 | 50| 40 | 30| 1.8 | 02 | -12 2.0
Valley
222 Virgin River Valley | 22 | 04 | 14 | 32 | 40 | 64 | 52| 38 |39 | 19 | 12 | -14 23
4 Virgin Valley 15|09 04 | 11| 15 | 24 32| 29 | 17| 03| -13 | -16 07
110A | Walker LakeValley | 06 | 08 | 2.8 | 31 | 29 | 42 | 47| 33 | 24 | 14 | 03 | 05 20
110C | Walker LakeValley | 04 | 1.0 | 29 | 34 | 32 | 43 | 45| 34 | 27| 1.7 | 02 | -0.2 22
89 WashoeValley | -03 | 1.5 | 24 | 29 | 22 | 29 | 30| 23 | 25| 17 | 00 | -04 17
207 White River Valley | 2.3 | 0.8 | 1.3 | 26 | 32 | 52 | 48| 39 [ 33| 18 | 04 | -18 1.8
63 Willow Creek 19 |12 07 | 17| 21 | 30 |36 34 | 22| 11| 09 | -18 1.0
Valley
70 Winnemucca 16| 06| 13 | 20| 23 | 35 | 40| 35 | 23| 11| -08 | -14 13
Segment
159 Yucca Flat 10| 04 | 23 | 35| 40 | 57 |50 40 | 37| 22| 11 | -05 25
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Appendix 4a. Mean monthly 2 meter equivalent wind speed (m/s) for stations used in spatial interpolation and assignment to weather
NWS weather stations.

ELEVATIO BASIN BASIN MEAN
STATION NAME LAT | LONG N(T) | STATE | NETWORK | \LUEbo NAME JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | , oo
Amargosa
AMARGOSA VALLEY | 36.57 | -116.46 2425 NV CEMP 230 gk 18 |22 ] 23 | 30| 27 | 29| 29| 28 | 23| 20| 17 | 17 24
Little
ANTELOPE LAKE 4168 | -116.76 | 5459 NV RAWS 34 Owyhee | 28 | 28| 31 | 30| 30 | 28 | 27| 28 | 26| 27 | 29 | 29 2.8
River Area
B11 WALKER BOWEN | 39.11 | -119.15 | 4321 NV USGS 108 '\\f:ﬁz: 14 | 21] 20 | 22| 18 | 15| 14| 14 | 14| 23| 15 | 15 16
BAKER FLAT 39.00 | -114.22 6841 NV RAWS 195 SnakeValley | 15 | 14 | 1.8 | 20 | 20 | 21 | 20| 20 | 19| 16 | 15 | 15 18
BEACON LIGHT 4056 | -116.76 4800 NV RAWS 59 towerReese | ;5 1 12| 50 | 21 | 22 |22 | 21| 20 | 19| 15 | 14 | 14 18
River Valley
BENTON 37.84 | -118.48 | 5449 CA RAWS NA NA 18 |22 ] 24 | 26 | 23 | 21| 19| 19 | 18| 19 | 20 | 19 2.1
Big Smoky
BIG SMOKEY VALLEY | 39.05 | -117.00 | 5840 NV DRI 137B Valloy 20 24| 29 | 33| 30 |32|29]| 27 |25 24| 24|23 27
BLUEWING Kumiva
MOUNTAIN 4050 | -119.12 | 4570 NV RAWS 79 Valley 17| 20] 23 | 26 | 27 | 25 | 24| 23 | 22| 20 | 19 | 18 22
BUFFALO CREEK 4058 | -119.79 2795 NV RAWS 21 Smg':gteek 15 20| 25 | 29 | 29 | 29 | 28| 26 | 24| 22 | 18 | 16 23
CARSON VALLEY 39.00 | -119.78 4685 NV NVDOT 105 f/aarl‘?:; 17 | 18| 26 | 26 | 24 | 22 | 19| 17 | 18| 16 | 1.7 | 18 2.0
CATNIP MOUNTAIN | 41.92 | -119.50 5741 NV RAWS 6 3:3:3 36 | 32| 34 | 33| 30 |29 |26]| 25 |24 28] 33|35 3.0
Steptoe
CATTLE CAMP 38.90 | -114.81 7024 NV RAWS 179 Valler 20 21| 22 | 24| 24 | 25 | 23| 24 | 22| 22| 21 | 21 23
CEDARVILLE 4159 | -12017 | 4600 CA AGRIMET NA NA 214 21| 25 | 24| 22 | 20| 19| 19 | 18] 18 | 21 | 21 2.1
COYOTE WASH 3828 | -11476 | 5771 NV RAWS 181 D\r/‘;ﬁ:';e 17 |19 ] 21 | 23| 24 | 24| 22| 21 | 21|20 18 | 18 2.1
Railroad
CURRANT CREEK 3876 | -115.41 5751 NV RAWS 1738 Valley 18 |22 ] 26 | 29 | 28 | 29 | 27| 28 | 26 | 23 | 19 | 17 24
DESATOYA .
MOUNTAIN 39.30 | -11758 | 6201 NV RAWS 134 SmithCreek | 22 | 24 | 25 | 25 | 25 | 25 | 24| 23 | 21| 20 | 22 | 23 23
DOVYLE 4003 | -120.11 | 4239 CA RAWS NA NA 19 |22] 23 | 23| 23 | 21| 21] 21 |20 20| 20 | 20 2.1
DUCKWATER 3892 | -115.70 | 5463 NV DRI 1738 R\j:IrIZ?/d 26 | 26| 31 | 35| 31 |33 |27]| 27 | 28| 28| 26 | 24 2.8
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Appendix 4a cont. Mean monthly 2 meter equivalent wind speed (m/s) for stations used in spatial interpolation and assignment to
weather stations used for computing ET and net irrigation water requirements.

ELEVATIO BASIN BASIN MEAN
STATION NAME LAT | LONG N(FT) | STATE | NETWORK | oo NAME JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | , oo
DYER - WALLACE Fish Lake
37.61 | -117.99 4882 NV DRI 117 32 | 38| 38 | 41| 32 |32 |29]| 28 |28]31] 3133 33
FARMS Valley
EDWARDS CREEK Edwards
VALLEY 3953 | -117.75 5194 NV DRI 133 Creekvalley | 17 | 19| 21 [ 24 | 24 |24 |24 23 | 21|19 | 18 | 18 2.1
ELKO WB AIRPORT | 40.83 | -115.78 5050 NV AIRPORT 49 Se;:znt 16 | 18| 21 | 23] 22 | 22|21 19 | 18| 16| 17 | 16 1.9
Steptoe
ELY WBO 39.30 | -114.85 6262 NV AIRPORT 179 Valer 30 | 31| 33 | 34| 34 |34 |33] 33 |32]31] 30]31 32
Diamond
EUREKA 39.69 | -115.98 5896 NV AGRIMET 153 Valloy 17 | 19| 26 | 30| 23 | 22 | 19| 18 | 1.8 | 1.8 | 19 | 20 21
Fairview
FAIRVIEW VALLEY 39.32 | -118.22 4236 NV DRI 124 Valley 17 |21 23 | 27| 28 | 26 | 26| 23 | 21| 19 | 19 | 17 22
Carson
FALLON 39.46 | -118.78 3967 NV AGRIMET 101 . 13 17| 20 | 22| 18 | 18|14 13 |13] 11| 13 | 15 16
Garden
GARDEN VALLEY 38.03 | -115.44 5167 NV CEMP 172 Valloy 11|13 16 | 29| 18 | 18| 17| 16 | 15| 12 | 1.1 | 11 15
GARDNERVILLE 38.89 | -119.72 4797 NV NVDOT 105 f/aarﬁg; 15 | 15| 22 | 24| 22 | 19| 17] 18 | 16| 15| 15 | 17 18
GOLDFIELD 37.71 | -117.24 5627 NV CEMP 142 A'kf‘/';ﬁg'”g 28 |31 ] 33 | 35| 31 | 31|28 28 |27 26| 27|27 29
IMMIGRATION WASH | 37.92 | -114.17 6230 NV RAWS 198 DryValley | 22 | 24 | 28 | 31| 32 | 33 |29 | 28 | 28 | 26 | 23 | 22 2.7
LAS VEGAS WSO 36.23 | -115.03 1883 NV AIRPORT 212 tasVegas | 4 | 28| 33 | 36 | 37 | 36 | 33| 31 | 29| 26 | 25 | 24 3.0
AIRPORT Valley
LOVELOCK FAA 40.07 | -118.57 3902 NV AIRPORT 73 Lovelock 18 22| 25 | 29| 30 | 29 | 26| 24 | 22| 20 | 18 | 17 23
AIRPORT Valley
LOWER BIG SMOKEY | 3¢ 57 | _117.47 5036 NV DRI 137A BigSmoky | 5, | 35| 39 | 43 | 41 | 42 | 35| 34 | 35| 36 | 34 | 30 36
VALLEY Valley
MEDLINS RANCH 37.40 | -115.54 4475 NV CEMP 169A T\'/k:lgo 25 | 25| 28 | 32| 31 | 30|27 26 | 27| 25| 23 | 23 2.7
MESQUITE 36.81 | -114.05 1768 NV CEMP 222 V'r\g/!’”g"er 14 | 14| 15 | 17| 17 | 16 | 17| 15 | 16| 1.3 | 12 | 12 15
MOHAVE 3497 | -114.61 479 AZ AZMET NA NA 26 | 27| 27 | 28| 26 | 22 | 18| 17 | 16| 19 | 23 | 29 23
MOREY CREEK 4145 | -117.62 5499 NV RAWS 69 Paradise | 21 | 23 | 3.0 | 30 | 29 | 29 | 29| 28 | 26 | 25 | 23 | 21 26
NYALA 3825 | -115.73 4826 NV CEMP 1738 R\jglrl‘;?/d 13 15| 19 | 24| 23 | 24 | 23| 22 |19 16| 14 | 12 1.9
ORIENTAL WASH 3724 | 11750 | 4101 NV RAWS 232 OrientalW. | 31 | 32| 34 | 36 | 36 | 36 | 34| 34 | 34| 35 | 32 | 31 3.4
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Appendix 4a cont. Mean monthly 2 meter equivalent wind speed (m/s) for stations used in spatial interpolation and assignment to
weather stations used for computing ET and net irrigation water requirements.

ELEVATIO BASIN BASIN MEAN
STATION NAME LAT | LONG N(ET) | STATE | NETWORK | /oo NAME JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | oo
OVERTON Lower
36.55 | -114.45 1260 NV CEMP 220 Moapa 14 | 15| 16 | 129 | 1.8 | 1.8 | 15| 16 | 15| 14 | 13 | 13 15
Valley
PANCAKE 38.30 | -116.19 5200 NV RAWS 156 HotCreek | 1.4 | 1.8 | 23 | 26 | 26 | 26 | 24 | 23 | 21| 19 | 17 | 16 2.1
PYRAMID LAKE Pyramid
FISHERIES 39.94 | -119.59 3809 NV DRI 81 Lakevalley | 25| 27 | 30 | 32 | 27 |25 | 23| 25 | 25| 25 | 28 | 32 27
Penoyer
RACHEL 37.64 | -115.74 4849 NV CEMP 170 Valloy 19 | 23| 25 | 31| 29 | 30|29 28 | 24| 21| 19 | 18 25
Antelope
RED BUTTE 39.98 | -117.32 5049 NV RAWS 57 Valley 16 | 20| 22 | 25| 26 | 25 | 22| 21 | 20| 18 | 1.7 | 17 21
RED ROCK 39.90 | -119.94 4715 NV WASHOE 99 RedRock |\ 5 1 93| 18 | 20| 20 | 18 | 17| 17 | 15| 13 | 15 | 15 16
COUNTY Valley
Truckee
RENO WSFO AIRPORT | 39.48 | -119.77 4410 NV AIRPORT 87 Voagoe | 16 | 20 | 25 | 28 | 28 | 27 | 25| 23 |20 | 17 | 18 | 17 22
Thousand
ROCK SPRING CREEK | 41.64 | -114.44 5400 NV RAWS 1898 Springs 20 22| 25 | 27| 27 | 28 | 26| 25 | 23| 23 | 21 | 22 2.4
Valley
RUBY LAKE 4017 | -115.49 5971 NV RAWS 176 RubyValley | 25 | 27 | 30 | 32 | 30 | 29 | 25| 25 | 25| 25 | 26 | 26 27
Sarcobatus
SARCOBATUS FLATS | 37.28 | -117.02 4016 NV CEMP 146 e 23 | 24| 26 | 27| 22 | 23| 22| 20 | 19| 19 | 20 | 22 2.2
SHO-PAI 4202 | -116.21 5351 ID RAWS NA NA 28 | 28| 33 [ 32| 31 |29 |29]| 28 |27 26| 31|30 2.9
Pleasant
SIARD 4039 | -117.63 4600 NV RAWS 130 Valley 17 | 19| 23 | 24| 25 | 25 | 23| 22 | 21| 19| 1.8 | 18 2.1
Goshute
SPRUCE MOUNTAIN | 40.44 | -114.81 6099 NV RAWS 187 Valley 25 | 24| 28 | 31| 30 | 30| 28| 27 | 25| 24 | 24 | 24 27
Lemmon
STEAD GOLF 39.63 | -119.89 5140 NV DRI 92A Valley 16 | 22| 24 | 29| 27 | 27 26| 25 | 22| 19| 19 | 23 23
TONOPAH AIRPORT | 38.05 | -117.08 5395 NV AIRPORT 141 Rva;ﬁ:yn 30 [ 33| 36 [ 39| 37 | 35]|31]31]30]31]|31]30 33
TRACY CLARK 39.57 | -119.53 4501 NV NVDOT 83 S(-;rgr:'\ceynt 15 21| 24 | 31| 28 | 25 | 24| 23 | 21| 18 | 19 | 17 2.2
WALKER 3857 | -119.46 5440 CcA RAWS NA NA 19 | 21| 26 | 29| 28 | 27 | 25| 24 | 24| 19 | 20 | 23 2.4
WASHOE VALLEY 39.27 | -119.82 5043 NV NVDOT 89 V\\’/ZSI:;;E 23 | 21| 31 | 34| 29 | 2323 21 |21] 19| 24 | 30 25
WASHOEVALLEY_EAST | 39.29 | -119.79 5040 NV WASHOE 89 Washoe 28 | 31| 44 | 52| 51 | 43 |42| 45 | 45| 37 | 31 | 38 4.0
- COUNTY Valley
WINNEMUCCAWSO |45 9 | _117.80 4296 NV AIRPORT 70 Winnemucea | o | 58 | 28 | 20 | 20 | 29 | 28| 26 | 25 | 24 | 25 | 25 2.7
AIRPORT Segment
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Appendix 4b.

Interpolated or assigned basin average mean monthly wind speed (m/s)
used for assignment to respective NWS weather stations. Symbol * next to the basin

name indicates that the basins was assigned the measured mean monthly wind speed.

BASIN MEAN
Numger | BASINNAME | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | o'
Alkali Spring
142 28 31| 33 [ 35| 31 | 31|28 28 |27 26| 27 |27 2.9
Valley*
1118 Alkalivalley | 2.0 | 23 | 27 | 29 | 26 | 25 | 22| 22 | 21| 20 | 21 | 22 23
230 Amargosa 18 22| 23 | 30| 27 | 29| 29| 28 | 23| 20| 17 | 17 2.4
Desert*
57 Antelope 16 | 20| 22 | 25| 26 | 25 | 22| 21 | 20| 1.8 | 1.7 | 17 21
Valley*
106 Antelope 19 | 21| 26 | 29| 28 | 27 | 25| 24 | 24 | 19 | 20 | 23 2.4
Valley
1868 Antelope 24 | 24| 27 | 30| 28 | 29 | 26| 26 | 24 | 24 | 23 | 23 26
Valley
Big Smoky
137A 32 | 35| 39 | 43| 41 | 42 | 35| 34 | 35| 36 | 34 | 30 36
Valley*
1378 Bigsmoky | 5ol 54| 29 | 33| 30 | 32|20 27 | 25| 24 | 24 | 23 27
Valley*
Black
215 Moutains 18 20| 23 | 26| 25 | 25 | 22| 22 | 21| 19 | 18 | 17 21
Area
28 BlackRock 150 | 9o | 26 | 28 | 27 | 26 |25 | 24 | 23 | 22 | 21 | 21 2.4
Desert
61 BoulderFlat | 1.7 | 20 | 23 | 25 | 24 | 24 | 23| 22 | 20| 18 | 1.8 | 18 21
38 Br“":?:aR'Ver 24 | 25| 29 | 29| 28 | 28 | 27| 26 | 24 | 24 | 26 | 25 26
Buena Vista
129 18 | 21| 24 | 26 | 26 | 26 | 24| 23 | 21| 20 | 19 | 19 22
Valley
131 BuffaloValley | 1.8 | 20 | 23 | 25 | 25 | 25 | 23| 23 | 21| 19 | 19 | 18 2.2
101 carson 13 17| 20 | 22| 18 | 18| 14| 13 | 13| 11| 13 | 15 16
Desert*
105 Carson 16 | 16| 24 | 25| 23 | 20| 18| 17 | 17| 16 | 16 | 18 19
Valley*
102 Churchill 16 20| 23 | 26| 23 | 22| 19| 1.8 | 1.8 | 16 | 1.8 | 18 2.0
Valley
143 ClaytonValley | 2.8 | 3.2 | 34 | 36 | 32 | 32 | 29| 28 | 28| 28 | 28 | 28 3.0
177 Clovervalley | 23 | 23 | 27 | 29 | 28 | 28 | 26| 25 | 23 | 23 | 23 | 23 25
204 Clovervalley | 1.9 | 20 | 23 | 27 | 26 | 27 | 25| 24 | 24 | 21 | 19 | 18 23
64 CloversArea | 1.9 | 21 | 25 | 26 | 26 | 25 | 24| 23 | 22 | 20 | 20 | 19 2.2
213 Colorado 26 | 27| 27 | 28| 26 | 22 | 18| 17 | 16 | 19 | 23 | 29 23
Valley
118 ColumbusSalt 1) 1 50| 35 | 35 | 31 | 30| 27| 26 | 26| 27 | 27 | 26 28
Marsh Valley
Cowkick
126 18 | 21| 23 | 26| 26 | 25 | 25| 23 | 21| 19 | 19 | 19 22
Valley
54 Crescent 16 | 19| 23 | 24| 24 | 24 22| 21 |20 18| 17 | 17 21
Valley
103 DaytonValley | 1.8 | 20 | 26 | 29 | 26 | 23 | 22| 20 | 20 | 18 | 20 | 21 2.2
31 DesertValley | 22 | 24 | 27 | 28 | 28 | 28 |26 | 25 | 24 | 23 | 23 | 22 25
153 Diamond 17|19 | 26 | 30| 23 | 22| 19| 18 | 18| 1.8 | 19 | 20 21
Valley*
Dixie Creek-
48 Tenmile 18 | 20| 23 | 25| 24 | 24 | 22| 21 | 20| 19 | 19 | 19 21
Creek Area
128 DixieValley | 17 | 20 | 23 | 26 | 26 | 25 | 24| 22 | 21| 19 | 19 | 1.8 2.1
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Appendix 4b cont. Interpolated or assigned basin average mean monthly wind speed
(m/s) used for assignment to respective weather stations. Symbol * next to the basin
name indicates that the basins was assigned the measured mean monthly wind speed.

BASIN MEAN
Numeer | BASINNAME | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | ,uern
82 Dodge Flat 1.7 | 21| 25 | 29 | 27 | 24 | 23| 22 | 21| 18 | 20 | 21 2.2
104 EagleValley | 20 | 20 | 27 | 30 | 27 | 23 | 22| 20 | 20| 18 | 21 | 24 23
200 EagleValley | 21 | 24 | 27 | 31 | 31 | 33 | 29| 28 | 28| 25 | 23 | 22 27
127 Eastgate 19 | 22| 23 | 26 | 26 | 25 | 24| 23 | 21| 19 | 20 | 20 2.2

Valley Area
Eldorado
167 22 | 25| 28 | 31| 31 | 30|27 26 | 24| 23| 22 | 22 26
Valley
49 ElkoSegment | 1.6 | 1.8 | 21 | 23 | 22 | 22 | 21| 19 | 1.8 | 1.6 | 17 | 16 19
76 FernleyArea | 1.7 | 21 | 24 | 28 | 26 | 23 | 22| 21 | 19| 17 | 19 | 20 21
117 Fish Lake 32 | 38| 38 | 41| 32 |32 |29 28 | 28|31 ] 31 ]33 33
Valley*
227A Fortymile 20| 23| 25 | 31| 28 | 29 | 28| 27 | 23| 22| 19 | 19 24
Canyon
122 GabbsValley | 20 | 24 | 26 | 29 | 28 | 27 | 25| 23 |22 | 21 | 22 | 21 24
172 Garden 11| 13| 16 | 29| 18 | 18| 17| 16 | 15| 12 | 11 | 11 15
Valley*
Goshute
187 25 | 24| 28 | 31| 30 | 30| 28| 27 | 25| 24 | 24 | 24 27
Valley*
71 GrassValley | 21 | 23 | 26 | 27 | 27 | 27 | 26| 25 | 23 | 22 | 22 | 21 24
138 GrassValley | 1.8 | 21 | 24 | 27 | 26 | 25 | 23| 22 | 21| 20 | 19 | 19 22
192 GreatSalt | 53\ o3| 27 | 29 | 28 | 28 | 26| 25 | 24 | 23 | 23 | 23 25
Lake Desert
6 GuanoValley | 3.6 | 32 | 34 | 33| 30 | 29 | 26| 25 | 24 | 28 | 33 | 35 3.0
156 HotCreek* | 1.4 | 1.8 | 23 | 26 | 26 | 26 | 24| 23 | 21| 1.9 | 17 | 16 21
156 HotCreek | 1.4 | 1.8 | 23 | 26 | 26 | 26 | 24| 23 | 21| 19 | 1.7 | 16 21
24 HualapaiFlat | 1.9 | 21 | 25 | 28 | 27 | 26 | 25| 24 |22 | 21 | 20 | 20 23
47 Huntington > | 24 | 27 | 30 | 28 | 27 | 24| 24 | 23| 23 | 23 | 23 25
Valley
72 ImlayArea | 20 | 23| 25 | 27 | 27 | 27 | 25| 24 |23 | 21 | 21 | 20 24
72 ImlayArea | 20 | 23 | 25 | 27 | 27 | 27 | 25| 24 | 23| 21 | 21 | 20 24
36 Independence | | 53 | 57 | 28 | 27 | 26 | 25| 24 | 23| 22 | 23 | 23 2.4
Valley
161 Indian Springs | 51 55 | 25 | 20 | 28 | 28 | 27| 25 | 23 | 21 | 20 | 19 24
Valley
135 loneValley | 2.4 | 27 | 29 | 32 | 31 | 31| 28| 26 | 26 | 25 | 25 | 24 27
164A Ivanpah 22 | 25| 29 | 32| 32 | 31| 28| 27 |25 23| 23 | 22 27
Valley
174 JakesValley | 23 | 25 | 28 | 30 | 29 | 29 | 27| 27 | 26 | 25 | 24 | 24 26
39 Jarb'if::'ver 23 | 24| 28 | 29| 28 | 28 | 26| 25 | 24 | 23 | 25 | 24 26
30A KingsRiver | 3 1 54| 20 | 290 | 28 | 28 | 27| 26 | 24 | 24 | 24 | 23 2.6
Valley
90 LakeTahoe | 1o | 50| 27 | 20 | 26 | 23 | 21| 20 | 20| 18 | 20 | 23 22
Basin
183 lakeValley | 19 | 20 | 23 | 25 | 25 | 26 | 24| 23 | 22 | 21 | 19 | 19 22
45 Lamoille 19| 20| 24 | 26| 25 | 24 | 23] 22 | 21| 19 | 20 | 19 22
Valley
212 Las Vegas 24 | 28| 33 | 36| 37 | 36 (33| 31|29 26| 25 | 24 3.0
Valley
92A Lemmon 16 | 22| 24 | 29| 27 | 27 | 26| 25 | 22| 19 | 19 | 23 2.3
Valley*
928 Lemmon 16| 22| 24 | 29| 27 | 27| 26| 25 | 22| 19| 19 | 23 23
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Appendix 4b cont. Interpolated or assigned basin average mean monthly wind speed
(m/s) used for assignment to respective weather stations. Symbol * next to the basin
name indicates that the basins was assigned the measured mean monthly wind speed.

BASIN MEAN
NUmaer | BASINNAME | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | oo
Valley
155A L'tt\lfai;"yoky 20 23| 27 | 31| 28 | 28 | 25| 25 | 24| 23 | 22 | 21 25
73 L\‘/’;’ﬁé‘;ﬁ“ 18 | 22| 25 | 29 | 30 |29 | 26| 24 | 22| 20 | 18 | 17 23
Lower
205 Veadoe w | 17 | 18 | 21 |24 | 23 | 23 |22 | 21 | 20| 18 | 17 | 16 20
220 Lo“\'/zr“':'yiapa 14 | 15| 16 | 1.9 | 1.8 | 1.8 [ 15| 16 | 15 | 1.4 | 13 | 1.3 15
59 LowerReese | ) 3| 421 20 | 21| 22 |22 |21 ] 20 | 19| 15| 14 | 14 18
River Valley*
52 MarXieireek 18 | 20| 23 | 25 | 24 | 24 | 23| 22 | 20| 19 | 19 | 18 21
Marys River
42 o 21 | 23| 26 | 28 | 27 | 27 | 25| 24 | 23| 22 | 22 | 22 24
108 \';’;TI:; 14 (21| 20 | 22| 1.8 [ 15 |14 | 14 | 14| 13 | 15 | 15 16
225 '\lef:;y 2022 25 | 30| 28 | 29 | 28| 26 | 23| 21| 19 | 19 2.4
58 Middle Reese |, o\ 5o | 53 | 25 | 25 | 25 | 23| 21 | 20| 19 | 18 | 18 21
River Valley
26 Mud Meadow | 22 | 23 | 27 | 28 | 27 | 26 | 25| 24 |22 | 22 | 23 | 23 24
44 N°rAtre';°rk 2022 25 | 27 | 26 | 25 | 24| 23 |22 | 21 | 21 | 21 23
228 OasisValley | 23 | 25 | 27 | 31 | 27 | 28 | 27| 25 | 23| 23 | 22 | 22 25
37 Owy:f:aR'Ver 25 | 26| 30 | 30| 29 | 28 |27 | 27 | 25| 24 | 28 | 27 2.7
209 Par\‘/;a””:ygat 20 21| 24 | 28| 27 | 27 | 25| 24 | 23| 21| 19 | 19 23
162 Pf/:“‘er:p 20 | 24| 27 | 31| 29 |30 |28 26 | 24| 22| 21 | 20 25
203 PanacaValley | 1.9 | 21 | 25 | 28 | 28 | 29 | 26| 25 | 25 | 22 | 20 | 19 2.4
69 F:Zﬁ:ff 21 23| 30 [ 30| 29 | 29 | 29| 28 |26 | 25 | 23 | 21 2.6
202 Pa\;:i:;’" 19 | 21| 24 | 27| 27 | 28 | 25| 25 | 24| 22 | 20 | 19 2.4
170 F:fa'm/ir 19 [ 23| 25 |31 | 29 [ 30 |29 28 |24 | 21| 19 | 18| 25
191 P"\‘j;ﬁgje'( 22 | 23| 26 | 28| 27 | 28 | 26| 25 | 24| 23 | 23 | 23 25
29 P'"\falFlz;e“ 23 | 25| 28 | 29| 28 | 28 | 26| 25 | 24| 23 | 24 | 24 26
53 Pinevalley | 19 | 21 | 25 | 27 | 25 | 25 | 23| 22 | 21| 20 | 20 | 20 22
214 PiuteValley | 26 | 27 | 27 | 28 | 26 | 22 | 18| 1.7 | 1.6 | 19 | 23 | 29 23
88 P{f:nsz;‘t 210 | 23| 28 | 31| 29 | 26 | 24| 23 | 22| 20 | 23 | 26 25
130 r:'/iﬁii;t 17 19| 23 | 24 | 25 | 25 [ 23| 22 | 21| 19 | 18 | 18 2.1
1 PuebloValley | 25 | 25 | 29 | 29 | 28 | 28 | 26 | 25 | 24 | 24 | 25 | 25 26
65 P“mvpjlr:fke' 2022 25 | 27 | 27 | 27 | 25| 24 | 23| 21 | 21 | 20 23
81 Pyrszl‘l':ytake 25 27| 30 [ 32| 27 | 25 | 23| 25 | 25| 25 | 28 | 32 2.7
116 Queenvalley | 20 | 23 | 26 | 28 | 24 | 23 | 21| 20 | 20 | 20 | 21 | 21 22
33A Q"'{;’arh:;"er 22 | 23| 29 | 29| 29 | 29 | 28| 27 | 25| 24 | 24 | 22 26
338 QuinnRiver | 23 | 24 | 29 | 29 | 29 | 28 | 27| 26 | 25 | 24 | 24 | 23 26
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Appendix 4b cont. Interpolated or assigned basin average mean monthly wind speed
(m/s) used for assignment to respective weather stations. Symbol * next to the basin
name indicates that the basins was assigned the measured mean monthly wind speed.

BASIN MEAN
numger | BASINNAME | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | ,uern
Valley
Railroad
173A 18 | 21| 24 | 28 | 27 | 27 | 25| 24 | 22| 20| 19 | 18 23
Valley
1738 Railroad 19 | 21| 25 | 29 | 27 | 28 | 26| 26 | 24| 22 | 20 | 18 24
Valley*
141 Ralston 30 (33| 36 |39 ] 37 | 35|31 313031 31]30 33
Valley*
176 Ruby Valley* | 25 | 27 | 30 | 32 | 30 | 29 | 25| 25 | 25 | 25 | 26 | 26 27
40 salmonfFalls 1 53 o6 | 28 | 27 | 28 | 26| 25 | 23| 23 | 22 | 22 25
Creek Area
San Emidio
2 17 | 20| 24 | 27| 27 | 26 | 24| 23 | 22| 20| 19 | 19 22
Desert
146 Sargl";itus 23 |24 | 26 | 27 | 22 | 23 | 22| 20 |19 | 19 | 20 | 22 22
107 Smithvalley | 1.5 | 1.7 | 21 | 24 | 22 | 20 | 19| 1.8 | 18| 15 | 16 | 17 18
21 smoke Creek | ) o 50 | 25 | 20 | 20 | 29 |28 | 26 | 24 | 22 | 18 | 16 23
Desert*
195 SnakeValley* | 15 | 1.4 | 1.8 | 20 | 20 | 21 | 20| 20 | 19| 16 | 15 | 15 18
121A Sodaspring | 54| 58| 30 | 33| 30 | 30 |27 | 26 | 25| 25 | 25 | 24 2.7
Valley
46 Solﬁ:’e?’rk 21 | 22| 25 | 28 | 26 | 26 | 24| 23 |22 | 21 | 22 | 21 23
South Fork
35 OwyheeRiver | 26 | 27 | 30 | 30 | 30 | 28 | 27| 27 | 25 | 25 | 28 | 27 2.7
Area
184 springValley | 21 | 22 | 25 | 27 | 26 | 27 | 25| 25 | 24 | 22 | 21 | 21 24
201 springValley | 20 | 22 | 25 | 28 | 28 | 29 | 27| 26 | 25| 23 | 21 | 20 25
43 Staxr\é‘;"ey 20122 25 | 27| 26 | 26 | 24| 23 | 22| 21| 21 | 21 23
179 Steptoe 26 | 26| 28 | 29| 29 | 29 | 28| 28 | 27| 26 | 25 | 26 27
Valley
149 Stone Cabin |, o1 5l 09 | 32 | 31 | 31 | 28| 27 | 25| 24 | 24 | 23 2.7
Valley
14 surprise 23 | 23| 26 | 26| 24 | 23| 21| 21 |20 20 | 22 | 23 23
Valley
114 TeelsMarsh | > | 56 | 28 | 31| 27 | 26 | 23| 23 | 22| 23 | 23 | 23 25
Valley
189A Thousand 21 | 23| 26 | 28 | 27 | 28 | 26| 25 | 23 | 23 | 22 | 22 24
Springs Valley
Thousand
189D _ 21 | 22| 26 | 28 | 27 | 28 | 26| 25 | 23 | 23 | 22 | 22 2.4
Springs Valley
83 Tracy 15 21| 24 | 31| 28 | 25| 24| 23 | 21| 18| 19 | 17 22
Segment*
Truckee
91 Canyon 19 | 22| 26 | 30| 28 | 26 | 24| 23 | 22| 19 | 21 | 23 23
Segment
87 Truckee 16 | 20| 25 | 28 | 28 | 27 | 25| 23 | 20| 17 | 18 | 17 2.2
Meadows*
56 UpperReese | | o3 | 26 | 28 | 27 | 27 | 25| 24 | 23| 21 | 21 | 21 24
River Valley
222 VirginRiver 1 4y 1 44 | 15 | 17 | 17 | 16 | 17| 15 | 16| 13 | 12 | 12 15
Valley
4 virginValley | 3.0 | 28 | 31 | 31 | 29 | 27 | 25| 25 | 24 | 25 | 29 | 30 2.8
110A WalkerLake | 4 ot 50| 23 | 25 | 23 | 20 | 19| 18 | 18| 16 | 17 | 18 1.9
Valley
110C Wa\I/';e”rebake 20 24| 27 | 29| 26 | 25 | 23| 22 | 21| 20 | 21 | 22 23

SE ROA 54396

131

JA_ 18534



Appendix 4b cont. Interpolated or assigned basin average mean monthly wind speed
(m/s) used for assignment to respective weather stations. Symbol * next to the basin
name indicates that the basins was assigned the measured mean monthly wind speed.

BASIN MEAN
NUMBER | BASINNAME | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | ,to
8 Washoe 26 | 26 | 37 | 43| 40 |33 |32 33 | 33| 28| 28 | 34 33
Valley*
207 WhiteRiver | 1 o | 51 | 24 | 27 | 26 | 27 | 25| 25 | 24 | 22 | 20 | 19 23
Valley
63 Willow Creek | ) | o4 | 27 | 28 | 27 | 27 | 25| 25 | 23 | 23 | 23 | 23 25
Valley
70 Winnemucea | o\ 5 g | 98 | 29 | 29 | 29 | 28| 26 | 25 | 24 | 25 | 25 2.7
Segment*
159 YuccaFlat | 21 | 23| 26 | 30 | 28 | 29 | 27| 26 | 24| 22 | 21 | 20 25
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Appendix 5. Crop parameter table listing all parameters used in estimating crop ET,
planting or greenup, harvest, killing frost, and runoff.

Sweet | Sweet

Alfalfa | Grass | Beans | Beans | Field | Silage Spring | Winter

P t Expl ti C - | G -
arameter Xplanation Hay Hay Fresh | Dry Corn Corn orn orn Grain Grain
early late
Days after p!antnpgl or greenup 0 0 0 0 0 0 0 0 20 155
for earliest irrigation
Winter surface class 1=bare, 2=mulch, 3=turf 2 3 1 1 1 1 1 1 2 2

Maximum Allowable
Depletion of soil 60 50 60 60 60 60 60 60 60 60
moisture in percent

MAD during initial and
development stage

Maximum Allowable

MAD during midseason and Depletion of soil 60 50 50 50 50 50 50 50 50 50
late season ) .
moisture in percent
Initial effective rooting depth, On alfalfa, 2nd cycle, 0.7 03 0.12 0.12 0.12 0.12 0.12 0.12 0.25 0.25
m start at max.
Maximum effective rooting 1.8 1.1 1.2 1.2 15 1.5 1 1 1.8 1.8

depth, m

End of root growth, as a
fraction of time from planting 0.5 0.4 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

or greenup to EFC

Starting crop height, m 0.1 0.1 0.05 0.05 0.1 0.1 0.1 0.1 0.05 0.05
Maximum Crop height, m 0.6 0.6 0.35 0.35 3 3.5 1.5 1.5 1 1
Crop Kcb curve number 13 19 12 11 9 9 10 10 1 2

1=NCGDD, 2=%PL-EC,

Crop curve type 3-9%PL-EC,daysafter 1 1 1 1 1 1 1 1 1 1
Flag for means to estimate 1=CGPD, 2=T30, 3.=date, 1 5 5 5 5 5 5 5 5 3
Greenup 4 is on all the time
T30 for Greenup or CGDD for 30 day moving average, 300 7 1 1 9 9 9 1 5

Greenup Degree C

A negative values is an

Date of G b
ate of Greenup (can be offset to the prior row, 10

blank) pos is months (fraction)
For NCGDD based curves: Mean Temp Base Degree 0 0 5 5 10 10 10 10 0 0
Thase: c
Cumulative Degree C
CGDD for EFC 880 1200 670 670 540 540 540 540 840 1080
days from Jan 1
CGDD for termination 740 3600 1150 1350 | 1400 | 1300 1000 1000 1600 1800
time for harvest (neg to Use as max length for 180
extend until frost) CGDD crops
Killing frost temperature Degrees C -7 -5 -2 -2 -5 -4 -4 -5 -100 -100

1yes, 0 no, 2 yes and will
Invoke Stress recover after severe 2 2 1 1 1 1 1 1 2 2
stress (Ks<0.05)

NRCS runoff curve number - 60 60 67 67 67 67 67 67 63 65
coarse soil
NRCS runoff‘curve ‘number - 68 68 75 75 75 75 75 75 75 75
medium soil
NRCS runoff curve number - 77 77 85 85 85 85 85 85 85 85
fine soil
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Appendix 5 cont. Crop parameter table listing all parameters used in estimating crop ET,
planting or greenup, harvest, killing frost, and runoff.

Orchard
Grass -': alress Orchards -
Grass PP Apples and Garden
. Pasture - Grass and R
Parameter Explanation . Pasture - low . Cherriesno | Vegetables
high - Turf Cherries
management ground - general
management w/ground
cover
cover
Days after planting or
greenup for earliest 0 0 0 0 0 0
irrigation
Winter surface class 1=bare, 2=mulch, 3=turf 3 3 3 2 1 1
MAD during initial and MaX|mL‘Jm A!Iowab.le Depletion of 60 60 60 50 50 50
development stage soil moisture in percent
MAD during midseason and MaX|ml.Jm A!Iowab.le Depletion of 50 50 50 50 50 40
late season soil moisture in percent
Initial rooting depth, m On alfalfa, 2nd cycle, start at max. 0.3 0.3 0.3 1.5 1.5 0.12
Maximum rooting depth, m 1 1 0.6 1.5 1.5 0.6
End of root growth, as a
fraction of time from 0.4 0.4 0.4 0.5 0.5 1.2
planting or greenup to EFC
Starting crop height, m 0.1 0.1 0.05 4 4 0.1
Maximum Crop height, m 0.25 0.15 0.1 4 4 0.4
Crop Kcb curve number 30 31 29 24 25 20
1=NCGDD, 2=%PL-EC, 3=%PL-
C t ! ! 3 3 2 2 2 2
rop curve type EC,daysafter
Flag for means to estimate 1=CGDD, 2=T30, 3=date, 4 is on all
; 2 2 2 2 2 2
Greenup the time
T30 f DD
30 for Greenup or CG 30 day moving average, Degree C 5 5 5 6 6 10
for Greenup
Time for EFC Days after planting or greenup 40 50 70 55 55 80
time for harvest (negto |\, . length for CGDD crops 220 220 270 2260 2260 200
extend until frost)
Killing frost temperature Degrees C -5 -5 -5 -5 -5 -2
1yes, 0 no, 2 yes and will recover
2 2 2 1 1 1
Invoke Stress after severe stress (Ks<0.05)
NRCS runoff curve. number 40 40 40 60 65 7
- coarse soil
NRCS runoff‘curve 'number 70 70 70 68 72 30
- medium soil
NRCS runoff cur\{e number 82 82 82 70 22 38
- fine soil
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Appendix 5 cont. Crop parameter table listing all parameters used in estimating crop ET,

planting or greenup, harvest, killing frost, and runoff.

Potatoes- | Potatoes-
. . Wine Alfalfa | Peas- | Peas- | processing | cold pack
P t Expl t Mel
arameter Xplanation Onions elons Grapes Seed fresh | seed (early (late
harvest) harvest)
Days after planting or
greenup for earliest 0 0 20 0 0 0 0 0
irrigation
Winter surface class 1=bare, 2=mulch, 3=turf 1 1 1 2 1 1 1 1
N Maximum Allowable
MAD during initial and Depletion of soil moisture in 50 50 70 70 60 60 50 50
development stage
percent
" . Maximum Allowable
MAD during midseasonand | o1 of soil moisture in 40 50 70 70 50 50 40 40
late season
percent
Ifalfa, 2 |
Initial rooting depth, m On alfalfa, r’;‘i)fyc e startat | 4, 0.2 1 0.7 02 | 02 03 03
Maximum rooting depth, m 0.8 1.2 2 1.5 1 1 0.8 0.8
End of root growth, as a
fraction of time from 1.2 1.2 1 0.5 1 1 1 1
planting or greenup to EFC
Starting crop height, m 0.1 0.05 1.5 0.1 0.05 0.05 0.05 0.05
Maximum Crop height, m 0.4 0.3 1.5 0.6 0.3 0.3 0.4 0.4
Crop Kcb curve number 20 22 21 33 4 3 7 6
1=NCGDD, 2=%PL-EC, 3=%PL-
Crop curve type EC, daysafter 2 2 2 3 1 1 1 1
Flag for means to estimate 1=CGDD, 2=T30, 3.=date, 4is ) ) ; 1 ) ) ) )
Greenup on all the time
T30 for Greenup or CGDD 30 day moving average, 75 10 3 240 5 5 5 5
for Greenup Degree C
For NCGDD based curves: Temp Min. Degree C 0 0 0 5 5
Thase:
CGDD for EFC Cumulative Degree C days 640 | 640 700 740
fromlJan 1
CGDD for termination 1000 | 1620 1350 1900
Time for EFC Days after planting or 70 70 80 80
greenup
time for harv?st (neg to Use as max length for CGDD 220 145 270 100
extend until frost) crops
Killing frost temperature Degrees C -2 -2 -3 -7 -4 -4 -5 -5
. 1yes, 0 no, 2 yes and will
Invoke:trriecsusl tf::eramfed recover after severe stress 1 1 1 1 1 1 1 1
8 (Ks<0.05)
NRCS runoff curve. number 72 72 65 60 63 63 70 70
- coarse soil
NRCS runoff.curve .number 20 80 7 68 70 70 76 76
- medium soil
NRCS runoff cur\{e number 38 88 82 77 82 82 88 88
- fine soil
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Appendix 5 cont. Crop parameter table listing all parameters used in estimating crop ET,

planting or greenup, harvest, killing frost, and runoff.

S
Parameter Explanation b:i: Hops | Sunflower | Safflower | Canola
Days after planting or
greenup for earliest 0 0 0 0 0
irrigation
Winter surface class 1=bare, 2=mulch, 3=turf 1 1 1 2 2
IR Maximum Allowable
MAD during initial and Depletion of soil moisturein | 50 50 60 60 60
development stage
percent
. . Maximum Allowable
MAD during midseasonand | | o of soil moisture in | 50 50 60 60 60
late season
percent
Initial rooting depth, m Onalfalfa, Z;iiyde’ startat | 415 1 0.2 0.2 0.2
Maximum rooting depth, m 13 15 2.5 2.5 1.6
End of root growth, as a
fraction of time from 1.2 1 1.2 1.2 1.2
planting or greenup to EFC
Starting crop height, m 0.05 1 0.1 0.1 0.1
Maximum Crop height, m 0.35 6 2 1 1
Crop Kcb curve number 5 23 28 28 27
1=NCGDD, 2=%PL-EC, 3=%PL-
Crop curve type EC, daysafter 1 2 2 2 2
Flag for means to estimate 1=CGDD, 2=T30, 3=date, 4 is
. 2 1 2 2 2
Greenup on all the time
T30 for Greenup or CGDD 30 day moving average, 3 600 10 3 3
for Greenup Degree C
For NCGDD :
or NCGDD based curves Temp Min. Degree C 0 0
Thase:
CGDD for EFC Cumulative Degree C days 970
from Jan 1
CGDD for termination 2600
Time for EFC Days after planting or 100 70 70 55
greenup
time for harv?st (neg to Use as max length for CGDD 170 170 170 170
extend until frost) crops
Killing frost temperature Degrees C -4 -2 -4 -4 -4
1yes, 0 no, 2 yes and will
Invoke Stress recover after severe stress 1 1 1 1 1
(Ks<0.05)
NRCS runoff curve. number 67 65 58 58 58
- coarse soil
NRCS runoff.curve .number 74 7 7 7 7
- medium soil
NRCS runoff cur\{e number 86 82 83 83 83
- fine soil
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Appendix 5 cont. Crop parameter table listing all parameters used in estimating crop ET,

planting or greenup, harvest, killing frost, and runoff.

Mulched
u c © Dormant Open
soil -
. . Bare | . . Turf water -
Parameter Explanation Garlic . including .
soil (winter shallow
wheat time) systems
stubble ¥
Days after planting or
greenup for earliest 0 NA NA NA NA
irrigation
Winter surface class 1=bare, 2=mulch, 3=turf 1 1 2 3 NA
MAD during initial and MaX|ml.,|m A!Iowab'le Depletion of 50 60 60 60 NA
development stage soil moisture in percent
MAD during midseason and MaX|mL'1m A!Iowab'le Depletion of 20 60 60 60 NA
late season soil moisture in percent
Initial rooting depth, m On alfalfa, 2nd cycle, start at max. 0.2 0.08 0.08 0.08 NA
Maximum rooting depth, m 0.8 0.08 0.08 0.08 NA
End of root growth, as a
fraction of time from 1.2 1 1 1 NA
planting or greenup to EFC
Starting crop height, m 0.1 0.05 0.05 0.05 NA
Maximum Crop height, m 0.4 0.05 0.05 0.05 NA
Crop Kcb curve number 20 0 0 0 NA
1=NCGDD, 2=%PL-EC, 3=%PL-
! ! 2 N N
Crop curve type EC, daysafter A A NA NA
Flag for means to estimate 1=CGDD, 2=T30, 3.=date, 4isonall 5 4 4 4 NA
Greenup the time
T30 forfgrrzerr:;;r:u:r cGoD 30 day moving average, Degree C 7.5
Time for EFC Days after planting or greenup 70
time for harvest (neg to
extend until frost) Use as max length for CGDD crops 200
Killing frost temperature Degrees C -2 -50 -50 -50 NA
Invoke Stress 1yes, 0 no, 2 yes and will recover 1 ) ) ) NA
after severe stress (Ks<0.05)
NRCS runoff curve. number 7 58 58 0 NA
- coarse soil
NRCS runoff.curve _number 0 72 72 70 NA
- medium soil
NRCS runoff cur\{e number 88 83 83 22 NA
- fine soil
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Appendix 6. Basal crop coefficient (K¢p) curve values for crop types simulated.

Type of K., Curve 1 1 1 1 1 1 1
Potatoes--
. Spring Winter Peas, Peas, Sugar Potatoes--cold processing
X axis = NCGDD*100 (type 1) Wheat Wheat seed fresh Beets pack (late (early
harvest) harvest)

0 0.18 0.14 0.14 0.14 0.18 0.18 0.18
10 0.18 0.14 0.17 0.17 0.18 0.18 0.18
20 0.24 0.18 0.18 0.18 0.19 0.18 0.18
30 0.34 0.24 0.19 0.19 0.2 0.2 0.2
40 0.48 0.32 0.24 0.24 0.22 0.28 0.28
50 0.6 0.48 0.38 0.38 0.25 0.42 0.42
60 0.71 0.86 0.55 0.55 0.48 0.58 0.58
70 0.98 1.12 0.76 0.76 0.68 0.74 0.74
80 1.14 1.19 0.92 0.92 0.88 0.83 0.83
90 1.19 1.24 1.02 1.02 1.06 0.89 0.89
100 1.24 1.24 11 11 1.24 0.92 0.92
110 1.24 1.24 11 11 1.24 0.92 0.92
120 1.24 1.24 11 11 1.24 0.92 0.91
130 1.24 1.24 1.09 1.09 1.24 0.9 0.86
140 1.24 1.22 1.01 1.01 1.22 0.86 0.84
150 1.24 1.2 0.94 0.94 1.21 0.84 0.82
160 1.24 0.86 0.85 0.85 1.19 0.82 0.78
170 1.21 0.52 0.78 0.78 1.16 0.79 0.76
180 1.16 0.3 0.7 1.14 0.77 0.71
190 1.06 0.18 0.62 1.09 0.73 0.65
200 0.77 0.12 0.54 1.04 0.7 0.48
210 0.49 0.06 0.46 0.98 0.65 0.12
220 0.34 0.37 0.92 0.58
230 0.19 0.32 0.88 0.19
240 0.12 0.26 0.83 0.12
250 0.06 0.22 0.76
260 0.17 0.68
270 0.12 0.12
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Appendix 6 cont. Basal crop coefficient (Kcp) curve values for crop types simulated.

SE ROA 54404

Type of K, Curve 1 1 1 1 1 1 1 1
X axis = NCGDD*100 (type 1) ZI::: Si(l:(:ﬁe S‘\:A;:e‘t SnapdE:ans- Sna:::hans- Alf:;f:eht AI::fjelnt Alfi::;:ast

0 0.18 0.18 0.18 0.18 0.18 0.3 0.3 0.3
10 0.18 0.18 0.18 0.19 0.19 0.61 0.4 0.35
20 0.18 0.18 0.18 0.23 0.23 0.88 0.54 0.46
30 0.2 0.2 0.2 0.28 0.28 1.01 0.96 0.67
40 0.23 0.23 0.23 0.46 0.46 1.08 1.12 0.95
50 0.34 0.34 0.34 0.59 0.59 1.18 1.19 1.09
60 0.5 0.5 0.5 0.72 0.72 1.2 1.2 1.15
70 0.65 0.65 0.65 0.89 0.89 1.2 1.19 1.2
80 0.88 0.88 0.88 1.03 1.03 1.19 1.16 1.19
90 1.03 1.03 1.03 1.13 1.13 1.16 1.15 1.15

100 1.15 1.15 1.15 1.14 1.14 1.15 1.13 1.13

110 1.15 1.15 1.15 1.14 1.14

120 1.15 1.15 1.14 1.14 1.14

130 1.15 1.15 1.13 1.12 1.12

140 1.15 1.15 1.12 1.08 1.08

150 1.13 1.13 1.08 1.02 1.02

160 1.08 1.08 1.03 0.9 0.9

170 1.03 1.03 0.98 0.77

180 0.98 0.98 0.59

190 0.94 0.94 0.41

200 0.88 0.88 0.23

210 0.78 0.78 0.1

220 0.53 0.24

230 0.26 0.12

240 0.16 0.12
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Appendix 6 cont. Basal crop coefficient (K.,) curve values for crop types simulated.

SE ROA 54405

Type of K, Curve 1 1 1 2 2 2 2 2 2 2
;(i:;ist: EIF%G(?\:?::;)(;:;ZO) Lentils | Mint | Grass Hay | Onions | Garlic g‘:'\;i:ees Melons | Hops Ox/[:(r:d v(:/r;l;acr;::
0 0.18 |0.42| 0.24 0.18 | 0.18 | 0.19 0.18 0.12 0.18 0.18
10 0.18 |0.61| 0.55 0.18 | 0.18 | 0.22 0.18 0.12 0.24 0.18
20 0.22 |0.88| 0.82 0.18 | 0.18 | 0.26 0.2 0.12 0.29 0.22
30 0.3 |1.01| 0.95 0.29 | 029 | 031 0.24 0.14 0.4 0.3
40 0.43 |1.08 1.02 0.4 0.4 0.44 0.29 0.16 0.53 0.42
50 0.54 |1.18 1.12 0.49 | 0.49 0.67 0.37 0.38 0.66 0.53
60 0.64 | 1.2 1.14 0.62 | 062 | 0.78 0.53 0.66 0.79 0.68
70 0.89 | 1.2 1.14 0.74 | 0.74 0.78 0.67 0.83 0.92 0.79
80 1.03 |1.19 1.13 0.85 | 0.85| 0.78 0.78 0.95 1.01 0.86
90 1.07 | 1.16 11 0.9 0.9 0.78 0.78 1.04 1.04 0.9
100 1.12 |1.15 1.09 0.9 0.9 0.78 0.78 1.15 1.08 0.9
110 112 | 0.3 0.6 0.9 0.9 0.78 0.78 1.2 1.08 0.9
120 112 | 0.4 0.66 0.9 0.9 0.78 0.78 1.2 1.08 0.9
130 1.12 |0.54| 0.84 0.9 0.9 0.78 0.78 1.2 1.08 0.9
140 1.12 | 0.9 0.9 0.9 0.9 0.78 0.78 1.16 1.08 0.9
150 1.12 | 0.9 0.9 09 |(078| 0.78 0.78 1.07 1.08 0.9
160 1.12 | 0.9 0.9 0.9 0.67 0.78 0.78 0.85 1.08 0.9
170 1.09 | 0.9 0.9 0.78 | 0.56 | 0.78 0.78 0.62 1.08 0.9
180 1.04 | 0.9 0.9 0.67 | 0.46 0.78 0.78 0.36 1.08 0.9
190 0.95 | 0.9 0.84 0.56 0.72 0.78 0.31 1.08 0.9
200 0.7 0.9 0.84 0.46 0.72 0.78 0.26 1.08 0.9
210 0.44 | 0.9 0.84 0.72 0.78 1.08 0.9
220 0.3 0.9 0.78 0.72 0.78 0.88 0.84
230 0.19 | 0.9 0.78 0.72 0.78 0.66 0.66
240 0.12 | 0.9 0.78 0.72 0.78 0.66 0.66
250 0.9 0.72 0.72 0.78 0.66 0.66
260 0.9 0.66 0.72 0.78 0.66 0.66
270 0.9 0.6 0.72 0.78 0.66 0.66
280 0.54
290 0.54
300 0.54
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Appendix 6 cont. Basal crop coefficient (K.,) curve values for crop types simulated.

Type of K, Curve 2 2 2 3 3 3
) ] X axis = % Time to Sunflower/ Grass l?asture Grass Pasture - Alfalfa
X axis = % Time to EFC (type 2) |EFC then days after |Canola Safflower Turf - high low seed
(type 3) management | management
0 0 0.18 0.18 0.18 0.35 0.26 0.42
10 10 0.18 0.18 0.3 0.42 0.31 0.6
20 20 0.18 0.18 0.46 0.5 0.38 0.72
30 30 0.23 0.23 0.58 0.6 0.46 0.8
40 40 0.35 0.35 0.71 0.71 0.53 0.88
50 50 0.79 0.67 0.78 0.84 0.64 0.95
60 60 1.02 0.9 0.84 0.89 0.66 0.98
70 70 1.14 1.02 0.84 0.92 0.7 1
80 80 1.16 1.04 0.84 0.96 0.72 1.01
90 90 1.16 1.04 0.84 0.96 0.72 1.01
100 100 1.16 1.04 0.84 0.96 0.72 1.02
110 0 1.16 1.04 0.84 0.96 0.72 1.02
120 10 1.16 1.04 0.84 0.96 0.72 1.02
130 20 1.16 1.04 0.84 0.96 0.72 1.02
140 30 1.15 1.03 0.84 0.96 0.72 1.02
150 40 0.97 0.85 0.84 0.96 0.72 1
160 50 0.7 0.58 0.84 0.96 0.72 0.97
170 60 0.43 0.37 0.84 0.96 0.72 0.95
180 70 0.3 0.24 0.84 0.96 0.72 0.84
190 80 0.12 0.12 0.84 0.96 0.71 0.68
200 90 0.84 0.95 0.7 0.54
210 100 0.84 0.92 0.68 0.48
220 110 0.84 0.9 0.67 0.48
230 120 0.84 0.84 0.65
240 130 0.84 0.78 0.62
250 140 0.84 0.72 0.6
260 150 0.84 0.66 0.48
270 160 0.84 0.6 0.36
170 0.48 0.36
180 0.48 0.36
190 0.48 0.36
200 0.48 0.36
210 0.48 0.36
220 0.48 0.36
230 0.48 0.36
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Appendix 7. Description of greenup and harvest information used in calibrating the
cumulative growing degree day and T30 parameters controlling simulated greenup and
harvest dates.

The calibration of parameters T3, CGDD, controlling the greenup or planting
dates and harvest dates was accomplished by comparing simulated mean annual dates to
documented and typical dates of greenup or planting, and cutting and harvest dates for
major crops grown in valleys discussed in the paragraphs below. Table 4 in the main
body outlines the calibration information used for multiple crops.

Alfalfa grown in Carson Valley, Douglas County, typically greens up in early
April and the typical beef hay alfalfa farmer gets a first cutting in the second week of
June, second cutting in the first week of August, and last cutting in mid September. After
the third cutting the crop is left for grazing and it is not irrigated, usually due to a
shortage of water. Typical beef hay yields range between 4 and 4.5 tons per acre (Andy
Aldax, verbal communication, 2008). The dairy hay farmer that irrigates with center
pivots usually sees greenup occur in early April and the alfalfa usually reaches full cover
by the mid May, and as a rule of thumb makes the first cutting at the end of May with 28-
35 days between cuttings. The fourth and last cutting usually takes more time and occurs
in mid September. Typical yields for dairy hay average about 5.5 tons per acre (Jim
Usher, Bently Farms, verbal communication, 2008).

In the Boulder Flat hydrographic area, located in Eureka County, dairy and beef
alfalfa hay is the primary crop and is largely irrigated from water derived from
dewatering activities at surrounding mine sites. The greenup and harvest times of are
very similar to Carson Valley where greenup occurs around the first of April and is first
cut around the end of May to the beginning of June, with approximately 30-35 days in
between cuttings. Some years however a fourth cutting is not attainable due to weather
conditions of the season (Dan Gralian, TS Ranch, written communication, 2008).

In the Mason and Smith Valley hydrographic areas, located in Lyon County, beef
and dairy hay are the primary crops grown, however the valleys are famous for producing
some of the best quality onions in the country. Alfalfa greenup dates in Mason and
SmithValley typically occur in mid to late March to early April and cutting dates usually
occurs every 35 to 45 days beginning in the end of May to early June (John Snyder,
verbal communication, 2009). Onion crops in Mason Valley are typically planted in mid
March and greenup occurs 3 to 4 weeks after planting. Harvest of onions usually takes
place in late August and continues throughout September depending on the variety. After
harvest the fields are fallow until the next seasons planting (Peri and Sons, verbal
communication, 2008, John Snyder, verbal communication, 2009). Garlic is commonly
grown in Mason Valley and is typically harvested 2-3 weeks before onions. Irrigation is
usually ceased by early to mid August to allow drying of the garlic (John Snyder, verbal
communication, 2009).

Fallon, located in the Carson Desert hydrographic area, Churchill County, is well
known for producing beef and dairy hay alfalfa and melons. Melons are a 90 day crop
and are typically planted in early May, greenup occurs 10-12 days after planting, and
harvest occurs in the middle of August (Workman Farms & Latin Farms, verbal
communication, 2008). Fresh beans are typically planted in the middle of May and are
harvested in the middle of August. Sweet corn being a 70-90 day crop is planted around
the first of May and is harvested by the middle August to early September, and silage
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corn is planted at the same time as sweet corn but is grown longer and harvested around
the middle to late September (Latin Farms, verbal communication, 2008). Alfalfa
greenup usually occurs at the end of March with cuttings beginning in early to mid June,
with 30 — 40 days between cuttings, and ending in late September to mid October with 3
to 4 cuttings.

Paradise Valley, located in Humboldt County, is a large agricultural area that is
well known for its potatoes, but also produces wheat and dairy and beef alfalfa hay.
Potatoes are grown for the processing and fresh market industry and are typically planted
around early April to mid May. Processing potatoes are harvested beginning in mid
August through mid September while fresh potatoes are harvested beginning in
September through mid October (Verbal Communication, Shane Cheyne, Winnemucca
Farms, 2008). Winter wheat is typically planted during the mid part of September
through October and is harvested in mid to late July. Spring wheat is typically planted in
late March, greens up in mid April, and is harvested in mid July to mid August.

Lake Valley, located in Lincoln County and White Pine counties, is home to
Atlanta Farms, which produces large quantities of dairy and beef alfalfa hay and fresh
potatoes. Greenup of alfalfa usually occurs in mid April, with the first cutting in mid
June, and subsequent cuttings every 35-45 days after, with 3-4 cuttings. Potatoes are
planted in mid April to mid May and harvest usually occurs in mid September through
early October (Verbal Communication, Joseph Harker, Atlanta Farms, 2009).

Antelope Valley, located in Lander County, primarily produces dairy hay alfalfa.
Typical greenup occurs between April 1 — 15, with effective full cover occurring around
the mid to end of May, the first cutting occurring between June 15, the second cutting
occurring near the beginning of August, and the last and third cutting occurring near Sept
15. Spring wheat is grown as a rotation crop is planted in mid April and is harvested in
middle to late July (verbal communication, Allen Farr, Farr Farms, 2008).

In Moapa Valley, located in Clark County, dairy hay alfalfa is the primary crop
grown and typically greens up near mid February, where the first cutting is generally
within the first week of April and a 30 day period between cuttings with typically 7
cutting per year. The last cutting usually occurs in the mid part of November (verbal
communication, Glenn Hardy, 2007). Typical annual alfalfa yields were stated to be
about 8 tons per acre. After 3 to 4 years of alfalfa production Sudan grass and winter
wheat are the typical rotation crops.
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Appendix 8. Weather station aridity ratings following Allen and Brockway (1983),
estimated from station photos, and high resolution image analysis (0= irrigated area,
100=completely arid).

Station Name NOAA | Station Area Regional | Cumulative
# Aridity | Aridity Aridity Aridity
ADAVEN 260046 30 70 100 57
ALAMO 260099 30 60 80 50
AMARGOSA
FARMS-GAREY 260150 90 90 100 91
ANTELOPE VALLEY
FARR 260282 50 60 80 58
ARTHUR 4 NW 260438 50 60 70 57
AUSTIN #2 260507 90 80 80 84
BASALT 260668 100 100 100 100
BATTLE MTN 260688 80 70 70 74
BATTLE MTN AP 260691 100 80 70 87
BEATTY 260715 100 80 90 89
BEATTY 8 N 260718 90 90 100 91
BEOWAWE 260795 90 60 70 73
BEOWAWE U OF N 260800 20 40 80 36
RCH
BLUE EAGLE RCH
HANKS 260955 30 50 90 46
BLUE JAY HWY STN | 260961 100 100 100 100
BOULDER CITY 261071 100 90 90 94
BRINKERHOFF RCH | 261160 100 90 100 95
BUFFALO RCH 261311 90 90 90 90
BUNKERVILLE 261327 70 70 90 72
CALIENTE 261358 60 70 90 68
CALLVILLE BAY 261371 100 70 90 84
CARLIN NEWMONT 261415 100 100 90 99
MINE
CARSON CITY 261485 100 80 70 87
CATHEDRAL
GORGE SP 261590 90 90 90 90
CENTRAL NEVADA
FLD LAB 261630 70 60 90 67
CHARLESTON 261660 70 60 80 66
CLOVER VALLEY 261740 20 30 90 32
COALDALE
JUNCTION 261755 100 100 100 100
CONTACT 261905 100 80 90 89
CORTEZ GOLD 261975 100 100 100 100
MINE
CURRANT 262078 50 30 90 44
CURRANT HWY 262091 100 100 100 100
STN
CURRIE HWY STN 262096 80 70 90 76
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Appendix 8 cont. Weather station aridity ratings following Allen and Brockway
(1983), estimated from station photos, and high resolution image analysis (0= irrigated
area, 100=completely arid).

Station Name NOAA | Station Area Regional | Cumulative
# Aridity | Aridity Aridity Aridity

DAGGET PASS 262119 | 70 60 60 64
DENIO 262229 70 60 80 66
DESERT NWR 262243 80 90 100 87
DIABLO 262276 100 100 100 100
DlAMOU'\;BXALLEY 262296 70 20 40 42
DUCKWATER 262390 60 60 80 62
DUFURRENA 262394 80 60 90 71
DYER 262431 90 90 90 90
EASTGATE 262477 90 90 100 91
ECHO BAY 262497 100 80 70 87
ELGIN 262557 60 90 90 78
ELGIN 3 SE 262562 60 90 90 78
ELKO 262570 70 70 90 72
ELKO RGNL AP 262573 100 70 80 83
ELY 6 NE 262626 90 90 90 90
ELY YEL;'A)ND FLD 262631 100 100 90 99
EMIHG\;RV?(I\IS'I;'ZASS 262656 90 90 100 91
EMPIRE 262662 70 90 100 83
EUREKA 262708 90 90 100 91
FALLON EXP STN 262780 50 70 50 60
S::IRI\?GUSSSI\'\/IIS 262820 90 90 90 90
FERNLEY 262840 100 100 100 100
FISH CREEK RCH 262860 20 40 80 36
GERLACH 263090 100 90 100 95
GEYSER RCH 263101 60 70 90 68
GIBBS RCH 263114 50 50 70 52
GLENBROOK 263205 50 70 70 62
GOLCONDA 263245 100 100 100 100
GOLDFIELD 263285 100 100 100 100
GOODSPRINGS 263316 80 100 100 92
GREAT BASIN NP 263340 70 80 100 78
HAWTHORNE 263512 90 100 100 96
HAWTHORNE AP 263515 80 90 100 87
HIKO 263671 50 50 70 52
HUMBOLDT FLD 263853 90 100 100 96
I-L RCH 263940 80 80 90 81
IMLAY 263957 90 90 100 91
INDIAN SPRINGS 263980 100 100 100 100
JACKPOT 264016 70 90 100 83
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Appendix 8 cont. Weather station aridity ratings following Allen and Brockway
(1983), estimated from station photos, and high resolution image analysis (0= irrigated
area, 100=completely arid).

Station Name NOAA | Station Area Regional | Cumulative
# Aridity | Aridity Aridity Aridity

JARBRIDGEAN | 264038 | 100 100 100 100
JARBIDGE 7 N 264039 40 70 100 61
JIGGS 8 SSE ZAGA 264095 70 90 100 83
JUNGO MEYER RCH | 264108 80 90 100 87
KIMBERLY 264199 100 100 100 100
KNOLL CREEK FLD 264268 60 60 100 64
KYLE CANYON RS 264314 80 80 100 82
LAGES 264341 90 100 100 96
LAHONTAN DAM 264349 100 90 100 95
L;:#E\X;:LRL[I)EY 264384 80 90 100 87
LAMOILLE YOST 264394 80 100 90 91
LAMOILLE PH 264395 80 90 90 86
LAS VEGAS 264429 100 100 100 100
LAS VEGAS WB AP 264436 100 100 100 100
LAS VEGAS NWFO 264439 100 100 100 100
LATHROP WELLS 264457 90 100 100 96
LAUGHLIN 264480 100 100 100 100
LEHM':::‘VICAVES 264514 80 100 100 92
LEONARRCDI_ICREEK 264527 60 80 100 74
LEWERS RCH 264542 20 30 40 27
LITTLE RED ROCK 264600 100 100 100 100
LOGANDALE 264651 60 60 60 60
LOVEL?:E:; DERBY 264700 100 100 100 100
LUND 264745 60 60 80 62
MALA VISTA RCH 264824 60 50 80 57
MARLETTE LAKE 264858 80 80 80 80
MCDERMITT 264935 80 80 100 82
MCGILL 264950 80 90 100 87
MESQUITE 265085 70 70 80 71
METROPOLIS 265092 60 70 90 68
MIDAS 4 SE 265105 60 70 90 68
MIE(I_))\I,_\;ESR@TE— 265132 100 100 100 100
MINA 265168 100 100 100 100
MINDEN 265191 10 30 30 22
MONTELLO 2 SE 265352 60 70 80 67
M?ANJ_SCOS’\_?;RY 265362 100 100 100 100
MOORMAN RCH 265371 100 100 100 100
MTN CITY RS 265392 70 80 90 77
MT CHARLESTON 265400 70 80 90 77
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Appendix 8 cont. Weather station aridity ratings following Allen and Brockway
(1983), estimated from station photos, and high resolution image analysis (0= irrigated
area, 100=completely arid).

Station Name NOAA | Station Area Regional | Cumulative
# Aridity | Aridity | Aridity Aridity
FS

MT ROSE BOWL 265440 70 80 90 77
NIXON 265605 90 80 100 86
NORTH LAS VEGAS | 265705 100 100 100 100
OASIS 265722 70 70 90 72
OLD RUTH 265760 100 100 100 100
OROVADA3 W 265818 30 60 60 48
OVERTON 265846 70 70 80 71
OWYHEE 265869 60 30 60 45
PAHRANAGAT WR | 265880 60 60 60 60
PAHRUMP 265890 100 100 100 100
ME:DAg\l/JVEERCH 265907 40 60 90 55
PALMETTO 265931 100 100 100 100
PARADISI\:EV://ALLEY 1 266005 70 70 80 71
PARIS RCH 266055 60 70 90 68
PENOYER VALLEY 266130 60 20 70 41
PEQUOP 266148 100 100 100 100
PILOT VALLEY-LEE 266228 70 90 100 83
REVALE. | oo [ w0 | so | s | s
PIOCHE 266252 100 100 100 100
%Lélgsl\;z\g 266504 50 50 70 52
F:ZTE;;:: 266574 60 40 80 52
RATTLESNAKE 266630 100 100 100 100
RED ROCSKPCANYON 266691 50 80 100 70
REESE RIVER 266746 60 80 90 73
REES:R\;?;LEY 266748 60 50 60 55
RENO T';EOE INTL 266779 100 90 80 93
RENO WFO 266791 100 100 100 100
RUBY LAKE 267123 60 60 70 61
RUTH 267175 70 70 100 73
RYNDON 267188 60 50 70 56
RYE PATCH DAM 267192 70 60 90 67
SAND PASS 267261 70 80 100 78
SAN JACINTO 267284 70 50 60 59
SARCOBATUS 267319 50 60 90 59
SAVAL RCH 267324 90 90 100 91
SCHURZ 267358 60 70 70 66
SEARCHLIGHT 267369 100 100 100 100
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Appendix 8 cont. Weather station aridity ratings following Allen and Brockway
(1983), estimated from station photos, and high resolution image analysis (0= irrigated
area, 100=completely arid).

Station Name NOAA | Station Area Regional | Cumulative
# Aridity | Aridity Aridity Aridity

SEVENTYONERCH | 267397 | 20 40 60 34
SHELDON 267443 50 50 80 53
SHOSHONE 5N 267450 50 90 90 74
SILVERPEAK 267463 60 60 90 63
SMITH 1N 267609 60 40 40 48
SMITH6 N 267612 100 70 60 81
SMOé(SEP(I:LREEK 267618 80 80 90 81
SMOKEY VALLEY 267620 70 80 90 77
SNOWBALL RCH 267640 100 100 100 100
SOUTH FORK SP 267690 90 90 90 90
SPRING VALLEY SP 267750 20 40 70 35
SJ:;;:SE 267806 20 30 30 26
STEAD 267820 100 90 100 95
SULPHUR 267873 100 100 100 100
SUNNYSIDE 267908 100 100 100 100
SUTCLIFFE 267953 70 80 90 77
TEMPIUTE 4 NW 267983 100 100 100 100
THORNE 268034 100 100 100 100
TONOPAH 268170 100 100 100 100
TOPAZ LAKE 3N 268186 70 90 100 83
TOPAZ LAKE 4 N 268202 70 90 100 83
TUSCARORA 268346 100 100 100 100
TWLQLSLF;; IING 268443 100 100 100 100
UNNE?('; ';"EAVADA 268500 50 70 80 63
URSINE 268538 40 60 80 54
VALLEY OF FIRESP | 268588 100 100 100 100
VIRGINIA CITY 268761 70 80 100 78
VYA 268810 100 100 100 100
WABUSKA 6 SE 268822 100 70 80 83
WADSWORTH 268834 100 70 90 84
WADSWORTH 4 N 268838 100 70 90 84
WELLINGTON RS 268977 60 70 70 66
WELLS 268988 70 80 100 78
WILDHORSE RSVR 269072 100 100 100 100
WILKINS 269122 70 70 90 72
WILLOW SPRINGS 269137 100 100 100 100
WINNEMUCCA #2 269168 70 90 90 82
W”\’\l/:\:JE,\'l\l/lXSCA 269171 100 100 100 100
YERINGTON 269229 50 60 50 55
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Appendix 8 cont. Weather station aridity ratings following Allen and Brockway
(1983), estimated from station photos, and high resolution image analysis (0= irrigated

area, 100=completely arid).

Station Name NOAA | Station Area Regional | Cumulative
# Aridity | Aridity Aridity Aridity
LAS VEGAS 23112 100 100 100 100
RED ROCK WC 29999 90 30 40 55
WASH?AECVALLEY 39999 60 30 30 42
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Appendix 9. Descriptions of daily, monthly, annual, and statistical summaries of ET, net
irrigation water requirement, and effective precipitation.

Daily Time Series

The daily ET, time series files are assembled as one file per station and contain
daily information for entire periods of record. The daily ET. time series file has ET,
information for up to 34 crops or land use conditions. Any missing data in the daily ET,
files are denoted as —99. Generally, missing data occurred due to missing air temperature
data for a day that precluded the calculation of ET,. Often, entire months were missing
from NWS files obtained from the NOAA-NCDC system. The daily ET, files can be
large, exceeding 50mb for some stations having long periods of record and many crop
types. The total crop types that are included for each station are listed in Appendix 10.

The names of the ET, files for the National Weather Service (NWS) stations
contain the NCDC station ID number, for example, 262780 for the Fallon Exp station.
The extension to these files is ‘“.dat.” For example, the name Fallon Exp station is
262780ETca.dat. The daily ET, files are “flat’ text (i.e., ASCII) files with all columns of
data separated by one or more blank spaces. The daily ETc files contain daily ETc data
for the full period of record for the particular station, with some files dating to the late
1800’s. All NWS files conclude at 12/31/2007 or earlier, as the end of 2007 was the last
period for which data were obtained for most stations. The full list of weather station
names along with assigned file numbers are provided in Appendix 1a and 1b.

The daily files contain reference ET and reported precipitation in units of
mm/day, along with the computed 30-day average daily mean air temperature (T30), and
crop ET for different crop types. The value for T30 is for the 30-day period ending on the
particular date. T30 was used to estimate starts of growth periods for many types of
crops. The file header is comprised of five lines that describe the date of computation,
the station ID number and internal station ‘ET number’ as well as the station latitude,
longitude and elevation (in decimal degrees and feet). The fourth line of the header lists
the total number of crop or land cover types in the specific file as well as a listing of each
crop type. Each crop or land cover type is listed beginning with its specific number (1
through 34) followed by a short character description of the crop or land use. The last
line in the header describes each data column. The first seven columns, headed by “Year
DoY Mo Dy PMETo Pr.mm T30” represent the year, day of year (1-366), month, day of
month, grass reference ET computed by the ASCE Penman-Monteith ETos method, gross
precipitation, and 30-day mean air temperature. Following these seven columns, seven
columns appear for each crop or land cover: “ETact ETpot ETbas Irrn Seasn Runof
DPerc” These columns are defined as follows:

ETact (actual daily ET.) - ETa represents the total estimated flux of ET given any
reduction in actual ET caused by soil water shortage or soil surface dryness. ETa IS
computed as ETat = Ks ETpas + Ke ETos, Where ETos is grass reference ET, Ksis a stress
factor (0 — 1 where 1 means no stress) and Ke is the evaporation coefficient. ETpas IS
defined below. ET. is occasionally less than ETpy for irrigated crops prior to the
growing season when a low-level, basal crop coefficient for the non-growing season
cover cannot be sustained by precipitation, or early in the growing season prior to
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initiation of irrigation. ETa includes evaporation from the soil surface from both
precipitation and any simulated irrigation.

ETpot (potential daily ET¢) - ETpo represents the total estimated flux of ET that would
occur if there were no moisture stress imposed by soil water shortage in the root zone.
ETpoe includes evaporation from the soil surface from both precipitation and any
simulated irrigation. ETpo is computed as ETpot = ETpas + KeETos, Where ETos is the grass
reference ET.

ETbas (basal daily ET) - ETpas represents the ET that would occur under no water stress
and with no surface wetting by precipitation or irrigation. In other words, ETyasrepresents
potential ET. (ETpo) for a dry soil surface. ETpas sShould not be used to estimate irrigation
water requirements, and is included to provide an indication of the amount of ET that is
primarily ‘transpiration’, as opposed to any amount that is from evaporation of water
from the soil surface layer. ETpas is calculated as Kq ETos Where Ky, is the basal crop
coefficient and ETos is the grass reference ET.

Irrn (irrigations) - Irrigation timing and amount is simulated using a daily soil water
balance. Irrigations are simulated when the root zone dries to the specified threshold
point (i.e. the maximum allowable depletion) where stress will begin to occur (listed in
appendix 5). The simulated irrigation frequency and depth per irrigation is a function of
the crop type and available water holding capacity.

Seasn (growing or non-growing season) - The Seasn column contains a ‘flag” that is 1
when the date is inside the estimated growing season and 0 when outside the growing
season. The growing season is defined as the time from first green-up or planting of the
crop type until the time of harvest, senescence, or killing frost. The season start and end
varies from year to year for crops where the season start is estimated using T30,
cumulative growing degree days, and/or where season length is estimated using
cumulative growing degree days, or is terminated by frost specified by a killing frost
temperature. In the case of the four land cover types (bare soil, mulch, dormant turf, and
small open water bodies), the season flag is always on.

Runof  (surface runoff from precipitation) - Surface runoff is estimated during
precipitation events using the NRCS curve number as described in the main body of text.

DPerc (deep percolation below the root zone) - DPerc represents water, in mm/day,
percolating below the maximum root zone depth for the crop or land cover type. This
water is considered to be unrecoverable for fulfilling any ET requirements. There are no
estimates for upward capillary fluxes into the root zone from below the root zone. The
DPerc during irrigation events may contain 10% of the irrigation depth (the amount of
water required to refill the root zone). This 10% was included to provide recharge to
depths in the soil profile that are above the maximum rooting depth, and below the
current rooting depth of the crop. This was necessary to simulate buildup of soil water
during irrigation events that is used later in the season as roots may deepen. This
phenomenon is typical in practice.
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Monthly Time Series

Files for monthly ET. time series have names that follow the same convention for
daily ET, files. The latter portion of the name carries the label ‘ETc_monthly.dat’, for
example, the Fallon Exp station is “262780ETc_monthly.dat.” The monthly files are
assembled as one file per station. Each file has ETc information for up to 34 crops or land
use conditions. The monthly ET, time series files have 10 lines of header information
that contain similar information as for the daily time series files. The header notes the
time and date of computation of the original daily ET, information as well as the time and
date of computation of the monthly summaries (series). The first three columns of data
contain the year, the month number (1-12) and the number of “valid’ days in the month
(V.Dys). V.Dys represents valid days (that do not have a —999 flag in the daily ET. file
caused by lack of weather data). The next two columns are average reference ET (ETos)
and average daily precipitation (Prec). Any missing data in the monthly ET. time series
files are denoted as —999. Generally, a monthly period in a time series was marked as
missing if air temperature data were missing for all days in that month. Entire months
were frequently missing from NWS files obtained as from the NOAA-NCDC system.
All units are mm/day averaged over the month.

There are six columns of data presented for each crop or land cover that are
defined as follow:

ETact (actual monthly ET.) - ETa represents the total estimated flux of ET given any
reduction in actual ET caused by soil water shortage or soil surface dryness. ETa IS
computed as ETat = Ks ETpas + Ke ETos, Where ETos is grass reference ET, Ksis a stress
factor (0 — 1 where 1 means no stress) and Ke is the evaporation coefficient. ETpas IS
defined below. ET.y is occasionally less than ETpy for irrigated crops prior to the
growing season when a low-level, basal crop coefficient for the non-growing season
cover cannot be sustained by precipitation, or early in the growing season prior to
initiation of irrigation. ET, includes evaporation from the soil surface from both
precipitation and any simulated irrigation.

ETpot (potential monthly ET¢) - ETpe represents the total estimated flux of ET that
would occur if there were no moisture stress imposed by soil water shortage in the root
zone. ET,y includes evaporation from the soil surface from both precipitation and any
simulated irrigation. ETpo is computed as ETpot = ETpas + KeETos, Where ETos is the grass
reference ET.

NIWR (Net Irrigation Water Requirement AKA precipitation deficit) - The NIWR is the
difference between the actual ET (ETax) and the amount of precipitation that resides in
the root zone (P_r2) and is available for ET. NIWR is calculated as ETat — P_rz. NIWR
represents the amount of additional water that the crop would consume (evapotranspire)
beyond P_rz if that water were made available at the right time during the growing or
non-growing season. The ET, estimate includes soil evaporation from precipitation and
simulated irrigation events. The NIWR, if summed only during the growing season, does
not include the impact of the NIWR during the non-growing season in providing stored
soil moisture that may offset irrigation requirements during the growing season.
Conversely, if summed on an annual time step, the NIWR does include stored soil
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moisture from non-growing season precipitation, and represents what has historically
been called the net consumptive use, and is being termed the net irrigation water
requirement in this report. All available precipitation in the root zone is considered
when computing the NIWR because ETa IS used, where ET,q is the actual ET that is
calculated from a daily soil water balance, and includes evaporation from precipitation.
Because ET, includes evaporation of precipitation P_rz must be subtracted from ET .

P_rz (precipitation residing in the root zone) - P_rz is the amount of gross reported
precipitation less any surface runoff or deep percolation that resides in the soil and is
available for consumption by evaporation or transpiration. P_rz is computed as P —
Runoff — DPerc where P is gross reported precipitation, Runoff is estimated surface
runoff and DPerc is deep percolation of any precipitation below the maximum root zone
for the crop or land cover type. The difference between P_rz and ET,y during the non-
growing season represents the amount of ‘recharge’ or ‘build-up’ of moisture to the root
zone during the non-growing season (i.e., increase in soil water storage) that would be
available at the start of the growing season to later partially fulfill plant water
requirements. The ratio of (P_rz — ETa)/P computed during the non-growing period
represents the ‘efficiency’ or effectiveness of gross precipitation in building soil water for
use during the growing season.

P_efT (precipitation residing in the root zone that is available for transpiration) - P_efT
is the amount of gross reported precipitation less any surface runoff or deep percolation
that resides in the soil and is available for consumption by transpiration. P_efT does not
include the amount of infiltrated precipitation that evaporates from the surface
evaporation layer (upper 100 mm of soil). The P_efT parameter is useful in estimating the
amount of precipitation during the non-growing season that is stored and made available
for transpiration requirements during the growing season. P_efT is always less than P_rz.
When analyzed during the growing season, P_efT is useful for estimating how ‘efficient’
precipitation is in fulfilling transpiration requirements of crops, as opposed to simply
‘burning off’ as evaporation from the soil surface. P_efT was calculated as P_efT =P _rz
- surface evaporation losses = P — Runoff — DPerc - surface evaporation losses, where
P_rzis precipitation infiltrating and residing in the maximum root zone for the crop, P is
gross reported precipitation, Runoff is estimated surface runoff, and DPerc is deep
percolation of any precipitation below the maximum root zone for the crop or land cover

type.

SeDys (number of growing season days within the particular month) - SeDys is computed
by summing the Seasn flag contained in the daily ETc files.
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Annual Time Series

The annual ET, time series files contain the same information as the monthly ET,
time series files. The annual files have names that follow the same convention for daily
ET. files previously described. The latter portion of the name carries the label
‘ETc_annual.dat’, for example, for Fallon Exp, the name for the annual file is
“262780ETc_annual.dat”. Each file has ET. information for up to 34 crops and land
cover conditions. All units are in mm/year.

The annual ET, time series files have 10 lines of header information that contain
similar information as for the monthly and daily time series files. The header notes the
time and date of computation of the original daily ET, information as well as the time and
date of computation of the annual summaries. The first four columns of data contain the
year and the number of ‘valid’ days in the year (V.Days). V.Days represents those days
that do not have a —999 flag in the daily ET. file caused by lack of weather data. The next
two columns are total reference ET (ETos) and total precipitation (Prec.) for the calendar
year, both expressed as mm over the year. It is important to note that both ETos and Prec.
represent the entire calendar year (365 or 366 days), including winter periods. Any years
that had less than 350 days of valid data or more than 5 days of missing data during the
growing season (defined as the growing period for grass hay) were reported as —999.
Years having one to fifteen missing days during the year (and fewer than 6 missing days
during the growing season) had annual values for ET and precipitation deficit adjusted by
multiplying by 365 or 366 divided by the number of valid days. Any years that had more
than 5 days of missing data during the growing season for a crop were reported as —999
for the seasonal ET totals.

There are six columns of annual data presented for each crop that are defined as follow:

ETac (actual ETc) - ETa: sSummed over the year. ETq represents the total estimated flux
of ET given any reduction in actual ET caused by soil water shortage or soil surface
dryness. ETaq is computed as ETae = Ks ETpas + Ke ETos, Where ETs is grass reference
ET, Ksis a stress factor (0 — 1 where 1 means no stress) and Ke is the evaporation
coefficient. ETpas is defined below. ETy is occasionally less than ETp for irrigated crops
prior to the growing season when a low-level, basal crop coefficient for the non-growing
season cover cannot be sustained by precipitation, or early in the growing season prior to
initiation of irrigation. ET,y includes evaporation from the soil surface from both
precipitation and any simulated irrigation.

ETpt (potential ETc) - ETper Summed over the year. ETpy represents the total estimated
flux of ET that would occur if there were no moisture stress imposed by soil water
shortage in the root zone. ETpo includes evaporation from the soil surface from both
precipitation and any simulated irrigation. ETpy is computed as ETpot = ETpas + KeETos,
where ETs is the grass reference ET.

NIWR (Net Irrigation Water Requirement AKA precipitation deficit) — NIWR summed
over the year. The NIWR is the difference between the actual ET (ETa) and the amount
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of precipitation that resides in the root zone and is available for ET. NIWR is calculated
as ET.q — P_rz NIWR represents the amount of additional water that the crop would
consume (evapotranspire) beyond P_rzif that water were made available at the right time
during the growing or non-growing season. The ET, estimate includes soil evaporation
for precipitation and simulated irrigation events. Summed on an annual time step, NIWR
does include stored soil moisture from non-growing season precipitation, and represents
what has historically been called the net consumptive use, and is being termed the net
irrigation water requirement in this report. Although P_rz includes precipitation that is
later evaporated and not “consumed” by the crop, it is important to note that because
ET.c includes water that is consumed by evaporation of precipitation, that ETae — P_rz,
represents the net irrigation water requirement, and not ET,: minus root zone water that
Is effective toward transpiration only.

P_rz (precipitation residing in the root zone) - P_rz is the amount of gross reported
precipitation less any surface runoff or deep percolation that resides in the soil and is
available for consumption by evaporation or transpiration. P_rz is computed as P —
Runoff — DPerc where P is gross reported precipitation, Runoff is estimated surface
runoff and DPerc is deep percolation of any precipitation below the maximum root zone
for the crop or land cover type.

P_efT (precipitation residing in the root zone that is available for transpiration) - P_efT
is the amount of gross reported precipitation less any surface runoff or deep percolation
that resides in the soil and is available for consumption by transpiration. P_efT does not
include the amount of infiltrated precipitation that evaporates from the surface
evaporation layer (upper 100 mm of soil). The P_efT parameter is useful in estimating the
amount of precipitation that is stored and made available for transpiration requirements.
P_efT is always less than P_rz. P_efT is useful for estimating how ‘efficient’
precipitation is in fulfilling transpiration requirements of crops, as opposed to simply
‘burning off” as evaporation from the soil surface. P_efT was calculated as P_efT =P _rz
- surface evaporation losses = P — Runoff — DPerc - surface evaporation losses, where
P_rzis precipitation infiltrating and residing in the maximum root zone for the crop, P is
gross reported precipitation, Runoff is estimated surface runoff, and DPerc is deep
percolation of any precipitation below the maximum root zone for the crop or land cover

type.

DSn — The number of growing season days within the calendar year. DSh was computed
by summing the Seasn flag contained in the daily ETc files over the calendar year.
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Statistics Files

Perhaps the most useful results from this study are the statistics describing long-
term mean values for ET. on monthly, growing season, and annual bases, as well as
standard deviations and 20% and 80% exceedence values that describe the expected
variation of the populations of ET.. These statistics have been computed for the
following lengths of time periods within each month; 3, 7, 15, and 30 days. These period
lengths were selected to include expected lengths of irrigation intervals or drying periods
that are of interest in irrigation system design and operation. For example, a potato crop
may be irrigated each 3 days during the peak month of July, so that users may be
interested in reviewing the statistics describing the 3 day periods within the month of July
for irrigation systems design. Or, for example, if a crop of alfalfa having a deeper
effective root zone is irrigated on average each two weeks during August, then users may
be interested in reviewing the statistics describing 15 day periods within the month of
August for irrigation systems design.

There are four ‘statistics’ files per weather station. These files contain statistical
summaries for 1) actual ET; 2) potential ET; 3) basal ET; and 4) precipitation deficit
(i.e., net irrigation water requirement). The files have names beginning with the station
coop number and ending with ‘ETcact_stats.dat’, ‘ETcpot_stats.dat’, ‘ETcbas_stats.dat’
or ‘NIWR _stats.dat’. For example, in the case of the Fallon Exp station, the four files are
named 262780ETcact_stats.dat, 262780ETcpot_stats.dat, 262780ETcbas_stats.dat and
262780NIWR _stats.dat. The ETcact represents actual ET, ETcpot represents potential
ET, Etcbas represents basal ET, and NIWR represents the Net Irrigation Water
Requirement (i.e. precipitation deficit, P_def). All of these terms have been defined
under the daily, monthly, annual time series sections above. The NIWR is summarized
for both growing season and annual time periods. The four files all contain headers
comprised of 12 lines containing similar information including the time and date of the
original calculation of daily ET and the time and date of the calculation of the statistical
summaries. The headers also contain the station latitude and longitude in decimal degrees
and station elevation in feet. Each crop or land cover type that was processed for a
station is contained in the statistics files, following a single entry for reference ET (in the
‘ETcact_stats’ file), for gross precipitation (in the ‘ETcpot_stats’ file), or for 30 day
average daily mean air temperature (in the ‘ETcbas_stats’ file).

The statistics were computed over the most recent 30 years of valid (non-missing)
data or over shorter periods if less than 30 years of valid data were available (minimum
of 4 years). The span of the 30 year ‘normals’ are listed for each crop, but may not
necessarily contain 30 years depending on the station period of record or number of
missing days. The span of the normal periods can change with crop type, depending on
the timing of any missing data (inside or outside growing periods). The span of the
normal period can also exceed 30 years if some intervening years were omitted due to
missing data.

The 30 year normal or shorter periods available were used to generate means and
other statistics describing the behavior of the ET data rather than the entire periods of
record (i.e. greater than 30 years) for two reasons. One, lengths of station records vary
widely from station to station, ranging from as few as 4 years from 2005-2008, to 112
years from 1893-2004. Secondly, trends in air temperature and growing season lengths
are apparent, and consequently ET trends exist. Some of these trends are caused by
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changes in relative dryness of the local or regional environment due to irrigation
development or land-use change, by specific station location, or perhaps by change in
overall climate. The last 30 years of usable record are considered to be more
representative of expected future conditions than prior periods. The full record for each
station is preserved in the daily, monthly and annual time series files. Therefore, statistics
for the full periods of record can be computed as needed from these series.

For each crop, the following data columns are reported for each month, for the calendar
year (‘Ann.” row) and for the growing season (‘Sea.” row):

Mean (mean value) - Mean value for the month and over the ‘normal’ period of record
for the location. Mean represents either ETcact, ETcpot, ETcbas or NIWR, depending on
the file. Units are in mm/day for monthly periods and mm/year annual and seasonal
periods. The ‘nyr” column represents the number of years that had ‘valid’ entries for the
month and that were included in the mean. Generally, if a full normal period was
available, nyr = 30. The actual period of record for the station may have been much
longer and is preserved in the time series files. Values for means are reported for the
monthly, 15, 7, and 3 day averaging periods within each month. In general, these four
means are nearly the same, and are reported only for documentation. Means for the 15, 7
and 3 day periods can deviate from those for the entire month because some information
near the beginning and end of the month may not have the same weight. This was caused
by the requirement that each 3, 7 or 15 day period considered for a month must have all
of its member days residing within the month evaluated. For example, for the 15 day
statistics, generally 13 to 16 separate 15 day averages were computed and considered for
a specific month and year. The member days for the 15-day averages were days 1-15,
days 2-16, days 3-17, ...... , days 14-28, days 15-29, days 16-30, and days 17-31.
Therefore, days nearer to the beginning and end of a period appeared fewer times in the
computed means for the month. Thus, some differences in monthly means occurred
between the 3, 7, 15 and monthly periods. Differences were generally small.

Stdev (standard deviation) - Standard devieation of the variable for the month over the
normal period of record. The Stdev entry for a particular month was computed using one
value (the observation mean) per year for the month. Units are in mm/day for monthly
periods and mm for annual and seasonal periods.

Skew (skew of the distribution of values) - The skew is shown for the variable for each
month for the monthly means (only) over the period of record. The skew for a particular
month was computed using one value (the observation mean) per year for the month. A
value for skew near zero indicates that the underlying distribution approximates a normal
(Gaussian) and symmetrical distribution. A skew near 1.0 indicates that the underlying
distribution approximates a lognormal distribution. The values for skew, standard
deviation and mean can be used to parameterize a variety of probability density functions
such as the normal, lognormal, Pearson, and Gamma distributions.

Kurt. (Kurtosis) - Kurtosis is a measurement of the ‘slenderness’ of the underlying
distribution; in other words, the “‘height to width ratio’ of the probability density function.
A normal (Gaussian) distribution has a kurtosis of 3. The higher the number, the taller
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and more slender the distribution is. A high kurtosis indicates that many of the
observations in the distribution have very similar values. Kurtosis was calculated for
monthly averages only over the normal period.

20%EXx (20% exceedence) - The 20%Ex value represents the value for the parameter
(actual, potential or basal ET or the precipitation deficit) that has a 20% chance of being
exceeded that month during any particular year. Conversely, there is an 80% chance that
the value of the parameter (for the particular length of averaging period) will be less than
the 20%Ex value. The 20%Ex value is commonly used in design of capacity for
irrigation and water supply systems. Units for 20%Ex are in mm/day for monthly periods
and mm for annual and seasonal periods. The 20%Ex values were computed assuming a
‘distribution free’ probability density function. The values were selected by ranking the
highest 3-, 7-, 15- or 30-day value within the month for ETact, ETpot, ETbas or NIWR for
each year of the 30 year normal period and selecting the value that was positioned 20% of
the way down from the highest value. There were ‘nyrs’ values that were ranked (one for
each year). In this way, the 20%Ex value represents that value for the parameter (ETact,
ETpot, ETbas or NIWR) that, when averaged over any 3-, 7-, 15- or 30- day period within
the month, would have only a 20% chance of being exceeded at any time during that
month for the given year. Thus, if an irrigation system were designed with capacity to
provide the 20%Ex amount of NIWR over a 7-day period, for example, the system’s “net’
output (less any incidental leakage, spray drift or uniformity ‘losses’) would exceed the
actual precipitation deficit (i.e., the ET less any Prz) 8 years out of 10. During two years
out of any 10 year period, the ET less any Prz would exceed the net system capacity
during at least one 7 day period during the particular month by some amount. The amount
of the exceedence might range from only a millimeter to perhaps 15 to 20 mm over the
period.

AveHi (average hi) - The AveHi parameter complements the 20%Ex parameter, where
AveHi represents the average (over the normal period) of the highest value for the
parameter within the 3, 7, or 15 day period for each month. Therefore, each month of
each year was assigned one ‘highest’ value for the parameter for the 3, 7 or 15 day
averaging length. Then, for each month of the year, the values over the normal period
were averaged to obtain AveHi. The value for AveHi for 3, 7 and 15 day periods is
always greater than the average for the month itself (i.e., the mean), since the AveHi is the
mean of the highest value for the 3, 7, or 15 day period within the month. The value for
AveHi increases as the length of the averaging period (3, 7 or 15 days) decreases. The
same values used to calculate AveHi were used in calculating the 20%Ex value.

80%EXx (20% exceedence) - The 80%Ex value represents the value for the parameter
(actual, potential, basal ET, or the precipitation deficit) that has an 80% chance of being
exceeded that month during any particular year. Conversely, there is a 20% chance that
the value of the parameter (for the particular length of averaging period) will be less than
the 80%Ex value. The 80%Ex value is commonly used in design of land application
systems where water application may need to be limited to amounts that have at least
80% chance of being consumed. Units for 80%Ex are in mm/day for monthly periods
and mm for annual and seasonal periods. The 80%EXx values were computed assuming a
‘distribution free’ probability density function. The values were selected by ranking the
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lowest 3-, 7-, 15- or 30-day value during the month for ETact, ETpot, ETbas or NIWR for
each year and selecting the value that was positioned 80% of the way down from the
highest value. There were ‘nyrs’ values that were ranked (one for each year). In this
way, the 80%EXx value represents that value for the parameter (ETact, ETpot, ETbas or
NIWR) that, when averaged over any 3-, 7-, 15- or 30- day period within the month,
would have an 80% chance of being exceeded at all times during that month for the given
year. Thus, if a land application system were designed with capacity to provide the
80%Ex amount of NIWR over a 7-day period, for example, then the systems “net’ output
(less any incidental leakage, spray drift or uniformity ‘losses’) would exceed the actual
precipitation deficit (i.e., the ET less any Prz) during 2 years out of a 10 year period.
During eight years out of any 10 year period, the ET less any Prz would exceed the
application amount during all 7 day periods during the particular month by some amount.
The amount of the exceedence might range from only a millimeter to perhaps 15 to 20
mm.

Avelo (average low) - The AvelLo parameter complements the 80%Ex parameter, where
Avelo represents the average (over the normal period) of the lowest value for the
parameter within the 3, 7, or 15 day period for each month. Therefore, each month of
each year was assigned one ‘lowest’ value for the parameter for the 3, 7 or 15 day
averaging length. Then, for each month of the year, the values over the normal period
were averaged to obtain AveLo. The value for AvelLo for 3, 7 and 15 day periods is
always less than the average for the month itself (i.e., the “‘mean’), since the Avelo is the
mean of the lowest value for the 3, 7, or 15 day period within the month. The value for
Avel.o decreases as the length of the averaging period (3, 7 or 15 days) decreases. The
same Vvalues used to calculate Avel.o were used in calculating the 80%Ex value. On an
annual or growing season basis, the mean, 20%Ex and 80%Ex values are computed only
for annual or growing season totals and represent the distribution of annual or growing
season values (rather than for specific months).
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Appendix 10. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Snap Snap
Station Name Station | Alfalfa | Grass :;:: T;r: Field | Silage z‘:ﬁ:f z\:)v:;e-i-: cSil::l:g- \(l:;;er
Number Hay Hay Beans | Beans Corn | Corn early late irrigated | irrigated
- fresh | -seed
ADAVEN 260046 1 1
ALAMO 260099 1 1 1 1 1 1 1 1
AMARGOSA FARMS-
GAREY 260150 1 1 1 1 1 1 1 1
ANTELOPE VALLEY FARR 260282 1 1
ARTHUR 4 NW 260438 1 1 1 1 1 1 1 1
AUSTIN #2 260507 1 1
BASALT 260668 1 1
BATTLE MTN 260688 1 1 1 1 1 1 1 1
BATTLE MTN AP 260691 1 1 1 1 1 1 1 1
BEATTY 260715 1 1 1 1 1 1 1 1
BEATTY 8 N 260718 1 1 1 1 1 1 1 1
BEOWAWE 260795 1 1
BEOWAWE U OF N RCH 260800 1 1
BLUE EAGLE RCH HANKS 260955 1 1
BLUE JAY HWY STN 260961 1 1
BOULDER CITY 261071 1 1 1 1 1 1 1 1
BRINKERHOFF RCH 261160 1 1
BUFFALO RCH 261311 1 1
BUNKERVILLE 261327 1 1 1 1 1 1 1 1
CALIENTE 261358 1 1 1 1 1 1 1 1
CALLVILLE BAY 261371 1 1
CARLIN NEWMONT MINE 261415 1 1
CARSON CITY 261485 1 1
CATHEDRAL GORGE SP 261590 1 1 1 1 1 1 1 1
CENTRAL NEVADA FLD
LAB 261630 1 1 1 1 1 1 1 1
CHARLESTON 261660 1 1
CLOVER VALLEY 261740 1 1 1 1 1 1 1 1
COALDALE JUNCTION 261755 1 1
CONTACT 261905 1 1
CORTEZ GOLD MINE 261975 1 1
CURRANT 262078 1 1 1 1 1 1 1 1
CURRANT HWY STN 262091 1 1
CURRIE HWY STN 262096 1 1
DAGGET PASS 262119 1 1
DENIO 262229 1 1 1 1 1 1 1 1
DESERT NWR 262243 1 1
DIABLO 262276 1 1
DIAMOND VALLEY USDA 262296 1 1 1 1 1 1 1 1
DUCKWATER 262390 1 1 1 1 1 1 1 1
DUFURRENA 262394 1 1
DYER 262431 1 1 1 1 1 1 1 1
EASTGATE 262477 1 1
ECHO BAY 262497 1 1
ELGIN 262557 1 1 1 1 1 1 1 1
ELGIN 3 SE 262562 1 1 1 1 1 1 1 1
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Appendix 10 cont.

Crop or land cover class simulated for each station (1 = yes, 0 = no).

Snap Snap
Station Name Station | Alfalfa | Grass ;:: T;:_: Field | Silage Z\:)v;e-i-: z‘:::f Z':;::g_ \gr':i:‘e_r
Number Hay Hay Beans | Beans Corn | Corn early late irrigated | irrigated
- fresh | -seed
ELKO 262570 1 1 1 1 1 1 1 1
ELKO RGNL AP 262573 1 1 1 1 1 1 1 1
ELY 6 NE 262626 1 1 1 1 1 1 1 1
ELY YELLAND FLD AP 262631 1 1 1 1 1 1 1 1
EMIGRANT PASS HWY
STN 262656 1 1
EMPIRE 262662 1 1 1 1 1 1 1 1
EUREKA 262708 1 1
FALLON EXP STN 262780 1 1 1 1 1 1 1 1 1 1
FERGUSON SPRINGS HMS | 262820 1 1
FERNLEY 262840 1 1 1 1 1 1 1 1 1 1
FISH CREEK RCH 262860 1 1 1 1 1 1 1 1
GERLACH 263090 1 1 1 1 1 1 1 1
GEYSER RCH 263101 1 1 1 1 1 1 1 1
GIBBS RCH 263114 1 1
GLENBROOK 263205 1 1
GOLCONDA 263245 1 1
GOLDFIELD 263285 1 1
GOODSPRINGS 263316 1 1
GREAT BASIN NP 263340 1 1
HAWTHORNE 263512 1 1
HAWTHORNE AP 263515 1 1
HIKO 263671 1 1 1 1 1 1 1 1
HUMBOLDT FLD 263853 1 1
I-L RCH 263940 1 1
IMLAY 263957 1 1
INDIAN SPRINGS 263980 1 1
JACKPOT 264016 1 1
JARBRIDGE 4 N 264038 1 1
JARBIDGE 7 N 264039 1 1
JIGGS 8 SSE ZAGA 264095 1 1
JUNGO MEYER RCH 264108 1 1
KIMBERLY 264199 1 1
KNOLL CREEK FLD STN 264268 1 1
KYLE CANYON RS 264314 1 1
LAGES 264341 1 1
LAHONTAN DAM 264349 1 1
LAKE VALLEY STEWARD 264384 1 1
LAMOILLE YOST 264394 1 1 1 1 1 1 1 1
LAMOILLE PH 264395 1 1 1 1 1 1 1 1
LAS VEGAS 264429 1 1 1 1 1 1 1 1
LAS VEGAS WB AP 264436 1 1 1 1 1 1 1 1
LAS VEGAS NWFO 264439 1 1 1 1 1 1 1 1
LATHROP WELLS 264457 1 1 1 1 1 1 1 1
LAUGHLIN 264480 1 1 1 1 1 1 1 1
LEHMAN CAVES NM 264514 1 1 1 1 1 1 1 1
LEONARD CREEK RCH 264527 1 1 1 1 1 1 1 1
LEWERS RCH 264542 1 1
LITTLE RED ROCK 264600 1 1
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Appendix 10 cont.

Crop or land cover class simulated for each station (1 = yes, 0 = no).

Snap Snap
Station Name Station | Alfalfa | Grass :’:: ;‘:: Field | Silage z‘:ﬁ\ej f:‘;vrer:f (Si':a:ll:g- ‘é’rl::f
Number Hay Hay Beans | Beans Corn | Corn early late irrigated | irrigated
- fresh | -seed
LOGANDALE 264651 1 1 1 1 1 1 1 1 1 1
LOVELOCK DERBY FLD 264700 1 1 1 1 1 1 1 1 1 1
LUND 264745 1 1 1 1 1 1 1 1
MALA VISTA RCH 264824 1 1 1 1 1 1 1 1
MARLETTE LAKE 264858 1 1
MCDERMITT 264935 1 1 1 1 1 1 1 1
MCGILL 264950 1 1 1 1 1 1 1 1
MESQUITE 265085 1 1 1 1 1 1 1 1
METROPOLIS 265092 1 1 1 1 1 1 1 1
MIDAS 4 SE 265105 1 1
MIDDLEGATE-LOWERY 265132 1 1
MINA 265168 1 1
MINDEN 265191 1 1 1 1 1 1 1 1
MONTELLO 2 SE 265352 1 1 1 1 1 1 1 1
MONTGOMERY MNTC
STN 265362 1 1
MOORMAN RCH 265371 1 1
MTN CITY RS 265392 1 1
MT CHARLESTON FS 265400 1 1
MT ROSE BOWL 265440 1 1
NIXON 265605 1 1 1 1 1 1 1 1
NORTH LAS VEGAS 265705 1 1 1 1 1 1 1 1
OASIS 265722 1 1
OLD RUTH 265760 1 1
OROVADA 3 W 265818 1 1 1 1 1 1 1 1 1 1
OVERTON 265846 1 1 1 1 1 1 1 1 1 1
OWYHEE 265869 1 1 1 1 1 1 1 1
PAHRANAGAT WR 265880 1 1 1 1 1 1 1 1
PAHRUMP 265890 1 1 1 1 1 1 1 1
PAHUTE MEADOWS RCH 265907 1 1
PALMETTO 265931 1 1
PARADISE VALLEY 1 NW 266005 1 1 1 1 1 1 1 1
PARIS RCH 266055 1 1
PENOYER VALLEY 266130 1 1
PEQUOP 266148 1 1
PILOT VALLEY-LEE 266228 1 1
PINE VALLEY BAILEY RCH 266242 1 1 1 1 1 1 1 1
PIOCHE 266252 1 1 1 1 1 1 1 1
QUINN RVR CROSSING 266504 1 1 1 1 1 1 1 1
RAND RCH PALISADE 266574 1 1 1 1 1 1 1 1
RATTLESNAKE 266630 1 1
RED ROCK CANYON SP 266691 1 1
REESE RIVER 266746 1 1 1 1 1 1 1 1
REESE VALLEY CARPER 266748 1 1
RENO TAHOE INTL AP 266779 1 1 1 1 1 1 1 1
RENO WFO 266791 1 1 1 1 1 1 1 1
RUBY LAKE 267123 1 1 1 1 1 1 1 1
RUTH 267175 1 1
RYNDON 267188 1 1 1 1 1 1 1 1
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Appendix 10 cont. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Snap Snap
Station Name Station | Alfalfa | Grass ;’x ;‘:: Field | Silage 2‘::?: z‘;vfne: (S:::I:g- ‘(I;Vrlz:t:r
Number Hay Hay Beans | Beans Comn | Corn early late irrigated | irrigated
- fresh | -seed
RYE PATCH DAM 267192 1 1
SAND PASS 267261 1 1
SAN JACINTO 267284 1 1
SARCOBATUS 267319 1 1
SAVAL RCH 267324 1 1
SCHURZ 267358 1 1
SEARCHLIGHT 267369 1 1
SEVENTY ONE RCH 267397 1 1 1 1 1 1 1 1
SHELDON 267443 1 1
SHOSHONE 5 N 267450 1 1
SILVERPEAK 267463 1 1
SMITH 1N 267609 1 1 1 1 1 1 1
SMITH 6 N 267612 1 1 1 1 1 1 1
SMOKE CREEK ESPIL 267618 1 1
SMOKEY VALLEY 267620 1 1 1 1 1 1 1 1
SNOWBALL RCH 267640 1 1
SOUTH FORK SP 267690 1 1 1 1 1 1 1 1
SPRING VALLEY SP 267750 1 1
STATELINE-HARRAH'S 267806 1 1
STEAD 267820 1 1 1 1 1 1 1 1
SULPHUR 267873 1 1
SUNNYSIDE 267908 1 1
SUTCLIFFE 267953 1 1
TEMPIUTE 4 NW 267983 1 1
THORNE 268034 1 1
TONOPAH 268170 1 1 1 1 1 1 1
TOPAZ LAKE 3N 268186 1 1 1 1 1 1 1
TOPAZ LAKE 4 N 268202 1 1 1 1 1 1 1
TUSCARORA 268346 1 1
TWIN SPRING FALLINI 268443 1 1
UNIV OF NEVADA EXP FM 268500 1 1 1 1 1 1 1 1
URSINE 268538 1 1
VALLEY OF FIRE SP 268588 1 1
VIRGINIA CITY 268761 1 1 1 1 1 1 1 1
VYA 268810 1 1
WABUSKA 6 SE 268822 1 1 1 1 1 1 1
WADSWORTH 268834 1 1 1 1 1 1 1
WADSWORTH 4 N 268838 1 1
WELLINGTON RS 268977 1 1 1 1 1 1 1
WELLS 268988 1 1 1 1 1 1 1
WILDHORSE RSVR 269072 1 1
WILKINS 269122 1 1
WILLOW SPRINGS 269137 1 1
WINNEMUCCA #2 269168 1 1 1 1 1 1 1 1
WINNEMUCCA MUNI AP 269171 1 1 1 1 1 1 1 1
YERINGTON 269229 1 1 1 1 1 1 1 1
LAS VEGAS 23112 1 1 1 1 1 1 1 1
RED ROCK WC 29999 1 1 1 1 1 1 1 1
WASHOE VALLEY WC 39999 1 1 1 1 1 1 1 1
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Appendix 10 cont.

Crop or land cover class simulated for each station (1 = yes, 0 = no).

Orchards
. Grass Grass I?;;:‘:srgid 2':1’:% Garden
Station Name Station Pasfure i Pasture - low Grass Cherries Cherries Vegetables | Onions | Melons
Number high - Turf
management management w/ground w/no - general
cover ground
cover
ADAVEN 260046 1 1 1
ALAMO 260099 1 1 1 1 1 1 1
AMARGOSA FARMS-
GAREY 260150 1 1 1 1 1 1 1
ANTELOPE VALLEY FARR 260282 1 1 1
ARTHUR 4 NW 260438 1 1 1 1 1
AUSTIN #2 260507 1 1 1
BASALT 260668 1 1 1
BATTLE MTN 260688 1 1 1 1 1 1 1
BATTLE MTN AP 260691 1 1 1 1 1 1 1
BEATTY 260715 1 1 1 1 1 1 1
BEATTY 8 N 260718 1 1 1 1 1 1 1
BEOWAWE 260795 1 1 1
BEOWAWE U OF N RCH 260800 1 1 1
BLUE EAGLE RCH HANKS 260955 1 1 1
BLUE JAY HWY STN 260961 1 1 1
BOULDER CITY 261071 1 1 1 1 1 1
BRINKERHOFF RCH 261160 1 1 1
BUFFALO RCH 261311 1 1 1
BUNKERVILLE 261327 1 1 1 1 1 1 1
CALIENTE 261358 1 1 1 1 1 1 1
CALLVILLE BAY 261371 1 1 1
CARLIN NEWMONT MINE | 261415 1 1 1
CARSON CITY 261485 1 1 1
CATHEDRAL GORGE SP 261590 1 1 1 1 1 1 1
CENTRAL NEVADA FLD
LAB 261630 1 1 1 1 1 1
CHARLESTON 261660 1 1 1
CLOVER VALLEY 261740 1 1 1 1 1 1
COALDALE JUNCTION 261755 1 1 1
CONTACT 261905 1 1 1
CORTEZ GOLD MINE 261975 1 1 1
CURRANT 262078 1 1 1 1 1 1 1
CURRANT HWY STN 262091 1 1 1
CURRIE HWY STN 262096 1 1 1
DAGGET PASS 262119 1 1 1
DENIO 262229 1 1 1 1 1 1 1
DESERT NWR 262243 1 1 1
DIABLO 262276 1 1 1
DIAMOND VALLEY USDA 262296 1 1 1 1 1 1
DUCKWATER 262390 1 1 1 1 1 1 1
DUFURRENA 262394 1 1 1
DYER 262431 1 1 1 1 1 1 1
EASTGATE 262477 1 1 1
ECHO BAY 262497 1 1 1
ELGIN 262557 1 1 1 1 1 1 1
ELGIN 3 SE 262562 1 1 1 1 1 1 1
ELKO 262570 1 1 1 1 1 1
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Appendix 10 cont.

Crop or land cover class simulated for each station (1 = yes, 0 = no).

Orchards
Grass Orchards - - Apples
. Grass Apples and and Garden
Station Name Station Pas?ure ) Pasture - low Grass Cherries Cherries | Vegetables | Onions | Melons
Number high management | Turf w/ground w/no - general
management cover ground
cover
ELKO RGNL AP 262573 1 1 1 1 1 1
ELY 6 NE 262626 1 1 1 1 1
ELY YELLAND FLD AP 262631 1 1 1 1 1 1
EMIGRANT PASS HWY
STN 262656 1 1 1
EMPIRE 262662 1 1 1 1 1 1 1
EUREKA 262708 1 1 1
FALLON EXP STN 262780 1 1 1 1 1 1 1 1
FERGUSON SPRINGS HMS | 262820 1 1 1
FERNLEY 262840 1 1 1 1 1 1 1 1
FISH CREEK RCH 262860 1 1 1 1 1 1
GERLACH 263090 1 1 1 1 1 1 1
GEYSER RCH 263101 1 1 1 1 1 1
GIBBS RCH 263114 1 1 1
GLENBROOK 263205 1 1 1
GOLCONDA 263245 1 1 1
GOLDFIELD 263285 1 1 1
GOODSPRINGS 263316 1 1 1
GREAT BASIN NP 263340 1 1 1
HAWTHORNE 263512 1 1 1
HAWTHORNE AP 263515 1 1 1
HIKO 263671 1 1 1 1 1 1 1
HUMBOLDT FLD 263853 1 1 1
I-L RCH 263940 1 1 1
IMLAY 263957 1 1 1
INDIAN SPRINGS 263980 1 1 1
JACKPOT 264016 1 1 1
JARBRIDGE 4 N 264038 1 1 1
JARBIDGE 7 N 264039 1 1 1
JIGGS 8 SSE ZAGA 264095 1 1 1
JUNGO MEYER RCH 264108 1 1 1
KIMBERLY 264199 1 1 1
KNOLL CREEK FLD STN 264268 1 1 1
KYLE CANYON RS 264314 1 1 1
LAGES 264341 1 1 1
LAHONTAN DAM 264349 1 1 1
LAKE VALLEY STEWARD 264384 1 1 1
LAMOILLE YOST 264394 1 1 1 1 1
LAMOILLE PH 264395 1 1 1 1 1
LAS VEGAS 264429 1 1 1 1 1 1
LAS VEGAS WB AP 264436 1 1 1 1 1 1
LAS VEGAS NWFO 264439 1 1 1 1 1 1
LATHROP WELLS 264457 1 1 1 1 1 1 1
LAUGHLIN 264480 1 1 1 1 1 1
LEHMAN CAVES NM 264514 1 1 1 1 1 1
LEONARD CREEK RCH 264527 1 1 1 1 1 1 1
LEWERS RCH 264542 1 1 1
LITTLE RED ROCK 264600 1 1 1
LOGANDALE 264651 1 1 1 1 1 1 1
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Appendix 10 cont.

Crop or land cover class simulated for each station (1 = yes, 0 = no).

Orchards
Grass Orchards - - Apples
. Grass Apples and and Garden
Station Name Station Pas?ure ) Pasture - low Grass Cherries Cherries Vegetables | Onions | Melons
Number high management | Turf w/ground w/no - general
management cover ground
cover
LOVELOCK DERBY FLD 264700 1 1 1 1 1 1 1
LUND 264745 1 1 1 1 1 1 1
MALA VISTA RCH 264824 1 1 1 1 1 1 1
MARLETTE LAKE 264858 1 1 1
MCDERMITT 264935 1 1 1 1 1 1 1
MCGILL 264950 1 1 1 1 1 1 1
MESQUITE 265085 1 1 1 1 1 1 1
METROPOLIS 265092 1 1 1 1 1 1 1
MIDAS 4 SE 265105 1 1 1
MIDDLEGATE-LOWERY 265132 1 1 1
MINA 265168 1 1 1
MINDEN 265191 1 1 1 1 1 1 1
MONTELLO 2 SE 265352 1 1 1 1 1 1 1
MONTGOMERY MNTC
STN 265362 1 1 1
MOORMAN RCH 265371 1 1 1
MTN CITY RS 265392 1 1 1
MT CHARLESTON FS 265400 1 1 1
MT ROSE BOWL 265440 1 1 1
NIXON 265605 1 1 1 1 1 1 1
NORTH LAS VEGAS 265705 1 1 1 1 1 1
OASIS 265722 1 1 1
OLD RUTH 265760 1 1 1
OROVADA 3 W 265818 1 1 1 1 1 1 1
OVERTON 265846 1 1 1 1 1 1 1 1
OWYHEE 265869 1 1 1 1 1 1
PAHRANAGAT WR 265880 1 1 1 1 1 1 1
PAHRUMP 265890 1 1 1 1 1 1 1
PAHUTE MEADOWS RCH 265907 1 1 1
PALMETTO 265931 1 1 1
PARADISE VALLEY 1 NW 266005 1 1 1 1 1 1 1
PARIS RCH 266055 1 1 1
PENOYER VALLEY 266130 1 1 1
PEQUOP 266148 1 1 1
PILOT VALLEY-LEE 266228 1 1 1
PINE VALLEY BAILEY RCH 266242 1 1 1 1 1 1
PIOCHE 266252 1 1 1 1 1 1 1
QUINN RVR CROSSING 266504 1 1 1 1 1 1 1
RAND RCH PALISADE 266574 1 1 1 1 1 1 1
RATTLESNAKE 266630 1 1 1
RED ROCK CANYON SP 266691 1 1 1
REESE RIVER 266746 1 1 1 1 1 1 1
REESE VALLEY CARPER 266748 1 1 1
RENO TAHOE INTL AP 266779 1 1 1 1 1 1 1
RENO WFO 266791 1 1 1 1 1 1 1
RUBY LAKE 267123 1 1 1 1 1 1
RUTH 267175 1 1 1
RYNDON 267188 1 1 1 1 1 1 1
RYE PATCH DAM 267192 1 1 1
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Appendix 10 cont.

Crop or land cover class simulated for each station (1 = yes, 0 = no).

Orchards
Grass Orchards - - Apples
. Grass Apples and and Garden
Station Name Station Pasfure ) Pasture - low Grass Cherries Cherries Vegetables | Onions | Melons
Number high management | Turf w/ground w/no - general
management cover ground
cover
SAND PASS 267261 1 1 1
SAN JACINTO 267284 1 1 1
SARCOBATUS 267319 1 1 1
SAVAL RCH 267324 1 1 1
SCHURZ 267358 1 1 1
SEARCHLIGHT 267369 1 1 1
SEVENTY ONE RCH 267397 1 1 1 1 1
SHELDON 267443 1 1 1
SHOSHONE 5 N 267450 1 1 1
SILVERPEAK 267463 1 1 1
SMITH 1 N 267609 1 1 1 1 1 1 1
SMITH 6 N 267612 1 1 1 1 1 1 1
SMOKE CREEK ESPIL 267618 1 1 1
SMOKEY VALLEY 267620 1 1 1 1 1 1
SNOWBALL RCH 267640 1 1 1
SOUTH FORK SP 267690 1 1 1 1 1 1 1
SPRING VALLEY SP 267750 1 1 1
STATELINE-HARRAH'S 267806 1 1 1
STEAD 267820 1 1 1 1 1 1
SULPHUR 267873 1 1 1
SUNNYSIDE 267908 1 1 1
SUTCLIFFE 267953 1 1 1
TEMPIUTE 4 NW 267983 1 1 1
THORNE 268034 1 1 1
TONOPAH 268170 1 1 1 1 1 1 1
TOPAZ LAKE 3N 268186 1 1 1 1 1 1 1
TOPAZ LAKE 4 N 268202 1 1 1 1 1 1 1
TUSCARORA 268346 1 1 1
TWIN SPRING FALLINI 268443 1 1 1
UNIV OF NEVADA EXP FM 268500 1 1 1 1 1 1 1
URSINE 268538 1 1 1
VALLEY OF FIRE SP 268588 1 1 1
VIRGINIA CITY 268761 1 1 1 1 1 1 1
VYA 268810 1 1 1
WABUSKA 6 SE 268822 1 1 1 1 1 1 1
WADSWORTH 268834 1 1 1 1 1 1 1
WADSWORTH 4 N 268838 1 1 1
WELLINGTON RS 268977 1 1 1 1 1 1 1
WELLS 268988 1 1 1 1 1
WILDHORSE RSVR 269072 1 1 1
WILKINS 269122 1 1 1
WILLOW SPRINGS 269137 1 1 1
WINNEMUCCA #2 269168 1 1 1 1 1 1
WINNEMUCCA MUNI AP 269171 1 1 1 1 1 1
YERINGTON 269229 1 1 1 1 1 1 1
LAS VEGAS 23112 1 1 1 1 1 1
RED ROCK WC 29999 1 1 1 1 1 1
WASHOE VALLEY WC 39999 1 1 1 1 1 1
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Appendix 10 cont. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Potatoes-
. Peas- | Peas- Potatoe.s-- -cold
Station Name Station Gra?es- Alfalfa _ _ processing pack Sugar Hops
Number -wine Seed tresh | seed (early (late beets
harvest)
harvest)
ADAVEN 260046
ALAMO 260099 1 1 1 1
AMARGOSA FARMS-
GAREY 260150 1 1 1 1
ANTELOPE VALLEY FARR 260282
ARTHUR 4 NW 260438 1
AUSTIN #2 260507
BASALT 260668
BATTLE MTN 260688 1 1 1
BATTLE MTN AP 260691 1 1 1
BEATTY 260715 1 1 1 1
BEATTY 8 N 260718 1 1 1 1
BEOWAWE 260795
BEOWAWE U OF N RCH 260800
BLUE EAGLE RCH HANKS 260955
BLUE JAY HWY STN 260961
BOULDER CITY 261071 1
BRINKERHOFF RCH 261160
BUFFALO RCH 261311
BUNKERVILLE 261327 1 1 1 1
CALIENTE 261358 1 1 1 1
CALLVILLE BAY 261371
CARLIN NEWMONT MINE 261415
CARSON CITY 261485
CATHEDRAL GORGE SP 261590 1 1 1 1
CENTRAL NEVADA FLD
LAB 261630 1
CHARLESTON 261660
CLOVER VALLEY 261740 1
COALDALE JUNCTION 261755
CONTACT 261905
CORTEZ GOLD MINE 261975
CURRANT 262078 1 1 1 1
CURRANT HWY STN 262091
CURRIE HWY STN 262096
DAGGET PASS 262119
DENIO 262229 1 1 1 1
DESERT NWR 262243
DIABLO 262276
DIAMOND VALLEY USDA 262296 1
DUCKWATER 262390 1 1 1 1
DUFURRENA 262394
DYER 262431 1 1 1 1
EASTGATE 262477
ECHO BAY 262497
ELGIN 262557 1 1 1 1
ELGIN 3 SE 262562 1 1 1 1
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Appendix 10 cont. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Potatoes-
. Peas- | Peas- Potatoe.s-- -cold
Station Name Station Gra?es- Alfalfa _ _ processing pack Sugar Hops
Number -wine Seed fresh | seed (early (late beets
harvest)
harvest)
ELKO 262570 1
ELKO RGNL AP 262573 1
ELY 6 NE 262626 1
ELY YELLAND FLD AP 262631 1
EMIGRANT PASS HWY
STN 262656
EMPIRE 262662 1 1 1 1
EUREKA 262708
FALLON EXP STN 262780 1 1 1 1 1 1 1
FERGUSON SPRINGS HMS | 262820
FERNLEY 262840 1 1 1 1 1 1 1
FISH CREEK RCH 262860 1
GERLACH 263090 1 1 1 1
GEYSER RCH 263101 1 1 1 1
GIBBS RCH 263114
GLENBROOK 263205
GOLCONDA 263245
GOLDFIELD 263285
GOODSPRINGS 263316
GREAT BASIN NP 263340
HAWTHORNE 263512
HAWTHORNE AP 263515
HIKO 263671 1 1 1 1
HUMBOLDT FLD 263853
I-L RCH 263940
IMLAY 263957
INDIAN SPRINGS 263980
JACKPOT 264016
JARBRIDGE 4 N 264038
JARBIDGE 7 N 264039
JIGGS 8 SSE ZAGA 264095
JUNGO MEYER RCH 264108
KIMBERLY 264199
KNOLL CREEK FLD STN 264268
KYLE CANYON RS 264314
LAGES 264341
LAHONTAN DAM 264349
LAKE VALLEY STEWARD 264384
LAMOILLE YOST 264394 1
LAMOILLE PH 264395 1
LAS VEGAS 264429 1
LAS VEGAS WB AP 264436 1
LAS VEGAS NWFO 264439 1
LATHROP WELLS 264457 1
LAUGHLIN 264480 1
LEHMAN CAVES NM 264514 1 1 1
LEONARD CREEK RCH 264527 1 1 1 1
LEWERS RCH 264542
LITTLE RED ROCK 264600
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Appendix 10 cont. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Potatoes-
. Peas- | Peas- Potatoe.s-- -cold
Station Name Station GraPes- Alfalfa _ _ processing pack Sugar Hops
Number -wine Seed fresh | seed (early (late beets
harvest)
harvest)
LOGANDALE 264651 1 1 1 1 1 1 1 1
LOVELOCK DERBY FLD 264700 1 1 1 1 1 1 1 1
LUND 264745 1 1 1 1 1
MALA VISTA RCH 264824 1 1 1 1
MARLETTE LAKE 264858
MCDERMITT 264935 1 1 1 1 1
MCGILL 264950 1 1 1 1 1
MESQUITE 265085 1 1 1 1
METROPOLIS 265092 1 1 1 1
MIDAS 4 SE 265105
MIDDLEGATE-LOWERY 265132
MINA 265168
MINDEN 265191 1 1 1 1 1
MONTELLO 2 SE 265352 1 1 1 1 1
MONTGOMERY MNTC
STN 265362
MOORMAN RCH 265371
MTN CITY RS 265392
MT CHARLESTON FS 265400
MT ROSE BOWL 265440
NIXON 265605 1 1 1 1 1
NORTH LAS VEGAS 265705 1
OASIS 265722
OLD RUTH 265760
OROVADA 3 W 265818 1 1 1 1 1 1 1
OVERTON 265846 1 1 1 1 1 1 1 1
OWYHEE 265869 1 1
PAHRANAGAT WR 265880 1 1 1 1
PAHRUMP 265890 1 1 1 1 1
PAHUTE MEADOWS RCH 265907
PALMETTO 265931
PARADISE VALLEY 1 NW 266005 1 1 1 1 1
PARIS RCH 266055
PENOYER VALLEY 266130
PEQUOP 266148
PILOT VALLEY-LEE 266228
PINE VALLEY BAILEY RCH 266242 1
PIOCHE 266252 1 1 1 1
QUINN RVR CROSSING 266504 1 1 1 1
RAND RCH PALISADE 266574 1 1 1 1
RATTLESNAKE 266630
RED ROCK CANYON SP 266691
REESE RIVER 266746 1 1 1 1
REESE VALLEY CARPER 266748
RENO TAHOE INTL AP 266779 1 1 1 1
RENO WFO 266791 1 1 1 1
RUBY LAKE 267123 1
RUTH 267175
RYNDON 267188 1 1 1 1
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Appendix 10 cont. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Potatoes-
. Peas- | Peas- Potatoe.s-- -cold
Station Name Station Gra!)es- Alfalfa _ _ processing pack Sugar Hops
Number -wine Seed (early beets
fresh | seed (late
harvest)
harvest)
RYE PATCH DAM 267192
SAND PASS 267261
SAN JACINTO 267284
SARCOBATUS 267319
SAVAL RCH 267324
SCHURZ 267358
SEARCHLIGHT 267369
SEVENTY ONE RCH 267397 1
SHELDON 267443
SHOSHONE 5 N 267450
SILVERPEAK 267463
SMITH 1 N 267609 1 1 1 1
SMITH 6 N 267612 1 1 1 1
SMOKE CREEK ESPIL 267618
SMOKEY VALLEY 267620 1
SNOWBALL RCH 267640
SOUTH FORK SP 267690 1 1 1 1
SPRING VALLEY SP 267750
STATELINE-HARRAH'S 267806
STEAD 267820 1
SULPHUR 267873
SUNNYSIDE 267908
SUTCLIFFE 267953
TEMPIUTE 4 NW 267983
THORNE 268034
TONOPAH 268170 1 1 1
TOPAZ LAKE 3N 268186 1 1 1
TOPAZ LAKE 4 N 268202 1 1 1
TUSCARORA 268346
TWIN SPRING FALLINI 268443
UNIV OF NEVADA EXP FM | 268500 1 1 1
URSINE 268538
VALLEY OF FIRE SP 268588
VIRGINIA CITY 268761 1 1 1
VYA 268810
WABUSKA 6 SE 268822 1 1 1
WADSWORTH 268834 1 1 1
WADSWORTH 4 N 268838
WELLINGTON RS 268977 1 1 1
WELLS 268988 1
WILDHORSE RSVR 269072
WILKINS 269122
WILLOW SPRINGS 269137
WINNEMUCCA #2 269168 1 1 1
WINNEMUCCA MUNI AP 269171 1 1 1
YERINGTON 269229 1 1 1
LAS VEGAS 23112 1
RED ROCK WC 29999 1 1 1
WASHOE VALLEY WC 39999 1 1 1
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Appendix 10 cont. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Mulched

A soil, Dormant Open water -
Station Name Station S!.m.flower Sfa\fflower Canola | Garlic Bar.e including t}xrf shallow
Number | -irrigated | -irrigated soil wheat (\A.nnter systems/ponds
stubble time)
ADAVEN 260046 1 1 1 1
ALAMO 260099 1 1 1 1 1 1 1 1
AMARGOSA FARMS-
GAREY 260150 1 1 1 1 1 1 1
ANTELOPE VALLEY FARR 260282 1 1 1 1
ARTHUR 4 NW 260438 1 1 1 1
AUSTIN #2 260507 1 1 1 1
BASALT 260668 1 1 1 1
BATTLE MTN 260688 1 1 1 1
BATTLE MTN AP 260691 1 1 1 1
BEATTY 260715 1 1 1 1 1 1 1 1
BEATTY 8 N 260718 1 1 1 1 1 1 1 1
BEOWAWE 260795 1 1 1 1
BEOWAWE U OF N RCH 260800 1 1 1 1
BLUE EAGLE RCH HANKS 260955 1 1 1 1
BLUE JAY HWY STN 260961 1 1 1 1
BOULDER CITY 261071 1 1 1 1 1 1 1
BRINKERHOFF RCH 261160 1 1 1 1
BUFFALO RCH 261311 1 1 1 1
BUNKERVILLE 261327 1 1 1 1 1 1 1 1
CALIENTE 261358 1 1 1 1 1 1 1 1
CALLVILLE BAY 261371 1 1 1 1
CARLIN NEWMONT MINE 261415 1 1 1 1
CARSON CITY 261485 1 1 1 1
CATHEDRAL GORGE SP 261590 1 1 1 1 1 1 1
CENTRAL NEVADA FLD
LAB 261630 1 1 1 1
CHARLESTON 261660 1 1 1 1
CLOVER VALLEY 261740 1 1 1 1
COALDALE JUNCTION 261755 1 1 1 1
CONTACT 261905 1 1 1 1
CORTEZ GOLD MINE 261975 1 1 1 1
CURRANT 262078 1 1 1 1 1 1 1
CURRANT HWY STN 262091 1 1 1 1
CURRIE HWY STN 262096 1 1 1 1
DAGGET PASS 262119 1 1 1 1
DENIO 262229 1 1 1 1 1 1 1 1
DESERT NWR 262243 1 1 1 1
DIABLO 262276 1 1 1 1
DIAMOND VALLEY USDA 262296 1 1 1 1
DUCKWATER 262390 1 1 1 1 1 1 1 1
DUFURRENA 262394 1 1 1 1
DYER 262431 1 1 1 1 1 1 1 1
EASTGATE 262477 1 1 1 1
ECHO BAY 262497 1 1 1 1
ELGIN 262557 1 1 1 1 1 1 1 1
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Appendix 10 cont. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Mulched
. sail, Dormant Open water -
Station Name Station Sfm.flower S.ah.‘lower Canola | Garlic Bar.e including t.urf shallow
Number | -irrigated | -irrigated soil (winter
wheat time) systems/ponds
stubble
ELGIN 3 SE 262562 1 1 1 1 1 1 1 1
ELKO 262570 1 1 1 1
ELKO RGNL AP 262573 1 1 1 1
ELY 6 NE 262626 1 1 1 1
ELY YELLAND FLD AP 262631 1 1 1 1
EMIGRANT PASS HWY
STN 262656 1 1 1 1
EMPIRE 262662 1 1 1 1 1 1 1 1
EUREKA 262708 1 1 1 1
FALLON EXP STN 262780 1 1 1 1 1 1 1 1
FERGUSON SPRINGS
HMS 262820 1 1 1 1
FERNLEY 262840 1 1 1 1 1 1 1 1
FISH CREEK RCH 262860 1 1 1 1
GERLACH 263090 1 1 1 1 1 1 1 1
GEYSER RCH 263101 1 1 1 1 1 1 1 1
GIBBS RCH 263114 1 1 1 1
GLENBROOK 263205 1 1 1 1
GOLCONDA 263245 1 1 1 1
GOLDFIELD 263285 1 1 1 1
GOODSPRINGS 263316 1 1 1 1
GREAT BASIN NP 263340 1 1 1 1
HAWTHORNE 263512 1 1 1 1
HAWTHORNE AP 263515 1 1 1 1
HIKO 263671 1 1 1 1 1 1 1
HUMBOLDT FLD 263853 1 1 1 1
I-L RCH 263940 1 1 1 1
IMLAY 263957 1 1 1 1
INDIAN SPRINGS 263980 1 1 1 1
JACKPOT 264016 1 1 1 1
JARBRIDGE 4 N 264038 1 1 1 1
JARBIDGE 7 N 264039 1 1 1 1
JIGGS 8 SSE ZAGA 264095 1 1 1 1
JUNGO MEYER RCH 264108 1 1 1 1
KIMBERLY 264199 1 1 1 1
KNOLL CREEK FLD STN 264268 1 1 1 1
KYLE CANYON RS 264314 1 1 1 1
LAGES 264341 1 1 1 1
LAHONTAN DAM 264349 1 1 1 1
LAKE VALLEY STEWARD 264384 1 1 1 1
LAMOILLE YOST 264394 1 1 1 1
LAMOILLE PH 264395 1 1 1 1
LAS VEGAS 264429 1 1 1 1 1 1 1
LAS VEGAS WB AP 264436 1 1 1 1 1 1 1
LAS VEGAS NWFO 264439 1 1 1 1 1 1 1
LATHROP WELLS 264457 1 1 1 1 1 1 1
LAUGHLIN 264480 1 1 1 1 1 1 1
LEHMAN CAVES NM 264514 1 1 1 1
LEONARD CREEK RCH 264527 1 1 1 1 1 1 1
LEWERS RCH 264542 1 1 1 1
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Appendix 10 cont. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Mulched

. sail, Dormant Open water -
Station Name Station Ssm.flower S'ah.‘lower Canola | Garlic Bar.e including t.urf shallow
Number | -irrigated | -irrigated soil wheat (V\{mter systems/ponds
stubble time)
LITTLE RED ROCK 264600 1 1 1 1
LOGANDALE 264651 1 1 1 1 1 1 1
LOVELOCK DERBY FLD 264700 1 1 1 1 1 1 1 1
LUND 264745 1 1 1 1 1
MALA VISTA RCH 264824 1 1 1 1 1 1 1
MARLETTE LAKE 264858 1 1 1 1
MCDERMITT 264935 1 1 1 1
MCGILL 264950 1 1 1 1
MESQUITE 265085 1 1 1 1 1 1 1
METROPOLIS 265092 1 1 1 1 1 1 1
MIDAS 4 SE 265105 1 1 1 1
MIDDLEGATE-LOWERY 265132 1 1 1 1
MINA 265168 1 1 1 1
MINDEN 265191 1 1 1 1 1
MONTELLO 2 SE 265352 1 1 1 1 1
MONTGOMERY MNTC

STN 265362 1 1 1 1
MOORMAN RCH 265371 1 1 1 1
MTN CITY RS 265392 1 1 1 1
MT CHARLESTON FS 265400 1 1 1 1
MT ROSE BOWL 265440 1 1 1 1
NIXON 265605 1 1 1 1 1
NORTH LAS VEGAS 265705 1 1 1 1 1 1 1
OASIS 265722 1 1 1 1
OLD RUTH 265760 1 1 1 1
OROVADA 3 W 265818 1 1 1 1 1
OVERTON 265846 1 1 1 1 1 1 1 1
OWYHEE 265869 1 1 1 1
PAHRANAGAT WR 265880 1 1 1 1 1 1 1 1
PAHRUMP 265890 1 1 1 1 1 1 1 1
PAHUTE MEADOWS RCH 265907 1 1 1 1
PALMETTO 265931 1 1 1 1
PARADISE VALLEY 1 NW 266005 1 1 1 1 1 1 1 1
PARIS RCH 266055 1 1 1 1
PENOYER VALLEY 266130 1 1 1 1
PEQUOP 266148 1 1 1 1
PILOT VALLEY-LEE 266228 1 1 1 1
PINE VALLEY BAILEY RCH 266242 1 1 1 1
PIOCHE 266252 1 1 1 1 1 1 1 1
QUINN RVR CROSSING 266504 1 1 1 1 1 1 1
RAND RCH PALISADE 266574 1 1 1 1 1 1 1
RATTLESNAKE 266630 1 1 1 1
RED ROCK CANYON SP 266691 1 1 1 1
REESE RIVER 266746 1 1 1 1 1 1 1
REESE VALLEY CARPER 266748 1 1 1 1
RENO TAHOE INTL AP 266779 1 1 1 1 1
RENO WFO 266791 1 1 1 1 1
RUBY LAKE 267123 1 1 1 1
RUTH 267175 1 1 1 1
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Appendix 10 cont. Crop or land cover class simulated for each station (1 = yes, 0 = no).

Mulched
i soil, Dormant Open water -
Station Name Station Stm.flower S‘aﬁ.‘lower Canola | Garlic Bar.e including t'urf shallow
Number | -irrigated | -irrigated soil wheat (vsfmter systems/ponds
stubble | 1me)
RYNDON 267188 1 1 1 1 1 1 1
RYE PATCH DAM 267192 1 1 1 1
SAND PASS 267261 1 1 1 1
SAN JACINTO 267284 1 1 1 1
SARCOBATUS 267319 1 1 1 1
SAVAL RCH 267324 1 1 1 1
SCHURZ 267358 1 1 1 1
SEARCHLIGHT 267369 1 1 1 1
SEVENTY ONE RCH 267397 1 1 1 1
SHELDON 267443 1 1 1 1
SHOSHONE 5 N 267450 1 1 1 1
SILVERPEAK 267463 1 1 1 1
SMITH 1N 267609 1 1 1 1 1 1 1 1
SMITH 6 N 267612 1 1 1 1 1 1 1 1
SMOKE CREEK ESPIL 267618 1 1 1 1
SMOKEY VALLEY 267620 1 1 1 1
SNOWBALL RCH 267640 1 1 1 1
SOUTH FORK SP 267690 1 1 1 1 1
SPRING VALLEY SP 267750 1 1 1 1
STATELINE-HARRAH'S 267806 1 1 1 1
STEAD 267820 1 1 1 1
SULPHUR 267873 1 1 1 1
SUNNYSIDE 267908 1 1 1 1
SUTCLIFFE 267953 1 1 1 1
TEMPIUTE 4 NW 267983 1 1 1 1
THORNE 268034 1 1 1 1
TONOPAH 268170 1 1 1 1 1
TOPAZ LAKE 3N 268186 1 1 1 1 1
TOPAZ LAKE 4 N 268202 1 1 1 1 1
TUSCARORA 268346 1 1 1 1
TWIN SPRING FALLINI 268443 1 1 1 1
UNIV OF NEVADA EXP

FM 268500 1 1 1 1
URSINE 268538 1 1 1 1
VALLEY OF FIRE SP 268588 1 1 1 1
VIRGINIA CITY 268761 1 1 1 1
VYA 268810 1 1 1 1
WABUSKA 6 SE 268822 1 1 1 1
WADSWORTH 268834 1 1 1 1
WADSWORTH 4 N 268838 1 1 1 1
WELLINGTON RS 268977 1 1 1 1 1 1 1 1
WELLS 268988 1 1 1 1
WILDHORSE RSVR 269072 1 1 1 1
WILKINS 269122 1 1 1 1
WILLOW SPRINGS 269137 1 1 1 1
WINNEMUCCA #2 269168 1 1 1 1
WINNEMUCCA MUNI AP | 269171 1 1 1 1
YERINGTON 269229 1 1 1 1 1 1 1 1
LAS VEGAS 23112 1 1 1 1
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Appendix 10 cont.

Crop or land cover class simulated for each station (1 = yes, 0 = no).

Mulched

soil Dormant Open water -
. Station | Sunflower | Safflower . Bare | . . turf P
Station Name . L Canola | Garlic . including . shallow
Number | -irrigated | -irrigated soil (winter
wheat time) systems/ponds
stubble
RED ROCK WC 29999 1 1 1 1
WASHOE VALLEY WC 39999 1 1 1 1
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Appendix 11a. Mean annual ET,s and ET, for each NWS weather station, sorted by station name. * Station was used in averaging
or assigning ETos and ET, to respective hydrographic areas. Number of years used for average and start and end years listed are for
alfalfa and may vary slightly for other crop types due to possible missing data within crop specific growing seasons. See statistic

data files for further details.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRAsS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | o ror | vear | vear | ET. () | T, (r) | PASTURE | PASTURE HAY GRASS | o
AVERAGE GRASS GRASS | ETwa(ft) | ETwclft) | o
ETac (ft) ET.ct (ft)
260046 ADAVEN Garden Valley 172 30 1947 | 1978 38 3.1 3.1 25 29 2.9 40
260099 ALAMO* Par\‘/;a”n;gat 209 29 1923 | 1958 5.6 5.0 45 36 4.2 4.6 5.8
AMARGOSA Amargosa
260150 | on s ko 230 28 1966 | 2005 58 5.6 48 39 37 5.6 6.1
ANTELOPE Antelope
260282 | |\ e Canes Valley 57 8 1985 | 1998 4.4 36 36 3.0 35 3.5 46
260438 | ARTHUR4NW* | Ruby Valley 176 30 1972 | 2007 3.8 3.1 3.0 25 29 2.8 40
260507 AUSTIN #2* Upper Reese 56 30 1972 | 2007 4.1 3.4 3.3 27 3.1 3.1 43
River Valley
260668 BASALT Tee\'/z ”MeirSh 114 10 1942 | 1957 4.4 3.4 3.4 27 33 3.2 4.7
260691 BATTLE MTN Lower Reese 59 30 1974 | 2006 43 3.8 37 31 35 36 45
AP* River Valley
260688 | BATTLEMTN* | Clovers Area 64 25 1903 | 1944 46 4.0 3.9 3.2 3.7 3.8 48
260718 | BEATTY 8 N* Oasis Valley 228 28 1973 | 2004 53 49 43 3.5 41 48 5.6
260715 BEATTY* Oasis Valley 228 30 1925 | 1972 56 5.2 46 37 42 5.1 5.9
BEOWAWE U
260800 OF N ROH* Grass Valley 138 28 1973 | 2007 42 3.5 3.4 2.8 3.3 3.3 4.4
260795 BEOWAWE* C(/?”c:;t 54 30 1976 | 2006 43 36 36 3.0 35 35 45
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRAss TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ET.ct (ft)
BLUE EAGLE Railroad
260955 | oo Valloy 1738 23 1979 | 2007 4.8 44 43 36 42 43 5.0
260961 BLUESJT/T\IY*HWY Hot Creek 156 7 1964 | 1983 48 39 39 3.2 37 37 50
261071 | BOULDER CITY* El\'/j;::jo 167 30 1969 | 2004 5.4 5.1 43 35 3.1 5.0 5.7
261160 BR'N;(CES,':'OFF Dixie Valley 128 7 1967 | 1979 47 42 41 3.4 4.0 41 49
261311 | BUFFALORCH* | Buffalo Valley 131 7 1967 | 1978 4.0 3.7 3.5 29 3.3 35 42
261327 | BUNKERVILLE* V'rs':“:;"er 222 6 1980 | 2007 5.1 48 4.0 33 3.1 47 5.4
261358 CALIENTE* Clover Valley 204 2 1904 | 2006 4.9 45 42 3.5 3.9 41 52
Black
261371 | CALLVILLE BAY* Moutains 215 8 1990 | 2006 5.7 5.3 45 36 29 53 59
Area
CARLIN
261415 NEWMONT Boulder Flat 61 24 1967 | 1999 33 27 26 22 25 25 3.4
MINE
261485 | CARSONCITY* | Eagle Valley 104 30 1974 | 2007 43 3.8 36 3.0 3.5 3.6 46
CATHEDRAL
261590 CORGE Sp+ Panaca Valley 203 4 2003 | 2007 5.0 47 4.4 3.7 43 43 53
CENTRAL Upper Reese
261630 | NEVADAFLD PP 56 13 1966 | 1985 45 33 3.1 26 3.0 2.9 47
River Valley
LAB*
261660 | CHARLESTON* Br””;?:aR'Ver 38 4 1962 | 2005 4.1 23 2.0 17 17 18 43
CLOVER
261740 VALLEY® Clover Valley 177 30 1926 | 2007 4.0 33 33 27 3.1 31 42
COALDALE Columbus Salt
261755 JONCTION® Varsh Valley 118 6 1942 | 1958 55 47 44 36 43 43 58
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ETac (ft)
261905 CONTACT* Salmon Falls 40 30 1958 | 1998 42 3.4 3.2 27 3.0 3.0 44
Creek Area
261975 | CORTEZGOLD Crescent 54 10 1969 | 1979 4.1 36 35 29 3.4 33 43
MINE* Valley
262091 | CURRANTHWY Railroad 1738 7 1964 | 1977 43 3.0 3.0 2.4 27 2.7 45
STN Valley
262078 CURRANT* R\a/![lc;?/d 1738 4 1942 | 1946 4.4 3.8 3.8 3.1 3.7 3.6 46
262006 | CURRIEHWY Steptoe 179 10 1962 | 1989 4.7 3.2 3.1 25 29 2.8 49
STN* Valley
Lake Tahoe
262119 | DAGGET PASS - 90 5 1989 | 2005 33 23 22 17 2.0 2.0 3.4
262229 DENIO* Pueblo Valley 1 30 1970 | 2005 43 37 36 3.0 35 35 45
262243 | DESERT NWR* La\ia\ﬁz%as 212 30 1976 | 2007 6.2 5.9 5.1 41 42 5.7 6.5
262276 DIABLO* RS:[E?/" 173A 10 1960 | 1978 4.8 42 4.1 3.4 4.0 41 5.0
DIAMOND Diamond
262296 | |\ v Uepar Valley 153 19 1980 | 2006 41 3.2 3.1 25 3.0 2.9 43
Railroad
262390 | DUCKWATER* Valley 1738 19 1967 | 1998 45 3.9 3.8 3.1 3.7 3.6 47
262394 | DUFURRENA* | Virgin Valley 4 30 1967 | 2004 4.4 33 3.1 26 3.0 2.9 46
262431 DYER* F'\S/';”L:\';e 117 30 1974 | 2007 55 4.6 4.4 36 43 43 5.8
262477 EASTGATE* Eastgate 127 4 1957 | 1963 45 3.9 3.9 3.2 39 38 48
Valley Area
Black
262497 ECHO BAY* Moutains 215 10 1990 | 2003 53 5.0 42 3.4 28 49 56
Area
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRAss TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ETac (ft)
Lower
262562 ELGIN 3 SE* Meadow 205 15 1966 | 1985 49 46 39 3.2 35 45 5.1
Valley Wash
Lower
262557 ELGIN* Meadow 205 20 1986 | 2006 4.9 46 41 3.3 3.8 45 5.2
Valley Wash
262573 | ELKORGNLAP* | Elko Segment 49 30 1978 | 2007 4.0 3.3 3.2 27 3.1 3.0 42
262570 ELKO* Elko Segment 49 6 2000 | 2007 3.9 3.3 3.3 27 3.2 3.1 41
262626 ELY 6 NE S\t/Zﬁ:/e 179 5 2000 | 2005 48 4.0 3.9 33 3.7 3.7 5.1
ELY YELLAND Steptoe
262631 FLD AP Valloy 179 30 1976 | 2005 45 3.5 3.3 27 3.2 3.0 47
EMIGRANT
262656 | pacc iy sy | Boulder Flat 61 27 1964 | 1999 3.8 3.2 3.2 26 3.0 3.0 40
262662 EMPIRE* San Emidio 2 6 1951 | 1976 4.4 3.9 3.9 3.2 3.8 3.9 4.6
Desert
262708 EUREKA D'\f;‘lzcd 153 30 1975 | 2007 36 29 2.8 22 26 25 3.8
262780 FALE?S'*EXP Carson Desert 101 30 1973 | 2005 41 3.6 3.5 29 3.5 3.5 43
FERGUSON Great Salt
262820 | (oo PN | ke Docert 192 7 1973 | 1982 36 29 2.9 23 27 2.7 3.7
262840 FERNLEY* Fernley Area 76 21 1908 | 1974 46 3.9 3.8 3.1 36 3.7 48
262860 FISH CREEK Little Smoky 155A 14 1944 | 1964 45 3.1 3.1 25 29 29 4.8
RCH* Valley
263090 GERLACH* sag:s";'r‘:'o 2 27 1963 | 2006 4.2 3.8 3.7 3.0 36 3.7 4.4
263101 | GEYSER RCH* Lake Valley 183 19 1972 | 2002 45 36 3.4 28 33 32 47
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Appendix 11a cont.

HIGHLY

Low

Area

NUMBER SHALLOW
MANAGED | MANAGED | GRAss TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME |\ oo | oo ior | vear | vear | ET,(f) | ET..(r) | PASTURE | PASTURE HAY GRASS | -
AVERAGE GRASS GRASS | ETaa(ft) | ETaa(f) | 00
ETac (ft) ET.ct (ft)
263114 GIBBS RCH* Mar&’:ez'ver 42 30 1973 | 2007 3.9 3.0 2.9 2.4 2.8 2.8 4.1
Lake Tahoe
263205 | GLENBROOK* . 90 30 1969 | 2007 35 29 27 22 25 25 3.7
263245 GOLCONDA* | Winnemucca 70 30 1970 | 2005 4.6 4.0 3.9 3.2 38 3.8 4.8
Segment
Alkali Spring
263285 GOLDFIELD Valloy 142 30 1951 | 2004 45 3.8 3.7 3.0 36 36 4.7
Ivanpah
263316 | GOODSPRINGS* Valloy 164A 6 2000 | 2006 59 5.7 4.9 4.0 41 5.6 6.2
263340 GREALEAS'N Snake Valley 195 16 1988 | 2007 37 3.1 3.0 25 2.9 2.9 3.8
263515 | MAWTHORNE | Walker Lake 110C 30 1948 | 1990 4.7 42 3.9 3.2 3.8 40 50
AP* Valley
263512 | HAWTHORNE* Wa\'/k:”re:/ake 110C 13 1955 | 2007 4.8 43 4.0 3.2 3.7 39 5.0
263671 HIKO* Par\‘/;a””eaygat 209 15 1990 | 2006 5.0 45 42 3.4 38 4.4 5.2
263853 | HUMBOLDT FLD B”%';TIQ/\'/Sta 129 7 1940 | 1947 4.4 3.8 3.7 3.0 36 35 4.6
South Fork
263940 I-L RCH* Owyhee River 35 3 1963 | 1967 4.2 3.0 29 24 28 2.7 4.4
Area
263957 IMLAY* Imlay Area 72 30 1964 | 2007 45 4.0 3.9 3.2 3.8 3.8 4.7
INDIAN Indian Springs
263980 SPRINGS* Valloy 161 23 1914 | 1964 6.0 5.4 49 40 42 5.3 6.3
264016 JACKPOT* Salmon Falls 40 15 1987 | 2004 39 32 3.2 26 3.0 3.0 41
Creek Area
Jarbidge River
264039 | JARBIDGE 7 N* 39 1 1996 | 2006 3.9 3.3 3.0 25 29 2.8 4.1
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRAss TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ET.ct (ft)
Jarbidge River
264038 | JARBRIDGE 4 N paol 39 2 1965 | 1995 38 3.1 26 22 23 2.4 4.0
JIGGS 8 SSE Huntington
264095 ont Valley 47 19 1979 | 2007 4.0 3.2 3.0 25 2.8 2.8 42
264108 | ° UNGR?:mEYER Desert Valley 31 7 1969 | 1985 43 3.8 3.7 3.0 35 36 45
264199 KIMBERLY er'/;ﬁl:\'/"er 207 28 1929 | 1958 39 3.0 2.9 2.4 28 2.7 41
KNOLL CREEK Salmon Falls
264268 D ST N 40 6 1972 | 1979 4.0 29 27 2.1 25 24 42
264314 | KYLECANYON Las Vegas 212 4 1940 | 1948 45 3.4 3.0 2.4 3.2 2.7 4.7
RS Valley
264341 LAGES* S\t/?l)l:;e 179 21 1984 | 2006 45 36 35 28 33 3.2 4.7
264349 LAHONTAN Churchill 102 30 1969 | 2007 4.2 3.8 36 3.0 35 3.7 4.4
DAM* Valley
LAKE VALLEY
264384 STEWARD Lake Valley 183 22 1971 | 1998 3.8 3.2 3.1 25 3.0 2.9 40
264395 | LAMOILLE PH Lf/':lf;::e 45 30 1934 | 1972 36 3.1 29 24 2.8 2.8 3.8
LAMOILLE Lamoille
264394 Yoo+ Valley 45 22 1976 | 2003 39 3.0 2.8 23 27 26 41
LAS VEGAS Las Vegas
264439 NWEG* Valloy 212 9 1997 | 2007 5.8 5.5 46 3.7 3.3 53 6.1
264436 | ASVEGASWB Las Vegas 212 30 1976 | 2005 58 5.6 4.9 4.0 3.4 5.7 6.0
AP* Valley
23112 LAS VEGAS* La\ia\fgas 212 2 1949 | 1970 6.0 5.8 5.1 41 3.7 5.9 6.3
264429 LAS VEGAS* La\ja\fgas 212 30 1921 | 1956 6.6 6.4 5.6 4.6 43 6.5 6.9
264457 LATHROP Fortymile 227A 8 1943 | 1963 5.8 5.4 47 3.8 3.9 5.4 6.0
WELLS Canyon
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ETac (ft)
264480 LAUGHLIN* C‘\’/':Ijzso 213 10 1989 | 2006 6.5 6.2 53 43 3.7 6.1 6.9
264514 LEHM%TACAVES Snake Valley 195 30 1958 | 1987 36 29 28 23 27 26 3.8
LEONARD Black Rock
264527 CREEK RCH* ot 28 30 1971 | 2004 42 39 3.8 3.2 37 38 44
264542 LEWERS RCH Vi//:g\’/e 89 15 1893 | 1913 45 3.9 36 2.9 35 3.4 4.7
264600 LITTLE RED Las Vegas 212 4 1966 | 1970 5.1 48 41 33 36 46 5.4
ROCK Valley
264651 | LOGANDALE* Lowsgl?gsapa 220 20 1969 | 1991 5.0 4.7 4.1 3.4 3.2 4.9 5.2
LOVELOCK Lovelock
264700 DERBY FLD* Valloy 73 30 1970 | 2005 47 41 41 3.4 40 40 49
264745 LUND* WT/:mR\I,VQr 207 30 1977 | 2007 45 39 38 3.2 3.7 3.7 4.8
264824 MALA VISTA Marys River 4 16 1940 | 1965 4.1 3.1 2.9 2.4 28 2.7 43
RCH* Area
Lake Tahoe
264858 | MARLETTE LAKE . 90 19 1917 | 1952 29 18 17 13 16 15 3.0
264935 | MCDERMITT* Q”{;’anllz;"er 338 29 1974 | 2007 43 3.4 3.2 27 29 3.0 45
264950 MCGILL* S\t/?l’lg’/e 179 30 1977 | 2007 4.2 36 35 2.9 33 33 4.4
265085 MESQUITE* Vlr{g/;rh;l/ver 222 13 1942 | 2006 5.1 5.0 4.4 36 33 5.0 5.4
265092 | METROPOLIS* Maz:ez'ver 42 18 1966 | 1994 37 32 3.1 26 3.0 3.0 3.9
265105 MIDAS 4 SE* W'”\‘/’;"I’Igeek 63 4 1962 | 1967 4.4 3.1 3.1 26 29 2.9 4.7
MIDDLEGATE- Cowkick
265132 LOWERY® Valley 126 15 1989 | 2007 4.8 3.8 3.5 29 3.4 3.3 50
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Appendix 11a cont.

HIGHLY

Low

Area

NUMBER SHALLOW
MANAGED | MANAGED | GRASS | TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ETac (ft)
Soda Spring
265168 MINA* Valloy 121A 30 1978 | 2007 49 43 41 3.3 3.9 4.1 5.1
265191 MINDEN* Carson Valley 105 30 1975 | 2007 43 36 35 29 33 3.4 45
265352 | MONTELLO2 Thousand 189D 30 1971 | 2007 4.4 35 3.4 27 32 3.1 4.6
SE* Springs Valley
MONTGOMERY
265362 MINTE ST Queen Valley 116 10 1961 | 1978 41 2.8 27 2.1 24 25 43
265371 MOF?C:TAN Jakes Valley 174 4 2003 | 2007 43 3.2 3.1 25 29 2.8 45
MT Las Vegas
265400 | CHARLESTON g 212 6 1949 | 2007 4.4 3.4 27 2.1 3.1 24 47
Valley
Fs
265440 | MT ROSE BOWL P{/e;f:;t 88 8 1974 | 1984 33 2.0 2.0 16 1.9 18 3.5
265392 | MTN CITY RS* OWVZ‘:;R'V” 37 30 1965 | 1998 4.2 2.8 25 2.1 2.4 23 4.4
Pyramid Lake
265605 NIXON* Valley 81 30 1931 | 1973 48 41 40 3.2 3.8 3.9 5.0
NORTH LAS Las Vegas
265705 VEGAST Valloy 212 20 1952 | 2006 6.5 6.2 5.5 45 41 6.4 6.8
265722 OASIS* G\‘;:n:\t/e 187 17 1988 | 2006 4.2 3.4 3.2 26 3.1 2.9 45
265760 OLD RUTH S\t/z'i’ltec;e 179 5 1979 | 1985 3.8 29 29 23 27 26 4.0
265818 | OROVADA 3 W* Q”{;’ar;lz;"er 33A 30 1973 | 2006 4.4 3.9 3.8 3.1 36 36 46
265846 OVERTON* LOW\‘?;I'I\g;’apa 220 30 1953 | 2007 52 49 43 36 3.2 5.1 55
Owyhee River
265869 OWYHEE* 37 30 1954 | 1984 3.8 3.2 3.1 26 3.0 2.9 40
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRAss TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ET.ct (ft)
265880 | PAHRANAGAT | Pahranagat 209 30 1970 | 2006 5.2 48 43 3.5 3.7 46 5.4
WR* Valley
265890 PAHRUMP* P?/P;rlren;p 162 30 1976 | 2007 5.7 5.4 4.8 4.0 41 55 6.0
PAHUTE Black Rock
265907 MEADOWS 28 4 1964 | 1974 42 36 36 29 35 35 44
Desert
RCH*
Fish Lake
265931 PALMETTO Valloy 117 14 1891 | 1907 49 35 3.4 27 3.1 31 52
PARADISE Paradise
266005 | | et mos Valley 69 30 1973 | 2007 46 3.8 36 3.0 35 3.4 48
266055 PARIS RCH* Pi/e:;s;t 130 22 1967 | 1990 46 42 41 3.4 39 40 49
PENOYER Penoyer
266130 VALLEY Valloy 170 5 1968 | 2004 5.1 43 43 3.5 42 42 5.4
266148 PEQUOP G\‘;::s;e 187 23 1960 | 1985 4.1 3.1 3.0 24 2.8 27 43
266228 | FILOT VALLEY- Pilot Creek 191 6 2000 | 2007 4.2 3.4 33 27 3.1 31 4.4
LEE* Valley
PINE VALLEY .
266282 | Pine Valley 53 11 1983 | 2003 45 3.4 3.2 27 3.0 3.0 47
266252 PIOCHE Pa{;;ir:\?" 202 30 1968 | 2006 4.1 36 3.4 28 33 33 43
QUINN RVR Pine Forest
266504 CROSSING Valley 29 10 1902 | 1950 45 36 35 2.8 3.4 3.3 48
RAND RCH .
266574 D ALISADE* Pine Valley 53 19 1958 | 1981 43 3.0 3.0 25 2.8 2.8 46
266630 | RATTLESNAKE Hot Creek 156 13 1949 | 1961 43 36 36 29 35 3.4 45
RED ROCK Las Vegas
266691 CANYON SP Valloy 212 20 1978 | 2006 5.4 5.2 46 3.8 39 52 57
29999 Red Rock 4 2004 | 2007 4.0 3.1 29 2.4 2.9 2.7 42
RED ROCK WC* Valley 99
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRASS | TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ETac (ft)
266746 | REESERIVER* | UPPerReese 56 26 1973 | 2006 43 3.0 2.8 22 26 25 45
River Valley
REESE VALLEY | Middle Reese
266748 CARPER River valloy 58 6 1977 | 1983 43 3.5 3.3 2.8 3.2 3.1 45
RENO TAHOE Truckee
266779 INTL AR Moages 87 30 1978 | 2007 4.4 40 3.8 3.2 3.8 3.9 47
266791 RENO WFO* Truckee 87 10 1997 | 2007 4.2 3.9 3.7 3.0 36 3.8 44
Meadows
267123 RUBY LAKE* Ruby Valley 176 30 1976 | 2007 42 35 3.4 28 33 32 44
267175 RUTH S:/Zﬂtec\’/e 179 30 1963 | 2007 43 3.0 27 23 26 25 45
267192 RY[E) :&ECH Imlay Area 72 30 1973 | 2007 48 42 41 3.4 4.0 40 50
267188 RYNDON* Nm;‘ezmk 44 6 2000 | 2007 43 3.5 3.1 26 3.0 2.9 45
267284 | sANJACINTO* | S2Imon Falls 40 21 1905 | 1947 4.1 3.2 3.0 25 29 28 43
Creek Area
Smoke Creek
267261 | SAND PASS* o 21 30 1931 | 1970 45 40 4.0 3.3 3.9 3.9 47
267319 | SARCOBATUS* SarCFcl’:ft”s 146 14 1942 | 1961 53 4.4 43 3.4 3.9 43 5.5
267324 SAVAL RCH* Nm;‘ezork 44 5 1961 | 1965 35 26 23 1.9 23 2.1 3.7
267358 SCHURZ* Wa\'/kjlre;ake 110A 30 1921 | 1955 46 3.9 3.9 3.2 3.8 3.9 49
267369 | SEARCHLIGHT | Piute Valley 214 30 1976 | 2006 5.0 47 41 3.3 33 47 52
267397 | SEVENTY ONE Starr Valley 43 4 1940 | 1951 4.1 33 29 24 28 2.7 43
RCH* Area
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ETac (ft)
267443 SHELDON Guano Valley 6 30 1942 | 1972 35 25 23 1.9 22 22 36
267450 SHOS"\"',? NES | spring valley 184 17 1989 | 2007 45 37 36 3.0 35 35 47
267463 | SILVERPEAK* | Clayton Valley 143 30 1975 | 2007 55 47 46 3.8 42 47 57
267609 SMITH 1 N* Smith Valley 107 23 1938 | 1966 4.4 36 35 29 33 34 46
267612 SMITH 6 N* Smith Valley 107 23 1974 | 2007 43 37 36 3.0 3.4 3.5 45
267618 | SMOKECREEK | Smoke Creek 21 14 1988 | 2004 4.7 4.2 4.1 3.4 4.0 4.0 4.9
ESPIL* Desert
SMOKEY Big Smoky
267620 ALLEV Valloy 137B 30 1975 | 2007 4.8 41 4.0 3.2 3.9 3.7 5.1
Little Smoky
267640 | SNOWBALL RCH Valley 155A 30 1972 | 2002 4.0 3.0 2.8 23 26 26 42
267690 | SOUTHFORK | Dixie Creek- 48 8 1994 | 2007 43 3.4 33 27 3.0 3.1 45
Sp* Tenmile
267750 SPR'NSPZALLEY Spring Valley 201 24 1975 | 2007 49 36 35 2.8 3.3 32 5.1
STATELINE- Lake Tahoe
267806 ARRAH'S" b ) 13 1985 | 1998 36 29 28 23 26 2.7 37
267820 STEAD* L‘U:;;;" 928 14 1986 | 2006 4.2 3.7 36 3.0 35 36 4.4
267873 SULPHUR* B'aDZkS::;Ck 28 21 1915 | 1953 45 3.8 3.8 3.1 3.7 3.6 47
267908 | SUNNYSIDE* W*U;‘le;ver 207 30 1974 | 2007 4.7 4.0 3.8 3.1 36 3.6 49
Pyramid Lake
267953 SUTCLIFFE Valley 81 27 1968 | 2006 3.9 3.7 3.4 2.8 3.3 3.6 41
267983 TEMPIUTE 4 Penoyer 170 12 1973 | 1984 5.1 4.4 4.4 36 43 43 5.4
NW* Valley
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRASS | TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | eor | vear | vear | ET. () | 7. (r) | PASTURE | PASTURE HAY GRASS | . h
AVERAGE GRASS GRASS | ETwa(ft) | ETaalft) [ o o
ETac (ft) ETac (ft)
268034 THORNE* Wa\'/kjlrebake 110C 24 1915 | 1950 4.6 41 3.9 3.1 3.8 3.9 4.8
268170 TONOPAH* | Ralston Valley 141 30 1975 | 2005 5.1 44 43 36 43 43 53
268186 TOPAZ LAKE Antelope 106 19 1958 | 2005 4.7 3.9 3.7 3.1 35 36 5.0
3N* Valley
268202 | TOPAZLAKE4 Antelope 106 11 1987 | 1997 43 3.7 36 3.0 36 36 45
N* Valley
268346 | TUSCARORA* '”de\';’ael'l’:jme 36 30 1973 | 2006 3.7 3.0 2.8 23 26 26 3.9
268443 TV\Q/'\\'LEF;IRlLNG Hot Creek 156 10 1986 | 2005 4.7 3.9 3.9 3.1 3.8 3.7 49
UNIV OF
Truckee
268500 | NEVADAEXP 87 4 1949 | 1954 4.4 4.0 3.8 3.2 3.8 3.9 46
Meadows
FM*
268538 URSINE Eagle Valley 200 4 1965 | 1972 48 43 42 35 41 41 5.1
Black
268588 VALLEYSS FFIRE Moutains 215 30 1977 | 2007 5.1 47 3.9 3.1 27 46 5.3
Area
268761 | VIRGINIACITY | Dayton Valley 103 30 1975 | 2007 35 29 2.8 23 27 27 3.7
268810 VYA S\L;;’I’I:;e 14 14 1960 | 1975 36 27 25 2.1 24 23 3.8
268822 WABSléiKA & | Mason valley 108 27 1973 | 2006 4.2 3.5 3.4 2.8 3.3 3.3 44
268838 WADSY\‘V? RTHA | Dodge Flat 82 21 1975 | 2002 46 3.9 3.8 3.1 3.7 3.7 4.8
Tracy
268834 | WADSWORTH* 83 6 1902 | 1947 46 41 3.8 3.1 35 36 49
Segment
39999 WASHOE Washoe 5 2004 | 2008 5.2 4.4 42 3.4 4.0 3.9 55
VALLEY WC* Valley 89
268977 WELLF'{’:*GTON Smith Valley 107 27 1943 | 1972 42 36 35 29 3.4 35 44
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Appendix 11a cont.

HIGHLY

Low

NUMBER SHALLOW
MANAGED | MANAGED | GRAss TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME |\ oo | oo ior | vear | vear | ET,(f) | ET..(r) | PASTURE | PASTURE HAY GRASS | -
AVERAGE GRASS GRASS | ETaa(ft) | ETaa(f) | 00
ETac (ft) ET.ct (ft)
268988 WELLS* Mar;’:ez"’er 4 30 1975 | 2004 4.0 3.1 29 2.4 28 2.7 42
269072 WILDHORSE | Owyhee River 37 18 1983 | 2006 4.0 25 21 18 21 2.0 42
RSVR* Area
Thousand
269122 WILKINS* ' 189A 16 1949 | 1964 43 29 28 23 2.7 25 45
Springs Valley
WILLOW Big Smoky
269137 SPRINGS* Valloy 137A 4 1942 | 1948 4.8 3.9 3.8 3.0 3.8 3.5 5.0
269168 W'NN:Z'\fUCCA Grass Valley 71 6 2000 | 2007 4.4 3.9 3.8 3.1 36 3.7 4.7
WINNEMUCCA Winnemucca
269171 MUN AP~ Seamont 70 30 1978 | 2007 4.7 3.9 3.8 3.1 36 3.6 49
269229 | YERINGTON* | Mason Valley 108 30 1970 | 2007 4.1 35 3.4 28 33 35 43
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Appendix 11b. Mean annual ET,s and ET,; for each NWS weather station, sorted by basin name. * Station was used in averaging
or assigning ETos and ET, to respective hydrographic areas. Number of years used for average and start and end years listed are for
alfalfa and may vary slightly for other crop types due to possible missing data within crop specific growing seasons. See statistic

data files for further details.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF

STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN

numser | STATIONNAME | BASINNAME | ore | o r | Vear | vear T, (f) ET..(ft) | PASTURE | PASTURE HAY GRASS WATER

AVERAGE GRASS GRASS EToct (ft) | ETace (Ft) E.. ()

ETac (ft) ET.ct (ft)
Alkali Spring

263285 GOLDFIELD Valloy 142 30 1951 | 2004 4.5 3.8 3.7 3.0 3.6 3.6 47
AMARGOSA Amargosa

260150 | o oAy Dosort 230 28 1966 | 2005 5.8 5.6 4.8 3.9 3.7 5.6 6.1
ANTELOPE Antelope

260282 | |\ iec oo, Valley 57 8 1985 | 1998 4.4 3.6 3.6 3.0 3.5 3.5 46

268186 TOPAZ LAKE Antelope 106 19 1958 | 2005 4.7 3.9 3.7 3.1 35 36 5.0
3N* Valley

268202 | TOPAZLAKE4 Antelope 106 11 1987 | 1997 43 3.7 3.6 3.0 3.6 36 45
N* Valley
SMOKEY Big Smoky

267620 VALLEY* Valley 1378 30 1975 | 2007 4.8 4.1 4.0 3.2 3.9 3.7 5.1
WILLOW Big Smoky

269137 SPRINGS* Valley 137A 4 1942 | 1948 4.8 3.9 3.8 3.0 3.8 35 5.0
Black

261371 | CALLVILLE BAY* Moutains 215 8 1990 | 2006 5.7 5.3 45 36 2.9 5.3 5.9
Area
Black

262497 ECHO BAY* Moutains 215 10 1990 | 2003 5.3 5.0 4.2 3.4 2.8 4.9 5.6
Area
Black

268588 VALLEYSF?FF'RE Moutains 215 30 1977 | 2007 5.1 47 3.9 3.1 2.7 46 5.3
Area
LEONARD Black Rock

264527 CREEK RCH* Dosert 28 30 1971 | 2004 42 3.9 3.8 3.2 3.7 3.8 4.4
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRAsS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
el B E E E
Numeer | STATION NAM ASINNAME | \umeer | useprFor | vear | vEar | ET.(f) | ETa(ir) | PASTUR PASTUR HAY GRASS | \vATER
AVERAGE GRASS GRASS | ET.lft) | ETa(f) [ £~ 0
ET, (ft) ET, (ft)
PAHUTE Black Rock
265907 MEADOWS 28 4 1964 | 1974 4.2 36 36 29 35 35 4.4
Desert
RCH*
267873 SULPHUR* B'aDZ';:rotCk 28 21 1915 | 1953 45 38 38 3.1 3.7 36 4.7
CARLIN
261415 NEWMONT Boulder Flat 61 24 1967 | 1999 33 27 26 22 25 25 3.4
MINE
EMIGRANT
262656 | oy | Boulder Flat 61 27 1964 | 1999 38 3.2 3.2 26 3.0 3.0 4.0
261660 | CHARLESTON* Br“”if:aR"’er 38 4 1962 | 2005 4.1 23 2.0 17 17 18 43
. ,
263853 | HUMBOLDT FLD “f/':;‘lg/fta 129 7 1940 | 1947 4.4 3.8 3.7 3.0 36 35 4.6
261311 | BUFFALORCH* | Buffalo Valley 131 7 1967 | 1978 4.0 3.7 3.5 29 3.3 35 42
262780 FAL;(T)S*EXP Carson Desert 101 30 1973 | 2005 41 36 3.5 29 3.5 3.5 43
265191 MINDEN* Carson Valley 105 30 1975 | 2007 43 36 35 29 33 3.4 45
264349 LAHONTAN Churchill 102 30 1969 | 2007 4.2 3.8 36 3.0 35 3.7 4.4
DAM* Valley
267463 | SILVERPEAK* | Clayton Valley 143 30 1975 | 2007 55 4.7 4.6 3.8 42 4.7 5.7
261358 CALIENTE* Clover Valley 204 22 1904 | 2006 4.9 45 42 35 3.9 41 5.2
261740 CLOVER Clover Valley 177 30 1926 | 2007 4.0 3.3 3.3 27 3.1 3.1 42
VALLEY*
260688 | BATTLEMTN* | Clovers Area 64 25 1903 | 1944 46 4.0 3.9 3.2 3.7 38 48
264480 LAUGHLIN* C(\’/';:Zﬁ" 213 10 1989 | 2006 6.5 6.2 53 43 3.7 6.1 6.9
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
el s E E E
Numeer | STATION NAM ASINNAME | \umeer | useprFor | vear | vEar | ET.(f) | ETa(ir) | PASTUR PASTUR HAY GRASS | \vATER
AVERAGE GRASS GRASS | ETwa(ft) | ETaalf) [ o o
ET, (ft) ET, (ft)
COALDALE Columbus Salt

261755 JONCTION® Varsh Valley 118 6 1942 | 1958 55 47 44 36 43 43 58
MIDDLEGATE- Cowkick

265132 LOWERY Valley 126 15 1989 | 2007 48 3.8 3.5 29 3.4 3.3 50

260795 BEOWAWE* C:/ZSHC:;t 54 30 1976 | 2006 43 36 36 3.0 3.5 3.5 45

261975 | CORTEZGOLD Crescent 54 10 1969 | 1979 4.1 36 35 29 3.4 33 43

MINE* Valley

268761 | VIRGINIACITY | Dayton Valley 103 30 1975 | 2007 35 29 28 23 27 27 3.7

264108 | ° UNGR%mEYER Desert Valley 31 7 1969 | 1985 43 3.8 37 3.0 35 36 45
DIAMOND Diamond

262296 | || tv Uepa* Valley 153 19 1980 | 2006 41 3.2 3.1 25 3.0 2.9 43

262708 EUREKA D'\j';‘lce’;d 153 30 1975 | 2007 36 29 2.8 22 26 25 3.8

267690 | SOUTHFORK | Dixie Creek- 48 8 1994 | 2007 43 3.4 3.3 27 3.0 3.1 45
Sp* Tenmile

261160 BR'NF:(g:fOFF Dixie Valley 128 7 1967 | 1979 47 42 41 3.4 40 41 49

268838 WADSY\:’? RTH4 | podge Flat 82 21 1975 | 2002 46 39 338 3.1 37 3.7 48

261485 | CARSONCITY* | Eagle Valley 104 30 1974 | 2007 43 3.8 3.6 3.0 3.5 3.6 46

268538 URSINE Eagle Valley 200 4 1965 | 1972 48 43 42 35 41 41 5.1

262477 EASTGATE* Eastgate 127 4 1957 | 1963 45 39 39 3.2 39 3.8 48

Valley Area
261071 | BOULDER CITY* E'\‘/j;rlzso 167 30 1969 | 2004 5.4 5.1 43 35 3.1 5.0 5.7
262573 | ELKORGNLAP* | Elko Segment 49 30 1978 | 2007 4.0 3.3 3.2 27 3.1 3.0 42
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
el s E E E
Numeer | STATION NAM ASINNAME | \umeer | useprFor | vear | vEar | ET.(f) | ETa(ir) | PASTUR PASTUR HAY GRASS | \vATER
AVERAGE GRASS GRASS | ETwa(ft) | ETaalf) [ o o
ET, (ft) ET, (ft)
262570 ELKO* Elko Segment 49 6 2000 | 2007 39 3.3 3.3 27 3.2 3.1 41
262840 FERNLEY* Fernley Area 76 21 1908 | 1974 46 3.9 3.8 3.1 36 3.7 48
262431 DYER* F'\S/';“Ls:fe 117 30 1974 | 2007 55 46 4.4 36 43 43 5.8
Fish Lake
265931 PALMETTO Valley 117 14 1891 | 1907 4.9 3.5 3.4 27 3.1 3.1 52
264457 LATHROP Fortymile 227A 8 1943 | 1963 58 5.4 4.7 38 39 5.4 6.0
WELLS Canyon
260046 ADAVEN Garden Valley 172 30 1947 | 1978 38 3.1 3.1 25 29 2.9 40
Goshute
265722 OASIS* Valley 187 17 1988 | 2006 42 3.4 3.2 26 3.1 2.9 45
266148 PEQUOP G\‘/’:n:\t/e 187 23 1960 | 1985 41 3.1 3.0 2.4 28 2.7 43
260800 | BEOWAWEU 1 ssvalley 138 28 1973 | 2007 42 3.5 3.4 2.8 3.3 3.3 44
OF N RCH*
269168 W'NN:¥UCCA Grass Valley 71 6 2000 | 2007 4.4 3.9 3.8 3.1 36 37 47
FERGUSON Great Salt
262820 | oo P e | ke bocert 192 7 1973 | 1982 36 2.9 2.9 23 27 2.7 37
267443 SHELDON Guano Valley 6 30 1942 | 1972 35 25 23 1.9 22 22 36
260961 BLUESJT’?\‘Y*HWY Hot Creek 156 7 1964 | 1983 48 39 39 3.2 37 3.7 50
266630 | RATTLESNAKE Hot Creek 156 13 1949 | 1961 43 36 36 29 35 3.4 45
268443 TV\;'/L\'LEF;IRlLNG Hot Creek 156 10 1986 | 2005 4.7 3.9 3.9 3.1 3.8 3.7 49
JIGGS 8 SSE Huntington
264095 oAt Valley 47 19 1979 | 2007 4.0 3.2 3.0 25 28 2.8 42
263957 IMLAY* Imlay Area 72 30 1964 | 2007 45 4.0 3.9 3.2 3.8 3.8 47

SE ROA 54458

193

JA_ 18596



Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
el s E E E
Numeer | STATION NAM ASINNAME | \umeer | useprFor | vear | vEar | ET.(f) | ETa(ir) | PASTUR PASTUR HAY GRASS | \vATER
AVERAGE GRASS GRASS | ETwa(ft) | ETaalf) [ o o
ET, (ft) ET, (ft)
267192 RYE APQECH Imlay Area 72 30 1973 | 2007 48 42 41 3.4 40 40 50
268346 | TUSCARORA* '”de\‘/’:l'l‘:;”ce 36 30 1973 | 2006 3.7 3.0 28 23 26 26 3.9
INDIAN Indian Springs
263980 SPRINGS* Valoy 161 23 1914 | 1964 6.0 5.4 49 40 42 5.3 6.3
Ivanpah
263316 | GOODSPRINGS* Valley 164A 6 2000 | 2006 59 5.7 49 40 41 56 6.2
265371 MO'SCi'\fAN Jakes Valley 174 4 2003 | 2007 43 3.2 3.1 25 29 2.8 45
Jarbidge River
264039 | JARBIDGE 7 N* P 39 11 1996 | 2006 39 3.3 3.0 25 29 2.8 41
Jarbidge River
264038 | JARBRIDGE 4 N paos 39 22 1965 | 1995 3.8 3.1 26 22 23 24 4.0
262119 | DAGGET PASS Lak;;;:c’e ) 5 1989 | 2005 33 23 22 17 2.0 20 3.4
Lake Tahoe
263205 | GLENBROOK* . 90 30 1969 | 2007 35 29 27 22 25 25 3.7
Lake Tahoe
264858 | MARLETTE LAKE o 90 19 1917 | 1952 29 1.8 17 13 16 15 3.0
STATELINE- Lake Tahoe
267806 ARRAH'S" oo 90 13 1985 | 1998 36 29 28 23 26 2.7 3.7
263101 | GEYSER RCH* Lake Valley 183 19 1972 | 2002 45 36 3.4 2.8 3.3 3.2 47
LAKE VALLEY
264384 STEWARD Lake Valley 183 22 1971 | 1998 3.8 3.2 3.1 25 3.0 2.9 4.0
264395 | LAMOILLE PH Lf/';‘l’e'ge 45 30 1934 | 1972 36 3.1 29 24 2.8 2.8 3.8
LAMOILLE Lamoille
264394 Yoor* Valley 45 2 1976 | 2003 39 3.0 28 23 27 26 41
262243 | DESERT NWR* La\ia\fﬁaias 212 30 1976 | 2007 6.2 5.9 5.1 41 42 5.7 6.5

SE ROA 54459

194

JA_ 18597



Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRAsS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
el B E E E
Numeer | STATION NAM ASINNAME | \umeer | useprFor | vear | vEar | ET.(f) | ETa(ir) | PASTUR PASTUR HAY GRASS | \vATER
AVERAGE GRASS GRASS | ET.lft) | ETa(f) [ £~ 0
ET, (ft) ET, (ft)
264314 | KYLECANYON Las Vegas 212 4 1940 | 1948 45 3.4 3.0 24 3.2 2.7 4.7
RS Valley
LAS VEGAS Las Vegas
264439 RO Valloy 212 9 1997 | 2007 58 5.5 4.6 3.7 33 53 6.1
264436 | ASVEGASWB Las Vegas 212 30 1976 | 2005 5.8 5.6 49 4.0 3.4 57 6.0
AP* Valley
23112 LAS VEGAS* La;aYiias 212 22 1949 | 1970 6.0 5.8 5.1 41 3.7 5.9 6.3
264429 LAS VEGAS* La\ja\:gas 212 30 1921 | 1956 6.6 6.4 56 4.6 43 6.5 6.9
264600 LITTLE RED Las Vegas 212 4 1966 | 1970 5.1 4.8 41 33 36 46 5.4
ROCK Valley
MT Las Vegas
265400 | CHARLESTON g 212 6 1949 | 2007 4.4 3.4 27 21 3.1 2.4 47
Valley
Fs
NORTH LAS Las Vegas
265705 VEGASH Valloy 212 20 1952 | 2006 6.5 6.2 55 45 41 6.4 6.8
RED ROCK Las Vegas
266691 CANYON <P Valloy 212 20 1978 | 2006 5.4 5.2 4.6 3.8 3.9 5.2 5.7
267820 STEAD* Li’:g" 928 14 1986 | 2006 4.2 3.7 36 3.0 35 36 4.4
262860 FISH CREEK Little Smoky 155A 14 1944 | 1964 45 3.1 3.1 25 29 2.9 48
RCH* Valley
Little Smoky
267640 | SNOWBALL RCH Valley 155A 30 1972 | 2002 4.0 3.0 2.8 23 26 26 42
LOVELOCK Lovelock
264700 DERBY FLD* Valley 73 30 1970 | 2005 4.7 41 41 3.4 4.0 4.0 49
Lower
262562 ELGIN 3 SE* Meadow 205 15 1966 | 1985 4.9 46 3.9 3.2 35 45 5.1
Valley Wash
Lower
262557 ELGIN* Meadow 205 20 1986 | 2006 4.9 4.6 41 33 38 45 5.2
Valley Wash
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS | TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | ror | vear | vear | ET. () | T, (r) | PASTURE | PASTURE HAY GRASS | o
AVERAGE GRASS GRASS | ETwa(ft) | ETaalf) [ o o
ET, (ft) ET, (ft)
264651 | LOGANDALE* Low\e/z;lll\g?apa 220 20 1969 | 1991 5.0 47 41 3.4 3.2 49 52
265846 OVERTON* Lowsglmsapa 220 30 1953 | 2007 5.2 4.9 43 36 3.2 5.1 55
260691 BATTLE MTN Lower Reese 59 30 1974 | 2006 43 3.8 3.7 3.1 3.5 3.6 45
AP* River Valley
263114 GIBBS RCH* Maz’:ez'ver 42 30 1973 | 2007 39 3.0 29 2.4 28 2.8 41
264824 MALA VISTA Marys River 42 16 1940 | 1965 4.1 3.1 29 2.4 28 2.7 43
RCH* Area
265092 | METROPOLIS* Mar/l’:e':"er 4 18 1966 | 1994 3.7 3.2 3.1 26 3.0 3.0 3.9
268988 WELLS* Mar/z:ez“’er 4 30 1975 | 2004 4.0 3.1 29 24 2.8 2.7 42
268822 WABSLéiKA & | Mason valley 108 27 1973 | 2006 4.2 3.5 3.4 2.8 3.3 3.3 44
269229 | YERINGTON* | Mason Valley 108 30 1970 | 2007 41 35 3.4 28 33 35 43
REESE VALLEY | Middle Reese

266748 CARPLR River Valley 58 6 1977 | 1983 43 3.5 3.3 2.8 3.2 3.1 45
267188 RYNDON* N°'::‘e:‘°rk 44 6 2000 | 2007 43 35 3.1 26 3.0 2.9 45
267324 SAVAL RCH* Nm;‘e';ork 44 5 1961 | 1965 35 26 23 1.9 23 2.1 3.7
260718 | BEATTY 8 N* Oasis Valley 228 28 1973 | 2004 53 49 43 3.5 41 48 56
260715 BEATTY* Oasis Valley 228 30 1925 | 1972 56 5.2 46 3.7 42 5.1 59
265392 | MTNCITyRs* | OwyheeRiver 37 30 1965 | 1998 42 2.8 25 2.1 24 23 44

Area
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
el s E E E
Numeer | STATION NAM ASINNAME | \umeer | useprFor | vear | vEar | ET.(f) | ETa(ir) | PASTUR PASTUR HAY GRASS | \vATER
AVERAGE GRASS GRASS | ETwa(ft) | ETaalf) [ o o
ET, (ft) ET, (ft)
Owyhee River
265869 OWYHEE* o 37 30 1954 | 1984 3.8 3.2 3.1 26 3.0 2.9 40
269072 WILDHORSE | Owyhee River 37 18 1983 | 2006 4.0 25 2.1 18 2.1 2.0 42
RSVR* Area
260099 ALAMO* Pa'\’/:rei,gat 209 29 1923 | 1958 56 5.0 45 36 42 46 5.8
263671 HIKO* Pa'\’/;a””ei,gat 209 15 1990 | 2006 5.0 45 42 3.4 3.8 44 52
265880 | TAHRANAGAT | Pahranagat 209 30 1970 | 2006 52 4.8 43 35 3.7 46 5.4
WR* Valley
265890 PAHRUMP* Pz;\/r;rlren;p 162 30 1976 | 2007 5.7 5.4 4.8 4.0 41 5.5 6.0
CATHEDRAL
261590 CORGE Sp+ Panaca Valley 203 4 2003 | 2007 5.0 47 44 37 43 43 53
PARADISE Paradise
266005 | | i o Valley 69 30 1973 | 2007 46 3.8 36 3.0 3.5 3.4 48
266252 PIOCHE Pi;:ls‘;” 202 30 1968 | 2006 41 36 3.4 2.8 3.3 3.3 43
PENOYER Penoyer
266130 VALLEY* Valloy 170 5 1968 | 2004 5.1 43 43 3.5 42 42 5.4
267983 TEMPIUTE 4 Penoyer 170 12 1973 | 1984 5.1 4.4 4.4 36 43 43 5.4
NW* Valley
266228 | FILOTVALLEY- Pilot Creek 191 6 2000 | 2007 4.2 3.4 33 27 3.1 3.1 4.4
LEE* Valley
QUINN RVR Pine Forest
266504 CROSSING Vally 29 10 1902 | 1950 45 36 35 2.8 3.4 3.3 48
PINE VALLEY .
266242 | oo Pine Valley 53 11 1983 | 2003 45 3.4 3.2 27 3.0 3.0 47
RAND RCH .
266574 D ALISADE* Pine Valley 53 19 1958 | 1981 43 3.0 3.0 25 2.8 2.8 46
267369 | SEARCHLIGHT | Piute Valley 214 30 1976 | 2006 5.0 47 41 3.3 3.3 47 52
265440 | MT ROSE BOWL P{f;f:‘;t 88 8 1974 | 1984 33 2.0 2.0 16 19 18 35
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
el s E E E
Numeer | STATION NAM ASINNAME | \umeer | useprFor | vear | vEar | ET.(f) | ETa(ir) | PASTUR PASTUR HAY GRASS | \vATER
AVERAGE GRASS GRASS | ETwa(ft) | ETaalf) [ o o
ET, (ft) ET, (ft)
266055 PARIS RCH* P{;’;Tz;t 130 2 1967 | 1990 4.6 42 4.1 3.4 3.9 4.0 4.9
262229 DENIO* Pueblo Valley 1 30 1970 | 2005 43 3.7 36 3.0 35 3.5 45
265605 NIXON* Pyri/rgl'li ;ake 81 30 1931 | 1973 48 41 4.0 3.2 3.8 3.9 5.0
Pyramid Lake
267953 SUTCLIFFE Valley 81 27 1968 | 2006 3.9 3.7 3.4 2.8 3.3 36 41
MONTGOMERY
265362 MINTC ST Queen Valley 116 10 1961 | 1978 41 28 27 2.1 24 25 43
264935 | MCDERMITT* Q“{?arh:\'/"er 338 29 1974 | 2007 43 3.4 3.2 27 2.9 3.0 45
265818 | OROVADA 3 W* Q“{;'arh:\'/"er 33A 30 1973 | 2006 4.4 3.9 3.8 3.1 36 36 4.6
BLUE EAGLE Railroad
260955 | e Vally 1738 23 1979 | 2007 48 4.4 43 36 42 43 50
262091 | CURRANTHWY Railroad 1738 7 1964 | 1977 43 3.0 3.0 24 27 2.7 45
STN Valley
262078 CURRANT* RS:LZ?" 1738 4 1942 | 1946 4.4 3.8 3.8 3.1 3.7 3.6 46
262276 DIABLO* RS:[l‘;id 173A 10 1960 | 1978 4.8 42 41 3.4 4.0 41 5.0
Railroad
262390 | DUCKWATER* Valloy 1738 19 1967 | 1998 45 39 338 3.1 37 36 47
268170 TONOPAH* | Ralston Valley 141 30 1975 | 2005 5.1 44 43 36 43 43 53
29999 Red Rock 4 2004 | 2007 4.0 3.1 2.9 2.4 2.9 2.7 42
RED ROCK WC* Valley 99
260438 | ARTHUR4NW* | Ruby Valley 176 30 1972 | 2007 3.8 3.1 3.0 25 29 2.8 40
267123 RUBY LAKE* Ruby Valley 176 30 1976 | 2007 42 3.5 3.4 2.8 3.3 32 44
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS | TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | ror | vear | vear | ET. () | T, (r) | PASTURE | PASTURE HAY GRASS | o
AVERAGE GRASS GRASS | ETwa(ft) | ETaalf) [ o o
ET, (ft) ET, (ft)
261905 CONTACT* salmon Falls 40 30 1958 | 1998 4.2 3.4 3.2 27 3.0 3.0 44
Creek Area
264016 JACKPOT* Salmon Falls 40 15 1987 | 2004 39 3.2 3.2 26 3.0 3.0 41
Creek Area
KNOLL CREEK Salmon Falls
264268 D SIN i 40 6 1972 | 1979 4.0 29 27 2.1 25 24 42
267284 | SANJACINTO* | Salmon Falls 40 21 1905 | 1947 41 3.2 3.0 25 29 28 43
Creek Area
262662 EMPIRE* San Emidio 2 6 1951 | 1976 4.4 3.9 3.9 3.2 3.8 3.9 4.6
Desert
263090 GERLACH* Sagjs':'rf"’ 22 27 1963 | 2006 42 3.8 3.7 3.0 36 37 44
267319 | SARCOBATUS* Sarchl’:ft“S 146 14 1942 | 1961 53 44 43 3.4 3.9 43 5.5
267609 SMITH 1 N* Smith Valley 107 23 1938 | 1966 4.4 36 3.5 29 3.3 3.4 46
267612 SMITH 6 N* Smith Valley 107 23 1974 | 2007 43 37 36 3.0 3.4 35 45
268977 WELLFLE'STON Smith Valley 107 27 1943 | 1972 4.2 36 3.5 29 3.4 3.5 44
Smoke Creek
267261 | SAND PASS* v 21 30 1931 | 1970 45 4.0 4.0 3.3 3.9 39 47
267618 | SMOKECREEK | Smoke Creek 21 14 1988 | 2004 4.7 42 41 3.4 4.0 40 49
ESPIL* Desert
263340 GREA,:PBAS'N Snake Valley 195 16 1988 | 2007 37 3.1 3.0 25 29 2.9 3.8
264514 LEHMmCAVES Snake Valley 195 30 1958 | 1987 36 29 28 23 27 26 3.8
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
el s E E E
Numeer | STATION NAM ASINNAME | \umeer | useprFor | vear | vEar | ET.(f) | ETa(ir) | PASTUR PASTUR HAY GRASS | \vATER
AVERAGE GRASS GRASS | ETwa(ft) | ETaalf) [ o o
ET, (ft) ET, (ft)
265168 MINA* so‘i/aaﬁgcng 121A 30 1978 | 2007 4.9 43 4.1 33 3.9 41 5.1
South Fork
263940 I-L RCH* Owyhee River 35 3 1963 | 1967 42 3.0 29 24 28 2.7 44
Area
267450 SHOSSS NES 1 soring valley 184 17 1989 | 2007 45 3.7 36 3.0 3.5 3.5 47
267750 SPR'N;ZALLEY Spring Valley 201 24 1975 | 2007 49 36 35 28 33 32 5.1
267397 | SEVENTY ONE Starr Valley 43 4 1940 | 1951 4.1 33 29 2.4 28 2.7 43
RCH* Area
262096 CURRIE HWY Steptoe 179 10 1962 | 1989 4.7 3.2 3.1 25 29 28 49
STN* Valley
262626 ELY 6 NE S\t/z‘l’lte‘;e 179 5 2000 | 2005 4.8 4.0 3.9 33 3.7 3.7 5.1
ELY YELLAND Steptoe
262631 FLD AP Valley 179 30 1976 | 2005 45 3.5 3.3 27 3.2 3.0 47
264341 LAGES* S\t/?l’l:;e 179 21 1984 | 2006 45 36 3.5 2.8 3.3 3.2 47
264950 MCGILL* S:/Z’ilge 179 30 1977 | 2007 4.2 36 35 29 33 33 4.4
265760 OLD RUTH S\t/?l’lge 179 5 1979 | 1985 38 29 29 23 27 26 4.0
267175 RUTH S\t/‘;ﬂte‘:/e 179 30 1963 | 2007 43 3.0 27 23 26 25 45
268810 VYA S\L;;ﬁ)lgie 14 14 1960 | 1975 36 27 25 2.1 2.4 23 3.8
260668 BASALT Tee\'/zm?,“h 114 10 1942 | 1957 4.4 3.4 3.4 27 3.3 3.2 47
265352 | MONTELLO2 Thousand 189D 30 1971 | 2007 4.4 35 3.4 27 3.2 3.1 46
SE* Springs Valley
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | v | ror | vear | vear | ET. () | T, (r) | PASTURE | PASTURE HAY GRASS | o
AVERAGE GRASS GRASS | ETwa(ft) | ETaalf) [ o o
ET, (ft) ET, (ft)
Thousand
269122 WILKINS* , 189A 16 1949 | 1964 43 29 2.8 23 27 25 45
Springs Valley
Tracy
268834 | WADSWORTH* 83 6 1902 | 1947 46 41 3.8 3.1 35 36 49
Segment
RENO TAHOE Truckee
266779 INTL AR Moagos 87 30 1978 | 2007 4.4 4.0 3.8 3.2 3.8 3.9 47
266791 RENO WFO* Truckee 87 10 1997 | 2007 4.2 39 3.7 3.0 36 38 4.4
Meadows
UNIV OF Truckee
268500 | NEVADA EXP 87 4 1949 | 1954 4.4 40 338 3.2 38 3.9 46
Meadows
FM*
260507 AUSTIN #2* Upper Reese 56 30 1972 | 2007 4.1 3.4 33 27 3.1 3.1 43
River Valley
CENTRAL Upper Reese
261630 | NEVADAFLD pp 56 13 1966 | 1985 45 3.3 3.1 26 3.0 2.9 47
River Valley
LAB*
266746 | REESERIVER* | UPPerReese 56 26 1973 | 2006 43 3.0 28 22 26 25 45
River Valley
261327 | BUNKERVILLE* V"f/;””z;"er 222 6 1980 | 2007 5.1 4.8 4.0 33 3.1 4.7 5.4
265085 MESQUITE* V'rf/;n”z;ver 222 13 1942 | 2006 5.1 5.0 4.4 36 33 5.0 5.4
262394 | DUFURRENA* | Virgin Valley 4 30 1967 | 2004 4.4 3.3 3.1 26 3.0 2.9 46
263515 | MAWTHORNE | Walker Lake 110C 30 1948 | 1990 47 42 3.9 3.2 3.8 40 50
AP* Valley
263512 | HAWTHORNE* Wa\'/';e“ret,ake 110C 13 1955 | 2007 4.8 43 4.0 3.2 3.7 3.9 50
267358 SCHURZ* Wa\'/k:‘”re;ake 110A 30 1921 | 1955 46 3.9 3.9 3.2 3.8 3.9 49
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Appendix 11b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | REFERENCE | ALFALFA OPEN
el s E E E
Numeer | STATION NAM ASINNAME | \umeer | useprFor | vear | vEar | ET.(f) | ETa(ir) | PASTUR PASTUR HAY GRASS | \vATER
AVERAGE GRASS GRASS | ET.lft) | ETa(f) [ £~ 0
ET, (ft) ET, (ft)

268034 THORNE* Wa\llkjlre:/ake 110C 24 1915 | 1950 4.6 41 3.9 3.1 3.8 39 4.8
264542 LEWERS RCH Vi’/a;lzc\’/e 89 15 1893 | 1913 45 3.9 36 2.9 35 3.4 4.7

39999 WASHOE Washoe 5 2004 | 2008 5.2 4.4 4.2 3.4 4.0 3.9 5.5

VALLEY WC* Valley 89
264199 KIMBERLY Wh\'/:lz;"er 207 28 1929 | 1958 3.9 3.0 29 24 2.8 2.7 41
264745 LUND* Wh\'/genz;"er 207 30 1977 | 2007 45 3.9 3.8 3.2 3.7 3.7 48
267908 SUNNYSIDE* Wh\'/:“’”z\'/"er 207 30 1974 | 2007 4.7 4.0 38 3.1 36 36 49
265105 MIDAS 4 SE* w|||\c/>;/\|/|ec;eek 63 4 1962 | 1967 4.4 3.1 3.1 26 29 29 4.7
263245 GOLCONDA* | Winnemucca 70 30 1970 | 2005 4.6 4.0 3.9 3.2 3.8 3.8 4.8
Segment
WINNEMUCCA Winnemucca
269171 MU AP~ Segment 70 30 1978 | 2007 4.7 3.9 3.8 3.1 36 36 49
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Appendix 12a. Mean annual Net Irrigation Water Requirement (NIWR) for each NWS weather station, sorted by station name.
* Station was used in averaging or assigning NIWR to respective hydrographic areas. Number of years used for average and start

and end years listed are for alfalfa and may vary slightly for other crop types due to possible missing data within crop specific
growing seasons. See statistic data files for further details.

HIGHLY LoW
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OF YEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \woeeo | coneon | vear | vear | iwr () | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) |\ ooc
NIWR (ft) | NIWR (ft)
260046 ADAVEN Garden Valley 172 30 1947 | 1978 25 26 2.0 25 24 29
260099 ALAMO* Paf\’/;a“”eaygat 209 29 1922 | 1958 4.6 4.2 33 3.9 43 53
AMARGOSA Amargosa
260150 | oot ke 230 28 1966 | 2005 53 45 36 36 5.3 5.8
ANTELOPE Antelope
260282 | oo, Valley 57 8 1985 | 1998 3.0 3.1 24 3.0 3.0 39
260438 | ARTHUR4NW* | Ruby Valley 176 30 1971 | 2007 23 23 138 23 22 27
260507 AUSTIN #2* Upper Reese 56 30 1972 | 2007 2.7 27 2.1 26 25 31
River Valley
260668 BASALT Te‘illsal':g?/“h 114 10 1942 | 1957 3.2 3.2 25 3.1 3.0 4.2
260691 | BATTLEMTN | Lower Reese 59 30 1973 | 2006 3.0 3.1 24 29 3.0 3.8
AP* River Valley
260688 | BATTLEMTN* | Clovers Area 64 25 1899 | 1944 35 3.4 2.8 33 3.3 43
260718 | BEATTY8N* Oasis Valley 228 28 1973 | 2004 45 39 3.1 3.8 45 5.1
260715 BEATTY* Oasis Valley 228 30 1921 | 1972 49 43 34 40 48 55
BEOWAWE U
260800 oOF N RCH* Grass Valley 138 28 1973 | 2006 2.7 2.8 22 2.7 27 35
260795 BEOWAWE* C:f;”c:;t 54 30 1976 | 2006 2.9 3.0 2.4 2.9 29 37
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \oee | ocontoe | vear | vear | niwr () | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (ft) | NIWR (ft) | (oo oo
NIWR (ft) | NIWR (ft)

BLUE EAGLE Railroad
260955 | oo Valley 1738 23 1979 | 2007 3.7 3.7 29 35 37 43
260961 BLUESJT/?\IY*HWY Hot Creek 156 7 1964 | 1983 33 3.4 26 33 3.2 43
261071 | BOULDER CITY* E'\‘/j;rlzs(’ 167 30 1968 | 2004 4.6 3.9 3.1 29 4.6 5.1
261160 BR'N;ESI'OFF Dixie Valley 128 7 1967 | 1979 3.6 35 28 3.4 36 43
261311 | BUFFALORCH* | Buffalo Valley 131 7 1967 | 1978 28 2.8 22 2.7 28 3.0
261327 | BUNKERVILLE* V"f/;”“:;"er 222 6 1980 | 2007 43 37 29 2.9 43 49
261358 CALIENTE* Clover Valley 204 2 1904 | 2005 3.8 3.7 2.9 3.4 36 4.4

Black
261371 | CALLVILLE BAY* Moutains 215 8 1990 | 2003 49 4.1 3.3 2.8 49 55
Area
CARLIN
261415 NEWMONT Boulder Flat 61 24 1967 | 1999 2.0 2.0 16 1.9 19 23
MINE

261485 | CARSONCITY* | Eagle Valley 104 30 1973 | 2007 32 3.1 25 3.0 3.1 3.7

CATHEDRAL
261590 CORGE Sp+ Panaca Valley 203 4 2003 | 2007 3.7 36 2.8 35 35 42

CENTRAL Upper Reese
261630 | NEVADAFLD PP 56 13 1966 | 1985 2.7 26 2.0 25 24 41
River Valley
LAB*
261660 | CHARLESTON* Br”":f::"’er 38 4 1962 | 2005 16 15 11 1.2 13 33
CLOVER

261740 VALLEV* Clover Valley 177 30 1923 | 2007 25 26 2.1 25 25 3.1

COALDALE Columbus Salt
261755 JONCTTON® Varsh Valley 118 6 1942 | 1957 4.4 42 33 41 4.1 5.4
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \oee | ocontoe | vear | vear | niwr () | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)
261905 CONTACT* salmon Falls 40 30 1956 | 1998 26 24 1.9 23 23 3.5
Creek Area
261975 | CORTEZGOLD Crescent 54 10 1969 | 1979 2.9 2.9 23 2.8 2.8 35
MINE* Valley
262091 | CURRANTHWY Railroad 1738 7 1964 | 1977 25 25 2.0 23 23 3.8
STN Valley
262078 CURRANT* RS:[IZ?/" 1738 4 1942 | 1946 33 3.4 26 3.2 3.2 41
262006 | CURRIEHWY Steptoe 179 10 1962 | 1989 2.8 2.7 2.1 25 25 43
STN* Valley
262119 | DAGGET PASS LakBeaTS?:“ 90 5 1989 | 2005 1.9 1.9 1.4 17 17 13
262229 DENIO* Pueblo Valley 1 30 1969 | 2005 3.1 3.1 25 3.0 3.0 3.7
262243 | DESERT NWR* La\ja\:liias 212 30 1974 | 2007 5.5 4.7 3.7 4.0 5.4 6.1
262276 DIABLO* R\j:;l‘:/d 173A 10 1960 | 1978 3.7 3.7 3.0 35 37 45
DIAMOND Diamond
26229 | 0 E Depar Valley 153 19 1980 | 2006 25 25 2.0 24 24 35
Railroad
262390 | DUCKWATER* Valley 1738 19 1967 | 1998 33 33 26 3.2 3.1 41
262394 | DUFURRENA* | Virgin Valley 4 30 1965 | 2004 2.8 2.7 2.1 26 25 40
262431 DYER* F'\S/ZHL:\';G 117 30 1974 | 2007 42 41 3.2 41 4.0 5.4
262477 EASTGATE* Eastgate 127 4 1957 | 1963 3.4 3.4 27 3.4 3.4 42
Valley Area
Black
262497 ECHO BAY* Moutains 215 10 1990 | 2003 45 38 3.0 26 46 5.1
Area
Lower
262562 ELGIN 3 SE* Meadow 205 15 1966 | 1985 38 32 25 2.9 3.8 39
Valley Wash
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | oo | cror | YEAR | YEAR | NIWR(fg | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)
Lower
262557 ELGIN* Meadow 205 20 1986 | 2006 39 3.4 27 33 39 42
Valley Wash
262573 | ELKORGNLAP* | Elko Segment 49 30 1978 | 2007 26 26 2.1 25 25 3.3
262570 ELKO* Elko Segment 49 6 2000 | 2007 26 2.7 2.1 26 25 32
262626 ELY 6 NE S\t/?l’lg;e 179 5 2000 | 2005 3.4 3.4 2.7 3.1 3.2 4.4
ELY YELLAND Steptoe
262631 FLD AP* Valler 179 30 1976 | 2005 2.8 2.7 2.1 26 25 39
EMIGRANT
262656 | pacc nyysry | Boulder Flat 61 27 1964 | 1999 24 25 2.0 24 24 2.9
262662 EMPIRE* San Emidio 2 6 1951 | 1976 35 35 2.8 3.4 35 41
Desert
262708 EUREKA D'\f;‘lce’;d 153 30 1975 | 2007 23 23 17 22 21 238
262780 FAL?'L\'*EXP Carson Desert 101 30 1973 | 2005 32 32 25 3.1 32 3.9
FERGUSON Great Salt
262820 | oo P e | ke bocert 192 7 1973 | 1982 23 24 1.9 23 22 31
262840 FERNLEY* Fernley Area 76 21 1908 | 1974 35 3.4 27 3.3 33 43
262860 FISH CREEK Little Smoky 155A 14 1944 | 1964 28 28 22 26 26 44
RCH* Valley
263090 GERLACH* San Emidio 22 27 1963 | 2006 3.1 32 25 3.1 3.2 37
Desert
263101 | GEYSER RCH* Lake Valley 183 19 1905 | 2002 3.0 2.9 23 2.7 27 40
263114 GIBBS RCH* Mar/l’:er:"er 4 30 1972 | 2006 23 23 18 22 21 3.2
Lake Tahoe
263205 | GLENBROOK* . ) 30 1969 | 2007 23 22 17 2.1 21 22
263245 | GOLCONDA* | \Vinnemucca 70 30 1970 | 2005 3.4 3.4 27 3.3 3.4 42

Segment
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \oee | ocontoe | vear | vear | niwr () | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)

Alkali Spring

263285 GOLDFIELD Valley 142 30 1951 | 2004 34 33 26 32 3.2 42

Ivanpah

263316 | GOODSPRINGS* Valloy 164A 6 2000 | 2006 52 44 3.5 37 5.1 56

263340 GREALEAS'N Snake Valley 195 16 1988 | 2007 23 24 18 23 23 2.7

263515 | TAWTHORNE | Walker Lake 110C 30 1947 | 1990 38 36 2.8 35 36 46

AP* Valley

263512 | HAWTHORNE* Wa\'/ka‘ilret,ake 110C 13 1955 | 2007 3.9 3.6 2.8 3.4 36 46

263671 HIKO* Par\‘/;"’”n:ygat 209 15 1990 | 2006 41 3.7 29 35 3.9 4.6

263853 | HUMBOLDT FLD B”f/r;TI;'/Sta 129 7 1940 | 1947 3.2 3.2 25 3.1 3.1 4.0
South Fork

263940 I-L RCH* Owyhee River 35 3 1963 | 1967 1.8 1.9 15 2.0 18 3.1

Area
263957 IMLAY* Imlay Area 72 30 1964 | 2007 3.4 33 26 3.2 3.3 40
INDIAN Indian Springs

263980 SPRINGS* Valloy 161 23 1914 | 1964 52 47 3.7 41 5.0 6.0

264016 JACKPOT* Salmon Falls 40 15 1987 | 2004 25 25 2.0 2.4 2.4 33
Creek Area

264039 | JARBIDGE 7 N* Jarb'if:aR"’er 39 11 1996 | 2006 23 23 17 22 21 2.7

Jarbidge River

264038 | JARBRIDGE 4 N paol 39 2 1917 | 1995 2.1 1.9 1.4 17 17 23
JIGGS 8 SSE Huntington

264095 oAt Valley 47 19 1979 | 2007 2.4 24 18 22 2.2 3.0

264108 | * UNGR?:mEYER Desert Valley 31 7 1969 | 1985 31 32 25 3.1 3.1 38

264199 KIMBERLY WT/:mR\I,VQr 207 28 1929 | 1958 24 2.4 19 23 2.2 3.0
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \oee | ocontoe | vear | vear | niwr () | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)
KNOLL CREEK Salmon Falls
264268 D SIN . 40 6 1972 | 1979 2.4 23 17 21 2.0 36
264312 | KYLECANYON Las Vegas 212 4 1940 | 1948 2.8 2.6 2.0 2.7 23 3.1
RS Valley
264341 LAGES* S\t/?l)lte‘;e 179 21 1984 | 2006 3.0 3.0 23 29 28 4.0
LAHONTAN Churchill
264349 AN Valley 102 30 1966 | 2003 3.4 32 26 3.1 3.4 40
LAKE VALLEY
264384 STEWARD Lake Valley 183 2 1971 | 1998 24 25 1.9 24 23 2.7
264395 | LAMOILLE PH Lf/';'lf;ge 45 30 1934 | 1972 2.1 22 17 2.1 21 22
LAMOILLE Lamoille
264394 Yoo Valley 45 2 1976 | 2003 23 23 18 22 21 2.9
LAS VEGAS Las Vegas
264439 NWEG* Valloy 212 9 1997 | 2007 5.1 43 3.3 32 5.0 56
264436 | ASVEGASWB Las Vegas 212 30 1976 | 2005 5.2 45 3.7 3.2 5.4 5.7
AP* Valley
23112 LAS VEGAS* La\ja\fgas 212 2 1949 | 1970 55 4.8 3.9 36 5.6 6.0
264429 LAS VEGAS* La\ja\llliias 212 30 1915 | 1955 6.1 53 42 41 6.2 6.5
264457 LATHROP Fortymile 227A 8 1943 | 1963 52 46 3.6 38 5.3 58
WELLS Canyon
264480 LAUGHLIN* C‘\’/';::s" 213 10 1989 | 2006 5.8 5.0 3.9 3.6 58 6.4
264514 LEHMmACAVES Snake Valley 195 30 1958 | 1987 21 22 17 21 2.0 26
LEONARD Black Rock
264527 CREEK RCH* ot 28 30 1971 | 2004 32 32 25 31 32 36
264542 LEWERS RCH V\\I/E;nge 89 15 1893 | 1913 3.2 3.1 2.4 3.1 2.9 2.7
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | oo | cror | YEAR | YEAR | NIWR(fg | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)
264600 LITTLE RED Las Vegas 212 4 1966 | 1970 43 3.7 28 33 42 47
ROCK Valley
264651 | LOGANDALE* L°W$;|'I\g;’apa 220 20 1969 | 1991 43 37 3.0 2.9 45 48
LOVELOCK Lovelock
264700 DERBY FLD* Valloy 73 30 1970 | 2005 37 37 3.0 36 36 45
264745 LUND* Wh\'/;e“:\'/"er 207 30 1977 | 2007 3.1 3.1 24 2.9 29 39
264824 MALA VISTA Marys River 4 16 1940 | 1965 24 23 18 22 22 35
RCH* Area
Lake Tahoe
264858 | MARLETTE LAKE o 90 19 1917 | 1952 1.4 15 1.1 1.4 13 07
264935 | MCDERMITT* Q“{?ar:ls\'/"er 338 29 1916 | 2007 2.8 2.7 2.1 23 25 3.8
264950 MCGILL* S\t/?l)l:;e 179 30 1977 | 2007 29 28 22 2.7 27 3.6
265085 MESQUITE* V"{g/;"”:/"er 222 13 1942 | 2006 4.4 3.9 3.1 29 45 4.8
265092 | METROPOLIS* Mar/l’:eZ"’er 42 18 1966 | 1994 24 24 1.9 24 23 2.8
265105 MIDAS 4 SE* W'”\c/’;"l’lgeek 63 4 1962 | 1967 24 25 2.0 24 24 3.9
MIDDLEGATE- Cowkick
265132 LOWERY* Valley 126 15 1989 | 2007 3.4 32 25 3.1 3.0 45
265168 MINA* S°‘z/aaﬁ‘e’;'"g 121A 30 1978 | 2007 3.9 3.7 2.9 3.6 3.7 46
265191 MINDEN* Carson Valley 105 30 1975 | 2007 3.0 3.0 24 2.9 3.0 37
265352 | MONTELLO2 Thousand 189D 30 1971 | 2007 29 29 22 28 26 4.0
SE* Springs Valley
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | oo | cror | YEAR | YEAR | NIWR(fg | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)
MONTGOMERY
265362 MINTE ST Queen Valley 116 10 1961 | 1978 23 23 1.8 2.1 21 36
265371 MOS;TAN Jakes Valley 174 4 2003 | 2007 2.7 26 2.0 25 24 37
MT Las Vegas
265400 | CHARLESTON 5 212 6 1949 | 2007 2.8 23 1.8 2.7 21 32
Valley
Fs
265440 | MT ROSE BOWL P{f:;:;t 88 8 1974 | 1984 16 17 13 16 15 1.0
265392 | MTN CITY RS* OWVZ‘:;R'V” 37 30 1965 | 1998 21 2.0 16 1.9 18 33
Pyramid Lake
265605 NIXON* Valley 81 30 1931 | 1973 36 3.5 2.8 3.4 35 44
NORTH LAS Las Vegas
265705 EGASH Valley 212 20 1952 | 2006 59 52 42 39 6.0 6.4
265722 OASIS* G\j’:n:;e 187 17 1988 | 2006 28 2.7 2.1 26 25 3.7
265760 OLD RUTH S\t/‘;ﬁ’lzle 179 5 1979 | 1985 2.1 23 17 2.1 2.0 2.8
265818 | OROVADA 3 W* Q“{;‘;Ig{"er 33A 30 1971 | 2006 3.1 3.1 25 3.0 3.1 3.7
265846 OVERTON* L°W\‘j;|'|\2$apa 220 30 1950 | 2007 46 40 3.2 2.9 47 5.1
Owyhee River
265869 OWYHEE* o 37 30 1953 | 1984 23 24 1.9 23 22 2.8
265880 | PAHRANAGAT | Pahranagat 209 30 1968 | 2006 43 38 3.0 35 42 49
WR* Valley
265890 PAHRUMP* Pi’/';rli‘e';’p 162 30 1973 | 2006 5.0 44 36 3.8 5.1 56
PAHUTE Black Rock
265907 MEADOWS 28 4 1964 | 1974 32 32 26 32 3.1 38
RCH* Desert
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \oee | ocontoe | vear | vear | niwr () | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)
265931 PALMETTO F'\S’/ZHL::,@ 117 14 1891 | 1907 2.8 2.8 2.2 25 2.6 3.7
PARADISE Paradise
266005 | T nwe Valley 69 30 1972 | 2007 3.2 3.2 25 3.0 3.0 40
266055 PARIS RCH* P{f;f:;t 130 2 1967 | 1990 35 3.4 28 33 3.4 41
PENOYER Penoyer
266130 VALLEY Valloy 170 5 1968 | 2004 39 40 3.2 38 39 49
266148 PEQUOP G\C/’:n:;e 187 23 1960 | 1985 2.4 23 18 23 21 3.2
266228 | PILOTVALLEY- | Pilot Creek 191 6 2000 | 2007 2.9 28 22 2.7 26 36
LEE* Valley
PINE VALLEY .
266242 | [ oo Pine Valley 53 11 1983 | 2003 2.7 26 2.0 23 2.4 38
266252 PIOCHE Pi};ﬁg’” 202 30 1968 | 2006 2.8 2.7 2.1 2.6 2.6 3.1
QUINN RVR Pine Forest
266504 CROSSING Valley 29 10 1902 | 1950 31 31 24 3.0 3.0 43
RAND RCH .
266574 PALISADE Pine Valley 53 19 1958 | 1981 23 23 18 22 22 3.7
266630 | RATTLESNAKE Hot Creek 156 13 1949 | 1961 32 33 26 3.2 31 41
RED ROCK Las Vegas
266691 CANYON S Valloy 212 20 1978 | 2006 4.4 39 3.1 3.4 45 47
29999 Red Rock 4 2004 | 2007 26 26 2.0 25 24 3.4
RED ROCK WC* Valley 99
266746 | REESERIVER* | UPPerReese 56 26 1973 | 2006 25 2.4 18 22 21 3.9
River Valley
REESE VALLEY Middle Reese
266748 CARPER River Valley 58 6 1977 | 1983 2.8 28 22 26 26 37
RENO TAHOE Truckee
266779 INTL AR Moagos 87 30 1978 | 2007 3.5 3.4 27 3.3 35 4.0
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \oee | ocontoe | vear | vear | niwr () | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)
266791 RENO WFO* Truckee 87 10 1997 | 2007 33 3.2 2.6 3.2 3.4 3.7
Meadows
267123 RUBY LAKE* Ruby Valley 176 30 1975 | 2007 28 2.8 22 2.7 26 33
267175 RUTH S\tliﬂtec\’/e 179 30 1963 | 2007 23 22 17 2.1 2.0 35
267192 RY[E) AP,\AAECH Imlay Area 72 30 1973 | 2007 36 35 2.8 3.4 3.4 43
267188 RYNDON* Nm;:'ezmk 44 6 2000 | 2007 26 26 2.0 25 24 36
267284 | SANJACINTO* | S2imon Falls 40 21 1905 | 1947 2.6 2.4 1.9 23 23 36
Creek Area
Smoke Creek
267261 SAND PASS* 21 30 1930 | 1970 35 36 28 34 36 42
Desert
267319 | SARCOBATUS* Sarchl,::tus 146 14 1942 | 1961 42 4.0 3.2 3.7 42 5.2
267324 SAVAL RCH* N°;::‘e';°rk 44 5 1961 | 1965 18 17 13 17 16 2.7
267358 SCHURZ* Wa\'/kjlre:/ake 110A 30 1920 | 1955 35 35 2.8 3.4 35 44
267369 | SEARCHLIGHT | Piute Valley 214 30 1976 | 2006 42 36 2.8 3.0 42 46
267397 | SEVENTY ONE Starr Valley 43 4 1940 | 1945 24 23 18 22 2.2 33
RCH* Area
267443 SHELDON Guano Valley 6 30 1942 | 1972 18 18 14 17 17 26
267450 SHOSSS NES | soring valley 184 17 1989 | 2007 3.0 3.0 24 2.9 2.9 3.9
267463 | SILVERPEAK* | Clayton Valley 143 30 1974 | 2007 4.4 43 3.4 39 44 53
267609 SMITH 1 N* Smith Valley 107 23 1938 | 1966 3.0 3.0 24 2.8 29 40
267612 SMITH 6 N* Smith Valley 107 23 1974 | 2007 3.1 3.1 25 3.0 3.1 40
267618 | SMOKECREEK | Smoke Creek 21 14 1988 | 2004 36 3.6 2.9 35 36 43
ESPIL* Desert
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | oo | cror | YEAR | YEAR | NIWR(fg | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)
SMOKEY Big Smoky
267620 ALLEV Valloy 137B 30 1975 | 2007 36 3.5 2.8 3.5 3.4 45
Little Smoky
267640 | SNOWBALL RCH Valloy 155A 30 1972 | 2002 24 23 1.7 2.1 21 35
267690 | SOUTHFORK | Dixie Creek- 48 8 1994 | 2007 28 2.7 21 24 26 3.7
Sp* Tenmile
267750 | ° PR'NSPZALLEY Spring Valley 201 24 1975 | 2006 3.0 2.9 23 2.8 26 41
STATELINE- Lake Tahoe

267806 S ARRAH'S~ . ) 13 1985 | 1998 24 24 1.9 23 23 2.7

267820 STEAD* Li’;‘ﬁ;i” 928 14 1986 | 2006 3.1 3.1 25 3.0 3.1 3.4

267873 SULPHUR* Black Rock 28 21 1915 | 1953 3.4 3.4 2.7 3.4 33 4.2
Desert

267908 | SUNNYSIDE* er'/?”z\'/"er 207 30 1973 | 2007 33 33 25 3.1 3.1 4.1

Pyramid Lake

267953 SUTCLIFFE Valley 81 27 1968 | 2006 31 2.9 23 2.9 31 35

267983 TEMPIUTE 4 Penoyer 170 12 1973 | 1984 3.8 3.8 3.1 3.7 3.8 4.7
NW* Valley

268034 THORNE* Wa\'/kjlrebake 110C 24 1915 | 1950 38 37 29 36 3.7 46

268170 TONOPAH* | Ralston Valley 141 30 1975 | 2005 4.0 39 3.1 39 3.9 48

268186 TOPAZ LAKE Antelope 106 19 1958 | 1980 33 33 26 3.1 3.1 42
3N* Valley

268202 | TOPAZLAKE4 Antelope 106 11 1987 | 1997 3.2 3.1 25 3.2 3.2 3.7
N* Valley

268346 | TUSCARORA* '”de\‘/’;'l':;”ce 36 30 1973 | 2006 22 22 17 21 2.0 28

268443 TV\Q/L\'LEF;“RILNG Hot Creek 156 10 1986 | 2005 35 35 2.8 3.4 33 44
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | oo | cror | YEAR | YEAR | NIWR(fg | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (f) | NIWR(ft) |\ iiveec
NIWR (ft) | NIWR (ft)
UNIV OF Truckee
268500 | NEVADAEXP 87 4 1949 | 1954 3.4 3.3 27 3.3 35 3.9
Meadows
FM*
268538 URSINE Eagle Valley 200 4 1965 | 1972 3.4 36 2.8 3.4 35 40
Black
268588 VALLEYSF? FFIRE Moutains 215 30 1977 | 2007 42 35 27 26 42 47
Area
268761 | VIRGINIACITY | Dayton Valley 103 30 1974 | 2007 24 24 18 23 23 26
268810 VYA S\L;;’I’Ire'ie 14 14 1960 | 1975 20 1.9 15 18 18 2.7
268822 WABSléiKA & | Mason valley 108 27 1973 | 2006 3.1 3.0 24 2.9 3.0 40
268838 WADSV’\\"? RTHA | Dodge Flat 82 21 1975 | 2002 35 3.4 27 3.3 33 43
Tracy
268834 | WADSWORTH* 83 6 1902 | 1947 36 34 27 31 33 43
Segment
39999 WASHOE Washoe 5 2004 | 2008 37 3.8 29 3.5 35 47
VALLEY WC* Valley 89
268977 WELLF'{E'*GTON Smith Valley 107 27 1943 | 1972 3.0 3.0 24 2.9 3.0 37
268988 WELLS* Maz:ez"’er 4 30 1975 | 2004 25 2.4 19 23 22 3.4
269072 WILDHORSE | Owyhee River 37 18 1983 | 2006 18 17 13 16 15 3.0
RSVR* Area
Thousand
269122 WILKINS* : 189A 16 1949 | 1964 22 22 17 2.1 2.0 36
Springs Valley
WILLOW Big Smoky
269137 CPRINGS* Valloy 137A 4 1942 | 1948 37 36 29 36 3.4 47
269168 W'NN:;\TFUCCA Grass Valley 71 6 2000 | 2007 33 34 26 32 32 40
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Appendix 12a cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED MANAGED GRASS TURF
STATION BASIN OF YEARS | START | END ALFALFA OPEN
NUMBER STATION NAME | BASIN NAME NUMBER | USEDFOR | YEAR | YEAR | NIWR (ft) PASTURE PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (ft) NIWR (ft) NIWR (ft)
NIWR (ft) NIWR (ft)
WINNEMUCCA Winnemucca
269171 MUNI AP* Segment 70 30 1978 2007 3.4 3.3 2.6 3.1 3.2 4.2
269229 YERINGTON* Mason Valley 108 30 1965 2007 3.1 3.0 2.4 2.9 3.1 3.8
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Appendix 12b. Mean annual Net Irrigation Water Requirement (NIWR) for each NWS weather station, sorted by basin name.

* Station was used in averaging or assigning NIWR to respective hydrographic areas. Number of years used for average and start
and end years listed are for alfalfa and may vary slightly for other crop types due to possible missing data within crop specific
growing seasons.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OF YEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | cnton | vear | vEAR | NIwR(fy | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) | (e oo
NIWR (ft) | NIWR (ft)
Alkali Spring
263285 GOLDFIELD Valloy 142 30 1951 | 2004 3.4 33 26 3.2 3.2 4.2
AMARGOSA Amargosa
260150 | Lol ot sk 230 28 1966 | 2005 5.3 45 36 36 5.3 5.8
ANTELOPE Antelope
260282 | | oo Valley 57 8 1985 | 1998 3.0 3.1 24 3.0 3.0 3.9
268186 TOPAZ LAKE Antelope 106 19 1958 | 1980 33 33 26 31 3.1 4.2
3N* Valley
268202 | TOPAZLAKE4 Antelope 106 11 1987 | 1997 32 31 25 3.2 32 37
N* Valley
SMOKEY Big Smoky
267620 ALLEY* Valloy 137B 30 1975 | 2007 36 35 2.8 35 3.4 45
WILLOW Big Smoky
269137 SPRINGS* Valloy 137A 4 1942 | 1948 3.7 36 2.9 36 3.4 4.7
Black
261371 | CALLVILLE BAY* Moutains 215 8 1990 | 2003 49 41 33 2.8 49 55
Area
Black
262497 ECHO BAY* Moutains 215 10 1990 | 2003 45 3.8 3.0 26 46 5.1
Area
Black
268588 VALLEYSF? FFIRE Moutains 215 30 1977 | 2007 42 35 2.7 26 42 4.7
Area
LEONARD Black Rock
264527 CREEK RO o 28 30 1971 | 2004 3.2 3.2 2.5 3.1 3.2 36
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Appendix 12b cont.

HIGHLY LoW
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | oconeoe | vear | vear | NiwR(f) | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) |\ voec
NIWR (ft) | NIWR (ft)
PAHUTE Black Rock
265907 MEADOWS 28 4 1964 | 1974 3.2 32 26 32 3.1 3.8
Desert
RCH*
267873 SULPHUR* Black Rock 28 21 1915 | 1953 3.4 3.4 2.7 3.4 3.3 42
Desert
CARLIN
261415 NEWMONT Boulder Flat 61 24 1967 | 1999 20 20 16 19 1.9 23
MINE
EMIGRANT
262656 | oo | Boulder Flat 61 27 1964 | 1999 24 25 20 2.4 24 29
261660 | CHARLESTON* Br“”f\i‘:aR"’er 38 4 1962 | 2005 16 15 11 12 13 33
263853 | HUMBOLDT FLD B”%’;Tlg;sm 129 7 1940 | 1947 32 3.2 25 3.1 3.1 4.0
261311 | BUFFALORCH* | Buffalo Valley 131 7 1967 | 1978 28 2.8 22 27 28 3.0
262780 FALIS'_?’L\I*EXP Carson Desert 101 30 1973 2005 3.2 3.2 2.5 3.1 3.2 3.9
265191 MINDEN* Carson Valley 105 30 1975 | 2007 3.0 3.0 24 29 3.0 3.7
LAHONTAN Churchill
264349 AN Valley 102 30 1966 | 2003 3.4 32 26 3.1 3.4 4.0
267463 | SILVERPEAK* | Clayton Valley 143 30 1974 | 2007 4.4 43 3.4 3.9 4.4 53
261358 CALIENTE* Clover Valley 204 2 1904 | 2005 3.8 3.7 2.9 3.4 36 4.4
CLOVER
261740 VALLEY® Clover Valley 177 30 1923 | 2007 25 26 2.1 25 25 3.1
260688 | BATTLEMTN* | Clovers Area 64 25 1899 | 1944 3.5 3.4 2.8 33 3.3 43
264480 LAUGHLIN* C‘\’/':ITZSO 213 10 1989 | 2006 5.8 5.0 3.9 36 5.8 6.4
COALDALE Columbus Salt
261755 JONCTION® Varsh Valloy 118 6 1942 | 1957 44 42 33 41 41 5.4
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Appendix 12b cont.

HIGHLY LoW
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | oconeoe | vear | vear | NiwR(f) | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) |\ voec
NIWR (ft) | NIWR (ft)
MIDDLEGATE- Cowkick
265132 LOWERY Valley 126 15 1989 | 2007 3.4 3.2 25 3.1 3.0 45
260795 BEOWAWE* C:/:jf:;t 54 30 1976 | 2006 29 3.0 24 2.9 29 3.7
261975 | CORTEZGOLD Crescent 54 10 1969 | 1979 29 2.9 23 28 28 35
MINE* Valley
268761 | VIRGINIACITY | Dayton Valley 103 30 1974 | 2007 24 24 18 23 23 26
264108 JUNGR%mEYER Desert Valley 31 7 1969 | 1985 3.1 32 25 3.1 3.1 3.8
DIAMOND Diamond
262296 | |\ v Uspa* Valley 153 19 1980 | 2006 25 25 20 24 24 35
262708 EUREKA D'\j';‘lce’;d 153 30 1975 | 2007 23 23 17 22 21 28
267690 | SOUTHFORK | Dixie Creek- 48 8 1994 | 2007 2.8 2.7 2.1 2.4 26 3.7
Sp* Tenmile
261160 BR'NF:(CESEOFF Dixie Valley 128 7 1967 | 1979 36 35 2.8 34 36 43
268838 WADS\Q’? RTH4 | podge Flat 82 21 1975 | 2002 35 3.4 2.7 33 3.3 43
261485 | CARSONCITY* | Eagle Valley 104 30 1973 | 2007 3.2 31 25 3.0 3.1 37
268538 URSINE Eagle Valley 200 4 1965 | 1972 3.4 36 28 3.4 3.5 4.0
262477 EASTGATE* Eastgate 127 4 1957 | 1963 3.4 3.4 2.7 3.4 3.4 4.2
Valley Area
261071 | BOULDER CITY* E'g;::jo 167 30 1968 | 2004 4.6 3.9 3.1 2.9 4.6 5.1
262573 | ELKORGNLAP* | Elko Segment 49 30 1978 | 2007 26 26 2.1 25 25 33
262570 ELKO* Elko Segment 49 6 2000 | 2007 26 2.7 2.1 26 25 32
262840 FERNLEY* Fernley Area 76 21 1908 | 1974 35 34 2.7 33 33 43
262431 DYER* F'\S/';”Ls;e 117 30 1974 | 2007 42 41 32 4.1 4.0 5.4

SE ROA 54483

218

JA_ 18621



Appendix 12b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME |\ foee | coe | vear | vear | niwr(ry | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (ft) | NIWR (ft) | \jvee
NIWR (ft) | NIWR (ft)
265931 PALMETTO F'\S‘/Z“Ls:fe 117 14 1891 | 1907 2.8 2.8 22 25 26 3.7
264457 LATHROP Fortymile 227A 8 1943 | 1963 5.2 46 36 3.8 5.3 5.8
WELLS Canyon
260046 ADAVEN Garden Valley 172 30 1947 | 1978 25 26 2.0 25 24 2.9
Goshute
265722 OASIS* Valley 187 17 1988 | 2006 28 2.7 21 2.6 25 37
266148 PEQUOP G\c/’asn:\t/e 187 23 1960 | 1985 2.4 23 18 23 21 3.2
BEOWAWE U
260800 OF N RCH* Grass Valley 138 28 1973 | 2006 2.7 2.8 22 2.7 2.7 35
269168 W'NNﬁz'\fUCCA Grass Valley 71 6 2000 | 2007 3.3 3.4 26 32 3.2 4.0
FERGUSON Great Salt
262820 | (oo PN | ke Docert 192 7 1973 | 1982 23 2.4 1.9 23 22 3.1
267443 SHELDON Guano Valley 6 30 1942 | 1972 1.8 18 1.4 17 17 26
260961 BLUESJTANY*HWY Hot Creek 156 7 1964 | 1983 33 3.4 26 33 3.2 43
266630 | RATTLESNAKE Hot Creek 156 13 1949 | 1961 3.2 33 26 3.2 3.1 4.1
268443 TV\;'/L\'LEZRILNG Hot Creek 156 10 1986 | 2005 35 35 28 3.4 33 4.4
JIGGS 8 SSE Huntington
264095 oAt Valley 47 19 1979 | 2007 2.4 2.4 18 2.2 22 3.0
263957 IMLAY* Imlay Area 72 30 1964 | 2007 3.4 33 26 3.2 33 4.0
267192 RYE :l\AALCH Imlay Area 72 30 1973 | 2007 36 35 2.8 3.4 3.4 43
268346 | TUSCARORA* '”de\’;:l'l’:;me 36 30 1973 | 2006 22 2.2 17 21 2.0 2.8
INDIAN Indian Springs
263980 SPRINGS* Valloy 161 23 1914 | 1964 5.2 4.7 37 41 5.0 6.0
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Appendix 12b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | oconeoe | vear | vear | NiwR(f) | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (ft) | NIWR (ft) | \jvee
NIWR (ft) | NIWR (ft)
Ivanpah
263316 | GOODSPRINGS* Valloy 164A 6 2000 | 2006 5.2 4.4 35 3.7 5.1 56
265371 MO&T_I'\:'AN Jakes Valley 174 4 2003 | 2007 27 26 2.0 25 24 3.7
Jarbidge River
264039 | JARBIDGE 7 N* paol 39 11 1996 | 2006 23 23 17 2.2 21 2.7
Jarbidge River
264038 | JARBRIDGE 4 N paol 39 2 1917 | 1995 21 19 14 17 17 23
Lake Tahoe
262119 | DAGGET PASS . 90 5 1989 | 2005 19 19 14 17 17 13
Lake Tahoe
263205 | GLENBROOK* b 90 30 1969 | 2007 23 2.2 17 2.1 2.1 2.2
Lake Tahoe
264858 | MARLETTE LAKE . 90 19 1917 | 1952 1.4 15 11 14 13 0.7
STATELINE- Lake Tahoe
267806 ARRAH'S” . 90 13 1985 | 1998 24 2.4 1.9 23 23 2.7
263101 | GEYSER RCH* Lake Valley 183 19 1905 | 2002 3.0 2.9 23 2.7 27 4.0
LAKE VALLEY
264384 TEWARD Lake Valley 183 2 1971 | 1998 2.4 25 1.9 2.4 23 2.7
264395 | LAMOILLE PH Lf/':lfége 45 30 1934 | 1972 21 22 17 2.1 2.1 22
LAMOILLE Lamoille
264394 Yoo Valley 45 22 1976 | 2003 23 23 1.8 22 21 2.9
262243 | DESERT NWR* La\ja\:gas 212 30 1974 | 2007 55 4.7 3.7 4.0 5.4 6.1
264312 | KYLECANYON Las Vegas 212 4 1940 | 1948 28 26 2.0 2.7 23 31
RS Valley
LAS VEGAS Las Vegas
264439 NWEO* Valloy 212 9 1997 | 2007 5.1 43 33 3.2 5.0 5.6
264436 | ASVEGASWB Las Vegas 212 30 1976 | 2005 5.2 45 3.7 3.2 5.4 5.7
AP* Valley
23112 LAS VEGAS* La\ja\fg“ 212 2 1949 | 1970 5.5 48 39 36 5.6 6.0
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Appendix 12b cont.

HIGHLY Low
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | oconeoe | vear | vear | NiwR(f) | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR (ft) | NIWR (ft) | \jvee
NIWR (ft) | NIWR (ft)
264429 LAS VEGAS* LacaYiias 212 30 1915 | 1955 6.1 53 42 41 6.2 6.5
264600 LITTLE RED Las Vegas 212 4 1966 | 1970 43 3.7 2.8 33 42 4.7
ROCK Valley
MT Las Vegas
265400 | CHARLESTON 8 212 6 1949 | 2007 2.8 23 1.8 2.7 2.1 32
Valley
Fs
NORTH LAS Las Vegas
265705 EGASH Valley 212 20 1952 | 2006 5.9 5.2 42 3.9 6.0 6.4
RED ROCK Las Vegas
266691 CANYON 5P Valloy 212 20 1978 | 2006 4.4 39 31 3.4 45 4.7
267820 STEAD* L?/?Irlzsn 928 14 1986 | 2006 3.1 3.1 25 3.0 3.1 3.4
262860 FISH CREEK Little Smoky 155A 14 1944 | 1964 28 2.8 22 2.6 26 4.4
RCH* Valley
267640 | SNOWBALL RCH L'tt\'/eaﬁ:;c’ky 155A 30 1972 | 2002 2.4 23 17 2.1 2.1 35
LOVELOCK Lovelock
264700 DERBY FLD* Valloy 73 30 1970 | 2005 3.7 3.7 3.0 36 36 45
Lower
262562 ELGIN 3 SE* Meadow 205 15 1966 | 1985 3.8 3.2 25 2.9 3.8 3.9
Valley Wash
Lower
262557 ELGIN* Meadow 205 20 1986 | 2006 3.9 3.4 2.7 33 3.9 42
Valley Wash
264651 | LOGANDALE* Lowsgl'l\gsapa 220 20 1969 | 1991 43 37 3.0 2.9 45 4.8
265846 OVERTON* Low\‘jgl'l\gsapa 220 30 1950 | 2007 4.6 4.0 3.2 2.9 4.7 5.1
260691 BATTLE MTN Lower Reese 59 30 1973 | 2006 3.0 31 24 29 3.0 38
AP* River Valley
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Appendix 12b cont.

HIGHLY LoW
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
E| B E
Numger | STATION NAM ASINNAME |\ voee | UsED FOR | YEAR | YEAR | NIwR() | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) |\ voec
NIWR (ft) | NIWR (ft)
Marys River
263114 GIBBS RCH* ol 4 30 1972 | 2006 23 23 1.8 22 21 3.2
264824 MALA VISTA Marys River 4 16 1940 | 1965 24 23 18 22 22 35
RCH* Area
265092 | METROPOLIS* Maz’:ei'ver 42 18 1966 | 1994 2.4 2.4 1.9 2.4 23 28
268988 WELLS* Mar;’:ez'ver 4 30 1975 | 2004 25 2.4 1.9 23 22 3.4
WABUSKA
268822 SLéi & | Mason valley 108 27 1973 | 2006 3.1 3.0 24 29 3.0 4.0
269229 | YERINGTON* | Mason Valley 108 30 1965 | 2007 3.1 3.0 24 29 3.1 3.8
REESE VALLEY Middle Reese
266748 CARPLR River Valley 58 6 1977 | 1983 28 2.8 22 26 26 37
267188 RYNDON* N°2:‘ezork 44 6 2000 | 2007 26 26 2.0 25 24 36
267324 SAVAL RCH* Noxrezork 44 5 1961 | 1965 18 17 13 17 16 2.7
260718 | BEATTY 8 N* Oasis Valley 228 28 1973 | 2004 45 39 31 38 45 5.1
260715 BEATTY* Oasis Valley 228 30 1921 | 1972 49 43 3.4 4.0 48 55
265392 | MTN CITY Rs* OWVZfZaR'Ver 37 30 1965 | 1998 21 2.0 16 19 18 33
Owyhee River
265869 OWYHEE* o 37 30 1953 | 1984 23 24 1.9 23 22 2.8
269072 WILDHORSE | Owyhee River 37 18 1983 | 2006 18 17 13 16 15 3.0
RSVR* Area
260099 ALAMO* Pa'\’/::‘;gat 209 29 1922 | 1958 46 4.2 33 3.9 43 53
263671 HIKO* Pai‘/;"’””;,gat 209 15 1990 | 2006 41 3.7 2.9 35 3.9 46
265880 | TAHRANAGAT | Pahranagat 209 30 1968 | 2006 43 38 3.0 35 42 4.9
WR* Valley
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Appendix 12b cont.

HIGHLY LoW
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | oconeoe | vear | vear | NiwR(f) | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) |\ voec
NIWR (ft) | NIWR (ft)
265890 PAHRUMP* Pf/':l:’e';’p 162 30 1973 | 2006 5.0 4.4 36 3.8 5.1 56
CATHEDRAL
261590 CORGE Sp+ Panaca Valley 203 4 2003 | 2007 3.7 36 2.8 35 3.5 42
PARADISE Paradise
266005 | | E e Valley 69 30 1972 | 2007 3.2 32 25 3.0 3.0 4.0
266252 PIOCHE Pi};‘ﬁg’" 202 30 1968 | 2006 28 2.7 21 26 26 3.1
PENOYER Penoyer
266130 VALLEY Valloy 170 5 1968 | 2004 3.9 4.0 32 3.8 3.9 49
267983 TEMPIUTE 4 Penoyer 170 12 1973 | 1984 3.8 38 3.1 37 3.8 4.7
NW* Valley
266228 | [ILOTVALLEY- Pilot Creek 191 6 2000 | 2007 29 2.8 22 2.7 26 36
LEE* Valley
QUINN RVR Pine Forest
266504 CROSSING Valley 29 10 1902 | 1950 3.1 3.1 24 3.0 3.0 43
PINE VALLEY .
266242 | o Pine Valley 53 11 1983 | 2003 27 26 2.0 23 24 38
RAND RCH .
266574 PALISADE Pine Valley 53 19 1958 | 1981 23 23 18 22 22 37
267369 | SEARCHLIGHT | Piute Valley 214 30 1976 | 2006 42 36 2.8 3.0 42 46
265440 | MT ROSE BOWL P{/e;:;t 88 8 1974 | 1984 16 17 13 16 15 1.0
266055 PARIS RCH* P{f;fz;t 130 2 1967 | 1990 35 3.4 28 33 3.4 4.1
262229 DENIO* Pueblo Valley 1 30 1969 | 2005 3.1 31 25 3.0 3.0 37
265605 NIXON* Pyr?/rzl'lde;ake 81 30 1931 | 1973 36 35 28 3.4 35 4.4
Pyramid Lake
267953 SUTCLIFFE Valley 81 27 1968 | 2006 3.1 29 23 29 3.1 35
MONTGOMERY
265362 MINTC ST Queen Valley 116 10 1961 | 1978 23 23 18 2.1 2.1 36
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Appendix 12b cont.

HIGHLY LoW
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | oconeoe | vear | vear | NiwR(f) | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) |\ voec
NIWR (ft) | NIWR (ft)
264935 | MCDERMITT* Q”{;’ar:lz;ver 338 29 1916 | 2007 28 2.7 2.1 23 25 3.8
265818 | OROVADA 3 W* Q”{;’ar:lz;ver 33A 30 1971 | 2006 3.1 3.1 25 3.0 3.1 3.7
BLUE EAGLE Railroad
260955 | oCiaee Valloy 1738 23 1979 | 2007 37 37 2.9 35 37 43
262091 | CURRANTHWY Railroad 1738 7 1964 | 1977 25 25 2.0 23 23 38
STN Valley
262078 CURRANT* RS:;IC; ?/d 1738 4 1942 | 1946 33 3.4 26 3.2 3.2 4.1
262276 DIABLO* RS:L‘;?," 173A 10 1960 | 1978 3.7 3.7 3.0 35 3.7 45
262390 | DUCKWATER* RS:[IZ?," 1738 19 1967 | 1998 3.3 33 26 3.2 3.1 4.1
268170 TONOPAH* | Ralston Valley 141 30 1975 | 2005 4.0 3.9 3.1 3.9 3.9 48
29999 Red Rock 4 2004 | 2007 26 26 2.0 25 2.4 3.4
RED ROCK WC* Valley 99
260438 | ARTHUR4NW* | Ruby Valley 176 30 1971 | 2007 23 23 1.8 23 22 27
267123 RUBY LAKE* Ruby Valley 176 30 1975 | 2007 2.8 2.8 22 27 26 33
261905 CONTACT* Salmon Falls 40 30 1956 | 1998 26 2.4 1.9 23 23 35
Creek Area
264016 JACKPOT* Salmon Falls 40 15 1987 | 2004 25 25 2.0 2.4 2.4 33
Creek Area
KNOLL CREEK Salmon Falls
264268 D SIN i 40 6 1972 | 1979 24 23 17 21 2.0 36
267284 | saNJACINTO* | S3imon Falls 40 21 1905 | 1947 26 2.4 1.9 23 23 36
Creek Area
262662 EMPIRE* San Emidio 22 6 1951 | 1976 3.5 35 2.8 3.4 3.5 4.1
Desert
263090 GERLACH* Sag(fsr;"rfm 22 27 1963 | 2006 3.1 3.2 25 3.1 3.2 3.7
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Appendix 12b cont.

HIGHLY LoW
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | oconeoe | vear | vear | NiwR(f) | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) |\ voec
NIWR (ft) | NIWR (ft)

267319 | SARCOBATUS* Sarcs::tus 146 14 1942 | 1961 42 4.0 32 3.7 42 5.2

267609 SMITH 1 N* Smith Valley 107 23 1938 | 1966 3.0 3.0 24 2.8 29 4.0

267612 SMITH 6 N* Smith Valley 107 23 1974 | 2007 3.1 31 25 3.0 3.1 4.0

268977 WELLF'{':*GTON Smith Valley 107 27 1943 | 1972 3.0 3.0 24 2.9 3.0 3.7

Smoke Creek

267261 SAND PASS* 21 30 1930 | 1970 3.5 36 2.8 3.4 3.6 42
Desert

267618 | SMOKECREEK | Smoke Creek 21 14 1988 | 2004 36 36 29 35 36 43
ESPIL* Desert

263340 GREALPBAS'N Snake Valley 195 16 1988 | 2007 23 24 18 23 23 27

264514 LEHM%’;'WCAVES Snake Valley 195 30 1958 | 1987 21 22 17 21 2.0 26

265168 MINA* Sof/aaizg'”g 121A 30 1978 | 2007 39 37 29 36 3.7 4.6

South Fork
263940 I-L RCH* Owyhee River 35 3 1963 | 1967 18 1.9 15 20 18 3.1
Area

267450 SHOSSS NES 1 soring valley 184 17 1989 | 2007 3.0 3.0 24 29 29 39

267750 SPR'NSPZALLEY Spring Valley 201 24 1975 | 2006 3.0 29 23 28 26 41

267397 | SEVENTY ONE Starr Valley 43 4 1940 | 1945 24 23 18 2.2 22 33

RCH* Area

262096 CURRIE HWY Steptoe 179 10 1962 | 1989 28 2.7 21 25 25 43
STN* Valley

262626 ELY 6 NE S\t/z‘l’lte‘:/e 179 5 2000 | 2005 3.4 3.4 2.7 3.1 3.2 4.4
ELY YELLAND Steptoe

262631 FLD AP Valley 179 30 1976 | 2005 28 27 2.1 26 25 39

264341 LAGES* S\t/‘:ﬁ’ltec;e 179 21 1984 | 2006 3.0 3.0 23 2.9 2.8 4.0
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Appendix 12b cont.

HIGHLY LoW
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | oconeoe | vear | vear | NiwR(f) | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) |\ voec
NIWR (ft) | NIWR (ft)
264950 MCGILL* S\t/‘:ﬁ’ltec;e 179 30 1977 | 2007 29 2.8 22 2.7 27 36
265760 OLD RUTH S&Zﬂge 179 5 1979 | 1985 2.1 23 17 2.1 2.0 2.8
267175 RUTH S\t/Z’IDI:;e 179 30 1963 | 2007 23 2.2 17 21 2.0 35
268810 VYA Surprise 14 14 1960 | 1975 2.0 19 15 1.8 18 2.7
Valley
260668 BASALT Tee\Z”Meirsr’ 114 10 1942 | 1957 3.2 3.2 25 3.1 3.0 4.2
265352 | MONTELLO2 Thousand 189D 30 1971 | 2007 2.9 2.9 22 28 26 4.0
SE* Springs Valley
Thousand
269122 WILKINS* , 189A 16 1949 | 1964 22 22 17 2.1 2.0 36
Springs Valley
Tracy
268834 | WADSWORTH* 83 6 1902 | 1947 36 34 2.7 31 33 43
Segment
RENO TAHOE Truckee
266779 NTL AR Moaee 87 30 1978 | 2007 35 3.4 2.7 33 35 4.0
266791 RENO WFO* Truckee 87 10 1997 | 2007 33 3.2 26 3.2 3.4 3.7
Meadows
UNIV OF Truckee
268500 | NEVADAEXP 87 4 1949 | 1954 3.4 33 2.7 33 35 39
Meadows
FM*
260507 AUSTIN #2* Upper Reese 56 30 1972 | 2007 27 2.7 2.1 26 25 3.1
River Valley
CENTRAL Upper Reese
261630 | NEVADAFLD PP 56 13 1966 | 1985 27 26 2.0 25 24 41
River Valley
LAB*
266746 | REESERIVER* | UPPerReese 56 26 1973 | 2006 25 2.4 18 22 21 39
River Valley
261327 | BUNKERVILLE* Vlr{g/?”;l/ver 222 6 1980 | 2007 43 37 29 2.9 43 4.9
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Appendix 12b cont.

HIGHLY LoW
NUMBER SHALLOW
MANAGED | MANAGED | GRASS TURF
STATION BASIN | OFYEARS | START | END | ALFALFA OPEN
NUMBER | STATIONNAME | BASINNAME | \\oee | oconeoe | vear | vear | NiwR(f) | PASTURE | PASTURE HAY GRASS WATER
AVERAGE GRASS GRASS NIWR () | NIWR(ft) |\ voec
NIWR (ft) | NIWR (ft)
265085 MESQUITE* V"f/'a”“:;"er 222 13 1942 | 2006 4.4 3.9 3.1 2.9 45 4.8
262394 | DUFURRENA* | Virgin Valley 4 30 1965 | 2004 2.8 27 2.1 26 25 4.0
263515 | MAWTHORNE | Walker Lake 110C 30 1947 | 1990 3.8 36 28 35 36 4.6
AP* Valley
263512 | HAWTHORNE* Wa\'/k:”re:/ake 110C 13 1955 | 2007 3.9 36 2.8 3.4 36 4.6
267358 SCHURZ* Wa\'/k:”ret,ake 110A 30 1920 | 1955 3.5 35 2.8 3.4 3.5 4.4
268034 THORNE* Wa\'/k:”ret,ake 110C 24 1915 | 1950 3.8 3.7 2.9 36 3.7 46
264542 LEWERS RCH Vi’/:g;e 89 15 1893 | 1913 3.2 31 2.4 31 29 2.7
39999 WASHOE Washoe 5 2004 | 2008 3.7 3.8 2.9 35 35 47
VALLEY WC* Valley 89
264199 KIMBERLY er'/tjlz\'/"er 207 28 1929 | 1958 2.4 2.4 1.9 23 22 3.0
264745 LUND* Wh\'/ge”:\'/"er 207 30 1977 | 2007 3.1 3.1 2.4 2.9 2.9 39
267908 SUNNYSIDE* wrcge“:;ver 207 30 1973 | 2007 33 33 25 3.1 3.1 4.1
265105 MIDAS 4 SE* W'”\c/’;"l’ls;eek 63 4 1962 | 1967 24 25 2.0 2.4 24 3.9
263245 | GOLCONDA* | \Vinnemucca 70 30 1970 | 2005 3.4 3.4 2.7 33 3.4 4.2
Segment
WINNEMUCCA Winnemucca

269171 MUNI AP Seamont 70 30 1978 | 2007 3.4 33 26 31 3.2 42
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Appendix 13. Example of assignment and weighting of the mean annual Net Irrigation Water Requirement (NIWR) of alfalfa for
respective HAs. Values of the NIWR were either assigned or averaged for HAs with multiple stations according to valid period of
record for each station used in computing the annual average. The NIWR is listed in order of HA name, with shaded areas denoting

the weighted average, and respective HA name and number.

WEIGHT
NUMBER | BASEDON | . . | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
Numger | STATIONNAME | BASINNAME |\, \iger | NIWR (ft) YEAR END YEAR IN OF YEARS ICII;:II;\RL(':‘I:) ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
AMARGOSA Amargosa
260150 | v o ko 230 5.3 1966 2005 28 1.00 5.3 5.3
ANTELOPE Antelope
260282 | | Nl Vallon 57 3.0 1985 1998 8 1.00 3.0 3.0
268186 TOPAZ LAKE Antelope 106 33 1958 1980 19 0.63 21
3N* Valley
268202 | TOPAZLAKE4 AT 106 3.2 1987 1997 11 0.37 1.2 33
N* Valley
WILLOW Big Smoky
269137 SPRINGS* Valloy 137A 3.7 1942 1948 4 1.00 3.7 3.7
SMOKEY Big Smoky
267620 ALLEY* Valler 137B 36 1975 2007 30 1.00 36 36
Black
261371 | CALLVILLE BAY* Moutains 215 49 1990 2003 8 0.44 22
Area
Black
262497 ECHO BAY* Moutains 215 45 1990 2003 10 0.56 25 47
Area
San Emidio
263090 GERLACH* 2 3.1 1963 2006 27 0.33 1.0
Desert
LEONARD Black Rock
264527 CREEK RCH o 28 32 1971 2004 30 037 1.2
PAHUTE
265907 MEADOWS Black Rock 28 3.2 1964 1974 4 0.05 0.2
Desert
RCH*
267873 SULPHUR* B'gcekseRriCk 28 3.4 1915 1953 21 0.26 0.9 3.2
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Appendix 13 cont.

WEIGHT
NUMBER | BASEDON | . . | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
Numper | STATIONNAME | BASINNAME |\ viger | NIWR (ft) YEAR END YEAR IN OF YEARS ICII;;I/.I\RL(F:) ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
261660 | CHARLESTON* Br“”if:aR"’er 38 16 1962 2005 4 1.00 16 16
261311 | BUFFALORCH* | Buffalo Valley 131 2.8 1967 1978 7 1.00 238 2.8
LAHONTAN Churchill
264349 AN Valley 102 3.4 1966 2003 30 0.50 17
262780 FAL;?S'*EXP Carson Desert 101 3.2 1973 2005 30 0.50 16 33
265191 MINDEN* Carson Valley 105 3.0 1975 2007 30 1.00 3.0 3.0
262780 FAL;?;T*EXP Carson Desert 101 3.2 1973 2005 30 0.50 16
LAHONTAN Churchill
264349 AN Vel 102 3.4 1966 2003 30 0.50 17 33
267463 | SILVERPEAK* | Clayton Valley 143 4.4 1974 2007 30 1.00 44 44
CLOVER
261740 VALLEY Clover Valley 177 25 1923 2007 30 1.00 25 25
261358 CALIENTE* Clover Valley 204 3.8 1904 2005 22 1.00 3.8 3.8
260691 BATTLE MTN Lower Reese 59 3.0 1973 2006 30 0.55 17
AP* River Valley
260688 | BATTLEMTN* | Clovers Area 64 35 1899 1944 25 0.45 16 3.2
264480 LAUGHLIN* C(\’/';::s" 213 5.8 1989 2006 10 1.00 5.8 5.8
COALDALE Columbus Salt
261755 JONCTION® Varsh Valley 118 44 1942 1957 6 1.00 4.4 4.4
MIDDLEGATE- Cowkick
265132 LOWERY® Valley 126 3.4 1989 2007 15 1.00 3.4 3.4
260795 BEOWAWE* C:/e:“c:;t 54 29 1976 2006 30 0.75 22
CORTEZ GOLD Crescent
261975 MINES Vol 54 29 1969 1979 10 0.25 0.7 29
264108 | ° UNGR%mEYER Desert Valley 31 3.1 1969 1985 7 1.00 3.1 3.1
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Appendix 13 cont.

WEIGHT
NUMBER | BASEDON | . . | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
Numper | STATIONNAME | BASINNAME |\ viger | NIWR (ft) YEAR END YEAR IN OF YEARS :IL‘;/:(F% ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
DIAMOND Diamond
262296 | |\ bv Uspa* Valley 153 25 1980 2006 19 1.00 25 25
267690 | SOUTHFORK | Dixie Creek- 48 28 1994 2007 8 1.00 28 28
Sp* Tenmile
261160 BR'NchSfOFF Dixie Valley 128 36 1967 1979 7 1.00 36 36
262840 FERNLEY* Fernley Area 76 35 1908 1974 21 0.44 15
Tracy
268834 | WADSWORTH* 83 36 1902 1947 6 0.13 0.5
Segment
268838 WADSV’\\I’? RTH4 1 Dbodge Flat 82 35 1975 2002 21 0.44 15 35
261485 | CARSONCITY* | Eagle Valley 104 3.2 1973 2007 30 1.00 3.2 3.2
262477 EASTGATE* Eastgate 127 3.4 1957 1963 4 1.00 3.4 3.4
Valley Area
261071 | BOULDER CITY* E'\‘/j;’lr;j" 167 46 1968 2004 30 1.00 46 46
262570 ELKO* Elko Segment 49 26 2000 2007 6 0.17 0.4
262573 | ELKORGNLAP* | Elko Segment 49 26 1978 2007 30 0.83 22 26
268838 WADSV,\\I’,? RTHA 1 Dodge Flat 82 3.5 1975 2002 21 0.44 15
Tracy
268834 | WADSWORTH* 83 36 1902 1947 6 0.13 0.5
Segment
262840 FERNLEY* Fernley Area 76 3.5 1908 1974 21 0.44 15 3.5
262431 DYER* Fish Lake 117 42 1974 2007 30 1.00 42 42
Valley
265722 OASIS* Goshute 187 2.8 1988 2006 17 1.00 2.8 2.8
Valley
WINNEMUCCA Winnemucca
269171 MUNI AP~ Segment 70 3.4 1978 2007 30 0.83 2.8
269168 W'NNEZM*UCCA Grass Valley 71 3.3 2000 2007 6 0.17 05 33
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Appendix 13 cont.

WEIGHT
NUMBER | BASEDON | . _ | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
E| B E END YE
Numeer | STATION NAM ASIN NAM NUMBER | NIWR (ft) YEAR ND YEAR IN OF YEARS :IL‘;:‘L(F% ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
BEOWAWE U
260800 OF N RCH* Grass Valley 138 27 1973 2006 28 1.00 27 27
FERGUSON Great Salt
262820 | oo P e | ke bocert 192 23 1973 1982 7 1.00 23 23
260961 BLUESJT’?\IY*HWY Hot Creek 156 33 1964 1983 7 0.41 1.4
268443 | TWINSPRING Hot Creek 156 35 1986 2005 10 0.59 2.0 3.4
FALLINI*
JIGGS 8 SSE Huntington
264095 enr Valley 47 24 1979 2007 19 1.00 24 24
263957 IMLAY* Imlay Area 72 3.4 1964 2007 30 0.50 17
267192 RY[E) :&ECH Imlay Area 72 36 1973 2007 30 0.50 18 35
268346 | TUSCARORA* '”de\F/’aelT:;nce 36 22 1973 2006 30 1.00 22 22
INDIAN Indian Springs
263980 SPRINGS* Valloy 161 5.2 1914 1964 23 1.00 5.2 5.2
263316 | GOODSPRINGS* "gh‘;h 164A 5.2 2000 2006 6 1.00 5.2 5.2
265371 MO&:'\:'AN Jakes Valley 174 27 2003 2007 4 1.00 27 27
Jarbidge River
264039 | JARBIDGE 7 N* o, 39 23 1996 2006 11 1.00 23 23
263205 | GLENBROOK* Lak;;?:oe 90 23 1969 2007 30 0.70 16
STATELINE- Lake Tahoe
267806 S ARRAH'S~ bacn 90 24 1985 1998 13 0.30 0.7 23
263101 | GEYSER RCH* Lake Valley 183 3.0 1905 2002 19 1.00 3.0 3.0
LAMOILLE Lamoille
264394 Yoor* Valley 45 23 1976 2003 2 1.00 23 23
23112 LAS VEGAS* La\ia\fgas 212 5.5 1949 1970 2 0.16 0.9
262243 | DESERT NWR* La\ja\f:as 212 55 1974 2007 30 0.21 12
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Appendix 13 cont.

WEIGHT
NUMBER | BASEDON | . . | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
Numper | STATIONNAME | BASINNAME |\ viger | NIWR (ft) YEAR END YEAR IN OF YEARS :IL‘;:‘L(F% ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
264429 LAS VEGAS* La;;fg“ 212 6.1 1915 1955 30 0.21 13
264436 | WASVEGASWE Las Vegas 212 5.2 1976 2005 30 0.21 11
AP* Valley
LAS VEGAS Las Vegas
264439 NWEG Valloy 212 5.1 1997 2007 9 0.06 03
NORTH LAS Las Vegas
265705 EGASH i 212 5.9 1952 2006 20 0.14 08 5.6
267820 STEAD* L%’:ﬂ;” 928 3.1 1986 2006 14 1.00 3.1 3.1
262860 FISH CREEK Little Smoky 155A 2.8 1944 1964 14 1.00 2.8 2.8
RCH* Valley
LOVELOCK Lovelock
264700 DERBY FLD* Valloy 73 37 1970 2005 30 1.00 37 37
264651 | LOGANDALE* Lowsglmsapa 220 43 1969 1991 20 0.24 1.0
265846 OVERTON* L°W3;|'|\g;’apa 220 4.6 1950 2007 30 0.35 16
Lower
262557 ELGIN* Meadow 205 3.9 1986 2006 20 0.24 0.9
Valley Wash
Lower
262562 ELGIN 3 SE* Meadow 205 3.8 1966 1985 15 0.18 0.7 42
Valley Wash
264651 | LOGANDALE* Low\‘jgl'l\gsapa 220 43 1969 1991 20 0.40 17
265846 OVERTON* L°W$;|'I\2$apa 220 46 1950 2007 30 0.60 27 45
260688 | BATTLEMTN* | Clovers Area 64 3.5 1899 1944 25 0.45 16
260691 BATTLEMTN | Lower Reese 59 3.0 1973 2006 30 0.55 17 3.2
AP* River Valley
263114 GIBBS RCH* Mar/l’:‘e';“’er Iy 23 1972 2006 30 0.32 0.7
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Appendix 13 cont.

WEIGHT
NUMBER | BASEDON | . _ | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
Numper | STATIONNAME | BASINNAME |\ viger | NIWR (ft) YEAR END YEAR IN OF YEARS :I';;:"‘(Ff'; ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
264824 MALA VISTA Marys River pp) 2.4 1940 1965 16 0.17 0.4
RCH* Area
265092 | METROPOLIS* Maz’:ei'ver 42 2.4 1966 1994 18 0.19 0.5
268988 WELLS* Mar/;/:e':'ver 4 25 1975 2004 30 0.32 0.8 2.4
268822 WABSLSKA & | Mason valley 108 3.1 1973 2006 27 0.47 15
269229 | YERINGTON* | Mason Valley 108 3.1 1965 2007 30 0.53 16 3.1
267188 RYNDON* Noirezork 44 26 2000 2007 6 0.55 14
267324 SAVAL RCH* Nox:‘e?rk 44 18 1961 1965 5 0.45 08 22
260715 BEATTY* Oasis Valley 228 49 1921 1972 30 0.52 25
260718 | BEATTY 8 N* Oasis Valley 228 45 1973 2004 28 0.48 22 47
265392 | MTN CITY Rs* Owy:f:aR“’er 37 2.1 1965 1998 30 0.38 0.8
Owyhee River
265869 OWYHEE* ol 37 23 1953 1984 30 0.38 0.9
269072 WILDHORSE  |RCceliey 37 18 1983 2006 18 0.23 0.4 2.1
RSVR* Area
260099 ALAMO* Par\‘/:‘lre?gat 209 4.6 1922 1958 29 0.39 18
263671 HIKO* Pahranagat 209 41 1990 2006 15 0.20 0.8
Valley
265880 | PAMRANAGAT | Pahranagat 209 43 1968 2006 30 0.41 17 4.4
WR* Valley
265890 PAHRUMP* Pf/:rlre';’p 162 5.0 1973 2006 30 1.00 5.0 5.0
261358 CALIENTE* Clover Valley 204 3.8 1904 2005 22 0.85 3.2
CATHEDRAL
261590 CORGE Sp+ Panaca Valley 203 3.7 2003 2007 4 0.15 0.6 3.8
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Appendix 13 cont.

WEIGHT
NUMBER | BASEDON | . . | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
Numper | STATIONNAME | BASINNAME |\ viger | NIWR (ft) YEAR END YEAR IN OF YEARS :IL‘;/:‘L&'; ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
PARADISE Paradise
266005 | | T mue Valley 69 3.2 1972 2007 30 1.00 3.2 3.2
PENOYER Penoyer
266130 UALLEY* Valley 170 39 1968 2004 5 0.29 1.2
267983 TEMPIUTE 4 Penoyer 170 3.8 1973 1984 12 0.71 27 3.9
NW* Valley
266228 | PILOT VALLEY- Pilot Creek 191 29 2000 2007 6 1.00 2.9 2.9
LEE* Valley
PINE VALLEY .
266242 | [ oo Pine Valley 53 27 1983 2003 11 037 1.0
RAND RCH .
266574 PALISADE* Pine Valley 53 23 1958 1981 19 0.63 15 25
266055 PARIS RCH* P{f:lfz;t 130 35 1967 1990 2 1.00 35 35
262229 DENIO* Pueblo Valley 1 3.1 1969 2005 30 1.00 3.1 3.1
265605 NIXON* Pyramid Lake 81 36 1931 1973 30 1.00 36 36
Valley
265818 | OROVADA 3 W* Q”{;’ar:ls;ver 33A 3.1 1971 2006 30 1.00 3.1 3.1
264935 | MCDERMITT* Q”{;’ar:lz;ver 338 2.8 1916 2007 29 1.00 2.8 2.8
262276 DIABLO* ng;l‘;id 173A 3.7 1960 1978 10 1.00 3.7 3.7
BLUE EAGLE Railroad
260955 | oo Valloy 1738 37 1979 2007 23 0.50 18
262078 CURRANT* Rj:ﬂ‘;?/d 1738 33 1942 1946 4 0.09 03
262390 | DUCKWATER* nglmd 173B 3.3 1967 1998 19 0.41 1.4 3.5
268170 TONOPAH* | Ralston Valley 141 4.0 1975 2005 30 1.00 4.0 4.0
29999 Red Rock 26 2004 2007 4 1.00 26 26
RED ROCK WC* Valley 99
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Appendix 13 cont.

WEIGHT
NUMBER | BASEDON | . _ | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
Numper | STATIONNAME | BASINNAME |\ viger | NIWR (ft) YEAR END YEAR IN OF YEARS :I';;:‘"(Ff'; ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
260438 | ARTHUR4NW* | Ruby Valley 176 23 1971 2007 30 0.50 11
267123 RUBY LAKE* Ruby Valley 176 2.8 1975 2007 30 0.50 1.4 25
261905 CONTACT* Salmon Falls 40 26 1956 1998 30 0.45 12
Creek Area
264016 JACKPOT* Salmon Falls 40 25 1987 2004 15 0.23 0.6
Creek Area
267284 | sANJACINTO* | S2imon Falls 40 2.6 1905 1947 21 0.32 0.8 2.6
Creek Area
San Emidio
262662 EMPIRE* 2 35 1951 1976 6 0.18 0.6
Desert
263090 GERLACH* SEIEDIE 2 3.1 1963 2006 27 0.82 26 3.2
Desert
267319 | SARCOBATUS* Sarchl’;’:t“s 146 42 1942 1961 14 1.00 42 42
267609 SMITH 1 N* Smith Valley 107 3.0 1938 1966 23 0.32 1.0
267612 SMITH 6 N* Smith Valley 107 3.1 1974 2007 23 0.32 1.0
268977 WELLF'{':*GTON Smith Valley 107 3.0 1943 1972 27 0.37 11 3.1
San Emidio
263090 GERLACH* 22 3.1 1963 2006 27 0.38 1.2
Desert
267261 SAND PASS* smoke Creek 21 35 1930 1970 30 0.42 15
Desert
267618 | SMOKECREEK | Smoke Creek 21 36 1988 2004 14 0.20 07 3.4
ESPIL* Desert
265168 MINA* S°‘i/aaﬁ£’;'”g 121A 3.9 1978 2007 30 1.00 3.9 3.9
South Fork
263940 I-L RCH* Owyhee River 35 18 1963 1967 3 1.00 18 18
Area
267450 SHOSSS NES | spring valley 184 3.0 1989 2007 17 1.00 3.0 3.0
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Appendix 13 cont.

WEIGHT
NUMBER | BASEDON | . _ | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
Numper | STATIONNAME | BASINNAME |\ viger | NIWR (ft) YEAR END YEAR IN OF YEARS Sll;;//:zl(':fi\) ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
SPRING VALLEY
267750 o Spring Valley 201 3.0 1975 2006 24 1.00 3.0 3.0
267397 | SEVENTY ONE Starr Valley 43 2.4 1940 1945 4 1.00 2.4 2.4
RCH* Area
262096 CURRIE HWY Steptoe 179 28 1962 1989 10 0.11 03
STN* Valley
ELY YELLAND Steptoe
262631 FLD At Valloy 179 28 1976 2005 30 0.33 0.9
264341 LAGES* Steptoe 179 3.0 1984 2006 21 0.23 0.7
Valley
264950 MCGILL* S\t/Z'i’I:;e 179 29 1977 2007 30 0.33 0.9 2.9
Thousand
269122 WILKINS* ' 189A 22 1949 1964 16 1.00 22 22
Springs Valley
265352 | MONTELLO2 Thousand 189D 29 1971 2007 30 1.00 29 29
SE* Springs Valley
262840 FERNLEY* Fernley Area 76 35 1908 1974 21 0.44 15
268838 WADS\,’\IV? RTHA 1 Dodge Flat 82 3.5 1975 2002 21 0.44 15
Tracy
268834 | WADSWORTH* 83 36 1902 1947 6 0.13 0.5 3.5
Segment
RENO TAHOE Truckee
266779 INTL AR* Mondor 87 35 1978 2007 30 0.68 2.4
266791 RENO WFO* Truckee 87 33 1997 2007 10 0.23 0.8
Meadows
UNIV OF Truckee
268500 | NEVADA EXP 87 3.4 1949 1954 4 0.09 03 3.4
Meadows
FM*
260507 AUSTIN #2* Upper Reese 56 27 1972 2007 30 0.43 1.2
River Valley
CENTRAL Upper Reese
261630 | NEVADAFLD PP 56 27 1966 1985 13 0.19 0.5
LAB* River Valley
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Appendix 13 cont.

WEIGHT
NUMBER | BASEDON | . . | WEIGHTED
STATION BASIN ALFALFA START OF YEARS | NUMBER AVERAGE
E| B E END YE
Numeer | STATION NAM ASIN NAM NUMBER | NIWR (ft) YEAR ND YEAR IN OF YEARS 3:;;//:(':;\) ALFALFA
AVERAGE | USEDIN NIWR (ft)
AVERAGE
266746 | REESERIVER* | UPPerReese 56 25 1973 2006 26 0.38 0.9 26
River Valley

261327 | BUNKERVILLE* V'rf/;n”z;ver 222 43 1980 2007 6 0.32 14

265085 MESQUITE* V'r\g/;n”:/"er 222 4.4 1942 2006 13 0.68 3.0 4.4
262394 | DUFURRENA* | Virgin Valley 4 2.8 1965 2004 30 1.00 28 28
267358 SCHURZ* Wa\'/k:”re;ake 110A 3.5 1920 1955 30 1.00 3.5 3.5
263512 | HAWTHORNE* Wa\'/?”re;ake 110C 39 1955 2007 13 0.19 0.8

263515 | MAWTHORNE | Walker Lake 110C 3.8 1947 1990 30 0.45 17

AP* Valley
268034 THORNE* Wa\'/kae”re:/ake 110C 3.8 1915 1950 24 0.36 14 3.8
39999 WASHOE Washoe 3.7 2004 2008 5 1.00 3.7 3.7
VALLEY WC* Valley 89
264745 LUND* White River 207 3.1 1977 2007 30 0.50 16
Valley

267908 SUNNYSIDE* Wh\}:lz;"er 207 33 1973 2007 30 0.50 17 3.2
265105 MIDAS 4 SE* w|||\c/>;/\|/|ec;eek 63 24 1962 1967 4 1.00 2.4 24
269168 W'NNEZM*UCCA Grass Valley 71 3.3 2000 2007 6 0.09 03

263245 | GOLCONDA* | \Winnemucca 70 3.4 1970 2005 30 0.45 16

Segment
WINNEMUCCA Winnemucca
269171 MU AP~ S 70 3.4 1978 2007 30 0.45 15 3.4
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Appendix 14. Mean annual reference (ET,s) and actual crop evapotranspiration (ET,) of alfalfa, grass hay, pasture grass, turf grass,
and small shallow open water bodies for all HAs. Values of the ETosand ET, for each HA were either assigned for HAs with
single stations, computed using a valid period of record weighted average for HAs with multiple stations, or estimated from spatial
interpolation for HAs with no stations. * indicates that the ETos and ET, Was estimated using spatial interpolation.

HIGHLY Low TURE SHALLOW

BASIN NAWE nowpen | BaswResion | NCRORE | B | Pasture | emsture | enetm | SMASS | waren

GRASS ET,c. (ft) | GRASS ET,q, (ft) BT (ft) | g, ()
Adobe Valley* 115 Central Region 5.0 4.3 4.1 3.3 3.9 4.0 5.2
Alkali Spring Valley* 142 Central Region 5.2 4.5 4.4 3.6 4.2 4.4 5.5
Alkali Valley* 111A Central Region 4.7 4.1 3.9 3.1 3.7 3.9 4.9
Alkali Valley* 111B Central Region 4.7 4.1 3.9 3.1 3.7 3.9 49
Amargosa Desert 230 Death Valley Basin 5.8 5.6 4.8 3.9 3.7 5.6 6.1
Antelope Valley 57 Humboldt River Basin 4.4 3.6 3.6 3.0 3.5 3.5 4.6
Antelope Valley 106 Walker River Basin 4.6 3.8 3.7 3.0 3.6 3.6 4.8
Antelope Valley* 186B Central Region 4.1 3.2 3.1 2.5 2.9 2.9 4.3
Antelope Valley* 186A Central Region 4.2 3.3 3.2 2.6 3.1 3.0 4.4
Antelope Valley* 93 Western Region 4.3 3.7 3.6 2.9 3.5 3.5 4.5
Antelope Valley* 151 Central Region 4.4 3.3 3.3 2.7 3.1 3.0 4.6
Bedell Flat* 94 Western Region 4.1 3.4 3.3 2.7 3.2 3.1 4.3
Big Smoky Valley 1378 Central Region 4.8 4.1 4.0 3.2 3.9 3.7 5.1
Big Smoky Valley 137A Central Region 4.8 3.9 3.8 3.0 3.8 3.5 5.0
Black Moutains Area 215 Colorado River Basin 5.5 5.1 4.4 3.5 2.8 5.1 5.7
Black Rock Desert 28 Black Rock Desert Region 4.3 3.8 3.7 3.1 3.7 3.7 4.5
Boulder Flat* 61 Humboldt River Basin 4.2 3.5 34 2.8 33 33 4.4
Boulder Valley* 15 Northwest Region 4.3 3.8 3.7 3.0 3.6 3.6 4.6
Bradys Hot Springs Area* 75 West Central Region 4.5 3.9 3.8 3.1 3.6 3.7 4.8
Bruneau River Area 38 Snake River Basin 4.1 2.3 2.0 1.7 1.7 1.8 4.3
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Appendix 14 cont.

HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Buena Vista Valley* 129 Central Region 4.6 4.1 3.9 3.3 3.8 3.9 4.8
Buffalo Valley 131 Central Region 4.0 3.7 3.5 2.9 3.3 3.5 4.2
Butte Valley* 178A Central Region 4.3 33 3.1 2.6 3.0 2.9 4.5
Butte Valley* 178B Central Region 4.3 3.4 3.3 2.7 3.1 3.1 4.5
Cactus Flat* 148 Central Region 5.0 4.3 4.2 3.4 4.0 4.2 5.3
California Wash* 218 Colorado River Basin 5.5 5.2 4.5 3.7 33 5.3 5.7
Carico Lake Valley* 55 Humboldt River Basin 4.3 3.6 3.5 2.9 34 3.4 4.5
Carson Desert 101 Carson River Basin 4.2 3.7 3.6 2.9 3.5 3.6 4.4
Carson Desert* 101A Carson River Basin 4.6 4.1 4.0 3.3 3.8 3.9 4.8
Carson Valley 105 Carson River Basin 4.3 3.6 3.5 2.9 33 3.4 4.5
Cave Valley* 180 Central Region 4.6 3.9 3.7 3.0 3.5 3.5 4.8
Churchill Valley 102 Carson River Basin 4.2 3.7 3.6 2.9 3.5 3.6 4.4
Clayton Valley 143 Central Region 5.5 4.7 4.6 3.8 4.2 4.7 5.7
Clover Valley 177 Central Region 4.0 3.3 3.3 2.7 3.1 3.1 4.2
Clover Valley 204 Colorado River Basin 4.9 4.5 4.2 3.5 3.9 4.1 5.2
Clovers Area 64 Humboldt River Basin 4.4 3.8 3.8 3.1 3.6 3.7 4.7
Coal Valley* 171 Central Region 5.0 4.4 4.2 3.4 4.0 4.2 5.2
Cold Spring Valley* 100 Western Region 4.2 3.7 3.6 3.0 3.5 3.6 4.4
Cold Spring Valley* 100A Western Region 4.2 3.6 3.4 2.8 3.4 3.4 4.4
Coleman Valley* 11 Northwest Region 4.3 3.7 3.6 2.9 3.4 3.4 4.5
Colorado Valley 213 Colorado River Basin 6.5 6.2 5.3 4.3 3.7 6.1 6.9
Columbus Salt Marsh Valley 118 Central Region 5.5 4.7 4.4 3.6 4.3 4.3 5.8
Continental Lake Valley* 2 Northwest Region 4.3 3.6 3.5 2.9 3.4 3.4 4.5
Cowkick Valley 126 Central Region 4.8 3.8 3.5 2.9 34 3.3 5.0
Coyote spring Valley* 210 Colorado River Basin 5.4 5.1 4.5 3.6 3.7 5.0 5.7
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Appendix 14 cont.

HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Crater Flat* 229 Death Valley Basin 5.6 5.2 4.6 3.7 4.0 5.1 5.9
Crescent Valley 54 Humboldt River Basin 4.2 3.6 3.6 3.0 3.4 3.4 4.4
Dayton Valley* 103 Carson River Basin 4.4 3.8 3.7 3.0 3.5 3.6 4.6
Deep Creek Valley* 193 Great Salt Lake Basin 4.2 3.3 3.2 2.6 3.1 3.0 4.4
Delamar Valley* 182 Central Region 5.1 4.6 4.2 3.4 3.9 4.4 5.4
Desert Valley 31 Black Rock Desert Region 4.3 3.8 3.7 3.0 35 3.6 4.5
Diamond Valley 153 Central Region 4.1 3.2 3.1 2.5 3.0 2.9 4.3
Dixie Creek-Tenmile Creek Area 48 Humboldt River Basin 43 34 33 2.7 3.0 31 4.5
Dixie Valley 128 Central Region 4.7 4.2 4.1 3.4 4.0 4.1 4.9
Dodge Flat 82 Truckee River Basin 4.6 3.9 3.8 3.1 3.7 3.7 4.8
Dry Lake Valley* 181 Central Region 4.9 4.3 4.1 3.3 3.8 4.0 5.1
Dry Valley* 19 Black Rock Desert Region 4.5 4.0 3.9 3.2 3.8 3.9 4.7
Dry Valley* 95 Western Region 4.1 3.4 3.2 2.6 3.2 3.1 4.3
Dry Valley* 198 Colorado River Basin 4.9 4.2 4.0 3.3 3.8 3.9 5.2
Duck Lake Valley* 16 Northwest Region 4.4 3.9 3.8 3.1 3.7 3.7 4.6
Eagle Valley 104 Carson River Basin 4.3 3.8 3.6 3.0 3.5 3.6 4.6
Eagle Valley* 200 Colorado River Basin 4.9 3.8 3.6 2.9 34 33 5.1
East Walker Area* 109 Walker River Basin 4.6 3.9 3.8 3.1 3.6 3.8 4.8
Eastgate Valley Area 127 Central Region 4.5 3.9 3.9 3.2 3.9 3.8 4.8
Edwards Creek Valley* 133 Central Region 4.5 3.7 3.6 2.9 3.5 3.4 4.7
Eldorado Valley 167 Central Region 5.4 5.1 4.3 3.5 3.1 5.0 5.7
Elko Segment 49 Humboldt River Basin 4.0 33 3.2 2.7 3.1 3.0 4.2
Emigrant Valley* 158A Central Region 5.3 4.7 4.4 3.6 4.1 4.5 5.5
Emigrant Valley* 158B Central Region 5.5 5.0 4.5 3.7 4.1 4.8 5.8
Escalante Desert* 197 Escalante Desert 4.9 4.3 4.0 33 3.8 4.0 5.2
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Appendix 14 cont.

HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Fairview Valley* 124 Central Region 4.6 3.8 3.6 3.0 3.5 3.5 4.8
Fernley Area 76 West Central Region 4.6 3.9 3.8 3.1 3.7 3.7 4.8
Fireball Valley* 77 West Central Region 4.6 4.0 3.8 3.1 3.7 3.7 4.8
Fish Lake Valley 117 Central Region 5.5 4.6 4.4 3.6 4.3 4.3 5.8
Fortymile Canyon* 2278 Death Valley Basin 5.4 4.9 4.5 3.6 4.0 4.8 5.7
Fortymile Canyon* 227A Death Valley Basin 5.6 5.3 4.6 3.8 4.0 5.2 5.9
Frenchman Flat* 160 Central Region 5.7 5.3 4.7 3.8 4.1 5.2 6.0
Gabbs Valley* 122 Central Region 4.7 4.0 3.8 3.0 3.6 3.7 49
Garden Valley* 172 Central Region 4.9 4.2 4.1 3.4 4.0 4.1 5.1
Garfield Flat* 120 Central Region 4.8 4.3 4.0 3.2 3.9 4.0 5.1
Garnet Valley* 216 Colorado River Basin 5.9 5.6 4.9 4.0 3.6 5.6 6.2
Gold Butte Area* 223 Colorado River Basin 5.4 5.1 4.4 3.5 3.1 5.1 5.6
Gold Flat* 147 Central Region 5.2 4.5 4.3 3.5 4.0 4.4 5.4
Goose Creek Area* 41 Snake River Basin 4.1 3.2 31 2.6 3.0 2.9 4.3
Goshute Valley 187 Central Region 4.2 3.4 3.2 2.6 3.1 2.9 4.5
Granite Basin* 23 Black Rock Desert Region 4.3 3.8 3.8 3.1 3.7 3.7 4.5
Granite Springs Valley* 78 West Central Region 4.6 4.0 3.9 3.2 3.8 3.8 4.8
Grapevine Canyon* 231 Death Valley Basin 5.4 4.7 4.4 3.5 4.0 4.6 5.6
Grass Valley 71 Humboldt River Basin 4.6 3.9 3.8 3.1 3.6 3.6 4.9
Grass Valley 138 Central Region 4.2 3.5 3.4 2.8 33 3.3 4.4
Greasewood Basin* 224 Colorado River Basin 5.3 5.1 4.4 3.6 3.1 5.1 5.6
Great Salt Lake Desert 192 Great Salt Lake Basin 3.6 2.9 2.9 2.3 2.7 2.7 3.7
Gridley Lake Valley* 3 Northwest Region 4.3 3.7 3.6 2.9 3.5 3.5 4.5
Grouse Creek Valley* 190 Great Salt Lake Basin 4.2 3.3 3.2 2.6 3.0 3.0 4.4
Guano Valley* 6 Northwest Region 4.3 3.6 3.5 2.8 33 3.3 4.5
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Appendix 14 cont.

HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Hamlin Valley* 196 Great Salt Lake Basin 4.6 3.8 3.7 3.0 3.5 3.5 4.9
Hardscrabble Area* 68 Humboldt River Basin 4.4 3.7 3.6 2.9 34 34 4.7
Hidden Valley* 217 Colorado River Basin 5.9 5.6 4.9 3.9 3.6 5.6 6.2
Hidden Valley* 166 Central Region 5.9 5.7 4.9 4.0 3.6 5.6 6.2
High Rock Lake Valley* 25 Black Rock Desert Region 4.3 3.8 3.7 3.0 3.6 3.6 4.5
Honey Lake Valley* 97 Western Region 4.4 3.8 3.7 3.0 3.6 3.6 4.6
Hot Creek 156 Central Region 4.7 3.9 3.9 3.2 3.8 3.7 4.9
Hualapai Flat* 24 Black Rock Desert Region 4.3 3.9 3.8 3.1 3.7 3.7 4.6
Huntington Valley 47 Humboldt River Basin 4.0 3.2 3.0 2.5 2.8 2.8 4.2
Huntoon Valley* 113 Central Region 4.9 4.2 4.0 3.2 3.8 4.0 5.1
Imlay Area 72 Humboldt River Basin 4.7 4.1 4.0 3.3 3.9 3.9 4.9
Independence Valley 36 Snake River Basin 3.7 3.0 2.8 2.3 2.6 2.6 3.9
Independence Valley* 188 Central Region 4.1 3.2 3.1 2.5 3.0 2.9 4.3
Indian Springs Valley 161 Central Region 6.0 5.4 4.9 4.0 4.2 5.3 6.3
lone Valley* 135 Central Region 4.7 3.8 3.6 2.9 3.5 3.5 4.9
Ivanpah Valley 164A Central Region 5.9 5.7 4.9 4.0 4.1 5.6 6.2
Ivanpah Valley* 164B Central Region 5.9 5.7 4.9 4.0 3.7 5.7 6.2
Jakes Valley 174 Central Region 4.3 3.2 3.1 2.5 2.9 2.8 4.5
Jarbidge River Area 39 Snake River Basin 3.9 3.3 3.0 2.5 2.9 2.8 4.1
Jean Lake Valley* 165 Central Region 5.9 5.7 49 4.0 3.7 5.6 6.2
Jersey Valley* 132 Central Region 4.4 4.0 3.9 3.2 3.7 3.8 4.7
Kane Springs Valley* 206 Colorado River Basin 5.0 4.7 4.1 3.4 3.7 4.5 5.3
Kawich Valley* 157 Central Region 5.1 4.5 4.3 3.5 4.1 4.4 5.4
Kelley Creek Area* 66 Humboldt River Basin 4.4 3.7 3.6 3.0 34 3.4 4.7
Kings River Valley* 30A Black Rock Desert Region 4.3 3.7 3.6 3.0 3.5 3.5 4.6
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Appendix 14 cont.

HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Kings River Valley* 30B Black Rock Desert Region 4.4 3.8 3.7 3.0 3.5 3.6 4.6
Kobeh Valley* 139 Central Region 4.2 3.4 33 2.7 3.1 3.1 4.4
Kumiva Valley* 79 West Central Region 4.4 3.9 3.9 3.2 3.7 3.8 4.7
Lake Tahoe Basin 90 Truckee River Basin 3.6 2.9 2.7 2.2 2.6 2.6 3.7
Lake Valley 183 Central Region 4.5 3.6 3.4 2.8 33 3.2 4.7
Lamoille Valley 45 Humboldt River Basin 3.9 3.0 2.8 2.3 2.7 2.6 4.1
Las Vegas Valley 212 Colorado River Basin 6.2 6.0 5.2 4.2 3.9 6.0 6.5
Lemmon Valley 92B Western Region 4.2 3.7 3.6 3.0 3.5 3.6 4.4
Lemmon Valley* 92A Western Region 4.2 3.7 3.6 3.0 3.5 3.6 4.4
Lida Valley* 144 Central Region 5.3 4.6 4.4 3.5 4.1 4.4 5.6
Little Fish Lake Valley* 150 Central Region 4.6 3.7 3.7 3.0 3.5 3.5 4.8
Little Humboldt Valley* 67 Humboldt River Basin 4.4 3.5 3.4 2.8 3.2 3.2 4.6
Little Owyhee River Area* 34 Snake River Basin 4.2 3.3 3.1 2.6 3.0 2.9 4.4
Little Smoky Valley 155A Central Region 4.5 3.1 3.1 2.5 2.9 2.9 4.8
Little Smoky Valley* 155C Central Region 4.6 3.9 3.8 3.1 3.7 3.7 4.9
Little Smoky Valley* 155B Central Region 4.6 3.8 3.7 3.0 3.6 3.5 4.8
Long Valley* 9 Northwest Region 4.3 3.7 3.6 3.0 3.5 3.5 4.5
Long Valley* 175 Central Region 4.3 3.4 3.2 2.7 3.1 3.0 4.5
Lovelock Valley 73 Humboldt River Basin 4.7 4.1 4.1 3.4 4.0 4.0 4.9
Lovelock Valley* 73A Humboldt River Basin 4.7 4.2 4.0 3.3 3.9 3.9 4.9
Lower Meadow Valley Wash 205 Colorado River Basin 5.0 4.7 4.2 3.4 3.4 4.8 5.3
Lower Moapa Valley 220 Colorado River Basin 5.1 4.9 4.3 3.5 3.2 5.0 5.4
Lower Reese River Valley 59 Humboldt River Basin 4.4 3.8 3.8 3.1 3.6 3.7 4.7
Macy Flat* 10 Northwest Region 4.3 3.6 3.5 2.9 34 3.4 4.5
Maggie Creek Area* 51 Humboldt River Basin 4.0 3.2 3.0 2.5 2.9 2.8 4.2
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HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Marys Creek Area* 52 Humboldt River Basin 4.2 3.5 3.3 2.8 3.2 3.2 4.4
Marys River Area 42 Humboldt River Basin 3.9 3.1 3.0 2.5 2.9 2.8 4.1
Mason Valley 108 Walker River Basin 4.1 3.5 3.4 2.8 33 3.4 4.4
Massacre Lake Valley* 8 Northwest Region 4.3 3.7 3.6 2.9 3.5 3.5 4.5
Mercury Valley* 225 Death Valley Basin 5.9 5.5 4.9 4.0 4.0 5.5 6.2
Mesquite Valley* 163 Central Region 5.9 5.7 49 4.0 3.9 5.7 6.2
Middle Reese River Valley* 58 Humboldt River Basin 4.3 3.8 3.7 3.0 3.5 3.6 4.6
Monitor Valley* 140A Central Region 4.4 3.5 3.4 2.8 33 3.2 4.7
Monitor Valley* 140B Central Region 4.7 3.8 3.7 3.0 3.6 3.5 4.9
Mono Valley* 112 Central Region 4.8 4.1 3.9 3.2 3.8 3.9 5.0
Monte Cristo Valley* 136 Central Region 5.0 4.3 4.1 3.3 4.0 4.1 5.3
Mosquito Valley* 12 Northwest Region 4.3 3.7 3.6 2.9 3.5 3.5 4.5
Mud Meadow* 26 Black Rock Desert Region 4.3 3.7 3.7 3.0 3.6 3.6 4.5
Muddy River Springs Area* 219 Colorado River Basin 5.4 5.1 4.4 3.6 34 5.1 5.6
Newark Valley* 154 Central Region 4.3 33 3.2 2.7 3.1 3.0 4.5
Newcomb Lake Valley* 96 Western Region 4.2 3.5 3.4 2.8 3.3 3.2 4.4
North Fork Area 44 Humboldt River Basin 4.0 31 2.8 23 2.7 2.6 4.2
Oasis Valley 228 Death Valley Basin 5.5 5.1 4.5 3.6 4.1 5.0 5.7
Oriental Wash* 232 Death Valley Basin 5.3 4.6 4.4 3.5 4.1 4.5 5.6
Owyhee River Area 37 Snake River Basin 4.0 2.9 2.7 2.2 2.5 2.4 4.2
Pahranagat Valley 209 Colorado River Basin 5.3 4.8 4.4 3.5 3.9 4.6 5.6
Pahroc Valley* 208 Colorado River Basin 4.9 4.4 4.1 3.4 3.9 4.1 5.2
Pahrump Valley 162 Central Region 5.7 5.4 4.8 4.0 4.1 5.5 6.0
Painter Flat* 18 Black Rock Desert Region 4.5 4.0 3.9 3.2 3.8 3.8 4.7
Panaca Valley 203 Colorado River Basin 4.9 4.5 4.2 3.5 4.0 4.1 5.2
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HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Paradise Valley 69 Humboldt River Basin 4.6 3.8 3.6 3.0 3.5 3.4 4.8
Patterson Valley* 202 Colorado River Basin 4.9 4.1 3.9 3.2 3.7 3.7 5.1
Penoyer Valley 170 Central Region 5.1 4.4 4.4 3.6 4.2 4.3 5.4
Pilgrim Flat* 17 Black Rock Desert Region 4.4 3.9 3.8 3.2 3.7 3.8 4.7
Pilot Creek Valley 191 Great Salt Lake Basin 4.2 3.4 33 2.7 3.1 3.1 4.4
Pine Forest Valley* 29 Black Rock Desert Region 4.3 3.8 3.7 3.0 3.5 3.5 4.5
Pine Valley 53 Humboldt River Basin 4.4 3.2 3.1 2.5 2.9 2.9 4.6
Piute Valley* 214 Colorado River Basin 6.1 5.8 5.0 4.0 3.6 5.8 6.4
Pleasant Valley 130 Central Region 4.6 4.2 4.1 3.4 3.9 4.0 4.9
Pleasant Valley* 194 Great Salt Lake Basin 4.3 3.4 33 2.7 3.2 3.1 4.5
Pleasant Valley* 88 Truckee River Basin 4.7 4.1 3.9 3.2 3.8 3.8 5.0
Pueblo Valley 1 Northwest Region 4.3 3.7 3.6 3.0 3.5 3.5 4.5
Pumpernickel Valley* 65 Humboldt River Basin 4.5 3.9 3.8 3.1 3.6 3.7 4.7
Pyramid Lake Valley 81 Truckee River Basin 4.8 4.1 4.0 3.2 3.8 3.9 5.0
Queen Valley* 116 Central Region 5.1 4.4 4.2 3.4 4.0 4.1 5.4
Quinn River Valley 33B Black Rock Desert Region 4.3 3.4 3.2 2.7 2.9 3.0 4.5
Quinn River Valley 33A Black Rock Desert Region 4.4 3.9 3.8 3.1 3.6 3.6 4.6
Railroad Valley 173B Central Region 4.6 4.1 4.1 3.3 3.9 4.0 4.9
Railroad Valley 173A Central Region 4.8 4.2 4.1 3.4 4.0 4.1 5.0
Ralston Valley 141 Central Region 5.1 4.4 4.3 3.6 4.3 4.3 5.3
Rawhide Flats* 123 Central Region 4.4 3.8 3.7 3.0 3.6 3.7 4.7
Red Rock Valley 99 Western Region 4.0 3.1 2.9 24 2.9 2.7 4.2
Rhodes Salt Marsh Valley* 119 Central Region 5.0 4.4 4.1 3.3 4.0 4.1 5.3
Rock Creek Valley* 62 Humboldt River Basin 4.3 3.4 3.3 2.7 3.1 3.1 4.5
Rock Valley* 226 Death Valley Basin 5.8 5.4 4.8 3.9 3.9 5.4 6.1
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Appendix 14 cont.

HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Rose Valley* 199 Colorado River Basin 4.9 4.0 3.8 3.1 3.6 3.6 5.2
Ruby Valley 176 Central Region 4.0 3.3 3.2 2.6 3.1 3.0 4.2
Sage Hen Valley* 5 Northwest Region 4.3 3.4 33 2.7 3.2 3.1 4.6
Salmon Falls Creek Area 40 Snake River Basin 4.1 33 3.1 2.6 3.0 2.9 4.3
San Emidio Desert 22 Black Rock Desert Region 4.2 3.8 3.7 3.1 3.6 3.7 4.4
Sano Valley* 20 Black Rock Desert Region 4.5 4.0 3.9 3.2 3.8 3.8 4.7
Sarcobatus Flat 146 Central Region 5.3 4.4 4.3 3.4 3.9 4.3 5.5
Silver State Valley* 32 Black Rock Desert Region 4.5 3.9 3.8 3.1 3.6 3.6 4.7
Skedaddle Creek Valley* 98 Western Region 4.5 4.0 3.9 3.2 3.8 3.8 4.7
Smith Creek* 134 Central Region 4.5 3.5 33 2.7 3.2 3.2 4.7
Smith Valley 107 Walker River Basin 4.3 3.6 3.5 2.9 3.4 3.5 4.5
Smoke Creek Desert 21 Black Rock Desert Region 4.4 4.0 3.9 3.2 3.8 3.8 4.6
Snake Valley* 195 Great Salt Lake Basin 4.4 3.6 3.5 2.9 3.4 3.3 4.7
Soda Spring Valley 121A Central Region 4.9 4.3 4.1 3.3 3.9 4.1 5.1
Soda Spring Valley* 121B Central Region 4.7 4.1 3.9 3.2 3.8 3.9 5.0
South Fork Area* 46 Humboldt River Basin 4.1 33 3.1 2.5 2.9 2.9 4.3
South Fork Owyhee River Area 35 Snake River Basin 4.2 3.0 2.9 24 2.8 2.7 4.4
Spanish Springs Valley* 85 Truckee River Basin 4.4 3.9 3.7 3.1 3.6 3.7 4.6
Spring Valley 184 Central Region 4.5 3.7 3.6 3.0 3.5 3.5 4.7
Spring Valley 201 Colorado River Basin 4.9 3.6 3.5 2.8 33 3.2 5.1
Starr Valley Area 43 Humboldt River Basin 4.1 3.3 2.9 2.4 2.8 2.7 4.3
Steptoe Valley 179 Central Region 4.4 3.5 3.4 2.8 3.2 3.2 4.6
Stevens Basin* 152 Central Region 4.3 3.2 3.2 2.6 3.0 3.0 4.5
Stingaree Valley* 125 Central Region 4.7 3.8 3.6 2.9 3.5 3.4 4.9
Stone Cabin Valley* 149 Central Region 4.9 4.1 4.1 3.3 3.9 3.9 5.1
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Appendix 14 cont.

HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Stonewall Flat* 145 Central Region 5.2 4.5 4.3 3.5 4.1 4.4 5.5
Summit Lake Valley* 27 Black Rock Desert Region 4.3 3.7 3.6 3.0 3.5 3.5 4.5
Sun Valley* 86 Truckee River Basin 4.2 3.9 3.7 3.0 3.6 3.8 4.5
Surprise Valley* 14 Northwest Region 4.3 3.8 3.7 3.0 3.6 3.6 4.6
Susie Creek Area* 50 Humboldt River Basin 4.0 33 31 2.6 3.0 2.9 4.2
Swan Lake Valley* 7 Northwest Region 4.3 3.6 3.5 2.9 3.4 3.3 4.5
Teels Marsh Valley* 114 Central Region 5.0 4.3 4.1 3.3 3.9 4.1 5.2
Thousand Springs Valley 189D Great Salt Lake Basin 4.4 3.5 3.4 2.7 3.2 3.1 4.6
Thousand Springs Valley 189A Great Salt Lake Basin 4.3 2.9 2.8 2.3 2.7 2.5 4.5
Thousand Springs Valley* 189B Great Salt Lake Basin 4.2 3.2 3.1 2.5 2.9 2.8 4.4
Thousand Springs Valley* 189C Great Salt Lake Basin 4.2 3.3 3.1 2.6 3.0 2.9 4.4
Three Lakes Valley* 168 Central Region 5.7 5.3 4.7 3.8 4.0 5.2 6.0
Three Lakes Valley* 211 Colorado River Basin 6.0 5.6 5.0 4.0 4.0 5.5 6.3
Tikapoo Valley* 169A Central Region 5.2 4.6 4.3 3.5 4.0 4.4 5.5
Tikapoo Valley* 169B Central Region 5.5 5.0 4.5 3.7 3.9 4.9 5.7
Tippett Valley* 185 Central Region 4.3 3.4 3.3 2.7 3.2 3.1 4.5
Tracy Segment 83 Truckee River Basin 4.6 3.9 3.8 3.1 3.7 3.7 4.8
Truckee Canyon Segment* 91 Truckee River Basin 4.4 3.9 3.7 3.0 3.6 3.7 4.6
Truckee Meadows 87 Truckee River Basin 4.4 3.9 3.8 3.1 3.7 3.8 4.6
Tule Desert* 221 Colorado River Basin 5.0 4.7 4.1 34 35 4.6 5.3
Upper Reese River Valley 56 Humboldt River Basin 4.2 3.2 3.0 2.5 2.9 2.8 4.5
Virgin River Valley 222 Colorado River Basin 5.1 4.9 4.3 3.5 3.2 4.9 5.4
Virgin Valley 4 Northwest Region 4.4 3.3 3.1 2.6 3.0 2.9 4.6
Walker Lake Valley 110A Walker River Basin 4.6 3.9 3.9 3.2 3.8 3.9 4.9
Walker Lake Valley 110C Walker River Basin 4.7 4.1 3.9 3.2 3.8 3.9 4.9
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Appendix 14 cont.

HIGHLY LOW TURF SHALLOW
GRASS ET, (ft) | GRASS ET. (ft) ETact (ft) E.c: (ft)

Walker Lake Valley* 1108 Walker River Basin 4.6 4.0 3.9 3.1 3.7 3.9 49
Warm Springs Valley* 84 Truckee River Basin 4.4 3.8 3.6 3.0 3.5 3.6 4.6
Warner Valley* 13 Northwest Region 4.3 3.7 3.6 2.9 3.5 3.5 4.5
Washoe Valley 89 Truckee River Basin 5.2 4.4 4.2 3.4 4.0 3.9 5.5
Whirlwind Valley* 60 Humboldt River Basin 4.3 3.7 3.6 3.0 3.5 3.5 4.5
White Plains* 74 Humboldt River Basin 4.5 4.0 3.9 3.2 3.7 3.8 4.8
White River Valley 207 Colorado River Basin 4.6 4.0 3.8 3.2 3.7 3.6 4.9
Willow Creek Valley 63 Humboldt River Basin 4.4 3.1 3.1 2.6 2.9 2.9 4.7
Winnemucca Lake Valley* 80 Truckee River Basin 4.5 3.9 3.8 3.1 3.7 3.7 4.7
Winnemucca Segment 70 Humboldt River Basin 4.6 4.0 3.8 3.2 3.7 3.7 4.8
Yucca Flat* 159 Central Region 5.5 4.9 4.5 3.7 4.1 4.8 5.7
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Appendix 15. Mean annual Net Irrigation Water Requirement (NIWR) of alfalfa, grass hay, pasture grass, turf grass, and small
shallow open water bodies for all HAs. Values of the NIWR for each HA were either assigned for HAs with single stations,
computed using a valid period of record weighted average for HAs with multiple stations, or estimated from spatial interpolation for
HAs with no stations. * indicates that the NIWR was estimated using spatial interpolation.

BASIN ALFALFA MTS:E:D MALNOAngD GRASS TURF SH:II;:;(;W
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) [ NIWR(ft) | 0o (f0)
NIWR (ft) NIWR (ft)

Adobe Valley* 115 Central Region 3.9 3.8 3.0 3.6 3.7 4.8
Alkali Spring Valley* 142 Central Region 4.2 4.0 3.2 3.9 4.0 5.1
Alkali Valley* 111A Central Region 3.7 3.5 2.8 34 3.5 4.5
Alkali Valley* 111B Central Region 3.7 3.5 2.8 3.4 3.5 4.5
Amargosa Desert 230 Death Valley Basin 5.3 4.5 3.6 3.6 5.3 5.8
Antelope Valley 57 Humboldt River Basin 3.0 3.1 2.4 3.0 3.0 3.9
Antelope Valley 106 Walker River Basin 3.3 3.2 2.5 3.1 3.2 4.0
Antelope Valley* 186B Central Region 2.6 2.6 2.0 2.5 2.4 3.6
Antelope Valley* 186A Central Region 2.7 2.7 2.1 2.6 2.5 3.7
Antelope Valley* 93 Western Region 3.1 3.1 2.5 3.0 3.1 3.7
Antelope Valley* 151 Central Region 2.8 2.8 2.2 2.7 2.6 4.0
Bedell Flat* 94 Western Region 2.9 2.9 2.3 2.8 2.8 3.6
Big Smoky Valley 137B Central Region 3.6 3.5 2.8 3.5 3.4 4.5
Big Smoky Valley 137A Central Region 3.7 3.6 2.9 3.6 3.4 4.7
Black Moutains Area 215 Colorado River Basin 4.7 4.0 31 2.7 4.7 5.2
Black Rock Desert 28 Black Rock Desert Region 3.2 3.2 2.6 3.2 3.2 3.8
Boulder Flat* 61 Humboldt River Basin 2.8 2.8 2.2 2.7 2.7 3.6
Boulder Valley* 15 Northwest Region 3.3 3.2 2.6 3.2 3.2 3.9
Bradys Hot Springs Area* 75 West Central Region 3.5 3.4 2.7 3.3 3.3 4.2
Bruneau River Area 38 Snake River Basin 1.6 15 11 1.2 13 3.3
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Appendix 15 cont.

BASIN ALFALFA MTI?:;:D MALI\?I-\\A(IiED GRASS TURF SH:;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Buena Vista Valley* 129 Central Region 3.4 3.4 2.7 3.3 3.3 4.1
Buffalo Valley 131 Central Region 2.8 2.8 2.2 2.7 2.8 3.0
Butte Valley* 178A Central Region 2.6 2.6 2.0 2.5 2.4 3.6
Butte Valley* 178B Central Region 2.8 2.7 2.1 2.6 2.5 3.7
Cactus Flat* 148 Central Region 3.9 3.8 3.1 3.7 3.9 4.8

California Wash* 218 Colorado River Basin 4.8 4.1 3.3 31 4.9 5.3

Carico Lake Valley* 55 Humboldt River Basin 3.0 3.0 2.3 2.8 2.9 3.7

Carson Desert 101 Carson River Basin 3.3 3.2 2.6 3.1 3.3 3.9

Carson Desert* 101A Carson River Basin 35 35 2.8 3.4 34 4.2
Carson Valley 105 Carson River Basin 3.0 3.0 2.4 2.9 3.0 3.7

Cave Valley* 180 Central Region 3.2 3.1 2.4 3.0 2.9 4.0
Churchill Valley 102 Carson River Basin 33 3.2 2.6 3.1 33 3.9
Clayton Valley 143 Central Region 4.4 4.3 3.4 3.9 4.4 5.3
Clover Valley 177 Central Region 2.5 2.6 2.1 2.5 2.5 3.1
Clover Valley 204 Colorado River Basin 3.8 3.7 2.9 3.4 3.6 4.4
Clovers Area 64 Humboldt River Basin 3.2 3.2 2.6 31 3.1 4.0

Coal Valley* 171 Central Region 3.8 3.7 2.9 3.5 3.7 4.6

Cold Spring Valley* 100A Western Region 3.0 3.0 2.4 2.9 3.0 3.6
Cold Spring Valley* 100 Western Region 31 3.1 2.5 3.0 3.1 3.6
Coleman Valley* 11 Northwest Region 3.1 3.1 2.4 3.0 3.0 3.9
Colorado Valley 213 Colorado River Basin 5.8 5.0 3.9 3.6 5.8 6.4
Columbus Salt Marsh Valley 118 Central Region 4.4 4.2 3.3 4.1 4.1 5.4
Continental Lake Valley* 2 Northwest Region 3.0 3.0 2.4 2.9 2.9 3.8
Cowkick Valley 126 Central Region 34 3.2 2.5 3.1 3.0 4.5
Coyote spring Valley* 210 Colorado River Basin 4.6 4.1 3.2 3.4 4.6 5.1
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Appendix 15 cont.

BASIN ALFALFA MTI?:ETED MALI\?I-\\A(IiED GRASS TURF SH:;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Crater Flat* 229 Death Valley Basin 4.8 4.2 3.4 3.8 4.8 5.4
Crescent Valley 54 Humboldt River Basin 2.9 3.0 24 2.9 2.9 3.7
Dayton Valley* 103 Carson River Basin 33 3.2 2.6 3.1 3.2 3.9

Deep Creek Valley* 193 Great Salt Lake Basin 2.7 2.7 2.1 2.6 2.5 3.6
Delamar Valley* 182 Central Region 4.1 3.7 29 3.4 3.9 4.6

Desert Valley 31 Black Rock Desert Region 3.1 3.2 2.5 3.1 3.1 3.8
Diamond Valley 153 Central Region 2.5 2.5 2.0 2.4 2.4 3.5

Dixie Creek-Tenmile Creek Area 48 Humboldt River Basin 2.8 2.7 2.1 2.4 2.6 3.7

Dixie Valley 128 Central Region 3.6 3.5 2.8 3.4 3.6 4.3

Dodge Flat 82 Truckee River Basin 3.5 3.4 2.7 3.3 33 4.3
Dry Lake Valley* 181 Central Region 3.7 3.5 2.7 33 3.5 4.3

Dry Valley* 19 Black Rock Desert Region 3.5 3.5 2.8 3.4 3.5 4.1

Dry Valley* 95 Western Region 2.9 2.9 2.3 2.7 2.7 3.6

Dry Valley* 198 Colorado River Basin 3.5 33 2.6 3.2 3.2 4.2

Duck Lake Valley* 16 Northwest Region 33 3.3 2.6 3.2 33 4.0
Eagle Valley 104 Carson River Basin 3.2 3.1 2.5 3.0 3.1 3.7
Eagle Valley* 200 Colorado River Basin 3.1 3.0 2.4 2.9 2.8 4.1
East Walker Area* 109 Walker River Basin 35 34 2.7 33 34 43
Eastgate Valley Area 127 Central Region 34 3.4 2.7 3.4 34 4.2
Edwards Creek Valley* 133 Central Region 3.2 3.1 2.4 3.0 3.0 4.0
Eldorado Valley 167 Central Region 4.6 3.9 3.1 2.9 4.6 5.1
Elko Segment 49 Humboldt River Basin 2.6 2.6 2.1 2.5 2.5 3.3
Emigrant Valley* 158A Central Region 4.2 4.0 3.2 3.7 4.1 5.0
Emigrant Valley* 158B Central Region 4.6 4.2 3.3 3.8 4.5 53
Escalante Desert* 197 Escalante Desert 3.6 34 2.7 3.2 34 4.3
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Appendix 15 cont.

HIGHLY Low
BASIN ALFALFA MANAGED MANAGED GRASS TURF SH:;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Fairview Valley* 124 Central Region 3.4 3.2 2.6 3.2 3.2 4.3
Fernley Area 76 West Central Region 3.5 3.4 2.7 33 33 4.3
Fireball Valley* 77 West Central Region 3.5 3.4 2.7 3.3 3.4 4.3
Fish Lake Valley 117 Central Region 4.2 4.1 3.2 4.1 4.0 5.4
Fortymile Canyon* 227B Death Valley Basin 4.6 4.1 3.3 3.8 4.5 53
Fortymile Canyon* 227A Death Valley Basin 4.9 4.3 3.4 3.8 4.9 5.5
Frenchman Flat* 160 Central Region 4.9 4.4 3.5 3.9 4.9 5.6
Gabbs Valley* 122 Central Region 3.5 3.4 2.7 3.3 3.3 4.4
Garden Valley* 172 Central Region 3.7 3.6 29 3.5 3.6 4.5
Garfield Flat* 120 Central Region 3.9 3.7 2.9 3.5 3.7 4.7
Garnet Valley* 216 Colorado River Basin 5.2 4.5 3.6 3.4 5.3 5.7
Gold Butte Area* 223 Colorado River Basin 4.7 4.0 3.2 2.9 4.7 5.2
Gold Flat* 147 Central Region 4.1 3.9 3.1 3.7 4.1 5.0
Goose Creek Area* 41 Snake River Basin 2.5 2.5 1.9 2.4 2.3 3.5
Goshute Valley 187 Central Region 2.8 2.7 2.1 2.6 2.5 3.7
Granite Basin* 23 Black Rock Desert Region 33 33 2.6 3.2 3.3 3.9
Granite Springs Valley* 78 West Central Region 3.5 3.5 2.8 3.4 3.4 4.2
Grapevine Canyon* 231 Death Valley Basin 4.4 4.1 3.3 3.8 4.3 5.3
Grass Valley 71 Humboldt River Basin 33 33 2.6 3.2 3.2 4.2
Grass Valley 138 Central Region 2.7 2.8 2.2 2.7 2.7 3.5
Greasewood Basin* 224 Colorado River Basin 4.6 4.0 3.2 2.9 4.7 5.1
Great Salt Lake Desert 192 Great Salt Lake Basin 2.3 2.4 1.9 2.3 2.2 3.1
Gridley Lake Valley* 3 Northwest Region 3.1 3.1 2.4 3.0 3.0 3.8
Grouse Creek Valley* 190 Great Salt Lake Basin 2.7 2.6 2.0 2.5 2.4 3.6
Guano Valley* 6 Northwest Region 3.0 3.0 2.4 2.9 2.9 3.9
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Appendix 15 cont.

BASIN ALFALFA MTI?:ETED MALI\?I-\\A(IiED GRASS TURF SH:;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Hamlin Valley* 196 Great Salt Lake Basin 3.0 3.0 2.4 2.9 2.9 4.0
Hardscrabble Area* 68 Humboldt River Basin 31 3.0 24 2.9 2.9 3.8
Hidden Valley* 217 Colorado River Basin 5.2 4.5 3.6 3.4 5.3 5.8
Hidden Valley* 166 Central Region 5.2 4.5 3.6 3.4 5.3 5.7
High Rock Lake Valley* 25 Black Rock Desert Region 3.2 3.2 2.6 3.2 3.2 3.9
Honey Lake Valley* 97 Western Region 3.3 3.3 2.6 3.2 3.3 4.0
Hot Creek 156 Central Region 34 3.5 2.7 3.4 33 4.4
Hualapai Flat* 24 Black Rock Desert Region 3.3 3.3 2.6 3.3 3.3 3.9
Huntington Valley 47 Humboldt River Basin 2.4 2.4 1.8 2.2 2.2 3.0
Huntoon Valley* 113 Central Region 3.9 3.7 2.9 3.5 3.7 4.7
Imlay Area 72 Humboldt River Basin 3.5 3.4 2.7 33 34 4.2
Independence Valley 36 Snake River Basin 2.2 2.2 1.7 2.1 2.0 2.8
Independence Valley* 188 Central Region 2.5 2.5 2.0 2.4 2.4 3.4
Indian Springs Valley 161 Central Region 5.2 4.7 3.7 4.1 5.0 6.0
lone Valley* 135 Central Region 3.4 3.2 2.6 3.2 3.1 4.4
Ivanpah Valley 164A Central Region 5.2 4.4 3.5 3.7 5.1 5.6
Ivanpah Valley* 164B Central Region 5.3 4.5 3.6 3.5 5.3 5.8
Jakes Valley 174 Central Region 2.7 2.6 2.0 2.5 2.4 3.7
Jarbidge River Area 39 Snake River Basin 2.3 2.3 1.7 2.2 2.1 2.7
Jean Lake Valley* 165 Central Region 5.2 4.5 3.6 3.5 5.3 5.7
Jersey Valley* 132 Central Region 3.3 3.2 2.6 3.1 3.2 3.8
Kane Springs Valley* 206 Colorado River Basin 4.0 3.6 2.8 3.2 4.0 4.4
Kawich Valley* 157 Central Region 4.1 3.9 3.1 3.7 4.0 4.9
Kelley Creek Area* 66 Humboldt River Basin 3.0 3.1 24 2.9 2.9 3.9
Kings River Valley* 30A Black Rock Desert Region 3.1 3.1 2.4 2.9 3.0 3.8
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Appendix 15 cont.

BASIN ALFALFA MTI?:ETED MALI\?I-\\A(IiED GRASS TURF SH:;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Kings River Valley* 30B Black Rock Desert Region 3.1 3.1 2.5 3.0 3.0 3.8
Kobeh Valley* 139 Central Region 2.7 2.7 2.1 2.6 2.6 3.6
Kumiva Valley* 79 West Central Region 3.4 3.4 2.7 3.3 3.4 4.1

Lake Tahoe Basin 90 Truckee River Basin 2.3 23 1.8 2.1 2.2 24
Lake Valley 183 Central Region 3.0 2.9 2.3 2.7 2.7 4.0
Lamoille Valley 45 Humboldt River Basin 2.3 2.3 1.8 2.2 2.1 2.9

Las Vegas Valley 212 Colorado River Basin 5.6 4.8 3.9 3.7 5.7 6.1
Lemmon Valley 92B Western Region 3.1 3.1 2.5 3.0 3.1 3.4
Lemmon Valley* 92A Western Region 3.1 3.1 2.5 3.0 31 3.6

Lida Valley* 144 Central Region 4.3 4.1 3.3 3.8 4.2 5.2

Little Fish Lake Valley* 150 Central Region 3.2 3.2 2.5 3.1 3.1 4.2
Little Humboldt Valley* 67 Humboldt River Basin 2.8 2.8 2.2 2.6 2.6 3.7
Little Owyhee River Area* 34 Snake River Basin 2.5 2.5 2.0 2.4 2.4 3.5

Little Smoky Valley 155A Central Region 2.8 2.8 2.2 2.6 2.6 4.4

Little Smoky Valley* 155C Central Region 33 3.3 2.6 3.2 3.2 4.2

Little Smoky Valley* 155B Central Region 3.2 3.2 2.5 3.1 3.1 4.2

Long Valley* 9 Northwest Region 3.2 3.2 2.5 3.1 3.1 3.9

Long Valley* 175 Central Region 2.7 2.7 2.1 2.6 2.5 3.7
Lovelock Valley 73 Humboldt River Basin 3.7 3.7 3.0 3.6 3.6 4.5
Lovelock Valley* 73A Humboldt River Basin 3.5 3.4 2.8 3.3 3.4 4.2
Lower Meadow Valley Wash 205 Colorado River Basin 4.2 3.7 2.9 3.0 4.3 4.6
Lower Moapa Valley 220 Colorado River Basin 4.5 1.8 1.5 1.4 2.2 2.4
Lower Reese River Valley 59 Humboldt River Basin 3.2 3.2 2.6 3.1 3.1 4.0
Macy Flat* 10 Northwest Region 31 3.1 2.4 3.0 2.9 3.9

Maggie Creek Area* 51 Humboldt River Basin 2.4 2.4 1.9 2.3 2.3 3.3
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BASIN ALFALFA MTI?:ETED MALI\?I-\\A(IiED GRASS TURF SH:;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Marys Creek Area* 52 Humboldt River Basin 2.7 2.7 2.2 2.6 2.6 3.6
Marys River Area 42 Humboldt River Basin 2.4 2.4 1.8 2.3 2.2 3.2
Mason Valley 108 Walker River Basin 3.1 3.0 2.4 2.9 3.0 3.9
Massacre Lake Valley* 8 Northwest Region 3.1 3.1 2.5 3.0 3.0 3.9
Mercury Valley* 225 Death Valley Basin 5.2 4.6 3.6 3.8 5.2 5.8
Mesquite Valley* 163 Central Region 5.3 4.5 3.6 3.7 5.3 5.7
Middle Reese River Valley* 58 Humboldt River Basin 31 3.1 24 2.9 3.0 3.8
Monitor Valley* 140A Central Region 2.9 2.9 2.3 2.8 2.7 4.0
Monitor Valley* 140B Central Region 33 33 2.6 3.2 3.1 4.3
Mono Valley* 112 Central Region 3.8 3.6 2.8 3.5 3.6 4.5
Monte Cristo Valley* 136 Central Region 4.0 3.8 3.0 3.7 3.7 4.9
Mosquito Valley* 12 Northwest Region 31 3.1 2.5 3.0 3.0 3.9
Mud Meadow* 26 Black Rock Desert Region 3.2 3.2 2.6 3.2 3.2 3.9
Muddy River Springs Area* 219 Colorado River Basin 4.7 4.0 3.2 3.1 4.7 5.1
Newark Valley* 154 Central Region 2.7 2.7 2.1 2.6 2.6 3.8
Newcomb Lake Valley* 96 Western Region 3.0 3.0 2.4 2.9 2.9 3.7
North Fork Area 44 Humboldt River Basin 2.2 2.2 1.7 2.1 2.0 3.2
Oasis Valley 228 Death Valley Basin 4.7 4.1 3.3 3.9 4.7 5.3
Oriental Wash* 232 Death Valley Basin 4.3 4.1 3.3 3.8 4.2 5.2
Owyhee River Area 37 Snake River Basin 2.1 2.1 1.6 2.0 1.9 3.1
Pahranagat Valley 209 Colorado River Basin 4.4 4.0 3.1 3.6 4.2 5.0
Pahroc Valley* 208 Colorado River Basin 3.8 3.6 2.8 3.4 3.6 4.4
Pahrump Valley 162 Central Region 5.0 4.4 3.6 3.8 5.1 5.6
Painter Flat* 18 Black Rock Desert Region 3.5 3.4 2.7 3.4 34 4.1
Panaca Valley 203 Colorado River Basin 3.8 3.6 2.9 3.4 3.6 4.4
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Appendix 15 cont.

BASIN ALFALFA MTI?:ETED MALI\?I-\\A(IiED GRASS TURF SH:;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Paradise Valley 69 Humboldt River Basin 3.2 3.2 2.5 3.0 3.0 4.0
Patterson Valley* 202 Colorado River Basin 34 33 2.6 3.1 31 4.2
Penoyer Valley 170 Central Region 3.9 3.9 3.1 3.8 3.8 4.8
Pilgrim Flat* 17 Black Rock Desert Region 34 3.4 2.7 33 34 4.0
Pilot Creek Valley 191 Great Salt Lake Basin 2.9 2.8 2.2 2.7 2.6 3.6
Pine Forest Valley* 29 Black Rock Desert Region 3.1 3.1 2.5 3.0 3.1 3.8
Pine Valley 53 Humboldt River Basin 2.5 2.4 1.9 2.3 2.3 3.8
Piute Valley* 214 Colorado River Basin 5.4 4.6 3.7 3.5 5.4 6.0
Pleasant Valley 130 Central Region 3.5 3.4 2.8 33 34 4.1
Pleasant Valley* 194 Great Salt Lake Basin 2.8 2.8 2.2 2.7 2.6 3.8
Pleasant Valley* 88 Truckee River Basin 3.5 3.5 2.7 33 3.3 4.2
Pueblo Valley 1 Northwest Region 31 3.1 2.5 3.0 3.0 3.7
Pumpernickel Valley* 65 Humboldt River Basin 3.3 3.3 2.6 3.1 3.2 4.0
Pyramid Lake Valley 81 Truckee River Basin 3.6 3.5 2.8 3.4 3.5 4.4
Queen Valley* 116 Central Region 4.1 3.9 3.1 3.8 3.8 5.0
Quinn River Valley 33B Black Rock Desert Region 2.8 2.7 2.1 2.3 2.5 3.8
Quinn River Valley 33A Black Rock Desert Region 3.1 3.1 2.5 3.0 3.1 3.7
Railroad Valley 173B Central Region 3.5 3.5 2.8 3.4 34 4.2
Railroad Valley 173A Central Region 3.7 3.7 3.0 3.5 3.7 4.5
Ralston Valley 141 Central Region 4.0 3.9 3.1 3.9 3.9 4.8
Rawhide Flats* 123 Central Region 34 33 2.6 3.2 3.3 4.2
Red Rock Valley 99 Western Region 2.6 2.6 2.0 2.5 2.4 3.4
Rhodes Salt Marsh Valley* 119 Central Region 4.0 3.8 3.0 3.7 3.8 4.8
Rock Creek Valley* 62 Humboldt River Basin 2.7 2.7 2.1 2.6 2.6 3.7
Rock Valley* 226 Death Valley Basin 5.1 4.5 3.5 3.8 5.1 5.7
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Appendix 15 cont.

BASIN ALFALFA MTI?:ETED MALI\?I-\\A(IiED GRASS TURF SH:;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Rose Valley* 199 Colorado River Basin 3.3 3.2 2.5 3.0 3.0 4.2
Ruby Valley 176 Central Region 2.5 2.6 2.0 2.5 2.4 3.0
Sage Hen Valley* 5 Northwest Region 2.9 2.8 2.2 2.7 2.7 3.9
Salmon Falls Creek Area 40 Snake River Basin 2.6 2.5 1.9 2.3 2.3 3.5
San Emidio Desert 22 Black Rock Desert Region 3.2 3.2 2.6 3.2 3.2 3.8
Sano Valley* 20 Black Rock Desert Region 3.5 3.5 2.8 3.4 3.5 4.1
Sarcobatus Flat 146 Central Region 4.2 4.0 3.2 3.7 4.2 5.2
Silver State Valley* 32 Black Rock Desert Region 3.3 3.3 2.6 3.1 3.2 4.0
Skedaddle Creek Valley* 98 Western Region 3.5 3.5 2.8 3.4 3.5 4.1
Smith Creek* 134 Central Region 3.0 2.9 2.3 2.8 2.7 4.1
Smith Valley 107 Walker River Basin 3.1 3.0 2.4 2.9 3.0 3.9
Smoke Creek Desert 21 Black Rock Desert Region 34 3.4 2.7 33 34 4.0
Snake Valley* 195 Great Salt Lake Basin 3.0 2.9 2.3 2.8 2.8 3.9
Soda Spring Valley 121A Central Region 3.9 3.7 2.9 3.6 3.7 4.6
Soda Spring Valley* 121B Central Region 3.8 3.6 2.8 3.5 3.6 4.6
South Fork Area* 46 Humboldt River Basin 2.5 2.5 1.9 2.3 2.3 3.2
South Fork Owyhee River Area 35 Snake River Basin 1.8 1.9 1.5 2.0 1.8 3.1
Spanish Springs Valley* 85 Truckee River Basin 3.3 3.3 2.6 3.2 3.3 3.9
Spring Valley 184 Central Region 3.0 3.0 24 2.9 2.9 3.9
Spring Valley 201 Colorado River Basin 3.0 2.9 2.3 2.8 2.6 4.1
Starr Valley Area 43 Humboldt River Basin 2.4 2.3 1.8 2.2 2.2 33
Steptoe Valley 179 Central Region 2.9 2.8 2.2 2.7 2.6 3.9
Stevens Basin* 152 Central Region 2.7 2.7 2.1 2.6 2.5 3.9
Stingaree Valley* 125 Central Region 34 3.2 2.5 3.1 3.0 4.4
Stone Cabin Valley* 149 Central Region 3.7 3.7 2.9 3.6 3.6 4.6
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Appendix 15 cont.

BASIN ALFALFA MTI?:;TED MALI\?I-\\A(IiED GRASS TURF SH:;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Stonewall Flat* 145 Central Region 4.2 4.0 3.2 3.8 4.0 5.0
Summit Lake Valley* 27 Black Rock Desert Region 3.1 3.1 2.5 3.1 3.1 3.8
Sun Valley* 86 Truckee River Basin 33 3.2 2.6 3.2 33 3.7
Surprise Valley* 14 Northwest Region 3.2 3.2 2.6 3.1 3.2 3.9
Susie Creek Area* 50 Humboldt River Basin 2.5 2.5 2.0 2.4 2.4 33
Swan Lake Valley* 7 Northwest Region 3.1 3.0 2.4 2.9 2.9 3.9
Teels Marsh Valley* 114 Central Region 4.0 3.8 3.0 3.7 3.8 4.8
Thousand Springs Valley 189D Great Salt Lake Basin 2.9 2.9 2.2 2.8 2.6 4.0
Thousand Springs Valley 189A Great Salt Lake Basin 2.2 2.2 1.7 2.1 2.0 3.6
Thousand Springs Valley* 189B Great Salt Lake Basin 2.5 2.5 1.9 2.4 2.3 3.5
Thousand Springs Valley* 189C Great Salt Lake Basin 2.6 2.6 2.0 2.5 2.4 3.6
Three Lakes Valley* 168 Central Region 4.9 4.4 3.5 3.8 4.9 5.6
Three Lakes Valley* 211 Colorado River Basin 5.3 4.7 3.7 3.9 5.2 6.0
Tikapoo Valley* 169A Central Region 4.2 3.9 3.1 3.7 4.0 4.9
Tikapoo Valley* 1698 Central Region 4.6 4.1 3.3 3.6 4.5 5.2
Tippett Valley* 185 Central Region 2.8 2.8 2.2 2.7 2.6 3.8
Tracy Segment 83 Truckee River Basin 3.5 3.4 2.7 3.2 3.3 4.3
Truckee Canyon Segment* 91 Truckee River Basin 3.3 3.2 2.6 3.1 3.2 3.8
Truckee Meadows 87 Truckee River Basin 34 34 2.7 33 35 4.0
Tule Desert* 221 Colorado River Basin 4.0 3.5 2.8 31 4.0 4.4
Upper Reese River Valley 56 Humboldt River Basin 2.6 2.5 2.0 2.4 2.3 3.6
Virgin River Valley 222 Colorado River Basin 4.4 3.8 3.0 2.9 4.5 4.8
Virgin Valley 4 Northwest Region 2.8 2.7 2.1 2.6 2.5 4.0
Walker Lake Valley 110A Walker River Basin 3.5 3.5 2.8 3.4 3.5 4.4
Walker Lake Valley 110C Walker River Basin 3.8 3.6 2.9 3.5 3.7 4.6
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Appendix 15 cont.

BASIN ALFALFA MTI?:ETED MALI\?I-\\A(IiED GRASS TURF SHQ'I;IE'zW
BASIN NAME NUMBER BASIN REGION NIWR (ft) PASTURE PASTURE HAY GRASS WATER
GRASS GRASS NIWR (ft) | NIWR(ft) | o (#)
NIWR (ft) NIWR (ft)

Walker Lake Valley* 1108 Walker River Basin 3.7 3.5 2.8 3.4 3.5 4.5
Warm Springs Valley* 84 Truckee River Basin 33 3.2 2.6 3.1 3.2 4.0
Warner Valley* 13 Northwest Region 3.1 3.1 2.5 3.0 3.0 3.9
Washoe Valley 89 Truckee River Basin 3.7 3.8 29 3.5 3.5 4.7
Whirlwind Valley* 60 Humboldt River Basin 3.0 3.0 2.4 2.9 2.9 3.7
White Plains* 74 Humboldt River Basin 35 34 2.8 33 34 4.3
White River Valley 207 Colorado River Basin 3.2 3.2 2.5 3.0 3.0 4.0
Willow Creek Valley 63 Humboldt River Basin 2.4 2.5 2.0 2.4 2.4 3.9
Winnemucca Lake Valley* 80 Truckee River Basin 3.5 3.4 2.7 33 34 4.2
Winnemucca Segment 70 Humboldt River Basin 3.4 3.4 2.7 3.2 33 4.2
Yucca Flat* 159 Central Region 4.6 4.2 3.3 3.8 4.5 5.3
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Appendix 16. Mean annual Net Irrigation Water Requirement (NIWR) for selected HAs and crops. Values of the NIWR were
either assigned or averaged for HAs with multiple stations according to the number of valid years used in computing the station
annual average NIWR. The NIWR for corn is the average of silage, field, and sweet corn crops. For other areas and crops of
interest, see electronic statistical summaries. Descriptions of the electronic statistical summaries are given in Appendix 9.

Garden Spring Winter ':I:;T(:::-S (:r(c))tz:s?:g
T el o[ R e I B i e M i
NIWR (ft) NIWR (ft) NIWR (ft) harvest) harvest)
NIWR (ft) NIWR (ft)
Carson Desert 101 2.8 2.6 2.0 2.1 2.4 1.7
Carson Valley 105 2.7 2.5 19 2.2
Diamond Valley 153 2.2 2.2 2.0 2.1
Lovelock Valley 73 3.4 3.1 2.3 2.5 2.9 2.5
Mason Valley 108 2.7 2.4 1.9 2.0 2.3 2.4
Paradise Valley 69 2.6 2.8 2.3 2.5 2.5 2.6 2.7 2.4
Smith Valley 107 2.6 2.5 2.0 2.2 2.4 2.5
Lake Valley 183 2.3 2.4 2.2 2.5 2.5 2.5 2.6 2.4
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Annex 1.

FAQO-56 Dual Crop Coefficient Method for Estimating
Evaporation from Soil and Application Extensions

Richard G. Allen, M.ASCE?; Luis S. Pereira, M.ASCEZ; Martin Smith3; Dirk Raes*: and James L. Wright,
M.ASCE®

Abstract: Crop coefficient curves provide simple, reproducible means to estimate crop evapotranspiE@didrom weather-based
reference ET values. The dual crop coefficiékdt) method of the Food and Agricultural Organization of the United Stéf&®)

Irrigation and Drainage Paper No. §6A0-56) is intended to improve daily simulation of crop ET by considering separately the
contribution of evaporation from soil. The dual method utilizes “basal” crop coefficients representing ET from crops having a dry soil
surface and separately predicts evaporation from bare soil based on a water balance of the soil surface layer. Three extensions to t
evaporation calculation procedure are described here that are intended to improve accuracy when applications warrant the extra comple
ity. The first extension uses parallel water balances representing the portion of the soil surface wetted by irrigation and precipitation
together and the portion wetted by precipitation alone. The second extension uses three “stages” for surface drying and provides fc
application to deep cracking soils. The third extension predicts the extraction of the transpiration component from the soil surface layer.
Sensitivity and analyses and illustrations indicate moderate sensitivity of daily calculated ET to application of the extensionsKthe dual
procedure, although relatively simple computationally and structurally, estimates daily ET as measured by lysimeter relatively well for
periods of bare soil and partial and full vegetation cover.

DOI: 10.1061/(ASCE)0733-9437(2005)131:1(2)

CE Database subject headings: Evapotranspiration; Evaporation; Crops; Crop moisture index; Soil water

Introduction small amount with climate. This enables the transfer of standard
values and curves foK, between locations and climates. This
A commonly used approach for estimating consumptive use of transfer has led to the widespread acceptance and usefulness of
water by irrigated crops is the crop coefficient—reference evapo- the K. approach.
transpiration (K, ET,) procedure. Reference evapotranspiration  In situations wheré{; has not been derived by ET measure-
(ET,) is computed for a grass or alfalfa reference crop and is then ment, it can be estimated from fraction of ground cover or leaf
multiplied by an empirical crop coefficieriK.) to estimate crop area indexAllen et al. 1998) K. varies during the growing sea-
evapotranspirationET,) (Jensen et al. 1971; Doorenbos and son as plants develop, as the fraction of ground covered by veg-
Pruitt 1977; Wright 1981, 1982). In general, three primary char- etation changes, and as plants age and makige 1). K, varies
acteristics distinguish ET from a crop from ET from the reference according to the wetness of the soil surface, especially when there
surface: aerodynamic roughness of the crop; general resistancés little vegetation cover. Under bare soil conditios has a high
within the crop canopy and soil to the flow of heat and water value when soil is wet and its value steadily decreases as the soil
vapor; and reflectance of the crop and soil surface to short wavedries.
radiation. Because ETepresents nearly all effects of weathy, This paper describes the dug! procedure of FAO published
varies predominately with specific crop characteristics and only a asFAO Irrigation and Drainage Paper No. 5@\llen et al. 1998)
and provides a brief rationale for various components of the pro-

Iprofessor, Univ. of Idaho, 3793 N. 3600 E., Kimberly, ID 83341 cedure along with selected sensitivity analyses. Extensions to the
(corresponding author). E-mail: rallen@uidaho.edu original procedure are introduced that may improve accuracy of

“Professor, Institute of Agronomy, Technical Univ. of Lisbon, Lisbon, applications for special situations.
Portugal. E-mail: Ispereira@isa.utl.pt

Country Representative, Madagascar, Africa FAO; formerly, Chief
Officer, Rome, Italy. E-mail: martin.smith@fao.org

“Professor, Katholic  Univ., Leuven, Belgium. E-mail: FAO-56 K, Procedure
dirk.raes@agr.kuleuven.ac.be

SResearch Soil Scientist, USDA-ARS, Kimberly, ID 83341. E-mail: The FAO-56 crop coefficients are intended for use with grass

wright@nwisrl.ars.usda.gov reference EJ similar to that predicted by thEBAO-56 Penman—
Note. Discussion open until July 1, 2005. Separate discussions mustpyjonteith method(Allen et al. 1998). TheFAO-56 Penman—
be submitted for individual papers. To extend the closing date by one Monteith equation predicts ETrom a hypothetical grass refer-

month, a written request must be filed with the ASCE Managing Editor. ence surface that is 0.12 m in height having a surface resistance
The manuscript for this paper was submitted for review and possible ' 9 9

_1 - .
publication on February 27, 2003; approved on June 27, 2003. This paper®f 70 S M for 24 h time steps and albedo of 0.23. Standardized
is part of theJournal of Irrigation and Drainage Engineering, Vol. 131, equations for computing parameters in tR&O-56 Penman-—
No. 1, February 1, 2005. ©ASCE, ISSN 0733-9437/2005/1-2-13/$25.00. Monteith equation are given in Allen et 1998, 1994)as well

2/ JOURNAL OF IRRIGATION AND DRAINAGE ENGINEERING © ASCE / JANUARY/FEBRUARY 2005

SE ROA 54526
JA_ 18664


amori
Typewritten Text
Annex 1.


Fig. 1. Schematic showing generalized shape of Food and Agricul-
tural OrganizatiofFAO) K, curve with four crop stages and thrkg
(or K¢p) values and relative development of vegetation

as in Smith et al(1991), Pereira et a{1998), Pereira and Allen
(1999), and ASCE2002).

Crop Coefficient

son has a sloping line that connects the end of the midseason
period with the harvestend)date.

In FAO-56, two forms foiK, are presented: the “singulak,
form used inFAO-24and the “dual’K.=K,+K, form introduced
in FAO-56, whereK,, is the basal crop coefficient aril, is the
soil evaporation coefficient. In the dual forid,, represents the
ratio of ET, to ETy under conditions when the soil surface layer is
dry, but where the average soil water content of the root zone is
adequate to sustain full plant transpiration. Under basal condi-
tions, small amounts of evaporation from the surface soil layer
occur by diffusion and are included iy, (and thusKg, iy is
usually not set to zero during the growing cycle). The majority of
evaporation from soil following wetting by precipitation or irri-
gation is represented by the sepatgieThe total, actuaK, ,.is
the sum ofK., andK,, reduced by any occurrence of soil water
stress

Kc act™ Kchb+ Ke (4)

whereK, and K, range from[0 to ~1.4] The stress reduction
coefficient Kg [0-1], reduceX, when the average soil water
content or salinity level of the root zone are not conducive to
sustain full plant transpiratiorK for soil water stress is described

Fundamentally, the crop coefficient is defined as the ratio of ET |ater and the function for salinity induced stress is described in
from any specific crop or soil surface to some reference ET as Allen et al. (1998). The sum oK., and K, cannot exceed some

defined by weather data. FAO-56 nomenclature

ET.

K.=
¢ ET,

1)

In FAO-56, values listed foK. represent ET under growing con-
ditions having a high level of management and with little or no

water or other ET reducing stresses and thus represent what ar

referred to as potential levels for crop ET

)

Actual ET; can be less than the potential Efbr a crop under

ET.=K.ETy

maximum value for a crop-soil complefgenerally ~1.4 for
FAO-56 based EF), based on energy limitations. The form and
principle of Eq.(4) was developed by Jensen et@971), Wright
and Jenseiil978), and Wrigh{1981, 1982).

The K, curve has the same shape as in Fig. 1 and three bench-
mark values forK,, are used to construct the curve, namely

gcb inir Keb mia @NdKgp eng Because, can include “diffusive” or

residual evaporation from soil for potentially long periods follow-
ing wetting, Ky, ini is generally set to 0.15 iRAO-56 for annual
crops for the period from planting to before 10% ground cover.
However, under dry conditions with long periods between wetting
events or during the nongrowing seasKp, i, can be set equal to

nonideal growing conditions including those having water stress g This is illustrated later.

or high soil salinity. In this paper, ETepresenting ET under any
condition, ideal or nonideal, is termed “actual EBnd is de-
noted as E ¢, The ET; 5cwas termed “adjusted ET (ET; o)

in FAO-56. The terms are synonymous and

ETc act™ Kc aclETO (3)

whereK; .= “actual” crop coefficient that includes any effects
of environmental stresses.

A linearized form for mearK. and basaK; curves inFAO-56
was introduced ifFAO-24(Doorenbos and Pruitt 197Where the
FAO K, curve is comprised of four straight line segments repre-

FAO-56 describes the procedure for applying the dual method
on a daily basis, with specific estimation of evaporation from wet
soil. The dual approach is well suited for predicting the effects of
day to day variation in soil water evaporation and the effective-
ness of precipitation.

Adjustment for Climate

FAO-24 (Doorenbos and Pruitt 197 fresented, for each crop
listing, four values for singular midseason and end-of-season crop
coefficients, termed iRAO-56asK, g andK; ¢n¢ The four val-

senting the initial period, the development period, the midseasonues represented four climatic cases of wind and humidity that

period, and the late season perigelg. 1). These segments are
defined by three primar¥. values:K, during the initial period
(K¢ ini), K¢ during the midseasoffull cover) period (K miq), and

K. at harvestor at the end of the late seasdif;, ¢ng- The K ini
defines the horizontal portion of th€, curve during the initial
period until approximately 10% of the ground is covered by veg-
etation. TheK, 4 defines the value fak, during the peak period
for the crop, which is normally when the crop is at “effective full
cover.” This period is described by a horizontal line extending
throughK; - The development period is defined by a sloping

impact the value foK.. In contrastFAO-56includes only single
entries forkK; g and forK; ¢,¢ Or, in the case oK, for Ky, mig
and forKg, onq The single entries correspond kg or K, values
associated with a standard subhumid climate having average day-
time minimum relative humidityfRH,,;,) of about 45% and hav-
ing calm to moderate wind speeds of 1-3Thsaveraging
2 mst K, andKg, values are listed for about 80 cropsFAO-
56. These can be accessed on the FAO web(BA®© 1998).

For climates where mean Rl is different from 45% or
where wind speed at 2 1fu,) is different from 2.0 m s, K mia

line that connects the initial and midseason periods. The late seavalues fromFAO-56are adjusted as
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KCb mid = ch mid (standard climate)
h 0.3
+[0.04(0; - 2) - 0.004RHyy - 45)](5) )

where Kep migetandard climater Value for Key mig from Table 17 of
FAO-56; u,=mean daily wind speed at 2 m heiglin s%);
RHi,=mean daily minimum relative humidity%) during the
midseason period; arfte mean plant height during the midseason
period (m). The adjustment in Eq5) accounts for impacts of
differences in aerodynamic roughness between crops and th

grass reference with changing climate and closely replicates the

range inK, values for the four climatic classes BAO-24. Justi-
fication for Eq.(5) is given in Allen et al(1998). Similar adjust-
ment is made t&.y, ongWhen values foK, ¢n¢> 0.45. Eq.(5) can

be applied daily using daily values far, and RH,;, or can be
applied for the midseason in total using averagesif@and RH,;,

for the period with relatively small loss in accuracy. When only
mean daily dewpoint temperature or vapor pressure is known
RH,,i, can be approximated as RiH~ 100e,/€%(Tma0, Wheree,

is actual vapor pressure amf(T,,,, iS saturation vapor at daily
maximum air temperature. The crop height adjustment in(&Q.

is applied to both the wind and the RH terms because both
terms appear in the aerodynamic term of the Penman—Monteith
equation and both factors influence ET in some proportion to
aerodynamic roughness.

Evaporation from Soil

The approach ofFAO-56 is similar to that of Ritchie(1972),
Saxton et al(1974), and Wrigh{1982)where evaporation from

€

function indicates the selection of the maximum of values sepa-
rated by the comma. E@7) ensures thaK; o iS always greater
than or equal to the sur{,,+0.05, suggesting that wet soil al-
ways increases thk; value aboveK, by 0.05 following com-
plete wetting of the soil surface, even during periods of full
ground cover. The value 1.2 represents the impact of reduced
albedo of wet soil and the contribution of heat stored in dry soil
prior to wetting events that are separated by more than 3 or
4 days. The value also considers the effect of increased aerody-
namic roughness of surrounding crops during development, mid-
season, and late season growth stages which can increase the
turbulent transfer of vapor from the exposed soil surface. Bonach-
ela et al.(2001)notedK, ax Of over 1.5 for soil evaporation from
a drip-irrigated olive orchard caused by microadvection of heat
from dry surface areas to wet surface areas. Under complete sur-
face wetting,K. nax Would be expected to be lower, for example
ranging from 1.0 to 1.2. In addition, if irrigation or precipitation
events are more frequent than 3 days each, for example daily or
2 days each, then the soil has less opportunity to absorb heat
between wetting events, and the 1.2 value can be reduced to about
1.1.

The surface soil layer is presumed to dry to an air dry water
content approximated as halfway between wilting pdipt and
oven dry. The amount of water that can be removed by evapora-
tion during a complete drying cycle is estimated as

TEW = 10000¢c— 0.56,p) Ze (®)

where(total evaporable watefTEW)=maximum depth of water
that can be evaporated from the surface soil layer when the layer
has been initially completely wett€chm). Field capacityrc and

soil beneath a canopy or inbetween plants is predicted by estimat-9wp are expressed itm® m™%) and Z,(m) =effective depth of the

ing the amount of energy at the soil surface in conjunction with
energy consumed by transpiration. When the soil is wet, evapo-
ration is predicted to occur at some maximum rate and the sum
K=K+ Ke is limited by some maximum valu.

As the surface soil layer dries, a reduction in evaporation oc-
curs, andK, is simulated as

Ke: Kr(Kc max ch) = fech max (6)

whereK; na,=maximum value oK, following rain or irrigation;
K,=dimensionless evaporation reduction coefficient and is depen-
dent on the cumulative depth of water depletedaporated); and
few=Tfraction of the soil that is both exposed to solar radiation and
that is wetted. Evaporation is restricted by the energy available at
the exposed soil fraction, i.eK. cannot exceed K. max The
FAO-56dual procedure differs from Ritchi@972)and Saxton et

al. (1974)in that the FAO procedure givels, (as limited by
fenKc max) €qual priority to transpiratiogas represented W) in

surface soil subject to drying to Ofjyp by way of evaporation.
Typical values forfg¢, Oyp, and TEW are given in Table 1 for
various soil typesZ, is an empirical value based on observation.
FAO-56recommended values fat, of 0.10—0.15 m, with 0.1 m
recommended for coarse soils and 0.15 m recommended for fine
textured soils. However, the user should select the valugfasr

even TEW, that represents evaporation amounts observed over
complete drying cycles via gravimetric or other measurement.
Some evaporation or soil drying will be observed to occur below
the Z, depth.

Evaporation from exposed soil is presumed to take place in
two stages: an energy limiting staggtage 1), and a falling rate
stage(Stage 2) Philip 1957 and Ritchie 1972). During Stage 1,
the soil surface remains wet and evaporation is predicted to occur
at the maximum rate limited only by energy availability at the soil
surface and therefor&,=1. As the soil surface dries, the evapo-
ration rate decreases below the potential evaporatior(dafaned
asK; max—Kep), andK, becomes less than onl€, becomes zero

regard to energy consumption, whereas the Ritchie and Saxtonyhen no water is left for evaporation in the evaporation layer.

approaches give transpiration priority over evaporation.

K¢ max fepresents an upper limit on evaporation and transpira-
tion from the cropped surface and is introduced to reflect the
natural constraints on available enerfy.ax ranges from about
1.05 to 1.30 when using the grass referencg ET

Ke max= ma><{1.2 +[0.04u, - 2)

h 0.3
- 0.004RH,in — 45)](5) AKep+ 0.05}) (7)

whereh=mean plant height during the period of calculatiami-
tial, development, mid-season, or late-seasor), and the max)

Stage 1 holds until the cumulative depth of evaporafiqris
such that the hydraulic properties of the upper soil become limit-
ing and water cannot be transported to near the soil surface at a
rate to supply the demand. At the end of Stage 1 dryibgjs
equal to readily evaporable wat¢REW). Readily evaporable
water normally ranges from 5 to 12 mm and is highest for me-
dium and fine textured soildRitchie 1972; Ritchie et al. 1989

The second stage, whet¢ is decreasing, begins wheb,
exceeds REW. At this point, the soil surface is visibly dry, and
evaporation from the exposed soil decreases in proportion to the
amount of water remaining in the surface soil layer. Most early
Stage 2 modelé&Philip 1957; Ritchie 1972proportion the evapo-
ration rate according to the square root of time since the begin-

4/ JOURNAL OF IRRIGATION AND DRAINAGE ENGINEERING © ASCE / JANUARY/FEBRUARY 2005

SE ROA 54528
JA_18666



Table 1. Typical Soil Water Characteristics for Different Soil Typgsom FAO-56)

Evaporation parameters

Amount of water that can be

Soil water characteristics depleted by evaporation
Soil type Stages 1 and 2 Stages 1 and 2
(USDA Stage 1 TEW? TEW?
soiltexture Oec Owp (Oc-Owp) REW (Z,=0.10m (Z;=0.15m
classification) m3m™3 m3m3 m3m™3 (mm) (mm) (mm)
Sand 0.07-0.17 0.02-0.07 0.05-0.11 2-7 6-12 9-13
Loamy sand 0.11-0.19 0.03-0.10 0.06-0.12 4-8 9-14 13-21
Sandy loam 0.18-0.28 0.06-0.16 0.11-0.15 6-10 15-20 22-30
Loam 0.20-0.30 0.07-0.17 0.13-0.18 8-10 16-22 24-33
Silt loam 0.22-0.36 0.09-0.21 0.13-0.19 8-11 18-25 27-37
Silt 0.28-0.36 0.12-0.22 0.16-0.20 8-11 22-26 33-39
Silt clay loam 0.30-0.37 0.17-0.24 0.13-0.18 8-11 22-27 33-40
Silty clay 0.30-0.42 0.17-0.29 0.13-0.19 8-12 22-28 33-42
Clay 0.32-0.40 0.20-0.24 0.12-0.20 8-12 22-29 33-43

Note: USDA=United States Department of Agriculture; REW=readily evaporated water; and TEW=totally evaporated water.
aTEW:(eFC_O.SQNp)Ze.

ning of Stage 2. This requires manipulation of time terms as new hydraulic properties, tillage, soil temperature, wetting character-
water enters the system. Moreover, the proportionality factor istics, and root extraction. Saxton et 61974)used a nonlinear
changes with EJ demand and therefore requires frequent recali- proportionality based on water content of the surface layer that
bration (Snyder et al. 2000). In the FAO-560odel, the reduction had similar behavior as E@9). A three-stage drying process can
in evaporation during Stage 2 is proportional to the cumulative be applied to cracking soils as described in a following section.
evaporation from the surface soil layer, resulting in a more Mutziger et al.(2001) found good agreement betwe&h pre-
simple, easily managed computation procedure that is based on alicted using th&=AO-56dual method using REW and TEW from
soil-water balance and that does not require recalibration Table 1(with Z,=0.1 m) and relative evaporation measurements
published by Chanzy and Bruckl€l993) for loam, silty clay
loam, and clay soils.

In crops having partial ground cover, evaporation from the soil
usually occurs nonuniformly over the surface, and is greater be-
for Dej-;>REW, whereD,;_;=cumulative depletion from the  tween plants having dense canopies near the ground where expo-
soil surface layer at the end of day 1 (the previous day)ram); sure to sunlight occurs and where more air ventilation is able to
and TEW and REW are in milimetetREW<TEW). The gen-  ransport vapor from the soil surface to above the canopy. This is
eral fOI‘m for thd‘(r funCtiOh iS i”ustrated in F|g 2 The prediCtion espeC|a”y true Where On|y part of the SO|I Surface |S Wetted by
by Eq. (9) is similar to that predicted by a square-root-of-time jrrigation. While it is recognized that both the locations and the
Stage 2 model, and differences are in general smaller than thefractions of the soil surface exposed to sunlight and ventilation

and near surface canopy density, the procedurBA@-56 pre-
dicts a general, averaged fraction of soil surface from which the

TEW -De

Ki= 07— 9
" TEW-REW ©

0. & soil water content (m? /m? )?WP 050,p majority of evaporation is expected to occur. Most evaporation
1.00 from the soil beneath the crop canopy, occurring at a slower rate,
Kr is in many situations included in the bas&l, coefficient.
0.80 energy
Ilmtlng Table 2. Common Values for Fraction of Soil Surface Wetted by
o060 1—Stage Irrigation or Precipitation(after FAO-56)
&/%?;\ Wetting event fw
040 4?9@ Precipitation 1.0
REW \ Sprinkler irrigation, field crops 1.0
020 Sprinkler irrigation, orchards 0.7-1.0
TEW \ Basin irrigation 1.0
000 At Border irrigation 1.0
0 REW TEW Furrow irrigation(every furrow), narrow bed 0.6-1.0
D, cumuative depth of evaporation  (depletion) Furrow irrigat?on(every furrow), wide bed 0.4-0.6
Furrow irrigation(alternated furrows) 0.3-0.5
Fig. 2. General function for soil evaporation reduction coefficikpt Microspray irrigation, orchards 0.5-0.8
for two-stageFAO-56 model (from FAO-56) Trickle (drip) irrigation 0.3-0.4
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Fig. 4. Water balance of soil surface laygrom FAO-56)

ch_ Kc min (1+0.5h
c= <— (11

Kc max "~ Kc min

wheref is limited to [0-0.99]and K ,j,=minimum K for dry
bare soil with no ground cover. E¢ll) assumes that the value
for Ky, is largely governed by the fraction of vegetation cover.
The 1+0.5hexponent in Eq(11) represents the impact of plant
height on shading of the soil surface and in increasing the value
for K, given a specific value fof,. The differenceK,— K min IS
limited to =0.01 for numerical stability. The value fdi, will
change daily a¥., changesK; ., ordinarily has the same value

In the FAO-56model, the terrf,, is defined as the fraction of ~ @S Kes ini Used for annual crops under nearly bare soil conditions

the surface wetted by irrigation and/or precipitation. This term (-€ Kcmin~0.15). The value forf, decreases during the late
defines the potential spatial extent of evaporation. Common val- S€aS0n period in proportion ¥, to account for local transport of

Fig. 3. Determination off,, (greyed areasas function of fraction of
ground surface coveragd.) and fraction of surface wette(f,)
(from FAO-56)

ues forf,, are listed in Table 2. An extension to EG.0) is de- sensible heat from sene;cing leaves to the soil surface.

scribed later. Under vegetation having an open canopy near the ground sur-
When the soil surface is completely wetted, as by precipitation face, for example some types of orchards, a large proportion, if

or sprinkler,f,,, of Eq. (6) is set equal tq1-f.), wheref_ is the not all, of the ground surface is effectively exposed to evaporative

fraction of soil surface effectively covered by vegetation #hd ~ €nergy(Bonachela et al. 2001). In these situations fdéoes not
~f,) represents the approximate fraction of soil surface that is Nave large impact ofy,, andfe,=f,, can be applied. The decision
effectively exposed to evaporation energy. For irrigation systems iN @ssigning values fof; andfe,, should be based on field obser-
where only a fraction of the ground surfa@g) is wetted,f.,, is vation of drying patterns.

limited to f,,

Water Balance of Soil Surface Layer

few=min(1 = fo,fu) (10) Calculation ofK, requires a daily water balance for tig, frac-

) N o tion of the surface soil layer. The daily soil water balance equa-
Both 1-f. andf,, for numerical stability, have limits d0.01-1]. tion is (Fig. 4)

The limitation imposed by Eq10) presumes the fraction of soil
wetted by irrigation occurs within the primary fraction of soil I

j i
exposed to sunlight and ventilation. This is generally the case, De,j=De,j-1~ (P; = RO) Tt +Teij+ DR (12)
except with some drip irrigatioriFig. 3). In the case of drip wooew
irrigation, Allen et al.(1998) recommended multiplyind,, by whereD,;_; and De;=cumulative depletion depth at the ends of

[1-(2/3)f]. Pruitt et al.(1984)and Bonachela et al2001)have daysj-1 andj (mm); P; and RQ=precipitation and precipitation
described evaporation patterns and extent under drip irrigation. runoff from the soil surface on dgy(mm); I;=irrigation depth on
dayj that infiltrates the soi{mm); E;=evaporation on day (i.e.,
Ej=KETy) (mm); Tg;;=depth of transpiration from the exposed
and wetted fraction of the soil surface layer on daynm); and
The difference(1-f;) represents the fraction of the soil effec- DP;=deep percolation from the soil surface layer on géysoil
tively exposed to sunlight and air ventilation and serves as the sitewater content exceeds field capacitym). Assuming that the
where the majority of evaporation is expected to occur. The value surface layer is at field capacity following heavy rain or irrigation,
for f. is limited to <0.99 for numerical stability and is generally ~ the minimum value forD; is zero and limits imposed are 0
determined by visual observation. For purposes of estimdtipg <Dg;<TEW. Itis recognized that water content of the soil sur-
f. can be estimated fror{,, as face layer can exceed TEW for short periods of time while drain-

Predicting Fraction of Surface Cover
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age is occurring. However, because the length of time that this plications. The following three extensions to tR&O-56 proce-

occurs varies with soil texture, wetting depth, and tillage,

dure may increase accuracy and definition of the total evaporation

=0 is assumed. Additionally, it is recognized that some drainage and drying process under special conditions.

in soil occurs at very small rates at water contents below field

capacity. To some extent, impacts of these simple assumptionsSeparate Prediction of Evaporation from Soil Wetted by

can be compensated for, if needed, in setting the valu& far
TEW.
RO; can be computed using the USDA curve number proce-

dure (Hawkins et al. 1985). The irrigation depthis divided by

f to approximate the infiltration depth to tHg portion of the

soil surface. SimilarlyE; is divided byf,, because it is assumed

that all E; (other than residual evaporation implicit to tl&,

coefficient)is taken from thef,, fraction of the surface layer.
Except for shallow rooted crops, where the depth of the maxi-

Precipitation Only
The evaporation component is assumed to be fully concentrated
in the exposed and wetted fraction of the surface layer. The
slower rate of evaporation occurring from beneath the vegetation
canopy is generally included id, and is therefore not explicitly
quantified.E is computed a¥. ET,. The quotientE/f,,, in Eq.
(12) describes the concentration of evaporation over the fraction
of the soil that is both exposed and wetted.

Parameterf,,=1 for precipitation but is often<l for some

mum rooting is less than 0.5—0.6 m, the amount of transpiration types of surface irrigation and micro irrigatioRAO-56 recom-

extracted from the,, portion of the surface soil layer is small
and can be ignored.e., T,;=0). Where transpiration is known to
extract water from thd,,, fraction of the surface layer, but is not
considered in Eq(12), FAO-56 advises that the depth of the sur-
face layerZ, be decreased to compensate for the quicker drying.
Estimation of T from the f,, fraction of the surface layer is de-
scribed in a following section.

Following heavy rain or irrigation, the soil water content in the
surface laye(Z, layer) might exceed field capacity for short time

periods until excess water moves into the root zone and perhaps

even deeper. In the simple water balance procedure usediOon

mended a procedure for calculatifig according to the type of

last wetting event and its extent. However, this determination can
be subjective and uncertain. This section describes an extension to
FAO-56that incorporates a separate water balance and procedure
for K, for the fraction of soil that is wetted by precipitation only
(i.e., not by irrigation). The extension reduces uncertainty in de-
termining the value fof,, and has been applied by Mutziger et al.
(2005)in estimating annual evaporation losses from agricultural
areas in California.

In the extension to thEBAO-56procedure, the evaporation cal-
culation is divided into two separate calculations. One calculation

56, however, it is assumed that the soil water content is limited to iS made for the exposed fraction of soil wetted by both irrigation
<6ec on the day of a complete wetting event. This is a reasonable@nd precipitation and one calculation is made for the exposed
assumption considering the shallowness of the surface layer.fraction of soil wetted by precipitation only. The coefficidfy is

Downward drainagépercolation)of water from the surface layer
is calculated as

lj

DPe; = (Pj=RO) + = = D¢ 1 =0 (13)
w

calculated as
Ke: I'<ei + Kep (14)

whereK;=evaporation coefficient for the exposed fraction of the
soil wetted by both irrigation and by precipitation arnd,,
=evaporation coefficient for the exposed fraction of the soil wet-

As long as the soil water content in the evaporation layer is below ted by precipitation only.

field capacity(i.e., Dg;>0), the surface layer is assumed to not
drain, and DE;=0.

Initialization of Water Balance

To initiate the water balance for the evaporating layer, the user

can assume that the soil surface layer is n@gy following a
heavy rain or irrigation so thdd.;_,=0. Where a long period of
time has elapsed since the last wetting, the user can assume t

all evaporable water has been depleted from the evaporation laye

at the beginning of calculations so tHag;_;=TEW=1,0000¢c
_05 ewp) Ze.

Order of Calculation

Calculations for the=AO-56 dual K, + K, procedure, for example
when using a spreadsheet, proceed in the following otdgy:h,
Kemae for fwr few Ky Ke E, DPg, D, I, K, and ET.

Extensions to FAO-56 Procedure

The evaporation component of tRAO-56dual K procedure was
intended for routine application under a wide range of conditions.

The procedure constitutes a balance between simplicity, under-

The modification to Eq(6) that applies to the fraction wetted

by both irrigation and by precipitation is
Kei = KriW(Kc max "~ ch) = fewiKc max (15)

and the application of Eq6) to the fraction of soil that is ex-
posed and wetted by precipitation only is

Kep: Krp(l - V\O(Kc max ch) = feWch max (16)

ha/yherefewi:fraction of soil wetted by both irrigation and precpi-
ltation and is exposed to rapid drying due to exposure to solar

radiation and/or ventilatiorf,,,,=fraction of soil exposed to rapid
drying and is wetted by precipitation onlyy=weighting coeffi-
cient for partitioning the energy available for evaporation into the
fewi @and fqy, soil fractions, depending on water availabilit;;
and K,=evaporation reduction coefficients for tiiig,; and fe,
fractions; andf,, is calculated as

(17)

andfe,,andf,,,; are limited to 0.001-1.0. Eq10)is reexpressed
for foui @s

feWp= 1- fc - fewi

fowi=min(1 -1, f,) (18)

where 1. has limits of[0.01-1]andf,=average fraction of soll
surface wetted by irrigation, onl0.01-1].
The weighting factolV is calculated according to water avail-

standability, and completeness and is recommended for most apability in the two wetted, exposed fractions of the surface layer
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1

feup(TEW - Dgy)

+
fewi (TEW =Dg)

whereD.=cumulative depletion depitmm)from the evaporating
layer for thef,,; fraction of soil; andD.,=cumulative depletion
depth (mm) from the evaporating layer for th&,,, fraction of
soil. The limits D, and Dg,<TEW, D, and D¢,=0; and
fen( TEW-D,)>0.001 are imposed for numerical stability.

W=

(19)

cant effect on the water balance of the surface layer and therefore
on prediction of the evaporation component, especially for the
period midway through the development period.

Under conditions of uniform water availability within the soll
profile, the ratio ofT extracted from the evaporation layer to total
T is presumed proportional {&./Z,)%® (Allen et al. 1996), where
Z. is the depth of the surface evaporation layer @ds the
effective depth of the root zon&.< Z, andZ, is contained irz,).
This relationship is based on the commonly used 40-30-20-10%

An associated water balance is computed for the fraction of the root extraction pattern for quartile rooting depttsp to bottom)

evaporation layer wetted by precipitation, but not by irrigation,
and is in the exposed portion of the soil

+ Tep,+ DP,

Ep)
(P RO)+ epj

eP

D (20)

epj= Depj1 e
whereDgp;-; and D, j=cumulative depletion depths at the ends
of daysj—1 andj in the fg,, fraction of the surfacémm); E
=evaporation fromf,,, fraction on dayj (E,;=Ke, ETy) (mm);
Tepj=Te from fg,, fraction of the evaporation layer on dgy
(mm); (Tep; can be set equal to zero for simplification); and
DP,,;=deep percolation from thg,,, fraction of the evaporation
layer on dayj if soil water content exceeds-c (mm). The limits
0N Dgp; are 0<D¢,; <TEW. TheE,; is divided byf,,, because
it is assumed that alE, is taken from thef,,, fraction of the
surface layer.

Eq. (12) is expressed for thé,,; fraction as

I, E
_+_+T€'IJ+DP€'I]

De j=De 1~ (P;~RO) - ; (21)
w ewi
wheref,,=fraction of soil surface wetted by irrigation.
Eqg. (9) is expressed for th&,,; andf,, fractions as
TEW - D¢ 1
Ki= o mew (22)
TEW - REW
and
TEW —Dep j-1
Krp T — (23)
TEW - REW

for Dej-; andDgpj-1=0.

The total evaporation rate from the exposed fraction of the
surface isE=K, ETo=(K¢+Kgp) ETo. Kej and K, are both con-
strained so thak,=0 andK.,=0

Eq. (13) is expressed for thé,,; fraction of the surface layer
as

J
DPei,j = (PJ - RO]) + (24)

o Deij-1=0
w

As long as the soil water content in the evaporation layer is below

field capacity(i.e., Deij>0), the soil will not drain and Dg);
=0. For the fraction of exposed soil that is wetted by precipitation
but not by irrigation

=(P;-RO) - Dgp ;1= 0 (25)

epJ

Transpiration from Surface Layer
The amount of transpiration extracted from g fraction of the

evaporating soil layer is generally small and can be ignored.

of the root zone for moist soils.
In this extension, it is assumed that the previous extension
usingfe,; andf,,, is applied. If this is not the case, then oy,
is used and all occurrences ff,; are set tdf,,. The equation for
T, from thef,,, fraction of the evaporation layér,; is

Tei = KiKeoKETo (26)

whereKj, [0—1]=proportion of basal EEKET,) extracted as
transpiration from the,,; fraction of the surface soil layer, and
Ks=soil water stress factor computed for the root zgdel]. K;;

is determined by comparing relative water availability in #he
and Z, layers along with the presumed rooting distribution. For
the fo, fraction

D¢
1= Tew |/ z\00
Ki=| —— || =2 (27)
ti D Z
1-— |
TAW

where the numerator and denominator of the first expression of
Eq. (27) are limited to=0.001 and TAW is total available water
in the root zongsee Eq.(33) introduced later]. In addition, the
value forKj is limited to <1.0 to limit T; to <ET,. A value of
K;i~ 1.0 would represent conditions where the soil profile is near
wilting point, but the shallow surface layer is partially or fully
rehydrated by a light precipitation or irrigation event, or where
the root zone is very shallow.

Transpiration from thé,,, fraction of the soilT,is calculated
as

Tep= KipKetKETo (28)
where
1- &P_
TEW |[Z.\%®
“=| 7, |\z (29)
l _ r T
TAW

whereKy, [0—1]=proportion of basal EHK.,ET,) extracted as
transpiration from the,,, fraction of the surface soil layer. The
same limitations apply as for ER7).

When there is Stage 3 evaporation, as defined in the next sec-
tion, TEW in Egs.(27) and(29) is set equal to TEW the upper
limit for evaporable water.

Stage Three Evaporation

The third extension to thBAO-56 procedure applies to soils that
crack substantially upon drying, thereby exposing progressively
deeper depths of soil to drying by evaporation. This progressive
drying continues at a low rate for an extended period of time.
Drying to depths as deep as 0.5 m is possible for severely crack-

However, for shallow-rooted annual crops where the depth of the ing soils containing large amounts of montmorillinite clay where

maximum rooting is less than about 0.5 M, may have signifi-

cracks can extend as deep as IPettry and Switzer 1996).
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Fig. 5. General schematic showing evaporation reduction coefficient Pre_lmjgaﬁmo 30 60 90 120 150 180 210 240 270 300 330 360
K, as function of depth of water evaporat@tkpleted)rom surface Day of the Year

soil layer for cracking soil having three-stage evaporation.

Fig. 7. SimulatedK, (heavy line)andK,+Kq (light line) curves for
crop of field corn planted in late January in southern California on
In the extension for cracking soils, the evaporation process is cracking soil having REW=8 mm, TEY¥50 mm, TEW=100 mm,

expanded from two to three stages. The three stages are illustrate®,,=0.2, andf,,=0.7 for growing period irrigations ant},=1.0 for

in Fig. 5. For normal agricultural soils that do not crack or only preirrigations. Bars denote predicted timing and depths of irrigation

mildly crack, only Stage 1 and Stage 2 drying is applied. For and diamonds denote rainfall

cracking soils that have Stage 3 drying, Stage 3 is presumed to

begin whenK, reduces to a threshold value label¢d. ) )
For three-stage drying, is calculated for the second stage as K is calculated for the third stage as

TEW, - Dgj_; K —K TEW; - Dej
K=Kzt (1=K Ten, “Rew TP TEW, - TEW,
for REW < Dgj_; < TEW, (30) for TEW, < Dg -3 (31)
where TEW=maximum cumulative depth of evaporatiaieple- ~ Where TEW=maximum cumulative depth of evaporaticateple-
tion) from the soil surface layer whel,=K,, (point at which tion) from the spll surface layer when the soil is dry qnd no
evaporation transitions into stage three dryingym), andK,, further evaporation occuré;=0) (mm). The value TEW in-

=value forK, at the junction of Stage 2 and Stage 3 drying. cludes REW and TEW For application of the three-stage drying
Generally, the value foK,, should be some relatively low value ~extension with the first extension, Eq&2) and (23) are ex-
between about 0.1 and 0.4, depending on the nature and degree dfanded using Eq$30) and(31), with each applicatiofi + P) and
cracking as the soil dries. Allen et al1998) recommende,, (P) having its own water balance.

~0.2. Mutziger et al(2001)found best fit values foK,, for two The three stage drying extension has been applied to cracking
cracking soils in Texas to be 0.3 and 0.2 when comparing againstheavy clay soils in the Imperial Irrigation District of California

lysimeter measurements of evaporation for a black clay and clay (Allen et al. 2005)and to two cracking or partially cracking soils
loam. in Texas(Mutziger et al. 2001). Values used for the Imperial soils

were REW=8 mm, TEW=50 mm, TEW=100 mm, andK,,

60
Upper Limit of Water Content
- for Surface higation on Tiled 1.6 prersewmere L
50 Sait imperty, igano,
= 14 Sweet Corn 180
2 . . s 000
S 404 y 160
8 1.2 £
] 30 -4 50 mm maxi_mum 75 140 N
t;v 1Siazges rSn‘r:g: 3 Lower Limit_ of Evapor_ation - 1 ,O 1 20§
2 204 oL e oo soi K &
E)’ C 08 100 %
2 . E; tion Depth for Surf; c
3 197 Irigation on Nontiled, Cracking 0.6 8 s
Soil - stage 2 drying 60 2
0 . u g J $ % 04 _.g.
0O 01 02 03 04 05 06 07 W05
Depth in Soil, m 0.2} ¢ 14 1l 20 &
P i
@ Bedded Onions - 45 d dry —fx— Disked Wheat. 120 d dry OO . . & 0
130 150 170 190 210 230 250

~l- Disked Wheat - 2 hr after lrrig.

Day of the Year
Fig. 6. Field measurements of volumetric water content for cracking
soils in Imperial Irrigation District when wetsquare symbolsand Fig. 8. Daily crop coefficients based on measured evapotranspiration
after 45 and 120 days of dryin@ircles and triangles). Superimposed and simulated usingAO-56dual K. approach at Kimberly, Id. for a
on data are abstracted water content profiles associated with Stages &rop of sweet corrlysimeter data from Wright 1982, personal com-
and 2 and with Stage 3 evaporation components munication 1990
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Fig. 9. Sensitivity of daily K. 5 estimation for snap bean crop near Kimberly, (ysimeter data from J. L. Wright, unpublishetb: (a)
application of water stress functiditg. (32)] (thin line) with comparison toK; predicted usings=1 (medium line),K, (thick line), and
measure, (symbols);(b) value forf,,; (c) application ofT in Eq. (12); (d) value forZ,; and(e) value forf,

=0.2. Best fit valuesto lysimeter evaporation measuremerits) width was 10 mm. Moisture was gravimetrically determined from
the Houston black clay and Pullman clay loam soils evaluated by cored samples. In the case of sampling the dry profile where the
Mutziger were REW=7 mm; TEWE30 and 22 mm; and TEW soil was deeply cracked, samples were taken approximately 0.3 m
=50 and 45 mm. in from the face of cracks. The areas between the upper horizontal
TEW, and TEW, for the Imperial Valley soils were estimated and the lower horizontal or diagonal lines in the figure suggest the
from sampled soil water contents at the beginning and end of equivalent depth of water evaporated during Stages 1 and 2 and
drying cycles in fallow fields as shown in Fig. 6. The sampling during Stage 3 from the cracking soil. The sampling indicated
sites were in an area of mixed Imperial silty clay and Imperial- drying to a depth of more than 0.5 m due to cracking. Even
Glenbar silty clay loam soil. Cracks penetrated to about 1 m on though the apparent depletable depth from 0.12 to 0.6 m shown
drying on an approximately 0.5to 2 m grid and average crack in Fig. 6 was about 75 mm, a value of 50 mm for Stage 3 drying
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available water in the root zone is estimated as the difference
between the water content at field capacity and wilting point

TAW = lOOO(G,:C - ewp)zr (33)

whereZ, =effective rooting deptlim) andZ, containsZ,. RAW is
estimated as

RAW = pTAW (34)

where RAW has units of TAWmm). FAO-56 contains recom-
mended values fop for 60 crops and describes several means to
model the developmeiiincrease)n Z, with time for annual crops
including in proportion to development &f,, and in proportion

to time. Other methods ff, development include a sine function
of time (Borg and Grimes 1986), an exponential function of time
dampened by soil temperature and soil moist{Danuso et al.
1995), and a full root growth simulation model by Jones et al.
(1991).

Fig. 10. Daily measured and estimated evapotranspiration for sweet
corn near Kimberly, 1d. usinfAO-56 dual K. procedurg(data from

) o Example Applications and Sensitivity Analyses
Wright 1982, personal communication 1990

lllustrative applications of thEAO-56procedure are given in Fig.

(so that TEW=50+50=100 mmyvas selected for routine appli- 8 for a_sweet corn crop and in Fig. 9 for a snap bean crop grown
cation in the Imperial Valley to account for dampening effects of €& Kimberly, Id. during 1976 and 1974 by Wrighi©82). Daily

disking and other tillage on creating a surface soil mulch and any ET was mez;_\sured using a precision weighi_ng lysimeter planted to
effects of water extraction by rootllen et al. 2005). and immediately surrounded by a specific crop. Fetch of the
The net impact of Stage 3 drying is to prolong the timeHor lysimeter was at least 50 m in all directions for the specific crop
to decrease to zero, thereby creating a prolonged "base-line"and, resolution of thg lysimeter system was apout 0.05 mm
evaporation rate. As shown in Fig. 7, where B&0-56 K,+K, (Wright 1982). The daily measurdgl, values in the figures were

method was applied with Stage 3 drying, base-line evaporation calculated by dividing daily lysimeter measurements by, BS
was prolonged following harvest for more than 60 days, even computed by Eq.(1). Weather data were assembled from a

when time between wetting events was large. Without the Stage Sg_rassed weather St‘%“"” located about 1 km nort_h .Of @he Iysirr!et_er
drying, K. . reduced to zero within 5—10 days following har- site. Dates for planting and harvest and for precipitation and irri-

vest. TheK, prior to planting and following harvest was set to gation wgre based_on field notéd/right, personal communica-
zero to allow evaporatiotand total ET)to approach zero during tion 1990; Vanderk|mpgn ,1991)' Values fiig, were taken from
extended dry periods. FAO-56. Dates for beginning of development, midseason and late

season periods for theAO-56 procedure were selected to fit the
lysimeter data.
Impacts of Water Stress The application used the origin®AO-56 procedure with ex-

The final component in Eq4) is the water stress coefficieit, tension forTe. The Portneu'f silt Ipam soil at Kimberly was mod-
used to reducé, under conditions of water stress or salinity fled using two-sta_ge drying witd, set to 0.15m and REW
stress. Allen et al1998)describes the salinity stress function and =8 MM and TEW=34 mm. The value fd, was 0.6 for the
computation. The water stress function is described here and isfurrow-irrigated sweet corn and 0.45 for alternate furrow-irrigated
illustrated later. Mean water content of the root zone in the P€ans. o .

FAO-56 procedure is expressed by root zone depletdp, i.e., For the application to bean_s, ranges in values for parameters
water shortage relative to field capacity. At field capadity=0. Ks fw, Tes Ze, andf were applied to illustrate the sensitivity of
Stress is presumed to initiate whBp exceeds RAW, the depth of the FAO-56 model predictions to these parameters. In the case of

readily available water in the root zone. FdF>RAW, K. is Ks and T,, the sensitivity was with and without the inclusion of
e functions for these parameters.
TAW - D, TAW - D,

KS = =
TAW - RAW (1 -p)TAW

(32)

Results
where TAW=total available soil water in the root zamem), and
p=fraction of TAW that a crop can extract from the root zone Simulated dailyK., andK; ,;and measureK. . for the growing
without suffering water stress. Whé&h <RAW, K,=1. The total period for the sweet corn crop shown in Fig. 8 indicate relatively

Table 3. Standard Error of Estimat¢SEE)and Ratio of Estimated to Measured Daily Evapotranspiration for Full Season of Snap Beans in 1974 near
Kimberly, Id. (=98 days) where Baseline Conditions wefg=0.45,T,=0, Ks=1, Z,=0.15 m, andf, from Eq. (1)

Baselne  f,=0.25  f,=0.65  withT,  withKs  Z,=0.10m  Z=020m  f.-02  f+0.2

SEE (mm day?) 0.63 0.74 0.68 0.67 0.78 0.76 0.61 0.66 0.68
Ratio to measured 1.00 0.96 1.03 0.98 0.96 0.96 1.04 1.03 0.95
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good agreement between simulated and measured values. Théon from a shallow, initial root depth unless thg function is
peak spikes irK; .. following wetting agreed well with measure-  invoked. The fact that inclusion of th&, function did not im-
ments as did the rate of decay of tkg curve. There was some prove predictions for the snap beans may reflect the tillage prac-
underestimation oK. . during the midseason period which may tices for beans, where open spaces between rows are cultivated
have been caused by underestimation of BYf Eqg.(1) or under- two to three times during the growing season, thus reducing root
estimation of the midseasdfy, for corn by FAO-56. TheK; ¢ activity there and thus extraction by transpiration. Thef lpa-
predicted during the late season overestimated meag&yrggfor rameter in Eq(10) represents these open spaces.
some days and underestimated over two 5 day periods. Much of The impact of the value assignedZg the effective depth of
the under- and overestimation during the senescence period washe evaporating layer, is illustrated in Fig. 9(d). With all other
probably caused by uncertainty in the estimatiorf aduring that parameters fixed, the impact of greafgris to extend the lengths
period and the impact of ground shading on the wetted portion of of drydown periods and to increase the estimated evaporation
the soil surface. component of ET. The impact &, was pronounced during all
The unadjusted standard error of estimg@&E) between the periods.
estimated and lysimeter-measured daily EFig. 10) was Sensitivity to the estimation of fraction of surface covered by
0.92 mm day* and the seasonal ratio of predicted ET to measured vegetation is illustrated in Fig. 9(e), where 0.2 was added and
ET was 1.02. Total seasonal evaporation for the sweet corn cropsubtracted from the value fdg predicted by Eq(11). The impact
was estimated to be 24% of the total seasonal ET. Because thef value for f. was negligible for the initial and most of the
lysimeter measurements provide only integrated values of ET, thedevelopment period when Iz exceeded the value assigned to
separate estimation of evaporation cannot be evaluated for accufw. In this casef,, controlled the estimate of evaporation. As
racy. Estimates of soil evaporation do not include the evaporationincreased, its value began to contfg) from Eg.(10) and impact
from soil that occurs as a diffusive componentkaf, over time. on K, and K, increased. The smaller value fy (i.e., f.=0.2)
Sensitivity of theK,+K, procedure offAO-56to invocation during late development and mid season tended to improve esti-
of a Ky soil moisture stress function under conditions where mild mates during those periods.
stress may have occurred is shown in Fig. 9¢a)the 1974 snap Table 3 lists summary statistics for the five sensitivity tests.
bean crop. Without th& function (thusK=1.0), theK, 5o curve The smallest SEE0.61 mm day*) occurred whenZz, was in-
(medium gage linefbottomed” against theK, curve (heavy creased from 0.15 to 0.20 m, however, the reduction in SEE over
line). With theK; function[Eq. (32)], drying below thep level of the baseline was very small. The impact by the individual ranges
the root zone was predicted during the development period, latein the parameters on the ratio of estimated seasonal ET to mea-
midseason, and latter part of the late season. These prediction§ured ET ranged from -5 to +4%.
were based on actual irrigation dates and values for soil water
holding properties from Table 1AW=160 mmnT'), and p
=70% during the initial period ang=55% for the other three = Summary and Conclusions
periods, and maximum rooting depth of 1.6 m, based on measure-
ments by Wrighiunpublished data, 2000). The application of the The FAO-56 dual K. procedure was established to provide daily
Ks function improved estimation oK, for some dates and estimates of evaporation from wet soil in conjunction with crop
caused underestimation for others. No visual or measured streséranspiration. The procedure uses a daily water balance of the soil
by the lysimeter crop in 1974 was noted by Wrigh82). surface layer and accounts for the fraction of soil surface wetted
Figure 9(b)illustrates the impact thaf,, the fraction of soil by irrigation or by precipitation and exposed to radiation and
surface wetted by irrigation, has on tlie ., estimate. Higher ventilation. Three optional extensions to the original method are
values forf,, extended the magnitudes and time lengths of dry- described. The first is the establishment of a separate water bal-
down for K, “spikes” during the development period when the ance for the fraction of the surface wetted by precipitation, only,
value 1-f, in Eq. (10) was large. During midseason period, 1 and for the fraction wetted by both irrigation and precipitation.
—f in Eq. (10) limited the value forf,,, regardless of range ify,. The second extension is a procedure to approximate the drying of
Thus, sensitivity tof,, is generally prominent only during the the surface layer by transpiration in addition to evaporation. The
initial and development periods. third extension provides for the application to deep cracking soils.
The inclusion of theT, function for extraction for transpiration ~ The dualK. procedure is useful when short term estimates of
from theZ, layer impacted the estimation f&, during the initial evapotranspiration are needed, for example in research and in
and development periods and had no impact during the mid andirrigation scheduling for individual fields as well as in estimation
late season periods when the evaporation layer was largelyof total consumption of water where impacts of wetting frequency

shaded. Thd, function reduced the prediction &, for the pre-
cipitation event on Day 156Fig. 9(b)] becauseT, extraction
during prior days increaseB, so that the 6 mm precipitation

are important.
The sensitivity analysis indicates that inclusion of a function to
estimate transpiration from the evaporating layer may not sub-

depth was absorbed into the Stage 2 depletion reservoir, rathesStantially impact or improve estimates, especially for crops hav-
than adding to Stage 1 drying. This illustrates a weakness of theing periodic cultivation. Calculations are moderately sensitive to
FAO-56 model in that any light precipitation event is subtracted Values specified for the depth of the evaporation layer and frac-

from the totalD, for the Z, depth, rather than left on the soil skin
for immediate evaporatiorD, was increased during the initial
period with the application of th&, function because all of the
K, Value[0.15 in Fig. 9(b)]is assigned to basal transpiration in

tion of surface wetted by irrigation, and to the estimation of frac-
tion of ground cover.

the dual procedure, even though the 0.15 value may contain sig-References
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Plate 1. Alfalfa Net Irrigation Water
Requirements (NIWR) for Nevada

Black values represent mean annual Hydrographic Area

3.5 NIWR (ft/yr) estimates for areas with weather stations

Gray values represent mean annual Hydrographic Area
NIWR (ft/yr) estimates based from spatial interpolation of weather
station averages

Red values are the Hydrographic Area numbers, as defined

184 and listed in Water For Nevada, Report No. 3, October 1971.
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Peter Fahmy Cynthia Martinez
U.S. Dept. of Interior U.S. Fish & Wildlife Service
Office of the Solicitor 4701 N, Torrey Pines Dr.
755 Parfet St., Suite 151 Las Vegas, Nevada 89130
Lakewood, Colorado 80215
Richard Berley
Stephen Palmer Ziontz, Chestnut, Varnell, Berley, et al.
U.S. Dept. of Interior 2101 Fourth Ave., Suile 1230
Office of the Solicitor Seattle, Washington 98121
2800 Cottage Way Room E-1712
Sacramento, California 95825 Darren Doboda, Chairperson
Moapa Band of Paiutes
Rex LaMew, Plant Manager P.O. Box 340
Mirant Las Vegas Power Company, LLC Moapa, Nevada 89025
15555 Apex Power Parkway
PO Box 34089

Las Vegas, NV 89133

Re: Applications 54055-54059, 63272-63276, 63867-63876, 54076; Order No. 1169
Study Participants:

This letter is intended as follow-up to the mecting held June 22, 2010, and to address
outstanding issues and reporting requirements related to State Engineer’s Order No. 1169, in
particular the critical pumping test portion of the Order. Order No. 1169, which was signed on
March 8, 2002, holds in abeyance all pending carbonate-rock aquifer system groundwater
applications and new filings to appropriate water in Coyote Spring Valley (Basin 210), Black
Mountains Arca (Basin 215), Gamet Valley (Basin 216), Hidden Valley (Basin 217), Muddy
River Springs aka as Upper Moapa Valley (Basin 219), and Lower Moapa Valley (Basin 220)
until further information is obtained by stressing the aquifer by the pumping of those water right
permits already issued in Coyote Spring Valley. Application 54076 in California Wash was also
held in abeyance until the test was completed.

The entities initially required to participate in the study included: Las Vegas Valley Water
District (LVVWD), Southern Nevada Water Authority (SNWA), Coyote Springs Investment,
LLC, Nevada Power Company, and the Moapa Valley Water District (MVWD). The Moapa
Band of Paiutes recently requested and was granted status as a participant,

The Order calls for a minimum five-year hydrological study during which at least 50% of
the existing water rights in Coyote Spring Valley must be pumped for at least two consecutive
years. The permitted groundwater rights of the study participants in Coyote Spring Valley total
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16,100 acre-feet annually (afa); therefore, the amount that must be pumped each year for two
consecutive years is 8,050 afa. The water may be pumped from any of the currently permitied
points of diversion of the participants. Pumped water must be put to beneficial use within
Coyote Spring Valley or exported from the hydrographic basins subject of Order No. 1169.

A hydrologic report, prepared by Mifflin and Associates, Inc. (MAI) and forwarded to
this office by the Mouapa Band of Paiutes, presented information supporting a conclusion that
pumping from Coyote Spring Valley would reduce Muddy River spring flows at a 1:1 rate just
nine months afier pumping occurs. In its report and in a presentation at the June 22, 2010
meeting, MAI concluded:

¢ The pumping that has occurred to date in Coyote Spring Valley has produced results that
cffectively satisfy the objectives of Order No, 1169,

» Pumping in Coyote Spring Valley in 2007 was coincident with, and possibly responsible
for, a 60% decrease in the Moapa dace population.

» Flows in the Warm Springs area would not be adequately protected by the Memorandum
of Understanding agreed to by the U.S. Fish and Wildlife Service (USFWS), the SNWA,
the MV WD, and the Moapa Band of Paiutes.

MAI recommended that the pumping test not proceed until the cause of the dace
population decline is better known, minimum flows for their habitat are established, and a
pumping test designed to protect those minimum flows is developed. However, comments by
the USFWS did not concur with the MAI view that the low flows during that period of time were
responsible for the decrease in dace population, and the USFWS recommended that the pumping
test take place as outlined in Order No. 1169. At the end of the meeting, it was decided that the
pumping test should be carried out to the extent possible, Modifications to the test, reporting and
subsequent studies arc outlined below,

Section 7 of the Order requires the study participants to file a report within 180 days of
the end of the fifth year detailing the resuits of the study. Section 8 requires that at the end of the
study period, LVVWD/SNWA are to update Exhibit 54 from the July 2001 hearing to show the
State Engineer the effects, if any, of production of water under Applications 54055 - 54059. The
State Enginecr was to then make a determination if he had sufficient information to proceed with
ruling on those additional applications in Coyote Spring Valley for which hearings had already
been conducted, and other pending applications in these basins.

For various reasons, eight years have passed since the State Engineer issued Order No.
1169, and the pumping requirements of the Order have not yet begun. SNWA's present plan is to
pump only the MX-5 well and pipe that water to Lower Moapa Valley, where it will be allowed
to flow into Lake Mead for the benefit of SNWA. However, maximum pumping rates from MX-
5, even when combined with Coyote Springs Investment, LLC’s ongoing pumping, may not meet
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the 8,050 afa minimum pumping requirement of the Order. As established in the Order, final
reports and the update to Exhibit 54 are only required after compietion of the pumping test.
However, decisions regarding future appropriations in the basins subject to Order No. 1169
cannot be deferred indefinitely, Therefore, in accordance with NRS 533,368, 533.375 and
534.110, and regardless of whether the 8,050 afa minimum requirement is met or not, the study
participants shall comply with the reporting requirements of Sections 7 and 8 from Order No.
1169. SNWA shall submit a report detailing the results of the first two years of the pumping.
The two-year time period will start when pumping and water export from well MX-5
commences. The report shall be due 180 days afier completion of two years of pumping from
well MX-5, in other words, the report is due to be filed with the State Engineer 2'/2 years afier
initiation of the MX-5 pumping and export of water. In addition, SNWA shall submit model
simulation results using the SNWA Pipeline EIS groundwater flow model, or a suitable
alternative, showing the predicted effects of pumping both existing water rights and current
applications in Lower Meadow Valley Wash (Basin 205), Kane Springs Valley (Basin 206),
Coyote Spring Valley (Basin 210), Black Mountains Area (Basin 215), Garnet Valley (Basin
216), Hidden Valley (Basin 217), California Wash (Basin 218), Muddy River Springs aka as
Upper Moapa Valley (Basin 219), and Lower Moapa Valley (Basin 220). The modeling report
shall clearly tabulate and illustrate the modeled effects of the various pumping rates on the
monitored groundwater levels, spring flow, and Muddy River flow.

In Section 6 of the Order, the State Engineer ordered the Las Vegas Valley Water District,
Southern Nevada Water Authority, Coyote Springs Investment, LLC, Ncvada Power Company,
Moapa Valley Water District, Dry Lake Water Company, LLC, Republic Environmental
Technologies, lnc., Chemical Lime Co., Nevada Cogeneration Associates, or their successors,
who presently hold water rights authorized for appropriation from the carbonate-rock aquifer, to
provide the other parties to the study and the State Engineer with data on a quarterly basis as to
the rate at which water was diverted under the specific water right permits issued, total acre-feet
diverted per month, and monthly water level measurements. Multiple parties have expressed a
need for daily pumpage data from major producers. Therefore, cach of the entities identified in
Order No. 1169 Section 3 - the Las Vegas Valley Water District, Southern Nevada Water
Authority, Coyote Springs Investment, LLC, Nevada Power Company, the Moapa Valley Water
District and the Moapa Band of Paiutes, shall report pumpage on a daily basis for any wells that
pump more than ten (10) acre feet in a given month. Those wells without automated monitoring
and data recording systems (SCADA) systems must record and report when the wells arc in
operation on a daily basis, so that when combined with monthly total pumpage it will be possible
to ascertain with reasonable accuracy the daily pumpage amounts from the well. Production
wells and their required monitoring frequency arc shown in the attachment.

The pumping test is expected to begin in August or September of this year. Therefore, all
parties arc hereby notified that all monitoring activities as outlined in this letter must be in place
no later than August 1, 2010.
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All reporting shall occur on a quarterly basis. Reports are due to the State Engineer's
office within 30 days of the end of each calendar quarter. Water levels and pumpage data are to
be submitied to the State Engineer's office in electronic formal. Monitoring data will be
available to the parties and public to view or download from the Division of Water Resources
website htip://water.nv.pov/. 1f you have guestions concerning tlest procedures or reporting,
please contact Rick Felling at (775) 684-2866 or rfelling@water.nv.gov.

Sincerely,
A ?‘ E ’

Jason King, P.E.
State Engineer

JK/m]

Attachment

c: Rick Felling - Email
Susan Joseph Taylor - Email
Kelvin Hickenbottom - Email
John Guillory - Email
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THE CHURCH OF

JESUS CHRIST

OF LATTER-DAY SAINTS

ISEIZ 1S PH L: 32

MEETINGHOUSE FACILITIES DEPARTMENT

Real Estate Services Division
50 East North Temple Street
Salt Lake City, Utah 84150-0012
Phone: 1-801-240-3840
Facsimile: 1-801-240-2913

Dear State Engineer Wilson,

As you know, The Church of Jesus Christ of Latter-day Saints, a Utah corporation sole (the
“Church”) holds various surface and groundwater rights in the Lower White River Flow System
(“LWRFS”). To date, the Church’s Grant Cooper, Ph.D., P.E. has participated in many of the
stakeholder sessions organized by your office.

For purposes of a clear record, the Church joins in the technical evidentiary submissions (initial
and rebuttal), made by the City of North Las Vegas. Although the Church joins and agrees with
the analysis and conclusions contained in these submissions, the Church does not request an
allotment of time to present evidence or to cross-examine witnesses during the two week hearing
scheduled to commence on September 23, 2019. The Church will continue to monitor these
proceedings and offer the City of North Las Vegas any assistance it may request.

Should the State Engineer undertake further proceedings with respect to the LWRFS, the Church
would reserve its right to offer evidence and testimony, as well as its right to cross-examine
witnesses, on subjects outside of those being considered under Interim Order 1303, including but
not limited to subjects such as overall water policy and purported interference between
groundwater and surface water, which were topics identified as not being a part of the upcoming
two week hearing, during the Pre-Hearing Conference on August 8, 2019.

Thank you for considering the technical reports and testimony submitted by the City of North
Las Vegas.

Sincerely yours,

By Pfru’

Roy McDaniel

Water Resources Manager

Natural Resource Services Section

The Church of Jesus Christ of Latter-day Saints

Letter to SE re LWRFS
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MDAPA BAND OF PAI( TES

MOAPA RIVER INDIAN RESERVATION RENE
BOX 340 ,
MOAPA, NEVADA 89025 Unduy -1 py 2
TELEPHONE (702) 865-2787 ‘01
S IAT;‘- p— 2 - ..._
D _'( ”7- - 3 C s !.

May 26, 2010

Jason King, P E., State Engineer
Nevada Division of Water Resources
901 South Stewart St.,.Suite 2002

Carl Savely, Esq.
Lionel Sawyer & Collins
50 West Liberty Street, Suite 1100

U.S. Fish and Wildlife Service
1340 Financial Blvd., #234

Carson City, NV 89701 Reno, NV 89153
Supervisor ' Stephen Palmer
Nevada Field Office U.S. Dept. of Interior

Office of the Solicitor
2800 Cottage Way Room E-2753

Reno, NV 89502 Sacramento, CA 95825
General Manager ' Richard Willer
Southern Nevada Water Authority NV Energy

1001 S. Valley View Boulevard P.O. Box 98910

Las Vegas, NV 89153 Las Vegas, NV 89151
General Manager Gary Karst

Moapa Valley Water District U.S. National Park Service
P.O. Box 257 601 Nevada Way
Logandale, NV 89021 Boulder City, NV 89005

Re:  Order 1169 Study
To Whom It May Concern:

The Moapa Band of Paiutes has recently been recognized as a participant in the

upcoming water study called for under State Engineer’s Order 1169. The Tribe is also a

_ signatory to the Memorandum of Agreement dated April 20, 2006, which is designed to provide

protection to the endangered Moapa dace, including protection from pumping of regional
groundwater in a manner which may harm Muddy Springs, the dace’s habitat.

We recently received the enclosed unsolicited report from MAI, Inc., the Tribe's
hydrogeologic consultants. MAI's analysis concludes that the pump test itself will likely impact
the dace, and that such impact will persist long enough that the protective features of the MOA
may not be adequate to protect the dace from harm. To avoid the potential risk to the dace
projected by MAL, the most prudent.course may be to reduce or phase in the pump test while the
effects of the mitigation now specified in the MOA are carefully monitored. As the scope of the
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-
Letter to MOA and Order ¥ Participants (
May 26, 2010

Page 2

pump test is mandated by Order 1169, any reduction or phase-in would have to be approved by
the State Engineer.

The Tribe, and Marty Mifflin and Cady Johnson of MAI, wish to share the MAI report
with you so that you may promptly independently evaluate the report and its conclusions
regarding the effectiveness of the pumping cut-backs in wells up-gradient of the Muddy River
Springs, specified in the MOA as mitigation measures. We request that we ail then participate in
a timely, pre-pump-test meeting to discuss how best to proceed.

The Tribe also has an independent pending request to the State Engineer to require real-
time monitoring of certain wells, particularly wells maintained by Nevada Energy, which we
believe will improve monitoring.

We appreciate the responsibilities associated with participation in the MOA and Order
1169 processes, and look forward to working with you. Please feel free to contact us, or MAI
directly at (702) 395-8451, if you have any questions or concerns about the report.

Very truly yours,

MOAPA B @;\'UTES

Darren Daboda
Chairperson

Encl,
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Order 1169 Impacts

Mifflin & Associates, Inc.
Las Vegas, Nevada

May 27, 2010
Preface by Dr. Martin Mifflin

The Moapa Band of Paiutes’ (MBP) hydrogeolagic contractor, Mifflin and Associates Inc {MAI)
has conducted comprehensive analyses of monitoring records in preparation for the Order 1169 test.
Order 1169 was issued to validate the Las Vegas Valley Water District {LVWWD) model docketed as
Exhibit 54 (LVWWD, 2001) in the 2001 State Engineer hearing on LVWWD’s applications. Based on past
analyses of Muddy River Springs area (MRSA) pumpage, 1:1 pumping impacts on Muddy River flows
have been shown to occur through water-balance accounting {Johnson and Mifflin, 2006) but specific
sources of impacts had been very difficuit to confidently identify and measure due to several data-
related problems. However, with longer monitoring records now available and better documentation of
region-wide annual and multi-year water-level fluctuations, a new analytical strategy — presented here —
has been developed by MAI that has proven successful well beyond expectations. The iarge CSI
pumping stresses that began in 2006 have been identified and their impacts confidently resolved in the
MRSA monitoring records; the analyses demonstrate 1:1 impacts developing 9-10 months after pumping
during the first three years of Coyote Springs Investments {CSI) groundwater development in Coyote
Spring Valley. The analytical objectives of Order 1169 have been met: the magnitude and rate of
development of impacts have been estimated in the MRSA. Reduction of the monitoring databases into
useful formats for analyses has been labor-intensive, but the analytical strategies are straightforward
and reproducible.

The resuits of the MAI analyses are consistent with independent iines of evidence gathered over
many years. All developed hydrogeologic evidence, beginning in the 1960's (Eakin, 1966; Mifflin, 1968)
indicated Coyote Spring Valiey is a direct source basin for Muddy River Springs flow. Databases
confirming the transmissive characteristics of the carbonate-rock aquifer and small hydraulic gradients
were established by Fugro/Ertec during the MX Program (Ertec Western, 1981) and extended
geographically by new CS! production weils, SNWA monitoring wells, and associated monitoring records
within Coyote Spring Vailey. As far north (and into) Kane Springs Valley, aii databases have combined to
document a highly transmissive carbonate-rock aquifer in close hydraulic continuity with the Muddy
River Springs discharge area. Pump anywhere upgradient of the Springs within this interconnected
transmissive zone and 1:1 impacts will develop on fiows in the Muddy River Springs discharge area - and
now there is a good measure of timing for the rate of development of impacts to a fuil 1:1 ratio from
pumpage in southeastern Coyote Spring Vailey.

The rate and magnitude of impacts resulting from CSI pumping stresses applied in Coyote Spring
Valley indicate a potential for highly undesirable consequences from the currently proposed design of
the Order 1169 pump test. Reduced flows in already marginal Moapa Dace habitats in the Springs area,
including in several of the tributary reaches that historically provided the best habitats, and the recent
(synchronous with the first large CSI pumping impact) drop in population counts by approximately 60%
from 2007 to 2008 {USFWS, 2008) indicate that a choice may exist between development of 50% of
permits for two years, as prescribed by Order 1169, or maintaining flows required for the remaining
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quality Dace habitats. The 2006 Memorandum of Agreement (MOA) between regionai water users and
the U.S, Fish and Wildlife Service, with mandated pumping reductions designed to limit existing Dace
habitat-flow declines at the Springs to specified trigger ievels, is ineffective because of the full
development of 1:1 impacts from pumping upgradient from the Springs. Just as important, the impacts
persist long after MOA-prescribed acticns reduce pumping stresses.

The MOA stipulations related to trigger-ieveil flows and actions to protect in-stream flows of
Dace habitat reaches would fail to accomplish such objectives during execution of Order 1169 as
currently planned with 8050 ac-ft/yr {11.12 cfs) pumping stress. In fact, MOA stipuiations assure that,
whatever level of pumping stresses may be adopted for the Order 1169 test, the 1:1 levei of impacts
from the full initial pumpling stress would be acting for many months in the Springs area, perhaps for
well over a year even if the final trigger level of 2.7 cfs at the Warm Springs West gage were to be
reached or significantly exceeded {as couid occur with 11.12 cfs of constant stress and would be even
more likely if pumping varies seasonally to achieve an annualized 11.12 cfs). If it requires 9 months for
full development of 1:1 impacts in the Springs area flows, it also will take 9 months for the stipulated
actions of decreases or termination of the pumping stress in Coyote Spring Valley to fully register in the
Springs area flows. Further adding to the probiem are the 45- or 90-day periods stipulated before
actions are taken, and the number of trigger-level actions required before the pumping stresses in
Coyote Spring Valley begin to be reduced. Contrary to the intent of the MOA, the MOA stipuiations
would act to wipe out Dace habitats and local Dace populations if the initial pumping stress selected for
the Order 1169 test proved to be too large. As there seems to be considerable uncertainly in flow
requirements, a very cautious approach in applying the initial pumping stresses is warranted,

With these anticipated problems stemming from fuli-scale Order 1169 implementation, and
given that 1:1 impacts are already evident in the existing monitoring records, alternative strategies
warrant careful consideration and wouid be wise in light of these new findings. MAI urges the
participants to approach the production requirement of Order 1169 in a step-wise fashion by delaying
fuil-scale pumping until the analyses presented herein have been competently reviewed. Participants
are uplikely to accept the MAI analyses without the opportunity for comprehensive review and rebuttai,
and will require adequate time for such reviews. The ramifications of the MAI findings are far-reaching,
and Order 1169 is effectively in process with lower-level but useful pumping stresses providing sufficient
data for impact analyses. Higher-resolution pumping and streamflow data would aliow MAI resuits to
be refined, particularly with respect to features that are presently hidden within the very coarse
monthly pumping tabulations from production wells near the most important monitoring localities,
some of which record measurements at 15-minute intervals and others hourly. Adding on
comprehensive documentation of real-time pumping activity and continuous gauging of individual low-
flow Dace-habitat reaches would provide useful additional information to support a decision of whether
the full production level planned in Coyote Spring Valley is necessary, wise, or desirabie.

We are confident the results of MAI analyses are as reliable as the existing databases ailow. One
of the reasons for confidence is internally consistent resuits obtained from independent anaiyticai steps
in the scaling evaluation. Further, one does not need to be an expert in hydrograph analyses to
recognize the marked change in pattern of the Muddy River flows and the marked lows in River flows
that began during 2007, and continue to the end of data availability. We have recommended
refinements in monitoring database collections that would allow more refined analyses. Also, some
information used in our analyses (for example, reported daily production from the CSI1 well that at
times exceeds the tested capacity of the well) is suspect.
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Annual Muddy River flows have declined in lock-step with groundwater production in the MRSA
since the early 1960s. Monitoring records now demonstrate the same level of system response to
Coyote Spring Vailley pumpage. It is not acceptable to ignore these Muddy River Springs-area responses
if the remaining Moapa Dace habitats and populations are to be maintained. The issued but
undeveloped permits in the Coyote Spring Valley groundwater basin essentially equal the remaining
flows of the Muddy River and Muddy River Springs.

Figures 1 and 2, and Figure 16 of the following section teil the story perhaps as weli as the
analytical methodology and quantitative results. Figure 1 illustrates a period of flows between 1913 and
1918 in the Muddy River at the Moapa gage before flows began to respond to local groundwater
development (note peak winter flows at 51-53 cfs). Figure 2 illustrates the current flow regime as well as
the various diversions that have prevented water flows from exceeding 40 cfs in recent years. The key
relationship that doesn’t require an expert to recognize is the change in the pattern of Muddy River
flows after 2006. The markediy reduced summer flows occurred during a period when the totals of non-
Csl diversions are generally smalier than in previous years. The new pattern of low summer flows begins
in the summer of 2007, after the first season of €SI pumping in 2006. Figure 16 of the foilowing section
illustrates how the River hydrograph responded to production by CSI, and is quantified in our analyses
and derivations of full 1:1 impacts about 9 months (Warm Springs West gage} and 10 months {(Muddy
River at Moapa gage) after pumping occurs in southeastern Coyote Spring Valley.

Historic Muddy River Data
60 - — : e X —

50 e —— e i

40 S .

Discharge {cfs)

30 o e M ot PP S - —

20 i e
1-Jan-1913 1-Jan-1915 1-Jan-1917

1-Jan-1919

Figure 1. Recorded daily flows of the Muddy River between 1913 and 1918, prior to any known
groundwater production from wells, Minor data gaps represent storm surges that have been removed
(censored) from the record. Note the effects of irrigation diversions during the summer months. [file

MuddyRivQ_1913-1918.xls, Sheet NarrowCensor]
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Modern Muddy River Flows and non-CSI Diversions
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Eigure 2. Average monthiy flows in the Muddy River from 2000 through 2009, with municipal (MVYWD)
and industrial (NPC) diversions. Data associated with rain days and associated storm surges have been
censored {removed) from the record. “aliuv” indicates the alluviai aquifer, “carb” indicates the
carbonate-rock aquifer, and “MR" indicates diversions directly from the River or its tributaries. [File
MuddyRivQ_2000-2010b.xlsx, Sheet ‘MonthiyRaw’]

MAI offers the following analytical methodology and results to other Order 1168 Participants in
anticipation of their independent and in-depth analyses, followed by technical exchanges on resuits.
MAI aiso suggests all involved directly with the Order 1169 pump test shouid make independent reviews
of the implications of MAI analytical results with respect to how effectively the MOA would serve to
limit impacts. Perhaps attention shouid also be focused on the 60% Dace population crash that
apparentiy occurred sometime in 2007 (and continued similar population counts). The CS! pumping
resuited in 1:1 impacts in 2007 after the first iarge CSI production year of 2006 and that have continued
in subsequent years.

Approach and Analyses by Dr. Cady Johnson

Mifflin & Assaciates, Inc. {MAI) has carefully analyzed ten years of water-leval records from
MBP’s 5-well monitaring network, water levels from the USGS CE-DT-4 (MX-4) and Nevada Energy
Company {NPC/NEC) EH-5b monitoring wells, springflow records from Big Muddy Spring and Warm
Springs West, stream-gauging data for the Muddy River, production records from NEC and and Moapa
Valley Water District {(MVWD) plus four years of drilling, development, and production records from
Coyote Springs Investments (CSI} {Figures 3a, 3b).
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Figure 3a. Location of study area; map and “Insert Map A” (Figure 3b herein) have been maodified and
corrected from source file "CSI_Monitor_Points_Map.pdf”, which is stored in the SNWA Common Data
Repository at www.snwawatershed.org/portal. {file MonitoringPtMapSmaliGRE3.jpg]
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Inset Map A

{5 T o A U /. )
Figure 3b. Detail area from Figure 3a; Legend from Figure 3a applies. Unmodified from source, same as
Figure 3a. {file MonitoringPtMapInsetAGR83.jpg)

From the inception of the MBP monitoring program in 2000 until late 2004, yearly-average
water levels in the five MBP monitoring wells and several other monitoring wells in the region including
MX-4 {monitored by the USGS) and EH-5b {monitored by NVE) were decreasing, with generally
sinusoidai, seasonal variations about linear long-term decline trends (Mayer and Congdon, 2008).
Seasonal water-level cycles that track those at MX-4, and follow the same pattern as long-term
discharge rates at Warm Springs West, dominate the hydrographs. The origins of the sinusoidal
component of the MBP hydrographs has long been an issue, but the absence of systematic phase
differences or attenuation with distance from known pumping wells suggested that pumping effects
were absent, and that climate was solely responsible for the seasonal water-level variations in the MBP
weils (Johnson and Mifflin, 2006). The winter of 2004-2005 was unusually wet, and was followed by two
years of rising water levels and increasing springflow in upper Moapa Valiey. This climatic impuise
praduced distinctive responses in the hydrographs of the region, and the expectation that climatic
responses are more uniform in space than pumping effects presents the opportunity to resoive these
two primary influences on water levels using new approaches that we begin to explore here.

The fundamental premise in the foliowing analyses is that springflow is deterministically
responsive to regional water levels. There is no other underlying assumption. In a new analytical
approach, described below, MAI has developed a Synthetic Reference Hydrograph (SRH) based on
comparison of the ECP-1 and TH-2 hydrographs with that from MX-4. Subtraction of paired (hourly or
daily) data points fiiters the climatic component from this composite record, producing a difference
hydrograph (DH) so perturbations in either area can be recognized as a departure from the typical
closely-correlated relationship.
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The first potential perturbation to be considered was pumping at the MVWD Arrow Canyon #1
Weil {(ACW) which is usually pumped at about 5 cfs during the peak (summer) season. It was observed
that maxima and minima of the ECP-1/MX-4 difference hydrograph bear a close correspondence to the
pattern of pumping at ACW until about 2006, and was so similar in 2001-2004 (before CSl activities
began) that fortuitous similarity is unlikely {Figure 4). Furthermore, comparison of the best-defined
peaks in ACW production and DH response reveals a 4-week lag between cause and effect {caveat:
production data are currentily reported monthly, and although we interpolated to weekly values for this
analysis and a 4-week lag is Indicated, we do not imply week-scale precision of the lag estimate).
Notably, there is a positive correlation between the signals illustrated in Figure 4; as pumping increases
at the ACW, the difference between MX-4 and ECP-1 water levels also increases. Since pumping would
be unlikely to cause the water level in another well to rise systematically, it appears that ECP-1 {which
has the iower water ievel elevation) is experiencing a seasonal drawdown effect from ACW.

Possible influences of NPC/NEC pumping seasonally from the alluvial aquifer of upper Moapa
Vailey on the DH hydrograph were Investigated next. The years 2001-2002 are of particular interest,
since the ACW was shut down for most of January, 2002, an atypicai event at that time. During the
summers of 2001 and 2002 Nevada Power Company {(NPC) ocperated its Lewis and LDS well fields
analogously to a square-wave impuise to the hydrologic system that was twice as strong and more
sustained than the pattern of pumping by MVWD (Figure 5). The fact that the sawtooth pattern of the
DH that was maintained in 2001-2002 demonstrates little or no effect of alluvial pumping on ECP-1,
consistent with Johnson and Mifflin (2006). Incorporating the good correspondence that exists between
ACW production, lagged four weeks, and the DH, the linear relationship (Figure 6) that explains
variations in head difference between MX-4 and ECP-1 as responses to ACW pumping was used to adjust
the ECP-1 hydrograph for the ACW effect. This is the Synthetic Reference Hydrograph or SRH {Figure 7)
a tooi that is particularly useful for understanding excursions of springflow from “normal” trends.

ACW Pumping Signal Recognized in ECP-1 from Difference Hydrograph
v 36
- 34
- 3.2
- 3.0
- 2.8
- 2.6
2.4
F 2.2
+ 2.0
Oct-00 Oct-02 Oct-04 Oct-06 Oct-08

——ACW Spline Fit
e DIFF

Pumping Rate from Arrow Canyon #1 Well
cfs)
& between MX-4 and ECP-1 Water Levels [ft)

Figure 4. Difference hydrograph, obtained by subtracting weekly average water leveis in ECP-1 from
those in MX-4, compared with pumping rate of Arrow Canyon #1 well. The monthly well production
totals were interpolated to weekly values with a cubic spiine approximation. The relationship indicates
that as well production increases the difference between the reference hydrographs increases, meaning
that water levels in ECP-1 are being lowered relative to MX-4. [file ACW_QmonthsToWeeks.xls, Sheet
‘AliwWeeks’]
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Absence of Alluvial Pumping Component in Difference Hydrograph

(L)
o

N /\.t“

5 15
. r 3.2
‘ L3
| A la L 30 e NPC cSpline
! N \/ V@ e ACW cSpline
[ ——DIFF
7\

wu

Production Well Pumping Rates (cfs)
=
(=]

‘ ~
4D T\
| |
0 1 - 2.5
Jan-01 Jul-01 Jan-02 Jul-02 Jan-03

A in Water Level Between MX-4 and ECP-1 (feet)

Eigure 5. The sawtooth pattern of the difference hydrograph in 2001-2002 closely mimics the pattern of
seasonal pumping from the Arrow Canyon #1 well, and is almost compietely unaffected by the square-
wave alluvial pumping signal that is roughly twice as strong and seasonally more sustained. The data
gap in the difference hydrograph is where MX-4 data are missing. Monthly production data were
interpolated to weekly values by a cubic spline appreximation. [file Production.xis, Sheet ‘Diffs00-02']
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Figure 6. Correlation relations between Arrow Canyon #1 production and head difference between MX-4
and ECP-1 for 2001 through 2004. “Censor” indicates data from late 2004 not considered in the
regression; heavy precipitation in that time frame may have caused a water-level rise in MX-4.
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Figure 7. Synthetic reference hydrograph developed from differences in 7-day average ECP-1 water
levels relative to the MX-4 monitoring well, with adjustment for pumping stress attributable to the
Arrow Canyon #1 well, [file Production.xis, Sheet ‘SyntheticHydrograph’)

Transformations of the SRH are useful as indicators of baseline flow conditions in individual
springs and the Muddy River, after censoring (adjusting) discharge records to eliminate data from rain
days (River) and operational disturbances (springs). In the case of the Muddy River, effects of winter
precipitation are particularly difficuit to remove from the discharge record without introducing large
data gaps, resulting in annual maxima that are less uniform in the reconstituted record than annual
minima. Details of how basic data were scrubbed for representativeness are not elaborated here.

Warm Springs West Trend

To utilize the SRH as a reference discharge indicator for springfiow, it is necessary to detrend
and scale the long-term hydrograph (which has a length dimension) to be proportional to the discharge
measurements {valumetric flow rate) by a linear transformation (Figure 8). The process is exploratory,
requiring a choice of the time interval that contains the antecedent trands in the hydrographs being
compared, then additional choices of how to align the detrended hydrographs in scale {such as fitting
maxima or minima) and time (by shifting time scales to account for lags between stimuius and
response). These linear transformations are non-unique, but ultimately preserve the form of the
original data and provide a basis for quantitative comparison of discharge records and water levels.
Appropriately-scaled head data can be considered to be cfs-equivalents in this approach. When fitted to
springflow maxima, the scaled SRH should tightly drape the springflow record, matching at times when
spring discharge is unaffected by pumping activity. The drape-fit of the SRH on the springflow record
(Figure 9) demonstrates a discharge deficit at Warm Springs West after 2006, the year CS| began
producing from their CSi1 well. Discharge plotted in Figure 9 is partially reconstituted to account for the
influence of the ACW, derived by minimizing the amplitude of the 2001-2004 hydrograph (Figure 10). A
scale factor of 0.015, derived interactively by trial-and-error, indicates that for each 1 cfs pumped fram
the ACW, 0.015 cfs {1.5%) is accounted for by capture from Warm Springs West.
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Detrended Warm Springs West Discharge and Reference Hydrograph
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Figure 8. Detrended hydrographs, expressed as differences from their baseline (2001-2004) trends, with
synthetic reference hydrograph (SRH) scaled to drape springflow. The adjustment to Warm Springs

West discharge removes the effect of the Arrow Canyon #1 well. [File CSI&ACWimpacts3.xls, Sheet
Scaling3]
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Figure 9. Re-trended hydrographs, showing progressive divergence of Warm Springs West discharge
from Synthetic Reference Hydrograph beginning in Jate 2006, the year that continuous production by
Coyote Springs Investments began. [file CSI&ACWimpacts2.xls, Sheet ‘Scalingd’)
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Arrow Canyon #1 Pumping vs Warm Springs West
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Figure 10. Scale factor of 0.015 minimizes the effects of the Arrow Canyon #1 well on Warm Springs
West discharge; for each 1 cfs pumped from the well, 0.015 efs is accounted for by capture from the
Springs. [file CSI&ACWimpacts2.xls, Sheet ‘ACWfineTuning’)

CSl Impacts at Warm Springs West

Three production welis operated by Coyote Springs Investments were considered as having the
potential to capture flow from Warm Springs West. Weekly production data were compiled from
records submitted to the Nevada State Engineer; additional information pertaining to well-development
activities is available in reports by Johnson (2005a,b; 2007). Weekiy averages were prepared from the
production records, since generaily the totalizing meters were not read on a daily basis.

Well CS11 was compieted in May of 2005, with development and production testing occurring in
the latter half of that same month. CSI1 entered service in January of 20086, primarily for grading and
dust control, according to information on file with the State Engineer. CSI2 was completed in August of
2005; development pumping began on August 29 and production testing ended on October 1. CSI2
entered service in July of 2006. C513 was completed in August of 2006, with development and
production testing taking place between August 10 and September 14. C513 entered service in June of
2007. Johnson (2007, p. A-13) reports development activity at a Well #4, but production from this
facility was minor and intermittent through 2008.

The CSI pumping signal is well-expressed in the Warm Springs West discharge record, and lags
the actual pumping by 9 months (Figure 11). The proportional reduction of Spring discharge is 5.8%,
meaning Springs discharge is reduced by 5.8% of pumpage with a 9 month delay (Figure 12). “Raw CSIT”

on the Figure 11 chart represents the time the pumping occurred; “Lag CSIT” presents the pumping data
9 months later to iliustrate correspondence of the lagged signal with changes in springflow.

11
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9-Month Time Lag from CSI Pumping at Warm Springs West
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Figure 11. Pumping effects at Warm Springs West attriutable to CSi activity, accounting for the 9-month
lag that provides the best correspondence between peaks. [file CSI&ACWimpacts3.xls, Sheet
‘CSlimpacts’)

Discharge Reductions at Warm Springs West from €S| Pumping Effects
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Figure 12. Proportional reduction of discharge at Warm Springs West with respect to groundwater
production in Coyote Spring Valley, lagged 9 months; the constant of proportionality is 0.058 cfs
reduction per cfs pumped, or 5.8%. [file CSI&ACWimpacts3.xls, Sheet ‘CSlimpacts’]
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Scaling of Results to the Muddy River Headwaters Area

Discharge of the Muddy River at the Moapa gage is roughly twice as great as the sum of
tributary flows derived directly from springs (Eakin, 1968; Beck et al., 2006). The alluvial aquifer,
recharged by distributed flux from the carbonate-rock aquifer, stores groundwater and contributes to
the base flow of the River in the headwaters area. Storage effects delay the impacts of alluvial pumping
on measured River discharge. Adding present-day diversions to the madern, reduced flows of the
Muddy River (Figure 2) reproduces the annual cycle seen in 1913-1918 (Figure 1) if appropriate time lags
are applied to represent the effects of groundwater storage {Johnson and Mifflin, 2006). In
reconstituting the Muddy River to match historic flows, surface-water diversions were applied in the
month they are reported, diversions from the carbonate-rock aquifer (MX-6 and Arrow Canyon wells)
were lagged one month, and diversions from the alluvial aquifer (Lewis and LDS well fields) were lagged
five months. Johnson and Miffiin (2006) analyzed records from 1997-2002, and in the present analysis
from 2001-2008 with comparabie resuits. The finding of both analyses is the same, that the net effact of
all diversions is a 1:1 reduction of Muddy River discharge, and each category of diversion has a unique
imprint upon the discharge record based on the delayed responses of the River.

Mayer and Congdon (2008) hypothesized that higher-elevation springs wouid prove to be most
sensitive to pumping effects based on the assumption that Darcy’s law applies in the discharge conduits.
Big Muddy Spring is the largest (8 cfs prior to 2005) and lowest elevation spring in the MRSA, with a
measuring station elevation of 1745.34 feet AMSL about 0.1 miie downstream from the spring pool
(Beck et al., 2006). Detrended discharge from 2001-2002 correlates well with production from the
Arrow Canyon #1 well (Figure 13; slope = -0.08669 cfs/cfs or 8.7%, intercept = 8.606 cfs), allowing the
discharge record from Big Muddy Spring to be adjusted for the ACW impact effects in subsequent years
(Figure 14). We note that the proportional impacts from Arrow Canyon Well pumpage are substantially
greater (8.7% of pumpage) at Big Muddy Spring than at Warm Springs West, where ACW impacts are
only 1.5% of pumpage, and for which Beck et al. (2006) report a station elevation of 1770.04 feet AMSL.

NOTE: There is inconsistency in usage of the name “Warm Springs West”. Beck et al. (2006, Table 4)
refer to USGS site 09415920, and their reported elevation of 1770.04 feet corresponds to a staff plate
reading of 0.91 feet in the 1-ft Parshall flume at that measurement location, which monitors total flow
discharging from ail springs associated with the Pederson Springs Groups. Mayer and Congdon (2008,
Table 1 and Fig. 10}, however, appear to consider Warm Springs West to be “Lower Elevation Springs”
{an average of 5 elevations, 1797.9 feet) and Pederson and Pederson East "Higher Elevation Springs”.
Spring elevations are immaterial to the present analysis, so we leave it to Mayer and Congdon to clarify
the confusion.

The average production of the ACW from September 2000 to October 2008 was 2.9 cfs, 5.7% of
the estimated 51 cfs total groundwater flux to the MRSA, the 1:1 impact on the overall system in
accordance with the water balance of Johnson and Mifflin (2006). Recognition of non-uniform pumping
effects from the ACW in the MRSA raises the question of how CSi impacts are distributed. Identification
of the spatially variable impacts of the ACW on individual springs and River fiows is important because
superposed C5| pumping impacts are now incorporated into the gauging records, and the opportunity to
consider individual well impact effects in isolation (with other pumping sources “quiet”) is no longer
available.
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Big Muddy Spring, 3-Month Average Q, (cfs)
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Figure 13. Proportionai decreases in discharge from Big Muddy Spring, May 2001 — August 2002. (File
FinalSpringflowComponents.xis, Sheet ‘Re-startWithACW’]
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Figure 14, Adjustment of the 7-day average Big Muddy Spring discharge record to remove effects of the
Arrow Canyon #1 well. [File BigMuddylongTerm.xis, Sheet ‘WeeklyACW']

14

SE ROA 54566

JA_18704



P
CONSULTATION DRASY, 27 May 2010

As a result of seepage gains from the alluvial aguifer, the Muddy River as a whaole might be
considered to be dominated by “lower-elevation” discharge, in the pariance of Mayer and Congdon
(2008). Atan average discharge rate of about 3.7 cfs, Warm Springs West represents only about 7.3% of
the 51 cfs long-term average total flux to the Muddy River headwaters in upper Moapa Valiey. if the CS!
impact resuits from Warm Springs West {5.8% of CSi pumpage; Figure 12) prove representative of CSi
pumping impacts distributed throughout the MRSA, groundwater diverted in Coyote Spring Valley
would be manifested as a reduction of the total flux in the proportion of 51 cfs / 3.7 cfs, or about 14
times the impact at Warm Springs West. To date, diversions from Coyote Spring Valley have occurred as
three distinct seasenal pulses peaking at approximately 3.7, 6.0, and 3.9 cfs in 2006, 2007, and 2008,
respectively (Figure 11). Total CSi diversions are of sufficient magnitude that if pumping effects
calculated for Warm Springs West are representative of the MRSA as a whoie, it should be possible to
measure the total impacts of CSI diversions that have already occurred in the post-2006 record of
Muddy River discharge. In other words, if local estimates of pumping impacts derived from springfiow
data are proportionally representative, these 1:1 impacts would be apparent in Muddy River flows.

To develop a CSi pumping-impact estimate for the MRSA as a whole, the synthetic reference
hydrograph (Figure 7) and censored Muddy River hydrograph were detrended based on the 2000-2004
record, and the SRH was conservatively scaled to match the minima of the River hydrograph. When
comparing River flows with the history of groundwater production from Coyote Spring Valley, there
would be a correspondence of River and SRH peaks if the pumping impacts from 2006 iag the actual
pumping by 10 months (Figure 15). Moreover, since scaling the SRH to the River hydrograph produces a
measure of differences in cfs-equivalents; deficits in River flow have the units of cfs and can he
compared directly with the pumping stress suspected of creating the discharge deficits. in the case of
the 2006 CSi pumping stresses, the July and August 2007 River discharge deficits have 1:1
correspondence with the CS| pumping stress 10 months earlier. The calculated Warm Springs West
impact estimate scales up to the Muddy River as a whole, and the full 1:1 impacts of diversions within
and nearer the MRSA (Johnsen and Mifflin, 2006) also apply to groundwater extracted from
southeastern Coyote Spring Vailey in 2006.

The raw hydrograph of the Muddy River illustrates changed flow patterns in 2007-2009 that do
not require detailed or sophisticated analyses to appreciate (Figure 16). The large production peak from
2007 is primarily due to pumping from the CSI2 well, and appears to be expressed in the River
hydrograph with a lag time greater than one year.

Conciusion

Flows at Warm Springs West would be reduced by 0.64 cfs as a direct resuit of an 11 ¢fs Order
1169 experiment, 17% of the historic 10-year average of 3,7 cfs or 19% of the minimum flows of 2004.
These estimates are subject to considerable uncertainty due to the scatter of data in the regression
relation (Figure 12), and the CSl impact would be superposed on seasonal discharge reductions that are
attributable to the Arrow Canyon wells and climate effects. The CSi-related pumping impacts detected
at Warm Springs West are proportional to impacts derived by reconstituting Muddy River flows; if full-
scale groundwater production in Coyote Spring Valiey of 22 cfs were to occur as a uniform pumping
stress, elimination of that full amount from the regionai flux to the MRSA would be the resuit. This
discharge reduction wouid translate directly to flow reductions that approach the minimum flows
recorded in 2003, and are well over haif the average seasonal minima of the past 10 years. If, however,
seasonal pumping typical of the region were to occur, periodic impacts transmitted to the Springs area
would be far greater.
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Delayed Effect of CS1 Pumping on Muddy River Discharge
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Figure 15, Divergence of reconstituted Muddy River discharge from baseline trend between April and
September of 2007, corresponding (in terms of cfs-equivalents), to the production rate from CSl wells
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that first peaked in September of 2006, indicating a ten-month lag between cause and effect in the first
phase of pumping. Zero reference is average of peak minima from 2002-2005. [file MuddyRivQ_2000-
2010a.xls, Sheet ‘CSimonthly’)
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IN THE OFFICE OF THE STATE ENGINEER
OF THE STATE OF NEVADA

IN THE MATTER OF APPLICATIONS
54075 AND 54076 FILED TO

)

)
APPROPRIATE UNDERGRCUND WATER ) RULIN

)

)

#5115

FROM THE CALIFORNIA WASH HYDROGRAPHIC
AREA (218), CLARK COUNTY, NEVADA

GENERAIL -
I. —_—

Application 54075 was filed on October 17, 1989, by tﬁe Las
Vegas Valley Water District ("LVVWD") to appropriate 10 cubic feet
per second {(c¢fs) of the water from the "underground.rock aquifer"
within the California Wash Hydrographic Area for municipal and
domestic purposes within Clark, Lincoln, Nye and Whitéi Pine
Counties, as more specifically described and defined within' NRS §
243.035-243.040 (Clark), 243.210-243.225 {Lincoln), 243.365-
243.385 (White Pine} and 243.275-243.315 ({(Nye). The proposed
point of diversion is described as being located within the NE%
Sw% of Section 4, T.16S., R.66E., M.D.B.& M." In Item 12, the
remarks section of the application, it indicates that the water
sought under the application shall be placed to beneficial use
within the Las Vegas Valley Water District service area as set
forth in Chapter 752, Statutes of Nevada 1989, or as -may' be
amended. Further, that the water may also be served and
beneficially used by lawful users within Lincoln, Nye and White
Pine Counties, and that water would be commingled with other water
rights owned or served by the applicant or its designee. By
letter dated March 22, 1990, the applicant further indicated, in
reference to Item 12, that the approximate number of persons to be
served is 800,000 in addition to the current service for
approximately 618,000 persons, that the applications seek all the
unappropriated water within the particular groundwater basins in
the which water rights are sought and that the projected

' File No. 54075, official records in the Office of the State Engineer.
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population of the Clark County service area at the time of the
1990 letter was estimated to be 1,400,000 persons by the year
2020.

II.

Application 54076 was filed on October 17, 1989, by the LVVWD
to appropriate 10 c¢fs of the water from the underground rock
aquifer within the California Wash Hydrographic Area for municipal
and domestic purposes within the Clark, Lincoln, Nye and White
Pine Counties. The proposed point of diversion is described as
being located within the NWY4 NwY% of Section 16, T.15S., R.64E.,
M.D.B.& M.” The Item 12 remarks are the same as those found under
Application 54075.

ITT.

By letter dated March 26, 2002, the LVVWD requested the State
Engineer proceed with action on Applications 54075 and 54076 filed
to appropriate a total of 14,480 acre-feet annually.3 The LVVWD
requested that, in the event the permits are issued for less than
the amount requested, the State Engineer withhold final action on
the remaining portion of the ground water applied for until such
time as definitive data on the availability of additional ground
water in Basin 218 is available.

The LVVWD indicated that it intends to make any permits
issued under these applications available to the Moapa Band of
Paiutes provided that a settlement agreement between the Tribe and
the LVVWD has been finalized. The LVVWD further provided that,
although these two applications were filed as part of what has
come to be known as the Cooperative Water Project, development
needs along the I-15 corridor and continued growth in the northern
section of the Las Vegas Valley have caused the LVVWD and Southern

? File No. 54076, official records in the Office of the State Engineer.

’ Letter dated March 26, 2002, from David Domnnelly to State Engineer. File
Nos. 54075 and 54076, official records in the Office of the State Engineer.
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Nevada Water Authority ("SNWA)" to evaluate resource opportunities
in relative proximity to these areas separately from the
Cooperative Water Project, as reflected in the 2002 SNWA Resource
Plan.‘

Iv.

Application 54075 was protested by the Unincorporated Town of
Pahrump, the United States Department of Interior, National Park
Service, the United States Fish and Wildlife Service, the United
States Department of Interior, Bureau of Land Management, the
County of Nye, the County of White Pine and the City of Ely, the
Moapa Band of Paiute Indians, Fred Landau, the Ely Shoshone Tribe,
the City of Caliente, and the Lincoln County Board of
Commissioners.

Application 54076 was protested by the Unincorporated Town of
Pahrump, the United States Department of Interior, Natiomnal Park
Service, the United States Fish and Wildlife Service, the United
States Department of Interior, Bureau of Land Management, the
County of Nye, the County of White Pine and the City of Ely, the
Moapa Band of Paiute Indians, Walter Galloway, the Toiyabe Chapter
of the Sierra Club, and the Lincoln County Board of Commissioners.

The applications were protested on many grounds, including:
1. The applications were some of the 146 applications to
appropriate water filed by the LVVWD, which combined seek 864,195
acre-feet annually of underground and surface water, and diversion
cf such a quantity of water would deprive the area of origin of
water needed to protect and enhance its environment and economic
well being, and would wunnecessarily destroy environmental,
ecological, scenic and recreational values the State holds in
trust for its citizens.

2. The applications should not be granted in the absence of

comprehensive planning.
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3. Approval of the applications would sanction and encourage the

willful waste and inefficient use of water in the Las Vegas

Valley.

4. The LVVWD has not obtained rights-of-way from the United
States Department of Interior, Bureau of Land Management.

5. The LVVWD lacks the financial capability for developing the
project.

6. The applications fail to include statutorily required

information, specifically, a description of the place of use, the
proposed works, the estimated cost of such works and the estimated
time required to go to beneficial use.

7. The applications fail to contain sufficient information for
the State Engineer to safeguard the public interest and that a
publicly-reviewable assessment must be done of the cumulative
impacts of the proposed extraction, mitigation measures needed and
alternatives to the proposed extraction.

8. The population projection numbers are unrealistic.

9. The applications would allow the LVVWD to “"lock up" vital
water resources for possible use in the distant future beyond
current planning horizoms.

10. The applications substantially overstate future water demand
needs.

11. Further study is needed because the potential effects are
impossible to anticipate.

12. The granting of the applications would destroy the economic
and growth potential of the hydrographic basin.

13. The public interest will not be served if the water and
water-related resources in the Death Valley National Monument and
the Lake Mead National Recreational Area are diminished or
impaired as a result of the appropriations.

14. The applications will eventually reduce or eliminate the
flows from springs, which are discharge areas for a regional

groundwater flow system upon which the National Park Service
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claims senior appropriative and implied Federal reserved water
rights.

15. The proposed diversions are from the carbonate-rcock province
of Nevada that is typified by complex, interbasin, regional-flow
systems that include both basin-fill and carbonate-rock aquifers
along with interbasin flows that are poorly defined, and the
diversions will reduce the interbasin flows, and modify the
direction of groundwater movement in adjoining and hydraulically
connected basing thereby reducing spring and stream flows.

16. The available scientific literature is not adeguate to
reasonably assure that the proposed diversions will not impact
senior rights and water resources.

17. As of December 1988 the committed diversions in California
Wash were 510 acre-feet annually (afa) with an estimated perennial
yield of 100 afa and the sum of the applications and the committed
diversions will exceed the perennial yield of the groundwater
basin; therefore, there is no water available for appropriaticm.
18. It 1is unclear whether the amount contemplated in the
applications is necessary and reasonably required for the proposed
purposes.

18. The granting of the applications will lower the water table,
sanction water mining, degrade water quality, cause negative
hydraulic gradient influences, threaten springs and seeps and
phreatophytes, which provide water and habitat c¢ritical to the
survival of wildlife including, endangered species and grazing
livestock.

20. The applications would create air contamination and polluticn
in violation of State and Federal statutes.

21. The applications will cause water rates to go up thereby
causing demand to go down thereby rendering the water unnecessary.
22. Previous applications from California Wash Hydrographic Basin
have been denied.

23. The applications will negatively impact Nevada's environment.
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24. The LVVWD has not shown a need for the water or that the
project is feasible.
25. Until the claims under the Treaty of Ruby Valley (1863) are

adjudicated the applications are premature.

FINDINGS OF FACT
I.

By letter dated april 5, 2002, legal counsel for the Federal
agencies, U.S. Department of Interior, Bureau of Land Management,
Fish and Wildlife Service and National Park Service regquested that
the State Engineer hold a public administrative hearing before
acting on the applications, because they have scientific
information on water availability in California Wash. The request
for a public hearing appears to be contradictory to other comments
in the letter, which indicate the Federal agencies want to discuss
settlement with the Las Vegas Valley Water District. If they
settle, the information would not be presented at the
administrative hearing.

In July and 2August of 2001, nearly four weeks of public
administrative hearings were conducted on applications filed by
the Las Vegas Valley Water District (Applications 54055-54058,
inclusive) and Coyote Springs Investment, LLC (Applications 63272-
63276, inclusive, and 63867-63876, inclusive), which together
request to appropriate approximately 135,000 acre-feet of water
annually within the Coyote Springs Valley Hydrographic Basin.
Those hearings were on applications that requested to appropriate
water from a regional source of water, the carbonate-rock aquifer
system, the same source the applicant hopes to tap under these

applications.® The result of those hearings was the issuance of

Transcript, public administrative hearings before the State Engineer,
July 16-24, August 20-24, 27-28, 31, 2001, official records Office of the State
Engineer.
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State Engineer’s Order No. 1169°, pursuant to which the State
Engineer ordered holding in abevance applications for additional
water rights from the carbonate-rock aquifer in most of the basins
surrounding California Wash. The basis for the Order was that
there 1is insufficient scientific evidence to proceed with
additional appropriaticons until those water rights that have been
permitted are pumped and monitored, thereby providing evidence of
the effect of the exercise of the water rights already issued.
Nothing has changed since the issuance of that order, which the
State Engineer believes will provide additional evidence of wvalue
other rather than just adding to the theoretical evidence already
presented.

Nevada Revised Statute § 533.365 provides that the State
Engineer shall consider a protest timely filed, but that it is
within his discretion whether or not to hold an administrative
hearing as to any particular water right application. The State
Engineer finds that he does not believe an administrative hearing
will add to the knowledge already held. The scientific evidence
previously presented was not definitive as to the availability of
water within the c¢arbonate-rock aquifer and the effects of
pumping. The State Engineer finds there is sufficient information
available in the records of the Division of Water Resources and in
reports prepared by the United 8States Geoclogical Survey in
conjunction with the State of Nevada, Las Vegas Valley Water
District, City of North Las Vegas, U.S. National Park Service,
U.S. Fish and wildlife Service, U.S. Bureau of Land Management,
Desert Research Institute, U.S. Bureau of Reclamation, U.S. Air
Force and U.S. Bureau of Indian Affairs, and in conjunction with
the weeks of public administrative hearings held in the summer of
2001 to review these specific applications, and that an

administrative hearing in this instance 1is not necessary.

* state Engineer’s Order No. 1169, dated March B8, 2002, official records in
the Office of the State Engineer.
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However, the State Engineer finds the decision not to hold a
hearing does not preclude the need for additional study.
II.

When the State Engineer analyzes whether water is available
for appropriation from the underground sources of water in Nevada,
the first analysis addresses the perennial vield of the particular
groundwater basin. The perennial yield of a hydrologic basin may
e defined as the maximum amount of ground water that can be
salvaged over the long term without depleting the groundwater
reservoir. Peremnnial yield is ultimately limited to the maximum
amount of natural recharge that can be salvaged for beneficial
use. If the perennial yield is continually exceeded, groundwater
levels will decline.’” Withdrawals of ground water in excess of
the perennial yield contribute to adverse conditions such as water
quality degradation, storage depletion, diminishing yield of
wells, increased economic pumping 1lifts, land subsidence and
possible reversal of groundwater gradients, which could result in
significant <changes 1in the recharge-discharge relationship.
Presently, scientists can estimate the perennial vyield of a
groundwater basin by two distinct methods: recharge to the
groundwater basin from precipitation, and discharge £rom the
groundwater basin by spring/surface discharge, interbasin £flow,
consumption by plants tapping the ground water and consumption by
mArl .

Reconnaissance Report 50 estimates that California Wash has
an annual recharge of less than 100 acre-feet from precipitation
and that no water comes into the valley-fill reservoir from

subsurface inflow.® The Report provides that inflow is

7 state Engineer’'s Office, Water for Nevada ta of Nevada Wat
Report No. 3, p. 13, Cct. 1971.

* F.E. Rush, ate Resources-Reconnaigssance erie R 5 ter-

esources Apprai f the Lower Moapa-Lake Mea ea lark unty, Nevada,
United States Geological Survey, pp. 25,26, 28, 41 (1968).

SE ROA 54577

JA_18715



Ruling
Page 9

contributed to California Wash from Garnet Valley (Basin 216),
Muddy River Springs area (Basin 219), and Lower Meadow Valley Wash
(Basin  205) through the alluvium and carbonate rocks.’
Reconnaissance Report 50 studied the region in which California

Wash is located and indicated the following.

All the areas included in this report® apparently drain
in the subsurface to either the Muddy River or directly
to Lake Mead... Hidden Valley probably drains to Garnet
vValley, which in turn probably drains eastward toward
Califcrnia Wash...Subsurface drainage may be Dboth
northeastward from California Wash Area toward the
Muddy River and southeastward toward Lake Mead...
Ground water may enter the report area at several
places: (1) along Meadow Valley Wash, flowing through
alluvium, (2) along the Muddy River, flowing through
alluvium, and (3) from Las Vegas Valley, near Lake Mead

Base..., flowing through carbonate rocks, and (4) from
Las Vegas Valley, along Las Vegas Wash flowing through
alluvigm. All these flow quantities are probably
small.

However, the '"possibility of salvaging all or part of the
outflow by pumping is dependent upon the nature and extent of the
transmitting 1litholegy, which is generally unknown. For the
purpose of this reconnaissance it is assumed that the subsurface
geohydrologic controls might permit salvage of half of the outflow
by pumping.""”

Testimony and evidence from the July and aAugust 2001 hearings
previously referenced indicated that using the standard Maxey-

* 1d. at 26.

" The Reconnaissance Series Report 50 covered the Lower Moapa-Lake Mead
Area of Clark County, Nevada, including Hidden, Garnet, and Lower Moapa
Valleys, Black Mountains and Gold Butte Areas, California Wash and Greasewood
Basin. F.E. Rush, at Resources-Reconnaissan ie R r 50 ater—
Resources A ai the Lower Mo -Lake ad Area ar un e a,
United States Geological Survey, at 1 (1968).

14, at 13.

¥ 1d4. at 49-51,
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Eakin technigue for estimation of groundwater recharge from
precipitation, the recharge for the Coyote Springs Valley, Muddy
River Springs, Hidden Valley, Garnet Valley, Black Mountains, and
Lower Moapa Valley areas combined is approximately 3,550 acre-feet
annually. Using the modified Maxey-Eakin technique introduced at
the administrative hearing (known as the Donovan-Katzer 2000
technique), the recharge is estimated at approximately 6,761 acre-
feet annually for the combined areas.” California Wash adds an
additional 100 to 311 acre-feet under the two technigues.

The State Engineer finds using the Maxey-Eakin method of
estimating recharge, the recharge to the area comprised of Coyote
Springs Valley, Muddy River Springs, Hidden Valley, Garnet Valley,
Black Mountains, Lower Moapa Valley and California Wash is
approximately 3,650 acre-feet annually. The Donovan-Katzer 2000
technique estimates the recharge to be approximately 7,072 acre-
feet annually for the combined areas.

III.

Another method for estimating the total quantity of water
available for appropriation uses interbasin flow and discharge
flow as a method to approximate the annual safe vyield. Ground
water is discharged by the natural processes of transpiration of
vegetation, evaporation from the soil and free-water surfaces, and
possible underflow from one groundwater hasin to another. This
method is addressed in the context of the discussion kelow.

The applications indicate the water proposed for
appropriation under these applications is from a source known as a
carbonate-rock aquifer, which is a source that was not generally
considered in the analysis of water available for appropriation in
these particular groundwater basins. In 1984, the Water Resources
Division of the United States Department of Interior, Geological

Survey proposed a 10-year investigation of the entire Carbonate

v See, testimony of Terry Katzer and David Donovan; Exhibit 54, p. 4-25,

public administrative hearing before the State Engineer, July 16-24, 2001.
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Terrane. The study was proposed because, the water resources of
the Carbonate Terrane were not well defined, the data was sparse
and the hydrology and geology of the area are complex. It has
been known since 1984 that to arrive at some reasonable
understanding of the carbonate-rock acuifer system, substantial
amounts of money would be required to develop the science, a
significant period of study would be required, and that "unless
this understanding is reached, the development of carbonate water
is risky and the resultant effects may be disastrous for the
developers and current users."”

It was believed that developing a better scientific
understanding would identify possible additional water resources
that could be developed, would further the attempts to define the
perennial yield of this water source, would protect current users,
would allow the State Engineer to better understand the system,
which would allow management for the benefit of all the people,
and would further the knowledge needed by the Federal agencies for
protection of their water rights and water-resource related
interests.

It was nocted in the proposal referenced above, that this was
not the first time a comprehensive investigation of the hydrology
of the Carbonate Terrane in Nevada was considered, and that area-
wide studies had been conducted by four different organizations to

date.’

® The 1984 United States Geological Survey memo indicates

: Memorandum dated August 3, 1984, from Terry Katzer, Nevada Office Chief,
Water Resources Division, United States Department of Interior Geological
Survey, Carson City, Nevada, to Members of the Carbonate Terrane Society.

* Ibid.
® Those organizations were identified as:

(1) the Desert Research Institute (Mifflin 1968, Hess and Mifflin 1978);

{2} the United States Air Force (M-X Multiple Protective Shelter Water

Resources Program 1983) ;

{3) the United States Geological Survey (Great Basin Regional Aquifer System

Analysis, Harrill and others 1982), and;

(4) the United States Bureau of Reclamation (Southern Nevada Deep Carbonate
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that given the "myriad possible avenues of hydrologic connection
between the various aquifers and flow systems and the
uncertainties of recharge and discharge mechanisms and processes,
an investigation of the hydrolecgy of the carbonate-rock aquifers
in Nevada is undoubtedly a difficult undertaking.""

An investigation of the carbonate-rock aquifer system is
additionally complicated by factors including:
- basic hydrclogic data such as groundwater levels in both the
basin-fill aquifers and carbonate-rock aquifers, and reliable flow
measurements for important springs and major streams are scarce or
infrequently cbtained in much of the area;
- seceondary Thydrologic and other data, such as hydraulic
parameters, geophysical and geochemical, are lacking in many
areas;
- the geometry, properties, and boundaries of the carbonate-rock
and basin-fill reservoirs are generally unknown, and definition of
these properties can be expensive and difficult;
- climatic conditions today are inadequately defined (particularly
at higher altitudes) and conditions during the development of the

flow paths within the deep-rock agquifers and flow paths within the

Aquifer Study 1984).

These studies were based on many smaller scale studies, including:
{1) the early studies of the White River flow system by Maxey and Eakin 1949,
and Eakin 1966} ;
{2) the numerous studies in the area between, and including, the Nevada Test
Site and Death Valley by Hunt and Robinson 1960, Eakin and other 1963, Winograd
and Thordarson 1975, Classen 1983, and;
{3) the investigations of the gechydrology of Central Nevada associated with
the Atomic Energy Commission’s Central Nevada Test Area, Fiero and Illian 1968
and 1969.

Numerous other studies of individual or small groups of basins have also
been conducted by private and public organizations, and information has been
gathered from drilling for oil and mineral exploration.

’ Memorandum dated August 3, 1984, from Terry Katzer, Nevada 0ffice Chief,
Water Resources Division, United States Department o¢f Interior Geological
Survey, Carson City, Nevada, to Members of the Carbonate Terrane Society,
Attachment at 7.
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carbonate-rock aquifer are even more uncertain;

-uncertainties and inaccuracies exist in current methods of
estimating precipitation;

- uncertainties and inaccuracies exist in current methods of
estimating groundwater inflow and recharge;

- uncertainties and inaccuracies exist in current methods of
estimating groundwater outflow and evaporative discharge;

- only a small number of wells tap the deep carbonate rocks;

- because there has been no significant historical pumping of
ground water from the carbonate-rock aguifer system, groundwater
models can only be used as a limited predictive tool for
estimating the principle location and magnitude of impact of
pumping ground water from the system;

- limited stresses on the water resources of the area under
current development conditions allow hydrologists information only
on the narrow band of system responses to natural conditions; and

- the relationship between geothermal systems and the deep
carbonate-rock aquifers and groundwater flow systems is not well
understcod.

The State Engineer finds that as of 1984 the carbonate-rock
aquifers were known to exist, not much specific data existed on
the carbonate-rock aquifers or their relationship to the basin-
fill/alluvial aquifers and it was well known that further study
was needed to understand the water systems. The State Engineer
finds that not much has changed to the present time.

IV.

In 1985, the Nevada Legislature authorized a program for the
study and testing of the carbonate-rock aquifers of eastern and
southern Nevada. The program was a cooperative effort between the
State of Nevada and the Federal Government. The overall plan for
the program wasgs to study the carbonate-rock aquifers of southern,
east-central, and northeastern Nevada as separate phases of work,

with a summary of findings to be prepared at the end of each
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phase. A report, Distribution of Carbonate-Rock Aquifers in

Scouthern Nevada and the Potential for their Development, Summary
of Findings, 1985-1988," summarized the findings of the first

phase of the study, which assessed the resources of the carbonate-
rock agquifers of southern Nevada. The summary brought together
results from more than 20 technical reports produced during the
study and indicated that:

The rocks that compose the carbonate-rock aquifers
are layers of 1limestone and dolomite that were
deposited hundreds of millions of years ago in much of
the eastern Great Basin. Subsecuently, the carbonate
rocks were much deformed; as a result, they no longer
exist as continuous layers beneath the region.
Instead, they have been pulled apart to form a few
large areas of thick and relatively c¢ontinuous
carbonate rocks. Separating these areas are
noncarbonate rocks, within which are isclated mountain-
sized blocks of carbonate rock.

Beneath southern Nevada, the thick carbonate-rock
layers are continuous enough to transmit ground water
at regional scales only beneath a north-socuth
"corridor" 60-90 miles wide that extends southward from
east-central Nevada to and beyond the Spring Mcuntains
area west of Las Vegas. Within this corridor are the
two major regional flow systems of southern Nevada: the
Ash Meadows-Death Valley system and the White River-

Muddy River Springs system. These flow systems link
the ground water beneath dozens of wvalleys and over
distances exceeding 200 miles. Flow in these systems

probably is concentrated along highly transmissive
zones associated with (1) recently active faults and
{(2) confluences of flow near major warm-water springs.
OQutside of the corridor, the carbonate rocks are
present primarily as isolated blocks that form acuifers

of limited extent, recharged mostly by local
precipitation.
* * *
*  Michael D. Dettinger, Distribution of arbonate-Rock Aquif in
hern Nevada and the Pgtentiail r their Development umm of Findin
1985-1988, Summary Report No. 1, United States Geological Survey, Department of

Interior and Desert Research Institute, University of Nevada System, Forward,
15989.
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Large-scale development (sustained withdrawals) of
water from the carbonate-rock aguifers would result in
water-level declines and cause the depletion of large
cquantities of stored water. Ultimately, these declines
would cause reductions in the flow of warm-water
springs that discharge from the regicnal acguifers.
Storage in other nearby aquifers alsc might be
depleted, and water 1levels in those other acuifers
could decline. In contrast, isolated smaller ground-
water developments, or developments that withdraw
ground water for only a shorttime, may result in water-
level declines and springflow reductions of manageakle
or acceptable magnitude.

Confidence in predictions of the effects of
development, however, is low; and it will remain low
until ocbservations of the initial hydrologic results of

development are analyzed. A strategy of staging
developments gradually and adeguately monitoring the
resulting hydrologic conditions would provide

information that eventually could be used to improve

confidence in the predictions.”

The committed groundwater resource in the form of permits and
certificates issued by the State Engineer to appropriate
underground water from the California Wash Hydrographic Basin
currently exceeds 567 acre feet annually.’® The State Engineer has
previously granted groundwater permits, which authorize use of
underground water in an area underlain by the carbonate-rock
acquifer system or directly from the carbonate-rock aguifer system

in the following quantities:

¥ 1d4. at 1-2.

’ Hydrographic Basin Abstract, Basin 218, official records in the Office
of the State Engineer, April 9, 2002. It should be noted that only 477 acre-
feet is for the permanent use of water, the other water use permitted is for
environmental clean-up and mining and milling, which are considered non-
permanent uses of water.
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Coyote Springs Valley {Basin 210) 16,300 acre-feet

Black Mountain (Basin 215) 10,216 acre-feet

Garnet Valley {Basin 216) 3,380 acre-feet

Hidden Vvalley {(Basin 217) 2,200 acre-feet®

Muddy River Springs 14,756 acre-feet

aka Upper Moapa Valley (Basin 219)

Lower Moapa Valley (Basin 220) 5,813 acre-feet

California Wash (Basin 218) 477 acre-feet
Total 50,942 acre-feet

The State Engineer finds, in a straight perennial vyield
analysis, that existing groundwater rights in the California Wash
groundwater basin exceed the perennial yield of the groundwater
basin. However, the State Engineer further finds that
appropriations from the carbonate-rock aquifer are Dbeing
requested, and evidence has been presented to him that new
estimates of the system yield need to be established. The State
Engineer finds, given the complexities of the carbonate-rock
agquifer system, further site specific information (one valley at a
time) is needed and will provide information not presently
available due to the limited development of the resocurce. The
State Engineer finds that due to the complexities of the system
and potential interaction between the carbonate-rock aquifer and
the alluvial aquifer, further analysis 1is required in order to
understand what potential, if any, exists for the appropriation of
more water from the California Wash groundwater basin.

The State Engineer finds because assurances that the adverse
effects of development will not overshadow the benefits cannot be
made with a high degree of confidence, development of the
carbonate-rock aguifer system must be undertaken in gradual stages

together with adequate monitoring in order to predict the effects

* This 2,200 acre-feet is combined with 2,200 acre-feet issued in Garnet

Valley for a total of 2,200 afa between the two basins.
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of continued or increased development with a higher degree of
confidence.
V.

The State Engineer finds that staging development gradually
means not developing the resources in one large step, but rather
starting with small projects that are possibly augmented gradually
if conditions and confidence warrant. This approach allows the
effects of development to be cbserved and analyzed continually, so
that the benefits and adverse effects of development can be judged
and the effects reversed or mitigated if they prove to be
detrimental to existing rights and the environment. This approach
would hopefully avoid the havoc that could be created by the
curtailment of water use by those who have come to rely on it if
impacts occur requiring curtailment of the water use.

VI.

The 1995 Water-Resources Investigations Report 91-4146"
estimates the total water budget of all southern Nevada aquifers
from the natural recharge to the mountains and subsurface inflow
to the study area” to be about 160,000 acre-feet annually, and
discharges from major discharge areas tc be about 77,000 acre-feet
annually.?’* However, it is believed that all of the recharge and

subsurface inflow cannot be captured for use.

Michael D. Dettinger, et al., Distribution of Carbonate-Rock Aquifers
nd the Potential Their Dew ment cuthern Neva and Adjacent Pa of
ifornia Arizon and Utah, U.s. Geological Survey, Water-Resources
Investigations Report 91-4146, p. 50, 1995.
** The study area is defined on p. 5 of Water-Resources Investigations
Report 91-4146 to be most of southern Nevada south of Tonopah and Pioche.

Discharge areas are identified as Muddy River Springs 36,000 acre-feet
annually (afa) of spring flow, Blue Point Spring 240 afa of spring flow, Rogers
Spring 920 afa of spring flow, Frenchman Mountain 2,100 afa of underflow toward
Colorado River, Pahrump Valley 18,000 afa of underflow to California, Ash
Meadows 17,000 afa of spring flow and evapotranspiration, Amargosa Desert 3,000
afa of underflow to Death Valley, and Grapevine Canyon 400 afa of underflow to
Death Valley. Water-Resources Investigations Report 91-4146 at 53.
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As previously noted, the testimony and evidence from the July
and August 2001 administrative hearings on Coyote Springs Valley
Hydrographic Basin indicated that the groundwater recharge from
precipitation for the Coyote Springs Valley, Muddy River Springs,
Hidden Valley, Garnet Valley, Black Mountains, Lower Moapa Valley
and California Wash areas combined is approximately 3,650 acre-
feet up to 7,072 acre-feet annually depending on the method used
for calculation.

Testimony and evidence from those hearings further indicated
that approximately 50,000 acre-feet of groundwater inflow comes
into the Coyote Springs Valley from northern groundwater basins
and approximately 53,000 acre-feet annually outflows”™ of which a
portion may be available for capture from the underflow. While
testimony presented indicated a belief that significant quantities
of water may be available for capture from storage, it is unknown
what quantity that would be, and if any underground water could be
appropriated without unreasonable and irreversible im.pacts.26 The
testimony and evidence indicated that a portion of the groundwater
outflow from Coyote Springs Valley is believed to discharge at a
rate of approximately 37,000 acre-feet annually at the Muddy River
Springs area and approximately 16,000 to 17,000 acre-feet annually
flows to groundwater basins further south, possibly to Garnet
Valley, Hidden Valley and California Wash Hydrographic Basins.”

The approximately 37,000 acre-feet annually of water
discharged from the large springs located near the central part of
the Upper Moapa Valley (aka as the Muddy River Springs area -
hydrographic basin 219) is fully appropriated pursuant to the

® Taking inteo account for 4,000 afa of in-basin recharge and 1,000 afa of
evapotranspiration.
z See, testimony of Terry Katzer and David Donovan, public administrative
hearing before the State Engineer, July 16-24, 2001.

27

Ibid.
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Muddy River Decree,” and, therefore, is not available for
appropriation. It is believed that the source of water discharged
originates mainly from the carbonate-rock aquifer system, but it
is unknown if the discharge originates solely from the White River
Flow System or is also influenced by discharge from the Meadow
Valley Flow System or if there is influence from the alluvial
aquifer. Further, there are listed endangered and/or potential
threatened species that exist in the Muddy Springs/Muddy River
area.

The testimony and evidence from the hearing on the LVVWD's
applications in Coyote Springs Valley indicated that their own
expert witnesses were unable to make a suggestion to the State
Engineer as to what part of the water budget could be captured
without a great deal of uncertainty, and that the question cannot
be resolved without stressing the system.”  Further, the State
Engineer’s ability to determine if development of the carbonate-
rock aquifer system will impact existing rights is dependent on
how the water rights are brought "on-line* and monitored.” Today,
little is still known about the hydrologic connectivity between
the groundwater basins, wvirtually nothing is known about the
mountain blocks, estimates of recharge to the area can vary by a
factor of two, there 1s probably some connectivity between the
water in the carbonate-rock aquifers and the alluvial groundwater

! there is still little data available, and not much has

basins,’
changed from the information known in 1984.

s Judgment and Decree, In the Matter of the Determination of the Relative

ight n_and To the rs the Muddy River and Tributaries in Clark
County, State of Nevada, March 12, 1920, Tenth Judicial Dbistrict Court of the

State of Nevada, In and For the County of Clark.

n See, testimony of Terry Katzer and David Donovan, public administrative

hearing before the State Engineer, July 16-24, 2001.
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As previously noted, on March 8, 2002, the State Engineer
issued State Engineer’s Order No. 1169 by which he ordered that
all applicaticons pending and any new filings for the appropriation
of water from the carbonate-rock aquifer system in Coyote Springs
Valley (Basin 210}, Black Mountains Area (Basin 215}, Garnet
Valley {Basin 216), Hidden Valley (Basin 217), Muddy River Springs
aka as Upper Moapa Valley (Basin 219), and Lower Moapa Valley
{Basin 220} would be held in abeyance until further information is
cbtained by stressing the acuifer by the pumping of the water
under those water right permits already issued to appropriate
water from the carbonate-rock agquifer system. While the studies
proposed in 1985 were a beginning, those studies indicated that
large-scale developments with sustained withdrawals of water from
the carbonate-rock aquifers would result in water-level declines
and depletion of stored water, but that isolated smaller
groundwater developments or developments of limited duration may
result in water-level declines and springflow reductions of
manageable and acceptable magnitudes. However, wvery little
additional information based on hard science has been produced
since that time.

The State Engineer informed applicants for additional water
from the above-referenced hydrographic basins of the need for
additional study before a final determination can be made on
carbonate-rock aquifer system water right applications in the
referenced basins. The purpose of the study is to analyze the
effect of pumping under those water rights already issued for
appropriation of water from the carbonate-rock agquifer. The
entities ordered to participate in the study are at a minimum to
include: the LVVWD, SNWA, Coyote Springs Investment, LLC, Nevada
Power Company, and Moapa Valley Water Disgtrict. The study is to
cover a 5-year minimum period during which at least 50% of the

> official records in the Office of the State Engineer.
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water rights currently permitted in the Coyote Springs Valley
groundwater basin are pumped for at least 2 consecutive years.
During the administrative hearings in the summer of 2001,
evidence was presented by witnesses for the Moapa Band of Paiute
Indians indicating a belief that additional water comes into
California Wash above the previcus estimates of perennial yield.
But, their testimony also indicated a belief there is already a
downward trend in water 1levels for the carbonate-rock aquifer
during periods of heavy pumping at the Arrow Canyon well, as was
shown in the Las Vegas Valley Water District's model presented at
the hearing”’, and they are seeing carryover drawdown, which will
impact the carbonate-rock aquifer, which is filling the alluvial
agquifer. However, the witnesses further indicated that there may
be a substantial quantity of water available in the carbonate-rock
aquifer, but if for one reason or another a drawdown in caused
near the Muddy River springs, spring flow will be influenced
independent o¢f the availability of water. These witnesses
testified that future development of the carbonate-rock aquifer
should be approached by pumping "whatever you can without getting
into trouble," but that water should not just be appropriated
upgradient of the Muddy River springs, but also downgradient in
"[Alt this point all we

4

the California Wash Hydrographic Basin.’
have is ideas and concepts and yet no proof about where that
inflow occurs."” These witnesses for the Moapa Band of Paiutes
postulated that 6,000 acre-feet "upwells" or enter in the area of
California Wash, which they believe explains isotopic data in the
area.” If 16,000 to 17,000 acre-feet is believed to by-pass the

3 See, testimony of Martin Mifflin, Henk Haitjema and Cady Johnscn, public
administrative hearing before the State Engineer, July 16-24, 2001, pp. 820-
831.

* 1d. at 925-930.
* 1d. at 943.

36

Id. at 944-947.
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Muddy River Springs area, the water right permits already issued
in Coyote Springs Valley alone equal the estimate of the amount of
carbonate flow that by-passes the region, and is not part of the
flow discharged from the Muddy River Springs area. These 16,000
to 17,000 acre-feet perhaps flow through Hidden Valley, Garnet
Valley and California Wash. But the witnesses for the Moapa Band
of Paiutes believe there 1is additional water in the area of
California Wash, but that evidence is speculative.

When the State Engineer issued Order No. 1169, the California
Wash Hydrographic Basin was notably left out. This was done in
recognition that perhaps this is the next basin in which the
pumping of a small quantity of water could be permitted for
stressing the carbonate-rock aquifer system, because it 1is
downgradient of the Muddy River Springs. As the tribal witnesses
believed should be done, this will enable the system to be
stressed downgradient of the Muddy River Springs area in order to
study the reactions to pumping from this portion of the region in
conjunction with the other areas, which are to be studied under
State Engineer’s Order No. 1169.

The State Engineer finds that little is known as to what
vield exists from the carbonate-rock aguifer and its impact on the
alluvial aquifers or discharge springs of the regional area.
However, based on the scientific studies to date, the experts
believe there 1s some water that can be develcoped from the system,
but only through slow, staged development of small amounts
accompanied by significant monitoring, studying and reporting,
with plans for mitigation if impacts to existing water rights are
shown. The State Engineer finds while he has concerns over
development of the carbonate-rock aquifer system, lack of
knowledge should not stop the development of the carbonate-rock
aquifers in light of their potential as a significant resource in
one of the driest places in the nation. However, development

should proceed in relatively small quantities and cautiously.
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Therefore, the State Engineer finds he will not consider granting
both applications as requested or granting any one application for
the diversion rate or guantity requested.

VII.

As noted, by letter dated March 26, 2002, the LVVWD requested
the State Engineer proceed with action on Applications 54075 and
54076, which were filed to appropriate 14,480 acre-feet annually.’’

The LVVWD requested that in the event the permits are issued for
less than the amount requested, that the State Engineer withheld
final action on the remaining portion of the ground water applied
for until such time as definitive data on the availability of
additional ground water in Basin 218 1s available. The LVVWD
indicated that it intends to make any permits issued under these
applications availakle to the Moapa Band of Paiutes provided that
a settlement agreement” between the Tribe and the LVVWD has been
finalized. The settlement agreement indicates the Tribe wishes to
develop the Reservation, including without limitation the
development of a natural gas-fired power plant. However, the
LVVWD further provided that, although these two applications were
filed as part of what has come to be known as the Cooperative
Water Project, development along the I-15 corridor and continued
growth in the north section of Las Vegas have caused the LVVWD and
SNWA to evaluate resource opportunities in relative proximity to
these areas separately from the Cooperative Water Project, as
reflected in the 2002 SNWA Resource Plan.

In State EFEngineer’s Ruling No. 5008, which addressed the
LVVWD's request to appropriate water in Hidden and Garnet Valleys,

" Letter dated March 26, 2002, from David Donnelly to State Engineer.

File Nos. 54075 and 54076, official records in the Office of the State
Engineer.

*® See, Draft Settlement Agreement attached to letter from David Donnelly
to State Engineer, dated March 26, 2002, File Nos. 54075 and 54076, official

records in the Office of the State Engineer.
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the State Engineer noted that the national news of late is filled
with stories as to the lack of sufficient power generating
resources in the western United States. Ruling No. 5008 includes
significant discussion about the power situation, as it was
believed to exist one year ago, and references Governor Guinn's
February 22, 2001, energy plan for Nevada, which includes
expediting the construction of some of the proposed power plants
and negotiating for some of that power to remain in Nevada.”
State Engineer’‘s Ruling Nc. 5008 was premised on that immediate
need for power generation, and that action on the applications in
Hidden and Garnet Valleys would allow the LVVWD to provide water
resources for the construction of realistic power generation
projects, which will use water efficient, air-cooled technology,
in exchange for a portion of the energy remaining in Nevada. In
Ruling No. 5008, the State Enginser found that evidence indicated
a power crisis was on the horizon for Scuthern Nevada.

In the LVVWD's request that the State Engineer act on
Applications 54075 and 54076, it indicates that it is the LVVWD’s
intention to make any permits issued under these applications
availakle to the Moapa Band of Paiutes under a proposed
settlement, which addresses ground water and surface water issues
of the Tribe. The proposed settlement indicates that the Tribe
wishes to develop a natural-gas fired power plant on its
reservation, but seeks an initial use of at least 10,000 acre-feet
annually, indicating the Tribe is likely planning a water-cooled
power plant.

Technology is available, which c¢an produce significant
amounts of electricity using air-cocled systems. This technology
uses significantly less gqguantities of water. The State Engineer

recognizes there are unique issues when dealing with tribal

* Letter from David Dennelly, Deputy General Manager, Las Vegas Valley

Water District to Hugh Ricci, State Engineer, dated March 5, 2001. File Nos.
54073 and 54074, official records of the Office of the State Engineer.
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claims, but does not believe it i1s prudent to use substantial
guantities o©of newly appropriated ground water for water-cocled
power plants 1in one of the driest places in the nation,
particularly with the uncertainty as to what quantity of water is
available from the resource, 1f any. However, the State Engineer
notes that his analysis may not be the same in the context of a
change application of water rights that had previously been placed
to beneficial wuse. The State Engineer finds that until a
determination can be made as to the quantity of water available,
any amount granted for appropriation must be limited as was done
in State Engineer‘s Ruling No. 5008 and State Engineer’s Order No.
1169.

The State Engineer finds there is no definitive evidence of a
substantial cquantity of water being available from the groundwater
resources of the California Wash Hydrographic Basin. The State
Engineer finds from the evidence and testimony presented during
the July and August 2001 administrative hearings that California
Wash is perhaps the next best place to begin stressing the
carbonate-rock aquifer system, but with the same small cuantity of
water, monitoring and mitigation provisions as set forth in State
Engineer’s Ruling No. 5008. The State Engineer finds that whether
the applicant decides to pursue a settlement agreement with the
Moapa Band of Paiutes is not presently before him, but further
finds there are sufficient reasons te grant the LVVWD a municipal
water right for a small quantity of water from this groundwater
basin.

VIII.

Many of the protestants alleged that these applications were
two of the 146 filed by the Las Vegas Valley Water District, which
when combined, sought a quantity of water that would deprive the
area of origin of water needed to protect and enhance its

environment and economic well being, and that the diversion would
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unnecessarily destroy environmental, ecological, scenic and
recreational values the State holds in trust for its citizens.

The State Engineer finds the manner and place of use under
the applications as filed is for municipal and domestic purposes
within Clark, Lincoln, Nye and White Pine Counties. The State
Engineer finds that the service area of the Las Vegas Valley Water
District is solely Clark County.” The State Engineer finds there
is evidence from the July 2001 administrative hearings and the
2002 SNWA Resource Plan, which indicates that the LVVWD must
pursue other water resource options. The State Engineer finds,
until more is known about whether the carbonate-rock aquifer area
is a significant source of ground water or not available, it is
impossible to address whether there is a need to protect and
enhance the environment and economic well being of the area of
origin. The State Engineer finds, until more is known about
whether the carbonate-rock aquifer is a significant source of
ground water that can be appropriated on a sustained basis, it is
impossible to address whether the diversion would unnecessarily
destroy environmental, ecological, scenic and recreational values
the protestants allege the State holds in trust for its citizens.

The State Engineer finds that by issuing one of the permits
requested, for a limited amount of water, and holding the other
application in abeyance, progress can be made toward information
gathering, while hopefully protecting the resource and other areas
of concern. The State Engineer finds that the requirements of
monitoring and mitigation being imposed will provide the needed
information as to whether the appropriation i1s environmentally

sound from a hydrologic standpoint. The State Engineer finds,

* Nevada Revised Statutes, Text of Special and Local Acts, Vol. 11, pp.
283-295.

Letter dated March 26, 2002, from David Donnelly to State Engineer.

File Nos. 54075 and 54076, official records in the Office of the State
Engineer.
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since he is only going to grant one application for a reduced
cuantity and is holding the other application in abevance until
the study ordered in State Engineer’s Order No. 1169 is completed,
he does not believe use of the water will unduly limit future
growth and development in the California Wash groundwater basin
but, rather will enhance growth in the basin.

IX.

Some cof the protestants alleged that the applications should
not be granted in the absence of comprehensive planning. The
State Engineer finds there i1s no provision in Nevada Water Law
which requires comprehensive water resource development planning
prior to the granting of a water right application, and further as
discussed below, that the LVVWD and the SNWA have engaged in long-
range planning.

X.

Some  protestants alleged that the approval of the

applications would sanction and encourage the willful waste and

inefficient use of water in Las Vegas Valley.

In Las Vegas, the role of conservation is critical
to the region’'s water plamning efforts. In 1990, the
local water and wastewater agencies completed an
extensive supply and demand projection process that
resulted in public realization that the region would
run  out o©of water in fifteen @ years even with

conservation. The need for conservation was quickly
acknowledged by the public and widespread conservation
efforts bhegan in the summer of 1991. Creation of

artificial lakes was banned, water waste ordinances
were adopted, and lawn watering was restricted during
the hotter time of the day.

* % *

To begin the shift to water-conserving rates, 1local
water purveyors switched from flat rates to increasing
block rates.

From 1991 through 1994, conservation education and
water rates slowly increased. During the IRP
[Integrated Resource Plan] process in 1994 and 1995, it
became obvious that conservation could extend the time

SE ROA 54596

JA_ 18734



Ruling
Page 28

frames when additional resources and facilities are

needed. As a result, the Board adopted recommendations

onn conservation, including one that required a 10 to 15

percent reduction in maximum day water usage by sgummer

2000.%

Further activity towards conservation in the Las Vegas Valley
has encompassed public education to reduce peak summer usage,
agreeing to follow the Bureau of Reclamation’s conservation
measures called "Best Management Practices", waste water reuse and
a xeriscape study. "A recent survey by the City of Austin, Texas
of water purveyors around the nation shows the Authority‘s overall
program is among the most comprehensive in the country.""

The State Engineer finds the SNWA is taking conservation

seriously as part of its overall water management plan.

xI.
Some o©0f the protestants alleged that the LVVWD has not
obtained rights-of-way from the BLM. The State Engineer finds

every water right permit is conditioned on the applicant obtaining
any necessary right-of-way and these applicants will not be

treated any differently.

XYT.
Some of the protestants alleged that the LVVWD lacks the
financial capability for developing the project. This protest

allegation is more relevant if the State Engineer were considering
all the applications filed for the Cooperative Water Project
together as one project. The State Engineer finds the issue of
financial ability to develop the massive project of all the LVVWD
filings i1s not currently relevant.
XIITI.
Some of the protestants alleged that the applications failed

to include statutorily required information, specifically a

Southern Nevada Water Authority 1999 Water Resource Plan, at 7-10,
October 1999.
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description of the place of use, the proposed works, the estimated
cost of such works and the estimated time required to go to
beneficial wuse. The State Engineer finds he has sufficient
information to address the applications.

XIV.

Some of the protestants alleged that the applications failed
to contain sufficient information for the State Engineer to
safeguard the public interest and that a publicly-reviewable
assessment must be done of the cumulative impacts of the proposed
extraction, mitigation measures needed and alternatives to the
proposed extraction. The State Engineer finds that the process
envigsioned by allowing relatively small amounts of water to be
appropriated along with staged development and significant
monitoring addresses this protest c¢oncern; however, there is
nothing in the Nevada Water Law, which requires a public review
assessment process. The records of the State Engineer are always
available for public review.

Xv.

Some of the protestants alleged that the population
projection numbers are unrealistic. The applicant projected a
population 1,400,000 people by the vyear 2020. The present
population o©f Clark County 1is approximately 1,400,000 people;
therefore, the State Engineer finds the population projections
were not unrealistic, but rather underestimated the projected
population.

XVI.

Some protestants alleged that these applications, among the
others, would allow the LVVWD to "lock up" wvital water resources
for possible use in the distant future beyond current planning
horizons, and further alleged that the applications substantially
overstate future water demand needs. These applications were
filed in 1989. 1In 1989, the LVVWD believed it was running out of
additional water resources in the very near future.
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In 1987, the Nevada Legislature enacted the first water laws
providing for projects, which recharge, store and recover water.®
Recharge by the LVVWD began around 1989. In 1991, the LVVWD
issued a moratorium, which prohibited any new hockups to the water
system. Thus, the future water demands were not beyond current
planning horizons.

Since the filing of the applications, the LVVWD, along with
and as a member of the SNWA, has been involved in many wvaried
programg to plan for the future resources of the Las Vegas Valley.

In 1991, the SNWA was formed, and the SNWA purveyors agreed that
any new contract with the Secretary of the Interior for remaining
unallocated water from the Colorado River would be with the SNWA
and would deliver water to purveyor members and they agreed on the
method of allocating any water received.” The remaining Colorado
River water was contracted for in 1992.

In 1993 and 1994, the SNWA obtained additional Coloradc River
water through agreements with Southern California Edison and Basic
Management, Inc., and agreements have been reached regarding
reclaimed water.® Beginning in 1996, the Secretary of Interior
declared a surplus condition on the Colorado River every year {up
to the date of the October 1992 Water Resource Plan), and under
the excess surplus criteria this had provided additicnal water for
Southern Nevada.® Since then, the Department of Interior has
igsued a record of decision making the Interim Surplus Guidelines
effective beginning in 2002, which will provide Colorade Riwver

water for the SNWA purveyors through 2016, if a surplus is

* Nevada Revised Statutes § 534.250 - 534.340.

Southern Nevada Water Authority 1899 Water Resource Plan, at 14-15,
October 1999, p. 14.

14, at 14-15.
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Id. at 20-21, 31-36.

Letter from David Donnelly, Deputy General Manager, Las Vegas Valley
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available and other factors tied into California cutting down on
its use of the Colorado River are in place by the end of 2002.
Planning for the reuse of reclaimed water has taken place over the
last decade and thousands of acre-feet of water are now used 1in
power plants and on golf courses.” Furthermore, there now exists
the possibility of using the Arizona Water Banking program, an
option that did not exist at the time of the filing of the
applications.” Nevada is very close to, if not there, for having
used its full allotment of Colorado River water.

The State Engineer finds as to these applications, the amount
requested under the applications i1s not substantially overstated
as to future plamnning needs for the Las Vegas Valley. The State
Engineer finds that Nevada 1is a prior appropriation state, that
ig, first in time, first in right. The State Engineer further
finds all water belongs to the public subject to appropriation
pursuant to law.”’ The applicant is moving forward with a use for
the water requested for appropriation under these applications;
therefore, there is a reasonable expectation to go to beneficial
use within a reascnable amount of time. The State Engineer finds
the LVVWD's need for future resources is not beyond the current
planning horizon.

XVII.

Some of the protestants alleged that the granting of the
applications would destroy the economic and growth potential of
the hydrographic basin. The State Engineer finds Nevada is a
prior appropriation state, that is first in time is first in

right. The State Engineer finds these applications would not

Water District to Hugh Ricci, State Engineer, dated March 5, 2001. File Nos.
54073 and 54074, official records of the Office of the State Engineer.

Southern Newvada Water Authority 1999 Water Resource Plan, pp. 16-17,
October 1399.

* 14. at 36-38.

51
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destroy the economic and growth potential of the hydrographic
basin, but rather growth is occurring in the area, and the water
use is also for the area since growth is occurring along the I-15
corridor.

XVIII.

Some of the protestants alleged that further study is needed
because the potential effects are impossible to anticipate, that
the public interest will not be served if the water and water-
related resources in the Death Valley National Monument and the
Lake Mead National Recreational Area are diminished or impaired as
a result of the appropriations, and that the applications will
eventually reduce or eliminate the flows from springs which are
discharge areas for a regional groundwater flow system upon which
the Natiomal Park Service claims senior appropriative and implied
Federal reserved water rights. The State Engineer finds that
gradual, staged appropriations of smaller quantities of water with
sufficient monitoring and mitigation will deal with these protest
issues, and there are too many unknowns to be able to address this
igssue without developing additional science. The approach being
taken by the State Engineer in Ruling No. 5008, and Order No. 1169
is that of further study.

XIX.

Some of the protestants alleged that the proposed diversions
are from the carbonate-rock province of Nevada that is typified by
complex, interbasin, regicnal-flow systems that includes both
basin-£fill and carbonate-rock aquifers along with interbasin flows
that are poorly defined, and the diversions will reduce the
interbasin flows, modify the direction of groundwater movement in
adjoining and hydraulically connected basins thereby reducing
spring and stream flows. The State Engineer finds this is the
reasoning behind gradual, staged development, which is to develop
further knowledge that it lacking at this time as to how the

complex carbonate-rock aquifer system works. The State Engineer
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further finds it is not known whether the diversions will reduce
the interbasin flows, modify the direction of groundwater movement
in adjoining and hydraulically connected basins reducing spring
and stream flows; thus, the reasoning behind gradual development,
monitoring, and mitigation, if necessary.

XX.

Some of the protestants alleged that the available scientific
literature is not adeqguate to reasonably assure that the proposed
diversions will not impact senior rights and water resocurces. The
State Engineer finds this statement to be true, and again; thus,
the reagsoning behind gradual development, monitoring and
mitigation, if necessary. The data will never be obtained through
"literature, " but only through the development of science based on
real facts. The State Engineer further finds without development
of the resource the knowledge will not be obtained to even explore
whether development of the resource is feasible or not.

XXT.

Some ¢f the protestants alleged that as of December 1988 the
sum of Applications 54075 and 54076 and the committed diversions
will exceed the perennial vyield of the groundwater basin;
therefore, there is no water available for appropriation. The
State Engineer finds the water requested for appropriation under
these applications is from the carbonate-rock agquifer and at this
time it is unknown what contribution if any the carbonate-rock
aquifer has to the estimated perennial yield of the California
Wash groundwater basin.

XXII.

Some of the protestants alleged that it is unclear whether
the amount contemplated in the applications is necessary and
reasonably required for the proposed purpocses. The State Engineer
finds since he is taking thege applications basin by basin and the

amount permitted under one application is being reduced, with the
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other application being held in abeyance, 1t 1is a reasonable
amount for the municipal use envisioned.
XXTIII.

Some of the protestants alleged that the granting of the
applications will lower the water table, sanction water mining,
degrade the water quality., cause negative hydraulic gradient
influences, threaten springs and seeps and phreatophytes, which
provide water and habitat critical to the survival of wildlife,
including endangered species and grazing livestock. They further
alleged that the applications would create air contamination and
pollution in viclation of State and Federal statutes.

The State Engineer finds these protest claims directly relate
to the discussion above as to gradual, staged development with
sufficient monitoring to explore the capacity of the system, and
air cquality issues are addressed by the Clark County Health
Department. Furthermore, the State Engineer finds that as a
municipality with access to resources such as the Colorado River
or the Muddy River, the LVVWD has sufficient resources to plan for
any necessary mitigation.

XXT1V.

Some protestants alleged that the applications will cause
water rates to go up thereby causing demand to go down thereby
rendering the water unnecessary. The State Engineer finds this
protest c¢laim to be completely hypothetical and not within his
scope of review.

xXv.

One protestant alleged that until the claims under the Treaty
of Ruby Valley (1863} are adjudicated the applications are
premature. The State Engineer finds issues as to the Treaty of
Ruby Valley are not within his jurisdiction and all water right

permits are issued subject to existing rights.
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XXVI.

The State Engineer finds that if any significant impacts to
existing water rights are detected the LVVWD or any assignee will
be required to mitigate those impacts.

CONCLUSTONS OF LAW
I.

The State Engineer has jurisdiction over the parties and the

subject matter of this action and determination.”
II.
The State Engineer is prohibited by law from granting a

permit under an application to appropriate the public waters

where:*
A. there 1s no unappropriated water in the proposed
source;
B. the proposed use or change conflicts with existing
rights;
C. the proposed use or change conflicts with protectible

interests in existing domestic wells as set forth in
NRS § 533.024; or
D. the proposed use or change threatens to prove
detrimental to the public interest.
III.

The State Engineer concludes that the expert scientific
evidence found in the reports prepared over the last decade leads
him to believe there is possibly some unappropriated water in the
carbonate-rock aquifer system, but that further knowledge is
necessary before any amount can be gquantified. The State Engineer
concludes that only by gradual, staged development can the
additional science be obtained, which will allow a better
understanding of the carbonate-rock aquifer(s).

IV.
The State Engineer concludes that little is known as to what

** NRs chapters 533 and 534.

* NRS § 533.370(3).
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vield exists from the carbonate-rock aquifer, if any. The State
Engineer concludes it is impossible to say if there will be any
impacts on the alluvial aquifers of the area groundwater basins or
existing water rights within those groundwater basins. The State
Engineer concludes that by providing safeguards, guch as
monitoring and mitigation, there are some assurances that any
impacts can be quantified and, if necessary, mitigated.
V.

The State Engineer concludes that Nevada Water Law does not
require comprehensive planning before the granting of a water
right application.

VI.

The State Engineer concludes the evidence does not indicate
that appropriation of water from the carbonate-rock aquifers will
automatically conflict with existing water rights. The complexity
and unknowns of the system make such a determination extremely
difficult. ©Only by allowing some development to proceed will the
additional science be obtained to provide further knowledge as to
how the carbonate-rock aquifer and alluvial aquifer systems are
connected, if they are. The State Engineer concludes that the
available scientific literature is not adeguate to reasonably
assure that the proposed diversions will not impact senior rights
and water resources; thus, the regquirements of monitoring and
mitigation, i1f necessary. The State Engineer concludes that the
evidence to date indicates that generalizations c¢annot be made
applicable to specific basins because, they may not be applicable
to any particular basin. Individual basins may react completely
differently to the pumping of the carbonate-rock aquifer.

VII.
The State Engineer concludes that the protest issue that the

applications would encourage willful waste and inefficient use of
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water in the Las Vegas Valley is not a protest issue warranting
consideration, and the LVVWD has been proactive in conservation
planning.

VIII.

The State Engineer concludes if the applicant needs to obtain
the approval of the United States Department of Interior, Bureau
of Land Management for any necessary rights-of-way, that is any
issue for the applicant to address with the Bureau of Land
Management. The granting of a water right permit does not waive
the requirements of other State or Federal laws.

IX.

The State Engineer concludes the applications contain
sufficient information for the State Engineer to safeguard the
public interest. The State Engineer concludes that it does not
threaten to prove detrimental to the public interest to allow
smaller quantities of water to be developed from the carbonate-
rock acuifer system, but the development must be staged and in
conjunction with sufficient monitoring, and plans for mitigation
of impacts, if necessary. The State Engineer concludes it does
not threaten to prove detrimental to the public interest to allow
some development of this resource to proceed. The State Engineer
concludes that the LVVWD has sufficient resources to plan for any
necessary mitigation, and any possible assignee must also have
mitigation resources available and will be subject to all permit
terms.

- X.

The State Engineer concludes that Nevada Water Law does not
require a publicly-reviewable assessment of the cumulative impacts
of the proposed appropriation.

XI.

The State Engineer concludes he is only acting on

Applications 54075 and 54076 under this ruling and since the

applicant has proposed a plan for the beneficial use of the water
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in the near future, the issue of "locking-up" the rescurce beyond
current planning horizons is moot. The State Engineer concludes
the carbonate-rock aquifer system is so complex and unsure that
pending applications cannot be acted on qquickly due to the caution
in development that must be exercised.

XII.

The State Engineer concludes that granting the applications
will not destroy the economic and growth potential of the
hydrographic basin because, it is development along the I-15
corridor, which includes the hydrographic basin, that has prompted
the request to act on the applications.

XIII.

The State Engineer concludes that the required monitoring and
mitigation protect the water-related interests of the Death Valley
National Monument and the Lake Mead Recreational Area.

XIV.

The State FEngineer concludes that it 1is unknown, without
further analysis through dJdevelopment of the resource, if these
appropriations will reduce interbasin flows or modify the
direction of groundwater movement thereby reducing spring and
stream flows. The State Engineer concludes it i1s because of these
unknowns that he will require monitoring and mitigation, if
necessary.

XV.

The State Engineer concludes that while the existing rights
in the California Wash groundwater basin exceed the estimated
perennial yield, that analysis did not contemplate the carbonate-
rock aquifer resource as perhaps changing the analysis of the
water available for appropriation and only by stressing the system
can such a determination be made.

XVI.
The State FEngineer concludes 1t would threaten to prove

detrimental toc the public interest to allow the appropriation of

SE ROA 54607

JA_18745



Ruling

Page 39

the full quantity requested under the applications at this time,
since no determination can be made that there 1is even
unappropriated water available.

XVII.

The State Engineer concludes that by granting of these water
right applications he is not sanctioning water mining; and thus,
the requirement for monitoring and mitigation.

XVIII.

The State Engineer concludes that the issue of air
contamination or pollution is within the authority of the Clark
County Health Department.

XIX.

The State Engineer concludes that the protest issue that the
applications will cause water rates to go up causing demand to go
down is without merit.

XX.

The State Engineer concludes that any issues as to the Treaty

of Ruby Valley are not within his jurisdiction and all water right

permits are issued subject to existing rights.

RULING

The protests to Application 54075 is upheld in part and
overruled in part. They are being upheld in that more information
is necessary before the appropriation of large quantities of water
from the groundwater basin can proceed. They are being overruled
in that development of a smaller quantity of water is being
permitted. Application 54076 is being held in abeyance until at
least the study ordered under State Engineer’s Order No. 1169 has
been completed. Application 54075 is hereby granted subject to:

1. Existing rights;
2. Payment of the statutory fees;
3. A monitoring program approved by the State Engineer

prior to the diversion of any water permitted under these
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applications prepared in conjunction with the study ordered
in State Engineer’'s Order No. 1169.
4. The total duty under Permit 54075 shall be limited to
2,500 acre-feet annually with a diversion rate of 5.0 cfs, no
additional water will be granted under this application; and
5. If impacts to existing rights are demonstrated, the

applicant or any assignee will be required to mitigate the

same. e
¥y,
g & Ge.  *
Respectfu ]s;l}:‘ ) subn:}" tte‘{i
: o .i--ﬂ- _
W \/ ty,
UGH RICCH.R.E. .~
State Engineer ;" %
HR/SJT/jm
D 18
i _. Dated this th day of
Aoril 2002.
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Additional comments from Technichrome.

In my previous submission Technichrome asserted that reducing well withdrawals across the entire
LWREFS designated area would not accomplish the desired goals. There is no evidence to suggest it
might. The evidence suggests that a LWRFS area wide reduction would have no impact on the
Pederson Springs. Massive reductions in pumping at the two nearby well sites had no effect on the
flow of the springs, so there is no support to the theory that a LWRFS area wide reduction would have
any impact on the springs or Dace habitats. Their is probably some effect localized reductions with an
immediate and direct hydrologic connection to the springs would have.

Technichrome now wants to cover the damage a system wide reduction in allocated rights would have.

Many large businesses, particularly in the Apex Industrial Park, rely on well water. There are several
gypsum/drywall and building material plants in the area (Pabco, Georgia Pacific, and Lhoist) that rely
on well water. There are multiple electric generation plants, for example Nevada Cogen Associates 1
and 2 who require a lot of water. The city of North Las Vegas has represented that “Up to 20,000 direct
jobs and 56,000 support jobs could be created when Apex is fully developed,” This requires water. (see
https://www.ktnv.com/news/north-las-vegas-apex-industrial-park-to-finally-get-water) And there is the
Apex landfill which requires water to manage its waste.

A LWRFS reorganization of priorities based on first use would put the agricultural uses ahead of all
industrial uses, since they have earlier first use dates. This is contrary to the State Engineers previous
determinations (e.g. order 1025) that Industrial uses are prioritized over ag uses.

If the LWSFS water rights were prioritized by date of first use and a basin wide reduction was required,
this would result in the industrial users losing their water rights. This could be an economic disaster for
the affected businesses. If it interferes with the development of the Apex park, it would also have a
major impact on employment and the well being of the citizens of North Las Vegas.

It is unlikely that reorganizing water right priorities would stand up in court since there is rational
reason for it.

Technichrome suspects that many of the wells supplying the various plants have not pulled out 100% of
their allocated water, so they have not been able to prove their Beneficial use. Hopefully with these
proposed changes, those who did not use 100% of their allocated rights do not get punished for their
conservation of water.

Another concern Technichrome has is that eliminating the basin barriers within the LWSFS would
allow unfettered movement of water rights within the larger LWRFS basin. For example NV Energy
could transfer all of their water rights from the closing Reid Gardner station in Moapa to the Harry
Allen station in Apex (Garnet Basin). There would be nothing to prevent this. Multiple other users
could acquire rights from current agricultural users and transfer the rights to the users in Apex. Many
additional thousands of acre feet could now be pumped out of the Garnet basin, which according to the
State Engineer is already oversubscribed. By removing the existing basin boundaries, nothing would
stop this. These rights would be mostly unused existing rights.

This has both a good side and a bad side. The good side is that existing rights holders in other LWRFS
currently designated basins could get premium prices for their unused rights. More water would be
available to users in the Apex Park. The down side is that the Garnet basin could not support the added
water use. The problem is the State Engineer loses control to manage or prevent this.
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TECHNICHROME

4709 COMPASS BOW LANE
LAS VEGAS, NV 89130
702-386-2844

email: nigelmacrae@gmail.com

RESPONSE TO INTERIM ORDER #1303
SUBMITEED BY TECHNICHROME

Having reviewed the order, Technichrome makes the following comments.

Technichrome does not object to considering basins 210, 215, 216, 217, 219 and 220 as a “joint
administrative basin.”

It is likely that in addition to these basins other basins are hydrologically connected to the LWRFS.
The Journal of the Nevada Water Association Fall 2004 states “That portion of the flow system
contributory to the Muddy Springs is interpreted to be primarily derived from recharge on the mountain
ranges along the White River Flow System (WRFS), extending approximately 200 to 300 miles to the
north (Eakin, 1966) and perhaps from the Meadow Valley Flow System immediately to the east of the
WRFS (Thomas and others, 2001; LVWD, 2001.)” It is unclear why these additional basins are
excluded from the Joint Administrative basin. Sources upstream from the Pederson Springs are more
likely to have an impact on the springs than wells just a few miles away to the west and even the
included downstream withdrawals. It is understood that the above ground portion of the White River
disappears for many miles north of Parhranagat Valley. However, there is probably a direct
underground hydrologic link between the various portions of the White River.

Another area of interest is the Meadow Valley Wash, designated basin 205. This stream, although
partly underground, feeds directly into the lower Muddy River. and has been called the East Fork
Muddy River (Bancroft's Map of California and Nevada: 1868). Therefore, the request is to consider at
least Basin 205, the Meadow Valley Wash, for inclusion into the Joint Administrative Basin since it is
clearly part of the LWRFS.

Secondly, the interim order 1303 states the LWRFS “must be administered as a joint administrative
unit, including the administration of all water rights based upon the date of priority of such rights in
relation to the priority of rights in the other basins.” (page 10). Technichrome notes that combining all
water rights into a single unit where withdrawals are based on the date of priority of such rights gives
the State Engineer less control over withdrawals than what he currently has. It gives him less ability to
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preserve water flows in the springs and to save the Moapa Dace. This seems contrary to what he is
trying to accomplish.

The State Engineer should have the ability to control usage within small areas. With his proposed
change he will only be able to control usage over a much wider area. Any order in reduction would be
based on seniority across the whole LWRFS. If the State Engineer were to decide that the area around
Petersen Springs consisted of a single shallow aquifer and that withdrawals need to be reduced in the
vicinity of this shallow aquifer, he would not be able to reduce pumping without ordering wells 25
miles away to also reduce pumping. Every well in the basin with a later priority date would be affected,
when just the ones closest to the springs need to be curtailed. If he reduced the grid size to a few miles
squares he could more easily control pumping in local areas. As proposed, increasing it to 50 miles
defeats the purpose of the change.

It like watching tv. A low resolution tv gives one a bad image quality, so bad at times it is hard to
discriminate the picture. Whereas a high resolution TV (4k) gives a vastly superior quality. In
technology, engineers always try to provide the best resolution possible. Here the State Engineer seems
to be headed toward low resolution and loss of control.

In medicine, drugs that just target the cancerous cells are much more effective than drugs that
indiscriminately target cells in the whole body. Targeted solutions are almost always better solutions.

There is evidence that the reduction in flow measured in the Order 1169 Aquifer test and cited in this
Interim Order #1303 is a localized effect. The report mentions that the closure of turbines at Reid
Gardner resulted in a reduction of 5000 AFA in withdrawal from the aquifer starting in 2015 and
continuing until this day. The graph on page 5 and the summation shows that there was no increase in
outflow of the Pederson Springs from 2015 through 2018. There was actually a decrease in outflow
from 2016 to 2018. This indicates no correlation (and possibly a reverse correlation) between the Reid
Gardner well withdrawals and the Pederson Springs output. Reid Gardner is five miles from the
Pederson Springs. The entire combined basin well withdrawals during the test were 14,535 AFA (page
4). The Reid Gardner reduction was a 35% reduction over the entire basin withdrawals with no effect
on the Pederson wells. It is unlikely that wells much further away have any impact on the flow of
Pederson Springs.

According to the Journal of the Nevada Water Resources Association (Fall 2004), the Moapa Valley
Water District well at Arrow Canyon increased withdrawals from 750 AFA to 2500 AFA around 1998
(page 83) with little impact on the flow at Pederson Spring “suggesting a lack of direct hydraulic
connection between the Arrow Canyon well and Pederson spring.” (page 83) and “suggesting a
hydraulic discontinuity between the pumping well and spring.” (Pae 76) The distance between the well
and Muddy Springs area appears to be less than two miles, yet parts of the new Joint Administrative
Basin are more than 50 miles apart. There is no evidence supporting that reducing well flows 25 miles
to the west of the Pederson Springs (and still within the LWRFS) would have any impact on the
Springs.

The ultimate solution may be to just reduce flow in wells and river withdrawals that directly impact the
flow of the Pederson Springs. The State Engineer should have the ability to implement this targeted
solution.

Assuming that correlation is causation, the best one could hypothesize from the draw-down study is
that some withdrawals have an effect on the Pederson springs, but certainly not all. Those drawdowns
that have an effect are those with a direct and probably proximal hydrological connection, most likely
just upstream and downstream from the springs. Possibly only within the shallow basin where the
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springs reside.

The conclusion the LWRFS “must be administered as a joint administrative unit, including the
administration of all water rights based upon the date of priority of such rights in relation to the priority
of rights in the other basins” has no basis in evidence. Even with dramatic increases and decreases in
pumping levels at nearby wells to the Pederson Spings, little influence is seen on the Springs. How the
State Engineer gets to the statement that all rights must be administered as a single basin is a mystery.
Shotguns are not the best tools for killing fleas.

Whatever the State Engineer decides, it would be useful for him to have the ability to impact just the
wells that will give him the outcome he is looking for. If that means the whole Administrative basin,
then he should be able to do that. However, if it just means a small portion of the basin, he should have

that authority as well. The current science does not support a Joint Administrative basin wide reduction.

The best hope for the Moapa Dace is a targeted solution.
Water reductions in the LWRFS should not be based on priority dates of permits. That will not provide

the control the State Engineer needs to save the Moapa Dace and Pederson Springs.

Nigel Macrae
Vice President
Technichrome
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United States Department of the Interior
GEOLOGICAL SURVEY
WATER RESOURCES DIVISION
Room 227, Federal Building
705 North Plaza Street
Carson City, Nevada 89701
August 3, 1984

MEMORANDUM
TO: Members of the Carbonate Terrane Sociery
FROM: Terry Katzer, Nevada Office Chief, WRD, Carson City, NV

SUJBECT: Carbonate Terrane Study

In response to our last meeting, we have prepared the enclosed project
proposal for a 10-year investigation of the entire Carbonate Terrane,
which will serve as a point of discussion for our August l3th meeting.
We have probably overlooked some elements, however, I'm sure they will
fall into place during the course of the study. There is a large degree
of uncertaincy on projecting cost for ten years. TFor one thing, the in-
flation rate is unknown. Also, the budget, while it may seenm anbicious,
may in all actuality, be deficient. Another large item not estimated
here are the coets of an exploratory drilling program wich subsequent
development/production drilling; these costs will probably dwarf all the
inovestigative cost. And finally, we realize thar ultimately, the
avallability of funds will be a conrrolling factor in the investigative
process.

To briefly summarize the proposal, it is important to understand that
the water resources of the carbonate terrane are not well defined, for
the data are sparse, and the hydrology and geology are complex. It
will take a lot of money and a long time to arrive at some reasonable
understanding of the system. Unless this understanding is reached, the
development of carbonate water is risky, and the resultant effects may
be disastrous for the developers and current users.

Water resource planning based on a scientific understanding of the hydrology
will have many benefita. From the Las Vegas Valley water users perspective,

it will meano knowing that the additional water for their expanding needs
-8 Tial. avallaase, atx .aI if will be possible to quantify that addi-
tional water.
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From the perspective of rhe current water users throughout the Carbonate
Terrane, including che porential White Pine Power Project users, ir will
mean ensuring a safeguard on their already appropriated ground-water
rights, and it will allow the allocation of unallocated waters to proceed
toward a much better defined perennial yield.

From the State's perspective, an understanding of the system will allow
its optimum management for the benefit of all the people. From the
Federal agencies perspective and, in particular the Department of Interior’'s
Water and Science, an understanding of the system is essential prior to
beginning resource development.
See you on Monday, August 13 at 10:00 a.m. in Rick Holmes' shop.

"

Terpy Katzer
Enclosure

TK:cf
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PROJECT PROPOSAL
for
INVESTIGATION COF CARBONATE-ROCK AQUIFERS IN
EASTERN AND SCUTHERN NEVADA

Problem

Most of the known water resources of Nevada, which includes virtually all
surface water and most of the ground water in basin-fill reservoirs, are used
or appropriated to (or beyond) the extent of current estimates of their perennial
yield. For development to continue in some of the more intensely developed basins,
“new” sources of water or new methods of managing the existing sources will
be necessary. In this conrtext, the aquifers of the deep carbonate rocks of
eastern and southern Nevada are often cited as potential “new"” sources of
water. At the same time, the hydrology of the Carbonate Terrane, and in
particular the carbonate-rock aquifers, is the least undefstood in the
Great Basin. Large-~scale and long-term investigations will be needed to
overcome this knowledge deficiency.

This proposal is not the first to consider a comprehensive investigation
of the hydrology of the Carbonate Terrane in Nevada (fig. 1). Area-wide studies
have been conducted by four different organizations to date (area-wide here indicates
an inrerest in the Carbonate Terrane as a whole or at least over an area large enough
to include more than one of the major regional flow systems within the Terrane). The
organizations are l) the Desert Research Inscitute (Mifflin, 1968, Hess and Mifflin,

A=y -~

S3T20, T Tha U.S. Alr Fizza (M= Mul-i-la

"t

e i Y

-~
- -

nalter Watar Resources
Program 1983), 3) the U.S. Geological Survey (Great Basin Regional Aquifer System
Analysis, Harrill and others, 1982), and 4) the U.S. Bureau of Reclamation {Southern

Nevada Deep Carbonate Aquifer Scudy, 1984). Each of the studies by these organiza-

l.
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Cions was concerned with the development of appropriate and feasible methods for the
investigation of the hydrology of the Terrane, and to varying extents, each is
concerned with the development of well-constructed plans for long-term studies to
support and (or) assess development of the resources of the deep carbonate-rock aquifer

The large-scale investigarions have been, and will continue to be, built on
smaller scale studies. Important among the small-scale investigations are studies
that have dealt primarily with the delineation and description of individual regional
flow systems. These iaclude 1) the early studies of the White River flow system by
Maxey and Eakin (1949) and Eakin (1966); 2) the numerous studies in the area becween,
and including, the Nevada Tesz Site and Death Valley by Hunt and Robinson (1960), Eakin
and others (1963), Winograd and Thordarson (1975), and Classen (1983); and, 3) the
investigations of the geohydrology of Central Nevada assoclated with the Atomic Energy
Commission's Central Nevada Test Area (Fiero and Illian, 1968 and 1969). Numerous
studies of the hydrology of individual or small groups of basins have also been
conducted by both private and public organizations and will provide their conceptual
foundations to planned large-scale studies. Major sources of information for compre-
hensive inovestigations come from outside the hydrologic profession. Deep drill-hole
information has been collected in the course of drilling deep test wells for oil
exploration, and much of the geophysical data in the Carbonate Terrane was developed
in support of mineral exploration.

The Carbonate Terrane of eastern and southern Nevada lies in an area in which
local climates are primarily dependent on altitude. Annual preciptation totals range
from less than 3 inches in some of the southern valleys (e.g., Amargosa Deserr and
Death Valley) to greater than 30 inches in some of the highest mountain ranges in the

northeast (e.g., the Ruby Mountains). Precipitation on most valley floors range

2.
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from 5 to 12 inches per year (Hardman, 1936). The most humid parts of the Carbonate
Terrane, with local exceptions, lie in che vicinly of 38 degrees latitude where the
valley floors are often more than 5,000 feet above sea level. The Utah and southern
Nevada parts of the Terrane are the most arid. The temporal distribution of preci-
pitation in the region is dependent on which of several storm tracks are influential
in a particular area, but generally precipitation on valley floors throughout much of
the Terrane is relatively evenly distributed between the winter and summer (Quiring,
1965, figures 2 and 3)., Summer precipication occurs mostly during thunderstorms.
Water deposited by precipitation within the Carbonate Terrane or on the
bordering mountain blocks is the only water, so far as is known, that recharges the
hydrologic systems of the Carbonate Terrane. Most of the precipitation om the valley
floors is evaporated or transpired without entering the ground-water systems of either
the basin-fill aquifers or the deep carbonate-rock aquifers. Thus, most of the recharg
to basins and deep carbonare-rock aquifers 1s presumed to derive ultimarely from
precipitation in the mountains in and adjacent to the Carbonate Terrane. The
pProcesses by which this recharge occurs are poorly understood. In some basins, for
example gouthern Ruby Valley (Johnson 1980, pages 17-180) and the Ash Meadows flow
system (Winograd and Thordarson, 1975, page 92), recharzz t~ rthe Lasin-2:11 aquifers,
and to carbonate~rock aquifers, is believed to oczcur primarily as deep percolation
of water into and through the mountain block materials. In other valleys and syscems,
for example the Amargosa Desert (Claasen, 1983, page 1), much of the recharge appears
to have occurred primarily as a result of the percolation of surface runoff from

snowmelt in the adjacent mountains, and took place in flood channels along alluvial
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fans and the basin floor during wetter climaric conditions 12,000 o 18,000

years ago. The percent of recharge water following one of these paths or the
other must depend to a large extent on the topography and large-scale permeabilicy
of the mountain block.

Flow patterns within the basin-fill reservoirs of the Carbonate Terrane
can be complex, but most often entail flow from the recharge areas at the base
of the moutain blocks "down” the basin to one or more discharge areas. The
water at thege discharge areas either 1) evaporates at a playa or free-water
surface fed by springs, 2) is evapotranspired by phreatophytes where the water
table is relatively near land surface, 3) flows 19:0 another basin or flow
system, or 4) leaves the system through some combination of the above modes of
discharge. The location of these discharge areas within a basin is determined
by some combination of geologic, topographic, and hydraulic factors.

The hydraulic and hydrologic connections betwesn the basin-£111 regservoira
and underlying carbonate~rock aquifers are poorly understood at this time.
Studies in Ash Meadows (Bareman and others, 1972; Bateman and others, 1974)
and in the Upper Moapa Valley (Maxey and others, 1966) have shown that in
some cases very incimate connections between the rwo aquifers may exist while in
other cases, the aquifers may behave as independent systems. The factors that may
ultimately control the extent of interconnections are the presence of aquitards
between the two types of aquifers and the extent to which hydraulic gradients
exist which might induce interaquifer flow. The aquicards that may occur in this
context are —— 1in order of increasing age —- layers of fine—grained sedimentcs
within the basin f111, thick layers of lava-flow materials, and (or) tuffs
of Terciary age, and fine-grained consolidated rocks (for example, the
siltstones and shales of Mesozoic age that overlie some Paleozoic sections).
Where such aquitards lie between the basin-£111 aquifers and underlying
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carbonate-rock aquifers over a large area, flow and hydraulic connection
between the two systems may be prevented or greatly modified.

The connection between the ground-water systems of mountain blocks and
adjacent basin-fill aquifers —— and between adjacent basins through the
intervening mountain blocks -- is also concrolled at least in part by the
presence of aquitards and by the existence of favorable hydraulic gradiencs.
Where the normal faulting that created the basin and range topographically has
left Tertlary volcanics or some poorly permeable unit along a large porcion of the
contact surface becrween the mountainm block and basin-fill sediments, the
capacity for recharge wacter that has percolated deep into the mountain
block to leak into and recharge the basin-fill aquifers may be severely
impaired. The presence of such an aquitard, or the presence of an intrusive
body or other type of aquitard beneath the mountain block may also prevent incer—~
basin flow though the mountain block. Another barrier éo interbasin flow thar has
been suggested in several cases is the presence of a mound of Techarge
water beneath mountain blocks (Eakin, 1963, page 15). Beneath ranges that
receive a substantial amount of deep percolating recharge water, the hydraulic
heads may be raised above the head in either of cthe adjacent valleys. As
& result, water cannot flow towards or through the mountain block from either
of the valleys. The amount of deep-percolating recharge necessary to create
a2 hydraulic barrier must depend on the pPermeability of the mountain block
(Eakin, 1966, pages 268-269; Mifflin, 1968, pages 15~20).

Mountain blocks at depth are not hydroiogically distince geologically
from the carbonate rock as a.whole. The exposed part of the mountain block
is the same lithogically, as thar part of the block of consolidated rock
underlying the area. As such mountain-block hydrology at depth is no different
from the hydrology of the consolidated rock beneath the basins. Both

5.
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are dominated by the secondary and tertiary porosity —- and resulting
permeability -- of the consolidated rocks. Secondary porosity is the porosity
associated with fractures in the aquifer medium. Tertlary porosity is the
porosity assoclated with dissolution features such as caves and modified
fractures. Tertiary porosity and permeabilicy is limired zo the carbonarte
rocks, and, at depths where overburden pressures may tend to seal simple
fracrures, may be the most important avenue of ground-water flow (Eakin,

1966, pages 266 and 268). Dissolution of carbonate rock is generally concentrated
near the water table or in the unsaturated portions of the carbonate rocks,
where the water is still unsaturated with respect to the carbonate minerals.
Within a shorc distance of entering carbonare rocks, the ground waters of the
Carbonate Terrane are fully saturated with respect to those minerals. Caves
occur most often in the mountain blocks and in speclfic parts of the
Paleozolc section, bur solution features may be present at great depth (Hess
and Mifflin, 1978, pages 26~31).

The physics of flow of ground water through secondary—-permeabilicy
terranes 1s such that water flow 1s very easy along the path of the fracture and
solution features, and difficult perpendicular to these feartures. At a
small scale then, flow direction need not parallel the local or regional
hydraulic gradients. At large scales, depending on the degrees to which
the fracture patterns are isotropic and sufficiently random, flow direcrions
may or may not parallel large-scale hydraulic gradieats. Instead, large-scale
flow and discharge patterns may tend ro parallel major structural featyres.
This results in conditions in which large hydraulic gradients can persist
with little actual flow.

Ground-water flow within the Carbonate Terrane at regional scales depends
on the presence of fracture zones, the occurrence of intrusives and other

6.
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local geologic barriers, the impacts of large—scale linear geologic features
such as the Cortez Rifc, the locations of topographic lows and other discharge
areas, recharge discribution, and the configuration of aquitards and aquifers.
Many large springs are associated with wajor faults ia the carbonate terrane,
and faults can act to expedite flow or act as barriers ro flow (e.g., Winograd
and Thordarson, 1975, pages 81 and 29). Ground-water discharge areas are
commonly found in the areas that are lowest topographically, whether in a
basin, a regional system or on the side of a2 mountain block. Recharge
distribution can result in hydraulic barriers and ultimately drive the flow
systems.

Given the myriad possible avenues of hydrologic connection between the
various aquifers and flow systems and the uncertainties of recharge and
discharge mechanisms and processes, an investigation of the hydrology of
the carbonate-rock aquifers in Nevada is undoubtedly a difficult undertaking.
Additional complicating factors include:

= Basic hydrologic data (ground-water levels in both the

basin-f11]l and carbonate-rock aquifers, flow measurements for
important springs, and flow measurements for major streams) are
scarce or infrequently obtained in much of the areas.

= Secondary hydrologic and other data, such as hydraulic para-

meters, geophysical and geochemical data, are lacking in
mANYy ATeas.

- Only a small number of wells and drill holes tap the deep

carbonate rocks.

S The geology of the Great Basin in general, and the Carbonate

Terrane 1in particular, 1s complicated.

7.
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= Uncertainties and inaccuracies exist in current methods of
estimating ground-water inflow and Techarge.

- Uncertaincties and inaccuracles exisr in current methods of
estimaring ground-water outflow and evapecrative discharge.

= The geometry, properties, and boundaries of the carbonate-rock
and basin-fill reservoirs are generally unknown, and definition
of these properties can be expensive and difficulz.

= Climatic conditions today are inadequately defined (particularly
at higher alritudes) and conditions during the development of
the flow paths within the deep~rock aquifers and flow paths are
even more uncertain.

= Limited stresses on the water resources of the area under current
development conditions, allow hydrologists information oaly on
the narrow band of system responses Lo natural conditions.

= The relacionship between geothermal systens and the deep
carbonate-rock aquifers aad ground—-water flow systems is not
well understood.

- The area underlain by significant carbonmate-rock sequences in
Nevada 1s over 40,000 square miles of sparsely populated land,
and includes 106 hydrographic areas and basins.

A comprehensive investigation of the hydrology of the Carbonate Terrane

will have to be at least ambitious enough to deal in some manner or other with

each of these complications and uncertaincties,

Objective

The objective of the proposed project is to understand the hydrology,

specifically the ground-water hydrology, of the Carbonate Terrane of the Great

8.
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Basin. Initially the project will concentrate on delineating, defining,
describing, and understanding the carbonate-rock aquifers and assoclated
flow systems in eastern and southern Nevada.
Approach

A comprehensive long-term program of investigaction of the Nevada Carbonate
Terrane will have to be based on a series of related and interdependent
shorter term small-scale studies designed to address and resolve, insofar
as possible, specific problems. Because of the large number of hydrologic problems
that exist and the scope, remoteness, and complexity of the Carbonate Terrane,
it is unlikely that a single, large-scale comprehensive study of cthe Carbonate
Terrane as a whole could be pursued or even funded at appropriate levels by
any one of the interested agencies and organizations. It 18 unlikely that all
of the interested agencies taken together could pursue an adequate plan
of srudy unless the issues and investigations are pursued on a more local level.
A rational program of investigation requires the division of studies among
limiced, but key, subareas of the Carbonate Terrane; critical hydrologic pro-
Cessses; and those agencies most capable of pursuing it. The choice of
study areas must be based on hydrologic coatinuity, on relative uniformity of
condirions and processes, on interest in development of the resources or pro-
cesses specific to an area, and on logistical feasibility. They must be
scaled to include some significant part of a regional or subregional flow
system so that problems of true incterest--e.g. interbasin flow mechanisms
and the yield potential of the carbonate-rock aquifers—are addressed.

Initially these studies may be conducted independently, concurrently,
or in tandem, as time, manpower, and resources allow. Even in the early stages

there will be a need for a large—scale overview and integration of all hydrologic
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and geologic interpretations with an eye toward transfer of information,
regionalization of interpretations, and analysis of topiles that are inherently
too large-scaled co fall within the scope of any of the subarea sctudies. Ac
some poinc the regionalization must be funded as a major project 1in its own
righc.

Principal methods available for continuing and future investigations of
the Carbonate Terrane are: (1) geophysical studies to locate hydraulic boundaries,
define rock properties, and delineate aquifer geometrries, (2) interpretation of
geochemical data to define the sources and histories of waters encountered
in the carbonate-rock aquifers and surrounding media, (3) re-evaluation of water
budgers for basins and mountain blocks in the Carbonate Terrane, and the de—
velopment of more innovative methods of developing these budgets, (4) evaluarion
of physical and chemical analyses of deep wells and regional springs, (5) analysis
of the lineaments and large~scale sfructural features of this part of the Great Basin,
(6) geomorphic analysls of major landforms to assist in determining past hydrologic
enviromments, (7) investigations of paleoclimates and their significance to current
and future conditions, as well as to the history and geography of cavern development,
and (B8) analysis of hydraulic, lithelogic, geophysical, and chemical data from
deep wells and ocher holes.

Geophfgical methods of study that may prove very useful {::"-“a s:f:a7+
refraction and (or) reflecrion surveys surface and downhole gravity measurements,
and aeromagnetic surveys. Seismic methods may be used to identify major faults
and geometries of local geologic structures. Gravity may be used to estimate
depths to coosolidated rock beneath valley-fill materials and density of
consolidated rocks (and hence, indirectly, fracture density). Interpretation of

aeromagnecic data may allow detection of metamorphic structures and intrusive
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bodies that may act as hydraulic barriers. Interpretation of chemical,
Cemperature and isotopic variarions along (and among) flow systems can be
useful in delineating and assessing the limits and potential of those flow
systems (Mifflin, 1968, pages 31-39; Johnson, 1980; Claasen, 1983). Linements
analyses can be accomplished using Landsat imagery, and may be useful in
identifying hydrologically significant structural features such as local shear
zones with their attendant fracture §ystems or breceiation.

A5 basin and mountain block water budgers are better defined a level
of confidence in the smounts of warer that are flowing through the carbonate-
rock aquifers and the connections between this water and the waters of the
basin-£111 aquifers may be developed. Improvement of these escimared budgets
will require development of more accurate and precise estimates of rateé
of recharge and discharge.

Determination of piezometric heads at springs assoclated with the carbonate-
rock aquifers and wells open to the carbonate rocks helps to define flow directions
and can be useful in identifying hydraulic connections between rock units. Re-
gional springs and deep wells algo provide the main avenue for determination of
chemical cooditions in the deep rock aquifers.

Geomorphic research focused initially on the White River system will place the
landforms of tﬁac area into a geomorphic/geologic time series that broadly defines
its complex history in terms of Paleohydrology. The mapping and age dating
of soils, surficial geology, and stratigraphy will provide the means for
the ultimate quantification of the landscaping processes. This will involve
gathering the appropriate soil surveys made by the Soil Comservation Service
and interpreting thesge findings in a geomorphic-hydrologic perspective.
Additionally, all geologic and geomorphic (if available) literature will be
put into a common data base. After this evaluation is made, areas will be

ll.
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selected for a second phase of inrense investizacion based on their imporrance
in understanding todays hydrologic flow system. The second pPhase studies will
be site specific (one valley at a time) and involve very detailed mapping and
corresponding age dating. As a data base is built 1in one area, chronclogies
will be extended to other appropriate areas, and in this fashion, the

entire White River system will be analyzed. During this second phase, areas
outside the White River system may require similar efforrs if it seens
imporrant to understand a cause—effect relationship that bears on the White
River system.

Paleoclimate research is of significance because of the long travel
times for water in regional systems; for example in the White River flow system
water as much as 10,000 to 20,000 years old are encountered (Alan Welch, U.S.
Geological Survey, personal communication, 1984). Understandng of the
conditions under which this water was recharged, flowed, a;d discharged
may depend on the development of histories of climate in the Great Basin.
These factors may, in turn, influence assessments of the renewability of
the waters of the carbonate-rock aquifers.

Finally, the most direct, but generally most expensive method of
investigation of the carbonate-rock aquifers is drilling of deep holes into
the rocks. The information gained at each hole 1s only a small increment
of the total information required for the rational development of the aquifers,
but the cost of drilling and properly teting holes limits the number of
deep holes that will be available. Thus, the wells that are drilled have
to be placed and designed carefully to maximize their sclentific worth. This
will require packer tests on each porosity zone encountered to determine
productivities and specific aquifer properties; development of careful
' lithologic logs based on cuttings and careful, detailed borehole geophysical
12,
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measurements; and determinations of warer chemistcriss and rock properties

by stratigraphic unic.

Major tasks te be performed in conducting a comprehensive investigation

of the hydrology of the carbonate terrane will include:

1)
2)

3)

4)

5)

Basic data collection, compilation and analysis;

Research on key hydrologic processes and parameters, and develop-
ment of specific mechods for system definition;

Investigation and analysis of conditions and processes in important
subareas;

Delineation and definition of flow systems and resources of the
carbonate terrane; and

Regionalization of results.

Data Collection

Crucial to the study of the carbonate terrane is the development and

continuation of historical records of hydrologic conditions in the area.

Current data collection efforts are inadequate to define the hydrologic

conditions throughout the area. Basic data collection programs will be

initlated and (or) extended, as rescurces permit, to measure:

——Streamflow from important watersheds and springs

==Ground-water levels in each basin

~~The chemistry of water in all parts of the carbonate terrane

(surface water and ground water)

—~Precipiration rates at all altitudes encountered in the carbonate

cerrane

~=0ther climati¢ parameters as necessary to estimate of evapo—

transpiration under conditions encountered in the carbonate terrane, and

13.
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-~Land- and water-use data, as well as warer supply sources and rares.
Figure 2 shows the location of concinuous streaz’low and springflow gaging sracions
operating Ia and near the carbonace terrane. Installation and maintenance of
these additional gaging stations will bring the level of surface-warer dis-—
charge data in the carbonare terrane up to winimum regilonal levels. Specific
surface-water gaging sires will be chosen to be representative of regional
runoff characteristics, to help define specific basin and incerbasin water
budgets, and (or) to provide data for the delinearion of mountain-block ar
regional-spring hydrology.

Figure 3 shows the location of contilnuous ground~water level gaging
statlons aad regularly monicored wells in the carbonate terrane, Relatively
few continucus gaging stations are necessary on a regional scale to define the
slow and fast response cycles of ground-water levels, bur regular measura—
ment of a larger number of wells isg desirable. Much more important is the
canvassing of basins to update and improve the areal coverage provided by the
historical database. This canvassing provides well locations, well descriptions,
and water—level data at new and existing wells in many basins that otherwisge
would not be available to future investigacions. Canvassing of basins should
be repeated approximately every three to five years. The entire southern half
of the carbonate terrane, excepting Las Vegas and the Nevada Test Site,
should be canvassed soon to fill this deta requirement.

Geochemical interpretations of the sources and histories of waters in
the carbonate terrane are, of course, dependent on the availability of
chemical, physical, and isotopic analyses of samples from an adequacte number
and distribution of sources. The U.S. Geological Survey Great Basin Regional

I4.
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Aquifer System Analysis has collecred a wealth of chemical and isotopic data
on the major reglenal springs of the carbonate terrane. Reliable chemical
and isotopic data for water from the streams, mountain-block streams, and
basin~fill ground waters of the carbonate terrane are not so readily
available, and should be augumented as parc of cthe basic daza collecrion
program.,

4 key facror in the development of recharge estimates is the estimaced
precipitation rates in areas that act as recharge centers. The areal
distribucion of precipitation stations is probabaly adequate at valley-floor
elevations in the Carbonate Terrane. At high altitudes, where most of the
precipitation rakes place, however, coverage needs considerable improvement.
Recent installation of ten high-altirude precipitation storage gages in
eastern Nevada has raised the upper limit on precipitation measurements in
that area from about 8,500 to 10,500 feet. Figure 4 shows the distribution
of high-altitude precipitation measurement sites in the carbonate terrane.

A key parameter in the development of discharge estimates for water
budgets 1s the rate of evapotranspiration by phreatophyes, from bare soil,
and from free water surfaces. At present, precise measurements to estimate
these rates are being made only in southwestern Nevada, near Beatty and at
the Nevada TesC Site. A wide variety of climartic, vegetarive, and topographic
conditions in the carbonate terrane limit che transfer value of these data
collection efforts. The basic data collection program will therefore include
the installation and maintenance of at least ten additional measurement
sites, selected for wide areal coverage, coverage ar a wide range of elevarions,

and for coverage of the entire range of ecologic secttings encountered in the
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Carbeonate Terrane.

Finally, land-use and water-use data and measurements are necessary to
the definition of water budgets in the carbonate terrane. Current efforts
in this area are generally limited to efforcs by the State Engineer to
document water use 1in valleys that are either designated {restricted develop-
ment) or approaching that status. Such efforts would be useful in essentially
all of the developed basins in the area. It is probably not necessary
that data be collected every year (except in the heavily impacted valleys
that would be monitored anyway under current policy), rather collection could
be integrated with the ground-water levels canvasing discussed above cn
a three— to five-year cycle.

It 1s crucial that each of these components of the basic dara collection
be granted a long~term commitment of funding and staffing independent of other
parts of the comprehensive investigation. A single year or even several years
of data in any of these areas will be of limited use. The various dara networks
should be implemented as soon as possible and will be reviewed periodically.
Improvements to the networks are to be a goal of these reviews and, where
Decessary or appropriate, reductions or expansions of the networks will be
implemented.

Cricical hydrologic processes and paramenters that require investigation
and research 1n the carbonate terrane are:

--Local, basin-wide, and deep-reock recharge processes.

——Evapotranspiration under that range of topographic, ecologic, and

climatic setrings encountered in the Carbonate Terrane.

—Role and definition of geologic barriers to ground—-water flow.

—determination of hydraulic properties of shallow basin-fill aquifers,

deep, basin-fill aquifers, carbonate-rock aquifers, and the other

16.
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aquifers and aquitards in the area.

Research conerning proper application and interpratation of the following
mechods will alsc be necessary:

-—Correlacion of surface geophysical measurements to aquifer geometry.

——Correlation of borehole geophysical meaurements, lithologies, and

well test results ro aquifer/aquitard hydraulic properties.

——Cerrelation of selected isotopic and geochemlcal parameters to flow-path

delineation and flow-rate estimation.

——Definition of water budgers more precise and accurate than the

current reconnalssance estimates.

——Correlation of lineament analyses with regional, geologic, structural,

and hydrologic features.

Research in these areas will ucilize hisrorical data, data developed under
the basic data program, and specially collected data as necessary, and will
be associated with ongoing investigarions where possible to ensure that the
efforts are tied very closely to the issues at hand. At the same time, the
research will be designed for wide~spread application of results.

The carbonate terrane might be divided into key areas as follows in
general order of hydrologic interest and prioricy:

==Southern Nevada

-—Nevada Test Site, Nellis Gunnery and Bowbing Range, and Amargosa Desert

area

—East-central Nevada in the vicinity of White Pine County

~Diamond Valley/Kobeh Valley area

=—Pahrump Valley

——Central Nevada -- (a) the Railroad Valley, (b) Kobeh-Monitor Valley,

17.
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and (c) Clayton Valley multibasin flow systems

——Areas peripheral to the carbonate terrane —— (a) Big Smoky Valley

and (b) the basins of the Humboldt River drainage within the carbonate

terrane

—The upper White River flow syscem

~—Norch-eastern Nevada -—- the Great Salt Lake Desert flow system
Figure 5 indicates the nine general areas referred to above.

The southern Nevada area is listed as a high interest and priority
area because it includes the discharge areas of several major regional flow
systems, and interest in developing the water of the carbonate-rock aquifers
is greatest in that area. The Test Site Amargosa Desert area includes three
flow systems whose boundaries and interacrions are still uncertain after
more than 20 years of hydrologic investigations. Information concerning
regional flow 1s greatest there as a result of these long-term hydrologic
investigations. The White Pine County area is a high-altitude part of the
cabonate terrane (figure 5) with basins and mountains that are generally
subhumid. Much of the recharge in the carbonate terrane is localized there.
The Diamond Valley — Kobeh Valley area is of interest because it provides
an opportunity to observe the effects of stressing the basin—fill aquifers
in one of the basins of the carbonate terrane. Diamond Valley is experiencing
a considerable overdraft condition under current pumping regimes (Harrill,
1968). Pahrump Valley provides another opportunity to observe the workings
of carbonate-terrane hydrology under stressed conditions and has the advantage
that several excellent studies in the area provide a basis for future investi-
gations (Harrill, 1982). The moderate-size interbasin flow system of central
Nevada are of interest because their comnections to surrounding major flow
systems is not completely defined and because they may provided clues to

18.
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Lhe workings of carbonate-rock aquifer hydrologies at a wore manageable scale
than the larger flow systems. Studies along the periphery of the carbonate
terrane will be, at least in part, designed ro help define what are the true
hydrologic boundaries of the carbonate terrane and {or) the carbonate-rock
aquifer system. Finally, the northern two-thirds of the Whire River flow
system and the basins of north-eastern Nevada are the headwaters of two of
the major flow systems in the carbonate terrane of eastern Nevada.

The key area investigations should address the following issues:

-—Geologic structural secting

-~Recharge conditions, process and rares

——Ground water occurrence and movement in basin-fill reservoirs

——Ground water occurrence and movement in comsolidated-rock reservoirs

—Physical and geologic contrels on ground-water movement

-—Ground-water discharge counditions, processes and rates

~-Aquifer/aquitard geometries

~~Hydrologic barriers and controls on ground-water movement

——Mountain-block recharge/mountain-block runoff processes and rates

——Water Budgets

—Analysis and cbservation of impacts of rescurce development

—S5peclal topics important in the individual areas
Simulation analysis will be used as necessary and warranted; both as a tool
for testing the feasibility of conceptual models and as an investigative and,
potentially, a predictive tool for inctegracing information on the working of
the flow system.

Exploratory drilling can be expected to play an important role in

several of these studies.
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Data networks
Surface water
Ground water
Water quatity
Precipitation
Data compilations
Data management

Hrdrogeologic Studies
Geophyrsics
Geophysics Data
Lineaments/Fractures
Stratigraphy

Hrdrologic Studies
Recharge mechanisms
Discharge/Evapotrans
Recon drilling
Well testing
Hrdraulic properties
Aquifer geometry
Paleoclimates
Palechydrology
Environ. science
Water budget eval,
Geologic barriers
Aquifer interconnect
Water use

Geochemical Studies
General geochem
Isotopes

Area Studies
White R Sys.
Diamond Valley
Steptoe Valley
Central Nevada
Terrane boundary

Program Management

Regional Synthesis

%1,250,000

$750,000
$750,000
$£400,000
$200,000
$400,000

$400,000

$50,000
$240,000
$140,000

$340,000
340,000
$270,000
$110,000

75,000
140,000
$420,000
$415,000
$150,000
415,000
$320,000
340,000
+300,000

$445,000
$140,000

$240,000
$340,000
$220,000
$400,000
$340,000

800,000

$400,000

Total

12,120,000

3,750,000

850,000

$4,095,000

$625,000

$1,400,000
£800,000

$400,000

“mm-___
$12,120,000
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Fyez Fvaa Frag Fyeo Frel Fre2 FYea FY®4q TOTAL Tatal
Data networks
Surface water $123,000 s125,000 $125,000 125,000 $125,000 $125,000 $123,000 - 212,000 s129,000 #123,000 $1,23%0,000
Ground waler $75,000 +75,000 *75,000 79,000 $7%,000 $753,000 $75,000 73,000 +75,000 $73,000 $730,000
Water quality 73,000 73,000 75,000 *75,000 *75,000 73,000 *75,000 75,000 +75,000 73,000 $?7350,000
Preclpltation 40,000 40,000 $40,000 40,000 40,000 40,000 $40,000 $40,000 40,000 sa0,000 460,000
Data compilations $20,000 220,000 $20,000 20,000 20,000 *20,000 420,000 $20,000 $20,000 $20,000 $200,000
Data management $40,000 +40,000 $40,000 $40,000 40,000 40,000 $40,000 %49,000 340,000 +40,000 %400, 0040
3,750,000
Hrdrogeologic Stucdies
Geophysics +30,000 30,000  g0,000 $60,000 $80,000 60,000 *400,000
Geophysics Data +30, 000 $20,000 $50,000
Lineaments/Fractures  s8p,pop 340,000 %40 ,000 +40,000 $20,000 $240,000
Stratigraphy %a0,000 $40,000 $40,000 $40,000 $140,000
$6850,000
Hydrolopit Studies
Retharge mechanisms $40,000 *80,000 60,000 $80, 000 $80,000 $340,000
Discharge/Evapotrans $40,000 s100,000 80,000 80,000 $80,000 +80,000 $80,000 $340,000
Recon drilling 30,000 460,000 40,000 *40,000 440,000 $276,000
Well testing T+ %10,000 30,000 +30,000 $20,000 420,000 $110,000
Hydraulic propertirs 415,000 420,000 40,000 23,000
Aquifer geomelry $30,000 330,000 80,000 $140,000
Pateoclimates 60,000 $80,000 $80,000 80,000 $80,000 80,000 $EB0,000 380,000 %420, 000
Paleohydrology *50,000 45,000 $B80,000 $80,000 $80,000 $40,000 413,000
Environ. science 50,000 50,000 50,000 130,000
Water budget eva). 4D, 000 80,000 %80 ,000 $60,000 73,000 $40,000 $415,000
Geologic barriers +40,000 480,000 80,000 *40, 000 *40,000 *320,000
Aquifer Interconnect 44,000 s80,000 +80,000 80,000 +80,000 *340,000
Witer use $H0,000 #680,000 40,000 $20,000 $20,000 20,000 $20,000 20,000 $300,000
44,095,000
Geochemicat Studies
General geochem 45,000 +30,000 73,000 73,000 40,000 40,000 20,000 $40,000 $443,000
Isotopes 40,000 +40,000 $40,000 $160,000
+425,000
Area Studies
White R Syy, +40,000 *80,000 %80 ,000 %40,000 $260,000
Diamond Valley $40,000 460,000 80,000 80,000 +80,000 $+340,000
Steptor Ualley $60,000 $B0,000 $40,000 $220,000
Central Neuada 80,000 380,000 $80, 000 80,000 80,000 $400,000
Terrane boundary %40, 000 %80, 000 80,000 80,000 $E0,000 $340,000 . o
1,400,000
Program Mahagement $80,000 80,000 80,000 B0, 000 60,000 $80, 000 +80,000 80,000 80,000 $80,000 $800,000 OO
s »
Regional Synthesisg 80,000 80,000 $80,000 $80,000 $B0,00C 400,000
$400,000
#1,040,000 $1,305,000 31,440,000 $1,430,000 $1,433,000 $1,313,000 31,205,000 #1,150,000 915,000 555,000 $12,120,000 $12,120,000
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science for a changing world

Drought

What is a drought?

A drought is a period of drier-than-normal
conditions that results in water-related prob-
lems. Precipitation (rain or snow) falls

in uneven patterns across the country. The
amount of precipitation at a particular loca-
tion varies from year to year but, over

a period of years, the average amount is
fairly constant. In the deserts of the South-
west, the average precipitation is less than
3 inches per year. In contrast, the average
yearly precipitation in some parts of the
Northwest is more than 150 inches.

The amount of rain and snow also varies
with the seasons. In some areas, most of the
yearly precipitation falls in early spring. In
the Southeast, most of the yearly precip-
itation falls during the hurricane seasons

in late summer and fall. Even if the total
amount of rainfall for a year is about aver-
age, rainfall shortages can occur during a
period when moisture is crucially needed
for plant growth.

When no rain or only a very small amount
of rain falls, soils can dry out and plants can

die. When rainfall is less than normal for
several weeks, months, or years, the flow

of streams and rivers declines, water levels
in lakes and reservoirs fall, and the depth

to water in wells increases. If dry weather
persists and water-supply problems develop,
the dry period can become a drought.

When does a drought begin?

The beginning of a drought is difficult to
determine. Several weeks, months, or even
years may pass before people know that a
drought is occurring. The end of a drought
can occur as gradually as it began. Dry peri-
ods can last for 10 years or more. During
the 1930’s, most of the United States was
much drier than normal. In California, the
drought extended from 1928 to 1937. In
Missouri, the drought lasted from 1930 to
1941. That extended dry period produced
the “Dust Bowl” of the 1930’s when dust
storms destroyed crops and farms.

The first evidence of drought usually is seen
in records of rainfall. Within a short period
of time, the amount of moisture in soils can
begin to decrease. The effects of a drought
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on flow in streams and rivers or on water
levels in lakes and reservoirs may not be
noticed for several weeks or months. Water
levels in wells may not reflect a shortage of
rainfall for a year or more after a drought
begins.

Does a shortage of rain mean a
drought will occur?

A period of below-normal rainfall does
not necessarily result in drought conditions.
Some rain returns to the air as water vapor
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Where do droughts usually occur?

Some areas of the United States are more
likely to have droughts than other areas.

In humid, or wet regions, a drought of a
few weeks is quickly reflected in a decrease
in soil moisture and in declining flow in
streams. People who use water from streams
in these areas may face water shortages as
soon as streamflow begins to decline. In
arid, or dry regions, people rely on ground
water and water in reservoirs to supply their
needs. They are protected from short-term
droughts, but may have severe problems
during long dry periods because they may
have no other water source if wells or reser-
voirs go dry.

What can be done to solve water
problems during periods of
drought?

When droughts occur, there is not enough
water to supply all needs. If water is
diverted from streams to irrigate crops,
streamflow will decrease. Reservoirs that
may already be at low levels will be drawn
even lower to supply water for power gener-
ation, to supply water to downstream cities
and towns, or to maintain river levels high
enough for navigation. Decreasing water
levels in rivers, lakes, and reservoirs may
cause problems for fish and wildlife that
depend on wetlands or water bodies to sur-
vive.

Balancing the needs of all the users of a
water supply during a drought can be very
difficult. Local, State, and Federal agencies
must make decisions on how water will

be used to satisfy the most critical needs
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and to reduce economic and environmental
problems. In times of severe drought, water
users must cooperate and share the limited
amount of water available to protect the crit-
ical needs of people, fish and wildlife, agri-
culture, and industry.

Humid climote with woter surpluses
even during periods of less than average
pracipitation

Conserving water is very important during
drought periods. Water saved by one user
may be enough to protect the critical

needs of others. Irrigation practices can be
changed to use less water or crops that

use less water can be planted. Cities and
towns can ration water, factories can change
manufacturing methods, and individuals can
practice water-saving measures to reduce
consumption. If everyone reduces water use
during a drought, more water will be avail-
able to share.

For additional information, please contact:
U.S. Geological Survey

Water Resources Division

12201 Sunrise Valley Dr.

Reston VA 20192

Chief, Office of Ground Water

Telephone: (703) 648-5035 FAX: (703) 648-5722
http://water.usgs.gov/ogw/index.html

OR

Chief, Office of Surface Water

Telephone: (703) 648-5305 FAX: (703) 648-5722
http://water.usgs.gov/osw/
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