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1.0 INTRODUCTION

This report describes evapotranspiration (ET) data collection in White River, Spring and Snake
valleys performed by the Southern Nevada Water Authority (SNWA), the University of Nevada,
Las Vegas (UNLV), and the Desert Research Institute (DRI) during 2006 through 2010. This report
describes the technical approach used to measure ET, the locations and data collected at the
ET-measurement sites, and the methods used to calculate ET from the Eddy Covariance (EC) data
measured at each sSite.

1.1 Background

ET isthe process whereby water islost to the atmosphere through evaporation from soil, open water
bodies, and transpiration from plants. Different plant species use available water at different rates.
There are severa conditions that influence ET rates, such as water availability (soil moisture,
groundwater occurrence), vegetation type, density, soil characteristics, depth to water (DTW), and
climatic conditions.

The U.S. Geological Survey (USGS) began estimating water-use rates for phreatophytes in eastern
and southern Nevada nearly 50 years ago. The estimates resulting from these early studies were
based on research relating vegetation type, density, and DTW by numerous scientists in the USGS,
notably Lee (1912), Blaney et a. (1930, 1938), White (1932), Young and Blaney (1942), Gatewood
et a. (1950), and Robinson (1970). Methodologies for estimating ET have evolved over time and
researchers are now employing an energy balance approach that takes into account
micrometerological parameters that directly influence the ability of a plant to use the available water.
Studies such as Nichols et al. (1997), DeMeo et al. (2003), Laczniak et al. (2006), Moreo et al.
(2007), Arnone et al. (2008) and Devitt et al. (2008) have used energy balance approaches to update
water-use rates among various vegetation types in central Nevada.

In 2004, SNWA initiated a study with the UNLV to estimate ET within Spring and White River
valleys. The study was expanded to include Snake Valley in 2007 (Devitt et al., 2008). Spring and
Snake valleys were selected for the study because of their large discharge areas and because of the
potential for water-resource development in these basins by SNWA. SNWA also holds applications
in hydrographic basins of the White River Flow System (WRFS). White River Valley, therefore, was
selected for the study because it contains the largest groundwater discharge areain the WRFS.

SNWA's primary objective for initiating the study was to refine previous ET estimates using newer
methodologies to support the development of groundwater-resource budgets. Although the primary
objective has remained the same, several objectives have been added as the study has progressed.
These include (1) measuring the variability of ET rates among different vegetation communities;
(2) gaining an understanding of plant water uptake; and (3) developing relationships between ET and

Section 1.0
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vegetation indices that represent plant community health using remote sensing applications.
Analyses and results associated with the third objective are not included in this report.

1.2 Purpose and Scope

This report presents ET data collected by SNWA, UNLYV, and DRI at measurement sites located in
White River, Spring and Snake valleys during 2006 through 2010 (January through December).
Annual totalsfor ET, ET,«, and precipitation are reported and time-series plots of DTW are provided.
These data are important for characterizing hydrologic conditions and are critical for understanding
the relationship and variability of groundwater use by plant communities in basins of water-resource
interest. Such data are used to estimate ET distributions within areas of groundwater discharge and
develop groundwater resource budgets.

1.3 Document Contents

This document provides a brief overview of the EC method for measuring ET in Section 2.0 and then
provides information as to how the measurement sites were selected and instrumented in Section 3.0.
The methods for data collection and reduction and data results are presented in Section 4.0.
Section 5.0 provides a list of cited references. Appendices A through D presents tipping bucket
precipitation data, bulk gage precipitation data, and daily total ET data plotted with daily total ET
data and daily water-level datafor each site and year of data collection.

1-2 Section 1.0
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2.0 TECHNICAL APPROACH

Five methods for ground-based ET measurements considered for this study were the open-path EC
method (Section 2.1), weighing lysimeters, bowen ratio towers, large aperture scintillometers, and
hemispherical measurement chambers. The EC method is one of the most direct and defensible ways
to measure fluxes of carbon dioxide, water vapor, sensible heat (H), latent heat (LE) and momentum
(UW) between the atmosphere and biosphere (Burba and Anderson, 2010). For this study, the EC
method was chosen for measuring half-hourly ET rates based on (1) sufficient area contributing to
measurement flux (e.g., footprint), (2) high tempora resolution, (3) high instrument dependability
and reliability as recommended by ET research scientists, and (4) extensive publications of
acceptance and use in measuring atmospheric fluxes of ET.

2.1 Energy Budget and EC Method to Measure ET

The sun provides radiant energy to the earth’s surface and drives processes of energy exchange
between the earth’s surface and the atmosphere, including the process of ET. The incoming radiant
energy from the sun is commonly referred to as net radiation which is the difference between
incoming and outgoing long- and short-wave radiation. Net radiation represents available radiant
energy at the earth’s surface and therefore is balanced by three key flux terms: latent heat flux which
is the energy absorbed or released when water is converted between liquid and gas phases; sensible
heat flux which isthe heat energy that can be sensed as a positive or negative temperature change; and
soil heat flux which is the vertical conductance of heat into or out of the ground. The transfer of this
energy isillustrated by the schematic presented in Figure 2-1, and is expressed by the energy budget
equation as defined by Brustaert (1982):

R, = LE+H+G (Eq. 2-1)
where,
R, = Net Radiation [watts per square meter]
G = Soil heat flux [watts per square meter]
H = Sensible heat flux [watts per square meter]
L.EE = Latent heat flux [watts per square meter]

The latent heat flux is the energy used to drive the ET process by changing solid or liquid phases of
water into vapor, where L isthe latent heat of evaporation and E isthe rate of evaporation. The latent
heat flux can be computed using Equation 2-1 and known values of the remaining parameters, or can
be measured directly using the EC method.

Section 2.0
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Figure 2-1
Simplified Schematic of the Energy Budget

The EC method has been widely used to measure latent heat fluxes because of its ability to resolve
vertical flux densities of water vapor between the atmosphere and biosphere that are directly
proportional to the average covariance between the vertical wind velocity (Ux) and scalar water
concentrations (Baldocchi et al., 1996; Massman, 2000; Lee et al., 2004; Wohlfahrt et al., 2008). The
method is a sophisticated approach that uses state-of-the-art sensors to measure turbulent fluxes, or
eddies, that transport parcels of air upward and downward at certain speeds while moving across the
landscape (atmospheric eddy transport). Each eddy has specific heat, water vapor and gas
concentration properties. By measuring these properties and the speed of vertical air movement, the
amount of upward and downward fluxes of heat, water vapor and gas concentration can be
determined (Burba and Anderson, 2010).

The latent heat flux measured by the EC sensors can be converted to arate of evaporation by dividing
the measured values by the latent heat of evaporation (L), described as L, in Oke (1987), times the
density of water (p,) using Equation 2-2 (based on Oke, 1987) The rate of evaporation is expressed
in units of millimeters per 30-minute measurement interval.

E =0.0018LE/(L. % p,) *x 1000 (EQ. 2-2)
where,
E = Rate of evaporation [millimeters per 30-minute measurement interval]
LE = Measured latent heat flux [watts per square meter]
Pu = Density of water [kilogram per cubic meter] (Equation 2-3) (based on datain Oke, 1987)
Le = Latent heat of evaporation [Megaloules per kilogram] (Equation 2-4) (List, 1951)

and 0.0018 is a unit conversion factor used to convert average 30-minute LE values from [W/m?] to
[MJIm? per 30-minute period]. Values for p,, and L, were are computed as a function of the sonic
temperature, T, measured by the EC three-dimensional (3D) sonic anemometer sensor.

2-2 Section 2.0
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P = 999.168 — 1.474 x 1071T, — 6.4844 x 10‘3T52 +5.0868 x 10‘5T53 [kg m3] (Eq. 2-3)
L, = ((2.501)-(0.002361)T,)(1000) [MJIkg™, °C] (Eq. 2-4)
where,

T, = Airtemperature [°C]

2.2  Requirements for the EC Method

The EC method is a mathematically complex method and requiresideal terrain and very sophisticated
instrumentation to be able to capture turbulent fluctuations. Details regarding site selection and
instrumentation are presented in Section 3.0. Section 4.0 discusses the data collection and data
processing methods used to generate the final 30-min results.

Section 2.0
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30 DESCRIPTION OF MEASUREMENT SITES

The objectives for selecting ET measurement sites were to (1) represent a range in phreatophytic
vegetation composition on the valley floor, (2) have sufficient fetch to measure atmospheric fluxes,
(3) be located within the groundwater discharge areas in basins, or adjacent basins, where SNWA has
water-right application points of diversion, and (4) be easily accessible by vehicle. The following
sections describe how the phreatophytic areas were delineated and provide a description of each site
(location, vegetation composition) and the types of sensors measuring ET at each site.

3.1 ET-Unit Mapping

The distribution of ET units, or areas of groundwater discharge, under current conditions for each
valley is based on a compilation of earlier work performed by the USGS in the Reconnaissance Series
Reports, Woodward-Clyde Consultants et a. (1994), Nichols (2000), and LVVWD (2001). In some
instances, the Southwest Regional Gap Analysis Project data (USGS, 2004) and the National Land
Cover Data (NLCD, 1992) were used if there was great uncertainty over the location of a boundary.
Refinements were also focused on the edges of the valley floors where the extent boundaries would
be expected. These areas were defined as land expanses in the valley where the land-surface slope is
less than or equal to 2 percent, and were delineated by performing a slope analysis in ArcGIS using
USGS 30-m National Elevation Dataset (NED) seamless digital elevation models. The extent
boundaries were refined in these areas to exclude land-cover features that fell on slopes greater than
2 percent. The ET boundaries of White River, Spring, and Snake valleys were field-checked during
the summer of 2004 by SNWA and modified, as needed, using highly accurate Globa Positioning
System equipment.

To further define current conditions, the ET areas in White River, Spring, and Snake Valleys were
classified into six units and delineated using the normalized difference vegetation index (NDVI)
(Rouse et al., 1974) and Landsat 7 Thematic Mapper 2002 satellite imagery. Imagery from 2002 was
selected because during this year precipitation was significantly below norma according to the
Palmer Drought Severity Index (NCDC, 2011), and it was assumed that the extent of the groundwater
ET areas would be more apparent in the imagery under conditions in which the vegetation is
primarily relying on groundwater rather than precipitation. The units are: open water, bare soil/low
density vegetation, medium density vegetation, wetland/meadow, agriculture, and playa (Figure 3-1
and Table 3-1).

Vegetation indices, such as NDVI, are a type of remote sensing algorithm used to predict green
vegetation cover. These tools, or technologies, are particularly helpful in regional geographic studies
because of the large spatial distribution of targeted plants in the landscape. Remotely sensed data
images provide a mechanism for measuring the relationships between cover type and spectral

Section 3.0



Southern Nevada Water Authority - Water Resources Division

Table 3-1
Land-Cover Classification
ET DTW Range?
Class Classification Description (ft bgs)

Bodies of open water fed by groundwater sources (direct

L Open Water hydraulic connection, springs, seeps, etc.)

Above ground surface

Shrubland less than or equal to 20% plant cover - Areas

2 Bare Soil/Low dominated by bare soil and low- to moderate-density desert Mostlv 10 to <60 ft bas
Vegetation shrubland, including greasewood, rabbit brush, and other y 9
phreatophytic species
Shrubland with plant cover greater than 20% - Areas dominated
Phreatophyte/ . ; : ; .
3 by desert shrubland, including mixed stands of medium-density | 2 to 60

Medium Vegetation greasewood, rabbit brush, and other phreatophytic species

Area of shallow groundwater near bodies of open water
consisting of wetland vegetation, marshland, woodland, and
dense meadows - additionally includes riparian corridors in the

4 Wetland/Meadow southern part of study area, consisting of saltcedar, desert 01020
willows, cottonwood, and mesquite trees with underlying shrubs
and grasses

5 Agriculture Agricultural crop lands identified from 2002 satellite image and NA

field observations

Bare-soil flat areas located in the bottoms of some basins.
6 Playa Classified as potential groundwater ET areas in basins where the | 0 to 10
water table is within 10 ft of the land surface

aDTW ranges from SNWA (2009; Table 7-1, page 7-9)
NA = Not applicable

reflectance. The NDVI is one of the most common vegetation indices used to estimate plant cover
and is based on the red and near-infrared bands of the electromagnetic spectrum.

A number of transects were generated to validate the remote-sensing techniques used to delineate the
extent boundaries and define the land-cover classes within them. Along each transect the percent
cover and density of the vegetation community was observed and recorded. Percent cover was
estimated as the fraction of the transect covered by each species, and density estimates were
calculated as described in Barbour et al. (1987).

Many of the boundaries delineating the groundwater-ET extents and land-cover classes were checked
in the field during the summer of 2004, and modified as appropriate using high-resolution global
positioning system equipment. An assessment was completed to evaluate the accuracy of the land
classification using accepted protocols as outlined in Congalton and Green (1999). A total of 249
randomly selected points representing each classification were field checked. This assessment
returned an overall accuracy of 88 percent, the results of which are presented by land-cover class in
Table 3-2. Thisvaueisabove the generally accepted value of 85 percent as established by Anderson
et a. (1976).

There are discrepancies regarding the phreatophytic boundaries between this study and previous
studies. Discrepancies between this study and the Reconnaissance Series and Nichols (2000) are
largely attributed to the lack of high-accuracy technologies and the use of large-scale maps in the

3-2 Section 3.0
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Table 3-2
Accuracy of ET Classification
ET Class Accuracy
Open Water 0.92
Bare Soil/Low Vegetation 0.78
Phreatophyte/Medium Vegetation 0.89
Wetland/Meadow 0.90
Agriculture 0.88

previous studies. Also, there have been historical land-use changes in some areas since these earlier
studies.

Discrepanciesin the phreatophytic boundaries also exist between this study and the Basin and Range
Carbonate Aquifer System Study (Smith et al., 2007). These discrepancies can be attributed to the
differencein the years that the areas were field-checked as well as differences in the years of imagery
used and the remote sensing applications applied.

3.2  Site Descriptions

ET, meteorological variables, and depth-to-water were measured at 10 sites during 2006 through
2010. Figure 3-1 illustrates the site locations within each valley. Table 3-3 describes each site,
including site coordinates and installation date.

During the 2004-2005 data collection period, the EC towers were rotated among 3 sitesin each valley
(Figure 3-1, WRV1, WRV2, WRV 3, SV1, SV2a, SV3). Rotating the towers reveaded the variability
within the valley but did not provide a continuous data set for a specific site.

The towers remained stationary at a single location (SV1 and WRV?2) in each valley during the
2005-2006 data collection period. Keeping the towers in one location allowed for a better temporal
assessment of the data providing additional, although still limited, insight into the interannual and
interbasin variability in ET. Data filtering and corrections were also revisited from the onset of the
study to reflect recommendations of Campbell Scientific, Inc., the manufacturers of the towers and
associated equipment.

In 2007, SNWA purchased additional ET towers and weather stations thereby establishing two
additional sitesin Spring Valley (for atotal of three sites), two in Snake Valley, and maintained the
WRV2 sitein White River Valey (Figure 3-1, WRV2, SV1, SV2b, SV3, SNV1, SNV2).

Also in 2007, SNWA initiated a study with DRI for additional ET measuring sites in Spring Valley
(Arnone et al., 2008) (Figure3-1, SV4, SV5, SV6, SV7). Data collection and analyses were
performed in conjunction with the UNLV study through close collaboration and adoption of uniform
methods, including, set-up, instrumentation configuration, and data capture and analysis protocols for
all towers.
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Table 3-3

ET Measurement Site Descriptions
(Page 1 of 2)

Location?
UTM UTM Altitude | Installation
Site Name Northing Easting | (ft amsl) Date Site Description® Photograph
WRV2
Met Station 4,277,368 664,984 5,311 Aug 2004 | 55% cover; predominantly
sagebrush and greasewood
EC Station 4,277,445 665,017 5,308 Aug 2004  |With minor amounts of
shadscale
Well 4,277,374 665,077 5,314 May 2006
SvV1
Met Station 4,294,921 720,012 5,780 Sept 2004 27% cover; predominantly
sagebrush with rabbitbrush
EC Station 4,294,919 719,920 5,780 Sept 2004 | and greasewood; shadscale
and buckwheat also present
Well 4,294,854 720,049 5,783 May 2006
SV2b
Met Station 4,360,824 716,789 5,594 March 2007
irrigated pasture/grassland,;
EC Station 4,360,829 716,743 5595  March 2007 |100% cover of perennial
grasses
Well 4,360,825 716,792 5595 October 2008
Sv3
Met Station 4,375,833 715,822 5,614 May 2005 32% cover; predominantly
greasewood and rabbitbrush;
EC Station 4,375,912 715,857 5,615 May 2005 |shadscale and pickleweed
also present
Well 4,375,797 715,452 5,628 May 2007
Sv4
Met Station 4,303,124 725,313 5,816 April 2007
Irrigated pasture/grassland;
EC Station 4,303,125 725311 5,816 April 2007 | 100% cover of perennial
grasses
Well 4,303,127 725,316 5,817 May 2007
SV5
Met Station 4,323,394 717,655 5,774 April 2007
87% cover; mixed stand of
EC Station 4,323,395 717,653 5,774 April 2007 |greasewood, sagebrush, and
rabbitbrush
Well 4,323,360 717,660 5,775 May 2007
3-4
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Table 3-3
ET Measurement Site Descriptions
(Page 2 of 2)

Location?
UTM UTM Altitude | Installation
Site Name Northing Easting | (ft amsl) Date Site Description® Photograph

SV6

Met Station 4,324,556 717,827 5,760 April 2007
76% cover; mixed stand of

EC Station 4324555 717,824 5760  April 2007 |9reasewood, sagebrush, and
rabbitbrush

Well 4,324,577 717,853 5,759 May 2007

Sv7

Met Station 4,357,985 726,577 5,555 April 2007

19% cover; homogenous
EC Station 4,357,985 726,575 5,555 AprII 2007 stand of greasewood

Well 4,357,989 726,577 5,555 May 2007

SNV1

Met Station 4,287,287 753,159 5,528 April 2007 62% cover; predominantly

greasewood with minor
EC Station 4,287,266 753,182 5,528 AprII 2007 amounts of shadscale and

sagebrush
Well 4,287,317 753,331 5,531 May 2007

SNV2

Met Station 4,325,082 754,576 5,133 April 2007
13% cover; mixed community

EC Station 4325090 754,601 5132  April2007 |Of rabbitbrush, greasewood,
sagebrush, and shadscale

Well 4,325,458 754,502 5,138 May 2007

aUniversal Transverse Mercator, North American Datum of 1983, Zone 11.
PPercent cover estimates from Devitt et al. (2008) and Arnone et al. (2008)

ET measuring by UNLV ended in the fall of 2007; therefore, 2008 marked the first year in which
SNWA assumed all responsibilities for the ongoing ET study including tower and sensor operation
and maintenance, data collection, data management and analysis, and reporting. DRI remained
responsible for tower maintenance and data collection at four of the Spring Valley locations through
the 2009 measurement year, however, SNWA assumed responsibility for the management, analysis,
and reporting of the collected data.

3.3 Site Instrumentation

The ET sites were equipped with high frequency sensors required for the EC method and additional
meteorological and ancillary sensors for measuring energy budget and reference ET parameters,
physical properties of the soil, and precipitation. The sensors are mounted at heights and depths as
required for the EC method and recommended by manufacturer guidelines. The aboveground surface

Section 3.0 3-5
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Figure 3-1
Locations of ET-Measurement Sites
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sensors are situated within a measurement footprint of relatively homogeneous vegetation and flat
topography in order to capture the areas that contribute to the measured fluxes. The measurement
protocols, sensor installation, maintenance, and calibrations are based on the sensor manufacturer,
Ameriflux (Munger and Loescher, 2006), and Fluxnet-Canada (2003) guidelines. Table 3-4 lists the
make and model, output units, and sensor placement for the instrumentation. Figure 3-2a and
Figure 3-2b illustrate the sensor |ocations on the EC station and meteorological station, respectively.

3.3.1 Precipitation Equipment

The SNWA/UNLYV ET sites (WRV2, SV1, SV2b, SV3, SNV1, and SNV 2) were equipped with two
precipitation gages: (1) a NovalLynx, Corp. 8-in. diameter aluminum standard bulk storage rain and
snow gage, and (2) a Texas Electronics 8-in. funnel orifice tipping bucket. A standard bulk storage
gage was installed at the meteorological station, and a tipping bucket at both the meteorological and
EC sations. The DRI ET sites (SV4, SV5, SV6, and SV7) were equipped with a single tipping
bucket.

3.3.2 Depth-to-Water Equipment

Shallow monitor wells were installed near the ET stations to measure DTW and to assess how
fluctuations in DTW affect the ET rates (Table 3-5). The wells were completed with schedule
40-flush threaded 2-in.diameter polyvinyl chloride (PV C) pipe to depths ranging from 5 to 80 ft bgs.
WEells were drilled to depths reflective of vegetation density and composition. The wells were
screened with 0.02-in. slotted openings. A gravel pack was placed around the outside of the screen to
prevent soil materials from entering the well or clogging the screen. Bentonite was placed above the
gravel pack to near the surface and topped with a protected metal casing to secure the well
instrumentation and to protect the well against surface contaminant intrusion. Well drillers reports
and/or well installation documentation are included in Appendix A.

Each SNWA/UNLV well was originally equipped with a nonvented HOBO water-level data logger
for recording water levels. These were replaced with vented Design Analysis DH-21 data loggersin
2009. A USB-based optical interface was used to connect afield computer with the water-level data
logger. Onset HOBOware Pro software and Win DH-21 was used to download, anayze, and plot
data from the HOBO and DH-21 water-level data loggers, respectively. The DRI wells were
equipped with a vented pressure transducer (Pressure Systems, Inc., Hampton, VA, USA) and
connected to a CR5000 data logger.

3.3.3 EC System and Associated Micrometerological Measurement Equipment

High frequency EC sensors and meteorological sensors were used to measure L E and ET 4 data,
respectively. The EC system was equipped with a 3-axis symmetrical sonic anemometer (CSAT3) for
measuring 3D wind speed, wind direction, and sonic temperature; an infrared gas analyzer (IRGA)
(L1-7500) sensor for measuring CO, and H,O concentration; and a relative humidity and temperature
probe (HMP45C) for obtaining ambient temperature, relative humidity, and saturated vapor pressure,
and a net radiometer (NR-Lite) for measuring incoming and outgoing solar radiation. To store the
high frequency (10 Hz) EC data, the EC system was also equipped with a Campbell Scientific, Inc.
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(9), (10), (11)

Buried

(B)

=

Note: (1) CSI CSAT3 3D sonic anemometer; (2) LiCor 7500 open-path IRGA,; (3) Vaisala HMP probe; (4) tipping bucket rain gage;

(5) Kipp & Zonen NR-Lite net radiometer; (6) CSI CR5000 data logger; (7) solar panel; (8) LiCor 190SA quantum sensor; (9) CSI CS 616
water-content reflectometer; (10) CSI TCAV-Averaging soil thermocouple probe; (11) Hukseflux HFPO1SC-L soil heat flux plates.

(12) RM Young wind monitor; (13) LiCor 200SZ pyranometer sensor; (14) CSI CR10X data logger; (15) Acclima Digital TDT sensors;
(16) bulk storage rain and snow gage.

Figure 3-2
Typical Deployment of EC (A) and Meteorological (B) Stations
Table 3-5
Monitor-Well Locations and Information
Open Interval
Location? (ft bgs)
Well
UTM UTM Altitude | Installation
Site Name Northing Easting (ft amsl) Date Top Bottom
WRV2-Well | 4,277,374 | 665,077 5,314 5/16/2006 15 80
SV1-Well 4,294,854 | 720,049 5,783 5/19/2007 10 75
SV2b-Well | 4,360,825 | 716,792 5,595 10/23/2008 25 5.0
SV3-Well 4375797 | 715,452 5,628 5/7/2007 10 35
SV4-Well 4,303,127 | 725,316 5,817 5/14/2007 9.5 24
SV5-Well 4323360 | 717,660 5,775 5/13/2007 25 39
SV6-Well 4324577 | 717,853 5,759 5/12/2007 15 29
SV7-Well 4,357,989 | 726,577 5,555 5/12/2007 18 32
SNV1-Well | 4,287,317 | 753,331 5,531 5/8/2007 8.0 38
SNV2-Well | 4,325458 | 754,502 5,138 5/9/2007 10 50

aUniversal Transverse Mercator, North American Datum of 1983, Zone 11.

CR5000 data logger and data acquisition device. The EC system, with its energy balance sensors,
also measures sensible heat flux, net radiation, and soil characteristics, such as soil heat flux,
volumetric water content and temperature, (Section 3.3.4).
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The meteorological station was equipped with sensors for measuring wind speed and direction
(RM-Young), relative humidity and temperature (HMP45C), a pyranometer (L1200X-L) for
measuring incoming solar radiation (the DRI sites were not equipped with a pyranometer), and
barometric pressure sensors. Raw data were collected hourly from the sensors and stored in a
Campbell Scientific, Inc. CR10X data logger and later used to compute ET, using the
Penman-Monteith equation. Further, the data collected from these sensors were used to compare
and/or validate the data collected from the same or similar sensorsin the EC system.

3.3.4  Soil Parameter Equipment

Soil conditions were measured using soil-heat flux plates (HFPO1SC-L), soil-water-content
reflectometers (CS616-L), time domain reflectometers (TDR), TDT, and soil thermocouple
(TCAV-L) sensors.

Soil-heat flux plates measure incoming and outgoing thermal energy in the soil. On each ET station,
two soil-heat flux plates were buried at a depth of 3.15in. (8 cm) (Figure 3-3), one near shade or plant
root and the other in bare soil.

Soil-water-content reflectometers measure the percentage (0 to 100 percent) of volumetric water
content of the soil. The reflectometers were buried at a depth of 0.98 in. (2.5 cm) (Figure 3-3) to
detect the passing of wetting fronts.

Water Content Reflectometer
(Cs616-L)

; Soil Heat Flux Plate
(HFPO1SC-L)
Soil Thermocouple Probe

Source: Modified from Campbell Scientific, Inc. (2007)
Figure 3-3
Typical Placement of Water Reflectometer,
Soil Heat Flux Plate, and Soil Thermocouple in the Soil
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Soil thermocouples also were used to collect the average temperature of a soil layer for use in
calculating stored energy. Two pairs of thermocouples were installed between 0.98 and 1.97 in. (2.5
and 5 cm) deep and were separated at a distance of up to 3.28 ft (1 m) (Figure 3-3).

Volumetric soil-water-content sensors, such as TDR and TDT sensors, were installed at different
depths at each SNWA ET station to monitor the wetting front (soil water) along the vertical soil
profile (refer to Table 3-4 for each sensor depth). The data from these sensors were aso used in
conjunction with EC data as a source of data verification for the flux measurement data. The DRI ET
siteswere not equipped with TDR and TDT sensors.

Data were initialy collected from the TDR sensors using a Trase system. According to the
manufacturer, the TDR sensors generates short el ectromagnetic pulses that respond to the presence of
soil water and can accurately measure the volumetric soil-water-content. These pulses are processed
by the onboard time domain signal generator and signal processors of the Trase system. The pulses
are observed after reflection from some impedance or discontinuity in the transmission line. Thetime
measured is a two-way, or round-trip, propagation time.

The TDT sensors, which were installed in September 2008 to replace any further collection of TDR
data, store continuous hourly data in the CR10X data logger. The sensors were used to measure the
permittivity, volumetric soil-water-content, electrical conductivity, and temperature of the soil media.
The concept of TDR electromagnetic pulses also appliesto the TDT sensors with the exception of the
TDT sensors ability to transmit electromagnetic pulses from the emitter on one end directly to a
receiver at the other end of the transmission line. Therefore, the time measured is a one-way
propagation time.

Section 3.0 3-11
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40 DATA COLLECTION, PROCESSING, AND RESULTS

Precipitation, groundwater, soil, and EC data were collected from each of the ET-measurement sites
during 2006 through 2010. Individual data parameters were collected and processed according to the
manufacturer, Ameriflux (Munger and Loescher, 2006), and Fluxnet-Canada (2003) guidelines. Field
collected data follows internal quality control and verification procedures. All raw, preprocessed EC
data were stored on a secure network.

4.1  Precipitation

SNWA/UNLV ET-measurement sites were equipped with a standard rain gage and two tipping
buckets to primarily monitor precipitation event frequency, magnitude and accumulation and derive a
comprehensive annual precipitation record for each site. The tipping-bucket data were also used in
conjunction with EC data as a source of data verification for the flux-measurement data. Hourly
tipping-bucket data were recorded during the period 2006 through 2010 by the meteorological station
CR10X data logger. Concurrently, half-hourly tipping bucket data were recorded by the EC station
CR5000 data logger. Data from the standard rain gage and tipping buckets were collected by UNLV
and/or SNWA staff during each site visit. The contents of the standard rain gage were measured,
discarded and replaced with 100 to 200 mL of mineral oil. The lighter mineral oil covers the water
surface in order to eliminate water evaporation between site visits. The tipping buckets were checked
for levelness during site visits and calibrated annually by SNWA personnel following the calibration
specifications of the manufacturer. (Campbell Scientific, Inc., 2008).

Half-hourly precipitation data at four DRI sitesin Spring Valley were collected using tipping buckets
from April, 2007 through October 2009 (SV4, SV5, SV6 and SV7). The DRI ET-measurement sites
were not equipped with an accompanying bulk storage gage, so only tipping bucket data were
available at those measurement sites during the 2007 through 2009 measurement years.

The 8-in. standard rain and snow gage used by SNWA/UNLYV to collect accumulated precipitation
complies with the National Weather Service bulk storage gage design standards, and is considered the
most accurate means of measuring precipitation data (NWS, 2010). Though the continuous record of
the tipping bucket is beneficial, it is limited by instrumentation and data-logger malfunctions, and
naturally occurring climate and physical disruptions in the data-collection process. Bulk storage
gages were generally considered higher quality data and used first in deriving the precipitation record.
Tipping-bucket data were used when the bulk-storage gage record was incomplete and the tipping
bucket monthly record had no more than 5 days of missing data. Table4-1 describes the site
instrumentation used to calculate the annual precipitation for individual ET-measurement sites.

The meteorological station tipping bucket data were the primary sources for calculating daily
precipitation values, and the EC-Station tipping bucket data were used as a surrogate to fill missing
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Table 4-1
Site Instrumentation Used for Annual Precipitation Record
Site
Name 2006 2007 2008 2009 2010
WRV2 Tipping Bucket | Tipping Bucket | Standard Rain Gage | Standard Rain Gage | Standard Rain Gage
Svi Tipping Bucket | Tipping Bucket | Standard Rain Gage | Standard Rain Gage | Standard Rain Gage
SV2b Tipping Bucket | Standard Rain Gage | Standard Rain Gage | Standard Rain Gage
Sv3 Tipping Bucket | Standard Rain Gage | Standard Rain Gage | Standard Rain Gage
Sv4 Tipping Bucket Tipping Bucket Tipping Bucket
SV5 Tipping Bucket Tipping Bucket Tipping Bucket
SV6 Tipping Bucket Tipping Bucket Tipping Bucket
Sv7 Tipping Bucket Tipping Bucket Tipping Bucket
SNV1 Tipping Bucket | Standard Rain Gage | Standard Rain Gage | Standard Rain Gage
SNV2 Tipping Bucket | Standard Rain Gage | Standard Rain Gage | Standard Rain Gage

daily records as needed. Missing daily records were not estimated for sites containing only one
tipping bucket. These sitesinclude, SV4, SV5, SV6 and SV7.

Individual months with more than five (5) days of missing data were not used in the derivation of the
annual statistics. The 5-day criterion is consistent with quality-control specifications defined by the
Western Regional Climate Center’s (WRCC) online climatological database. A nearby index station
with a complete record was used to estimate missing, or disqualified monthly records. Thiswas done
by correlating the two records and applying the regression model to complete/estimate the missing
record. Table B-1 shows which index stations were used in estimating monthly precipitation values.
Figure B-1 through B-5 show the monthly tipping-bucket accumulations for the 2007 through 2010
measurement years.

Annua and monthly statistics were calculated for each site using measured or recorded data first,
except for the few instances where missing records were estimated. Table 4-2 lists the annual
precipitation at each site for the period of data collection. Monthly precipitation data from the tipping
buckets and standard rain gages are summarized in Appendices B and C, respectively. The annual
precipitation was calculated by totaling the monthly precipitation values for each precipitation
station.

The precipitation measured at WRV 2 in White River Valley increased in each successive year from
the minimum of 6.23 in. measure in 2007, to the maximum of 14.13 in. measured in 2010. 2007 was
the driest year of the 5-year record, and followed one of the more wet years recorded at WRV 2 during
the period of record. Thewet and dry years measured at WRV 2 follow similar wet and dry patternsto
those reported by the WRCC for the Lund precipitation station also located in White River Valley
approximately 17 miles northeast of the WRV 2 station. Precipitation measured in Spring Valley from
2006 through 2010 ranged from 2.59-in. at SV7 in 2008 to 12.60-in. measured at SV1 in 2010. In
Snake Valley, the minimum precipitation (3.56-in.) was measured at SNV 2 in 2007 and the maximum
was measured (11.00-in.) at SNV1in 2010. There were no WRCC records for precipitation stations
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Table 4-2
Annual Precipitation at ET Measurement
Sites (in.) for the 2006-2010 Measurement Years

Site Name 2006 2007 2008 2009 2010
WRV2 10.45 6.23 6.44 9.02 14.13
Svi 6.11 5.00 6.00 8.17 12.60
SV2b --- 5.27 2.79 7.51 8.42
Sv3 --- 421 3.17 7.78 10.17
Sv4 --- 5.79 5.12 6.96
SV5 --- 5.44 3.50 8.70
SV6 --- 5.24 3.37 8.18
Sv7 --- 3.95 2.59 6.19
SNV1 --- 7.09 5.13 6.30 11.00
SNV2 --- 3.56 4.08 5.74 7.35

in Spring Valey to use as comparison with the 7 Spring Valley, or the 2 Snake Valley stations from
2006 through 2010. However, two sites in Steptoe Valley (Ely WBO) and Snake Valley (Callao) had
well-established records and were used as a regional comparison. Like the SNWA/UNLV and DRI
precipitation stations in Spring and Snake Valleys, the WRCC reported 2008 as the driest year and
2010 as the wettest year for the Ely and Callao precipitation stations during the period of record. The
SNWA and WRCC station records al show below average precipitation for 2006 through 2008 and
above average precipitation for 2009 and 2010 (WRCC, 2010).

4.2  Groundwater-Level Monitoring

Periodic and continuous DTW measurements were made at the SNWA/UNLV monitor wellsusing an
el ectronic measuring tape (E-tape) and aHOBO or Design Analysis pressure transducer, respectively.
Continuous measurements were recorded hourly by the integrated data logger. Data were processed
using Onset HOBOware Pro software or Win DH-21 software, and statistical analysis tools (Excel
and SigmaStat software) to produce the continuous record.

Prior to 2009, the water-level data loggers at WRV2, SV1, SV2b, SV3, SNV 1 and SNV2 measured
absolute pressure, which incorporates the total head of water plus the barometric pressure. The
barometric pressure data obtained from the nearby weather station were then used, along with
HOBOware Pro software, to correct the measured water-level data to provide true net water-level
readings. After 2009, when the nonvented HOBO data loggers were replaced with the vented Design
Analysis data loggers this correction was no longer required because they automatically compensate
for barometric pressure changes. SV4, SV5, SV6 and SV7 wells were always equipped with vented
transducers so this correction was not necessary. Daily continuous groundwater-level data are
reported in Appendix D.
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4.3 Soil Parameters

Soil-parameter data are not reported in this document but can be provided upon request. These data
are primarily used for estimating energy-balance closures as discussed in Section 4.5.5.

4.4  ET

ET,« represents ET demand rather than actual ET. Actual ET is dependent on the availability of water
in the soil; whereas, ET, isthe amount of potential ET if soil water were not limited.

The Penman-Monteith equation was used to compute ET, for this study. The use of this equation to
estimate ET,« has been evaluated and recommended by the American Society of Civil Engineers
(Smith et al., 1992). This is a standardized equation used to closely approximate ET,4 using
site-specific meteorological parameters, such as solar radiation, air temperature, humidity and wind
speed in relation to physiological and aerodynamic parameters of a reference grass that is not water
limited.

At the SNWA/UNLYV ET sites, the ET,« data were automatically calculated from the meteorological
measurements and stored in a Campbell Scientific, Inc. CR10X datalogger (Campbell Scientific, Inc.
1999). The CR10X data logger was pre-programmed by the manufacturer to automatically output
ET, datain hourly and daily time intervals. The dataloggers at the DRI sites were not programmed
to automatically output ET,, therefore, the independently written REF-ET program (Allen, 2001)
was used at these locations to calculate ET . This program utilizes a standardized calculation of ET
using the FAO 56 Penman-Monteith equation (Allen et al., 1998).

Daily total ET, values are plotted in Appendix D. Missing data occurs at times of sensor calibration
or sensor malfunction. Because ET, is used to assess environmental demand and not used to
represent actual ET, gap-filling was not performed for these calculations. Based on visual inspection
of the available records, certain stations and years were selected to compute the annual ET
(Table 4-3).

4.5 EC Data and Derivation of Total ET Rates

During the period of record, high-resolution 10Hz measurement data were collected and processed
from the network of EC stations every four to six weeks. Data for individual parameters were
collected and processed according to the manufacturer, Fluxnet-Canada (2003) and Ameriflux
guidelines (Munger and Loescher, 2006). All collected data were post-processed using the EdiRe
software package (EdiRe, 1999). Post-processing of high-resolution data resulted in corrected
half-hourly fluxes. Corrected fluxes were checked using eleven quality assurance (QA)/quality
control (QC) tests to verify optimal sensor and data logger performance, adequately developed
turbulence, and statistically stable fluxes. Furthermore, ancillary data collected from the onsite
meteorological station, monitor well, and TDT and TDR ground sensors were used to validate the
timing and magnitude of corrected flux measurements. Flux calculations, corrections, applied
QA/QC tests were collaboratively derived among UNLV, DRI, and SNWA and are consistent with

4-4 Section 4.0



2006-2010 Evapotranspiration Data Report

Table 4-3
Annual ET, (ft)

Site
Name 2006 2007 2008 2009 2010
WRV2 4.47 4.84 4.53 3.98 -8

sv1 4.17 4.70 3.95 -8 4.14
Sv2b g 4.14 3.81 3.75

Sv3 . 4.23 3.95 -2

Sv4 . 4.13 -8

SV5 . 4.26 -8

SV6 g 4.36 -8

Sv7 g 3.88 -8

SNV1 g 4.61 4.32 4.33
SNV2 . 4.58 4.41 4.40

aGap-filling was not performed for these data during times of calibration or sensor
malfunction. Therefore, annual ET ; is only reported for annual records with sufficient
data based on visual inspection of the record (Appendix D).

Leeet a. (2004), and Xu (2004), AmeriFlux guidelines (Munger and Loescher, 2006) and Burba and
Anderson (2010). The data-processing steps and routines are depicted in Figure 4-1.

45.1 EC Data Post-Processing

An important requirement for EC post-processing is a zero mean vertical velocity from the sonic
anemometer (CSAT3) data stream. To achieve a zero mean vertical velocity, all CSAT3 sensors were
installed level to the ground surface using an inclinometer and planar fit coordinate rotations were
applied to 10 Hz data following the methods of Wilczak et al. (2001). Planar fit coordinate
coefficients are coefficients computed for a two dimensional regression plane (x and y axis). The
regression plane maps the raw 3D (X, Yy, and z-axis) sonic anemometer measurements by setting the
mean vertical velocity to zero and adjusting the x and y velocity. New planar fit coordinate
coefficients by, b; and b, were calculated from at least two weeks of site-measurement data and
applied in EdiRe to all measurement data collected after a CSAT3 sensor movement or adjustment
event. The CSAT3 was rotated twice per year to adjust for the change in prevailing wind patterns
(south facing from June through November, north facing from December to May).

Corrections to measured water fluxes for fluctuations in water vapor density and temperature were
applied in EdiRe using the Webb, Pearman, Leuning (WPL) (Webb et a., 1980) equations. These
eguations assume horizontal homogenous flow and have been shown to be correct for both steady and
non-steady state turbulence (Leuning, 2007). The overwhelming majority of on-site turbulence fell
into these two major categories of turbulence structure, especialy during day light hours. Anintegral
turbulence test (ITT) developed by Thomas and Foken (2002) was implemented to assure flux
measurement data had well-defined turbulence and that on-site turbulence stability ranges were
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Raw flux and time
series binary data
collected from field

(Liu et al., 2001)

(Webb et al., 1980)

Real-Time Processing

e Crosswind Correction

» Automatic Time Delay Adjustment
* Gas Density Correction

A 4

30-min flux
data from
data logger,

10-Hz time
series data

Raw data conversion
using Loggernet

EdiRe Processing
Data Reduction Data Conversions and Corrections

Despiking (Hgjstrup, 1993) + Coordinate Rotation (Wilczak et al., 2001)
» Gas Density (Webb et al., 1980)
» Bouyancy Flux (Schotanus et al., 1983)
» Frequency Response (Massman, 2000, 2001)
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Figure 4-1
Data Processing and Reduction Flowchart
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steady or non-steady state. Additionally, frequency response corrections were calculated and applied
in EdiRe via methods of Massman (2000, 2001) to adjust measured fluxes for attenuation of the high
and low frequency limits. Furthermore, two-step iterations were used to compensate for the
interdependence of momentum and the frequency response corrections in EdiRe (Wohlfahrt, 2007).

Buoyance flux measured from the CSAT 3 sonic temperature were converted into sensible heat flux
using methods developed by Schotanus et al. (1983). The time delay between the CSAT3 and
L1-7500 sensors were corrected using the autodetection routine on the CR5000 data logger. Also, an
on-board routine was used for a cross wind correction for sonic temperature (Liu et al., 2001).

452 QAIQC of EC Data

Automated quality control of high resolution measurement data, from the IRGA and CSAT3, was
implemented early in the post-processing steps using Despiking. The statistical data screening
method known as Despiking was developed by Jargen Hgjstrup (1993) and was implemented in
EdiRe. The Despiking routine calculates predicted values based on the mean, variance, and
point-to-point correlations determined from high-resolution data to compare with the actua
measurement. The threshold used for comparison in outlier detection was set at six standard
deviations from the predicted estimates. Thisthreshold is consistent with the processing notes for the
open-path “Gold” file by Xu (2004) found on the AmeriFlux website and as recommended by
Clement (pers. comm., 2007). Detected outliers were counted, removed, and replaced with predicted
values.

Skewness and kurtosis tests were used concurrently with EC time-series data to identify flux values
associated with instrument error, flux-sampling errors, and data that is physically plausible but prone
to error due to inclement weather conditions. Fluxes were flagged when the skewness and kurtosis
were outside acceptable limits as defined by Vickers and Mahrt (1997) and were later reviewed
during amanual graphical inspection process.

Vertical and horizontal integral turbulencetest (ITT) detailed by Kaimal and Finnigan (1994), Foken
et a. (2004) and Lee et a. (2004) were used to verify that al fluxes were within a limited range of
acceptable flow. If ITT was higher than 30 percent, the corresponding fluxes were flagged for
manual graphical inspection.

The stationarity test implemented by Foken and Wichura (1996) was used to verify that all time series
has less than 30 percent separation of covariances. Otherwise, measured fluxes were flagged for
manual graphical inspection as part of the data quality measure to ensure fluxes met the steady-state
criteria. The 30 percent cutoff for stationarity, which is used in this report, is based on the progress
made by the Russian scientists Gurjanov et al. (1984) and was then adopted by Foken and Wichura
(1996). Gurjanov et al. (1984) is a notable document and method among EC scientists because it
compares statistical parameters determined for an averaging period and proposed that atime seriesis
steady-state if the difference in covariancesis less than 30 percent.

An automatic gain control (AGC, percent blockage of IRGA viewing window) value of 70 or higher

was used to flag data for manual graphical inspection. Blockage of the window is usually associated
with precipitation events but could also be associated with dust storms, spiderwebs, or perched birds.
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The AGC parameter ranges from a sensor-specific baseline value (40 or higher) to 100 for full
blockage. The manufacturer states the IRGA can operate up to an AGC vaue of 99; however, a
maximum value of 70 has been adopted by the SNWA. Other researchers like the DRI and the
Biometeorology Research group of the University of Innsbruck have also adopted an AGC value of
70 for their EC research projects. Additionally, if a single value or 1 percent of a 30-min
measurement block was missing or replaced by the Despiker routine, the associated fluxes were
flagged as defined by Vickers and Mahrt (1997).

Quality-assurance tests were implemented to verify that the datalogger and EC measurement sensors
had proper battery voltages and were in accordance with manufacturer guidelines. Failure of these
battery tests resulted in a flag of the associated 10 Hz and/or 30-min measurement fluxes. Data
flagged for improper data logger or sensor battery voltage were graphically inspected.

45.3 Data Gap-Filling

Two forms of data gaps were identified in EC data sets: (1) data gaps removed for QA/QC and
(2) missing data due to sensor calibration, inclement weather or sensor malfunction. Estimated
values used to fill data gaps were derived in a consistent manner. All six SNWA/UNLYV sites had
inactive time periods during calibration activities, and estimated values for these gaps were not
derived.

Data that were flagged for faling below the QA/QC standards detailed in Section 4.5.2, were later
removed during the graphical inspection process and the recorded gaps were estimated. These
gap-filled data sets were assigned a genera flag for data quality. Due to the diurnal nature of
measured fluxes, only short gaps, up to four hours, in length were filled through linear interpolation
(using 1.5 hours before and after the gap) and assigned a data quality flag of 1. Gaps longer than
4 hours were filled using the average between the same half hour for the day before and day after the
gap and assigned a data quality flag of 2. Gapsweretypically of short duration but on rare occasions,
due to sensor malfunction, data gaps longer than 10 days occurred. These types of gaps were filled
using the Reichstein method (Reichstein, pers. comm., 2008). The Reichstein method is an
automated algorithm (which can be found at http://www.bgc-jena.mpg.de/bgc-mdi/html/eddyproc/)
that replaces the missing value by the average value under similar meteorological conditions within a
designated time window. The time window is based on the availability of the similar meteorological
data used to fill the gap, such astemperature or relative humidity (Reichstein et al., 2005; Reichstein,
pers. comm., 2008). These methods are commonly applied in ET studies and are consistent with
Fluxnet-Canada (2003) and Ameriflux (Munger and Loescher, 2006) guidelines as standard
techniques as described by Falge et a. (2001) and Reichstein et al. (2005). Figure 4-2 illustrates an
example of 30-min gap-filled ET data in the 2008 data set for WRV 2.

454 Total-ET Rates

Annual total ET rates for each site are presented in Table 4-4. Daily ET is presented in Appendix D
asitrelatesto daily ET,« and daily DTW levels.
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Figure 4-2
Example of 30-min Gap-Filled ET Data
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Table 4-4
Annual ET (ft)
Site Name 2006 2007 2008 2009 2010 Period of Record®
WRV2 1.398 0.72° 0.74 0.86 1.08 Jan. 2006 - Nov. 2010
Svi 0.792 0.61° 0.63 0.77 0.96 Jan. 2006 - Nov. 2010
SV2b 3.57° 3.63 3.52 3.62 March 2007 - Nov. 2010
Sv3 0.79° 0.78 0.99 1.16 March 2007 - Nov. 2010
Sv4 2.46° 3.43° 4.19° -- April 2007 - Nov. 2009
SV5 0.80¢ 1.09¢ 1.61° -- April 2007 - Dec. 2009
SV6 0.68°¢ 0.87¢ 1.28°¢ -- April 2007 - Nov. 2009
Sv7 0.43°¢ 0.61°¢ 0.80¢ -- April 2007 - Oct. 2009
SNV1 1.60° 1.04 0.85 1.02 May 2007 - Nov. 2010
SNV2 0.65° 0.65 0.73 0.74 May 2007 - Nov. 2010

Note: All annuals are January through December.

aDevitt et al. (2008).

PThese include additional data not reported in Devitt et al. (2008).

®Data collected by DRI personnel and processed by SNWA.

dSites are not operational during periods of sensor calibration; typically late December through middle of February.

ET rates measured at WRV2 (located within the medium vegetation classification) between 2006
through 2010 range from 0.72 ft to 1.39 ft. In Spring Valley, ET rates between 2006 through 2010
ranged from 0.43 ft to 0.80 ft within the bare soil/low vegetation classification and 0.61 ft to 1.61 ft in
the medium vegetation classification. ET rates among the two wetland/meadow sitesin Spring Valley
ranged from 2.46 ft to 4.19 ft. In Snake Valey, ET rates within the bare soil/low vegetation
classification ranged from 0.65 ft to 0.74 ft and 0.85 ft to 1.60 ft for the medium vegetation
classification. All sites show an increase in ET rates from 2007 to 2010 with the exception of SNV 1
which decreased over the period of record. This increase coincides with an increase in precipitation
over the same period of record.

455 EC Data Assessment

The limitations associated with this data inherently relate to the overall accuracy and uncertainties
associated with the EC method for measuring ET and the gap-filling approaches applied to periods of
missing data.

The performance of the EC stations can be assessed by the energy balance closure (Section 2.1).
Using the data collected at each site, the energy budget can be used to evaluate the instruments
efficiency in measuring the available energy at each site. The performance was assessed by
rearranging the energy budget equation (Equation 2-1) in aform to compute the energy balance ratio
(EBR) expressed by:

EBR = (H+L.E)/(R,-G) (Eq. 4-1)
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The uncertainty in the energy budget can be inferred from the EBR. A ratio of 1.00 implies that all
the available energy was accounted for in the measurements of the fluxes. Values larger or smaller
than the optimum value of 1.00 imply that not all of the available energy was accounted for in one or
more of the measured parameters. However, the EBR can be misleading because it is possible that the
measurement error of one or more of the parameters can either: (1) offset the measurement error of
the others, yielding an apparent EBR of 1.00; or (2) cause the EBR to diverge from 1.00. These errors
can not be reconciled and attributed to a specific parameter; therefore, the EBR can only be used to
provide a general sense of the EC station performance and the energy balance closure. Forcing
energy balance closure by attributing the error to a particular parameter could lead to an
overestimation/underestimation of that parameter. Instead, higher energy balance closure can be
obtained, asthis study has strived to do, by using up-to-date sensor technology, instituting calibration
and maintenance protocols, and implementing recent advancements in EC correction methods as
recommended by Webb et al. (1980), Massman and Lee (2002), and Lee et al. (2004), and applying
more stringent tests for data quality as recommended by Foken et al. (2004).

The EBR for the ET-measurement sites were computed using the half-hourly flux data. The average
annual values for each station and corresponding years are listed in (Table 4-5). Closing the energy
balance is a common problem in energy budget methods. Severa papers discuss the energy balance
closure problem (Wilson et a., 2002; Foken et al., 2006; Kohsiek, 2007; Mauder et al., 2007; Oncley
et a., 2007; Foken, 2008). At some sitesthe EBR exceeded 1.00 and, according to Hong (2008), this
could be explained, in part, by an energy detection difference between the net radiation and sensible
heat. That is, the high frequency measurement data may not reconcile the delayed effect that an
abrupt drop in net radiation might have on the sensible heat flux (i.e., apparent EBRis larger).

Table 4-5
Energy Balance Ratios
Site Name 2006 2007 2008 2009 2010 Average
WRV2 0.98% 0.91 0.89 1.02 0.97 0.95
Svi 0.89% 0.85 0.94 0.92 1.07 0.93
SV2b 0.94 1.13 1.08 1.25 1.10
Sv3 0.97 0.99 0.99 1.04 1.00
Sv4 1.37 1.68 1.69 1.58
SV5 1.03 1.05 1.10 1.06
SV6 1.01 1.02 1.12 1.05
Sv7 0.93 0.94 1.09 0.99
SNV1 1.07 0.94 0.93 0.93 0.97
SNV2 0.94 0.96 0.90 0.96 0.94

aDevitt et al. (2008)

Section 4.0 4-11



Southern Nevada Water Authority - Water Resources Division

This Page L eft Intentionally Blank

Section 4.0



2006-2010 Evapotranspiration Data Report

5.0 REFERENCES

Allen, R., 2001, REF-ET, Reference evapotranspiration calculation software for FAO and ASCE
standardized equations. University of Idaho [Internet], [accessed December 24, 2008], available
from http://www.kimberly.uidaho.edu/ref-et.

Allen, R.G, Pereira, L.S,, Raes, D., and Smith, M., 1998, Crop Evapotranspiration—Guidelines for
Computing Crop Water Requirements. Food and Agriculture Organization of the United
Nations, Rome, FAO Irrigation and Drainage Paper No. 56 [Internet], [accessed March 27,
2007], available from http://fao.org/docrep/x0490E/x0490e04.htm.

Anderson, JR., Hardy, E.E., Roach, JT., and Witmer, R.E., 1976, A land use and land cover
classification system for use with remote sensor data: U.S. Geological Survey Professional
Paper 964, 28 p.

Arnone, I, JA., Jasoni, R.L., Larsen, JD., Fenstermaker, L.F, Wohlfahrt, G, Krait, C.B.,
Lyles, B.F., Healey, J,, Young, M.H., and Thomas, J.M., 2008, Variable evapotranspirative water
losses from lowland agricultural and native shrubland ecosystems in the eastern Great Basin of
Nevada, USA: Desert Research Institute, Reno, Nevada, 97 p.

Baldocchi, D., Vaentini, R., Running, S., Oechel, W., and Dahlman, R., 1996, Strategies for
measuring and modelling carbon dioxide and water vapour fluxes over terrestrial ecosystems:
Global Change Biology, Vol. 2, p. 159-168.

Barbour, M.G,, Burk, JH., and Pitts, W.D., eds., 1987, Terrestrial plant ecology. Second edition:
Menlo Park, The Benjamin/Cummings Publishing Company, Inc.

Blaney, H.F., Taylor, C.A., and Young, A.A., 1930, Rainfall penetration and consumptive use of water
in Santa Ana River Valley and coastal plain: California Department of Public Works Division of
Water Resources Bulletin No. 33, 162 p.

Blaney, H.F., Ewing, PA., Israelson, O.W., Rohwer, C., and Scobey, F.C., 1938, Regional planning
Part VI—The Rio Grande Joint Investigation in the Upper Rio Grande Basin in Colorado, New
Mexico, and Texas, 1936-1937: Part |1l—Water Resource Utilization: Report of the United
States Bureau of Agricultural Engineering, U.S. Bureau of Agricultural Engineering Report,
Natural Resources Committee, Vol. 1, p. 293-427.

Brustaert, W., 1982, Evaporation into the atmosphere: Theory, history, and applications. First edition:
Dordrecht, The Netherlands, Kluwer Academic Publishers.

Section 5.0



% Southern Nevada Water Authority - Water Resources Division

Burba, G, and Anderson, D., 2010, A brief practical guide to eddy covariance flux measurements:
Principles and workflow examples for scientific and industrial applications. Lincoln, Nebraska,
L1-COR Biosciences.

Campbell Scientific, Inc., 1999, On-line estimation of grass reference evapotranspiration with the
Campbell Scientific automated weather station: Application note [Internet], [accessed
December 3, 2008], available from ftp://ftp.campbell sci.com/pub/outgoing/apnotes/evap. pdf.

Campbell Scientific, Inc., 2007, Model HFPO1SC self-calibrating soil heat flux plate: Instruction
manual [Internet], [accessed December 24, 2008], available from
http://www.campbel | sci.com/documents/manual s/hfpOlsc.pdf.

Campbell Scientific, Inc., 2008, TE5S25 Tipping Bucket Rain Gage: Instruction manual [Internet],
[accessed December 28, 2010], available from
http://www.campbel | sci.com/documents/manual s/te525. pdf.

Clement, R., 2007, Personal communication of July to Brian B. (Southern Nevada Water Authority)
regarding normal Despiking limits applied to eddy covariance measurements and
implementation in EdiRe: University of Nevada, Las Vegas.

Congalton, R.G,, and Green K., 1999, Assessing the accuracy of remotely sensed data: Principles and
practices. Boca Raton, CRC Press.

DeMeo, GA., Laczniak, R.J., Boyd, R.A., Smith, JL., and Nylund, W.E., 2003, Estimated
ground-water discharge by evapotranspiration from Death Valley, California, 1997-2001:
U.S. Geologica Survey Water-Resources I nvestigations Report 03—4254, 27 p.

Devitt, D., Fenstermaker, L., Young, M., Conrad, B., Baghzouz, M., and Bird, B., 2008,
Evapotranspiration estimates in north eastern Nevada basins: University of Nevada, Las Vegas,
256 p.

EdiRe, 1999, Eddy covariance software package, Version 1.5.0.10 [Internet], [accessed September 7,
2010], available from
http://www.geos.ed.ac.uk/abs/research/micromet/EdiRe/Downl oads.html.

Falge, E., Baldocchi, D., Olson, R., Anthoni, P, Aubinet, M., Bernhofer, C., Burba, G,
Ceulemans, R., Clement, R., Dolman, H., et a., 2001, Gap filling strategies for long term energy
flux data sets. Agricultural and Forest Meteorology, Vol. 107, p. 71-77.

Fluxnet-Canada Network Management Office, 2003, Fluxnet-Canada measurement protocols:
Working draft-Version 1.3 [Internet], [accessed March 24, 2008], available from
http://www.fluxnet-canada.ca/pages/protocols_en/measurement%20protocols v.1.3 background
pdf.

Foken, T., 2008, The energy balance closure problem: An overview: Ecological Applications, Vol. 18,
No. 6, p. 1351-1367.

5-2 Section 5.0



2006-2010 Evapotranspiration Data Report

Foken, T., and Wichura, B., 1996, Tools for quality assessment of surface-based flux measurements:
Agricultural and Forest Meteorology, Vol. 78, p. 83-105.

Foken, T., Gockede, M., Mauder, M., Mahrt, L., Amiro, B., and Munger, W., 2004, Post-field data
quality control, in Lee, X., Massman, W., and Law, B., eds., Handbook of Micrometeorology: A
guide for surface flux measurement and analysis. Dordrecht, The Netherlands, Kluwer
Academic Press, p. 181-208.

Foken, T., Wimmer, F., Mauder, M., Thomas, C., and Liebethal, C., 2006, Some aspects of the energy
bal ance closure problem: Atmospheric Chemistry and Physics Discussions, Vol. 6, p. 3381-3402.

Gatewood, J.S., Robinson, T.W., Colby, B.R., Hem, J.D., and Halpenny, L.C., 1950, Use of water by
bottom-land vegetation in lower Safford Valley, Arizona: U.S. Geologica Survey Water-Supply
Paper 1103, 210 p.

Gurjanov, A.E., Zubkovskij, S.L., and Fedorov, M.M., 1984, Mnogokanalnaja avtomatizirovannaja
sistema obrabotki signalov na baze, EVM. Geod. Geophys. in Foken, T., and Wichura, B., 1996,
Tools for quality assessment of surface-based flux measurements. Agricultura and Forest
Meteorology, Vol. 78, p. 83-105.

Hgjstrup, J., 1993, A dtatistical data screening procedure: Measurement Science and Technology,
Vol. 4, p. 153-157.

Hong, S., 2008, Mapping regional distributions of energy balance components using optical remotely
sensed imagery [Ph.D. dissertation]: New Mexico Ingtitute of Mining and Technology
Department of Earth and Environmental Science, Socorro, New Mexico, 378 p.

Kaimal, JC., and Finnigan, JJ.,, 1994, Atmospheric boundary layer flows. Their structure and
measurement. New York, Oxford University Press, Inc.

Kohsiek, W., Liebethal, C., Foken, T., Vogt, R., Oncley, S.P, Bernhofer, C., and de Bruin, H.A.R.,
2007, The energy balance experiment EBEX-2000. Part Il1: Behaviour and quality of the
radiation measurements. Boundary-Layer Meteorology, Vol. 123, No. 1, p. 55-75.

Laczniak, R.J., Smith, JL., and DeMeo, GA., 2006, Annua ground-water discharge by
evapotranspiration from areas of spring-fed riparian vegetation along the eastern margin of Death
Valley, 2000-02: U.S. Geological Survey Scientific Investigations Report 2006-5145, 36 p.
Available at URL: http://pubs.water.usgs.gov/sir2006-5145.

Las Vegas Valey Water District, 2001, Water resources and ground-water modeling in the White
River and Meadow Valley flow systems, Clark, Lincoln, Nye and White Pine counties, Nevada:
Las Vegas Valley Water District, Las Vegas, Nevada, 297 p.

Lee, C.H., 1912, An intensive study of the water resources of a part of Owens Valley, California:
U.S. Geologica Survey Water-Supply Paper 294, 135 p.

Section 5.0



% Southern Nevada Water Authority - Water Resources Division

Lee, X., Massman, W., and Law, B., eds., 2004, Handbook of Micrometeorology: A guide for surface
flux measurement and analysis. Dordrecht, The Netherlands, Kluwer Academic Press.

Leuning R., 2007, The correct form of the Webb, Pearman and L euning equation for eddy fluxes of
trace gases in steady and non-steady state, horizontally homogeneous flows. Boundary-L ayer
Meteorology, Vol. 123, p. 263-267.

Liu, H., Peters, G, and Foken, T., 2001, New equations for sonic temperature variance and buoyancy
heat flux with an omnidirectional sonic anemometer: Boundary-Layer Meteorology, Vol. 100,
p. 459-468.

LVVWD, see Las Vegas Valley Water Didtrict.

Massman, W.J., 2000, A simple method for estimating frequency response corrections for eddy
covariance systems: Agricultural and Forest Meteorology, Vol. 104, p. 185-198.

Massman, W.J., 2001, Reply to comment by Rannik on “A simple method for estimating frequency
response corrections for eddy covariance systems’: Agricultural and Forest Meteorology,
Vol. 107, p. 247-251.

Massman, W.J., and Lee, X., 2002, Eddy covariance flux corrections and uncertainties in long-term
studies of carbon and energy exchanges. Agricultura and Forest Meteorology, Vol. 113,
p. 121-144.

Mauder, M., Oncley, S.P,, Vogt, R., Weidinger, T., Ribeiro, L., Bernhofer, C., Foken, T., Kohsiek, W.,
de Bruin, H.A.R., and Liu, H., 2007, The energy balance experiment EBEX-2000. Part II:
Intercomparison of eddy-covariance sensors and post-field data processing methods:
Boundary-Layer Meteorology, Vol. 123, No. 1, p. 29-54.

Moreo, M.T., Laczniak, R.J., and Stannard, D.I., 2007, Evapotranspiration rate measurements of
vegetation typical of ground-water discharge areas in the Basin and Range carbonate-rock
aquifer system, Nevada and Utah, September 2005-August 2006: U.S. Geological Survey
Scientific-Investigations Report 2007-5078, 36 p.

Multi-Resolution Land Characteristics Consortium, 1992, National Land Cover Data 1992 [Internet],
[accessed in 2004], available from http://landcover.usgs.gov/natllandcover.asp or
http://www.mrlc.gov/mrlc2k_nlcd.asp or http://epa.gov/mric/nicd.html.

Munger, JW., and Loescher, H.W., 2006, Guidelines for making eddy covariance flux measurements
[Internet], [accessed February 28, 2011], available from
http://public.ornl.gov/ameriflux/sop.shtml.

National Climate Data Center, 2011, CIRS: TD-9640 Climate Data Division-Time bias corrected
divisional temperature-precipitation-drought index [Internet], [accessed March 7, 2011],
available from
http://iridl.Ideo.columbia.edu/SOURCES .NOAA/.NCDC/.CIRY.ClimateDivision/dataset.

5-4 Section 5.0



2006-2010 Evapotranspiration Data Report

National Weather Service, 2010, Operations and Services-Surface Observing Program (Land),
NDSPD 10-13 Cooperative Station Observations, October 5, 2010: National Weather Service
Manual 10-1315, 137 p.

NCDC, see Nationa Climate Data Center.

Nichols, W.D., Laczniak, R.J., DeMeo, GA., and Rapp, T.R., 1997, Estimated ground-water
discharge by evapotranspiration, Ash Meadows area, Nye County, Nevada, 1994
U.S. Geologica Survey Water-Resources I nvestigations Report 97-4025, 13 p.

Nichols, W.D., 2000, Determining ground-water evapotranspiration from phreatophyte shrubs and
grasses as a function of plant cover or depth to ground water, Great Basin, Nevada and eastern
California, in Nichols, W.D., Regional ground-water evapotranspiration and ground-water
budgets, Great Basin, Nevada: U.S. Geological Survey Professional Paper 1628, p. A1-A-12.

NLCD, see Multi-Resolution Land Characteristics Consortium.
NWS, see National Weather Service.

Oke, T.R., 1987, Boundary layer climates. Second edition: New York, Routledge Taylor & Francis
Group.

Oncley, S.P, Foken, T., Vogt, R., Kohsiek, W., de Bruin, H.A.R., Bernhofer, C., Christen, A., van
Gorsdl, E., Grantz, D., Feigenwinter, C., et a., 2007, The energy balance experiment
EBEX-2000. Part I: Overview and energy balance: Boundary-Layer Meteorology, Vol. 123,
No. 1, p. 1-28.

Reichstein, M., 2008, Personal communication of September 10 to B. Bird (Southern Nevada Water
Authority) regarding the implementation of the online-tool for U*-filtering and gap-filling of
eddy flux data: Max-Planck Institute for Biogeochemistry, Jena, Germany.

Reichstein, M., Falge, E., Baldocchi, D., Papale, D., Aubinet, M., Berbigier, P., Bernhofer, C.,
Buchmann, N., Gilmanov, T., Granier, A., et a., 2005, On the separation of net ecosystem
exchange into assimilation and ecosystem respiration: Review and improved agorithm: Global
Change Biology, Val. 11, p. 1424-1439.

Rouse, Jr., JW., Haas, R.H., Schell, JA., and Deering, D.W., 1974, Monitoring vegetation systemsin
the Great Plains with ERTS: Proceedings of the Third Earth Resources Technology Satellite-1
Symposium, Paper A20, p. 301-317.

Robinson, T.W., 1970, Evapotranspiration by woody phreatophytes in the Humboldt River Valley
near Winnemucca, Nevada: U.S. Geological Survey Professional Paper 491-D, 41 p.

Schotanus, P, Nieuwstadt, FT.M., and de Bruin, H.A.R., 1983, Temperature measurement with a

sonic anemometer and its application to heat and moisture fluxes: Boundary-Layer Meteorology,
Vol. 26, p. 81-93.

Section 5.0




% Southern Nevada Water Authority - Water Resources Division

Smith, J.L., Laczniak, R.J., Moreo, M.T., and Welborn, T.L., 2007, Mapping evapotranspiration units
in the Basin and Range carbonate-rock aguifer system, White Pine County, Nevada, and adjacent
areas in Nevada and Utah: U.S. Geological Survey Scientific Investigations Report 2007-5087,
20 p.

Smith, M., Allen, R.G,, Monteith, J.L., Perrier, A., Pereira, L.S., and Segeren, A., 1992, Report of the
expert consultation on procedures for revision of FAO guidelines for prediction of crop water
regquirements. United Nations-Food and Agriculture Organization, Rome, Italy, 54 p.

Southern Nevada Water Authority, 2009, Conceptual model of groundwater flow for the Central
Carbonate-Rock Province-Clark, Lincoln, and White Pine Counties Groundwater Devel opment
Project: Southern Nevada Water Authority, Las Vegas, Nevada, 416 p.

Thomas, C., and Foken, T., 2002, Re-evaluation of integral turbulence characteristics and their
parameterisations.  15th Conference on Boundary Layers and Turbulence: American
Meteorological Society, The Netherlands, July 15-19, 2002, p. 129-132.

U.S. Geological Survey, 2004, Southwest Regional Gap Analysis Project [Internet], [accessed in
2004], available from http://fws-nmcfwru.nmsu.edu/swregap/default.htm.

USGS, see U.S. Geological Survey.

Vickers, D., and Mahrt, L., 1997, Quality control and flux sampling problems for tower and aircraft
data: Journal of Atmospheric and Oceanic Technology, Vol. 14, p. 512-526.

Webb, E.K., Pearman, Gl., and Leuning, R., 1980, Correction of flux measurements for density
effects due to heat and water vapour transfer: Quarterly Journa of Royal Meteorology Society,
Vol. 106, p. 85-100.

Western Regional Climate Center, 2010, Western US COOP Station Map [Internet], [accessed
September 1, 2010], available from http://www.wrcc.dri.edu/coopmap/.

White, W.N., 1932, A method of estimating ground-water supplies based on discharge by plants
evaporation from soil—Results of investigations in Escalante Valley, Utah, in Contributions to
the hydrology of the United States 1932: U.S. Geological Survey Water-Supply Paper 659-A,
p. 1-105.

Wilczak, JM., Oncley, SP, and Stage, S.A., 2001, Sonic anemometer tilt correction algorithms:
Boundary-Layer Meteorology, Vol. 99, p. 127-150.

Wilson, K.B., et a., Energy partitioning between latent and sensible heat flux during the warm season
at FLUXNET sites, Water Resour. Res., 38(12), 1294, doi:10.1029/2001WR00989, 2002.

Wohlfahrt, G.,, 2007, Personal communication during March to B. Bird (Southern Nevada Water
Authority) regarding iteration code to solve flux variable derivative codependency: University of
Nevada, Las Vegas.

5-6 Section 5.0



2006-2010 Evapotranspiration Data Report

Wohlfahrt, G, Fenstermaker, L.F., and Arnone, 111, JA., 2008, Large annual net ecosystem CO,
uptake of a Mojave Desert ecosystem: Global Change Biology, Vol. 14, p. 1-13.

Woodward-Clyde Consultants, Dames & Moore Consultants, and Las Vegas Valley Water District,
1994, Environmental report covering selected hydrographic basins in Clark, Lincoln, Nye, and

White Pine counties, Nevada: Las Vegas Valley Water District, Las Vegas, Nevada, Cooperative
Water Project Report No. 14, 199 p.

WRCC, see Western Regiona Climate Center.

Xu, L., 2004, Processing notes for the open-path “ Gold” file [Internet], [accessed February 28, 2011],

available from http://cdiac.esd.ornl.gov/ftp/ameriflux/gold/Open_Path/Gold_processing_
openpath_notes_0410.doc.

Young, A.A., and Blaney, H.F., 1942, Use of water by native vegetation: California Department of
Public Works, Division of Water Resources Bulletin 50, 160 p.

Section 5.0



5-8

Southern Nevada Water Authority - Water Resources Division

This Page L eft Intentionally Blank

Section 5.0



2006-2010 Evapotranspiration Data Report

Appendix A

Monitor-Well Construction Documentation



90351

wm'rr-;-mwsxonson? WATER RESO STATE OF NEVADA omas dfﬁ g,,_
ARY--CLIENT'S COPY ;
m-\‘a(v-écu DRILLER'S COPY DIVISION OF WATER RESOURCES Log No \ 0
wilv 2 , Permit N,

PRINT OR TYPE ONLY WELL DRILLER s REPORT Basin. Q?

1. OWNER.......Da. Dev:

Please complete this form in its entirety in
accordance with NRS 534.170 and NAC 534.340
NOTICE OF INTENT NO_S:.?_é!_{

MAILING ADDRESS....... .88, /0y onon {Txan,

ADDRESS AT WELL LOCATION

MV

v

2. LOGKHON_ AMts v ME 1 sec. D2 1. G

NS R led E NMys= County

PERMIT NO..A%/0 /363 -
Issued by Water Resources Parcel No. Subdivision Name
3. WORK PERFORMED 4, PROPOSED USE 5. WELL TYPE
P8 New Well [ Replace (] Recondition [ Domestic (1 Irrigation [J Test 0O Cable [J Rotary [J RVC
[ Deepen O Abandon O Other—. . O MunicipaV/Industrial  2Monitor [ Stock [  [J Air  [(Other. 232
6. . LITHOLOGIC LOG 8. WELL CONSTRUCTION
) Water Toick. || Depth Drilled_€I8. C/ _Feet  Depth Cased... B O feer
Material Strata From To ness
HOLE DIAMETER (BIT SIZE)
J’IL;’;’ IHa~0 Q.0 (3.0 [ 23.¢0 , Fro To
.{/_cr- C’r#/ Z 23.0 (980 | 520 8/-2 Inches a. 3 FecL_@LQ__Fecl
5/71'0 : 9_800 J_/‘ o 673-'0 Inches Feet Feet
Ctrsy 370 SRO | 7.0 Inches Feet Feet
Sehp SR0 | 74 g /3. 0 CASING SCHEDULE
—%‘l 2£.0 80. 9.0 Size 0.D. | Weight/Fu. Wall Thickness From To
(Inches) (Pounds) (Inches) (Feet) (Feet)
-5 S0 0 PR GO | §0.-0
Perforations:
Type perforation / 5¢4af st ~S'¢d T
Size per tion ‘0.2 4
From O feet to 150 feet
From feet to. feet
From feet to feet
From feet to feet
From feet to feet
Surface Seal: PLves [1No Seal Type:
Depth of Seal Vi ] Neat Cement
Placement Method: [ Pumped L] Cement Grout
& Poured & Concrete Grout
Gravel Packed: M Yes [ No
From 3 O feet to. /, 3 1 0 feet
9. WATER LEVEL
Static water level 3 feet below land surface
Artesian flow G.P.M. PS.I
Water temperature.......e....... °’F  Quality.
i 10. DRILLER’'S CERTIFICATION
Date started S——//_;" 20010 This well was drilled under my supervision and the report is true to the
Da lated /A ’ 06 best of my knowledge.
te complate y » 20 >
Name_ EIELL, ... [ARgrensshRueed FEC
7. WELL TEST DATA ontractar
TEST METHOD: ([ Bailer O Pump O Air Life Address.... 12450 //“mmm;ff :
GPM. | (rer Betan Smticy Time (Hours) Lar l/é?‘ﬂf Ay ér y 474
Nevada contractor’s license number
issued by the State Contractor’s Board S L2 é
Nevada driller’s license number issued by the
Division of Water Resources, the on-site driller. Y/ dd '9702 22
Signed..... «7 5 : ..., ’
y driller pgriorming actual drilling on site or contractor
Date..... SHA2L.C
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PINK—WELL DRILLER'S COPY

SIVA
PRINT OR TYPE ONLY
DO NOT WRITE ON BAC

1. OWNER V2 /96\'777

STATE OF NEVADA
DIVISION OF WATER RESOURCES

WELL DRILLER’S REPORT

Please complete this form in its eatirety in
accordance with NRS 534.170 and NAC 534.340

MAILING ADDRESS, . /S5 /98y ctna. [FRx wiy

Log No onﬁa'laz SOau(
Permit No
Basin

NOTICE OF INTENT No..3076 ¢
ADDRESS AT WELL LOCATION

r ey Ny

2. (ORI SE v ME i sec.. BedT £)NIS R..6TD___E Li7E Por Comy
PERMIT NO...220/0.. /2 &3
$sued by Water Resources Parcel No. Subdivision Name
3. WORK PERFORMED 4. PROPOSED USE 5. WELL TYPE
S New Well ] Replace [ Recondition [J Domestic (J Irrigation [0 Test O cavle [ Rotary [0 RVC
0 Deepen O Abandon (I Other.....—.oucneen. | [ Municipal/Industrial PRMonitor 3 Stock | O Air mmer....._/& ......... —
6. LITHOLOGIC LOG 8. . WELL CONSTRUCTION
: Warer mmek. || Depth Drilled SQ _Feet Depth Cased... 2970 Feet
Mo ‘Somm | FOR | T pess HOLE DIAMETER (BIT SIZE)
S f 67T @9 | 25125 p From To
<0 24 125 0.0 B2 _ saches_ 2.0 Feer 1570 rea
_ﬁm_d EABTT 12571 /9.0 | Lo, Inches Feet Feet
jﬂm /9-6 9?.(1 _JZD_ Inches Feet Feet
$ecry Sanm 42.61 4 g 20 CASING SCHEDULE
-{4“’” 456 | S/ L Lo Size 0.D. | Weight/Ft. Wall Thickness From To
ol g SO S7.0] GA0| /i Ol “anches (Pounds) (Inches) (Feet) {Feet)
Saom 20 680 466 | 2.0 |Sex¥ [Sca D AL 3.4 3. C
'.f/t_v;, SArp 0 | 2570 746
Perforations:
Type perforation JYpcums -{:’—o 7
Size perforation 1. Q2 0)
From Lo feet to 29. .0 feet
From feet to feet
From feet to feet
From feet to feet
From feet to. feet
Surface Seal: Yes [ No Seal Type:
Depth of Seal 2.’ 3 Neat Cement
Placement Method: [J Pumped D) Cement Grout
@Poured ¥ Concrete Grout
Gravel Packed: [PMRYes [ No
From I‘)_.f‘.' o feet to. g ) d feet
9. WATER LEVEL
Static water level A feet below land surface
Artesian flow. G.P.M P.S.I.
Water temperature.................°F  Quality
10. DRILLER'S CERTIFICATION
Date started _3’/ /¢ 209 This well was drilled under my supervision and the report is true to the
Dat - !-7/ ] ’ 0 ‘. best of my knowledge.
ate complat )
plate y , 209 Name ﬂemmw Zec
7. WELL TEST DATA Contractor
L9 52 5
TEST METHOD: (] Bailer [l Pump [ Air Lift Address 7 2 cﬁg@ z.
GPM. | (g RpwDown Time (Hours) Logs Veagwy My & 5'//‘;
Nevada contractor’s licensc number
issued by the State Contractor’s Board S26G
Nevada driller’s license number issued by the . 22
DivisioWw ces, the on-site driller 22
Signed,_ Paes 70 ‘7&"' :
By driller performing actual drilling on site or contractor
Date I 4 vQﬂ, at
(Rev. 12-08) USE ADDITIONAL SHEETS IF NECESSARY 0627 <P



STATE OF NEVADA OFFICE USE ONLY

DIVISION OF WATER RESOURCES Log No.
WELL DRILLER'S REPORT Permit No.
Basin
PRINT OR TYPE ONLY Please complete this form in its entirety in
DO NOT WRITE ON BACK accordance with NRS 534.170 and NAC 534.340
NOTICE OF INTENTNO. | 3 4201
1. OWNER Southern Nevada Water Authority ADDRESS AT WELL LOCATION Hwy 893, Robinson Ranch '
MAILING ADDRESS P.O. Box 99956
Las Vegas, NV 89193-9956 Subdivision Name: County: White Pine
2. LOCATION SE % NW % Sec 6 T 17N N/SR 63 E]latitude UTME 716789.3 [ NAD27
PERMIT/WAIVER No. | Longitude N 43608243 [T NAD 83/WGS 84
Issued by Waler Resources Parcel No.
3. WORKED PERFORMED 4, PROPOSED USE 5. WELL TYPE
O newwen [ Repiace [0  Recondition 1 Domestic ] Irrigation [ rest O cabe O Rotary O rve
[ peepen [ Other (3 Municipal/industrial B4 Monitor Oswock | O air B4 other
6. LITHOLOGIC LOG 9. WELL CONSTRUCTION
Material Water | From To Thick- Depth Drilled 6 Feet Depth Cased 5.5 Feet
Strata ness HOLE DIAMETER (BIT SIZE)
Clayey Silt with Sand 0 2 2 From To
Clayey Silty Sand 2 4 2 6 Inches 0 Feet 6 Feet
Silty Sand 4 6 2 Inches Feet Feet
Inches Feet Feet
CASING SCHEDULE
Size O.D. Weight/Ft. Wall Thickness From To
(Inches) (Pounds) (Inches) (Feet) (Feet)
2 SCH 40 PVC 0 3.0
Perforations.
Type of perforation Mill Slot
Size of perforation 0.020 Inch
From 2.8 feetto 5.3 feet
From feet to feet
From feet to feet
From feet to feet
From feet to feet
Annular Seal- B8 Yes [JNo
[ Neat Cement ] Pumped [ Poured
[CJ Cement Grout [ Pumped ] Poured
m Concrete Grout | g ...... to 075 I:I Pumped E Poured
[]230% Bentonite Grout to 3 Pumped O Poured
Gravel Pack: [K] Yes [I1No 20 to 60 [ Pumped X Poured
II Type: ) # 3 Silica Sand
Bentonite Chips: P Yes [JNo 075 to 2 [7] Pumped {4 Poured
Date started: 23-Oct .20 08 | Type: Benseal - Baroid
Date completed: 23-Oct , 20 08
7. : Water Level 10. DRILLER'S CERTIFICATION
Static water level: 0.5 feet below land surface This well was drilled under my supervision and the report is true to the best of my
Artesian Flow: G.P.M. P.S.I. knowledge. .
Water Temperature: °F Name
Qualty: | — s
8. WELL TEST DATA Address
TESTMETHOD: [ Baller [] Pump  []Ar Lift Conisactor
G.P.M. Oraw Down Time (Hours)
(Feet Below Static) Nevada contractor's license number
Bailer .25 0.2 0.5 issued by the State Contractor's Board
Nevada driller's license number issued by the
Division of Water Resources, the on-site driller
Signed
By driller performing actual drilting on site or contraclor
Date

Rev 05 061 USE ADDITIONAL SHEETS IF NECESSARY
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1. OWNER [J N\«-V

STATE OF NEVADA
DIVISION OF WATER RESOURCES

LL DRILLER’S REPORT

Please complete this form in its entirety in
atcordance with NRS 334.170 and NAC 534.340

OFFICE ?E ONL
Log No.
Permit No.

Basin ! £ b!

NOTICE OF INTENT NOZC{ZZ_L-Q

LOCATION

%U\nm ¥4\ m\

ADDRESS AT \KKTLL

MAILING DRESS S‘U?N ..........

2. LOCATIO " Sec As oo\l B UJ/ Fine - . County
% Rex Ll e UL E
PERMIT NORY\ID ?—& et s YANS, e Szo. 2o jI4® [N
Issued ater Resources “Parcel No. ” Subdivision Narme
3. WORK PERFORMED 4. PROPOSED USE 5. WELL TYPE
WNew Well [ Replace [J Recondition O Domestic Irrigation [ Test [ Cable [ Rotary [J RVC
] Deepen {1 Abandon [ Other.... L] Municipal/Industrial Monitor [0 Stock | [0 Air B Other@ g
6. LITHOLOGIC LOG Q)\/ 2R 8. WELL CONSTRUCTION —
- illed.. i ADFeet  Depth Cased..... A2 ... Feet
Material Water From To Thick- Depth Drilled..._ ----Feet  Depth Cased. ce
HOLE DIAMETER (BIT SIZE)
From To’__
N x Inches D Fect.._—%':)-....Feet
N o
S\ \'\’M\' WJ\‘ C) S Inches Feet Feet
. Inches Feet Feet
S \‘\14 C\M Z\ S 75 CASING SCHEDULE
- Size 0.D. Weight/Ft. Wall Thickness From To
ﬁ“"{ 1.5 M . iy gq (lIzr?ches) (I%z)gunds) a([m:l;es) (Feet) (Feet)
Aty % &> . _
T TWCE [ o] O =
Perforations:
Type perforation [:OL‘ -
Size perforf‘gn DH)
From feet to - feet
From feet to. feet
From feet to. feet
From feet to feet
N 3&. S50 % f 21 From feet to. feet
w ”q'500§33 MQ) Surface Seal: E:Y [ No Seal Type:
o) Ve
Depth of Seal Neat Cement
Placement Method: (] Pumped L Cement Grout
ﬂPoured [ Concrete Grout
Gravel Packed: %Yes [ No
From - feet to. % 5 feet
9. WATER LEVEL
Static water level 2 ‘ feet bel and surface
Artesian ﬂow&ﬁ_GPMw LY. PSL
Water temperature.. .°F Quality. Ra
10, DRILLER’S CERTIFICATION
Date started g 7 . , 200‘1 ghis well was drilled nnder my supervision and the report is true to the
est of knowledge.
Date complated 5!‘1 s 200-7 ﬁ,
Name..I....
7. WELL TEST DATA %
TEST METHOD: [ Bailer [ Pump [ Air Lift Address... M ; =
pa Qono, NV
orm | BB | - Tt 0.
" || Nevada contractor’s lige]
d by the State
SO G tnpggay || S
\ \ EATRim A 1 Nevada deitler’y
\ \ Divj
\\ \\ ; Signed
A Date {

{Rev. 12-01)
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WHITE—DIVISION OF WATER RESOURCES STATE OF NEVADA . ol SE ONLY,
¢ CANARY—CLIENT’S COPY ‘ N 7%
PINK—WELL DRILLER’S COPY DIVISION OF WATER RESOURCES Ovrrrrnmme ol e
it No.
s
PRINT OR TYPE ONLY WELL DRILLER’S REPORT Bin.. .95
. DO NOT WRITE ON BACK Please complete this form in its entirety i
accordance with NRS 534.170 and NAC 534.340
NOTICE OF INTENT Noa.qu
OWNBR ( )nL-V . ADDRES&T WELL LOCATION 4
MAJL]N pss A4S O VaaM\aad Hude QXN &m%
SMOGOS .YT\I Py % IC
2. LOCATION %E' n NL e Sec... o AD Q R.._:j - M\&Q&G\\&V cOm}[y
rerviT No. MO (HUD | ! o M S UXF
Issued by Walcr Resources I Parcel |No. 5 a " Subdivision Nami
3, WORK PERFORMED 4 PROPOSED USE 5. WELL TYPE
t‘ﬁ.New well [ Replace ] Recondition O Domestic [ Irrigation [ Test (] Cable ] Rotary [] RVC
(1] Deepen (1 Abandon [ Other.... 0 Municipal/Industrial Monitor  [J Stock O air & 0Othe
6. LITHOLOGIC LOG %ﬂ V -— 8. WELL CONSTRUCTION
) Water Thick- Depth Drilled....... J— T Depth Cased...._&.8...........Feet
Material Strata From To ness
HOLE DIAMETER (BIT SIZE)
& o) L%
" Inches Feet....... ....Feet
(qum_k\c_j \+ D ‘ ) Inches. Feet Feet
. . Inches. Feet Feet
——a—\mﬂd B 1I0 188 CASING SCHEDULE
Size 0.D. Weight/Ft. Wall Thickness From To
(Inches) {Pounds) (Inches) (Feet) (Feet)
Y -
Z TAC TN [ 0 32X
i Perforations: .
g v Type perforation P(,LC,
. = Size perforgiﬂzn D?.D
o by i , From o feet to 2 feet
= From feet to feet
= S From feet to feet
= From feet to. feet
. y ] % From feet to feet
{“‘ 5 &5 Surface Seal: ¥-Yes, [1 No Seal Type:
C,: E = Depth of Seal l7 3 Neat Cement
-5 = Placement Method: [] Pumped g Cement Grout
2 P ured Concrete Grout
Gravel Packed: _25-Yes ] No .
From %‘7‘ feet to r%?s feet
N1%.657454 9, )\%QR LEVEL
w i 19, 0% 932 MDD Static water level feet balow land surface
Artesian flow l G.P.M. \%.......WP.S.I.
Water temperatureQrQ.d..-.."F Quality U_
10. DRILLER’S CERTIFICATION
Date started.. S K 2007 This well was drilled under my supervision and the report is true to the
0 - IS( ey 200'] best of W‘:
ate complated .......... 5 . ... - . 4 ‘ ’ \
= = Name ﬁ \ \m
7. WELL TEST DATA d
TEST METHOD: [T Bailer O Pump [J Air Lift Address... kM. bty AV,
THIA
D D .
G.PM. (Feetrlg;qwog;_tic)_ N Time |(Hours) o
S AR Nevada contractor’sflic Qj_k
HS2S
VW £55 3 iy
\ S UL S Nevada dri i
. w102 j , the on-site driller l.oz),
\ Signed _—
Date y
(Rev. 1201} USE ADDITIONAL SHEETS IF NECESSARY @57 i
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PINK—WELL DRILLER’S COPY

PRINT OR TYPE ONLY

DO NOT WRITE ON BACK

DIVISION OF WATER RESOU]{CES

STATE OF

| e B

NEVADA s

WELL DRILLER’S REPOi(T

Please complete this form in its entirety in™.._____.~

accordance with NRS 534.170 and NAC 534.340

1. OWNER I)nLV

S(?R\I Yo \c:ﬁ 3

MAILUE: ADD SS.. OL.L%)

Permit No.

5

BAQII‘\ } g3

NOTICE OF INTENT NO. &= 2-75

ADDRESS RWELL thCA I éON y

2. LOCATION

-
-—

’- Wi 14 Sec..
PERMIT NO. ﬁ\m ILL/:F?ENE/S =l U{ %&1

D erl A ba S ot s i)

Issued by Water Resources | Parcel No. Subdivision Name
3. WORK PERFORMED 4, PROPOSED USE s. WELL TYPE
‘%«ew Well [ Replace [J Recondition U] Domestic (I Irrigation [ Test [ cable [1 Retary [1 RVC
Deepen LJ Abandon L] Other... U] Municipal/Industrial % onitor [ Stock O Air ﬂ.ﬂtber..
6. LITHOLOGIC LOG Sh\/ljz 8. LL CONSTRUCTION -
Matesial ;Vna-;g From To Tgé::“ Depth Drilled..._. >N Feet Depth Cased.nod M. Feet
HOLE DIAMETER (BIT SIZE)
Frpom Ta
% Inches Feet. N Feet
?§“ J!\d .L{ Sil "'- 0 ‘7'.)0 Inches Feet Feet
A Inches Feet Feet
Q \ﬁM‘ SN 20 | BD CASING SCHEDULE
T t a - Size 0.D. Weight/Ft, Wall Thickness From To
%\ m Q VGALD U._ m;&o 20) -‘{z )] EIm;hes) (Pounds) {Inches) (Feet) (Feet)
1 13 g g A wsg
7 1TPVe | =enRO [®) SD
Perforations:
Type perforation Ql(-:
Size perforalinn Q1L
N 4G Oq [ (" From AW feet to S, (- - ¢
! From feet to feet
W ”Ll = OU{‘W § }U?"D?j From feet to feet
From feet to. feet
From feet to feet
Surface Seal: ﬁ‘{e 0 Neo Seal Type:
Depth of Seal q 5 Neat Cement
Placement Method: [ ] Pumped 0 gement Géout
oured oncrete Grout
Gravel Packed: Yes [ No
From feet to. C‘TD feet
9. %TFR LEVEL
Static water level ‘ u feet PKmd surface
Artesian flow 1) G.PM r PS.L.
Water temperature..) :..°F Quality....._.. S
i 10. DRILLER’S CERTIFICATION
Date started 6 I 01 2(ﬁ7 This well was drilled under my supervision and the report is true to the
""" I ’ = || best of wiedge.
Date complated............ S.! Oi , 2007 % l
Name W ‘ " ]Cp
7. WELL TEST DATA \_Q %S L r\d
TEST METHOD: [ Bailer [J Pump [ Air Lift AddfeS@Q i -
G.PM. (Feg%:lo?v?‘g;qe’){ ;oo TimeHours), Ly o m)
Yy SHeIEY G- il 1p2
AN YV T
! \ \
\
(Rev. 12-01) USE ADDITIONAL SHEETS IF NECESSARY ©y627 i
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Depth (ft) Lithological Description (from cores)
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13-17

Brown silt, roots, few large clasts, moist at 2 ft.

Grey clayey silt, few clasts, roots, dark brown mottling
transition to moist soft prey clay. minor clasts, rootS, Fe stainings

Sand and coarse gravel mixed with fine sand: 1.3 fi. gravel,
cote loss due to gravel - WL, - | 1.4 ft. bls.

Large black cobbles (hard) with brown elay matrix

Brown silty clay, Fe stained mottles, dark brown to black mottling
grades into coarse gravel at 16.5 ft,, gravel mixed with clay

Minimal recovery; grey silt to fine sand, Fe staining
(sand and gravel - 2{0.3 to 22ft.)

Light grey uniform fine sand, well sorted, wet,
higher clay content in upper part of core with
light colored mottles - W.L. - 19.2 ft. bls.

Total Depth - TD

Source: Healey, J.M. and Young, M.H., 2007, Well installations for Spring Valley Project, White Pine County, Nevada: submitted to the Southern Nevada Water Authority: Desert Research Institute, Las Vegas, NV.
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Lithological Description (frem cores)
Dry yellow rown silt, roots, uniform grain size
Coarse sand and gravel, sand at 3.5 fiL
Light brown silt mised with gravel. gravel leme visabhe in cone at 6 fi
Rand and coarse gravel, well rownded, well sored, dry

Hard silt and elay, soinre caliche, light Brown in color, soie pofes
bhocky testure, dry and friabke

Llight brown sil, few roots, dark and light linings, pores: grades nko
light Browm silt sand and gravel grading furdher into hard ikt with
white linings

Yellow brown fine sand unitorn size and well sorted, minor clay fraction grading to
yllowy Borwtt Flie: sanad, well sorted grades inko dey gravel lense

Hard drilling, 25 1o 25,3 ft, - coarse gravel grading into tight light brown clay
will inottles = si (T, o water, unilorm density

Soft light brown clay. very moist followed by soft light brown silty clay
with minos sand and gravel lenses, Fe stains mottles

Light brown fine sand, wet, high clay content: gravel at 35.5 fi.
Fodlowed by light grey fine sand with light grey motthes - water

Brown fine sand {sediment from drilling). Core mixed coarse sand
and gravel at 3% 11., high clay conkent

Total Depth - TT

Source: Healey, J.M. and Young, M.H., 2007, Well installations for Spring Valley Project, White Pine County, Nevada: submitted to the Southern Nevada Water Authority: Desert Research Institute, Las Vegas, NV.

Well Schematic for SV5
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MH)-32

Lithological Description (from cores)
Light browm sand and silt, uniform size, roots: at 3 1, light
greenizh grey clay

Light greenish grey ¢lay, massive, no structures

Light hrowm silt changing to grey green silt with minor
amount of clay, Fis slainy, massive. no stricurns

Light green grey clay, some roote, good silt fraction, very
maodst at 15.6 1., minor rock fragements

Light grey clay, very moist, blocky structure, minor amowunt
of'silt

Cirey silty clay, mots, no struciure prades to 4ilt
rich zone in lower part of core

Smaooth and rapid drilling, cutting wrmng up soupy clay

Cirey silty clay, roots, no structure grades to silt
rich zone in lower part of core

Total Depth- T

Source: Healey, J.M. and Young, M.H., 2007, Well installations for Spring Valley Project, White Pine County, Nevada: submitted to the Southern Nevada Water Authority: Desert Research Institute, Las Vegas, NV.

Well Schematic for SV6
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335

Lithological Descaption (from cores)
Light brown =and and silt, uniform size, roots: at 3 11, light
greenish grey clay

Light greenish grey clay, masdive, no structures

Light brown silt changing to grey green @ilt with minor
amount of clay, Fe slaims, massive, no sinicunsy

Light green grey clay. sometoolz, good sl fraction, very
moigt at 15.6 ft, , minor rock tragements

Light grey clay, very moist, blocky structurs, minor amount
at'silt

=,

Cirey gilty clay, mols, no structure grades w yilt
rich zonein lower part of core

Smaooth and rapid drilline, cutting lurmng up soupy clay

Grey gilty clay, Tonts, no structure grades to ilt
rich zonein lower part of core

Total Depth =TI

Source: Healey, J.M. and Young, M.H., 2007, Well installations for Spring Valley Project, White Pine County, Nevada: submitted to the Southern Nevada Water Authority: Desert Research Institute, Las Vegas, NV.
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Table B-1
Index Precipitation Stations
Used to Estimate Monthly Precipitation Value for
ET Measurement Site Tipping Bucket Records

Estimated Index
Estimated Precipitation Precipitation
Year Months Station Station R?
Dec WRV2 Lund? 0.71
Jan - Mar, Dec SV2b Sv1 0.43
Jan - Mar SV3 Sv1 0.56
Jan - Apr Sv4 Svi1 0.90
2007 Jan - Apr, Jun SV5 Svi1 0.95
Jan - Apr SV6 Sv1 0.89
Jan - Apr Sv7 Svi1 0.74
Jan - Apr SNV1 Eskdale? 0.81
Jan - Apr SNV2 Eskdale? 0.92
Oct - Dec Sv4 Sv3 0.94
Oct - Dec SV5 Bastian 0.89
2009
Oct - Dec SV6 Bastian 0.89
Oct - Dec Sv7 Bastian 0.88

aMonthly precipitation data source: WRCC online database accessed on September 1, 2010
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Table B-2
ET-Measurement Site Monthly Tipping Bucket Precipitation
Record (in.) for the Period 2006 through 2010

Site
Name Year Jan Feb Mar Apr May Jun Jul Aug | Sep Oct Nov Dec Annual

2006 | 0.82 0.97 1.74 133 | 0.05 | 052 | 228 | 0.02 | 1.54 | 0.97 0.03 0.18 10.45
2007 | 0.10 0.45 0.42 0.75 | 0.01 | 0.28 | 0.31 | 1.64 | 1.15 | 0.13 0.00 | 0.99% 6.23
WRV2 | 2008 1.28 1.23 0.14 0.01 | 050 | 0.03 | 0.01 | 0.23 | 0.21 | 0.28 0.62 --- 4.54
2009 -- 1.30 0.36 058 | 0.34 | 0.85 | 0.73 | 0.63 | 040 | 1.21 0.06 0.67 7.13
2010 | 1.48 0.76 0.62 096 | 1.15 | 0.03 | 241 | 140 | 0.00 | 1.49 0.68 2.93 13.91
2006 | 0.41 0.55 111 0.84 | 0.06 | 0.18 | 1.64 | 0.06 | 0.29 | 0.87 0.02 0.08 6.11
2007 | 0.00 0.89 0.67 049 | 002 | 0.02 | 0.31 | 1.00 | 1.08 | 0.03 0.06 0.43 5.00
Svi 2008 | 0.99 0.98 0.53 0.00 | 0.06 | 0.13 | 0.67 | 0.21 | 0.23 | 0.49 0.45 --- 4.74
2009 | 0.00 1.00 0.08 058 | 0.72 | 0.87 | 0.56 | 0.35 | 0.21 | 0.80 0.13 0.54 5.84
2010 | 1.03 0.49 0.74 122 | 1.02 | 0.04 | 1.23 | 0.79 | 0.02 | 1.94 0.72 2.01 11.25

2007 | 0.31e | 0.59e | 0.52e | 0.23 | 0.25 | 0.02 | 0.85 | 0.61 | 0.64 | 0.74 0.07 | 0.44e 5.27

2008 1.94 0.27 0.71 0.02 | 228 | 0.02 | 0.18 | 1.91 - - --- --- 7.33
sV 2009 | 0.99 0.74 - - - - - --- - 1.08 0.00 0.30 3.1
2010 | 0.43 0.14 0.40 090 | 0.76 | 0.23 | 0.55 | 0.08 | 0.00 | 1.26 0.68 1.94 7.37
2007 | 0.20e | 0.52e | 0.44e | 0.14 | 025 | 0.00 | 0.53 | 0.69 | 0.39 | 0.35 0.02 0.68 4.21
sv3 2008 | 0.37 0.31 0.14 0.00 | 0.06 | 0.33 | 0.23 | 0.22 | 0.04 | 0.17 0.80 0.05 2.72

2009 | 0.53 0.39 0.12 054 | 0.30 | 1.33 | 1.44 | 0.06 | 0.09 | 1.30 0.00 0.46 6.56
2010 | 0.52 0.31 0.51 0.85 | 0.88 | 0.60 | 0.84 | 0.07 | 0.00 | 1.13 0.89 1.36 7.96
2007 | 0.16e | 0.85e | 0.68e | 0.54e | 0.16 | 0.15 | 0.59 | 0.82 | 0.93 | 0.09 0.02 0.80 5.79
Sv4 2008 | 0.70 0.68 0.45 0.00 | 050 | 0.37 | 1.08 | 0.36 | 0.06 | 0.17 0.58 0.17 5.12
2009 | 0.33 0.65 0.10 077 | 041 | 116 | 1.23 | 0.27 | 0.21 | 1.14e | 0.17e | 0.52e 6.96
2007 | 0.14e | 0.81e | 0.65e | 0.51e | 0.11 | 0.15e | 0.31 | 091 | 0.92 | 0.33 0.02 0.58 5.44
SV5 2008 | 0.42 0.61 0.32 0.00 | 0.11 | 0.24 | 0.22 | 051 | 0.06 | 0.11 0.49 0.41 3.50
2009 1.42 0.82 0.11 089 | 0.34 | 199 | 0.79 | 0.31 | 0.18 | 1.04e | 0.00e | 0.81e 8.70
2007 | 0.08e | 0.84e | 0.65e | 0.50e | 0.11 | 0.00 | 0.19 | 1.20 | 0.75 | 0.33 0.01 0.58 5.24
SV6 2008 | 0.50 0.57 0.28 0.01 | 006 | 0.24 | 0.21 | 0.51 | 0.06 | 0O.10 0.40 0.43 3.37
2009 1.33 0.80 0.12 095 | 0.25 | 1.88 | 0.71 | 0.22 | 0.17 | 0.99e | 0.00e | 0.76e 8.18
2007 | 0.17e | 0.51e | 0.43e | 0.36e | 0.13 | 0.15 | 0.20 | 0.42 | 0.63 | 0.32 0.00 0.63 3.95
Sv7 2008 | 0.33 0.37 0.23 0.01 | 0.22 | 0.22 | 0.13 | 0.56 | 0.00 | 0.05 0.42 0.05 2.59
2009 1.19 0.50 0.21 0.79 | 0.31 | 1.19 | 0.44 | 0.06 | 0.20 | 0.73e | 0.00e | 0.57e 6.19
2007 | 0.37e | 1.18e | 1.10e | 0.70e | 0.09 | 0.06 | 0.48 | 0.90 | 0.91 | 0.01 0.16 1.13 7.09
2008 | 0.32 0.91 0.50 0.00 | 050 | 0.24 | 0.31 | 0.27 | 0.18 | 0.81 0.16 0.11 4.21

SNV 2009 | 0.06 0.88 0.13 140 | 029 | 0.60 | 0.69 | 0.05 | 0.02 | 0.21 0.15 0.44 4.92
2010 | 0.80 0.70 0.76 100 | 041 | 066 | 0.78 | 0.31 | 0.00 | 1.54 0.72 --- 7.68
2007 | 0.16e | 0.66e | 0.61e | 0.37e | 0.11 | 0.01 | 0.30 | 0.16 | 0.52 | 0.01 0.01 0.64 3.56
SNV2 2008 | 0.08 0.30 0.47 0.00 | 0.16 | 0.32 | 0.02 | 0.82 | 0.08 | 0.41 0.15 0.20 3.01

2009 0.38 0.78 0.12 0.88 0.27 0.70 | 0.53 | 0.02 | 0.42 | 0.40 0.00 0.20 4.70
2010 0.89 0.50 0.46 0.98 0.29 0.44 | 0.66 | 0.34 | 0.01 | 0.74 0.68 1.40 7.39
e = estimated
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Table C-1
Date of Site Visits and Measured Precipitation at the
Bulk Storage Precipitation Gages for the 2008 Measurement Year

Accumulation Time WRV2 sSvi SV2b Sv3 SNV1 SNV2
1/1/2008 - 2/21/2008 2.74e 1.61e 0.72e 0.73e 1.13e 0.98e
2/22/2008 - 3/18/2008 0.00 0.74 0.12 0.18 0.19 0.38
3/19/2008 - 4/15/2008 0.18 0.57 0.11 0.10 0.57 0.39
4/16/2008 - 5/8/2008 0.00 0.00 0.06 0.06 0.01 0.16
5/9/2008 - 5/28/2008 0.59 0.13 0.00 0.00 0.56 0.00
5/29/2008 - 6/24/2008 0.08 0.15 0.10 0.34 0.15 0.00
6/25/2008 - 7/17/2008 0.02 0.57 0.18 0.08 0.13 0.40
7/18/2008 - 8/6/2008 0.02 0.39 0.31 0.27 0.53 0.00
8/7/2008 - 8/28/2008 0.19 0.02 0.13 0.15 0.04 0.15
8/29/2008 - 9/17/2008 0.35 0.12 0.41 0.19 0.13 0.17
9/18/2008 - 10/23/2008 0.36 0.74 0.17 0.26 1.08 0.80
10/24/2008 - 11/20/2008 1.09 0.44 0.44 0.75 0.13 0.42
11/21/2008 - 12/17/2008 0.43 0.25 0.00 0.00e 0.00
12/18/2009 - 12/31/2008 | 0.39%e 0.27e 0.04e 0.06e | 0.48e,a 0.23e
Total 6.44 6.00 2.79 3.17 5.13 4.08

e = Estimated
a = Accumulation Time: 11/21/2008 - 12/31/2010

Table C-2
Date of Site Visits and Measured Precipitation at the
Bulk Storage Precipitation Gages for the 2009 Measurement Year

Accumulation Time WRV2 Svi SV2b Sv3 SNV1 SNV2
1/1/2009 - 1/30/2009 0.90e 0.48e 0.86e 0.81e 0.23e 0.37e
1/31/2009 - 2/19/2009 1.77 0.91 0.95e 0.60 1.13 0.91
2/20/2009 - 3/12/2009 0.46 0.10 0.10 0.05 0.05 0.13
3/13/20009 - 4/7/2009 0.06 0.12 0.18 0.27 0.44 0.17
4/8/2009 - 4/28/2009 0.80 0.80 0.57 0.57 1.29 0.81
4/29/2009 - 6/10/2009 0.45 1.08 1.02 0.68 0.60 0.62
6/11/2009 - 7/22/2009 2.14 1.65 1.78 2.32 1.26 1.40
7/23/2009 - 8/18/2009 0.07 0.83 0.05 0.19 0.24 0.00
8/19/2009 - 9/23/2009 0.85 0.57 0.38 0.19 0.06 0.54
9/24/2009 - 11/18/2009 0.50 0.96 1.21 1.42 0.48 0.50
11/19/2009 - 12/22/2009 0.79 0.58 0.39 0.53 0.48 0.29
12/23/2009 - 12/31/2009 | 0.23e 0.09e 0.02e 0.15e 0.04e 0.00e
Total 9.02 8.17 7.51 7.78 6.30 5.74

e = Estimated

Appendix C

C-1



C-2

Southern Nevada Water Authority - Water Resources Division

Date of Site Visits and Measured Precipitation at the
Bulk Storage Precipitation Gages for the 2010 Measurement Year

Table C-3

Accumulation Time

WRV2 Sv1i SV2b Sv3 SNV1 SNV2
1/1/2010 - 2/2/2010 1.86e 1.80e 0.44e --- 1.79% 0.98e
2/3/2010 - 3/16/2010 1.62 0.59 0.44 1.61le,a 0.59 0.70
3/17/2010 - 4/27/2010 0.98 1.57 1.31 1.58 --- ---
3/17/2010 - 5/5/2010 --- --- --- --- 1.60 0.91
4/28/2010 - 6/15/2010 1.36 1.27 1.19 1.66 --- ---
5/6/2010 - 6/15/2010 --- --- --- --- 1.14 0.68
6/16/2010 - 7/20/2010 0.02 0.22 0.02 0.01 0.06 0.16
7/21/2010 - 9/1/2010 3.28 1.81 0.76 1.05 1.21 0.87
9/2/2010 - 10/12/2010 0.38 1.22 0.41 0.63 0.81 0.48
10/13/2010 -11/15/2010 1.54 0.99 1.17 0.99 1.54 0.62
11/16/2010 - 12/31/2010 | 3.09e 3.13e 2.68e 2.64e 2.26e 1.95e
Total 14.13 12.60 8.42 10.17 11.00 7.35

e = Estimated

a = Accumulation time: 1/1/2010 - 3/16/2010
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Daily ET, ET,¢ and Depth-to-Water at SV1 2006-2010
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Daily ET, ET,¢ and Depth-to-Water at SV2b 2007-2010
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Daily ET, ET,.; and Depth-to-Water at SV3 2007-2010
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Daily ET, ET,.; and Depth-to-Water at SV4 2007-2009
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Daily ET, ET,¢ and Depth-to-Water at SV5 2007-2009
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Daily ET, ET,¢ and Depth-to-Water at SV6 2007-2009
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Daily ET, ET,.; and Depth-to-Water at SV7 2007-2009
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Figure D-9
Daily ET, ET,¢ and Depth-to-Water at SNV1 2007-2010
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Figure D-10
Daily ET, ET,¢ and Depth-to-Water at SNV2 2007-2010
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