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Cover photographs

Upper left

Southern Monitor Valley looking northwest toward the Toquima Range. Valley floor
vegetation is composed primarily of phreatophytic gré&aseolmidg vermiculatus)
and rabbitbrush (Chrysothamnus spp.).

Upper right

Monitor Valley looking southwest over the Monitor Valley playa toward the Toquima
Range. Low-growing vegetation on the playa margins iBistilttissspfcata).

Bottom

Diamond Valley looking northwest toward a dust plume from the Diamond Valley playa.
Foreground vegetation is composed primarily of sagebrush (Artemisia tridentata) and
rabbitbrush (Chrysothamnus spp.)

Background

Antelope valley looking north toward Lone Mountain (central, foreground), Roberts
Mountains (left).

All photographs by Susan G. Buto
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Conversion Factors

Inch/Pound to International System of Units

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 4,047 square meter (f
square foot (f) 929.0 square centimeter (&n
square foot (f) 0.09290 square meter (f
square mile (nd) 2.590 square kilometer (ki
Volume
cubic inch (i) 16.39 cubic centimeter (cfh
cubic inch (i) 0.01639 liter (L)
acre-foot (acre-ft) 1,233 cubic meter ()
Flow rate
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year (¥yr)
foot per year (ft/yr) 0.3048 meter per year (m/yr)
cubic foot per second ff6) 0.02832 cubic meter per second {s)
Hydraulic gradient
foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)
Transmissivity*

foot squared per day fftl) 0.09290 meter squared per day i)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as °F = (1.8 x
°C) + 32.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as °C = (°F —
32)/1.8.

Datum

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.

Supplemental Information

Transmissivity: The standard unit for transmissivity is cubic foot per day per square foot times
foot of aquifer thickness {]/ft9ft. In this report, the mathematically reduced form, foot
squared per day {fd), is used for convenience.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at
25 °C).

Concentrations of chemical constituents in water are given in either milligrams per liter (mg/L)
or micrograms per liter (ug/L).



Abbreviations

BCM Basin Characterization Model

cfs cubic feet per second

DEM Digital elevation model

DVFS  Diamond Valley flow system

EBR energy-balance ratio

EPA U.S. Environmental Protection Agency

ET evapotranspiration

ET energy-balance corrected evapotranspiration
ET,, groundwater discharge by evapotranspiration
EVI Enhanced Vegetation Index

G Soil-heat flux at land surface

GBCAAS Great Basin Carbonate and Alluvial Aquifer System

GDA
GIS
GMWL
GPS
DEM
H
HA
LEDAPS
LMWL
MCL
MSAVI
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NDVI
NDWR
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Rn
SNOTEL
TDS
™
USGS
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E

groundwater discharge area
Geographic Information System
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Global positioning system

Digital elevation model

Sensible-heat fluxe
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Landsat ecosystem disturbance adaptive processing system
local meteoric water line

maximum contaminant level

Modified Soil-Adjusted Vegetation Index
National Agriculture Imagery Program
Normalized Difference Vegetation Index
Nevada Division of Water Resources
Parameter-elevation Relationships on Independent Slopes Model
coefficient of determination

Regional Aquifer Systems Analysis
Remote Automatic Weather Station

Net Radiation

Snow Telemetry

total dissolved solids

Thematic Mapper

U.S. Geological Survey

World Reference System 2

Latent-heat flux






Budgets and Chemical Characterization of Groundwater for
the Diamond Valley Flow System, Central Nevada, 2011-12
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Abstract evapotranspiration for individual hydrographic areas ranged
from 2,900 acre-feet per year (acre-ft/yr) in northern Moni
7KH 'LDPRQG 9DOOH\ ARZ V\VWHP PRI Y §B00Racre-ft/yr knanpnd @alley. Total
cally connected hydrographic areas in central Nevada. The groundwater evapotranspiration from the Diamond Valley
general down-gradient order of the areas are southernand ARZ VAVWHP XQGHU SUH GHYHORSPHQW
northern Monitor Valleys, Antelope Valley, Kobeh Valley, 70,000 acre-ft/yr.
6WHYHQV %DVLQ DQG 'LDPRQG 9DOOHRUHPDRXBGZOWHDWRE O® Q&K KQ WKH 'L
'LDPRQG 9DOOH\ ARZ V\VWHP WH U P Licereggad Yrom \gsspham 5,000 AcrsOmthe earip 196@sHo more
northern part of Diamond Valley. Concerns relating to centinthan 25,000 acres in 2012 and are mostly for growing alfalfa
XHG ZDWHU UHVRXUFHV GHYHORS P Hmsputirern Wigmend YajeywAnnuwaH20 1U-42) xedbarewng-
in a phased hydrologic investigation that began in 2005 by tMéater withdrawals for irrigation, assumed to be the volume of
U.S. Geological Survey in cooperation with Eureka County. groundwater consumed by crops and pastureland, ranged from
This report presents the culmination of the phased investigaabout 420 acre-ft/yr in Antelope Valley to 67,000 acre-ft/yr
tion to increase understanding of the groundwater resourcesn Diamond Valley. Total net groundwater withdrawals for
RI WKH EDVLQ ¢0O DTXLIHUV LQ WKH UUDPRRYE RO & QHW Kk Z LD\R/RQG 9DOOH\ Al
through evaluations of groundwater chemistry and budgets. 69,000 acre-ft/yr (2011-12).
*URXQGZDWHU FKHPLVWU\ ZDV FKDUD FWRXQ G¥® W ¥ IUQU HFXWRJH R@GKH ODUJH
and stable isotopes from groundwater and precipitation 'LDPRQG 9DOOH\ ARZ V\VWHP ZDV GHWH
VDPSOHV *URXQGZDWHU EXGJHWYV DIFFRXIGVHIPEY HUUHD'AS RWARRQY SLUDWLRQ
RXWARZV DQG FKDQJHV LQ VWRUDJH XFEYX FIHPFH &M WHRR SRLA KRUVXEN XUIDF
development (pre-1950) and recent (average annual 2011-¥pgter recharge estimates ranged from 200 acre-ft/yr in Stevens
FRQGLWLRQV ODMRU EXGJHW FRP S RBasih W00 eoredtlyidrHDigmerK\@leyz D W H U
discharge by evapotranspiration and groundwater withdrawals; 6 XEVXUIDFH ARZ EHWZHHQ K\GURJUDS
JURXQGZDWHU UHFKDUJH E\ SUHFLSDWHWLRQ QUQGVWOGWRWHSVWY MRYPLVVLY
and storage change. tions derived from remotely sensed imagery, and hydraulic
*URXQGZDWHU LQ WKH EDVLQ ¢ O Ogmdrexts deternrpdirar2012pvetrr (@l daia Subsur
OH\ ARZ VI\VWHP ZDV PRVWO\ D FDO FID¥H FRX WA B Z XD QI HSBU ERRFD WINFUH W \U
water type and generally within acceptable drinking-water to 3,400 acre-ft/yr for northern Monitor Valley into western
standards. The general water type was similar amongthe -REHK 9DOOH\ 6XEVXUIDFH LQARZ UDQJ|
LQGLYLGXDO K\GURJUDSKLF DUHDYV SeuheENpRitar Vattew R 4200 agre-figy forikgpeh Valley
and deuterium from precipitation varied seasonally, such ~ from northern Monitor and Antelope Valleys.
that enrichment from evaporation was greater during warmer The pre- development steady state, groundwater budget
months than cooler months. The isotopic signature of shalloWRU WKH 'LDPRQG 9DOOH\ ARZ V\VWHP Z|
groundwater was similar to cool season precipitation, indicat DFUH IW \U RI LQARZ DQG RXWARZ
ing recharge was relatively recent (similar to recent climatic LQARZ FRPSRQHQWV RI JURXQGZDWHU U
conditions) and was derived from cool season precipitation. WDWLRQ DQG VXEVXUIDFH LQARZ IURP C
Site-scale groundwater evapotranspiration was estimated DFUH IW \U IRU WKH '9)6 ZKHUHDYV
from eddy-covariance and micrometeorological measuremefit§luded 64,000 acre-ft/yr of groundwater evapotranspira
collected at four sites and ranged from 0.15 feet per year tion and 69,000 acre-ft/yr of net groundwater withdrawals, or
in sparse, undisturbed shrubland to 1.13 feet per year in a net pumpage. Spring discharge in northern Diamond Valley
grassland meadow. Vegetation indices calculated from satelfieclined about 6,000 acre-ftlyr between pre-development time
LPDJHU\ DQG ¢HOG PDSSLQJ ZHUH Xangwaw 201642 Aspuming teHyourdneterrvithdrawals
transpiration units (shrubland, grassland, and playa) andto PLQXV VSULQJ ARZ GHFOLQH LV HTXLYD
HIWUDSRODWH VLWH VFDOH JURXQGWHKWHU # Y D/SXPW D W R QLB D WQRRZ UDQUBH V V
basin-scale estimates. Annual pre-development groundwateD QFHG ZLWK RXWARZ DW DERXW D
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Introduction evapotranspiration from areas composed of phreatophytic
vegetation, (2) evaporation from playas, and (3) estimated net

7KH 'LDPRQG 9DOOH\ ARZ V\VWHP groyslwater gthdranasfoRirigation. Groundwater evapo
basins or hydrographic areas (HAs) in central Nevada (Harriifanspiration from phreatophyte areas was measured in Kobeh
DQG RWKHUV ¢ d 7KH VL[ EDVEROPDUHDRG PBEMKVIMIEG RROPHHYV ZHUH DS
FDOO\ FRQQHFWHG E\ HSKHPHUDO Vhadinsl B graundivaterbriyediar zhe vomrpleté\[RVE S af30 is
VKDOORZ EDVLQ (OO DTXLIHUV DQGSWBHRWQWOI\G D\QWBX EY RO KA ARY XPPDWLR
LQ GHHSHU FDUERQDWH URFN DT XL Idotdponents R @nEgidntie-bUsttr gpeHd3s/resQltiggdrom
aquifers moves from southern Monitor Valley to northern  groundwater withdrawals.
Monitor and then into western Kobeh Valley. Eastern Kobeh

Valley also receives groundwater from Antelope Valley. A Description of Study Area
small amount of groundwater moves from eastern Kobeh

9DOOH\ LQWR VRXWKHUQ 'LDPRQG 9DOOKH 96wk # EDFRYHWODERXMBWK VTXD

Devils Gate. The large playa in the northern part of DiamondR U DFUHV LQ FHQWUDO 1HYDGD D¢

9DOOH\ LV WKH WHUPLQXV RI WKH ARY vwSMv HEHeARZ YUYMWHP APV GHEQHG LQL

IURP 6WHYHQV %DVLQ LQWR DG M D F [atevs (E983) aspart pfia rraipRetaquifey-sgsiews analysis in

assumed to be minimal. WKH *UHDW %DVLQ RI 1HYDGD 8WDK DQC
As early as 1964, the Nevada State Engineer recognizeddlaya (nearly 43,000 acres) in the northern part of Diamond

that areas in the DVFS required additional regulation of ~ Valley is the terminus of the DVFS. Another playa, covering

groundwater withdrawals, particularly in the southern part ofabout 1,400 acres, is in the northern part of southern Monitor

Diamond Valley and, later, the entire hydrographic areas of Valley. Most groundwater development in the DVFS has been

Diamond and Kobeh Valleys. In 1983, Diamond and Kobeh in the southern part of Diamond Valley and has resulted in

Valleys both were declared “designated” groundwater basinsiearly 100 feet (ft) of water-level decline since 1962. A more

In designated basins, the State Engineer is granted the-authdetailed description of the study area can be found in Tum-

ity to, among other directives, “designate preferred uses of busch and Plume (2006).

water within the respective areas” in the interest of public The DVFS is mostly in Eureka County; however, small
welfare of the area involved (Nevada Revised Statutes, chapi@tions lie in northern Nye, eastern Lander, and southern
534). (ONR &RXQWLHV ¢J 7KH FLW\ RI (XUHN

/IRFDO JRYHUQPHQW RI,{FLDOV D Q G160 is\&r_driihQovpoatét canirnQrityddn theGounty seat
about the continuing development of water resources for  of Eureka County (population of about 2,000; U.S. Census
irrigation and mining and about the potential for groundwateBureau, 2015a, 2015b). U.S. Highway 50 traverses Kobeh
H[SRUWDWLRQ WR EDVLQV RXWYVLG Hvalel &hd Soubhern®iamond VWakell cBnfecting the towns
Geological Survey (USGS), in cooperation with Eureka,  of Austin and Eureka. Nevada State Route 278 runs from 3
Lander, and Nye Counties and the Nevada Division of Watemiles west of Eureka north along the western side of southern
SHVRXUFHV 1':'5 EHJDQ D WKUHH SKDYPRQEWIDIH\WKH ARZ
system to gain a better understanding of the groundwater

resources. Phase 3 (2009-12), documented in this report, ; ; ;

ZDV WKH ¢QDO SKDVH RI ZRUN GHVL@@W%LJW(EQIBQ(&SFEL@I%SQG IXUWKHU

FKDUDFWHUL]H WKH JURXQGZDWHU U HkeRexrlieBthvateRrestviCeiappRiZaly inviw stuRly Etea

evaluating groundwater quality and groundwater budgets, witlere commissioned by the Nevada State Legislature in 1960

emphasis on groundwater evapotranspiration by phreatophydes published in two reconnaissance-series reports. Eakin
SODQWY WKDW UHO\ RQ JURXQ G ZD Wb62) atBseldod Riehon®Valey Wl Reishahl BuetéttZ D W H U

needs) under predevelopment conditions. (1964) focused on southern and northern Monitor Valleys,
Antelope Valley, Kobeh Valley, and Stevens Basin. The recon-
Purpose and Scope naissance studies provided available climatic data and general

_ o conditions of the hydrologic systems, including geology and

This report presents the culmination of results from the - 4.5yngwater quality in terms of suitability for agricultural
multi-phased investigation of the groundwater resources in ;s additionally, both studies provided estimates of annual
the DVFS. The report characterizes groundwater chemistry 4.qundwater recharae and discharge under nearly natural
RI WKH EDVLQ ¢OO DTXLIHUV LQ WH@ RoftidRd. ﬁa%MngHuhdﬁ&e?riM\é}éé"aﬁNH' dhfge
drinking-water standards, and groundwater recharge and  555umes pre-development, steady-state conditions, with little
PLILQJ $QQXDO JURXQGZDWHU EXG 6|"|1Wa\ﬁtrﬁ8p}dgé'hl2 Effécﬂé.\,@t%%g%'\%&é-'éﬁeﬁnstry data
area, representing recent conditions (2011-12), are presentgg} oroundwater collected from wells and springs were limited
and compared with revised pre-development (pre-1950) 4t the time of the reconnaissance studies, groundwater was
groundwater budgets. Components of the groundwater budgefSsidered suitable for irrigation in most areas. The recon-

include groundwater recharge from precipitation; subsur — pajissance studies relied on the precij)itation map developed by
IDFH ARZ EHWZHHQ EDVLQV DQG JURXQGZDWHU GLVFKDUJH E\
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Hardman (1936) and Hardman and Mason (1949) to estimate 7KH '9)6 DV LW LV FXUUHQWO\ GH¢;QHG
groundwater recharge using an empirical method knownas EDVLQV LQ WKH VWXG\ DUHD DQG ZDV ¢ U\
WKH OD[H\ (DNLQ OHWKRG O0OD[H\ D Q ®ated byHarrill and othBrs! (1983) and Harrill and others
and others, 1951). At the time of these studies, groundwater(1988) in an effort to improve the understanding of groundwa
discharge in the area was dominated by evapotranspiration WHU ARZ RQ D UHJLRQDO VFDOH 5HJLRQTL
(ET) from areas with phreatophytic vegetation, and, to a VLV RU 5%$6% 8VLQJ WKH OLPLWHG H[LVW
much lesser degree, by evaporation from playas. GroundwatdlR Z V\VWHP ERXQGDULHYV ZHUH JHQHUDO(
ET is composed of evaporation from bare-soil surfaces with UHJLRQDO ARZ SRWHQWLDO OLQHV EDVHC
transpiration by phreatophytes. Natural groundwater discharfeDVLF SUHPLVH IRU ARZ V\VWHP GHOLQHTE
through ET was estimated by applying assigned groundwatesystem terminated in a discharge area.
ET and groundwater evaporation rates to areas of phreato Two reports have been published as part of the phased
phytes and playas, respectively. These assigned rates wereapproach of the (2005-12) study. The phase 1 study (2005-06;
adopted from studies outside the study area (Lee, 1912; WhiteX PEXVFK DQG 30XPH GH¢{¢QHG WKH K
1932; Young and Blaney, 1942). Groundwater dischargewad UDPHZRUN RI WKH ARZ V\VWHP HYDOXDW
not estimated from the large playa in the northern partof PRYHPHQW RI JURXQGZDWHU DQG TXDQW
Diamond Valley (Eakin, 1962). The resultant balance betwedevel changes. The phase 2 study (2006—09; Knochenmus and
groundwater recharge and discharge developed by the two others, 2011) provided data collected from 2006 to 2009 and
studies indicated that recharge was about 70 percent-of dis described the general approach for estimating natural ground
charge in Diamond Valley and about 120 percent of dischargeater discharge as part of phase 3.
in the other four basins.
In the early 1960s, the State Engineer became concerneHydro|ogiC Setting

about the increasing groundwater withdrawals in southern . o o
Diamond Valley. In response, the USGS performed a more  Nearly all water in the study area originates as preeipita
detailed evaluation of the hydrology of Diamond Valley with tion, either in the form of rain or snow. Some of the precipita
an emphasis on the effects of groundwater withdrawals as dfon runs off, most is evaporated or consumed by vegetation,
1965 (Harrill, 1968). To facilitate the analysis, Harrill (1968) @nd some eventually recharges the groundwater system.
divided Diamond Valley into north and south subareas. Near@ WUHDPV LQ WKH VWXG\ DUHD JHQHUDOO
all the natural discharge was in the north subarea, whereas Only during spring runoff or as a result of intense storms;
QHDUO\ DOO PDMRU JURXQGZDWHU BoWsVErcsamesiceang inthe\uppes regqbes af Recwatrrshed
subarea. As part of the reappraisal, two groundwater-level DUH SHUHQQLDO EXW WASLFDOO\ LQ¢OWL
surfaces were created—pre-development (1950) and post- ARRU *URXQGZDWHU LQ WKH EDVLQ ¢OO
development (1965). Additionally, a revised precipitaton- PQG XQFRQ/QHG FRQGLWLRQV DQG LV GH
altitude relation was developed on the basis of the available Rl PRXQWDLQ EORFN SUHFLSLWDWLRQ DQ
precipitation data. Harrill (1968) concluded that average ~ Ment of groundwater is controlled, in part, by the hydrogeol
annual precipitation was generally greater in the northern  ©9y- The hydrogeology in the DVFS consists of carbonate
subarea than in the southern subarea and that the precipitatiBfks. siliciclastic sedimentary rocks, igneous intrusive rocks,
altitude relation in the southern subarea probably was simila¥f ROFDQLF URFNV DQG EDVLQ ¢OO GHSRYV
to that in Kobeh Valley. This north-south division in precipita WKH K\GURJHRORJLF XQLWV LGHQWL¢HG |
tion resulted in a 30 percent increase in precipitation-derivedvater-bearing characteristics can be found in Tumbusch and
groundwater recharge when compared to estimates by Eakiftlume (2006). . o
(1962). Harrill (1968) developed a groundwater budget for A Separate, cooperative monitoring program by the USGS
'LDPRQG 9DOOH\ WKDW LQFOXGHG L®REz (KRPINRQHRIWRWR CHIYERBH$HWR FROOH!
IURP SUHFLSLWDWLRQ VXEVXUIDFH ARRXQUREFD REY G BMNPoHQ DQG DURXQG WKI
WKURXJK 'HYLOTV *DWH DQG VXEVXBREHY WK Z0 RVEPV-DLUBH QG DD oo H\-EHIDQ LQ

RXWVLGH WKH ARZ VI\VWHP WR W K HdpRyapingudesgortipnuqupdaia eptectionaice guyrface-

& 2XWARZ FRPSRQHQWV RI WKHZPXGWWHWAGFIYBKE G4RK e VLWH  PLVI
water discharge by (1) ET from phreatophyte-dominated areddd 3 groundwater-level measurements, and water-chemistry
(2) springs, and (3) playa evaporation. Groundwater chemic&MPpling at 13 sites. The program was designed to character
analyses allowed Harrill (1968) to develop a general relationiZ€ baseline hydrologic conditions in response to a proposed
EHWZHHQ ZDWHU FKHPLVWU\ DQG JURKQGELH WD RRRH*b® BRAQW +RSH D
LQ 'LDPRQG 9DOOH\ H[FHSW WKDW L5 RIPR'AM\ASREDZISWES eBfimated pleno twy siygams that
north subarea, was generally suitable for irrigation, stock, ariiginate in the Roberts Mountains.
domestic use. Harrill (1968) cautioned that continued ground
water withdrawals could cause the reversal of natural gradients
WRZDUG WKH SOD\D DQG LQGXFH ARZ Rl SRRU TXDOLW\ ZDWHU WRZDUG
the developed areas in the south subarea.
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Figure 2. Atmospheric sites, surface-water sites, and spring sites in the Diamond Valley flow system, central Nevada
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Climate Average monthly temperatures over the 30-year period
The climate of central Nevada generally can be divided (1981-2010) in Austin, Beowawe, Eureka, and Smoky Val-
LOWR WZR JRQHV 7KH YDOOH\ ARRU Br‘L%?P f§°§‘ﬁ\'/\’/""kaz%%ﬁeggs@FE{}_b‘?WE'W ),
o S cember and January to a high of 69—=73"F in July. Although
steppe zone, which is semiarid with warm to hot summers a q

cold winters. The surrounding mountain ranges are a part or[hese weather sftat_|ons mostly lie outside the D.VFS’ th@f tem
the subhumid continental zone. with cool to mild summers perature range is likely comparable to that of similar altitudes

and cold winters, where annual precipitation is mostly snow " the study area. During the 1991__2010 period, average .
+RXJKWRQ DQG RWKHUV 7KH PN G;{;“&{F{aﬁérs\ﬁ%‘%\gh"é B'Wifjgssorf%e”ted by Dia
WLRQ FRPHV IURP WKH 3DFL¢F 2FHDr60r§ pvalielx JULY E?{]J"FWV gRFDOLéHG
summer thunder storms can produce large amounts of rain, but VLPSOH LQHD U H ) D WLR ¢ EH\
do not contribute much to the total annual precipitation in th&"d the 30-year average annual precipitation (1981-2010) was
area. developed for Austin (6,780 ft), Beowawe (5,740 ft), Eureka
Climate conditions vary considerably in the study area (6,430 ft), and Smoky Valley (5,647 ft). The relation was used
by location, altitude, and seasonality. Climate data based orfO compare the long-term average annual precipitation to that
long-term averages can be advantageous for comparison of'€asured in the study area for water ye2@d1 and 2012.
discontinuous or recent short-term datasets with historical APout 87 percent of the variability in average annual precipi
conditions. Continuous long-term climate data were very WDWLRQ DW WKH IRXU ORQJ WHUP ZHDWK
limited in the study area; however, 30-year averages could bY aIutude_. Precipitation collectgd from stations, including
be computed from selected sites near the study area (Westéftpse within the study area (Coils Creek, Combs Canyon,
Region Climate Center, 2015; National Centers for Environ Eureka, and the four Kobeh Valley ET sites), was generally
mental Information, 2016). The closest climate stations that 9reater in 2011 and less in 2012 than the long-term average
had annual precipitation and temperature data for a 30-year(1981-2010). At the Kobeh Valley ET sites, 2011 precipitation
period (1981-2010) included Austin number 2, Beowawe 4928eraged 1.3 times more than the long-term average, whereas
(U of N Ranch), Eureka, and Smoky Valley Carvers (sites 12012 values averaged 1.2 times less than the long-term aver
DQG UHVSHFWLYHO\ ¢1J W mgeohnstations Wit comptere Pregipitaion reradg for water
LQ WKH VWXG\ DUHD ¢1J W D E O HV years 20§} Ry RO1R pGECigitdtimamMwa@r yeaD2Q13 was
30 years of annual climate data included Diamond Peak Sndw—55 percent greater than in 2012.
THOHPHWU\ 6127(/ + VLWH &RLOV &UHHN 5HPRWH
Automatic Weather Station (RAWS, 1990-2012, site 6), and
Combs Canyon RAWS (1986-2012, site 5). As part of this * $ ZDWHU \HDU LV WKH SHULRG IURP 2FWREHU WR 6HSW|
StUdy' preCipitation and temperature data (2011_12) were cq ge?thJ) réd(Sceché#ﬂ'J:s:énLbzvtw:ech(;I\e{nd;Py\gg: LaJm(} \T/Ete?yelz_a\r/s i); :l/u': gpt?rt?aﬁ rFéf\érW niee
lected at four ET sites established in Kobeh Valley (sites 1-4:#QFH WR \HDUV DQG SHULRGV LV WR ZDWHU \HDUV XQOHV\
éJ WDEOHYV year.

Table 1. Location and general description of atmospheric measurement sites, Diamond Valley flow system, central Nevada.
[Latitude and longitude values are in the North American Datum 1983. Altitude values are in the North American Vertical Datum 1988. USGS, U.S. Geological Survey;

12$$ 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ (7 (YDSRWUDQVSLUDWLRQ :; JHQHUDO ZHDW
Site Hvdroaraphic area USGS or NOAA station Local or site name Latitude Longitude Altitude Available Figure(s)
number yarograp identifier (degrees) (degrees) (feet) data 9
1 Kobeh Valley 1393214116212402  Sparse shrubland 39.5371 116.3576 6,098.7 (7 :; 2,17,18B
2 Kobeh Valley 1393711116124501 gﬂh‘?ﬂﬁ[:;%'to'de”se 30.6197 116.2134 6,051.8 (7 :; 2,17, 18B
3 Kobeh Valley 1393553116252401 mﬂg{:ﬁwdense 39.5981 116.4242 6,131.3 (7 :; 2,17,18B
4 Kobeh Valley 1393555116094802  Grassland 39.5087 116.1642 6,0125 (7 2,17, 18B
5 Antelope Valley 2%+ &1"' 865 1 & 2 Combs Canyon, NV US 39.3814  116.175 6,590 5 2
6  Kobeh Valley 2%4+&1' 865  1& 2Coils Creek, NV US 30.8333 116.4917 6,300 ; 2
7 Diamond Valley 2GHCND:USC00262708 Eureka, NV US 39517 1159621 6,430 2
8  Diamond Valley 2GHCND:USS0015K03S Diamond Peak, NV US ~ 39.5667  115.85 8,000 2
9 Northern Big Smoky Valley 2GHCND:USC00267620 mﬂg Valley Carvers,  3g784 1171739 5,647 - 2
10  Upper Reese River Valley 2GHCND:USC00260507 Austin Number 2, NV US  39.493 117.0675 6,780 ; 2
Beowawe 49 S U of N
2, . ..
11  Grass Valley GHCND:USC00260800 o WS 39.9004 116.5876 5,740 o 2

186*6 VWDWLRQ LGHQWL:(FDWLRQ ODWLWXGH ORQURRXG HD WG MO RALEDUEIHRIRDE)MIAMYH IURP WKH 86*6 1DW
212$$ VWDWLRQ LGHQWL;{FDWLRQ ODWLWXGH ORQJLWXGH DQG D Btp/MWiXi@dt.n6drQoHY DUH IURP WKH 12$$ 1DW
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Figure 3. Comparison between average annual precipitation for four long-term precipitation stations (1981-2010), Diamond Valley
flow system, central Nevada, and A, station altitude, and B, PRISM (Parameter-elevation Relationships on Independent Slopes Model)
derived precipitation.
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2ZLQJ WR WKH OLPLWHG ORQ-J W H bh@asBrdd/RILeS Iy dn\Weidde oD@ Gerémt)Pand including
perature datasets in the study area, long-term, average anntl&@se sites in multi-site comparisons between measured and
precipitation for Austin, Beowawe, Eureka, and Smoky Valleys35,60 YDOXHV SURGXFHG SRRU UHODWLI
(1981-2010) was compared with 1981-2010 Parameter-elemination, or #, 0.51-0.52). These precipitation stations were
vation Relationships on Independent Slopes Model (PRISMjn steep, narrow canyons and steep terrain. Considering that
PRISM climate group, 2014, table 2) precipitation. Evalu  water-year PRISM estimates are generalized to a 4-kilometer
ation of long-term precipitation was relevant for evaluating (2.5-mile) cell size, discrepancies between measured and
pre-development groundwater ET rates across the DVFS (seéa VWLPDWHG YDOXHV LQ WKLV WHUUDLQ
the “Groundwater Discharge” sectjoiThe 30-year average DQG UHODWLRQV WKDW H[FOXGH:(
annual PRISM estimates at the Austin, Eureka, and Smoky improved markedly & DQG UHVSHFWLYHO
Valley sites were an average of 5-percent less than measuréddicated that PRISM-estimated values largely captured the
30-year average annual values, whereas the 30-year PRISMariability in precipitation measured across the study area. At
estimate at the Beowawe site was one percent greater than (7 VLWHY RQ WKH AR B tiRI'EVB@tKs 9D OO H'
WKH PHDVXUHG \HDU YDOXH 'LIIH pretiQr* s£vtidh,RixnOabmehsdiredl Brid WRISW-Atir Bt¥d
different accumulation periods and the generalized area of precipitation rates during 2011-12 were within 2 percent, on
PRISM estimates (800-meter or 0.5-mile cell size). Measure® YHUDJH WDEOH 6LWH GDWD ZHUH V
data were for water years 1981-2010, whereas PRISM datasystem level using remote sensing and long-term (1981-2010)
were for calendar years 1981-2010. Despite these differencBeRISM data.
D OHDVW VTXDUHYVY UHJUHVVLRQ H[S O Rh@a BedpiEaion\Wata fr@HREUekhQ\A66RA01XY)Kaidre
YDULDELOLW\ EHWZHHQ PHDVXUHG DgedxoldwaMateRrBridsHhGongBe®nchimate gahditions in

Comparisons between measured precipitation and PRISMVKH VW X G\ DUHD ¢J 7KH (XUHND SU
data (table 2) also were made for water year 2011 at four sitesarly complete, with 6 of the 48 years having missing data
DQG ZzDWHU \HDU DW VL[ VLWHYV o @dreQiam3/menMs peDydar Vhernhisklddiddta were
sions. The PRISM rates at Coils Creek (Kobeh Valley)and JDS (¢ OOHG E\ XVLQJ SUHFLSLWDWLRQ G
Combs Canyon (Antelope Valley) were consistently above The estimated average annual precipitation at Eureka for the

S0 T T T T T T T T T T T T T T T T T T T T 1T T T T T T T T T T T T T T T T T T T T T T T T T 25
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40 — Cumulative departure from normal -
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Figure 4. Annual water year precipitation and cumulative departure from normal (1966—2012), Eureka, central Nevada.
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48 years was 12.04 inches (in.). Cumulative departure fromin Diamond Valley collected in 1965 and 1966. Additional
normal can be used to characterize trends in precipitaton, VWUHDPARZ GDWD LQ VRXWKHUQ DQG QR
where upward slopes indicate increased precipitation and were available from three sites with continuous daily stream
downward slopes indicate declining precipitation. The graphARZ IURP JHQHUDOO\ WKURXJK VL
RI FXPXODWLYH GHSDUWXUH IURP QtRilERBPad friart foux dités Mith mewdthly dis¢kaR)E Measure
an upward slope from 1966 to 1984, indicating most years h&dHQWYV IURP $SULO WR 6HSWHPEHU
above average precipitation. From 1985 to 2012, the cumulaw DE O H , Q WKH 86*6 EHIJDQ FROOHF
tive departure from normal indicated declining precipitaton. DW ~ VLWHV VLWHYV DQG éJ WDEO'
In general, annual precipitation over the 28 years from 1985discharge data at 14 sites along Coils Creek and Roberts Creek
WKURXJK H[KLELWHG D WUHQG RL @ HRAULVOKIQU (B URMEFH K LAV DWHRQVLWHYV  +
table 3). As part of the 2010 monitoring program, the USGS
also has been collecting miscellaneous discharge data at a site

Surface Water LQ 'HYLOYV *DWH VLWH éd WDEOH

'DLO\ VWUHDPARZ GDWD LQ WKH RQEHYRUREPHOADRPHIUDRA WARZ IURP .REHK
sites, and intermittent or peak discharge measurements col ,Q.:OWUDWLRQ RI VWUHDPARZ LV D VRX|
lected over various periods were available at 21 sites (table ) HFKDUJH ORVW VWUHDPARZ RULJL QDWH
In April and May 1964, Rush and Everett(1964)collected DQG LQ;OWUDWHY WKURXJK FRDUVH FKD¢

PLVFHOODQHRXV VWUHDPARZ PHDXMW\PLWW)&—)Q XREWMYHIER PR D YHUDJIH F
northern Monitor, Antelope, and Kobeh Valleys. Harrill (1968)ater year 2011) or following intense storm events, preeipita
published a series of discharge measurements for 13 streamg; | R Q FDQ JHQHUDWH VWUHDPARZ WKDW |

Table 3. Location and general information of surface-water measurement sites, Diamond Valley flow system, central Nevada.

>7KH ORFDWLRQV RI VLWHY DUH VKRZQ RQ ¢(JXUH $PBWIRDXGHWREBE ORQFQOWXEMN G/H FRBDX HDW B WK WKW KLHR U WKW K
Latitude, longitude, and altitude values are from the USGS National Water Information Syisteffvaterdata.usgs.gov/nwis). USGS, U.S. Geological Survey; Qm, miscellaneous
GLVFKDUJH PHDVXUHPHQW 4G GDLO\ GLVFKDUJH 4S SHDN GLVFKDUJH 4Z ZDWHU TXDOLW\@

number Hydrographic area eniter (Gegroc) (degress) Koe) et

12 Southern Monitor Valley 110245912 38.626 116.8656 7,825 Qm

13 Southern Monitor Valley 110245905 38.6266 116.6967 7,255 Qm

14  Southern Monitor Valley 110245902 38.6799 116.8151 7,305 Qm

15  Southern Monitor Valley 110245901 38.7669 116.8367 7,425 Qm

16  Southern Monitor Valley 110245900 38.7944 116.8545 7,564.73 Qd, Qm, Qp, Qw
17  Southern Monitor Valley 110245910 38.806 116.6795 7,204.65 Qd, Qm, Qp, Qw
18  Southern Monitor Valley 110245925 39.14 116.7212 6,884.36 Qd, Qm, Qp, Qw
19  Kobeh Valley 110245950 39.4921 116.5342 6,204.23 Qp

20  Kobeh Valley 393513116200901 39.5869 116.3357 6,086 Qm

21  Kobeh Valley 393956116244901 39.6657 116.4135 6,193 Qm

22 Kobeh Valley 394217116174101 39.7046 116.2948 6,296 Qm

23  Kobeh Valley 394217116174601 39.7048 116.2961 6,296 Qm

24  Kobeh Valley 394444116270101 39.7457 116.4502 6,348 Qm

25  Kobeh Valley 394452116172401 39.7478 116.29 6,464 Qm

26  Kobeh Valley 10245960 39.7698 116.4644 6,405 Qd, Qm, Qp, Qw
27  Kobeh Valley 394616116175701 39.7712 116.2992 6,612 Qm

28  Kobeh Valley 394638116275501 39.7774 116.4652 6,437 Qm

29  Kobeh Valley 10245970 39.7898 116.3009 6,743 Qd, Qm, Qp, Qw
30 Kobeh Valley 394835116183901 39.8098 116.3109 6,923 Qm

31  Kobeh Valley 394914116191401 39.8206 116.3205 7,075 Qm

32  Kobeh Valley 395045116280201 39.8458 116.4671 6,643 Qm

33  Kobeh Valley 395052116275001 39.8479 116.4638 6,641 Qm

34  Kobeh Valley 395206116274001 39.8684 116.4611 6,722 Qm

35  Kobeh Valley 365216116274401 39.8711 116.4621 6,741 Qm

36 Diamond Valley 10245980 39.5733 116.0767 6,004 Qm, Qp

37  Diamond Valley 110246010 39.7791 116.1073 6,024 Qp

linactive site.
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Seepage estimates can be used to establish a relation from small groundwater seeps. North of this playa in the south
EHWZHHQ VWUHDPARZ DQG JURXQ G ZariHhbrtiein G éhidoL @l Mimeausisptibgs Kave/cre
WKDW DUH JDLQLQJ RU ORVLQJ VW Uaidd Bedral wetliahdar&b ahwdssoxiaiddl dquatic Regetation.
Seepage was estimated using a series of eight discharge The playa covering most of the northern part of Diamond Val-
measurements along Coils Creek (sites 20, 21, 24, 28, 32—3By is considered the terminus of the DVFS (Harrill and others,
éd WDEOH DQG VHYHQ PHDV XU HPa3)QSWaDdte gickh Sralke i péye irkddithenN Monitor

VLWHYV * éJ W D E O HWalleyLtlis Mr8dJpla@alis border2@by phreatophytes. Harrill
the basis of these discharge measurements, Coils Creek gained UHSRUWHG WKDW IDXOW FRQWURO(
DERXW FXELF IHHW SHU VHFRQG theWeskn YhardintbDxiepRy2, Br@l swiddl Hvaxns @dtihbiwater
UHDFK EHWZHHQ VLWHV DQG ¢ JVHHWD BHQHV W DROARQWW KB RHDVWHUQ PDU
IURP VLWH &RLOV &UHHN EHJDQ WR s€Rs\aHd ApRiigysZirid whéiny\ssLithefVIDII@ Malley
crossed alluvial deposits. The discharge measurement takemnd Diamond Valley playas is indicative of permeability-con
IDUWKHVW GRZQVWUHDP VLWH - ¢ trasts beRén@llivial ah®playa BddimehtQtal Ikt Yround
LQJ WKDW FIV RI VWUHDPARZ LQ, QWWBWHREHZQWBEWE KBDODN&UHHN
DQG UHFKDUJHG WKH VKDOORZ EDVLQ (OO DTXLIHU 6LPLODU JDLQ DQG

loss results were observed a[ong Roberts Creek, where nea{%/{ ndwater

FIV RI VWUHDPARZ ZDV ORVW OLN 8% L%l(;SWUDWLQJ DQG UHFKDUJLQJ
WKH VKDOORZ EDVLQ 00 DTXLIHU E HNearty il qroppguatey iy D&-QYPS igngtRsArRm K (7
occurred along the measurement reaches, this loss was-coriigcipitation. Most precipitation falls, and consequently most
HUHG WR EH QHJOLJLEOH FRPSD U H @roungyteryaeharaesyip ihehiofas 2ititgdes,of the moun

30D\DV DUH ADW XQGUDLQHG D Qiansugregionswiitinihg BVISuSeHS/PrasRItsHon (s |
FDOO\ DUH RQ D YDOOH\ ARRU DQG SHUPNAMWHBBRARREQAEFRXBRXWEXRPO) LQ
¢QH JUDLQHG VHGLPHQWYV DQG VD O ¢hgnned degosits qraliuvial jang. &rapnduater ¢ thg pasiy H v
from the playa center toward the edge, which typicallyis ¢OO JHQHUDOO\ LV XQFRQ¢(¢QHG DW VKD
bounded by phreatophytes and springs. Water can accumuld®Q G FRQ¢(QHG DW JUHDWHU GHSWKV %I
on playas from run-on of surface water, spring discharge, orprmmpal aquifers m_the DVFS and occupy structurali baS|.ns
direct precipitation. Surface morphology of Nevada playas N sedlmentary and igneous rocks. Groundwater reS|des_ in the
typically ranges from hard, compact, generally smooth sur rock units that make up the mountain blocks and underlie the
faces to soft, friable, or puffy surfaces. Hard surfaces typicallf PVLQV EXW WKH FRQQHFWLRQ WR WKF
UHAHFW UHFHQW LQXQGDWLRQ E\ S U&stepd\RisoiaioRr ef Waiim @F RabWales fromeprings prv
VRIW SXII\ VXUIDFHV RIWHQ UHAH F Well§ [¢iqatesgdespreircglatop of srayndiwaisrsntabapinfor Q
and subsequent salt deposition. A recent study by Garcia arfeprbonate or volcanic rock, at depth (Harrill, 1968; Tumbusch
others (2014) indicated that soft, puffy surfaces only were and Plume, 2006). .
present following cool season precipitation. Low potential *URXQGZDWHU ARZV GRZQ JUDGLHQW
ET during cooler months facilitated downward percolation ofoward areas of discharge, and in the DVFS, groundwater
SUHFLSLWDWLRQ RU UXQ RQ DQG PLgﬁﬁfzVMR/ZkDUﬁvWéH%E\/@Q/\@olL@kQ'@HWdeUC
water. Subsequent evaporation of this water provided a mecRel ZDWHU OHYHO DOWLWXGH DUH XVHG
nism for salt migration to and deposition on the playa surfac@nt of the groundwater surface to indicate general directions
Friable surfaces were apparent following percolation ane suf groundwater movement. As part of this study phase, 2012
sequent evaporation of cool-season precipitation and duringdroundwater levels (plate 1) were delineated largely on the
the warmest and driest time of year. The source of playa solEP VLV RI ' VSULQJ DOWLWXGHV ¢ J WD
water can vary seasonally from percolation of precipitation of ROOHFWHG IURP ZHOOV ¢J WDEOH
“run-on” to groundwater. Similarly, groundwater discharging GLVWULEXWLRQ RI WUDQVPLVVLYLW\ DQ
IURP SOD\DV FDQ EH GHULYHG IUR P byHarill (F68paisp was used rogrids she daygtopment of
precipitation and run-on to the playa and regional groulqd\,\,awater—level contours. Most ngls were measured in spring
ter recharge (Garcia and others, 2014). Additional research @012; a few wells measured in 2005 could not be re-measured,

required to fully understand the role playas play in hydrologiEUt these were in areas of .Iimited groundwater development
processes. and were assumed to be similar to the 2012 water table. The

The DVFS contains two playas—a relatively small playa 2012 water-table surface can be compared to the 2005 water-
(about 1,400 acres) in the northern part of southernMoni ~ table map (Tumbusch and Plume, 2006), where overlapping
tor Valley and a large playa (about 43,000 acres) in northernGDWD H[LVW DQG WR WKH SUH GHYFE
'LDPRQG 9DOOH\ ¢J 5XVK DQG (YmHRiamepgNalley (Hagilk $96BE Inggneral water-level
the southern Monitor Valley playa was dry in mid-April, but DOWLWXGHV DQG JURXQGZDWHU ARZ GL
ZDV ARRGHG IURP D VXEVHTXHQW VWREPODIHeuperazpnaiéein MenitarpAptelape, or
May. Similar patterns were observed during this study. Alond<oPeh Valleys owing to the lack of groundwater development
the northeast margin, the playa surface was occasionally mois® WKRVH DUHDV VLWHYV
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Figure 5. Groundwater sites in A, the Diamond Valley flow system, central Nevada; B, parts of northern Monitor and Kobeh Valleys;
C, parts of Kobeh and Diamond Valleys.
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Budgets and Chemical Characterization of Groundwater for the Diamond Valley Flow System, Central Nevada, 2011-12
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Figure 6. Water-level change in selected wells in the Diamond Valley flow system, central Nevada, 1950-2012
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Water-level declines were observed from 2005 to 2012 ir6.8 cfs. By 2011-12, only Shipley Hot Springs continued to
VRXWKHUQ 'LDPRQG 9DOOH\ VLWHV ARD@EXW RQD\ DVE @MMIPORNOIKKDOI WKH AR
WKH GLUHFWLRQ RI JURXQGZDWHU ARZ/HQYHGPROBUMHDIVGIN\ LQ®Q VSULQJ GLVFI
was similar to that in 2005, as much as 21 ft of decline was margins of the playa in the northern part of Diamond Valley,
observed in the southern part of Diamond Valley during thatin part, could have been induced by groundwater withdrawals
7-year interval (2005-12). A groundwater divide has formedin the south. Finger-like zones of relatively more transmissive
between the area of natural discharge in the northpartof EDVLQ ¢(¢OO GHSRVLWYV DORQJ WKH ZHVW
Diamond Valley and the area of groundwater development ifvalley (Harrill, 1968) could provide an avenue for groundwater
the south since Harrill's (1968) work in 1966. The groundwawithdrawals in southern Diamond Valley to propagate rorth
ter divide has migrated northward since 2005, and its east- ward and affect spring discharge in northern Diamond Valley.
ZHVW H[WHQW KDV GHFUHDVHG QRW D Ediitionallwatét-level dst®doll&cited singe] 2005 and
This migration indicates that the cone of depression causedmore accurate land-surface altitudes at selected well sites
by groundwater withdrawals in southern Diamond Valley ZHUH XVHG WR LPSURYH HVWLPDWHYV RI
H[SDQGHG UDGLDOO\ RXWZDUG D Q Gb#sing Waterével Hafakrktthe @red hetvieen Kobeh dil E \

2012. Diamond Valleys north of Whistler Mountain (sites 166,

Since the mid-1960s, numerous springs, mostly along the éJ WDEOH LQGLFDWHG QI
western margin of the playa in the northern part of Diamondacross this boundary. Recent water-level altitudes in northern
9DOOH\ KDYH GHFOLQHG LQ GLVFK DLUiftlHsnivky KRy, Bbwhdak 8T rtaopk RalleyQnakre as
HQWLUHO\ ([DFW WLPLQJ RI WKH V SlciQa3 20RiZloBeH thad watet-lkvel driRided/idthe south
XQNQRZQ /LPLWHG ARZ PHDVXUH P H&/paft & Antdl@peWalleK (BitesSo4, R 97, 335, 337, 338;
6SULQJ VLWH éd WDEOH DOR®DJ WKNBEBOOHVWHUKLYBBUILKMUHQFH LQ ZD)\
DQG DW 6KLSOH\ +RW 6SULQJ VLW Han inference by\RIBE &nél Everetd (0IBE) thav\grotthdwater
ZHVWHUQ PDUJLQ LQGLFDWHG ODUJSRNMHD &HPOIOQ HA\R IWR R N VSDZTFHGLIQJ RP W k

WKH PLG V WR HDUO\ Vo ¢ J- \Gaffely th@ughicRrBoriate DYk bf khe southern Fish Creek
PHQWY FROOHFWHG LQ + DW ¢ YHBPOMRDQUMSE ERADNG FHWHY SBUW WKH VF
éJ WDEOH LQ QRUWKHUQ 'LDPRGSWIDNIOHWVUWRIHE | URIP WADRE O H D LU
10 T T T T T T T T T
9l ® Shipley Hot Spring -
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Figure 7. Miscellaneous spring-discharge measurements for Shipley Hot Springs and Taft-Thompson Spring, 1965-2012, Diamond
Valley flow system, central Nevada. Spring discharge measurements from 2008 to 2012 were obtained from the Nevada Division of
Water Resources (2013).



N

i

—

—

o

N

.m, Aa|ren

S T1d‘'S IM 2TOZ/OS/TT L0882 — ¥89'9 9ZT9'9TT 6TIE6E — — — TOZV9E9TTEYST6E,  JONUOW UIBYLON 28
m Aalren

= 8'S IM MO = = 79 8S¥'9 8699°9TT  TSZ'6E = TPY-L¥/9Ty = TOOTOV9TTEOSTEE,  JOMUO UIBULON T8
= 2199 Karen

% T1d'S IM 9002/52/,0 Z2€09  SOT 8S¥'9 8699°9TT  TSZ'6€ — — Z00TOV9TTEOSTEE,  JONUOW UIBYLON 08
3 81956 Aaren

m Tld'S IM 2TOZ/6T/¥0 +9'66 08T 81S'9 TOV9'9TT SO6T 6€ = = TOTY.E9TT/YTI6E;  JONUOW UIBYLON 6/
,W Aalren

%) T1d'S IM 2TOZ/6T/¥0 2L'8TT 28T 6V5'9 60G9°9TT SEST'6E — — — TOGG8E9TT8S0T6E,  JONUOW UIBYLON 8/
3 Asiren

[ TId'S IM 2TOZ/6T/¥0 S99 0S¢ 00,9 LTT9'9TT /L¥OT'6€ 6E6Y = = TO679€9TT80906E;  JONUOW UIBYLON 2/
> Kelren

= Tld‘'S IM 2TOZ/OS/TT 66'9. 69T ¥S.'9  199°9TT  8/0°6€ — — — TOEYBEITTBEYO6E;  JONUO UIBYLON 9/
> %)

o) Iren

S T'ld‘'8'S IM ‘MO 2TOZ/6T/Y0 9¥'6L 26T 0T8'9 2¢6/9°9TT 80E0'6E = = = TO8E0Y9TTOSTO6E;  JONUOW UIBYLON G/
e ENEIN

.qu 8's M) — — — 008'9 [9TL9TT €E£E£6'8€ — — — 00/G279TT009G8E;  JOHUON UIBYINOS 17/
) Aalren

= TIld‘'S IM 2T02/6T/0 G6'8ET 2Vl €V6'9  TLL9TT 9188'8€ = = = TOEZ9VITTETBG8E,  JONUOIN UIBYINOS €/
L Asiren

5 T1d'S IM 2T02/6T/¥0 8T'ST  08E 618'9 €ZGL9TT /¥.8'8€ z8vee — — T0S0SY9TT622G8E;  JONUON Ulayinos g/
m Kalren

5 8's MmO = = €SE'Y 608'9 ZETL9TT /898'8€ = = = 00SSEVITTOZZS8E,  JOHUO UIBUYINOS T/
c

w Aa|ren

3 T°1d‘8°'G IM ‘MO 2TOZ/6T/FO  T9°0Z 0€ 0S8'0 TS6L'9TT  £28'8E — — — T0SY/79TT9Z6%8E;  JONUON uIByINoS 0/
5 As|ren

c T°ld‘8°'S IM ‘MO ZTOZ/6T/FO LE6F  ¥ST Z€6'9 VE08'9TT 6V6.'8E = = = TOST8Y9TTOELY8E,  JONUOIN UIBYINOS 69
2 Kairen

.m 8'g MmO — — — €26'9 /E£08°9TT 9T16.'8E — — — 000T8Y9TTOELY8E;  JOHUO UIBYINOS 89
Jai Aa|ren

3 TI1d‘'S IM 2TOZ/6T/Y0 28'E = €/8'9 ¥Sv.9TT 99G5.'8€ = = = TO0V779TTYZSY8E;  JOMUOW UIBYINOS /9
.m,w UETIIE

O T1d‘'S IM 2TOZ/6T/V0 TT'E €T ¥68'9 S9vL'9TT T¥Zl'8E — — — TOZOSYITTYSEYBE,  JOMUOW UIBYINOS 99
K Kailren

I= 8'g MmO = = = G68'Q Giv.L9TT 222.'8E = = = 00LEV79TTOZEYBE,  JOHUO UIBYINOS  G9
o Aa|ren

O T1d‘'S IM 2TOZ/6T/Y0 €166  9€T T€0'.  2Z8L9TT ¥699'8€ — — — TOTO8Y9TTS00V8E;  JONUO UIBYINOS 9
2 Aairen

w Tld‘'S IM 2T0Z/62/TT #'99T 00€ G60'L G62L9TT L.Z9'8E €16GE = = TOEVEVITTOV.EBE,  JONUO UIBYINOS €9
o) (AAAAjppjwiw) — (198y) (198y) (199)) Jaquinu

T R TR J S o o1 S SO VIO o LRI E T P
S qe|leny areq |onS] JBTBM  [IOAN  0Bpns-pueT] pnu 1 pnreT 31615 BpEASN e} yio ljels ayels ep N S [edIbojo89 'S'N NS
m

©®OHAHO NHMAZ O:
‘are|d “Id ‘Aienb sarem ‘MmO ‘erep ou ‘— 8oepns pue| mojaq ‘S1g eak/Aep/yiuow ‘AAAA/pp/ww ‘88T Winfeq [ed1aA Ueduawy YLON 8yl Ul a1e sanfeA apnily "€86T Wnyeg uedlawy YUON 8y ul e sanjeA apnubuo| pue apniiye]

18

"epeAsN [elusd ‘WalsAs Moy As|e/ puollielq ‘Sals Juswainseal-1arempunolb 1o} uomewojul [eiauab pue uoneoso g ajgel



19

Td'S IM  2T02/6T/V0 ¢8'TS 20T T¥92'9 TLE99TT €S.V'6E WTL — Tvad99¢ /v3 6IN 6ET T0008E9TT008Z6E; AolreA yaqoy  2TT
S T1d‘S IM ZT0Z/6T/V0 686 = TETE'9 GSTLOTT ¥Zlv'6E = = TOAVVTE Lvd 6IN 6ET TOVSZrITITZ8Z6E; AsireA ysqoy  TTT
B T1d‘S IM  2T0Z/62/TT G8'EET 9T vve'9 789G9TT 969Y'6€ — — — T0Z0YEITTTT8Z6E, AolreA yaqoy  OTT
m T1d‘S IM 2T0Z/TT/RT Z2EV0T 82T 8209'9 t0Zv9TT  ¥9v'6€ 1596 = = TO0TSZ9TTOS.Z6E; Asiren usgoX 60T
= T1d‘S IM ZT0Z/6T/V0 L8'6ST 29T L'60E'9 L6GEQTT  Z9V'6E — — — T0ZETZITTYSLZ6E; Asiren yagox 80T
- T1d‘S M  ZT0Z/6T/Y0 18 91 TOE'9 ¥S299TT  28SY'6€ = = = TOY08EITTENLZ6E, AsireA ysgox 20T
T1d‘S IM ZT0Z/6T/VO CreELT  — 9°/G¥'9 828G9TT 98EV'6E — — — TOVSYEITT6TIZ6E: AsireA usgox 90T
T1d‘S IM €86T/L0/L0 €2Ly 0OVS €TT'L 20T'9TT T¥lv'6E = = = TOY0909TT/Z826E; uiseq susAaIS  SOT
T1d‘S IM ZT0Z/0Z/v0 2€62T 09T 6'86T'9 ZPYZOTT L6LV'6E — — — TOBEVTOTT.Y8Z6E,  Adllen adopiuy 70T
T1d‘S IM 2T02/02/v0 L9LST  — 1'922'9 €02Z°9TT ShSi'6€ = = = TOOTETITTITLZ6E,  Aallen adopiuy  €0T
T1d‘S IM 2T02/02/v0 S6'65  OET 7'GET'9 8YZZITT  vIZv6e OeeT — — TOBEETITT6ZSZ6E,  Adlren adopiuy 20T
8‘G MO = = = v.T'9 T08Z'9TT T60V 6€ = = = 00S79TOTTEEYC6E,  ABleA adojpuy  TOT
T1d‘S M TIOZ/L0WO0 TL'S — 66T'9 26.Z9TT  Z6E6E — — — TOZY9TOTTTEEZ6E,  Adllen adogiuy 00T
T'1d‘8°S IM MO ZT0Z/02/¥0 ST¥6  VET 9'TEE'9 9STZ'OTT T98E6E = TPYE-TS/8Ty = TO0SZTITTOTEZ6E,  Adllen adojpiuy 66
T1d‘S IM  ZT02/0Z/v0 2v0ZE  TSE T'€95'9 GEIT'OTT 2/SE6E 112 — — TO67609TTLETZ6E,  Adllen adoppiuy 86
TId‘S IM 2T0Z/0Z/v0 668  9TT €6EE'9 ¥2TTIOTT 8LEEBE 22T = = TOLTETOTTITOZ6E,  Asjen adojpiuy 26
T'd‘8‘G IM MO ¢T0Z/0Z/V0 L6'%6 98T €9re'9 GSGYZOTT  LZE6E — — — TO6VYTITTSEBTBE,  Adllen adoppiuy 96
T1d‘G IM 2T02/02/v0 €0VET 09T ZIV'9  2EOTT 2LIE6E = = = TOSTETOTTSS8T6E,  Adjlen adoppiuy 6
T1d‘S IM  2T02/02/v0 L€8ST 2.2 €90v'9 TPZz9TT  ZIE6E AYA — — TOLEITOTTSERTBE,  Adllen adojpiuy 6
T1d‘S IM 2T02/02/v0 SS.Z  SOT 1'G2€'9 929Z°9TT 9T/Z6E zees = = Z06SSTOTTIZOT6E, Aol adoppiuy €6
T1d‘S IM  2T02/0Z/v0 9501  — G'667'9  L6GEOTT 899Z'6€ — — — TOZETZITTTO9T6E,  Adjlen edojeuy 26
T1d‘S IM 2T02/02/v0 680T¢  — €0rS'9 €8SE'OTT 8TET6E = = = T080ZZ9OTTISET6E,  Adllen adoppiuy 16
T'1d‘8°'S IM MO ZT0Z/0Z/¥0 62'60T 06T L'LEV'9 €62€°9TT 892Z'6€ — — — TOVy6T9TTZYET6E,  A8jlen adojeuy 06
T1d‘S IM T0Z/0Z/v0 9929  S6 9'68€'9 2CTEOTT T¥eZ6€ V€12 = = TOTY8TOTTOEET6E,  Adllen adoppiuy 68
T°1d‘8‘G IM MO ZT0Z/0Z/V0 28'€ZT LT Y'¥Sr'9 8ETEOTT £96T°6E — — — TOTSBTOTTYTITT6E;  AdlleA adojeuy 88
8‘G MO = = = LIT'9 68/2°9TT GLOV'6E = T00E-TS/8Ty — 0087TVITISY7c6E;  ASIEeA adojpy /8

Aalren
TId‘'S IM 2T02/6T/V0 88'G8 80T 0TE'9  $0LOTT E8YY6E — — 10A9980 ZyIHBIN VOVT TOVTZrITIFS9Z6E,  JONUO UIBULON 98

Aalren
T1d‘'S IM ZT0Z/6T/V0 6726 —  /€92€'9 TL699TT 9ZTIV6E = = = TO8YTYOTTGY726E,  JONUON UIBYHON  G8

Aa|ren
8'G MO — — — T2€'9 9/69°9TT ¥ZIV'6E — Te0Z-L¥/8Ty — 208V TYITTSYYZ6E,  JOMUON UIBUUON 8

LETEIN
T1d‘S IM 2TOZ/OE/TT  §ZL = 98€'9  ¥69°9TT GOEE6E = = = TOEETYITTIS6T6E,  JOHUON UIBUUON €8
e T O L ]

®OHAHO NHMAZ O:
‘areld “'Id ‘Anjenb Jarem ‘MO ‘erep ou ‘— ‘aoepns pue| mojaq ‘STg ‘reak/Aep/yuow ‘AAAA/pp/wiw "886T WNted [edNSA UeduLsWY YUON 8yl Ul ae sanfeA spniiy "€86T Wwnieq uedliswy YLON 8y} ul a1e sanjea apnibuo| pue spniiye]

panunuoD—"epeAsN [elluad ‘WaisAs Mojl As|[eA puowelq ‘sells Juswinsesw-iarempunoll 1o} uonewlolul eJaush pue uoneso °g ajgel



5

g

Q

.m T1d'S IM 2T0Z/6T/¥0 99 — 2S'6TT'9 ¥86E£9TT <2009°6E — — — TOTSECZOTTTO9E6E, Ks|leA ysgoy  GhT
W T1d‘s IM Z¢T02/9T/¥0 8¥'CT — 87'6T0'9 VOVT' 9TT G665 6E — — TvvO4d.T 253 0ZN 6ET T0ZZ809TT8SSEGE: Ks|len ysgoy T
Wa T°1d‘8‘G IM ‘MO ZTO0Z/LT/FO GZ'E e G'Z2I0'9 ¥¥9T'9TT /L86S6E v.0VTT — — TO87609TTSSSEGE: Ka|leA ysgoy €71
W T1d‘s IM ¢10¢/6T/Y0 V0°E 14 6'0ET'9 EVZV'9TT <286S°6E T00.0T — — T08ZSCZITTI7SGEBE: Ks|len ysgoy  ZvT
% T1d'S IM\  2T02/82/20 buimol4 — €'00T'9 €8YE9TT LL6S6E — — TVOOVTZ 093 0ZN 6€Tg — As|leA ysgoy  THT
m, T1d'S IM ZT02/9T/¥0 ST'8T 06 TL.'¥20'9 €9€T'9TT ¥.6G6E — — Tvadadgd.lt ¢s3 0¢N 6€T TO8Y809TTSE6E: Ks|leA ysgoy  OvT
% Tld'S IM ¢T02/9T/V0 ET'EE oTT T6€0'9 8TET'9TT LG6S6E G/88% — — TOTSZ09TTSVSEGE: >m__m> yagoy 6€T
QVV, T1d'S I\ 2T0Z/6T/¥0 ¢26°0T 8¢ /8'VPT'9 8827 9TT 8765 6E — — — TOTPSZOTTCYSERE: Ks|leA ysgoy  8€T
|M T1d'S IM ¢T02/6T/¥0 Ve G8 020’9 TTYT9IT €265 6E TTZ6 — T 9017 253 0ZN 6€Tg — AlleA yagoy /€T
_.V_.J T1d'S I\ CT0Z/6T/¥0 G9'T 9¢ 2°.¥T'9 8ISY'9TT E£I8S6E — — — TOE0/LZOTTESYEBE: Ks|len yagoy 9gT
m T1d‘s 1M 2102/10/s0 bBumold  0zZT €70'0 ZSET'9TT 808S°6E 9/9T7 — Td99d0c ¢S3 0ZN 6E€Te — Ks|leA ysgoy GET
> T1d'S IM ¢T02/9T/¥0 9T'8 — /'S00'9 8ZTT9TT +6.56E — — — TOEYI09TTIVIEBE: Ks|len ysgoy  vET
.m T1d'‘S I ZT0Z/9T/¥0 ¢22°98 90¢ /%0809 GOTT'9TT 9/96¢€ 8¢vly — — TO8E909TTIEVEBE: Ks|len ysgoy  €€T
m T°1d‘8'G IM ‘MO 2T0Z/6T/F0 26'CT — 8€'8/T'9 88917'9TT 6SVS 6 — — — TOS08C9TTIVCELE: Ka|leA ysgoy  2eT
[a) T1d'S I\ 2T02/02/y0 ¢Z2€'¢ — G'89T'9 TI87'9TT G6ES6E — — — TO8¥78Z9TTECCELE: Ks|leA ysgoy  TET
m T1d'S IM ¢T0¢2/8T/IV0 99'8 Ge 9'860'9 V/GE9TT <ZLES6E SL0VTT — — TOVCTZOTTIYTCERE: AS|[eA yagoy  0€T
,WM T1d'S I\ 2T02/02/¥y0 <298 — T¥8T'9 99TS9TT GOES 6E — — — TOEOTEQTTSSTEBE: Ks|leA ysgoy 62T
wl...v T1d‘s IM 2T10¢2/6T/¥0 CTrT 06T 6SE'9 8/99TT G9¢S'6¢E — — T Ave0 .3 6TN 6ET TOSTTVITTGSTEGE: Ko|len yagoy 82T
M Td's I\ 2T02/10/s0 bBumolq — 79'860'0 €/G€9TT 9G2S 6€ — — TVvOO4d9T 063 6TN 6E€Te TOZZTZOTTEETEGE Ks|leA ysgoy 22T
.m T'1d‘8°‘G IM ‘MO 2T0Z/6T/FO0 Bumolq — 90T'9 T6SE9TT H¥2S6E — — TOOD4d9T 063 6TN 6E€Te TO6ZTZ9TT6ZTEGE ASlleA yagoy 92T
m 8's MO — — — 0TT'9 9€9TT ¢¥ZS'6¢E — — — 008CTCZ9TT62TEBE: Aa|leA ysgoy  SgT
m T1d‘s IM 2102/10/s0  Bumol4 /GT T¥'20T'9 809€'9TT 6E£2S6E 2996 — Tavvdad.lT 063 6TN 6€Te - Ks|leA ysgoy 2T
M T1d'S I 2T0Z/6T/¥0 €/lC 06 T0Z'9 ¢0S9TT €2¢9°6¢€ GTSS — TvavO8T 673 6TN 6ETe TOVO0EITTECTEGRE Aa|leA ysgoy €21
.m T1d'‘s IM ZT02/8T/I¥0 S¥'E0T YT T°092'9 TEIV'ITT 8VTIS6E — — — TOSY1Z9TT8S0E6E: Ks|len ysgoy  zzT
.W T°ld‘8°‘G IM ‘MO 2T02/9T/¥0 v'/lcc T€E 8'2I€'9 1G22 9TT 8TIS6E 98T¥0T — — TOZEETITTEVOELE: Ks|leA ysgoy TZT
w T1d'S IM ZT02/6T/¥0 8'¢6 VA4 ¥0€'9 29/99IT ETTS6E 0S8¢CT — T799906GT /3 6TN 6ET TOTEOVITTTIOEGE: Ks|len ysgoy 02T
w T°1d‘8°‘S IM ‘MO 2T0Z/6T/70 €6 0ce L0€'9 2689'9TT 850G 6E 8/¢2¢€¢ — T dO9T /¥3 6TN 6ET TOCVTI9TTCC0E6E: AS|[eA ysgoy  6TT
% Td's I 2T0Z/6T/¥0 G'¢0oT g£ce 6G2'9 906%7'9TT GTOS6E €687 — T YVO0E 673 6TN 6ETe — Ks|leA yagoy  8TT
ﬂ|rm T1d‘s I 2102/6T/¥0 69 ove T92'9 TES9'9TT 800S6E 9G8/¢ — TwvvOdee /73 6TN 6ET TOS06E9TTE00EGE: Ks|len ysgoy  LTT
.m T°1d‘8°'G IM ‘MO 2T0Z/6T/F0 22'+S — 8G'TG2'9 69G59TT /86¥7'6E — — 79Addee 83 6TN 6ET T0ZCEEITTIS6C6E: Ks|leA yagoy 9TT
Nuv T1d'‘S I ZT02/6T/¥0 6'TL 00g 1/2'9 /9/99TT 8E6Y'6E GL/.€9 — TAAvATZ .¥3 6TN 6ET TOEEOVITTIE6C6E: Ks|leA ysgoy  GTT
.m T1d'S I CT0Z/8T/¥0 ¥9°9¢T /ST 652.2'9 /8E9TT LZ6V'6E 2996 — — TOOTECOTTVEBLC6E: Ka|leA yagoy  $TT
% T1d'‘S I\ 2T0Z/6T/¥0 /9 0ST 80°282'9 /S89'9TT 86/ 6E — — — T0LSO0V9TT6¥7326E2 Ks|leA ysgoy  €TT
S unos I om0 e e (S20D) (S0 GOUL emwen o enen oSSR oy ooy 0
m areq |9A9] J8YeAN  |IBM 8deuns-pueT] o1elS epeAsN

©®OHAHO NHMAZ O:
‘aleld “Id ‘Anenb sarem ‘mQ ‘erep ou ‘— !a2ejns pue| mojaq ‘s1g reak/Aep/yiuow ‘AAAA/pp/wiw "886T winleq [edlla/ ueduswy YLON Sy} Ul 81e sanjeA apniy "£86T wnyeq ueduswy YLUON 8y} ul ate sanfea spnibuo| pue spnuye]

panunuoD—"epeAsN [elluad ‘WaisAs Moyl As|[eA puowelq ‘sells Juswinsesw-iarempunoll 1o} uonewlolul eJjaush pue uoneso °g ajgel

20



21

T1d‘'S IM Z2T0Z/90/90 ¥8CST  0T9 SY'€TS'9 €S92€9TT GOV.L'6E 8¢9.0T - ¢d0929¢ 053 ¢¢N 6€Te - Aolren ysgox 8.1

c Td'S IM 2T02/90/90 6v'T.L (01517 SY'€1G'9 €G2e9TT SOY.L'6€ 129/0T — TAD2909¢ 053 ¢¢N 6€Te - Aallen yagqoy  2.T
..m T1d'S IM Z2T0Z/90/90 6.°60C 206 L0CTV'9  C6C'9TT €SEL6E G¢T.L0T - ¢Advvoeg 053 ¢¢N 6€Te - Aolren uysgox 9.1
.m Td'S IM 2T02/S0/60 +.'80C 688 88'TTV'9 6T6C9TT CSEL'6E 0€990T — TAgVVoE 053 ¢¢N 6€Te - Asllen yagoy ST
m. 8's MmO - - - T0S'9 ¢S9TT LVEL'6E - Teog-8v/cey - TOCOTEITTI0VV6E: Aollen ysgoX ¥/
- Td'S IM 2T0Z/0E/SO 68TTC  8LE 98'972'9 69YT'9TT 6EEL'6E 650207 - 100494950 ¢S3AHTCN 6€Te - Asllen yagoy €T
T1d‘S IM 2T02/90/90 ¥S'TOZ 666 L9°90¥'9 T6LZ'9TT 6EEL'6E 06990T - Td0GVvTE 1S3 ¢¢N 6€Te - Aollen uysgox 2.1

Td'S IM 2T02/50/60 8+0C 006 ¥7'90v'9 ¢6.2°9TT 8EEL6E 9¢T.0T — TOO4VIE 1S3 ¢¢N 6€Te — Asllen uagoy TLT

T1d‘S IM 2T02/8T/¥0 LO'VE 0ee 88'T8E'9 2L9T'9TT CTEL'6E ¢0€S0T - ¢avodcee 1S3 ¢¢N 6ETe - Asiren ysgox 02T

T1d‘S IM 2T02/50/60 TLEE S89 88'T8E'9 LL9C'9TT <CTEL'6E G¢TS0T — TAVO4dce TS ¢¢N 6€Te — Aallen yagoy 69T

Td‘'Ss IM T86T/TO/TO ¢vl  T0C €GE'9  TG6V'9TT Tvel'6E - - - TO6EGCITTLLCEV6E, Asiren ysgoy 89T

Tild'S IM TT0Z/0Z/SO L'€EC  68C 6607’9 ¢66E9TT  ¥2L'6€ ¢e0TT - — TOVSECITTLCEV6EE: Asiren ysgoy 29T

Td‘'S IM Z2T02/0E/S0 S6'TTE 0S¥ T2'509'9 S9ET'9TT  L60L'6€ 090.0T - Tvaadadso ¢s3 T¢N 6€Te - Aailen yagoy 99T

Tld‘S IM 2T0Z/LT/P0 ST'v0T - §'0629 TEGT'OTT 980L'6E - - — TOCETIITTTECY6E: Asiren ysgoy 9T

T1d‘S IM  2TOZ/LT/VO0  T9'€0C - 9'€92'9 CTLT'ITT TYOL'6E - - - TOLTOTOTTITCY6E, Aairen yagoy 9T

T1d‘S IM 2T02/8T/¥0 TT'6S 4" Z1'S22'9  ¥8LE'9TT 69'6€ 766€ET - — TO8ECCITTSCTI6E, Asilen ysgoy €91

T1d'S IM 2T0Z/8T/Y0 L9°€LT 000'T 66'692'9 9.¢29TT T989°6€ 79901 - 1dd04d9T 193 T¢N 6€Te - Aallen yagoy  z9tT

Td'S IM ZT02/8T/¥0 €9'TY 0s T'GEZ'9 89/7'9TT ST89'6E — — T99009T 673 T¢N 6ET T06¢8C9TT6S0176E, Asiren ysgoy  TIT

T1d'8'G IM ‘MO 2T0Z/8T/Y0 €0'LE 6€T T'/22'9 €TTE9TT <2LL9°6E - - - TOVEBTITTIEOV6E: Aolren ysgox 09T

8'S IM ‘MO - — T0¢ 02€'9 ¢6LT9TT SS99'6€ — — — TOOE0TITTLS6E6E, Asllen yagoy 65T

T°1d'8'S IM ‘MO 2T0Z/LT/YO 2018 0€9 29'6VT'9 ¥8.T9TT 9¥99°6€ 98¢ve - - TOOVOTOTTYS6E6E: Aolren ysgoy  8ST

T1d'S IM 2T02/8T/#0 ST'OT 14 L'06T'9 89T¥'9TT ST99'6€ — — - TOLS1CITTC6E6E, Aajren yagoy  2GT

T1d's IM  2T0C/6T/V0  €9L - SYT'9 S80C°9TT G6S9'6E - - T 99¢ 193 T¢N 6€Te - Aolren ysgox 95T

T1d‘S IM 2T02/8T/¥0 68'7¢ - €L°0TC'9 60VS9TT CTV9'6E - — - TOrCCEITT628EGE, Asjlen yagoy ST

T1d‘S IM  2TIO0Z/LT/¥O 9¥'8E 4% /6'880'9 8Z8T'9TT 95£9'6€ 8E9r¢ - ¢dddod9t 1S3 T¢N 6€T T0SSOTITT608E6E: Aolren uysgox  ¥ST

T1d‘S IM 2IOC/LT/VO 9v'LE 00T'T 62809 8Z8T'9TT PSE9'6E 18¢ve — — T08S0T9TTB08EGE: Asilen yagoy  €GT

T1d‘S IM  2I0C/LT/¥0  LTOT - S9VPT'9 269C9TT TPC9'6E - - - TO909T9TTLCLEGE: Aollen ysgoy ¢St

T1d‘S IM 2T0C/6T/F0 8T 0S¢ ¥ST'9  999Y°9TT ¥T129'6€ 1881 — T 0060 673 0¢N 6€Te — Aollen yagoy  TST

T1d‘'s IM ZT02/9T/¥0 +0'C ev 8'T50'9 €€TZ9TT L6T9'6E 000407 - - TO8VCTITTTTLEGE, Asiren ysgox  0ST

Tild's IM 2T0Z/8T/V0  ¥'IG — 7'IrZ'9  695°9TT 8219'6E - - — TO6CEEITTIVIELE: Asiren ysgoy  6vT

T1d'S IM  2T02/62/20 Bumold gee 68°LTT'9  98€'9TT 8609'6€ Gevee - 1Ad9d8T 053 0¢N 6€Te - Asjren ysgoy 8y

Td'S IM  2T0Z/LT/P0 189 - 6'STO'9 SZ9T'9TT 2209'6E - - — T0Cr609TTOTIEGE: Aoiren ysgoy Ly

T1d‘S IM  2T0Z/9T/VO0 L8V ceT 9'€T0'9 80ST'9TT E€T09'6E 088 - - TOECB609TTIVSEGE, Aairen yagqox  ovT
e T O L ]

®OHAHO NHMAZ O:
‘areld “'1d ‘Anjenb Jarem ‘MmO ‘erep ou ‘— ‘aoepns pue| mojaq ‘STg ‘reak/Aep/yuow ‘ARAA/pp/wiw "886T WNted [edNSA UeduUsWyY YLUON 8yl Ul ae sanfeA spniily "€86T Wwnieq uedliswy YUON 8y} ul a1e sanjea apnubuo| pue spniyeT]

panunuoD—"epeAsN [elluad ‘WaisAs Mojl As|[eA puowelq ‘sells Juswinsesw-iarempunoll 1o} uonewlolul eJaush pue uoneso °g ajgel



D

o

&

.m T'ld's I ZT0¢/TT/VO0 ¥9'TST  ¥T1c 2€'8€6'G TS66'STT 8ET9'6E TovL — TO0Vvd0T €593 0Z¢N €STe - Aa|leA puowreld  TTZ
W T'1d‘S I ZT0C/TT/VO0 VvO'T9T  ¥T1¢ 88'vV6'G TSG66°'GTT 9909°6E c0ov.L — TOOVOO0T €53 0¢N €STg TOEEBSSTTECIEGE Aajren puowelq 012
nma T1d‘S IM ZT0¢/TT/¥0 G9.T 0OFE 8G6'G V¥T86°GTT €09°6€ €89€0T — 2Addadot €593 0¢N €STe — As|ep puowreld 602
W 8'G IM ‘MO - - S7A) 2S6'S LE09TT T68S6E 1.8 J99/T-€9/0Zg - TO8STO9TTIESEGBE, Aa|leA puoweld 802
% Tld'‘s IM ZT0¢Z/TT/¥0 8T¢ 86€ 8€'/66'GS 6066'STT S8856E 1€¢28 — 1AAADST €53 0¢N €STe TOVC6SSTT6TSEGE As|lep puowreld 20z
my 8'S IM ‘MO - - €T¢ ¥0'6.6'G  LTOO0'9TT 8S8SG'6E 9179 peTe-£9/0¢s - TOE0009TT60SEGE, Aa|leA puowreld 902
% Tld’‘s IM ZT0¢Z/TT/¥0 €¢9T Gcv ¥756'G  88¢0'9TT G85'6¢€ 8V.ETT — TO Od0c¢ €593 0¢N €STe — As|lep puowreld G0z
QVV, 8's MmO — — — G20'9 6896°'GTT £E8S'6E - - — 00S08SSTT00SE6BE: Aa|leA puoweld 702
|W Tld'‘s IM ZT0Z/TT/V0 7'88T  8V¢ 1/6°086'G 8700'9TT 9¥.G6E €66.L — 70AAOTC €53 0¢N €STe TO6TO09TTOVVEGE Aajfen puowelq €02
_.V_.J T°1d'8'S IM ‘MO 2T02/.2/€0 9Evv TOT 8'€86'G /2/09TT TELS'6E €€080T - — ¢0SCr09TTCCVEBE, Aa|leA puoweld 20z
m T'ld‘8'S IM ‘MO 2T0Z//2/€0 2S'v¥ 18T 8'€86'G /c¢lL09TT TELS6E €€080T — — T0SCV09TTZCVEBE: A3|leA puowreld  TOZ
> Td's IM ZT0¢/TT/¥0 866 0LT T18'066'G ¥E¥0'9TT 80.G'6E 8TS19 - 200dVv0€ €593 0O¢N €STe — Aa|leA puowreld 002
.m Tld'S M ZT0Z/TT/¥70 WA - 29'€20'9 €/66'STT ¥.956€ ¢cS9 — TAOOV8Z €53 0¢N €STe TOEO009TTBOVEGE Asjjen puoweld 66T
m Td's IM 2¢10¢/L2/€0 L'80T 91T €'900'9 62v09TT +99G'6€ ¢clee - - TOTEC09TTO0OVEBE, As|lep puowrela 86T
@) 8'S IM ‘MO — — — 600'9 /EVO'9TT €995 '6E — qpP0E-ES/0Zs — TO0EC09TTESEEBE, A3|leA puowreld /6T
m Td's I ZT0Z/TT/VO G9'6ZT  0TC G/'9€0'9 VEVO'9TT 66SS56E cseL - T0D2d0€ €53 0¢N €STe TOOECO9TTEVEEBE Kajren puowelq 96T
er T'ld's IM ZT0Z/TT/¥0 G'9¢T 0Obe 29'€20'9 2E0'9TT 88GG'6E 9/G¥C '¥i7e6 — Tvaga49c¢e €53 0¢N €STe¢ TOOSTO9TTCEEEGE Aajren puowelq ST
wl..uv T'd‘S I ZTOZ/TT/¥0 G'€ST 8T¢ /8'6¥0'9 ¥8209TT €E£SS'6E c1€e9 — 700d9cE €53 0¢N €STg TO9ETO9TTLLZEEBE Aajren puowelq 6T
M T'ld‘'8'S IM ‘MO 2TOZ/¥T/CT €2°G5¢  8Ee TTZ'9 GSY0'9TT 9SVS'6E G8TY0T — — TOVYZ09TTYICEBE: A3|leA puowreld  €6T
.m 8's MmO - - - 6¥5'9 ¢6S6'STT £80S6E —_ — — 000E€LSSTTOEOEBE: A3|leA puoweld  Z6T
m Td‘S I ¢T0¢Z/0€/SO 6S°'ST 08 T¥'126'9 20T2'9TT 76.°6€ 8¢T66 — 1AdOD¢0 1S3 ¢¢N 6€ETe — As|len ysgqoy  T6T
m T'd‘S I Z¢T0¢2/90/90 L1908 00€g 96'2/.'9 €20€9TT L06.L°6E 25080T - TOOV4dZT 0G93 ¢ZN 6€Te - AalleA ysgox 06T
M Tld'‘s IM ¢T0¢2/90/90 ¥6°L6 8.€ 99'TLL'9 92629TT 98.°6€ €5080T — TdAvaAcT 053 ¢ZN 6€Te — As|en ysgqoy 68T
m T'1d‘S IM ZT02/90/90 9'8Y 000‘'T LETCTL'9 6IVZ'9TT 9EL.°6E 150807 - T1dO0V9IT 1TG3 ¢ZN 6€Te - AalleA ysgoy 88T
W Tld’‘s I ¢T0¢/S0/60 8T°'.8 066 €V'€T9'9 98¢C'9TT 29.°6¢€ 0S080T — TO0Vvdcee 1S3 ¢ZN 6€Te — Aslren ysgqoy /28T
w Td's M Z102/0€/S0 T9'9L 080'T 96'89G'9 €8¥¢'9TT T6S.'6E 2€9.0T - 70A049TZ 1S3 ¢ZN 6€Te - AalleA yagoy 98T
< Tld’‘s IM ZT0Z/0E/SO SE'8S 009 CS'TTS'9 LESZ9TT 92SL'6E 9¢TS0T — 19dAA0c 193 ¢¢ZN 6€Te — Kajlen yagoy  G8T
m Td's I C102/0€/S0 €T1'6¢C¢  0.S 6//2¢/'9 ¥¥ST'9TT 60S.'6€E T90L0T — TvdavTe ¢S3 ¢ZN 6€Te — Kajen ysgqoy 8T
n|Ca T'1d‘S I ¢T0¢/LT/¥0 GL9€T  0S€ €'G8Y'9 282 9TT €0SG.6E | R4% — — TOECLIOTTYTSY6E, A3|leA ysgoy €8T
m Td's M CT02/90/90 ¢6'0LT L.V 92'€€9'9 GZ8E'9TT ¥8¥.'6E 805901 - 19049496¢ 053 ¢ZN 6€Te — AalleA yagoy 28T
% Tld's I 2T02/0E/SO0  ¥9°L6 008 8L'9vv'9 99/2°9TT 9Wil'6€ 06860T — TOADVO0E TS ¢ZN 6€Te - AalleA ysgoy 18T
.m Td's I ¢10¢/S0/60 <¢¥'¥TT 008 €9'GYY'9 69.2°9TT 9Pv.'6E 688601 — €0dOV0E TS3 ¢¢N 6€Te — Asllen yagox 08T
% 8's MO — — — EVE'9  CLvV'9TT 22Vl '6E — TPLC-6V/Cey - TOTE9CITTOCYV6E; A3lleA ysgoX 64T
g e o Cemel’ Ch uin e SRR Gy R s SRR oo S
m

©®OHAHO NHMAZ O:
‘aleld “Id ‘Anenb sarem ‘mQ ‘erep ou ‘— !a2ejns pue| mojaq ‘s1g reak/Aep/yiuow ‘AAAA/pp/wiw "886T winleq [edlla/ ueduswy YLON Sy} Ul 81e sanjeA apniy "£86T wnyeq ueduswy YLUON 8y} ul ate sanfea spnibuo| pue spnuye]

panunuoD—"epeAsN [elluad ‘WaisAs Moyl As|[eA puowelq ‘sells Juswinsesw-iarempunoll 1o} uonewlolul eJjaush pue uoneso °g ajgel

22



23

T1d‘'S IM 2T02/02/v0 60T - T'GE6'S ¥.S0'9TT 8989°6€ - - TOECEOITTCTIV6E: Aalren puowreld vz
c T'ld‘'8°'S IM'MO 2ZTOZ/TT/FO  92ET 0S¢ G6'868'S £0G6'GTT GEB96E 0€99 BPET-€G/TCs T VAET €53 T¢N €9Te TOLS9SSTTBS0V6€E As|len puoweld evg
um T1d'S IM 2T0Z/TT/¥0 SO'9ET  S8E €2°206'S T8L6'STT GEBI'6E 2808T - ZOOVOPT €93 T¢N €STe — Aolren puowreld  zvz
.w Tld‘'S IM 2T02/TT/¥0 SL'6¥YT €S2 GE'GT6'S 6STO9TT EE€89'6E €¢8T¢ — EVVOO9T €G3 T¢N €9Te - Aalien puoweld  Tve
m 8°'S IM ‘MO - - ove ¥86'G  ZT06'STT 8089'6E veeL PI9T-¥S/T¢g TO06SESSTT6V0V6E: Aojren puowrela  ove
- Tld‘'S IM 2T02/ZT/v0 SP'29T  00S GZ6'G  ¢2¢6'STT  99/9'6E €T0L0T — 200Vv4d0e 753 TZN €STe - Aalren puowreld  6€2
TI1d‘S IM ZTOZ/TT/V0  TTIVT  0SE TS'G06'G 2896'STT €9.9°6€ G899T — TOOVVECZ €G3 TZN €9Te - As|lep puowrela 8ez
Tild'S IM 2T02/TT/¥0 €6ET  0TC 6.'806'S  L/66'STT  9/9'6E oveEVrT — ¢ddd4dce €53 TZ¢N €9Te - Kalien puowela /€2
TI1d‘S IM ZTOZ/TT/Y0  82ET 98T 206'S S6S6'STT 8G.9°6€ 1829 - 194dAvye €53 T¢N €ST TOLT.LSSTTSCOV6E: Aalren puoweld  9€z
Tid'S IM 2T02/TT/¥0  T'99T OIS 926'G ¢SC0'9TT 2GL9'6E 2¢6/.80T — ¢OOVV0¢ €593 T¢N €STe - Aaljen puowreld  sez
8'G IM ‘MO — — 28T S0'0T6'S 9/009TT 9¥.9°6€ €419 PeTZ-€9/T¢s TOYZ009TT620776€: Aalren puoweld  vEZ
Tid‘'S IM 2T02/TT/¥0  6CPT 99T TI6'S ¢696'STT  699'6E vvSS — TOOVAEC €93 T¢N €STg TO8TBSSTTIS6EGE As|len puowelq €€z
TI1d‘S IM ZTO2/TT/V0  C¢¥PT  08C 6T6'S L900'9TT 8899°6E TZ¥60T '80ZL — ¢vvOdTe €53 TZN €9Te - Kalren puowreld  zez
T1d‘S IM 2I0CZT/FVO €991 0€C ¥0'GE6'S 79¢6'STT  €£999'6E €€99 — TO0220¢ 53 TZ¢N €STe TOLCSSSTTBS6E6E Asjien puowrela  TeZ
T1d'S IM 2T0Z/TT/¥0  89YT 082 ¥9'8T6'S 9GG6'GTT G599°6€ Tv6L - 1dAAdve €53 T¢N €9Te TOTTLSSTTIS6E6GE As|len puoweld o€z
Tid‘'S IM 2TOC2/TT/VO0 LSLET  GSE 216G 686'STT GT99'6E 06T98 — EVVOVL.LZ €593 TZ¢N €SGTe - Aajien puowrela 622
Ti1d's IM 2T02/TT/¥0  T'GLT  S8T 88'vv6'S TOTO'9TT TTI99'6E TGT8 - 1AAgdsc €53 T¢N €STe TO¥S009TTC6E6E As|len puoweld  8ze
Tid'S IM 2T02/2Z/S0 SS'v — 92v'9  /80°9TT LLS9'6€E — — — TOETSO09TTBC6EGE: As|ren puowela 22z
8°'S IM ‘MO - - 98T 9¥6'G 6STO9TT T¥S9'6E 2¢59. 098¢-€G/1¢s - TOOTTO9TTST6EGE: Aolren puowreld  9zz
TI1d‘S IM ZTOZ/TT/¥0 ovT - 8¢6'S  L00'9TT T.L¥9'6€ — — ¢OOVVEE €G3 TZN €9Te - Aalien puowela  Gee
T1d'S IM 2T0C2/TT/¥0  €6ET  29€ T26'G S6/6'STT 6979'6E 06692 — 29da49se €593 T¢N €GTe — Aolren puowreld ez
8'G IM ‘MO - - 00€ vT'2r6's PIS6'STT  6Vr9'6E 98¢. J0B9E-E9/TCs - T0CCLSSTTZYBERE: Kalren puowela €2z
T1d‘'S IM 2T0Z/TT/¥0  T'€9T  00E 9T'876'S T.V6'GTT GEVI6E 08599 — T AVv9€ €G3 T¢N €SGTe T090LSSTTIVY8EGE Aojien puowrela  zez
Tld‘'S IM 2T02/TT/V0 L96ET  9€C ¥26'GS  886'STT 86£9'6E LELTL — ¢0 9aave €93 T¢N €SGTe - Aalien puoweld  TzZe
8'G IM ‘MO - - 49" €0'TE6'S 9L00°9TT €8E9'6E 9GT9 BPEE-E€S/TCs - TOYZ009TT8T8EGE: Aa|ien puoweld  0zz
8's MO — — — 0S6'G TOS6'STT TLEQ'6E — — — 00/£99SSTTIVTI8EGE: Aalien puoweld 612
T1d‘8'S IM'MO 2T0Z/TO/F0  T'89T  €LT ZL'756'S 87S6'STT  80E9'6E Zvas OBT -€9/0¢s <¢vAddT0 €53 0¢N €STe TOCOLSSTITELEGRE As|len puoweld 8Tz
8°'G IM ‘MO — - 0ce 9€6'G €/96'STT  829'6E — JeC-€G/T¢s - T0C08SSTTI7CLE6E: Aalren puowreld 212
8's MmO - - — Zv6'S PI86'STT  TZZ9°6E - - — 000S8SSTT0CLEGE: Aalren puoweld 912
Ti1d‘'S IM 2T02/TT/¥0  €2vT  09% ¥€6'G 8¥00'9TT STC9'6E 917,06 — 29dadro €53 0¢N €9Te — As|len puoweld Gtz
8'G IM ‘MO — - LLT 2€6'S 8V00'9TT  TZ9'6E ¢ST9 PPy -€5/0¢s - TOE0009TTITLERE: Kalren puowreld  ¥12
8'G MO — — — Zv6's /8/6'STT ¥6T19'6E — — — 00078SSTTOT.LEGE: Asjien puowrelq  €T2
TI1d‘S IM ZTOZ/LT/VO SE'E8T  0SC Tr'v.6'S 82¢96'STT  ¥.T9'6E Y118 - 1dAAdco €53 0¢N €9Te TOCZYLSSTTSOLEGE As|len puoweld 2Tz
(s)ainbig elep Qw\wm“deﬂw::%v m%.w% Mwwww wwwﬂmm (soaibap)  (soaibap) WM__(HMN_\, Janynuapl Jaynuapl Jaynuapl co:ﬁ.m _ ease oydesBoIpAn Jaquinu
a|qe|reny ored ORI IOTEAL  [IOM  S0RLINS-DUET apnyfuo  apnieT oS eperoy  UOWEIS JUIO uonels alels epensN Asnns [eo160j089 'S'N als

©®OHAHO NHMAZ O:
‘are|d “Id ‘Aienb sarem ‘mQ ‘erep ou ‘— 8oens pue| mojaq ‘S1g eak/Aep/yiuow ‘AAAA/pp/ww ‘886 T Winfeq [ed1aA Ueduawy YLON 8yl Ul a1e sanfeA apniily "€86T Wnyeg uedlawy YUON 8y ul e sanjeA apnubuo| pue apniye]

panunuoD—"epeAsN [elluad ‘WaisAs Mojl As|[eA puowelq ‘sells Juswinsesw-iarempunoll 1o} uonewlolul eJaush pue uoneso °g ajgel



7

o

&

.m T'ld's M TTOZ/YT/¥0 688 652 ¥1'998'G 6G¢6'STT Thi.'6E 06711 — 100049¢€E 53 ¢¢N €STe TO6CZSSSTI6EVYEE Aajren puowelq //z
W 8'G IM ‘MO - - 14 T/8'S 26C09TT LLEL'6E — ©ICE-EG/CCs - TOCVTO9TT9TIV6E; Kajren puowelq 972
nma 8'S IM ‘MO — — 99 9/8'G /€96°'GTT 69E.L'6E — 0209€-€9/¢¢s — TO9V/LSSTTETYY6E, A8|leA puoweld  §/2
W T'1d‘S I 2T0¢2/ZT/¥0 L'V6 0S¢ Zv'698'G 60T6'STT 69EL°6E ecvL - 1A0AAceE vS3 ¢¢N €STe TOCCYSSTTIOTI6E Aajren puowelq v/2
% T'1d‘S I 2¢10¢/02/¥0 9'00T 09T 1'688'G €2/09TT V0EL'6E G98Y%¢ — ¢ AAVSE ¢SIHTCN €ST <COVS8EVTTCVEV6E: As|lep puowreld €/2
m, Td'S M ZT0C/TT/¥0 8'6€T VA7 €06'S T¥88'STT 672.6€ G69€0T - T AOOVE YSIHTCZN €GTe - Aajren puowelq z/z
% T'1d‘S I 2¢T0¢2/CT/¥0 ' L0T (01451 1/8'S 6ST6'STT v¥Zl'6€ YET80T — ¢ 00dcE ¥SIHTCZN €STg — A8|leA puoweld  T/Z
QVV, 8'S IM ‘MO — — 28T 10'988'G ¢I66°'GTT TZCl'6E 0909 geg -€9/T¢s - TOEEBSSTTTOEY6E, Aajren puowelq 0.2
W T'1d‘S I ¢T0¢Z/0E/S0  L1¥'9S 8T€ 82'G¥S'9 €62¢T'9TT <202.L'6E 166907 — Tvvaaro ¢S3 T¢N €STe — Aajren puowelq 692
m, Td's M ZT02/ZT/¥0  S2'80T 0ST 86'G/8'G LTZ6'STT <202.'6E 00.LL - 1d9dds0 93 T¢N €9Tg TO9TSSSTICTEV6E Aajren puowelg 89z
% T'1d‘S I 2¢T0¢/cT/¥0 SE'STT 0T¢ €8'G88'S G6S6'STT 66TL6E 1219 — TvvOdT0 €93 T¢N €STe TOLZLSSTI8YCV6E Aajjen puowelq /92
an T'1d‘S I 210¢/¢T/¥0 S8VYTT 86T €8'G88'G  €/66'GTT V6T.L6E €V.6 — 2aadgdeo €53 T¢N €STg ¢0LV6SSTTOTEVGE Aa|leA puoweld 992
.m 8'S IM MO — — €L €T'706'S €268'STT 8T.L°6E 186 pey-7S/Tes - TO6CESSTTOVCY6E, Aajlen puowelq 59z
m 8'G IM ‘MO - — — TO'€88'S €/€09TT VVT.L'6E - Q3G -€G/T¢s - TOTTC09TTOVCI6E, As|lep puowreld 9z
&) T'ld'S IM 2T02/ZT/¥0 0ctT 28T TT'688'G 1¥8.6'GTT ¥ZTL6E T909 — TVVOOcC0 €53 TZ¢N €STe TOCZV8SSTTCECYEE Aajren puowelq €92
m T'1d’‘S I 2T0¢/¢T/¥0  <ZS'STT 88T TT'688'G 6STO9TT ¥CT.L'6E 14772 - 1d9dOP0 €G3 TZN €STe — Kajren puowrelq z9Z
o T'ld's I 2¢T0¢/ZT/¥0 8.°80T €G€ 1/2'6/8'S TESO'9TT ¥ZTL6E GG66¢ — 2d9d290 €53 TZ¢N €STe - Aajren puowelg T9Z
m T'd‘S I 2¢T0¢/cT/¥0 80'6TT 00¥ TT'688'G T.66'GTT €ZIL6E TOT88 — ¢dddOe0 €G3 TN €STe - Kajren puowrelq 092
W. 8'S IM ‘MO — — 28T T68'G  /66°'GTT TCTL'6E 6718 P3g-€S/TCs — TOVY6SSTTOECY6E, Aajjen puowrelq 65z
.m 8'G IM ‘MO - - 8T 888'S 9/86'GTT 6TTL6E 9979 ape-€9/Tes - TOEEBSSTT8ECY6E; Aajren puowrelq 852
m T'ld'‘s IM 2¢102/ZT/¥0 ¢'8TT  09€ 12'6/8'G  LT6'STT ¥60.'6E 66/ET ‘T¥99 — TO00dS0 53 TZN €STg TOLSYSSTICECYV6E A8|leA puowreld  2S2
m T'd‘S I 210¢2/ZT/¥0 8°€CT 28T 6£'268'G C6S6'STT 680.'6E 96E£ZT ‘SST9 - ¢00dIT0 €53 TZN €STe TOLCLSSTTCECYGE Asjren puowelq 95z
M T'1d‘S I ZTOZ/TT/¥0 C¢TCT €LE 1/9'G68'G  6STO'9TT <2¢S0L'6E T0L6¥ — ¢daddeon €53 T¢N €STe — As|lep puowreld GGz
m T'1d‘S I 2T02/ZT/¥0  SP'ScT 76¢ 1/9'G68'G S¥E0'9TT <2S0.'6E G/T9T - TO0Vvd80 €593 TZN €STe - Asjren puowelq 5z
M T'ld'8'S IM MO 2T02/02/¥0 8'0LC 66V T7'860'9 /860°9TT S0L'6E T€080T — — TO0SS09TT0CCY6€E, As|lep puowreld €5z
% T'1d‘8'S IM ‘MO 2T0Z/02/¥0 €0°292 GlE 1'860'9 /860°9TT G0.L°6€ T€080T - — 200SS09TT0CCY6€E, Aajren puowelq zsz
m T1d‘S I 2¢T0¢/CT/v0 8°L¢CT 08¢ ¥68'G TTS6'GTT ¢Z8696E 7SESOT — ¢VVvOdceT €53 TZN €STe — Aajlen puowrelq TSZ
% Td's M 2T02/ZT/¥0 L'6ZT 1014 1/9'G668'S T18.6°STT 869°6€ €808T - ¢dddOTT €93 T¢N €9Tg — Aajren puowrelq 05z
m T1d‘S I 2¢T0¢/cT/¥0 S2'9CT 8T 19°668'S  ¥900°9TT 869°6€ 61719 — 1AA9A60 €53 T¢N €STeg TOCEO09TT6VTIV6E Aajlen puoweld 612
.m T'1d’‘S I 2T0¢2/CT/¥0 €TET V8T G6'868'G  €GZ0'9TT L.69°6E 6999 — TvVvOd80 €53 TZ¢N €STe — Aa|leA puoweld 8¢
Nuv Tld'S I 2T02/ZT/¥0 L'62T Gev 1/68'S T¥96'STT T9696€ LT8E0T — ¢Jd00¢T €53 T¢N €STe - Aajjen puoweld vz
.m T'1d‘S I 2T0¢2/CT/¥0 8'0€T €0¢ 6£'268'S 8LT6'GTT 2S69'6€ 7908 — 7AAAO80 53 TZN €9Tg TO9CSSSTTTYTY6E As|lep puowreld 9vz
M Tld'S IM 2T02/ZT/¥0 GCET VIV G6'868'G  L66'STT 80696E T28TE — 2¢00VvdST €593 TZN €STe - Aajren puowelq Stz
S omo o Vb Sl uiw s (S0 (e T e ewen | o sousson
m areq |oA8] JaYeM\ IS\ @deuns-pue] ale1s epenaN

©®OHAHO NHMAZ O:
‘aleld “Id ‘Anenb sarem ‘mQ ‘erep ou ‘— !a82ejns pue| mojaq ‘s1g eak/Aep/yiuow ‘AAAA/pp/wiw "886T winleq [edlla uedLswY YLON Sy) Ul 81e sanjeA apniy "£86T wnyeq ueduswy YLUON 8y} ul ate sanfea spnibuo| pue apnuye]

panunuoD—"epeAsN [elluad ‘WaisAs Moyl As|[eA puowelq ‘sells Juswinsesw-iarempunoll 1o} uonewlolul eJjaush pue uoneso °g ajgel

24



25

T1d‘'S IM 2T02/CT/v0  8'8F Sly 6€8'G ¢T¢6'STT 6ZI8'6E G6692 - 29da0S0 53 ¢ZN €9Te — As|lep puowrelg 0TE
c TI1d‘S IM ZT02/ZT/VO Zv'6Y 005 6€8'S 6TI6'STT SZT8'6E 8T¢E6 — 299adso vS3 ¢¢N €9Te — Aallen puoweld  60€
um Ti1d'S IM 2T02/ZT/v0 SIS 0S¢ 8T'EY8'S 90V6'STT 9608'6E GL6L - TOODD090 53 ¢¢N €STe TOBTISSTTSEBYEE Aolren puowreld  80€
.w Tld‘'S IM 2TOZ/0E/SO ST'90T ST TS'/68'S T80'9TT ¥E08'6E LCT66 — TAOOVTT ¢S ¢¢N €STe - Aalren puoweld  20€
m TI1d‘S IM ZT02/0€/SO ¢v'8ST 8E0‘'T v/ 9¥'9 ZSST'9TT  TO8'6E TE9S0T — 1Ad99d.0 ¢S3 ¢ZN €9Te — Aojfen puowrela  90€
- Tld‘'S IM 2TOZ/0E/S0 S6'EV 889 YT°L9¥'9 ¢SST'9TT 6008'6E 0€950T — 2d949d.0 ¢S3 ¢¢N €STe - Aalren puowreld  50€
T1d‘'S IM 2T0Z/90/90 L€.6C 000'T <Z¥'9.6'9 <CTLTOTT 80086€ 970,01 — 10d9dZ¢THTSE ¢¢N €STe - As|lep puowreld +0g
Tld‘'S IM 2T02/90/90 20veS SS8 Se'evl', ¥98T'9TT  L008'6E 8T/90T — 2dd49dT0 1S3 ¢¢N €STe - Aalren puoweld  €0€
TI1d‘S IM ZT02/90/90 ¢S'60vy 000T GZ'evl',L ¥98T'9TT L008'6E TZvo0T — 79949dT0 TS3 ¢ZN €SGTe - Aallen puowreld  zoe
8°'G IM ‘MO — - 0ST 9¥8'G 60T6'STT  96L'6E — PP8-1S/ccs - TOLT¥SSTTO08776E: Aaljen puowreld  TOE
TI1d‘S IM ZT0C/eT/vO  L'8Y L0T 9v7'9%8'S ¢6Z6'GTT 6¥6.°6€ 9T¥S - 2ddddLo vS3 ¢ZN €9Te CO0EVSSSTIEY.LV6E As|len puowreld 00€
T°ld‘'8'G IM ‘MO 2T02/02/v0 €82 €8 £'998'S 9/.09TT 9¢6.°6€ €868L — — TO6VV09TTLTLV6E: As|ieA puowreld 662
8'G IM ‘MO — - [44 0S8'S 68T09TT ETI6L'6E - ®Be/LT-€G/CCs - TOCTTO9TT6C.LY6E: Aalren puoweld 862
Tid‘'S IM 2TOZ/0E/0S GSVT 147 96'86€'9  VST'OTT T68L'6E GE9S0T — TAAoVv8T ¢G3 ¢¢N €9Te — Ka|[eA puoweld  26¢
Tld‘'S IM 2TOZ/0E/SO SS'8ET 66T 8¢°'G/0°L L6LT'9TT 898.°6E 8T.66 LT.66 — 1AOAveT 193 ¢¢N €STe - Kalren puowreld 962
Tid‘'S IM 2TOZ/0E/S0 98'C6 0ctT ¥'82L'9 899T'9TT TG8L'6E 0€T66 — T9AvdETHTSE ¢¢N €STe — Aajien puowrela 662
Tld'S IM 2TOZ/0E/S0 86°0S 9S¥ G/'985'9 €T9T9TT 8¥8L'6E €€9460T — 2adagos8T ¢S3 ¢¢N €S9Te - Kolren puoweld  v6e
TI1d‘S IM ZT0Z/0g/SO 98°08T 8SO‘T TZ'/859 VI9T'9TT 8V8L'6E 2€9S0T — 1AAgO8T ¢S ¢¢N €STe — As|en puoweld €62
8°'G IM ‘MO - - cce 2S8'G  6EE6'STT  9¥8L'6E - apP8T-¥S/ccs - TOLESSSTTETIVEE, Aalren puowreld g6z
TI1d‘S IM ZT02/T/F0 ST'¥9 8G¢ ¥.'6¥8'S 9SE6'GTT T¥8L6E 6€99 — TAAVO8T #5953 ¢¢N €STe TOV09SSTTE0LYV6E As|en puowreld 162
T1d'S IM 2T02/02/v0 L9'8C — 9v'92T'9 6.2T'9TT GI8L'6E - - TdD0D0D9T ¢S3 ¢¢N €ST TO8ELO9TTYSIV6E: AKalren puowreld 062
Tld‘'S IM 2T0Z/0E/S0 TE'TE S.T 86'CVT'9 TCET9TT ¥I8L'6E 29vST — TvOddAdLT ¢S ¢¢N €STe T0ZSL09TTESOV6E As|len puoweld 682
8°'S IM ‘MO — - 00¢ 198'G 26/8'STT €9..'6E 9¢/.9 pace-vS/ees - TOTSCSSTTTTOV6E, Aojien puowrelq 882
Tld‘'S IM 2TO2/0E/S0 ZCT'Lv 14 Yryor'9  9S9T'9TT  9TLL'6E 9TT66 — TO494906T ¢S3 ¢¢N €STe - Kalren puowela /8¢
Tid‘'S IM 2TOZ/0E/S0 9IS 09 T6'7.€9 9VPT'9TT 869.°6€ ¢ET66 — 10A800¢ ¢593 ¢¢N €STe - As|lep puowrela 98z
Tild‘'S IM 2T02/ZT/v0 S6'0L G8¢ 958'G  6VE6'STT £99.'6E ¢S8T6 — TO Od6T ¥S3 ¢¢N €STe - Aalren puowrela 582
TI1d‘S IM ZT0C/eT/v0 9Z'v8 0cT 85°658'S 8¥88'GTT  99.°6€ LSTL - 1AADO¢eC 53 ¢ZN €GTe T08SCSSTTI8SSY6E As|len puoweld +8z
8°'G IM ‘MO — - @ €98'G /€86'STT 1¥29L'6E — €e/2-€S/¢es - T08S8SSTTSYSI6€E: Aalien puowreld €82
TI1d‘S IM ZT0C/ZT/V0 ZEV8 8T €968'G TE68'STT TZ9L'6E 68€Y - TOOVV8CZ 53 ¢ZN €GTe TO0EESSTICYSY6E As|len puowelg 28z
8°G IM ‘MO — - 14 €98'G /E€S0'9TT EEGL'6E — 920€-€9/C¢s - TOOTEOITTCTSY6E: As|ien puowrela 182
TI1d‘S IM ZT02/ZT/v0 8998 STE 98'298'S  /68'GTT 9TSL6E 95¢26¢€ — ¢000d8¢ 53 ¢¢N €9Te - Aalren puowreld 082
8°'S IM MO — — 0S8 688G 79/8'STT 9TGL'6E — qeye-vS/cis - TO90CSSTTITEYY6E: As|ien puowrela 6.2
TI1d‘S IM ZT02/eT/vO  L°06 00€ 98'298'S 9206'GTT L.LV.'6E T62L - 1dAgdee vS3 ¢¢N €9Te T08OVSSTTCSYY6E As|len puowelg 8.2
(s)ainbig elep Qw\wm“deﬂw::%v m%.w% Mwwww wwwﬂmm (soaibap)  (soaibap) WM__(HMN_\, Janynuapl Jaynuapl Jaynuapl co:ﬁ.m _ ease oydesBoIpAn Jaquinu
a|qe|reny ored ORI IOTEAL  [IOM  S0RLINS-DUET apnyfuo  apnieT oS eperoy  UOWEIS JUIO uonels alels epensN Asnns [eo160j089 'S'N als

©®OHAHO NHMAZ O:
‘are|d “Id ‘Aienb sarem ‘mQ ‘erep ou ‘— 8oens pue| mojaq ‘S1g eak/Aep/yiuow ‘AAAA/pp/ww ‘886 T Winfeq [ed1aA Ueduawy YLON 8yl Ul a1e sanfeA apniily "€86T Wnyeg uedlawy YUON 8y ul e sanjeA apnubuo| pue apniye]

panunuoD—"epeAsN [elluad ‘Wa1sAs Moyl As|[eA puowelq ‘sells sluswinsesw-iarempunoll 1o) uonewlolul eJjaush pue uoneso °g ajgel



5
=
Q
< Tid‘'S IM 2T02/90/90 #6°9T 5] 9/2'9 929T'9TT /868'6E — — — TOSV609TTSSES6E: Aalep auld  Tve
.m TI1d‘S IM ZT02/90/90 SLvT 0ct 8759 9S0Z°9TT 8T168'6€ STOLTT - - TO0CCTITTOEES6E: Aelren auld  OvE
Wvu TI1d‘S IM 6¥6T/S0/80 0T 09 7099 Z68T'9TT EEV8'6E 9€0T — — TO8TTTITTIE0S6¢E: Aalren auld  6EE
T Aa|ren Hjows
m T1d'8'G IM'MD 2CTOZ/PT/ZT SP9eT 99T L'6/T'9 €LE09TT €0TC6E - - - TOOTVEYTTBY0V8E: 9T W8YUON 8€€
% . . - . . Kalren Aows

- Tild'S IM TT0Z/90/¥0 9v'LVE L9V 670V 9 G/90°9TT <CL.LT'6€ — — — TOO0¥09TTLEOT6E: 9T WaYLoN LEE
m Ks|ren Aows
W TI1d‘S IM ZT0e/PT/2cT  8'8T¢ 00E 7'€EC'9  9Z0'9TT €92T6E Sove - — TOTETO9TTYELO6E: 9T WaYyuUoN 9ge
0 AsjreA Aows
W Tild'S IM 2TOZ/¥YT/CT TS'€8E  00S €evy'9 TL809TT 9ECT6E — — — TOLTS09TTESL06E: 9T WBYLON GEE
m, Ti1d's IM  996T/80/70 g'8 €T 18'98L'S S9V6'GTT  ¥.¥T 0V - - — TOV¥9SSTTYE800Y, As|lep puowrelg  vee
2 T'ld‘8°'S IM ‘MO 996T/80/70 €0'9 oT 88.'G 9088'STT COET'OF — PIST-7S/9¢s — T06S2¢SSTT92L0017, Aallen puoweld  €€€
Wa 8°'S IM ‘MO - - TET 6'8€8'S 2920°9TT SE.L0°0V €v6 299G-€G/S¢Cq - TO0STO9TTICY001: Aollen puowrelq gee
.m T°ld'8'G IM ‘MO 2T0Z/CT/V0  T'¥T S G9'€T8'S 6.68'STT 6020°0F 6VET 008¢-75/5¢5 1OdOd8¢ 53 GZN €STe TO8VESSTTITTOOY As|en puowelg T€E
m 8's MmO - - 06T 26L'G €0V0'9TT 2G66'6E - J0B9-EG/17¢s - TOEECO9TTIT6S6E: Aojien puowrela  oge
la) Tild'S IM 2T02/CT/v0 €8 S.T 25'008'S ¢TVO'9TT  €66'6E 12SS — TdvAd4go0 €53 ¥ZN €STe - Aalren puoweld  62€
m Ti1d'S IM CTOZ/ETIRT 6Y¥T — 0T8'S 690'9TT ETI6'6E — — - TOSOY09TTTYYS6E: As|lep puowrela 8ze
m T'ld‘'8'G IM ‘MO ZTOZ/ET/CT 89°0T 86 G08'G 92/09TT  T68'6E — — - TOTTS09TTSSCS6E: Aalren puowela /ze
m TI1d‘S IM ZT02/ZT/¥0 G8'6T 09¢ 878G G/90'9TT 9088'6€ S1606 — TVvadeT 253 €ZN €9Te - Aalren puowreld  9ze
W. Tild‘'S IM 2T02/02/E0  9'ST s 008G 2826'STT TZ.8'6E — — — TOOT9SSTT0CCS6E: Aaljen puowreld  Gze
.m 8's MmO - - — Z6'€ET8'S 1990°9TT 6TL86E - BOET-CS/ECs - TO6EV09TTISTS6E: Aalren puowreld  vZe
m Tid‘'S IM 2TOC/ET/RT  €LT — 708'G TG90°9TT €898'6E — — — TO6EVO9TT.LYTS6E: Asjien puowrelq  €ze
m TI1d‘S IM ZT02/T/v0 1S5'.C ave 67°€28'S SY06'GTT LZS86E vE8L — T Adoc vS3 €ZN €9Te - Aalren puowreld  zze
M T°ld‘'8'G IM ‘MO ZT02Z/02/€0 60°9T @ 928'G SS66'STT 60S58'6E — qq/Lc-€S/€¢g T dd.¢ €53 €¢N €ST TO0E6SSTTO0TS6E: Asjien puowrelq  Tee
.m TI1d‘S IM ZT02/eT/vO  L'89 — S0'0€8'S VEL8'GTT  EV86E - — TO0V.e v53 €ZN €S9Te - Aalren puowreld  0ze
N Tid‘'S IM 2T02/CT/V0  S'LE (4517 11°928'S LE€¢6'STT T6EG'6E 85¢69 — ¢ ddaoe ¥S3 €¢N €STe — Aajien puowrelq  6TE
% 8°'S IM ‘MO - - oce €8S ¥E06'STT T6E]'6E 298L PP6C-7S/€Cs - TO607SSTTTC0S6E: Aolren puowrelq  8T1E
m T°ld‘'8'S IM ‘MO 2T02/02/€0 9Z'LT (44 028'S €E09TT  6E8'6E — PPOE-€G/€¢s TVODD6¢ €53 €ZN €ST TO00E09TTO0C0S6E: As|ep puowreld LT€
m T1d'S IM  2T02/T/v0 VL€ — S0'0€8'S TET6'STT GBEQ'6E - - 2daao6e vS94 €ZN €STe — As|lep puowrelg 9TE
ﬁ|rm TI1d‘S IM ZT02/02/v0 vL'2e 65 T'LT8'S €0S0'9TT TvE]6E 66690T — — TOTOE09TTEO0S6E: Aallen puoweld  GTE
€ T1d'S IM  ZTOZ/ZT/¥0 14 15614 v€8'S  ET6'STT 9¥Z8'6E €186¢€ - TO AAOcZE vS3 €CN €S9Te — Aolren puowreld  vTE
% 8'G IM ‘MO — — @z 6€8'G 9¢V6'STT EE£28'6E — BeT-€G/CCs - T08S9SSTTEO6Y6E: Asllen puoweld  €T1€
.m 8°'S IM ‘MO - - [44 ¥0'9€8'S 6086'STT 12Z8'6E - PPYE-ES/ECs - T08¥78SSTT0C6V6E: Aojlen puowrelq  ZTE
M Td'S IM 2T02/0g/S0 Bumold 091 10'86L'9 LE€8T'9TT  9T8'6E 6¢T66 — TOAOVIE TS €CN €SGTe - Kalren puoweld  TTE
w (s)ainbig elep Qw\wm“deﬂw::%v m%.w% Mwwww mwwwmm (soaibap)  (soaibap) hwm_rﬂmu, Jaynuapl Jaynuapl Jaynuapl :ozﬂ.m _ ease oydesBoIpAy Jaquinu
.w a|qe|reny ored ORI IOTEAL  [IOM  S0RLINS-DUET apnyfuol  apnieT oS eperoy  UOWEIS JUIO uonels alels epensN Asnns [e0160j089 'S'N als
m

©®OHAHO NHMAZ O:
‘aleld “Id ‘Anenb sarem ‘mQ ‘erep ou ‘— !a82ejns pue| mojaq ‘S1g eak/Aep/yiuow ‘AAAA/pp/wiw "886T winleq [edlla/ ueduswy YLON Sy) Ul 81e sanjeA apniy "£86T wnyeq ueduswy YLUON 8y} ul ate sanfea spnibuo| pue spnuye]

26

panunuoD—"epeAsN [elluad ‘WalsAs Moyl As|leA puowelq ‘sells sluswinsesw-iarempunoll 1o) uoneuwlolul eiaush pue uoneso °g ajgel



27

Introduction

1pd’ Geuna|iNg/suna|INgoz%Sa21n0salggnaw/suonealgnd/sabew/anofauierem sabe)ugd/ G@Ge una|ing S80IN0say JaJeM ‘S2IN0SayY [ednieN pue UoBAISSUOD JO usw
Jedag epeAsN ‘S82In0say [eINJEN puUe UOIeAISSUOD JO Juswledaq ‘epeAsN JO 81elS :G9—0GAT ‘BpeASN ‘sanunod o)|3 pue exaing ‘As|ieA puowelq ul Buidwnd uonehiul o) asuodsal 2160j0IpAH ‘896T [ ‘|IIeH peysIignd sweu a1Sg

‘(Jpd-Asjren yaqoy adojsiue Jojuow- ogidi/suoday0zosuoday/suonelgnd/sabewaob auciarem sabewi:diyl G ‘0g Moday aoues

SIEUL029Y-S32IN0SBY JOTBA-PUNOIS) ‘'SB2IN0SIY [BINJEN PUB LUOIRAISSUOD JO Juswiedaq epeAaN :epeAaN ‘SA3]|ieA yaqoy pue ‘adojsjuy ‘1o)uop Jo [esresdde sarempunols) ‘y96T 3 ‘N8Id9AT pue “J'4 ‘ysny peysiignd sweu ays,
|90a|1a1eMm/e1ep/A0B AU I BSBEEIRY) S80IN0SY JBJEA JO UOISIAIQ BPRASN 4O 81BIS 81 WOol) 81e sanjeA apniie pue ‘epnibuo) ‘apninee

*(simu/noBsBsn-erepiarem/:dny) WalsAS uolrewlou] JaTep [euoeN SOSN dY} WoJy ale sanfea apniie pue ‘apnibuol ‘apnyre,
*aJe|d UO SINOJUOD BUILLIBIDP O} PASN SAN[EA [9AS|-ISTeM;

T1d‘S IM  CTIOZ/ET/ZT €0VE — 9'€Z8'S ¥690'9TT 9SE8'6E — — — T0LO09TT800S6E; Aa|leA puoweld  v€

T'1d’‘S I ¢86T/8¢/y0 S6'V¢C 69 ¥18'G 9/6T'9TT T.00 OV (S144% — — TO8VTTITT9C00017;z Kajep auld  eve

Tld'S IM 9002/ST/80 CI¥ET  S6T 708G ¢I¥Z'9IT T¥00OF 6776 — — TOSZYTOTTSTO00, Aajren suid  zve
(AAAAjppjwiw) — (198y) (198y) (199)) Jaquinu

(bl o, mepomseow  g18 wdop opnme  SoER) (SRESR pojom MR U keane ebeloas O ddeiboipAn T

|qe|reAy olq  [on9IOIEM  [OM  aoeuns-pueq OPMUBUOT PIIET e epenaN nels 1810 e)s alels epersN S [ea1boj089 'S°N us

©®OHAHO NHMAZ O:

‘are|d “Id ‘Aienb sarem ‘mQ ‘erep ou ‘— 8oens pue| mojaq ‘S1g eak/Aep/yiuow ‘AAAA/pp/ww ‘886 T Winfeq [ed1aA Ueduawy YLON 8yl Ul a1e sanfeA apniily "€86T Wnyeg uedlawy YUON 8y ul e sanjeA apnubuo| pue apniye]

panunuoD—"epeAsN [elluad ‘Wa1sAs Moyl As|[eA puowelq ‘sells sluswinsesw-iarempunoll 1o) uonewlolul eJjaush pue uoneso °g ajgel



28  Budgets and Chemical Characterization of Groundwater for the Diamond Valley Flow System, Central Nevada, 2011-12

VSULQJ FRPSOH[ :LWK WKH H[FHSW ls@&leR WwaS Rncd Redaude Me RiKernédt Bhzmical composi
from the southern part of Antelope Valley, groundwater fromtions could be related to sampling depth. Sites 125 and 321 in
southern and northern Monitor and Antelope Valleys moves Kobeh Valley and Diamond Valley, respectively, were sampled
northward toward Kobeh Valley and eastward from Kobeh in the mid-1960s and again in 2008 (table 6), however. Com-
Valley towards Devil's Gate (plate 1). Devil's Gateisanarrodd§ DULVRQV LQGLFDWHG WKDW PRVW PDMR
canyon cut into carbonate rock south of Whistler Mountain these two sites remained relatively consistent from the mid-
DQG UHVWULFWYV JURXQGZDWHU ARZ LQWRR'LD P RRRG BORLGIP\W SRHIVY. B DOW LR Q Z
JURXQGZDWHU ARZ LQ H[FHVV RI W Ka e Gse dffolkl& Sahtpl€s i the¢ Tecdrit éheémical charac
valleys upgradient of Diamond Valley converge west of terization was appropriate. At site 321, an increase in calcium
'HYLOTV *DWH LQ .REHK 9DOOH\ DQGDARZ GHMRHI/KH VR XYW R ISIMHWFRQFHQWUD\
of Diamond Valley. Digital Geographic Information System 38 and 77 percent, respectively) was observed between the
(GIS) data representing the groundwater-level contours shodDWDVHWY *LYHQ WKH H[WHQGHG OHQJW
RQ SODWH DUH GHVFULEHG LQ DS Sht@anblg, it is unclear if the changes in calcium and sulfate

are valid, or if sampling, analytical laboratory techniques, or

both could have contributed to the differences. Groundwa-
Chemical Characterization of ter pumping also has caused substantial groundwater-level

declines in areas near many of the historical water-chemistry
Groundwater sampling sites in southern Diamond Valley; however, the

7KH FKHPLFDO FRPSRVLWLRQ RI Jl?l %@W@Wﬁ@eb‘?ﬁ“’"@‘%(ﬁ*ﬁ@'?—“m,ataseta"a"ab'e
primarily by the mineral makeup of the hydrogeologic units rea
WKURXJK ZKLFK WKH ZDWHU ARZV :HDWKHULQJ DQG GLVVROXWLRQ
Rl WKHVH PLQHUDOV SURYLGHV D UMﬂlﬂut@ﬂ_@hWﬂryﬁDMRu LRQ FKHPLFDO

composition of groundwater, which can be used to character 7 KH FKHPLFDO VLJODWXUH RI JURXQGZE
LIH JURXQGZDWHU DQG HYDOXDWH /h éc% KMt @2 éﬁdlcé(n%wlﬁe%%\(nf&'
R[\JHQ DQG GHXWHULXP LQ SUHFL j@ RWHQIGA Rg(@@%QWI-bUWKH '9)6 P
also can aid with evaluating the groundwater source and itsy a5 used to group groundwater samples into water types and
HYROXWLRQ DORQJ D ARZ SDWK to evaluate groundwater evolution. Groundwater samples
*URXQGZDWHU LQ EDVLQ (OO0 DTXkdiddled floRd sHeKdb, 196 8andl R66 Wekelhbt evaluated
acterized on the basis of water samples from 14 valley springs picarbonate concentrations by the analytical laboratory
and from 76 wells representing the upper 250 ft of the aquifgtable 6); therefore, bicarbonate alkalinity (converted from
¢d WDEOH $00 VSULQJ DQG ZHHe QkafikitWddntehtratibh oMcRIEUMQAHDNAR th milli
PDMRU LRQ FKHPLVWU\ DQG D VXEVHWDRY sNUWH W AL 455unMrig Bh ebkiEratdtich
VWDEOH LVRWRSHV 21 WKH V LW H Wa¥ éhtir&ybit&zbonate? tAbidrsHéR PL888)Rvies Ls@d for
2008 (Knochenmus and others, 2011), and 11 were sample@dnion comparisons. The cation chemistry of natural waters
between late 2010 and 2012. A spring sample from Garden typically is dominated by calcium, magnesium, sodium, and
Valley (site 62) and a groundwater sample from Antelope Vapotassium (Hem, 1985). The chemistry of water samples
OH\ VLWH ZHUH FROOHFWHG LQ FROQKFWIHE DOV GDUWRI WKLY VWXG\ LV \
WDEOH ODMRU LRQV DW VLWH ZPIDM RMW WE (RH 2 BlWKOGIHWY U RXIEG \ SHUFH
FRHI¢GFLHQW RI YDULDWLRQ ZL WS pb&centSadilmHIQ ¥ 90 pesMt ot with Ntid Botas
DW VLWH RYHU WKH VDPH SHULR Gsiumkiddentreleti@vo sodiunbDdid. I\ I6R fercéht\WikgL Q
36 percent). In addition to groundwater samples, 21 precipitaesium. There was greater variability in cation chemistry in
tion samples were collected from bulk precipitation collector®iamond, Kobeh, and southern Monitor Valleys than northern
FR ORFDWHG ZLWK WKH (7 VLWHV VROHWRHY DQL $QWMHEARS H IDEAO H\V ¢ J
ZHUH DQDO\]J]HG IRU VWDEOH LVRWR &must sagi¢s Qalldcied aS paR §f thiz dtvdyE ehgisied of V
about the laboratories used for the chemical analysis and alf$uto 90 percent bicarbonate, 5 to 35 percent sulfate, and 5
quality-assurance protocols and analyses used during the to 40 percent chloride. Calcium-bicarbonate water type was
2010-12 sampling events. represented in 58 percent of samples, sodium-bicarbonate
7R H[SDQG VSDWLDO FRYHUDJH L QnW2yercenioksamples) #nD magoepi@ekicerbonate in 11
from 60 additional sites reported in previous investigations, SHUFHQW RI VDPSOHV ¢1J $QLRQ FKHP
WKH PDMRULW\ RI ZKLFK ZHUH LQ V Rixa/pengteipal wpter Rapgles cottecied)\ with g ey noted
incorporated in this analysis (Rush and Everett, 1964; HarrilH[FHSWLRQV VLWHV DQG y
1968; U.S. Geological Survey National Water Information by sulfate in areas down gradient of siliciclastic sedimentary
System databasetfp://waterdata.usgs.gov/nwis). Well- rocks (sulfate-bearing), while sites 298, 312, and 317 were
construction information related to the sites of these historicd# RPLQDWHG E\ FKORULGH QHDU WKH 'LDP
samples was often unavailable; therefore, evaluation of ehef¥Stem terminus). No clear differences were observed in the
cal gradients between neighboring wells with more recent 9eneral water types of the individual basins.
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Carbonate rocks are composed of various calcium-car have been established by the U.S. Environmental Protection
bonate minerals and are present in most mountain ranges irAgency (EPA) for constituents that pose potential health risks
the DVFS, predominately, in the Diamond Mountains and th& humans (U.S. Environmental Protection Agency, 2009).
6XOSKXU 6SULQJV )LVK &UHHN D Q Gebohbay StddhGalrtissoPrierally dre poh-enforceable guidelines
7TXPEXVK DQG 30XPH $ F F R U G L QlésmhedNakeHsupPeDnMdtEr [dualthA\ wihl desirable cosmetic or
groundwater samples from central and southern Diamond, aesthetic characteristics, such as taste and odor (U.S. Environ
Antelope, northern Little Smoky Valley, southern and northemental Protection Agency, 2009); however, the Nevada Divi
Monitor Valleys, and northern Kobeh Valley were a calcium- VLRQ RI (QYLURQPHQWDO 3URMHFWLRQ
ELFDUERQDWH W\SH ¢JV * U R X 6ddanydthddards iNevadh\AdhunistPative Code 445A.455).
throughout southern Kobeh Valley, central Diamond Valley, Groundwater quality in the DVFS generally was within
and southern Monitor Valley were a sodium-bicarbonate typeD FFHSWDEOH GULQNLQJ ZDWHU YWDQGLEL
Greater sodium proportions in southern Kobeh Valley and tions. The pH was measured outside the acceptable range
southern Monitor Valley groundwater (sites 70, 119, 121, 12%.6-8.5) in three samples; Diamond and Kobeh Valleys each

A% WDEOH OLNHO\ UHdotanadtd@ daunRle akoelBBlaRd-Somhekh Monitor Valley

ULFK DQGHVLWLF DQG DVK ARZ W XIIconRifed Dr@ sdmpleRbEIdNG.S (thble/6). Qe ska@ndsig MCL
recharge source areas in the Simpson Park Mountains and the U FKORULGH DQG VXOIDWH ERWK P
TRTXLPD DQG QRUWKHUQ ORQLWRU SDIKQUHN D:QJG VI5REBIRSWOHDQBHVSHFWLYH(
others, 1967). Sulfate water types with various cation propomances occurred only within Diamond Valley whereas sulfate
tions were found in the northern part of southern Monitor H[FHHGDQFHV RFFXUUHG LQ 'LDPRQG

9DOOH\ VLWH eJVv WDEOH amd Kebeh MallaysH1). QotSl disk@iveld BoliBsEbhKentrations
9DOOH\ VLWH eJVv WDEOH ran@e & frant A7 6 1IF5ACnWY/U, Writh & imBdralR GpGBcentra
9DOOH\ VLWHYV DQG IV WD & 8PH mg/L. Tldriteiatons FrHhire Isamples, seven of

sulfate is probably related to clastic rocks consisting of blackZ KLFK ZHUH FROOHFWHG LQ 'LDPRQG 9D
shale of the Vinnini Formation (Roberts and others, 1967). PJ / 7'6 VHFRQGDU\ 0&/ 1R VDPSOHV HJ[F
The chemical signature of groundwater in Diamond ValleyA XRULGH 0&/ R PJ/ KRZHYHU VDPSOF}
largely was determined from samples collected inthe mid- LQ .REHK 9DOOH\ H[FHHGHG WKH 1HYDGI
1960s by Harrill (1968) and indicated changes in water type2 mg/L.
DORQJ JURXQGZDWHU ARZ SDWKV *URXQGZDWHU QHDU YDOOH\ HGJHYV
generally was calcium- or magnesium-dominated bicarbona8tgble Isotopes
ZDWHU ¢J ZLWK VOLIJIKWO\ HOHYDWHG FRPSDUHG WR PJ 1/
secondary drinking water standard) total dissolved solids ~ Stable isotope data were used to gain insight about pre
concentrations (TDS; 338 mg/L average, table 7). During ~ Cipitation distributions, the source and timing of groundwater
pre-development and at least through the 1960s, groundwatét HFKDUJH DQG LQWHUEDVLQ ARZ EH\RC
JHQHUDOO\ ARZHG IURP VRXWKHUQ WRR¥WERPW N HURILDPR QcPsfo GHXKWHULXP
discharging near the large playa (Harrill, 1968). Groundwate\ PHWHRURORJLFDO SURFHVVHV DQG H
in playa deposits was documented as chemically distinct froith air temperature (Friedman, 1953). A global meteoric -
WKDW LQ WKH IUHVK EDVLQ ¢ 00 DT Xeteqline (GMMwGraig dPRlyrepresentiiie kelaiipgship
$V ZRXOG EH H[SHFWHG DW WKH WHUPH Q@ XRI\RIT® JURX@EHXWHULXP RI |
ZDWHU ARZ VI\VWHP VRGLXP DQG FKAEIIPIQViIHes @ (RIeIenes fordiepiatinyigpéopic data of
from averages of 32 and 24 mg/L, respectively, near southef@youndwater. Craig 1961) observed that |sotop|.cally dgpleted
Diamond Valley to about 340 mg/L (table 7) near the southeffoundwater (more negative values) was associated with cool
playa edge because of continued enrichment as groundwa tempgratures, whereas |sotc_)p|cally_enr|ched groundwater (less
WHU PRYHG DORQJ WKLV QR UW K HU O'¢IRIYS Vajussi/was @339cistedyvitly waym eapsiaiures.
The groundwater evolved from a calcium-bicarbonate to a  From this correlation, the source and season of groundwater
sodium-bicarbonate to a more concentrated sodium-chloridd€charge can be evaluated. .
ZDWHU VLWHV DQG IURP ¢ Jptable isotopgydaig pyere collegiqddygsmywell and spring
WR $UDNHO DQG RWKHUYV O L N Hotes thraygbeyt iierD VAR €1 981 208, @dP0R3) and were
calcium for sodium and the release of sodium bound in clay§ompared to isotope data from local precipitation (table 6).
LQ EDVLQ ¢0OO GHSRVLWYV +DUUL O o Precipitatignangs §ampied fef isotapio analysiy g bulk-
groundwater divide, near sites 317 and 321, has caused a Precipitation gages in 2012 and early 2013 during warm (July,
UHYHUVDO RI WKH GLUHFWLRQ Rl JURNQGRZBW G W z %@EHBH@HWKV 2F
ally can result in the southward migration of higher TDS andPrecipitation gages collocated at ET sites in Kobeh Valley
sodium-rich groundwater. ZHUH (¢OOHG ZLWK DW OHDVW RQ®H KDOI
Groundwater in the DVFS was evaluated with respect to mize evaporative losses. Isotopic signatures of locally sampled
national primary and secondary drinking-water standards. SUHFLSLWDWLRQ ZHUH XVHG WR GH¢QH
3ULPDU\ VWDQGDUGYV PD[LPXP FRQWMPLQEPQW OHYHOV RU 0&/V
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Figure 8. Geology, groundwater-level contours, and sites sampled for groundwater chemistry and chemical typing, Diamond Valley
flow system and adjacent basins, central Nevada, 1954-2012.
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EXPLANATION
© Southern Monitor Valley
@ Northern Monitor Valley
@ Antelope Valley
© Kobeh Valley
@ Diamond Valley
© Northern Little Smoky Valley
O Pine Valley

Numbers correspond to site
numbers in table 6
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Figure 9. Chemical type of groundwater in the Diamond Valley flow system, central Negkdize concentrations of cations and
anions are presented in the lower left and right triangles, respectively; relative concentrations are projected onto the central diamond
illustrate the combined major-ion chemistry.
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Figure 10. Relation between oxygen-18 and deuterium for precipitation, groundwater, and spring water samples, Diamond Valley flow
system and adjacent valleys, central Nevada.
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Generally, the LMWL indicated precipitation that fallsin 7KH VOLJKW HQULFKPHQW LQ R[\JHQ L
the DVFS was isotopically similar to the GMWL, withonly FRXOG UHAHFW JURXQGZDWHU LQWHUDF

slight evaporative enrichment during the warmer months, DORQJ GHHS ARZ SDWKV 'UHYHU &
DV HYLGHQFHG E\ WKH VKDOORZHU WO&RS:H tdmperatiddRcdrHinGdasy e spllibility of miner
Precipitation data collected in warmer months inthe DVFS DOV DQG FDXVH D VKLIW LQ R[\JHQ 31

HIKLELWHG D VHDVRQDO YDULDWLR @h@ndsdiand/Rhédsy DGR UDWLRQ ZKHQ FRP
pared with samples collected during cooler months. Thetrend ,VRWRSLF DQG PDMRU LRQ GDWD FROC(
OLQH GH¢QHG E\ ZDUPHU WHPSHU D V&ptiogd watbr\ii Dorkheia ILEIe Bhtb sy \ll&y KvBr©dorRpatdd)
VORSH WKDQ HLWKHU WKH *0:/ RU WWHR WVURWR SQ FQMHQGHR MMKEUEL RMKEDWD FR
cooler temperature data. The isotopic signature from cool- $QWHORSH 9DOOH\ WR DVVHVV LQWHUETL
month data was comparable to the GMWL. water-level altitudes in southern Antelope Valley indicated the

Most groundwater signatures (including springs) are SRWHQWLDO IRU ARZ WRZDUG QRUWKHU
similar to cool-season precipitation but slightly enrichedin LVRWRSLF DQG PDMRU LRQ GDWD ZHUH
R[\JHQ FRPSDUHG WR WKH *0:/ D Q Goull Kdtibé @iséd tg dupport this inference.
Similar signatures among groundwater and cool-seasen pre
cipitation indicates that groundwater is, in part, derived from
cool-season precipitation under current climate conditions.
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Chemical Characterization of Groundwater

Table 7. Specific conductance, sodium, chloride, and total dissolved-solids concentrations from
selected sites along northerly flowpath in southern Diamond Valley, central Nevada, 1965-67.

[uS/cm, microsiemens per centimeterg/L, milligrams per liter;?

QR GDWD@

Site
number

197
204
206
213
214
216
217
218
219
220
223
226
234
243

Average

258
259
264
270
275
276
281
Average

283
292
298
312
313
317
318
321

Specific cond)uctance

Sodium dissolved

Chloride dissolved

Total dissolved solids

(1S/cm (mg/L) (mg/L) (mg/L)
389 12 7.4 —
650 17 49 448
467 17 14 302
368 16 75 248
806 79 59 —
369 15 11 246
411 20 17 —
335 31 9 —
469 14 13 302
878 73 54 549
400 13 8 242
709 43 30 444
806 75 54 —
406 17 6 257
533 32 24 338
569 69 47 —
749 121 80 —
758 60 50 478
788 85 60 500
506 72 40 —
680 98 55 -
635 88 48 371
669 85 54 450

1,430 224 180 854
325 18 7.4 —
4,110 873 883 —
1,300 216 220 718
1,740 382 264 —
3,890 768 912 —
382 36 10 —
1,340 218 200 757
1,815 342 335 776

Average
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Estimation Of Groundwater-Budget irrigation, which were almost entirely in the southern part of
'LDPRQG 9DOOH\ UHSUHVHQWHG WKH ODLU

Components component of the post-development budget.

Groundwater budgets describe the balance of water ..

moving into and out of a groundwater system. Groundwater EVapotranspiration

EXGJHWV LQFOXGH FRPSRQHQWYV RI R EvabbtRspifaloR G&s @EeQUéd amjiEie dsidated

and the change in aquifer storage (equation 1). Basin-scale at four sites in Kobeh Valley using eddy-covariance and

JURXQGZDWHU LQARZ FRPSRQHQWYV difeimicroméledrdiblital data\iERibhik Q 981 HGANbEIG

PRXQWDLQ EORFN UHFKDUJH LQ SO &l NormkrQ 2908/\dKaahdRothels) 201 LdrdaritiddRes

DQG UXQRII DQG VXEVXUIDFH LQAR dischirfXv@s@dnipdved Bs &Xudl A RBinbHpRecipitation plus

ponents include groundwater ET, groundwater withdrawals, the change in soil-water storage. Most, if not all, precipitation

DQG VXEVXUIDFH RXWARZ falling directly onto the land surface in a GDA is eventually
consumed by ET and, therefore, was assumed not to contrib

Recharge + GWi E e i P Yiorage(1 XWH WR WKH UHJLRQDO JURXQGZDWHU AF
9 w a_w W ge() contributions to ET in a GDA were assumed to be negligible.

where 6LWH EDVHG GDWD ZHUH VFDOHG WR WKH
Recharge is groundwater recharge from direct remote sensing and 30-year (1981-2010) PRISM precipitation
SUHFLSLWDWLRQ DQG LQ¢;OWe#a@ . RQ RI VWUHDPARZ
and runoff,

GW LV VXEVXUIDFH LQARZ RI JUSXare ZmekgyHBudget

ETgw is groundwater discharge by evapqtranspiration, FRPLQJ DQG RXWJRLQJ HQHUJ\ AX[HV
GV ,L V VXEVX U IDFH RXWARZ RI %Hepr?g% %ﬁlgb‘ig%f\z‘% describe the land-surface energy
P is groundwater withdrawals, and budget. The energy budget generally is partitioned into four

Storage s the change in aquifer storage. principle components: net radiaton(R ODWHQW ( DQG
Groundwater discharge through springs and seeps is eventutY HQVLEOH KHDW + AX[HV DQG WKH VRLC(
ally lost as ET,, or it reenters the groundwater system as  (G). Based on the principle of energy conservation, avail
UHFKDUJH WKHUHIRUH LW ZDV QR WbkRr@yy (difeerebeween gebradiainpaRe ol AR Z
component in undeveloped basins. The accuracy of a grounk HDW AX[ * LV HTXDO WR DGGLWLYH WXI
water budget depends on the accuracy of the rates estimate@guation 2):
for each of the components; small differences in some rates
can produce large differeqces in annual-budget estimates. R, i G E+H 2)

Groundwater budgets in mostly undeveloped basins, such

as southern and northern Monitor, Antelope, and Kobeh Valy, here ajl components are in units of calories per second per

leys and Stevens Basin, were assumed to be in a general siglg e foot. Net radiation is the energy that drives ET and

RI G\QDPLF HTXLOLEULXP ZKHUH L Qrép‘?eéerh&ﬁ%%i@eyen'ée?ﬁo\é{ﬁe%?incér@nﬁ and outgoing

net changes in storage are negligible. In contrast, substantla{/ KRUWZDYH DQG ORQJZDYH UDGLDWLRQ
groundwater development in the southern part of Diamond GH.,QHG DV WKH HOHUJ\ FROVXPHG GXULC
9DOOH\ KDV DOWHUHG WKH K\GURORYJbé%URLz]le\{_\%aP E\LVWP{M’% WkB@/OF\\I HQF

reducing groundwater storage and generating a groundwater it mass of water, and the E component of the latent-heat
cone of depression. Declining groundwater levels, especiaIIyA X[ WHUP LV WKH PDVV AX[ Rl ZDWHU YDS

in the southern part of Diamond Valley, have likely contrib secon?gjer square foot. Evsslgotrans iration can be converted

XWHG WR VSULQJ ARZ ORVV LQ QRUWKHHUG g fRB FStar %Q&Bihg%ﬁtﬁb&eﬁsﬁ%f

induced a groundwater divide that could draw poor-quality ZDWHU 6 H\% VLEOH KHDW A H K
I

ng + LV WK
ZDWHU VRXWK WRZDUG WKH PDMRU R G e Wilirite Bling toedfpdrdilie Wir&dhttl
The groundwater budget for Diamond Valley must consider EHWZHHQ WKH VXUIDFH DQG DWPRVSKHUFL
pumping and changes in kJiand groundwater storage. surface (G) is positive when heat moves from the surface to

. the subsurface.
Groundwater Discharge IDWHQW DQG VHQVLEOH KHDW AX[HV ZI

gmputed using the eddy-covariance method, which measures

Groundwater discharge by ET from areas of phreatophyt . .
EV HYD q ytﬁh%ow%'me@'%'mt\vwsraﬁs hee) (3SR 30 AN

DQG E\ HYDSRUDWLRQ IURP SOD\DV b dlesh A ‘g)(/ 5 2(' A
component in the DVFS. Groundwater predominantly dis tum by eddies between surface and atmospheric boundaries

charges from topographically low areas, where groundwateH(FOKen and others, 2012). Eddies are turbulent air movements
is at or near the land surface, that are referred to as ground FDXVHG E\ ZLQG VXUIDFH URXJKQHVV DG

water discharge areas (GDA). Groundwater withdrawals for at these boundaries (Swinbank, 1951; Campbell and Norman,
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1998). The eddy-covariance method relies on high-frequencyermiculatus, 16-percent relative canopy cover) and rabbit
+HUW] RU +] LQ WKLV VWXG\ P HibugX(ChtyRdtharivivs $pp., S pevienDratatiie Qaviopy cover),

in vertical wind speed, air temperature, and water-vapor denZLWK OHVVHU DPRXQWV Rl QRQ SKUHDW

VLW\ WR PHDVXUH ODWHQW DQG V H®MdnE @daptedt®an afddmdikonment), including budsage

(Artemisia spinescens) and sagebrush (Artemisia tridgntata

Site Selection and Characteristics Average canopy heights of greasewood and rabbitbrush were

0.9 and 0.4 ft, respectively. Volumetric soil-water content

Yanged from about 0.01 to 0.18n® ¢ J "HSWK WR

o JURXQGZDWHU PHDVXUHG LQ D FROORFI
energy-budget components, groundwater levels, precipita table 5) averaged 8.8 ft below land surface and ranged from
tion, soil-water content, and other variables affecting,ET

R - +6HSWHPEH
VLWHV = ¢ WDEOH $00 VLWH it%p&%@@ggg X\A/ . %’Q—b@ 6.052 ft on
YHIJHWDWHG DUHDV RQ WKH YDOOH\ ARR Q" RE A K

it in phreatophytic shrubland d it i VLWH Z|
sites were In phreatophytic shrubland, and one site was in ab$ %ﬁ ercent vegetation cover (more than 99-percent

JUDVVODQG ¢JV A, B). The line-transect met?}?\ ytes) and 84 percent bare soil and was considered to

1974) was used during spring 2012 to document plant-specuﬁsH SUHVHQW PRGHUDWH WR GHQVH VKU)
dominance and measure canopy height and the percentageé)re

. Greasewood and rabbitbrush (39- and 35-percent relative can
canopy cover at the three shrubland sites. Surveys summar

1 . . . .

ect were th dgo | ng vegetation, with a
PHDVXUHPHQWV TURP TRXU W WUI%E yﬁ%&ﬁf&fﬁi@?@é&l% pri%)z;g 6\%%$cent rela
west, south, and east from a point near each eddy-covananc\ﬁ/ LYH FDQRS\ FRYHU "HURSK\WLE YHJH

ins_trument tripodgee *Instrumentation” secti@xr_Canopy sagebrush. The average canopy heights of greasewood and
height was computed as the average plant height measured

oFURVV D00 wupqurrwy woeon kiSRRI GRS P v v

tion of green (active) plant canopies along line transects WaRolumetric soil-water content ranged from about 0.10 to 0.25
used to compute the percentage of canopy cover. Bare-soll

Groundwater discharge was estimated at four sites. The
sites were selected and instrumented to measure ET and

) in%in® ¢ J '"HSWK WR JURXQGZDWHU PH
cover included gaps between plants and under plant canopiesH \WwHG ZHOO VLWH o WDEOH D
Percentage of canopy cover was computed as the ratio of ﬂE‘ﬁrface and ranged from 1.7 to 2.6 ft (July 2010-September

sum of individual measured canopy lengths across al tran

éJ
sects to the t(;]tal tragsec_t Iengltzr_lr(l,312 i) and was assumed Site 3 was established at an altitude of about 6,131 ft on
t? Lelprgs?tt tef_re on:jmar_llt : metas_u:_ement sour(l;e area _&QO\ o WDEOH 7KLV VLWH ZI
(table 8). Vegetation and soil characteristics were subseque ut 14-percent vegetation cover (all phreatophytes) and

monitored at all ET sites during site visits, and photographs 86-

- : percent bare soil and was considered to represent mod
were taken periodically to document the greenness and VIQOL 4o to-dense shrubland. Shrubs were composed of grease
of vegetation and the presence or absence of soil moisture.

h . . wood (22-percent relative canopy cover) and rabbitbrush
Site 1 was established at an altitude of about 6,099 ft on :
' - t relatiye canppy coy r@ ?De as grasses were
1'XVQ Ht tion d It_ Q bQ ID LtJ '; D tR v fS D UtV H \gm%ggogobuﬁcﬁ%ferén iated b\ﬁn h% ass (25-percent relative
)- Vegetation density was evaluated in terms of vegeta canopy cover) and saltgrass (28 percent relative canopy cover;

tion cover and height. The site was characterized by about . . ;
: JV A, B; table 8). Average canopy heights of greasewood
15-percent vegetation cover (about 12-percent phreato ¢ ) J Py helg g

ng r bbié%)rus_h re 1.3 and 2hl’i§1;éarespectively, and were
_I_ShK\W |-t| t!: RYHU DQ S f SHUFH QbV\{c EDU ﬂ]o%/e%h'a 1.5‘tir]m.?s as't I%a&at me species measured
e vegetation was composed of greasewGauchbatus at site 2. The average bunch grass height was about 0.5 ft.

Table 8. Vegetation type, canopy cover, and height measured at four evapotranspiration sites, May 2012, Kobeh Valley, Nevada.
>%XQFK JUDVV KHLJKW UHSUHVHQWY WKH DYHUDJH KHLJKW RI WKH EXON RI PDVV 2 QR GDWD@

Canopy cover Phreatophyte shrubs Phreatophyte grasses
Site (percent} Greasewood Rabbitbrush Bunch grass Saltgrass Meadow grass
number Canopy Average Canopy Average Canopy Average Canopy Average Canopy Average
All plants  Phreatophytes cover height cover height cover height cover height cover height
(percent} (feet) (percent} (feet) (percent} (feet) (percent} (feet) (percent} (feet)
1 14.9 11.6 2.4 0.9 9.2 0.4 0.0 — 0.0 — 0.0 —
2 15.6 155 6.1 0.9 54 1.2 0.0 — 4.0 0.3 0.0 —
3 14.1 14.1 3.1 1.3 35 2.1 35 05 4.0 0.3 0.0 -
4 100.0 100.0 0.0 — 0.0 — 0.0 — 0.0 — 100.0 20.5
1 7ZRWDO FDQRS\ FRYHU IRU DOO IRXU WUDQVHFWYV GLYLGHG E\ WKH WRWDO WUDQVHFW OHQJWK IHHW

green (active) plant canopies overlying line transects.
2VDOXH UHSUHVHQWY WKH PD[LPXP KHLJKW OHDGRZLQDSVDKHNURMVYDULHG VHDVRQDOO\ DQG ZLWK JU



46  Budgets and Chemical Characterization of Groundwater for the Diamond Valley Flow System, Central Nevada, 2011-12

Site 1, sparse shrubland, August 31, 2011

Site 2, moderate-to-dense shrubland, July 21, 2011

Site 3, moderate-to-dense shrubland, August 31, 2011

Site 4, grassland, July 20, 2011

Photographs by C. Justin Mayers

Figure 11. Evapotranspiration sites, Kobeh Valley, central Nevada photographed A, laterally to show instrumentation and vegetation
at sites 1-4, and, B, aerially from a location approximately 328 feet west of sites 1-3 to show vegetation distribution in an approximately
28-foot square footprint.
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B
Site 1, sparse shrubland, July 19, 2012 Site 2, moderate-to-dense shrubland, July 18, 2012

Site 3, moderate-to-dense shrubland, September 10, 2012

Figure 11. Evapotranspiration sites, Kobeh Valley, central
Nevada photographed A, laterally to show instrumentation
and vegetation at sites 1-4, and, B, aerially from a location
approximately 328 feet west of sites 1-3 to show vegetation
distribution in an approximately 28-foot square footprint.—
Continued

Aerial photographs by C. Justin Mayers and David W. Smith using a camera mounted on a 40-foot tripod.

Volumetric soil-water content ranged from about 0.05 to 0.3&razed by cattle; therefore, grass height typically was within
in3/ind ¢ J '"HSWK WR JURXQGZDW H 0.57ttDxheXaddsGrfdc€ The Bife @a3 Renced in to protect
FDWHG ZHOO VLWH éJ W D E O HsensdsYfidr @razith@cattle; theéreforeOgiRaZs 0 ih€féhced area
surface and ranged from about 2.5 to 4.1 ft (July 2010—Sep was periodically mowed to mimic grazed conditions beyond
WHPEHU éJ the fenced area. Volumetric soil-water content ranged from
6LWH éd WDEOH ZDV HV W D EaOdudMKIH 6 0BT Q cDOW LW ESWKRWR JURXQG
about 6,013 ft on June 8, 2011. This site was composed of VXUHG LQ D FROORFDWHG ZHOO VLWH
phreatophytic meadow grasses that covered 100 percent of4hk ft below land surface and ranged from about 3.2 to 5.1 ft
PHDVXUHPHQW DUHD ¢JV A, B; table 8). TheQ@rda washéaiS WHPEH U éd
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Figure 12. Continuously measured precipitation and near-surface (0.8-2.4-inches below land surface) volumetric soil-water content at

evapotranspiration sites, October 2010 through September 2012, central Nevada

Instrumentation
Each ET site was equipped with identical data recording

and sensor arrays, with eddy-covariance instruments and neE e H QWL¢(F ,QF

radiometers deployed on 10-ft steel tripods. Sites also were
equipped with aboveground volumetric and tipping-bucket
SUHFLSLWDWLRQ JDXJHV DQG EHOR

7XUEXOHQW AX[HV ZHUH PHDVXUHG DW
intervals using multiple sensors. Water-vapor measurements
ZHUH REWDLQHG XVLQJ D NU\SWRQ K\JUR
DQG ZLQG VSHHG YHFW
measurements were obtained with a three-dimensional (3-D)
VRQLF DQHPRP &6%$7 &DPSEHOO 6F

W.H
ﬁjﬂe é-@a oﬁjgngit d/ S'Ar‘r?éisd/ré'&%%%ltje}{]perature/

2EVHUYDWLRQ ZHOOV ZHUH HTXLSSHG g LW Ky ER\REAP H YBURQY G PREVV W RE L 1

provide continuous groundwater-level data. Most sensors w

powered with a combination of 10- and 64-watt solar panels ORJJHU &5

and multiple deep-cycle marine batteries.

ﬂf&h frequency data were recorded using an electronie data

&DPSEHOO 6FLHQWL¢(F QI
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Figure 13. Wells collocated with evapotranspiration sites, Kobeh Valley, central Nevada,; sites 130, 150, 142, and 143 were collocatec
with sites 1-4, respectively
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received sensor readings 10 times per second and computeData Correction and Processing

means, variances, and covariances every 30 minutes. The 7XUEXOHQW AX[ DYDLODEOH HQHUJ\ D

hy_grometer a_md sonic anemometer were pos!tlont_ed about data were processed to reduce errors, and data gaps were iden

4 in. apart, directed into the prevailing wind direction (west), WL.HG DQG ¢OOHG LQ D PDQQHU VLPLOD!L

and deployed at about 5 ft or more above the plant canopy Shoemaker and others, 2011; and Garcia and others, 2014.

(tab’\lleg).d_ . d with i NR *DS ¢O0LQJ SURFHGXUHYV YDULHG ZLWK W
. et_ a |at(|jon was rrtljea?ured wit ba net rfa lometer (b and timing of the gap. Volumetric water-content measurements

Lite, Kipp and Zonen) deployed at about 8 ft or more above taken with CS616 probes were calibrated usin% soil-moisture

WKH SODQW FDQRSY WDEOH 6 R L Qs ELRWerfistonédy from! Qi cidd ! Raviiatént dnd
WKH FDORULPHWULF PHWKRG WFKVVH(@)VL%%W%%W"N%%@% D ZHUH FRUUHF\
SODWHV +)3  +XNVHAX[ HLIJKW D YdddhDid by BrlaftethELR, hb%%%rﬁ%ﬂt%esi (dis
SUREHV 7&$9 &DPSEHOO 6FLHQWLEx\RMA G PQ Qv R H PWH e e RQM QO [HY " VHEF
UHAHFWRPHWHU &6 &DPSEHOO GFoLidérQiWﬁoélfquaI@/'aata. F*rEl’:BiYé{tid?%wbasurementswere

plates were installed at 3.1-in depths, with replicate temperacqrected for wind-related undercatch (Yang and others, 1996).
ture probes placed above it at 0.8- and 2.4-in depths. The

.ZDWHU FRQWHQW UHAHFWRPHWHU Z&%%UHEQI\IL-YM)%QOHG KRULIRQWDOO\ DQG LW
integrated measurements between two horizontal rods at 0.8-
DQG LQ GHSWKV )OX[ SODWH WHPISHIKLWKHITHKHIRFES zDWHO PWHRWQWQG VH
sensor spatial locations were chosen so the mean degree ofZHUH SURFHVVHG DQG FRUUHPWGfit-G XVLQJ
VKDGLQJ IURP YHJHWDWLRQ DSSUR [WareDWwW.Geopg KMe g @ LaRd-sumnmayiged i B@minute
across each site. The change in soil temperature and soil-waleX [HY 6SLNHV LQ WKH GDWDVHWYV UHSUH
FRQWHQW DERYH KHDW AX[ SODW H vthg pigndand devigiionipHagivgnrRB0pniRUteveraging period
DQG DGGHG WR WKH KHDW AX[ SO DWE#epanougkandirenipepd/with g pugnjng mean. Coordinate
WR FRPSXWH VRLO KHDW AX[ DW W Ktajor pfgha xR windcampgrents was anpliad ip@qgaynt
ZDV FRPSXWHG DV QHW UDGLDW LR Qfopimeexect {pyeling oktherSrATagpgmometer, such that its

Precipitation was measured at each site with a National KRULJRQWDO D[LV LV SHUSHQGLFXODU WF
Weather Service approved standard 8-in diameter volumetrid UHTXHQF\ UHVSRQVH HUURUV UHYXOWLQ
UDLQ JDXJH 1RYD/\Q[ $ WLSSLQJ E3temaHhigh (Jast) andjawxsiay) freguencies also were cor
&DPSEHOO 6FLHQWL{,F ,QF ZD V- FRextet@poareHL886z Megstnan 2fq0)- Agdiionpl qajyections
ric rain gauge to record the timing and intensity of rainfal WR WKH ODWHQW KHDW AX[ LQFOXGHG Wk
events. The precipitation accumulated in volumetric gaugesing (WPL)-correction (Webb and others, 1980) to account for
was measured monthly. Volumetric rain gauges were drained PULDWLRQV LQ DLU GHQVLW\ UHVXOWLQ
VHDVRQDOO\ ZLSHG GU\ DQG UH¢OOWMEHMRPO B KPR VLK BREGH Y XILGLWY YD
mineral oil to prevent evaporative losses of the subsequentyN UN\SWRQ KV\JURPHWHU R[\JHQ VHQVLWLYL
FROOHFWHG SUHFLSLWDWLRQ 'XULG®EePe, &MU U WKH RUL¢FH IXQQHO RI WKH.
volumetric rain gauge was removed and 5 inches of antifreeze 2FFDVLRQDO VSLNHV LQ WXUEXOHQW A)
were added in combination with mineral oil (1 inch) to preveAfld physical noise were censored. Water accumulation on the
freezing of accumulated water and to quickly melt collected hygrometer from liquid and solid precipitation, and possibly
snow. A wind monitor (05106, R M Young Company) also dew and frost, accounted for a large portion of the physi
was collocated with and deployed at the same height as rainfF DO QRLVH 'DWD ZHUH FRQVLGHUHG SRR
gauges. Wind-speed data were used to correct precipitaton ZDV REVHUYHG $GGLWLRQDO GDWD ¢(OWF
measurements for wind-related undercatch (Yang and oth described in Garcia and others (2014).
ers, 1996). Installation heights of all aboveground sensors are
listed in table 9. . .

Instruments were checked and evaluated monthly and Table 9 Above-ground sensor heights, in feet, at four evapo
repaired or replaced as necessary. The horizontal level of ndf2nsPiration stations, Kobeh Valley, Nevada.
UDGLRPHWHUVY DQG VRQLF DQHPRPHWH{V"? SVERHEPRHG DQG DGMXVWHG
if necessary, and both the net radiometer and krypton hygrom Sensor
eter were cleaned with distilled water or isopropyl alcohol. nusrgger CSAT33D o0 kypton NRlite net . WPPINS.  voumetric
6RODU SDQHOV DQG SUHFLSLWDWLRQ JD X kR Uloenettd \/ragoreter HEH D@ 46 R |

GXVW DQG GHEULV DQG EDWWHULH™3 v < o e 551G ZDWH
routinely. 2 6.5 6.5 7.9 2.4 2.4

& 7.1 7.1 9.2 &) 319

4 4.9 4.9 9.6 2.6 2.6
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Data gaps from discarded poor-quality data or senser matnergy-Balance Ratio

IXQFWLRQ ZHUH ¢ OOHG XVLQJ HVWLP Iq’hWe'f_|uﬁda\rq”nen(t)a?<cr|ter|on of hggong%ay\(l)n (')-#energy
of day, seasonal variability, and gap length. Gaps of 2 hours

or less were interpolated for all sensors between previous al \4 XV\IIDKOD VV\\; RWVC E HH \?v ';'( 3 ‘[]E\X%?_'O ?NQ ; ;' L \; KVL?/WFL
subsequent measurements. Air-temperature (HMP45C) data Q [

JDSV RI PRUH WKDQ KRXUV ZHUH ¢ ﬁ'&?W\%%?%eo%(e{?% %‘riﬁog‘ggg%?we'”m's

squares regressions with sonic temperature output from the udy wz?js evaluate h bal ater years
CSAT anemometer, where available, followed by regressiong011 and 2012) using the energy-balance ratio (equation 3)

with air temperature measured at the nearest site using the DQG WKH RUGLQDU\ OHDVW VTXDUHV UH
+03 & *DSV LQ ODWHQW DQG VHQ V39RsiAvRIigHaAnagy (1g0ls {{) TheeneRyhqlance ratio is
WKDQ KRXUV ZHUH ¢cO00HG XVLQJ WVEHRPIRA I WER MREWEXQ HRW AX[ WR
time gaps (net radiation less than 5 watts per square meter,
W/m2 LQ WKH ODWHQW KHDW AX[ ZHUH VHW HTXDO WR@EHHR XQOHVV WKH\
followed or preceded a gap in daytime data. Daytime gaps EBR"——— 3
DQG WKRVH ODVWLQJ VHYHUDO GD\V ZHUH (¢OOHG X\R:QQPXOWLYDULDWH
UHJUHVVLRQ EHWZHHQ WXUEXOHQW AX[HV DQG PLFURPHWHRURORJIJLFDO
GDWD *DUFLD DQG RWKHUYV 7 K H TBeeRe3dy baldincr Wasevallpted ys@rrean turbulent
ODWHQW KHDW AX[ GDWD UDQJHG IUR¥ DRMUBPMRQMO D WOWL WGINUIDBGBPSWRHQ\
SHUFHQW DW VLWH 7KH SURSR UMWtedIQMRB0-miDUEe dataO\¢IGha/fe @y of FeCar. K iry-W
AX[ GDWD UDQJHG IURP SHUFHQW PWQXWHWXDEXCOHOW AXHWFWQRWHUH FR

at site 4. HOQHUJ\ EDODQFH UDWLRV WDEOH 'D
and available-energy measurements were used in regressions
Available Energy WR DYRLG SRWHQWLDO LQDFFXUDFLHV I

Leuning and others, 2012). These regressions were forced

corrected for wind-speed sensitivity. These sensors are cali- through a y-intercept of zero. Analyses only included days
0-Sp Y- . “during which 48 good 30-minute measurements were collected
brated at zero wind speed; therefore, at any other wind spe

WKH VHQVRU VHQVLWLYLW\ GHFUHD ES ”3%5 )d”oor%eﬁtﬁ’ﬁg‘ﬁ),v?_%oﬁe”tlfﬁbdﬁyornlght

$O0 DYDLODEOH HQHUJ\ GDWD ergy"balance raﬂo%rz%g](eH#c%‘JOy_'aPéTRi?e\ito
when sensors were cleaned and serviced and when datalogg

Net-radiation data measured with the NR Lite sensor wer

programs were revised. Data gaps typically spanned 2 hour %l at ET sites 2 and 4 (table 10). Regression slopes compar

H
RU OHVV DQG ZHUH ¢OOHG XVLQJ OL XK/ § QW '?/ Wy
UDGLDWLRQ DQG VRLO KHDW AX[ op YW Sﬁ? ”§§% % %H% ?% i?@ DA
¢OOHG XVLQJ RUGLQDU\ OHDVW VTXBE/

alternate site Zrgreater than 0.92). At ET site 4, the datalogg UJ\ '6FLHQWV R' GHWH
malfunctioned from late July through August 2011 and from 97)

HDUO\ 6HSWHPEHU WKURXJK 2FWREHU Q W*%LDVXVM"gJG?sR% ROV & RAXMV EXOHQ
of all data during these periods. Available energy data during EH D DEOH PLQLPXP $ SUREDE(
6HSWHPEHU WKURXJK 2FWREHU 5)§WU§H%\m}3le\/\ﬁ%—|@b DT o@EWH PHDVXUFE
HQHUJ\ UHFRUG ZHUH JDS ¢(OOHG x¥XddVeBbWHK FE'FQ'(HJQ/L WHODRSE UDWLR |

the multivariate-regression technique (Garcia and others,
2014).

Near-surface water-content measurements collected
with the CS616 probe were calibrated against volumetric
water content measurements (cubic inch per cubic inch, or
in3/in3) of soil samples periodically collected near the CS6169|00d (non-gap filled) half-hour and daily data at four evapotrans-

probes. Shallow burial of the CS616 instrument control piration sites, Kobeh Valley, Nevada.

E J U RI WXUEXOH
ER[ * LQ GHSWKV UHVXOWHG LQEHKHLMBL QRAGY.L % WO BH NS o o1 Honus
REVHUYHG DV GLXUQDO AXFWXDWL Rw@:1¥ 48lgdQu @@WHtUeER@erH@Wr intgfvig] iklotdektd rEinkdeH
similar to Garcia and others (2014), 30-minute measuremen e Ff},”ggg&,mve it 8‘3°dDdata g”é";afj"el_‘gﬁ aogihg'ghé“r
were averaged over 24-hour intervals (from midnight to S coefioont of
ite oefficient o

midnight); the 24-hour average was assigned to the 12:00 PN} .per  EBR Slope ctermination,

Table 10. Energy-balance ratio (EBR), slope and coefficient of
determination from ordinary least squares regressions comparing
turbulent flux and available energy measurements, and percent

Good data (percent)

30-minute measurement interval; and these values were baly Hall hour
linearly interpolated from day to day to compute a continu 1 0.87 0.87 0.96 87 94

ous 30-minute dataset. Calibration equations were based on 2 0.91 0.90 0.95 65 88
DYHUDJH GDLO\ PHDVXUHPHQWY DQ! 3 0.90 0.90 0.96 76 93 RI
determination, ranging from 0.76 at site 3 to 0.78 at site 1. 4 0.91 0.90 0.97 46 74
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year to achieve full energy-balance closure. This approach accumulation in the bucket evaporated before tipping) or

maintains the eddy-covariance measured Bowen ratio, or ratinrecorded snowfall by the tipping bucket. Larger discrepan

RI VHQVLEOH WR ODWHQW KHDW AX[FI%RZB® VLWHYKHDRHVWWRRBRQWW VLWHYV
SUREDEOH HVWLPDWH RI WKH ODW Ha@dad shevBal/dudity DisiRdimdvwal bivthe snox pver@ping L V
study is the mean of the probable minimum and probable tipping-bucket gauges. Wind speeds at sites 1 and 4 were
PD[LPXP HVWLPDWHY 7KH PRVW SURUbSdntaly dglieatdr tharbaiskes P &d Bl [RbR Ql¢because the
Swancar, 2013) is referred to as energy-balance corrected ESUHFLSLWDWLRQ FROOHFWRU RUL¢FHV D\

(ET,) for the remainder of this report. closer to the height of the vegetation canopy, where wind is
JUHDWO\ UHGXFHG ZKHUHDV WKH FROOH!
Precipitation were positioned well above the short canopy, minimizing the

effects on wind.
_sriqw provxunpHowy ri sUHFLSTURIGRRTTEIE kB8 o a8 i QE bty
In catch as a resuft otwin (Larson and Pec S » Yang alle oy water-year precipitation measurements because volu
others, 1996; NeSpor and Sevruk, 1999). Using an unshield HWULF JDXJH RUL¢FH IXQQHOV ZHUH UHI

precipitation gage similar to those used in this study, Yang ang.. f
RWKHUYV GHWHUPLQHG WKDW X ﬂ'f;f%a%?edtth ia@gl ! :
H[SRQHQWLDOO\ ZLWK ZLQG VSHHG B pWHE B EHT
GH(FLHQF\ DW  PLOHV SHU KRXU IR QE Bgeﬁqf E L R e(ﬁza' jop
DQG D SHUFHQW GH¢FLHQF\ IRU V 5%1 SHHE kS | es}é K foping bucket

Precipitation measurements were corrected_ for Wind-relatedJ DJH RUL(FH ZKLOH WHPSHUDWXUHYV UHP
undercatch using relations developed for rain, snow, and

no sured by the tippin -gu ket e yntil it is melted.
PLIHG StU i—': L Stl‘ﬂ:N DwW LhR _thE\ < D_Q_t‘J t'D Q Clal\/léar%r%rae Ctkgf this prec'rpEI i§h é{%a&?a me and altered
measurements taken at the same heignt as precipitation col, ;4 speed could bias undercatch corrections. Similarly, if
lectors were used for corrections when sensors were deploygplQ RZIDOO H[FHHGV D IHZ LQFKHV EHIRUH

(sites 2 and 3 during water year 2011 and all sites during w. 8[)ing-bucket gauges and not be measured, biasing measure
year 2012). Prior to deploying a wind monitor at sites 2 and ents low '

wind speed at the height of the collector was estimated (1) by

relating CSAT3 anemometer measurements to wind-monitor,

measurements, when available, using ordinary Ieast-square§0urce'Area Measurements

UHJUHVVLRQ DQG E\ DGMXVWLQJ &63RX DRH PRIMDW HB P WMDNDEXKDHQW AX[ DQ

PHOQWY WR WKH KHLJKW RI WKH S U H sutethbemsbaky lascQrdifdrRt@ iostimahRigight &H plademein) W Vv

of determination @) describing regressions at sites 2 and 3 the component being measured, wind speed and direction, and

were strong (greater than 0.98). the vegetation canopy height and roughness characteristics.
Tipping-bucket precipitation measurements collected ove” KH VRXUFH DUHD IRU HGG\ FRYDULDQFH

D PLOQXWH LQWHUYDO ZHUH JDS (OGP QGE PRGUHFWHGHWRJADAINURKHG WR D

monthly volumetric measurements prior to applying under

catch corrections. Volumetric-gauge corrections to tipping-

bucket measurements increased values by 35 percent at sitggble 11. Annual mean wind speed measured at two heights,

14 percent at site 2, 15 percent at site 3, and 32 percent at sjiRiid fraction of total precipitation, and measured and corrected

4 over the period of record. Wind-related undercatch correc precipitation at four evapotranspiration sites, Kobeh Valley,

tions increased volumetric-corrected tipping-bucket measuréyeyada, 2011 and 2012.

ments by 19 percent at site 1, about 12 percent at site 2, 12 .5 yovRU KHLIKWV DUH UHSRUWHG LQ WDEOH .5 LQFRPSC

percent at site 3, and 18 percent at site 4 over the period of Mean wind speed Liquid o
record (table 11). During periods when the tipping-bucket sen ste Water (miles perhour)  racton of | cCPriaton (inches)
sor malfunctioned and concurrent measurements of continuoiber year  Station Precipitation ré‘éfa:ta_

precipitation and wind speed were unavailable, volumetric- ey gage P ion . Measured Corrected

gauge data were increased for wind undercatch using the
geometric mean of corrections taken when all sensors were

IXQFWLRQLQJ SURSHUO\ DQG IRU SUHFLSPWDWERQ WASH °®LTXte PAHG
0

or snow). Uncertainty associated with using the geometric 2012 49 3.0 0.55 7.1 8.

1 2012 6.4 4.3 IR 5.7 6.8

mean was evaluated using the standard deviation of these ¢ : 2011 3.9 2.5 IR 9.6 10.7

rections and was incorporated into the uncertainty presentel 2012 4.4 3.0 0.58 5.9 6.6

table 12. 4 2012 5.6 5.2 0.50 6.8 8.0
Discrepancies between volumetric gauge and tipping' Walues likely are biased because data were unavailable from early June through

EXFNHW PHDVXUHPHQWY FRXOG UHA$fwWer XQUHFRUGHG SUHFLSLWDWLRQ

by the tipping-bucket gauge during small events (where Wategarzl\;?ugexz';l\’l OLNHO\ DUH ELDVHG EHFDXVH GDWD ZHUH XQDYI
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Table 12. Measured annual precipitation, energy-balance evapotranspiratign $Bil-water storage change, ground-
water evapotranspiration (§J and associated uncertainties at four evapotranspiration (ET) sites, Kobeh Valley, central
Nevada, 2011-12.

[Date range: dates over which groundwater ET was evalud@&egtipitation: measured precipitation corrected for wind related underdatehipitation uncer-

tainty: includes measurement uncertainty, additive RMS error when wind was not measured at the height of the precipitation collector (2011 data only), and uncer

WDLQW\ DVVRFLDWHG ZLWK XVLQJ WKH JHRPHWULF PHDQ RI W KeHic: Xapn@uted &sDhY méanofepRmiibl Weadu@WBT ZKHQ WKH WL S
DQG WKH PD[LPXP SRWHQWLDO (7 DV GHWUPLQHG E\ DGMXVWLQJ D Q Q XD:@ns&naidts: XIOHOX GKXYHM 2 $DDUGIWR DF
and systematic uncertainty associated with energy balance clBsilr@ater storage change: applied over the upper 6 inches of soil, assuming that measured

near-surface (0.8-2.4 inches below land surface) water content decreased linearly over the upper 6 incEdg@f @ibundwater ET computed as ET minus

precipitation plus soil water storage change) divided by the number of years angliggdncertainty: uncertainty represents the square root of the sum of squared

precipitation uncertainty, ETXQFHUWDLQW\ DQG VRLO ZDWHU VWRUDJH PHDVXUHPHQW XQFHUWDLQW\ OHVV WKDQ |

Precipitation

Site Date range Precipitation uncertainty Et uncEr-fainty stosrglglzjz\l:li;ge bw unci}stvevtinty
number mm/dd/yyyy-mm/dd/yyyy (feet per year) (feet per year) (feet per year) (feet per year) (feet per year) (feet per year) (feet per year)
1 08/25/2011-08/24/2012 0.50 0.04 0.65 0.05 0.00 0.15 0.06
12 08/28/2010-08/27/2012 0.77 0.01 1.21 0.06 0.00 0.44 0.06
13 08/05/2010-08/04/2012 0.66 0.04 1.45 0.08 0.01 0.80 0.09
4 11/03/2011-11/02/2012 0.65 0.01 1.78 0.09 0.00 1.13 0.09

Walues represent the average of 2 years

upwind land-surface area contributing to measured water
YDSRU DQG KHDW AX[HV ZKHUHDV WKlDW IRU WKH DYDLODEOH
measurements (difference betwegraRd G) is constant and L
GHSHQGY PRVWO\ RQ WKH QHW UDGL,RQIQ
source areas were derived from a dispersion model (Scheup§ 80
and others, 1990) and assuming mildly unstable atmospheri@; 70
conditions. Sensors were mounted at least 5 ft above the ¢
DYHUDJH SODQW FDQRS\ WR FDSWXU__§1—|6
surface layer. Model parameters were determined from = 50
vegetative canopy measurements collected during this study> 40
and those obtained from Stull (1988). Computed source areas
LQGLFDWHG XS WR SHUFHQW RIWEI—F>
XSZLQG GLVWDQFHYV RI IW DW VLWH0
IW DW VLWH DQG IW DW VLWH 9
tion peaked within 30 ft upwind of the sensors and decreased T PR Y P P e
asymptotically thereafter. Source areas for available-energy 100 200 300 400 500 600
PHDVXUHPHQWY ZHUH VPDOO UHO D VLA AR LLE N QUL O, AN L DDA Y
ments. The 99-percent net-radiometer source area for-down
ward-facing sensors is a circular area with a radius of 10 times 39
WKH LQVWUXPHQW KHLJKW &DPSEHGQ
UDGLRPHWHU VRXUFH DUHDV H[WHQSH
site 2 to about 100 ft at site 4, but measurements taken dlrecfElyz 5
beneath or perpendicular to the sensors contributed the bulk=
RI WKH WRWDO PHDVXUHG YDOXH 6L§;>€Q
measurements were very small, less than a 1-ft diameter cmg!e
around the sensor.

—

HQHU

IURP

pen D b b b b b b g i | &

o
O T
I

O
=

A X [
1.5

Relati

1.0

Site-Level Groundwater Evapotranspiration
0.5

Site-scale Egy was computed by subtracting the sum of
annual precipitation and change in soil-water storage from 0
total ET at each of the four ET sites. Total ET sources can
include a combination of precipitation, groundwater, ane sur
face water. Surface-water draina in and local surface-w

© er. Surface- drainages d local surfac a]T:e ure 14. Source-area contributions to turbulent fluxes with
run-on were not observed in the ET measurement areas dUI’I

ance from site 2, Kobeh Valley, Nevada: A, cumulative and
the study period. Therefore, site-scale ET measurements Weée
relative measured.

o
. L L L L LU LA LB LA

100 200 300 400 500 600
Distance from site, in feet

o
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assumed to represent precipitation and groundwater sourcegrass at site 3 (table 8) corresponded to a greatgrale

only. Local precipitation at each site was assumed to be  (0.80 ft at site 3 and 0.45 ft at site 2, table 12). These estimates

removed by ET. corresponded with ET measurement-based values from previ
Groundwater ET was estimated for periods when differ ous studies at shrubland sites, but appeared low with respect

ences in shallow, volumetric soil-water content and storage to the grassland site. Previous estimates from sparse to dense

were small to negligible. Water-content differences betweenphreatophytic shrubland areas at similar latitudes and altitudes

the beginning and end of the water year averaged (3@%%in  in Nevada range from less than 0.08 to about 0.76 feet per year

for sites 1-4 and ranged from a minimum of O for site 2 in  (ft/yr), whereas estimates from grassland areas range from

ZDWHU \HDU WR D ¥ {dr Bit¥ B irRnater abqut 1.6 to 2.6 ft/yr (Berger and others, 2001; Moreo and

\HDU éd 7KHVH GLIIHUH Q F H\otheg 00D Wrprsassokigiet Wih¥ estinmies repre

amount of soil moisture from precipitation that fell during thesent a combination of precipitation and.E®rrection errors

previous water year was not completely removed by ET in ti{able 12).

same water year. Late-summer precipitation during water year

2012 largely led to this difference. At sites 2 and 3,B¥as  Scaling Groundwater Evapotranspiration from Site to

evaluated over a 2-year measurement period, whereas sitesBhsin Level

and 4 were evaluated over a single year. . . .
gey A variety of remote-sensing techniques have been used

Wmd-und_ercatch corrected prQC|p|tat|_on mea_surements in Igroundwater discharge areas to scale point measurements
totaled 12.3 in. at site 2 and 10.7 in. at site 3 during water Y48hhe basin level (Nichols, 2000; Berger and others, 2001;

2011 (table 11). During water year 2012, corrected preeipitaMoreo and others. 2007: Smith and others. 2007: Laczniak
tipn at the four sites ranged from 6.6 in. at site 3 to 8.0 in. at, g others, 2008,,Alland,er and others, 200’9, Gar,cia and oth
sites 2 and 4. ers, 2014). The amount and rate of water lost to the-atmo
Daily ETe tota_ls generally followed a_seasonal pattern, sphere by ET from groundwater discharge areas varies with
such that ET typically was greatest during the summer and | oqetation type, cover, and structure; precipitation: depth to
OHDVW GXULQJ WKH zLoWHU ¢3 SBHHOIEO GG TRMERNWHES Yooo
increased ET measurements by about 8 percent at site 1, 6 5§67 '2008: Nichols, 2000). Satellite imagery, in combination
cent at site 3, and 5 percent at sites 2 and 4. At the moderate, | \wk . HO G PDSSLQJ LV RIWHQ XVHG WR
to-dense shrubland sites (sites 2and 3}, ENTKLELWHG oPsi%ibQ\d%%}étation and soil characteristics (Laczniak and
SHDN LQ HDUO\ VSULQJ LQ DGGLWLRQel Both el B Birhbrss 5BASkfth dhék SR Boo7,
Early-spring peaks were driven by increasing temperatures Garcia and others, 2014). Because ET generally increases with
DQG SUHGRPLQDQWO\ UHAHFW HY D SiRiBMBGStalioh YehdePart Bt Ylistub bbbl
cool-season precipitation. The summer peak, which corre  groypings are referred to as ET units because they are assumed
sponded with plant growth during the summer months at all 1q consist of areas with similar ET rates.
ET sites, steadily increased until plants reached full growth  gjte estimates of groundwater discharge in Kobeh Val-
during mid-summer and declined thereafter. Summertime ETey were combined with satellite imagery and PRISM data to
DOVR FRUUHVSRQGHG ZLWK GHF O L Qde&lelgrdthBwafe@iédh gl torPtheYsiit@o\he bdsin level.
At the sparse shrubland site, site 1, these seasonal patternsGgroundwater discharge in the DVFS was estimated by (1)
were muted because most ET resulted from evaporation of identifying and delineating the GDA; (2) relating a vegeta
intermittent precipitation. WLRQ LQGH[ FDOFXODWHG RS aADWHOOL
Potential evapotranspiration (PET) was computed for  VLWHV + LQ .REHK 9DOOH\ DQ Gg@WR SUHF
comparison with Efmeasurements from the grassland site rates (see the “Estimation of Pre-development Groundwater
VLWH ¢ WDEOH 3RWH QW L D @vdpotamspirdtidhPssctiyiattite skieslfdR all dihkribasins;
Priestley-Taylor model, with an alpha value of 1.26 (Priestley3) applying this relation to the spatially continuous vegeta
and Taylor, 1972), which assumes that all energy available fav LRQ LQGH[ IRU YHIJHWDWHG DUHDV LQ E
evaporation is accessible to the plant canopy (Shuttleworth, (4) applying playa Ed, estimates from a previous study to
1993). Daily ET rates measured at site 4 during summer  playas in this study. Long-term average annual PRISM pre
2011 (June—September) averaged about 8 percent less tharcipitation varied among basins in the DVFS.
PET rates, whereas Efates during summer 2012 averaged

DERXW SHUFHQW OHVV WKDQ SRWshMite Pragehp aMdiWegetdtion Indékdd HUHQFHV
in the ratio of actual to potential ET at site 4 between water

\HDUV UHAHFW D UHGXFWLRQ LQ ZDW Hﬁ‘ﬁ‘dﬁa‘{ﬁitﬁ'gied@%gﬁﬂgﬁ ”igRE’ﬁ?(aﬂ‘ﬁ”zfﬁﬂ/ HU
derived from precipitation; annual precipitation was less in etation cover in the GDA for this study. Landsat is a group

2DWHU \HDU WKDQ LQ 23 Yg&gg HQ (DUWK REVHUYLQJ VDWHOOLWH

Mean annual EJ, estimates increased from 0.15 ft at site In 1972, and the most recent in 2013. Each of the
| andsat satellites was equipped with one or more sensor

1to 1.13 ft at site 4 (table 12) consistent with increasing veq ruments designed to collect imagery in several distinct

etation density. At the moderate-to-dense shrubland sites, tall N
shrub heights at site 3 than site 2 and the presence of bunch[];g HFWUDO EDQGV LQ UHAHFWLYH YLVLEO



Site 1, sparse shrubland
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Figure 15. Daily energy-balance corrected evapotranspiration)(&id precipitation at four evapotranspiration (ET) sites and the
computed potential ET at site 4, October 2010 through September 2012, Kobeh Valley, central Nevada

thermal wavelengths (U.S. Geological Survey, 2012a). Imag{DFK VFHQH LV LPDJHG E\ WKH VHQVRU
ery acquired by the Thematic Mapper (TM) instrument aboardately 100-foot (30-meter) spatial resolution (394-feet, or

Landsat 5 was used for this study. The TM instrument collects
LQIRUPDWLRQ LQ VL[ VSHFWUDO ED QIE00 n# L WXQ BIYDPMO HRW W KM QHD Q RIFQIVLRQ\
from the visible blue (0.45 micrometers, or um) to the short-a world reference system 2 (WRS2) path and row number. The
wave infrared (2.35 um), and in an additional seventh band study area is in WRS2 path 41 rows 32 and 33.

with thermal infrared wavelengths between 10.4 and 12.5 pm. Eight scene dates were selected for evaluation against
Continuous 112-mile-wide swaths of TM imagery are brokenvegetation conditions and measured ET at the four ET sites
LOQWR RYHUODSSLQJ 3VFHQHV ™ DS S UiRKbiebWilldyOTwo scehesddd dach Qat® we@ &y red to

PHWHUYV

IRU WKH WKHUPDO FKDQQHC
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cover the study area (table 13). The selected scenesrepre WKH ORGL{¢HG 6RLO $GMXVWHG 9HIJHWDWL

sented a subset of available images, where skies were cloulR WK H UV DQG WKH (QKDQFHG 9HJHWI

free, vegetation canopies were green and active, and little tand others, 1999), use the contrast between these distinct

no antecedent precipitation was observed at nearby weatheDEVRUSWLRQ DQG UHAHFWDQFH IHDWXUH

stations. All of the scenes were acquired by the Landsat5 DUHDV DQG WR FKDUDFWHUL]JH W-KH KHDO

TM sensor during the summer months to represent “growingetation communities.

season” conditions, when phreatophytes in the GDA are $ YHIHWDWLRQ LQGH[ LV D XQLWOHVYV V

DFWLYHO\ WUDQVSLULQJ VKUXEV KDDH UG Y BOHKG WV D Q@ IPQUIUREIWEHHQ i DQG

but the vigor of early summer annual plants is presumed to begetated areas are nearly always greater than 0, and, in

at a minimum. Two scene dates from 2011 were collected togeneral, the healthier and denser the vegetation, the closer the

coincide with site-scale ET measurements in the study area., YHIJHWDWLRQ LQGH[ YDOXH LV WR "LIIHI

No Landsat scenes were available in 2012 as a result of the SHUFHQW FRYHU FDQ KDYH GLIIHUHQW

failure of the TM sensor aboard Landsat 5 during the late  due to differences in chlorophyll content, internal leaf struc

ZLQWHU RI 6L DGGLWLRQDO VF HfRHnGaNspy Btructkite KGI¥hH and &thiéid, Q008).RrPeombi

2007 through 2010 to provide a larger group of data for evaloation, these variations can reduce the strength of relationships

ation against the site-scale ET data. Each scene was atmo EHWZHHQ WKH YHIJHWDWLRQ LQGH[ DQG Y

spherically corrected by the U.S. Geological Survey Center fodices that are based on a simple combination of the near

(DUWK 5HVRXUFHYVY 2EVHUYDWLRQ D Qftaréd-dnHl @d-ihve(endths, $bieh\AsDhd-MDY WAk densitive

using Landsat Ecosystem Disturbance Adaptive Processingto the quantity of green-leaf vegetation in a scene, but also

System (LEDAPS) software. The LEDAPS software applies DUH LQAXHQFHG E\ WKH FRPSRVLWH EDFN

atmospheric corrections to Landsat data to generate a surfasei surface, plant litter, and woody plant material, particularly

UHAHFWDQFH SURGXFW 7KH FRUUH mared QfVhdlldsate 1 Bpdnided/eBefatiov iKdves FhE RIQAS|

Simulation of a Satellite Signal in the Solar Spectrum (6S) and EVI are in a group of vegetation indices that use a canopy

radiative transfer model used by the Moderate Resolution EDFNJURXQG DGMXVWPHQW IDFWRU WR U

,PDJLQJ 6SHFWURUDGLRPHWHU 02',®6Q® GG BNFLUIR¥XGIGTHBIRHFWDQFH RQ WKH L

(U.S. Geological Survey, 2012b). The atmospherically cor signal from healthy vegetation in the image. The EVI includes

rected visible, near infrared, and short wave infrared bands om additional correction in the calculation to reduce the effect

the two scenes for each scene date were mosaicked togetheRtio DWPRVSKHULF DHURVROV RQ WKH LQGH

form a single 6-band image covering the study area for each Multiple vegetation indices were evaluated for their effec-

scene date. tiveness at predicting El, which was assumed to be directly

Information from multispectral satellite imagery, such as proportional to phreatophytic shrub density. The EVI, MSAVI,

that collected by Landsat 5 TM, can be used to characterizeand NDVI were calculated from the atmospherically corrected

YHIJHWDWLRQ RQ WKH EDVLV RI O JROW7-EENRACRY sum@ell@nGsdl HThehraid Mapper K D U

acteristics unique to vegetated surfaces. Healthy vegetation(TM) scenes (table 13). The area-weighted average vegetation-

absorbs light for use in photosynthesis in the red wavelengthsQGH[ YDOXHYV LQ WKH VRXUFH DUHD IRU

FROOHFWHG LQ 70 EDQG * —With DeeGtinvatdgRoQndi®ate Udibéhiar§e/damputed from

light in the near infrared wavelengths collected in TM band 4ach site (table 14) using ordinary least-squares regression.

(0.76-0.90 pm). Vegetation indices, such as the Normalized$UHD ZHLJKWHG YHJHWDWLRQ LQGH[ YDO

'LITHUHQFH 9HIJHWDWLRQ ,QGH[ 1'9, DYURPOWHZBIQEH BWWHWWYLQHG E\ FRPSXWLQJ
45-percent and 90-percent contributing areas at each site. The
calculation was done by creating two circular buffers around

Table 13. Landsat 5 Thematic Mapper scenes evaluated for USfhe ET site in a G|S, so each buffer was mapped as a circular

in basin-scale estimation of grOUndWater eVapOtranSpiraﬂon, area Comparab|e to the Computed 45_percent and go_percent

Diamond Valley flow system, central Nevada. contributing area. The overlap between the two buffers was

>PP GG \\\\ PRQWK GD\ \HDU :56 :RUOG 5HIHUHQFHeho\etPf@dm the 90-percent contributing-area buffer to avoid
Image date Landsat image entity identification GRXEOH DFFRX Q WL Q J RI WKRVH SL [ HOV Z
mm/dd/yyyy WRS path 41 row 32 WRS path 41 row 33 YHIJHWDWLRQ LQGH[ IRU HDFK DUHD &RHI
06/30/2007 LT50410322007181PACO1 LT50410332007181PAc01 (r?) for all the vegetation indices evaluated were consistently
04/02/2008  LT50410322008184PACOL LT50410332008184PAc01 J UHDWHU WKDQ ZLWK WKH H[FHSWLRQ

WDEOH 7KH (9, UHJXODUO\ H[KLELWHC
determination for all images evaluated; therefore, the EVI was
selected for the relation-baseddz Bstimation.

07/24/2010  LT50410322010205EDCO0 LT50410332010205EDC00 7KH EHVW FRHI¢(FLHQWYV RI GHWHUPLQD
08/25/2010  LT50410322010237PACO1 LT50410332010237PACOL  yere for the June 2007, August 2010, and August 2011

06/25/2011  LT50410322011176PACO1 LT50410332011176PACO01 images. Precipitation records at the Combs Canyon, Coils

07/12/2011  LT50410322011224PAC01 LT50410332011224PAC01 Creek, and Smoky Valley Carvers weather stations (sites 5, 6,

04/05/2009  LT50410322009186PAC01 LT50410332009186PACO1
07/22/2010 LT50410322010173PACO1 LT50410332010173PACO1
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DQG &d WDEOH VKRZ WKDW ZBwWihdwatePRIs¢harge Area DQG

2010 were the driest water years in the 5-year period. Dry : . .
ears are desirable for evaluation of,5Trom phreatophytes Groundwater discharge areas typically are characterized

ye S g g E\ D PL[ RI SKUHDWRSK\WLF DQG [HURSk

using satellite imagery because the remotely sensed signal

IURP DFWLYH [HULF DQG DQQXDO SO@d@\&@@@?ﬁ?ﬁ‘@??{%ﬁﬁ@%@%@%v

should be minimized in years when water from precipitation i | [HURSK\WLF DQG SKUHDWRSK\WLF VK

limited. Water year 2(.)11 was wetter than the 3(_)-year- aver bﬁundaries. In this study, the GDA represents discrete areas
age annual at all stations where data were available. Althouq_D

FRHI¢FLHQWY RI GHWHUPLQDWLRQ Ytheoglg,}'k'/ II:QFQL}NV%/(?OI?VF)E&}( \ DUHD EDVLQV

. . . arfe compose reatophytic shrubs with smaller
image were good, winter and spring of 2011 were wetter thalb UHDV RI JUDVVODQG PDUVKODQG [HU
normal, and early summer images showed pooled water on

the Diamond and southern Monitor Valley playas: therefore soil, and agricultural lands, where phreatophytic shrubs were
VXPPHU LPDJHV ZHUH H[FOXGHG pl.rﬁf'lﬁrﬁh' (A% G C?%Q?ﬁa?('i?%‘\?d using techniques

. . similar to those used in stadies throughout Nevada and eastern
The July and August 2010 images showed good correlation

Utah (Nichols, 2000; Laczniak and others, 2001; Smith and
between measured gJand EVI and were the most recent ) ) .
. . . others, 2007; Allander and others, 2009; Garcia and others,
dry scenes available relative to the period of measurement

; 2014). National Agriculture Imagery Program (NAIP) imagery

tge:'ef%reé tSeTs;a( tg (\)NSﬂm\r;ﬁveéingsgn ﬁgg&%ﬁ Q:?;Qrom 2010, a digital elevation model (DEM), and water-level
J GDWD ZHUH XVHG LQ FRQMXQFWLRQ ZLW

selected for all subsequent calculations. The two 2010 sceneP<;rW DSSUR[LPDWHO\ D VEDOH 'XUI

were averaged to create a single, summer-mean EVI 'magesgople roads were followed, and the point of transition from

2_0;0. The EVI images used in subsequent a_nalyseswe{e My HGRP LODQWO\ [HURSK\WHV WR SKUHE
tiplied by 1000, and the values converted to integers. These_~ . . . L .
B i a digital map using a Global Positioning System (GPS) unit

data are referred to as “scaled EVI. )
connected to a computer running GIS software. Photographs
and notes were taken to document plant and soil conditions
present at the marked location. Points, photographs, and notes
also were used to document changes in plant communities

Table 14. Coefficients of determination describing relations between vegetation indices and site-scale groundwater evapotranspira
tion (EJ), Kobeh Valley, Nevada.
>(9, HQKDQFHG YHJHWDWLRQ LQGH[ IW \U IHHW SHU \HDU PP GG \\W\\ PRQWK GD\ \HDU 06%$9, PRGL¢{HG VRL

Mean scaled source area EVI

Site number ET (ft/yr) 06/30/07 07/02/08 07/05/09 06/22/10 07/24/10 08/25/10 06/25/11 08/12/11
1 0.15 86 102 108 117 97 95 115 85
2 0.45 114 111 126 113 121 114 124 122
3 0.8 138 150 143 127 163 150 126 155
4 113 236 253 371 302 294 228 381 291
&RHI¢(FLHQW,RY 0.85 0.72 0.65 0.87 0.92 0.64 0.88
determination @)
Site number ET (ft/yr) Mean scaled source area MSAVI
1 0.15 73 84 93 99 83 81 08 73
2 0.45 96 94 109 96 102 96 103 101
3 0.8 113 124 120 100 133 124 103 129
4 1.13 207 212 320 253 257 202 328 255
&RHI¢(FLHQW
dotormmbton 04 0.85 0.71 0.62 0.84 0.88 0.62 0.86
Site number ET (ftlyr) Mean scaled source area NDVI
1 0.15 114 134 152 159 135 131 161 7
2 0.45 130 132 170 133 142 137 144 146
B 0.8 146 171 189 130 180 178 144 191
4 1.13 306 330 521 409 397 319 513 426
&RHI(FLHQW,BI 0.76 0.69 0.52 0.75 0.80 057 0.79

determination @)
16FDOHG (9, 06%9, DQG 1'9, DUH WKH UHVXOW RI PXOWLSO heQdumliKgto FhD @eE¥Diltaydi G YHIHWDW L






























































































































































































































