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• SOUTHERN NEVADA WATER AUTHORITY 
'00 CI1y "-'<Way, SUI. 700 ' Las "'""" NV eg':l8 

_.."".... PO _!I!l958 • Las 'IoI!<U. '" 89T!l3.Q956 
(7(Jl) !162~ • ,'- """' 

J3S(n King, P_E_, State Engineer 
Nevada Dep.artmenl ofCooservat;on 
and Natural Rcsuurccs 
[)iv.sion of Water RC$OUI"CeS 
901 Swlh Stewart Street, SuiTe 2002 
Canon Ci,y, NcVTloOia 89701 

SUBJECT: SUBMITTAL OF NEVA DA STATE ENGINEER ORDERS 1169 AND II69A 
SllJDY REPORT 

The SooAhern Nevado Water Authority (SNWA) and Las Veg"" Vallcy Water District (LVVWD) 
henny submit the subject report 10 the Nevada State Engineer (NSE) for cOI'L'lid=tion regarding 
NSE Oroas 1169 and 1169A. As OO1lirooj in i\SE Order 1169A, the pumring test was deemed 
complete ... ofUecerr.bc:r j I. 2U12. i'uJsutI/Tl to Order J 169A. any Order J 169 study partiCIpant may 
file a report wilh the NSE addressing information oblaincd during [he sTudy/pumpi~ lesT, impacts of 
pumping, and availability of water pursuant to pending applications held in aheyance by Order I 169. 

SNWA and L VVWD have worked dilignltly bnd (;oupenuivdy ... ilh the NSE. Moapa Vall~y Waler 
District. Coyote Springs Investments LLC, U,S. Fish and W.ldhfe ServICe. aoo other study 
p3l1-cipanl$ 10 ensure lhe pumping I",,' uro:ler Onkr 1169 met the objectives Qfthe NSE. SNWA:meI 
L VVWO have mainlained an ext<:nsi,'c groundwater and surfacc-watc:r monitoring n.ro.·()fk with the 
flf$t rnonilo.--ing report submiued to the NSE in 1999. All data associated with Orders 1169 and 
1169A collected by SNWA and LVVWO have been submitted 10 the NSf. 

SNWA and LVvv.'O appreciate )'O'.If careru! considc:ration of the data collected under lhe Orden 
1169 and 1169A SlUdy. If )"O\l ha'-e any questions regarding this report. please contact 
Anohw Bums at (702) 862·3772 (If Jeffrey JQhnson al (702) 862-3748. 

Sinocrely, 

Zane L Marshall 
Din:ct(lf. Water & Environmental R""""","'l 

ZLMJJ:lrnv 

c: Richard A. Felli ng. Chief. Hydrology Section. Ne"fllb Division of Water Re;Olm:C!; 
JoIm Guillory, SUjl(:rvisillg Ellginccr, Division ofWatcr Rt:OOU/tcs 

___ SNWA~EMBEA -.oENC:',~';. ,~, ... , ~", 
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Nevada S18te Engineer Order 1169 and 1169A Study Repon. 

1.0 INTRODUCTION 

This reporl presents hydrologic data collected during and prior to the two-year pumpillg test (Test) ill 
Coyote Spring Valley mandated by the Nevada State Engineer CNSE) Order 1169. isl;ued ~'I an:h 8. 
z002. The Test was started Novembe!' IS. 20 10. and OOIlcluded on De<:ember 31 . 2012. pursuant to 
NSE Order 1169A. 

7.1 Background 

The Las Vegas Vallcy \Vater District (LVVWD) filed applications 54055-54059. inclusive. to 
appropriate groundwater within the Coyote Spring Valley hydrographic area (HA 210) on October 17. 
1989 (Table I). These applications were the subject of a Nevada Division of Water Resources 
(NDWR) water right hearing in Ju ly 200 1. Subsequent to the 1989 applications. the Southern Nevada 
Water Authority (SNWA) acqu ired exisling groundwater rights in Coyote Sp.-ing Valley that are also 
listl'd in Table I . 

Immediately following the July ZOOI hearing on LVV\VO's applications. NDWR held a hearing on 
the Coyote Springs lnve;tment (CSI) applications listed in Table 2. in August 2001. 

Table 1 
lVVWO Groundwater Permits and Applications I 

~ Appticalion Number SUIUS Annuat Duty Hydrographic Basins 

SNW .... ' 11291·11306 -"" 9.000aly Coyote Sjlfing ~ 

",,, 70429.74004 "'"" 2.000aly Coyote Spring ~ 

CWWD 5.~>-S4059 -- 38dsr~ed Coyote Spring ~ 

..... _ by _ .... 0Msicn '" w_ Resources w..,""Rigtls 00Ubase SpecloIII .... ""'''''''"' AI:>sna 12JOlfZ.fm. 
.. .. 

'SNWA p.orchase:IlI'e_ '-""9"- _ No. .6777 from CSI. The ~ "'''''_ CSI .-hnchaoged <10_ 
Nos. 70<211 ..... 1OoIJO. SNWA _ Nos. .6771. '9<", .9660-.9661 ...... 9978-49987 _ chaoged <10 _ Nos. 772112-77)06 
The <fIaongoe .. __ P""'" by NDWR .... lU1912OO8 .... SNWA ... pan "'---.'" MX·5 ..... CSI-.2 lInCI <fIIlrl9Od ..... 
rMnnOr "' ..... '" ~ In:im 1ncIuSItial. 
'GID • ClINt< c.:u-.y CoyoIe ~ _ ~ c.on..-8I , ,,",, ......... Di<;aric:t 

Table 2 
CSI Groundwater Permits and Applications in Coyote Spring Valley l 

"""" Appt ic;ootion Number Status AnnU<lt Duly HyIi"ogr8phic Basins 

'" 71)129.71)130. 7..094. H09~ "'"" 2.600aly Coyote Spring ~ 

'" 63212·63276. 63867·63876 Application 150 ds requesled Coyote Sjlfing ~ 

..... _ by _ .... 0Msicn '" w_ Resources w..,"" RigI'Os 00Ubase SpecloIII .... 09apilt AI:>sna 12JOlfZ.fm. 
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Following the lwo hearings. the NSE issued Orde.- 11 69 which required a minimum 5· Year Sludy 
(Study) in which at least 50 percent of the existing waler rights in Coyote Spring Valley. 8.050 afy. be 
pumped for tWO years to stress the aquifer arId gain additional information on the availability of 
groundwat@rlt!SOllfCI'S hl>:folt! 8ckl iri(mal p!!fffiilS could be is~u@(1. The order also IM>:1d in all@yaoce rhe 
pending Coyote Spring Valley (HA 210) groundwater applications and all olher pending applications 
in Gamet Valley (HA 216). Hidden Valley (HA li1). the Muddy River Springs Area (HA 219), 
Lower Moapa Valley (HA 220). and the Black MoumaillS Area (HA 215) until the completion of the 
Order 11 69 Study. Pending applications ill California Wash (HA 2 1S) were also held in abeyance 
until completion or t lle Order 1169 Study ullder NSE Ruli ng 51 15. 

The Study Panicipants for Order 1169 include the following entities: 

Las Vegas Valley Water District 
• Soulhem Nevada Waler Authonly 

Coyote Springs IlIVesunent. LLC 
NV Energy (NVE) 

• Moopa Valley Waler DiSlrict (MVWD) 
• Bureau of Indian AfTai~' 

U. S. Fish & Wildlife Service (USfWS) ' 
National Park Service (NPS)' 
r..toopa Band of Paiute Indians (MBPij> 

'The St.o.c Engi".,.". gJaOled a ""l~ by U.s. Deport"""" of I" .. ,,;or 10 ollo.,,..he Bureau of lrxlw. AIT.1r>.. USFWS. 
and NPS. rollecllvoly ~fetf'<.'d 10 ... "'" FMeraI A~1e<. to patllclpllie In "'" $Iud)' (April 19. 2(02) . 
~ NSEvio lelle< doted April 16. 2010. enabled lhe MBPI ,o p"rtlcip,"e in lhe Slud)'. 

7.2 Report Organization 

This repor1 is divided into 5 Sections and 7 AjlJlendices 

Sect ioo 1.0 presents introductory information regarding the Order 1169 Study aoo this repon. 

Scel ioo 2.0 describes the objCt:lives of the Order 1169 Study. lhe :study area. and design of the 
lwo:ryear pumping lest required by OnIer 1169. 

Sectioo 3.0 describes monitoring efTons and data collected for the Order 11 69 Test and related 
studies. 

Sect ioo 4.0 presents analyses and results oflhe Order-] 169 Test 

Sect ioo 5.0 presents the summary and cooclusions. 

Appendix A provides a copy of the NSE July I. 2010. LeUer describing the Order 1169 Tes1 
monitoring Sites 

Appendix B describes hydraulic testing of the carbonate·rock aquifer pursuanl to Order 1169 

Se<:tion 1.0 2 1.0 l<Croo:b:tion 
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AIllx:ndiX C presents a locatiol1 map. table. and groondwatcr hydrographs for wells monitored by 
SNWA and referenced in this repon 

AllpendiX 0 presentS hydrographs depicting nows measured at eight U.S. Geological Survey (USGS) 
gages on lhe Muddy River 

Appendix E presents a SNWA 2004 repon tilled: Climate and BaronlCtric Pressure Innucnces on 
Pederson Spring Discharge and the Carbonate Aquifer near the fo.luddy Springs. Southern Nevada 

Append iX F presents a SNWA 2007 repon titled: Updated Review of Water Level and Discharge 
Trends allhe Muddy Spril1gs. Clark County. Nevada. and Addendum No. I 

Appendix C presents a lechnical memorandum documeming a ORI e\'3polranspiralion study 

Sadioo 1.0 J 1.0 lnuocU:lion 
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Nevada Sl1Jle Engineer Order 1169 arKI1169A SWdy Report 

2.0 ORDER 1169 OBJECTIVES. STUDY AREA, AND TEST 

DESIGN 

AspeclS of the Order 1169 Study objeclives. description of the Study Area. and design of the Test are 
diSCussed below_ 

2.1 Tes t Objectives 

As oullined in Order 1169. Ihe objecth'e of Ihe Test was 10 ellhaoce Ihe understanding of the regional 
carbonate-rock aqui fer (RCA) in and adjacem 10 Coyote Spring Valley by pumping existing .... "iIter 
rights for a period of time to determine "if pumping of those waler rights will have any detrimental 
impacts on existing water right s or the environment. ' (NSE Order 1169. 2002). Order 1169 outlines 
that at least 50 percent of the water r ights currently pernl iued in Coyote Spring Valley. 8.050 afy. be 
pum])CfJ for allellSllwo (onsecu\ive years. 

The NSE conducted several meetings after issuing Order 1169 10 assure the objecli\·cs were being 
mct by the parties. During the JUlie 22. 2010. meeting. SNWA and CSlnoted that due to slower than 
anlleipated CSI devclopmem and possible o peralionallimitations. the minimum volume of 8.050 afy 
might not be pumped during each year of the Test. FollOWing some discussion. the NSE ind ividually 
polled Ihe Sludy Participants and each of them agreed the objectives of Order 1169 could S1i1l be met 
with less lhan 8.050 afy of groundwater development. The NSE issllCd a leuer dated July I . 2010. to 
the Study Participants revising requirements associated with Order 1169 (Appendix A) and Slating 
that the objectives of the Study may st ill be .net with pumping less than 8.050 afy. 

2.2 Study Area 

The Order 11 69 Study area (Study Area) associated with Ordcr 1169 is dcpiclro on Figure L It 
COilSislS of the southern ponion of the White River Row System. and includes the basins held in 
abeyance under Order 1169. 

2.3 Test DeSign 

SNWA developed a working document tilled "Hyd rauliC Testing of Ihe Carbonate·Rock Aquifer 
Pur.;uant to Order 1169." which was first presented to the NSE on October 24. 2002. The document 
was updated several times and the final ver.;ion dated February 25. 2010. Wa5 submined to the NSE 
under cover leller dale<! March 2. 2{\10. signed by SNWA, MVWD. and CSI (Appendix 5). This 
documem outlines the numerollS activities and planned development of exiSling Coyote Spring Valley 
groundwater rights 10 meet the objecli\'es of the Test A summary of Ihe Test design is presented 
below. 

Section 2,0 , 2.0 Ordo< tl69 Objec:Ii<95, Study Alea, and 
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Nevada State Engineer Ordel' 1169 and 1169A Study Report 

GroulldWluer production required to meet the objectives of the Test conSisted of SNWA pumping 
from welJl\1)( ·5 and CSI pumping from wells. CSI· 1. CSI· 2. CSI-3. and CSI-4. 

CSI developed a portion of its groW>dWll1er rights in Coyote Spring Valley for golf-oourse irrigation 
and constn.tC1ion adivities. CSI began use o f Its existing rights in Coyote Spring Valley In 2005. but 
nO( at suffICient quantities to meet the Test objectives. The pumping vo lume from Coyote Spring 
Valley was 1101 large enough to meet the object ives of the Test un til SNWA brought the MX·5 well on 
li ne . 

SNWA. in the late 1990s and early 2000s acquired a to(a1 of 9.000 afy of existing groundwater rights 
in Coyote Spring Va lley. SNWA. in coopera tion with MVWD. constructed a pipeline and assoctau.>d 
facilities to convey SNWA's existing 9.000 afy of Coyote Spring Valley groundwater rights to 
locat ions where such water could be placed to beneficial use by SNWA andlor MVWD. For the Test. 
SNWA pumped a portion of its 9.000 afy of groondv.'lIter rights in Coyote Spring Valley from well 
MX· $, treate<l the water fQr ~~nic ~t the Mo~pa \V~\er T~a\ men\ Facility (adjacent to well MX·$) 
and conveyed the water through the newly constructed SNWA pipeline to the MVWD distribution 
system. MVWD then conveyed the water 10 Bowman Reservoir where the Muddy Valley Irrigation 
Company (MVIC) conveyed the water rights from Bowman Reservoir to the Muddy River and Lake 
Mead. SNWA received Imported Intentionally Created Surplus credits under Ihe Secretary of 
Interior's Colorado River Interim GUide/HIeS (Of Lower Basin Shonases and Coordinated Opera/iofls 
orLa~es PfMell and Mead for the water reaching Lake Mead (Figure 2). 

SNWA began pumping well MX·5 for the purpose of facility test ing in mid·September 2010 for 
approximately 30 days_ During this period groundwater was discharged to Pahranagat Wash and a 
s mall amount was discharged to the Muddy River Springs Area adjacent to the MVWD 3-mi1lion 
galton water tank . Foltowing the complet ion of facility testing. SNWA delivered water 10 MVWD 
peritMIically for short durations to maintain operational readiness. On November 15.20 10. SNWA. in 
cOOllCration with MVWD and MVIC. began delivering ground"'lIler pumped from welt MX· 5 to 
Bowman Reseryoir located in Lower Moapa Valley. and the Order 1169 Test offICially began. 

MX· 5 pumping was held constanl, with the exception of shutdowns due to facility maintenance and 
operational issues. CSI groundwater development was intermittent and fluctuated seasonally to meet 
water demands . During the Test. MVWD continued to develop groondwater from its Arrow 
Canyon I I and 12 wells located in the Muddy River Springs Area to meet "'lIler demands in its 
service area. The same was true for all other groondwater development in the Study Area. Deta iled 
pumping descriptions by basin are presented in Seclion 3.0 . 

Sactioo 2.0 , 2.0 OrOOf 1169 0Iljac:Irves. Study Area. lJIld 
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Nevada S18te Engineer Order 1169 and 1169A Study Repon. 

3.0 ORDER 1169 MONITORING AND RELATED STUDIES 

The Order 1169 approved monitoring network documents water resoufC(! development and its effects. 
providing a basis for the evaluation and early warning of any unll'3sonable effects groundwater 
withdrawals may have OIl environmemal resources and senior water-right holdef:'i. Many of the sites 
monitored for Order 1169 have a long history of data collection and provide a baseline for tile 
evaluation of Order I 169 pumping responses. Types of data colle<:ted include discrete and continUOtls 
groundwater levels. discrete and continuous spring/stream nows. groundwater prodocliOll. and 
surface-water diversions. The sites monitored along With the frequency and agencies responsible are 
listed in a leller from the NSE dated July I. 2010 (Appendix A). The locations o f the NSE approved 
groundwater and surface-water monitoring sites arc shown on Figure 3. 

The data associated with Order 1169 monitoring have been provided to the NSE by tile agencies 
collecting the data and are ava ilable OIl the NSE w('])site: hnp: /lwaterllV.gov/mappinglorderIl 69/. 
Spring and stream now data collected by the USGS are available at website: 
http://\\'3terdata.usgs.ypv/nv/nwisisw. 

3.1 Groundwater Levels 

A total of 79 wells completed in alluvial or carbonate aquifers were monitored by the Srudy 
PartiCipants. The frequency of well-data collcct iOll varied from COlltinuous, \0 monthly. or quarterly. 
Groundwater hydrographs for wells monitored by SNWA and wells discussed in this report. 
reJlfesenting 40 we lls are displayed in Appendix C along wilh a location map of the selected wells. 

3.2 Spring Discharge and Muddy River Streamflow 

A total of 10 surface·water gaging Sites are included in the monitoring networIL Two consist of 
metered pipes O]lCrated by MVWD OIl the Baldwin and Ape-aT (aka Jones) spring boxes. llle 
remaining eight gages oper.!ted by the USGS and cooper.!tively funded by SNWA are located in the 
headwaters of the Muddy River and along the mainstream Muddy River. Appendix 0 contains now 
hydrographs for these gages. 

3.3 Water Resource Development 

Groundwater withdrawals within the Swdy Are<! vary by source and magnitude. A bricf 
basin-by-basin description of groundwater withd rawals and spring and surface-water diversions 
within the Study Area, as well as within the southern portion of Lower Meadow Valley Wash. are 
provided in the following sections. 
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Nevada Slale Engineer Order 1169 and 1169A Study Repon 

3.3. f Coyote Spring Valley 

NOWR has issued a total of 16.300 afy of groundwater pcrrni1s in Coyole Spring Valley. of whiCh 
200 afy are temporary righlS. Historkal groundwater wi1hdrawals in Coyote Spring Valley have been 
limited to the lemporary righl s in lincoln County and incidenul pumping at 1I .. IX· !i for testing and 
monitor· ..... e ll drill ing. TIuuugh 2007. SNWA has pumped groundwater under ilS respecti~ pennits 
o nly for incidenlal tesling periods 10 perfonn hydraulic testing. col lect waler·quality samples. and 
well dri lling activ ities. In 2005. CSI began pumping from wells CSI· I and CSI·2. The volume of 
waler pumped increased through the summer of 2006 and decreased s lightly in the fall of 2006. By 
l3Ie 2007. CSI had OOTlSlructed wells CSI·3 and CSI·4 and began pumping them for water supply. In 
late 2012. CSI completed installat ion of pcnnanC!1t pumping equipment in CSI· I and began iTlStalling 
permanent pumping equipment at CSI-4. 

In 2008. SNWA began pumping MX-5 for pipeline construction aaivities. Construaion o f the 
pipclint;! "'as complelcQ in (lIIrly 2009 and tht;! Wlll(lf \r(llltmcm and pumping flltHity "'liS sul)slaolially 
completed in November 2010. SNWA began pumping well MX-5 for the purpose of facility testing 
in mid-September 2010 and Ihe pumping continued for approximately 30 days. Following the 
completion of facility testing. SNWA delivered water to MVWD periodically for soon durations to 
maintain operational readillCSS. On NO\'ember 15. 2010. SNWA. in cooperation with MVWD. began 
delivering groondwater pumped from well MX-5 to Bowman Reservoir located in Lower Moapa 
Valley. Since November 20 10. the SNWA water treatment facil ities and the MX-5 well have 
experiCIICed shutdowns for maintenance and wamrnty repairs. Figure 4 and Figure 5 graphically 
dC])ict CSl's a nd SNWA's monthly and yearly pumping in Coyote Spring Valley from inception 
through March 20 13. There are no surface·water diversions in the CoyOle Spring Valley. 

3.3.2 Muddy River Springs Area 

In the Muddy River Springs All'a. s ignificant groundwater and surface-water development has 
occurred. Groundwaler developmem o f the alluvial aquifer syslem by NVE has occurred for several 
decades. primarily north and nonhwest of the Moapa Valley National Wild life Refuge in the all'a5 
known as Church of uller-day Saims (LOS) and Lewis well fields. and to a lesser degree at the NVE 
Perkins and Behmer wells. Additional alluvial pumping by donlCSlic well OWrlCfS has occurred in the 
area . bUI il is generally lhoughl to constitute a relatively small component of the annual pumping in 
the area. Groundwater development of the RCA by MVWD has occurred since the early 1990s. with 
increased pumping in lhe late 1990s in response to water demand in lhe Logandale and Overlon arcas_ 
MVWO's pr imary production we lls are the Arrow Canyon wells" and 12 oonhwest of the Moapa 
Va lley Nalional Wildlife Refuge. MVWOalso operaleS well MX· 610 meet peak demands as needed. 

MVWO and NVE also own and lease surfaCe· waler rights. Mv\VO divef1s from tWO spring boxes. 
Baldwin and Jones springs. north of the Moapa Valley National Wildlife Refuge. Under agreements 
with SNWA. MV\VO. CSI. and USFWS. MVWO is foregoing il5 1 cubic-foot per 5CCOnd (cfs) 
diversion from Jones Spring in exchange for a like amount of waler from Coyote Spring Valley 
groundwater developed by SNWA. NVE diVCf1S surface water from Ihe Muddy River directly above 
the USGS 09416000 Muddy River near Moapa. NV gage (Moapa gage). MVWO and NVE repon 
their groundwaler and surface·water diversions in annual monitoring repof1S 10 NOWR. Figure 6 
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Annual Groundwater Production for Wells CSI·1, CSI·2, CSI·3, CSI ·4, and MX·5 in Coyote Spring Valley 
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Annual Groundwater Production and Surface Water Diversions by MVWD and NVE in Muddy River Springs Area 
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presents the alluvial pumping by NVE. tile carbonate pumping by MVWD. ard the surface-willer 
diver.;ions by MVWD and NVE in the Muddy River Springs Area. 

3.3.3 Gamet Valley, Hidden Valley, and Black Mountains Area 

LVVWD owns water rights in Gamet and Hidden valleys thai were originally granted under 
Pcrmit Nos_ 54073 and 54074 for II combined duty of 2.200 afy. Following the issuance of the 
2.200 afy in Gamet and Hidden valleys. LVVWD entered into agreements with electrical power 
generation companies in Gamet Valley which enabled the power oompilllies to utilize a ponion of the 
LVVWD penniU('(1 rights to COIlStI\lct all(l operate gerocralion facilities. Uncler the amended 
agr....ements. an average of 1.400 afy can be uti lized at the Chuck !..ellue, Sil\'erhawk. Harry Allen, 
and Miran! Power Plant~ The power genera(ioll companies. in 5tIppol1 of their individual ope ... ~iQl15, 
have inslalled production and monitoring wells. LVVWD recei\~ monthly p.-oducHon totals and , 
renntly, daily pumping lotals from lhe four power plants. It is important to note lnat Calerxlar Year 
(Cy) 20 10 was lhe first year a pOl1iQl1 of these WOller rights were de\'eloped from well RW- I. which is 
authorized under the permits. Figure 7 and Figure 8 present lhe monlhly and yearly groundw~l1er 
production of the LVVWD pennils in Gamet and Hidden valleys from 2002 (when pumping of the 
righlS began) through March 20 13. respectively. 

Oth"r wal.". """n; i"eluding Ch,,,nic-dl Lilli" Culll .... "y a,Kl R"pul>lic ServiCes of South."." N"V-dUa 
also develop groundwater in Gamel Valley_ No groundwater de\'elopment has occurred in Hidden 
Valley. Grourxlwater developmenl in the Black Mountains Area has occurred to supply mining 
operations and industrial uses . Figure 9 depicts the 100ai yea rly combined groundwa~er I)roduction in 
Gamel Valley and the Black Mounta ins ArI'3. Nevada Cogeneration Associates (NCAl pumps the 
greatest volume in the Black Mounta ins Area. and the NCA production wells are of primal)' interest 
due to Iheir close l)roximily 10 Gamel Valley and other development in Ihe area. NCA has withdrawn 
groundwater in the ba5in since 1993 and reporlS thei r annual groWl(lWaler p.-oduction 10 NDWR. 
There are no surface-water d iversions in Gamel Valley. Hidden Valley. or Black Mountains Area. 

3.3.4 Lower Moapa Valley 

Groundwater development in WW('f Moapa Valley has occurred principally 10 supply irrigation and 
domestic demands. Surface-water development has occurred strictly to meet agricultural demands_ 
The emire flow of the Muddy River has hiS!orically been diverted by MVIC at the Well Siding 
diversion in Logarxlale. Irrigation water is divened 10 the east arxl west margins o f the valley through 
MVIC dit ches. During the winter months. when water is not immediately required for irrigation. the 
river is diverted to fill Bowman ReserYOir which is used to augment summer inigation demands. 
SNWA currently owns and leases shares in MVIC equatill8 to approx imately 52 percent or the water 
righlS held by MVIC. 
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3.3.5 California Wash 

Gr(ll,Jndw'Uer development in Cal ifomia Wash has been very minor and occurred princi llally to supply 
industrial . environmental . and domestic usc. No appo-eciable amount of groundwater was pumped in 
this an:!a during the Test.5urface ·water diversions in Cillifomia "Vash wen:! minimal during the Test 
and occurred below the observation points of imeresc (i.e .. Moapa gage). 

3.3.6 Lower Meadow Valley Wash 

Lower Meadow Valley Wash was not held in abeyance under Order 1169 and was no( included as a 
hydrographic an:!a within the Study Area of this repon. However. the southem ponion of the LIM-eT 
Meadow Valley Wash does contain wells monitored by NVE and NOWR which were included in the 
Order 1169 monitoring program. Groundwater in the southem ponion of Lower Meadow Valley 
Wash has historically been used for crop irrigation generally within the floodplain of Lower Meadow 
Valley Wash. NVE has groundwater rights in Lower Meadow Valley Wash and they developed these 
rights for a brief period in the early 19805 for usc at the NVE Reid Gardner Genera,ion Station when 
Unit 14 became active. However. due 10 excessive drawdown and poor water quality. NVE greatly 
reduced pumping in Lower Meadow Valley Wash which has been negligible since 1990. 

3.4 Order 1169 Related Studies and Activities 

3.4. f Evapotranspiration 

In Z013. SNWA funded the Desert Research Institute {DR]}. to perform an evapotranspiration {ED 
study on the headwaters or,he Muddy River above the Moalla gage. The I)urpose of,his study "'lIS to 
estimate the an nual volume of ET discharged from the Muddy Rin~£ Springs Area from all sources 
except precipitation. This infonnation will help to evaluate land·management activities and observed 
increases of flows in the Muddy River at the Moapa gage. The resu lts of this study an:! discussed in 
Sect ion 4-5 of thiS report_ 

3.4.2 Biological Monitoring 

SNWA conducts biological resource monitoring and habitat rescoration in accordance with a 2006 
Memorandum of Agreement (MOA) and associated Biological Opinion to conserve the endangered 
Moapa dace during development of its permitted groundwater rights Coyote Spring Valley. 

In April 2006, the MOA was entered into by the following five panics: SNWA, USF\VS, CSI, MBPI, 
and MVWD. to conserve and recover the Moapa dace while developing and using pennine(! water 
rights. Paragraph N of the MOA states: · the Panics ha\"l~ identified renain conservat ion measures 
with the objective of making measw-able- progress toward the conscrvation and fCCO\'ery of tile Moapa 
dace. and have agreed to coordinate the monitoring. managelnent. and mitigation measures .. .. • As of 
2013. all efforts associated with the MOA have been or are being implemented. 

In add ition 10 the trigger elevat ions established under the MOA at the USGS 09415920 Warm Springs 
\Vest near Moapa. NV (\Varm Springs West) gage. under which groundwater development by the 
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Parties would be inCrementally cUrlailed if nows declined (0 specJnc levels. lhe MOA Parties agreed 
to a series of conservation measures for the Moapa dace. These measures included cont ribuliollS of 
roughly $ 1.275 million for Moapa dace habitat res\Or.UiOIl , Ihe development of an eco logical model 
of Moapa dace hahitat. inSlallation of fL'ih harri(>f'!i. and I'flIclical ion of non-nali\'@ n~h. To dat@. Ihe 
Parties ha,'c provided the identified funds: completed habitat restoration specified under the MOA 
wH h add itional restoralion ongoing: substan tially comple1ed the ecological model ; installed one fish 
barrier with ano ther planned: arxl e(forts to eradicate non-native fIsh have been im plemented and are 
continuing as needed. 

In ZOO7. SNWA purchased the 1.220-acre parcel fonnally known as the · Warm Springs Ranch", 
which was the largest Inlet orpriva\e property along the Muddy River aoo conta ins the majority of the 
hi~torital habitat for 1M ~ndlil'lgl'red Moapa. dat~. SNWA r~r'llin'l~ tJw. prOpMy 1M Warm Spring:~ 
Natural Area (WSNA) and is managing it as a natural area for the benefit of native species and for the 
recovery of the endangered Moapa dace. as described in the WSNA Stewardship Plan dated June 
20 11. Stream restoration activ ities o n the WS NA began in late 2008 and continued through 2012. 
resulting in improvements to habitat where the Moapa dace are clllTently present. 

The llOp\llalion counl of the Moapa dace is a key indicator of species well-being in the headwaters of 
the Muddy River. Recent population counts indicate the Moapa dace population began to rise during 
20 10 and 20 11 . and nearly doobled in 2012. Thus. the MOA conservation actions have resuhed in 
measurable progress towards c01lsefV3tion and recoveJ)' of the Moapa dace. during which 
g roundwater development for beneficial use and to meel the objecti,·es of the CKder 1169 Study has 
occurred. Figure 10 shows the population of the Moapa dace from 1994 to the present. 
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4.0 RESUL TS AND DISCUSSION 

MonitOring data collected at the Order 1169 monitoring sites. combined with groundwater production 
data and meteorological data were evaluated and analyzed to identify intportant observations. trends 
and oorrelatioos. Selected hydrographs are presented in this section to illustrate key observations aoo 
regional and local-scale trends in the data prior to and during the Order 1169 Test-

4.1 Groundwater Observations and Trends 

Several analyses have been conduded by SNWA and other Study Par1icipants regarding observed 
groundwater le\'l~1 and surface-water flow changes prior to the Test. Two key ntulti-year fluctuations 
and trends that enhanced the understanding of the RCA in Coyote Spring Valley and nearby basins 
were the 1997/98 to 2004 decline and the 200smi> recovery. Figure II presents representative 
hydrographs of groundwater level that portray these regional nuctuations from wells MX-4. CSY-2. 
C,V-t. and Paiute:s·Mt. locat«1 in Coyntf! Spring Valley. the Muddy River Spring" Area. Garnet 
Valley. and California Wash, respectively. Water leve l elevatioo offsets were used in order to display 
the eY· 1 (+8.5 ft) and CSV·2 (+26 ft) 00 the same hydrograph. 

As the hydrogra])hs indicate, a regional carbonate decline in groundwater levels of about 2.5 to 10 ft 
WM obsen'ed from 1997198 to 2004 in these basin<;. followed by a regional groundwater level rise of 
ap])foximately 1.0 to 1-5 ft in 2005. SNWA examined and compiled reports discussing these 
fluctuations in 2004 and 2007 and determined the cause of the water level declineirise \Vil5 a 
combinatioo of climatiC variation (i.e., drought cooditions in the late 19905 and early 2000s followed 
by a signincam wet winter of z004/05) and (0 a lesser extent . groundwater production in the Muddy 
River Springs Area by MVWD (groWldwater pumping from Ihe Arrow Canyoo wells). The two 
SNWA reports. which are included in Appendix E and Appe ndix F. document the Significance of 
climatic variation relative to changes in groundwater levels and spring discharge. aoo demonstrate 
that in some instances groundwater fluctuations from climate variation are more signifi cant than 
nuctuations from groWldwatcr ]luntping. 

Figure 1Z depicts hydrographs of groundwater levels measured from wells MX-4. CSY-Z, GV- I. and 
Paiutes·MI. discussed above co mbined with annua l carbonate groundwater pumping. and the 
dev iat ion from average precipitation for Nevada Climate Division 4. ill ustrating the COITelation 
octween climate variability and grouno:hvater levels. Figure 13 depicts annual carbonate groundwater 
pumping and the deviation from average precipitation for Nevada Climate Division 4 along with the 
daily average nows at the Warm Springs West gage. illustrating the correlation between climate 
variability and surface-water discharge at thiS gage. 

There are also seasonal fluctuations in many of the water level records in the St:udy Area which 
follow a sinusoidal pattern with seasonal maximums observed in February to April and seasonal 
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minimums observed Seplember to November, These highs and lo .... s can a lso be seen 011 Figure 11. 
The seasonal pattern is influenced by a response to barometric pressure. grourk!l.\·,Her pumping. and 
seasonal recharge pulses, The seasonality is likely due to a combination of these factors with the 
dominant response being the influence of groundwater pumping from the three carbonate pumping 
celllers identified on Figure 14. which are the result of: I) MVWD pumping of the Arrow Guyon 
wells. 2) CSI and SNWA pumping in central Coyole Spring Valley. aoo 3) carbonate pumping in 
Gamet Valley and the Black Mountains Area. 

The installation of additional monitor wells dri lled by SNWA in the early 20005 also demonstrated 
spatial variatiollS in groundwater level elevations within Coyote Spring Valley. Examples or the 
differences can be obscn'ed in well s MX-4 . CSVM-6. CSVM-S. CE-VF-2. CSVM-4. and CSVM-3. 
depicted on Figure 15 with water levels obtained in March 2013. 

These water level differences suggest gradat ions in hydraulic propenies in the carbonale aquifer, 
~oncs of vari"b le pcm-.cability. ~nd possibly impediments 10 grol.llldw;ller flow andfor 
compartmentalizat ion of the aquifer system. A question anticipated to be answered with the Tesl is 
whether or r10l the existence of " .. cologie structures and heterogeneities in the Study Are" will affect 
the propagation of pumping e ffects to these different areas_ 

It is also well documented that the groundwater levels in the southern portion of Coyote Spring 
Valley. Garnet Valley. Il idden Valley, Cali fornia Wash, and the westem ponion of the Black 
Mountains Area. adjacent to the BM DL wells. ha\'e groundwater elevations that are very similar 
(with in a few feet of each ~her). This similarity in water level dev,uion and trends. suggests an area 
that is hydraulically interconnected and an area of high trallSmissivi ty. 

4.2 Order 1169 Test Groundwater Level TrendS and Observations 

During the Order 11 69 Tesl from November IS. 2010. through December 31 . 2012. the pumping rate 
at well MX-S ranged from 3.300 to 3.800 SI)m and was the single largest stress on the RCA in the 
Study Area. The drawdown in well ~1X-S during pumping was only about 7 ft. equating to a specific 
cajl<lcity of just over 500 gpmlft. Equipment issues associated with the water treatment facility 
connected to well MX-S resulted in periods of non-pumping at well MX-S during the Test. Figure 16 
depi,ts the duration of the Order 11 69 Test. monthly wlumes of water pumped from well MX-S and 
the CSI wells. and the oont inoous groundwater levels in well MX-S. providing a distinctive 
representation of MX-S pumping. Whether well MX-S was pumping or not is important to consider 
when making observatiOfls of groulldwater level responses. Water levels for the MX-S well are 
therefore depicted on all of the hydrographs in Section 4.2. 4.3. and 4.4 . 

A total of 4.13 1 afy and 3.961 afy were pumped from the MX-S well during CY 20 11 and 2012. 
respectively. Combined with CSI pumping from wells CS1-1 through CSI-4. a total of 5,33 1 afyand 
5.1 02 afy were pumped in Coyote Spring Valley during CY 2011 and 2012. respectively. 

The subsequent sections discuss groundwater level observations and trends during the Tesl in wells 
near MX-S. referred to as 'proximal' wells: more distal wells within Coyote Spring Valley. referred to 
as 'distal Coyote Spring Valley' wells: and wells outside of Coy Ole Spring Va lley to the south and east 
referred 10 as 'distal' wells. 

Sadlon ~ ,O 4.0 Res.Ats and Discussion 
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4.2. f Groundwater Level Trends and Observation in Proximal Wells 

Whenlhe Test officially began on November 15. 2010, the groundwaler level responses 10 well f.,IX ·5 
pumping in pro"imal monilor wells CSV}.-I · ] and MX·.j were relatively instantaneous at 0.4 100,6 11. 
Flgun:! 17 shows lhe localion of these "'ells relative to MX·5 and Figun:! 18 shoy.:s daily oontinllOUS 
groundwater level data from these wells and we ll MX· 5. all of which an:! oompleled in the RCA. All 
data is final e" rept for USGS data for well MX· 4 aftcr September 30. 2012. which is provisionaL 

From September 20 10 10 Dcttmber 2012 waler level elevations in Ihese pro"imal monitoring wells 
s how declines o f approximately 2.5 to 3.0 ft due 10 carbonate pumping of MX· 5 and the CSI ..... ells. 
Comparing the seasonal high groundwaler levels from March 2010 10 March 2013 demonslrales a 
groundwater le\'l~1 decline of3.0 10 3.5 fl. These declines reflect SNWA and CSI carbonale pumping 
combined wilh regional dimalic SIressl'S. 

Figure 18 also demonslrales thllt Ihe groondwlIler le\'els ill the proximal mooitQling wells rC<:overC(! 
almosl inSlantaneously when well MX· 5 stops pumping. The longer duration shllldowns in May and 
June of 2011 al'l(l lhe spring of 20 12 depict larger groul'I(lwater rC<:o\'cry due to longer duralion 
s hutdowns. This demonstr.l1es the ability for the RCA to recover relatively quickly ()flee pumping 
slresses are removed. When pumping reslar1ed. the slow gradual downward trends in the groundwaU!f 
levels resume. 

4.2.2 Groundwater Level TrendS and Observation in Distal Coyote Spring Valley 
Wells 

Figure 19 depiCts the location of distal monilor wells in Coyote Spring Valley. Figure 20 shows 
continuous daily water level elevation dala within Coyote Spring Valley fro m these wells and \\'ell 
MX· 5. all of wllich are complCled in the RCA. Water level elevation offsets are used to display the 
following \\'ells on the same hydrograph: CE· VF·2 HI ft). CSVM-3 (·382 ft). CSVM·4 (·60.5 ft). 
and CSVM·5 (· 224 0)_ The ini lial pumping signal from well MX·5 can be inferred beyond 
baromClric fluctuations at monitor \\'ells CE·VF·2 and CSVM· 2. at magnitudes less than the proximal 
wells. From Seplember 20 10 10 December 2012. the water level elevation at we ll CSVM· 2 s hows a 
dec line of roughly 2.5 ft . Also apparem in the groundwater levels al CSVM· 2 is the distinct water 
level rise ~iated with shutdowns o f MX· $. The groundwater level changes at CSVM·2. which is 
se\'eraJ miles from well MX·5. and are indicat ive of a confined to semi·confined aquifer sySlem with 
groundwater level declines extending miles from the well over the duration of the TesL 

The Seplember 2010 water level elevation al well CE· VF·2 depicts a less than 1 ft decline to 
September ZOII. which Wil'> followed by a water le\'el rise in November 2011 . This anomaloos 8 ft 
waler level rise in well CE-VF·2. was invesligated with a downhole camera. and a hole in Ihe blank 
casing within the saturated alluvium was discovered in which water was flowing into the we ll casing. 
The water level in CE-VF-2 now rcpre;ents a oompooite head of the alluvial and carbona te aquifer 
instead orjust the carbonate aquifer. 
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Figure 18 
Hydrograph of Daily Conti~us Groundwater levels from MX-5 and Proximal Coyote Spring Valley 
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Location Map of Distal Monitor Wells CE·VF·2, CSVM·2, CSVM·3, CSVM·4, 
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Monitor wells C5VM·3 and CSVM·5 do nOI show any res)xmse due 10 pumping from the MX-5 and 
C51 1-4 wells. strongly suggesting the presence of flow barriers belween these wells and MX-5 rather 
Ihan a delayed re5IKmse (Figure 20). C5\1M· 4 may be showing a slight response with December 
2012 waler lev/:'ls approximately I fllower than Seplernher lOlO waif" levf!is, hili the transducer In 
CSVM· 4 has had a high failure rale due 10 Ihe high waler temperature in the well, so fluctuations of a 
fOOl or less should 1101 be used to infer an absolute rCSIKmse. 

The seasonal. spring water-level risc observed in the groundwater elevations prior to the Test is 
"Pllarenl in Ihe April 2012 waler levels in wells CSVM-l. CSVM-2. and CENF·l and less noticeable 
in the April 20 1] and 2013 wmer levels. The April 2012 water level rise coincided with a roughly 
3-momh period of non-pumping at well MX-5. This shutdown resulted in groundwater levels in these 
distal Coyotf' Spring Vallf'y mon itor wells rf'Suming the seasonal pattern ooserwd prior to the Tf'sl. 
emphasizing the ability for the RCA (0 recover once pumping stresses are removed. 

4.2.3 Groundwater Level Trends and Observarion in Distal Wells 

Figure 21 and Figure 22 depict the location of distal monitor wells outside of Coyote Spring Valley to 
the east and south. respectively. Figure 23 shows daily cominuous water level elevation data from 
production well MX-5 and distal monitor wells UMVM- 1. Paiutcs-M I. EH-4. and CSV-2 to the east 
uf MX-S. USGS daily av"rag" data frolll th" USGS NW[S datai.oaSt! fur CSV-2 ar" nllal through 
September 20 12 and provisional thereafter. Well EH-4 data are weekly average water level data from 
the NDWR Water Rights database prior to September 15, 2010, and dai ly average water levels from 
that point forward . An offset was applied to well CSV-2 (+20 ft) to diSjllay the groundwater level 
data on the same hydrograph as the MX-5 well. 

The instantaneous pUlllping signal from well MX-5 is not discernible in these eastern. distal 
monitoring wells: however. a gradual decline of roughly 2 ft is observed from September 2010 to 
December 2012. slightly less than the 2.5 ft of decline observed at CSVM-2 located in the southern 
portion of Coyote Spring Valley. TIle seasonal rise observed in the spring of 20 12 in the proximal 
monitoring wells is also present In these wells. but to a lesser degree. 

Figure 24 shows dally cOlllinuous water level elevation data from production well MX-5 and distal 
monitor wells GV- 1. BM-DL-2 (monthly data). and Paiutes-M2 located to the south of Coyote Spring 
Valley. An offset was applied to well GV- I (+1 fd to display the groundwate r level data on the same 
hydrograph as the MX-5 well. The instantaneous pumping signal from well MX-5 is also not 
discernible in these monitoring wells. and the same gradual decline of roughly 2 ft is observed from 
SeJllember 2010 to December 2012. The seasonal rise observed in the spring of 2012 in the proximal 
monitoring wells is present. but to a lesser degree. The overall groundwater level trcuds in the 
southern distal wells are more muted than the eastern distal wells. 

The observations discussed above relat ing (0 the four groups of spatially located sets of monitoring 
wells are the result of not only well MX-5 pumping but the combined pumping from the three 
pumping centers depicted on Figure 14. as well as. climatic variability. As not('(1 earlier. climatic 
conditions during the Test were near average or dry. and groundwater developmem within the two 
pumping cemers outside of Coyote Spring Valley was on·going during the Test. The similarity in 
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magll i1ude of lhe groundwaler lrends during lhe TCSl combined With lhe broad regional water lelld 
trends prior 10 the Test suggest a degree of cOllnection between Garnet Val ley. Black Mounta ins Area . 
California Wash. Muddy River Springs Area . and Coyole Spring Valley and the innuence of 
overla pping drawdown cones from lhe three pumping cenlers. 

4.3 Muddy River Springs Discharge Observations and Trends 

The Muddy River Springs Area d ischarges groundwater from lhe RCA through numerous springs. 
creating the headwaters of the Muddy Ri ver. Eight gages are mainta ined along the M uddy River and 
its Iribu taries (Table 3 and Figure 3) before it enters Lake Mead. 

Table 3 
Annual Discharge in Acre·Feet Measured at Gaging Stations Operated by the USGS or 

SNWA on the Muddy RivCf and Tributaries of the Muddy River 

"~, - - - - - - - - -,- - - - -, - - w. wu wu ,- Gaging s...;",,_ "." "'" "'" ,,", "'" ,.." ,,'" ,.." "'" 
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~,.,.I 

""""'" -..... ~,-
_w 

23.168 =" .- 24.616 ,,~ 2HllO .. , .~ .'00 1--
IoUIcIy _ .1.eoMs 

09<1 19501 Aoeroe III o.encn. NY 6.l~1 aro' 10.932 lZ,091 •. '" lU90 16.625 l U 60 " ... 
(1.eoMs 9'9"l 

• 
Hydrographs o f conti lRKlUs nows mea5Ured at the Pederson. Pederson East. \Vaml Springs West. 
LOS. a nd Iverson Flume gages arc provided in Append iX O. These individual springs and Muddy 
River tributaries are coTl5idered pan of the Muddy Ri ver Springs Complex. whose source is the RCA 
(Eakin, 1966). As (he c hans indicate, Ihcre is a Slight downward trend in the late 1990s and early 
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2000s rollowed by an increase in nOw rrom September ZOO4 10 SCplcmber 2005. similar [0 
observations in groundwater levels during the same time period. as discussed in the previo lls section. 

In Octob@r-2008.a rflSlOl3lioo chanrlf'l was constructed dOll'nstr@1l m of the Wann Springs W~ gage. 
Upon completion of the new channel, the waler measured by the Warm 5])rings West gage no longer 
sheet nows through a gro"c nfllalm trees 10 the [v~n Flume gage_ The w,l1er now nows under the 
road and into the new "Lower Pederson" channel to the Apcar Stream. bypassing the Iverson Flume 
gage. 

A fire occurred in the Muddy River Springs Area ooJuly 1. 20 10. This rendered several USGS gages 
iooperable for a period of lime in CY 2010 while the USGS initialed repairs. 

Figure 25 and Figure 26 depict daily nows mea.sured althe USGS Pederson gages alld Warm Springs 
v,'eS[ gage. respectively. along wilh momhly carbon:ue aquifer groundwater pumpage by MVWO, 
CSI. and SNWA. There appears to be a discernible response to the carbonate pumping. beyond the 
historical climatic and pumping influence. wi thin the Study Area at the Pederson and Pederson East 
gages with flows reaching historic lows in December 20 12 (based on preliminary USGS data) 
ranging between 0.06 and 0.09 cfs at Pederson and between 0.10 and 0.13 cfs at Pederson Easl. 
Current flows measured at the Warm Springs West gage are slightly above historic lows and there 
appears to be an auenuated response to carbo"aH~ pumping. Flows at the Wann Springs West gage 
were 3.3 cfs in Ime $epl:ember 2012 and remained relatively steady until October 2012 when flows 
increased to 3.4 cfs through mid-April 2013 before re(uming to 3.3 ds. Flow records at the Warm 
Springs West gage prior to 1996 were influenced i>y an agricultural diversion abo\'e the gage. which 
is Ihe reason for Ihe increased variability prior 10 1996. 

Flows al the Iverson Flume and LOS gages ha\'e anomalous trends (Appendix OJ. TIle h'erson 
Flume gage has historically been affected by palm tree rooI5 and bea~-er activity above the gage. 
influencing the flume rating. TIle LOS gage has been alfecwd by operations of Ihe swimming pool 
and irrigation 011 the LOS propeny as "-ell as vegetation influencing the gage rating. 

Chans depicti ng Muddy River Siream flow at the Moapa and Glendale gages are also proVided in 
Appendix O. As indiCated by Ihe chans. a noticeable decrease in the annual flow can be observed al 
both gages from 1944 to the ea rly lOOOs. i1 is generally understood and accepted lhat the decrease in 
surface -water flow is a result of conlinued surface-water diversions in the Muddy River Springs Area 
for industrial and munidpal purposes associated wilh the NVE Reid Gardner Generating Stalion and 
communities in Lower Moapa Valley, as we ll as. shallow alluvial pumping by NVE in the Muddy 
River Springs Area (LVV\VO. 2001). A Sigllificant increase in flows has also occurred since the 
early 2000s with nows reaching 40 cfs in December 201 2 and 46 cfs in February 20 13. despite 
on-going groundwater development from the RCA. This observation is discussed in subsequent 
sect ions. 
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4.4 Muddy River Flow and Trends verses Groundwater Development and 
Surface·Water Diversions 

The Muddy River is formed by springs and gaining stream reaches in the Muddy River Springs Area 
which coales«! above the Moapa gage. 11le Moap;! gage measures the baseflow of 1he springs (i.e" 
Muddy River) less surface· water d iversions. ET between the springs and the gage. and also the effects 
of groondwater withdrawal from the shallow alluvial aquifer in the Ileadwater an:a of the Muddy 
River. 

Development of grouOOwater resources adjacent to the upper reaches of the Muddy River began 
around 1947 when the fil"Sl well was drilled (NDWR Well Log Database). The wells were initially 
used for agriculture. then many of the groundwater rights and wells were purchased by NVE and 
transferTed (0 industrial use at (he Reid Card ncr Ceneration Stalion. Diversions of surface water by 
NVE upstreanl of the Moap;! gage began in 1968 when NVE leased 1920 decreed Muddy Rivcr 
$urf~<;e'waW righlS from MVIC. 

A correlation ."ists between the all uvial groundwater P.llnl)ing in the Muddy River Springs An:a and 
the decline in stream flow at the Moapil gage. The measured fl ow at the Moapa gage . ."clooing flood 
nows. and the corresponding volume of alluvial groundwater pumping and surface-water diversion 
are shown on Figure 27. Subtracting historical alluvial groundwater pumping and surface·wall~" 
diversiOns from the pre-development stream flow of CY 1946 (prior to groundwater all!! 
surface·water development) for each CY from 1941 (0 2012 yields a theoretical Moody River flow 
line. This (hoorctical flow closely approximates the actual measured flow at the Moapa gage. 
demonstrating the decline in gage flow at the Moapa gage is approximately equal to the alluvial 
groundwateT" pumping and 5Urface-watcr di\"l~rsions. 

On Figure 2S. carbonate aquifer pumping from MVWD wells (Arrow Canyon I & 2). the SNWA 
MX·5 well. and CSt wells an: included in the groundwater developmenl. An addilionallhoorctical 
flow line was generated by subtracting the surface-water diversions. alluv ial pumping. and camonate 
aquifer pumping by MVWD. SNWA. and CSI fram the pre·development stn:am flow of CY 1946. 
TIle addition of camonate pumping causes the theoretical flows to deviate Significantly from actual 
Moapil gage flows (exdooing floodnows). demonstrating what the now althe Moapilsage would be 
if the nearby carbonate pumping wen: influencing Muddy RivC!" flows at the gage. This clearly 
demonstrates that nearby carbonate pumping is not influenCing Muddy River flows at the Moopil 
gage and is therefore not influencing senior Muddy River surface-water rights. 

The correlation between the decline in measured Muddy River flows and alluvial groundwalcr 
pumping in the upper n:aches of the Muddy River combined with 5Urface·water diversions above the 
Moapil gage were d iscussed during the NSE water-right hearings associated with the LVVWD 
applications in July 2001 and is documented in LVVWD Exhi bit 54. 

The analysis perfonned in 2001 and updated hen: with 12 additional years of data continues to 
demonstrate and confinn that NVE alluvial groundwilteT" pumping is directly correlated to flow 
declines in the Muddy Ri\'Cr as measured at the Moopil gage on an almost I : I basis. 
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4.5 Monthly Average Reference ET and ET-Precipifarion Trends 

TIle analysis in Section 4.4 above assumes ET wiehin the headwaeers of ehe Muddy River above ehe 
Moapa gage remainl'd ronstanl. It has been sngg~ted by some Order 1169 Study Participants ehal 
land-use chanl;,.es in ehe headwalers have innuenced Ihe Moapa gage nows. Some land-use changes 
in lhe area have occurred in ehe lasl decade principally due co ehe SNWA acquisition of ehe WSNA 
and the oorre5pollding lack of irrigation related co SNWA management of the property as a natural 
area. To examine the hypothesis that ET has declined in the headwaeers of the Muddy River above 
lhe Moalla gage. SNWA funded DR! co calcu late ET on a monlhly lime-seep in Ihe headwalers of ehe 
Muddy River to estimate the annual volume of ET. This section summarizes the study performed by 
Huntington and Morton (20[3). (Appendix G). 

TIle DR! study area delineated on Figure 29 was ch05en to encompass the springs. agriculture. and 
phreatophyles in Ihe headwaeers. where mose ofehe change in vegeealion has occurred . Major springs 
in the headwaters. including springs located on the USFWS Moapa Valley Wildlife Refuge. and the 
SNWA WSNA. are included in the DR! study area. The following subsections provide a summary of 
lhe seudy meehods and results . 

J \ 

, .. ,J ) 

• 

, 

NAlP 2010 DS"-"'1A1e.Bound~ __ O===O='='=======~_--,~ 
DRI Study Area for METRIC 
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4.5. f Method, 

Huntington and Morton (2013) calculated ET for several years prior 10 the Order 1169 Test. The two 
melhods utili:ted are referred to as Mapping EvapoTranspiration at high Resolution With InternaliZed 
Calibration (fo.-IETRIC) and the NOrm;Jlued DilTerence Vegetation Index (NOV!) derived ET method. 
Two methodologies were used because it lakes a large amount of effort and time 10 perform METRIC 
for each }'\'ar so fewer years were processed (CY 21)06 to 2(12), where lhe NOVI derived method 
requires much less time and elTon, therefore a longer time span was able 10 be processed (CY 200 1 10 

2012). 

BOlh methods used in this analysis utiliU! Landsat multispectral data. Although Landsat data has a 
relatively large pixel resolution (30m x 30m) when compared to many aeria l photography products, 
Landsat has many advantages. Landsat has been used to collect multispectral (up 10 8 bar>ds plU5 
thennal) imagery since the 19705; the orbit patterns of the two acti\'e Landsat satellites enable data to 
be CQIl~ed lIbout twiCe 1I mQnth for every tocatiOn on c<lrth; <lncl the data is free to oownlaoo. 
Advances in remote sensing technology and in the field of ET lul\'e made it possible to calculate ET 
uHlizing Landsat data. 

Mon th ly Landsat scenes were obtained for lhe Muddy River Springs Area be\w('Cn CY 200] and 
2012. Landsat scenes captured around Ju]y 2010 are JIO{able be<:ause they document the headwaters 
before and after the July 2010 fire that burned a signifICant ponion of the vegetated area above the 
Moapa gage (Figure 30 and Figure 31 . respe<:tively). 

METRIC involves processing the Landsal data which is then calibrated to locally collected 
meteorological data to calculate actual ET on a pixel ·by·pixel level. This local meteorological data is 
used to calculate reference ET (ETr). which is the ET which would occur over a hypothetical crop 
surface with specified chal3Cteristics. This calibration is performed for each available Landsat scene 
for the period of interest up to two per month. Actual ET is then interpolated between the Landsal 
data dates utilizing the local meteorological data to obtain daily ET values. For this study, METRIC 
was calculated between CY 2006 and 2012. 

The NOVI derived ET method utilizes NOV! which is a calculation perfonned on the red and near 
infra·rcc! bands of the Landsat data. The result of an NOV! calculation provides a data layer thaI 
numerically quantifies the amount of green vegetation in a particular pixel. Previous studies have 
found a linear relation between NOVI values and the relative fraction ETr. widely known as the crop 
coeffiCient. By comparing the NOV! and the relative fract ion of reference ET, a linear relationship 
can be de\"l~loped and applied to NOV! values to obtain ET for that area. Since NOVI derived ET is 
less labor intensive to calculale lhan METRIC. ET was calculated ucili:dng a locally developed NOVI 
relative fraction of reference ET regression between CY 2001 and 20 12 in order to look at a longer 
period. 

Precipitation was subtracted from the ET results of each method in order to make the results more 
comparable ~ar to year and to evaluate potential changes independent of precipitation changes. 
PRISM precipitation data were used for lh is purpose and correlated we ll with locally collected 
precipitation values. 

Section 4.0 4,0 Re5ults andOiscussioo 

SE ROA 10154 

J A 3018 



SOuthem Nevada Water Authority . Water Management and Planning 

Landsat Image-Aft"J,'I, 2010 Fire 
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4.5.2 Results 

For the overlapping period of CY 2006 to 2012. the METRIC and NOV] derived ET results were 
compared. On a seasonal basis the resuhs from boIh medu:xls correhued well : therefore. 10 compare 
ET data over a longer period of time. the NDVI·derived IT !'('SUIts are also used in this ['('pon. 

Between CY 2001 to 2012 a slight downward trend in ET (Figvre 32) is observed in the headwaters 
based on the NDVI·derived ET results. This slight downward trend is also seen in the 2006 to ZOl2 
METRIC results . 

Table 4 sho",s the annual 10tal ET volumes for the ORI study area . The long~term ET volume 
dcc['('ased between CY 2001 and ZOl2 about 900 af according to the NDVI·deri\'ed ET method. aoo 
about 600 afbelween CY 2006 and 2012 based on ME'l'RIC. 

Some highs and lows in Ihe record seem to correspond we ll with observed events th<ll woold be 
expecled 10 have an impact on ET rates in the area. The high point in CY 2005 is due 10 above 
normal pnxipitation that caused greater vegetation density. thereby increasing tOCal ET over the ORI 
study area for that year. In CY 2010 the ET rale declined. most like ly due to the fire in the 
headwaters. Hunt ington and Morton (20 13) determined the long·term decrease in ET is mOSllikely 
due 10 a combination of changes in .,'egetation and obsen"ed decrl"35eS in reference ET in the DRI 
study area. 

Based on the Huntington and Morton (2013) study. an overall decrease in ET for lhe headwalers from 
2001 to 2012 likely ranges between 600 and 900 afy. The 600 af eslimate is derived from 
extrapolating the rate of decrease in ET backwards from the CY 2006·2012 METRIC analysis back to 
CY 2001. and the 900 afy is rounded from the NDV!·o:!erived ET results. 

The total change in ET in the headwaters of the Muddy River above the Moapa gage is minor 
compared to the overall change observed in the flow of the r-.tuddy River at the gage. Thus. the 
conclusions drawn in the previous section regarding the lack of influence of carbonate I)Umping on 
nows in the Muddy River are supported. as is Ihe concluSion that NVE alluvial pumping is capturing 
water that ,,\"Ould have otherwise constituted Muddy River water apportioned under the 1920 Muddy 
River decree. 
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Table 4 
NOVI Derived ET 

HDVI~ NDVI ,.,.,..,.,. 
I':T R~I" H 1otII""", ,. (af)'J 

4.21 3.3!;5 

4.13 3.292 

,.~ 2.8!;3 

, .. 2.869 ., 3.421 

,~ 2.~l 

3.59 2.861 

,~ 2.831 

3.93 3.132 

2.77 ,.~ 

,,, 2.463 

3.16 2.519 

.~< METRIC 
Anr'lUOlI ET M"",, .. ,- ~~ ,. (af)'J 

3.45 2.7::.0 

" 2.311 

3.07 2.441 

3.43 2.734 

2.19 2.224 

2.81 2.240 

' .00 2.415 
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5.0 SUMMARY AND CONCLUSIONS 

After the issuance of Order 1169 in 2OOl, 5NWA and other study parHcipams established an 
extensive monitoring rtetwork in prepal3tion for a two-year pumping test. Precroing the test. water 
level. spring discharge. and streamnow data were collected and used to characterize the natlJl'1l1 
variability of the groundwater system and establish baseline hydrologic conditions_ AnalysiS of these 
data indicates that the groundwater system, panicularly the RCA, exhibits widespread and dear 
responses to changing hydrologic conditions. llIese responses are observed as groundwater level 
declines during periods of persistent drought (2000·2004: lO l l -presen t), and groundwater level 
increases du ring periods of above normal hydrology (e.g. 2004-2006). Depending on the proximity of 
observation point s to pumping centers in the study area, Ihe effeclS of groundwater production can 
also be observed but they are typically minor and are superimposed on the trends associated with the 
natural variability of the groundwater Syslem_ 

The NSE and study panicipanlS agreed that less than the initially reqUired 8,050 afy of existing 
Coyote Spring rights could be pumped while still achieving the Test object ives. "The Test was Slaned 
in November 2010 using 5NWA well MX-5 and CSI wells C51-! through C51-4_ During the Test 
well MX-5 was pumped at rates ranging from 3,300 to 3,800 gpm, while the C51 wells were pumped 
interminently. A total of 5.331 afyand 5, 102 afy were pumped in Coyote Spring Valley during 
calendar years 2011 and 2012. respectively. Equipment iSSUes with the water treatment facilities 
associated with the MX-5 well caused pumping to cease for periods during the Test. 

Inslantaneous responses in groundwater levels near the MX-5 well were observed at small 
magnitudes. Pumping responses associated with this well are indicative of a confined to 
semi-confinco;l aquifer SJ$tClll b<ascd on grQ\lndwa\Cf level declines observe(! miles from the well Over 
the duration of the Test. These declines also corresponded to the persistent drought conditioTlS 
eXllCrienced throughout the study area and regionally during and preceding the Test Declines ranged 
from several fCCl in dose proximity !O the pumping wells, to IWO fcct or less in the adjacent 
down·gradient basins. In the northern and western portion of Coyote Spring Valley, no discernible 
responses 10 groundwater puml)ing were observed_ "The pumping rates associated with Ihe MX-5 well 
were greater than any single (and in lIIany cases combined) pumping stress imposed to date, and the 
observed pumping responses were no! WlexpeCted. 

Maintenance and repair activities of the water treatment facilities adjacent to well MX-5 resulted in 
several shutdowns of well MX-5 during (Ill:! Test and allowed for the observation of drawdown 
recovery of the RCA_ Recovery responses to the cessation of pumping from the MX-5 well were 
small but observable as groundwater levels in monitor we lls demonstrated increasing trends. "The 
trends demons1rate the abi li ty for the RCA to recover relat ively quickly once pumping stresses are 
removed. After the reco\'ery periods and the continuation of pumping. slow gradua l decreasing trends 
in Ihe groundwaler levels resumed_ 

Sedioo ~,O 5.0 SurrmIIry and ConWsions 
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Regional Wall'f level changes in the carbonate aquifer were the resul( of pUnlping from Ihe three 
pumping centers coupled Wilh changing hydrologic conditions. Seasonal pumping associated Wilh 
C51. MVWO. and the power generat ion stat ions in Garnel Valley contriwte [0 seasonal declines in 
grouudw31er If!vel~ which have hl'f!n observNl In lhn monitor well_~ . The seasonal pumping signal 
OSCillates between lower groundwater levels in (he summer and fall, and higher levels in the winler 
and spring. Groundwater production by SNWA in Coyole Spring Valley is morc conSistent 
throughout the year and therefore does 1101 contribute much to the seasonal oscillatioo. This 
oscillation overprints the climatic signal with a similar wavelength and periodicity. 

Since the beginning of the Test, groundwater levels near the Coyote Spring production wells and in 
down-gradient areas have been decreasing as expected. Minor water level declines from the spring of 
2010 to the spring of 2013 ranged from about 3.0 ft to 3.5 ft in proximal wells . and from 2.0 ft Or less 
in dista l \\--ells. The groundwater level changes resulting from the combined pumping and climatic 
st resses are aPilarent in most of the carbonate wells over a broad regional area including Gamel 
Valley. Black Mountains Area, California Wash. Muddy River Springs Area, and Coyote Spring 
Valley. This cyclical trend was not observed in carbonate monitor wells CSVM-S and CSVM-3 to the 
west and north of the Coyote Spring l/foduction wells. respectively. 

There was a lack of responses to MX-5 or other RCA pumping in northern (CSVM-3) and western 
(CSM V-5) portions of Coyote Spring Valley. The lack of responses suggests the presence of 
boundaries (faults) andior distributions of contrasting hydraulic conduct ivity that limit the 
propagation of pumping effects to the north and west. Discontinuities and steep gradients in RCA 
potentiometric levels provide additional .supporting evidence for these condit ions. but due to the lack 
of responses. the hydraulic properties of these unaffected areas cannOl be analyl.ed with the Test data . 
As a result. the hydrogeologic understanding of the areas is less Cer1ain. However. the presence of 
boundaries and variations in hydraulic conductivity could polelllially allow for the redistribution of 
pumping to these areas so as to minimize hydrologic impacts to senior water-right holders and 
environmental resources. It remains unclear if additiOnal resource development beyond existing 
permiued rights could take place in these locations. 

To the east of Coyote Spring Valley. in the Muddy River Springs Area. the observed declines in flow 
at the Pederson and Pederson East gal;,'es were expected as they are the highest elevation springs 
within the headwaters of the Muddy River. The observed decline at the Pederson gal;,'e represented a 
decrease of roughly 67 gpm. about 0.15 cfs, which is indiscernible at the Moapa Gage. These declines 
did oot re5u lt in the lov.·ering of flows at the Warm Springs West gage below established. stipulated 
triggers. that if reached would have resulted in the reduction of groundwater pumping in CoyOle 
Spring Valley. 

A concern associated with Coyote Spring Valley groundwater development is the potential impaclS 
thiS develO]Hllent may have ()II senior Muddy River surface water rights . As de11l()llS(rdted by the 
ana lyses of the Muddy River flows at the Mool)a gage. su rface water flows actually increased IHior to 
and during the Test. This increase is the resu It of reduced pumping from the alluvial aquifer by NVE. 
Groundwater development in Coyote Spring Valley did not result in observable effects on Muddy 
River streamflow. 

Se<:lion 50 56 5.0 Summary and Conclusions 
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Analyses of nows at the Moapa gage and ET in the Muddy River Springs Area indicate that the 
increase in the Muddy River streamnow is priocipally due to reduced alluvial pumping by NVE and 
n04 by pumping in Coyote Spring Valley, The ET analysis indicates changes in vegetation and land 
usc were minor with reductions in ET consumptive uses accounting for tess than 900 afy for the 
period 2001 10 2012. 1bese ana lyses indic~le tllatthe loc~1 alluvial pumping is the primary stressor 
affecting Muddy River streamnows and. thllS, the primary threat to senior surface water-right holders 
on the Muddy River. 

Declin ing groundwater levels observed in monitor wells GV- I (Game1 Valley) and EH-4b (Muddy 
River SJXings Area) are also observed in the MBP[ wells M l. M2. TH2 and ECPI in California 
Wash, and well BM-OL-2 in the Block Mountain area_ These declines of approximately 2-ft are of 
the same magnitude as the drawdown in Coyote Spring Valley. suggesting cormectivity between 
Coyote Spring Valley, California Wash. Black Mouruain and Camet Valley. and o\'erlapping cones of 
depression. 

In conclusion. the test resullS ind icate: 

Trends in groundwater levels are driven by both groundwater pumping from the three 
pumping centers depicted in Figure 14 and changes in Ilydrologic conditions preceding and 
during the Test. 

Pumping existing grounmvater rights in Coyote Spring Valley did oot result in 
unreasonable lowering of the groundwater table. and when pumping was reduced 
groundwater le\'Cls recovered_ 

There is a Lack of pumping responses oor1h of the Kane Springs Fault and west of the 
MX-5 and CSt wells near the eastern front of the Las Vegas Range. 

Declines in spring now discharge at the highest elevation springs in the Muddy River 
Spring Area al the Pederson and Pederson East Sl)rings were ant icipated and the magnitude 
of decline was minimal relali\'e to the nows at the uses Warm Springs West near Moapa. 
NV gage. 

Groundwater development in Coyote Spring Valley d id oot result in any discernible effeelS 
on the nows of the Muddy River at the USGS Muddy River near Moapa. NV gage. 

Local alluvial pumping in the Muddy River Springs Area is the primal)' stressor affecting 
Muddy River Slreamnows and. thus. the primary threa~ to senior surface-water right 
holders on the Muddy River. 

Future groundwater production by SNWA will continue to be carefully monitored in 
accordance witlt penni! conditions and stipulated agreemenlS_ 

It remains unclear if additional resource developrnent beyond existing permitted rights could take 
place in Coyote Spring Valley at locations north of the Kane Spring fault in the area near CSMV-3. 
However. the presenCe of boundaries and variations in hydrauliC conductivity suggest that. at a 
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",inimun!. these areas may have the potential fQ be used for redistributing development of eIti.s\ing 
rights. Whether pending applications in Coyote Spring Valley are approved or denied. in whole or in 
part. they should be considered in orde<- of priority With a ll 04het'" groundwater applicalions held in 
aheyaoce by Order 1169. 
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Bill Rinne 
Soutbem Nevada Water Authority 
P.O. Box 99956 
Las Vegas. Nevadll89!93~99S6 

Ken Albright 
Soulht:m No:,_ Water Authority 
P.O. Box 999S6 
Las Vegas, Nevada 89193-9956 

John Entsminaer 
Southem Nevacb Water Authority 
P.O. Box 99956 MSi485 
Las Vegas, Nevadll89H3 

Paul Taggart 
Taggm and Tagprt 
101 N. Minnesota SIittt 
Carson City, Nevt& 89703 

Jeff Johnson 
Southern Nevada Water Authority 
P.O. Box 99956 
Las Vegas, Nevadro 19193-9956 

Bob 0 11 
NV Energy 
P.O. Box 989 10 
Las Vegas, Nevada 891 S I 

Peter Morros 
1455 Viewerest Coun 
Reno, Nevada 8951 1 

~r.?- ~o>. 
Fraok Flaherty ~ltat6\ 
Dyer, La~nce, Cooney &; Penrose 
2805 N. Mountain SIrceI 
Carson City, Nevada 89103 

Carl Savely, General Counsel 
Coyote Sprinp Investmt:nt Company, LLC 
6600 N. Wingfield Pkwy. 
Sparks, Nevada 89436 

Brad Huu 
Moapa Valley Water District 
P.O. Box 257 
Logandale. Nevada 89021 

0", "'"" 
U.S. National Park ScTviee 
601 Nevada Way 
Boulder City, Nevada 89005 

Tim Mayer 
U.S. Fish k Wildlife ScTvice 
91INEII-Avc. 
Ponland, Oreaon 97232-4181 

Michael Eberle 
Chief, Water Resources Branch 
U.S. Fish k Wildlife ScTvi~ 
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Peter Fahmy 
U.S. Dept. of InlCrior 
Office of th~ Solic itor 
755 Parlet St., Suite 151 
Lak~,,'OOd. Colondo 8021 5 

Stephen Palma 
U.S. 0epI;. o f lntcrior 
OffICl' of w Solicitor 
2100 Conage Way Room £-1712 
SacllLll"lCnto, Cal ifornia 95!25 

Rex IAMew, Plant Mana.gcr 
Miranl Las Vegas Power Company, LLC 
15555 Apex Pow~r Park.way 
PO Box 34089 
W Vega.'!, NV &(13) 

Cynwa Manion 
U.S. Fish.t. Wildlif~ Seo>ke 
4701 N. Torrey Pi~ Or. 
Las V~gas. N~vada 891 30 

Richard Ikrley 
Zionlz. C"Mstnul. Varnell. Berley, ct a!. 
2101 Fowth Ave .. Suit~ 1230 
Sc.anl~, Wa5hingloo 98121 

Darrm Doboda, Chairperwn 
Moapa Band. of Paiutes 
P.O. Box 340 
Moapa, Nevada 89025 

R~: Appllealions !l4OS),S4IWil , 632n-63276, 63867-63376, 54016; Order No. 1169 

Study ParticipantS: 

This Idter is intended as follow- up 10 the m«ting held Jurw: 22, 2010. and 10 add~" 
outstanding iSMleS and rqlOI"1ing ~ui~mc:n1S ~Iated to Statc Enginett's Order No. 1169, in 
pankular UK ~ritieaJ pumping !CSt ponioo of the Order. Onkr No. 1169, which was sipcd on 
March 8, 2002. holds in abeyallce all pending carOOnatc-rock 8quifer system groundwatcr 
applications lI1Id new filings to appropriate WIler in Coyot~ Spring Valley (Basin 210), Black 
Mountains A~. (Basin 215), Gamet Valley (Basin 216), Hiddrn Valley (Basin 217), Muddy 
River Springs aka as Upper Moapa Valley (Basin 21 9), and lower Moapa Valley (Basin 220) 
1,lI11i1 further infonn.ation is obtained by stressing the aquifer by the pumping o f tliosc water right 
permits already issued in Coyot~ Spring Valley. Application 54076 in Cal ifornia Wash WIllI also 
held in abeyance unti l the test WIllI complcted. 

"Tho:: entities ini tially mjuimllO partic~ in UK study included: w Vegas Valley Water 
Disuict (LVVWD), Soutbcm Nevada Water AUthority (SNWA), Coyot~ Springs Invcstmmt, 
u..c, Nevada Power Company, and the Moapa Valley Water District (MVWO). "Tho:: Moapa 
Band of Paiutcs =tly requested and WI! gnnlcd status as a par1ic:ipant. 

The Order tal ls for a minimwn five·yellT hydrological study during which at kast 50'% of 
w existing wat~r rights in Coyote SprinS ValJ~y must be pwnpcd ror at least two cOlI$CCutive 
years. "Tho:: permitted ground""ater righl.!l ofUM! sNdy participants in Coyot~ Spring Valley total 
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16,100 acre·feet annuall y (,fa); therefore, the lIIllounl thaI mUSI be pumped each year for IWO 
cons«ulive years is 8,OSO ,fL The water may be pumped from llIIy of the cum-ntly pmniUe4 
poin~ of divasKm o f the participan~. Pwnped water must be put to beneficial use within 
Coyote Sprill(! Valley or exported from the hydrognphic basins subj«t ofOrdcr No. 1169. 

A hydrologic report, prepared by Miffl in .00 Associates, Inc . (MAl) and forwarded 10 
this officc by the Mnapa Band of Paiutes, ~senled information supponing a conclusion that 
pumping from Coyote Sprina Va!ley would reduce Muddy River ,prina flows at , I: I rate just 
nine months after pumpina oc:curs. In i~ report llI1d in a presentation III the June 22, 2010 
meetinS. MAl concluded: 

• The pumping that has oceUlttd to ~e in Coyote Spring Valley has produced results thaI 
effcetively satisfy the objeetives ofOJder No. 1169. 

• Pumping in Coyote Spring Valley in 2007 was coincident with, and possibly I'eSporIsible 
for,' 60% dcercase in the Moapa d.ace population. 

• Flows in the Wann Spring.'! area woukI not be adequately protecled by the Memorandum 
of UndentaDdinS agruel to by the U.S. Fish and Wildlife Servioe (USFWS). the SNWA, 
the: MVWD, and the Moapa Band of Pai\lteS. 

MAl recommended that the pumping test not proceed until the cause of the dace 
population decline is beUeT known, minimwn flows for their habitat are established, and a 
pwnpill8 le51 daignal to protect those minimum flows is developed. However, commm~ by 
the USFWS did DOt concur with the MAl view that the low flows during that period oftilm: wert: 
responsible for the decreuc in d.ace population, and the USFWS reeommcnded that the pumping 
lest take plaec a outlined in OrdeT Nn. 11 69. AI the end nfthe meding, it was decided that the 
pumping Itst should be carried OUI to the exlmt possible. Modificatinns to the test, reporting and 
subsequent studies arc nutlined below. 

Seclion 7 of the Order requires the study participants to fi le a report within 180 days of 
the end of the fifth year detailina the resul~ of the Itwy. Sco::IIon 3 requires that at the tnd of the 
study period, LVVWDlSNWA aTe to update ElIhibit 54 from the July 2001 hearing 10 show the 

Slate Enaineer the effects, if any, of production of water WIder Applications 54055 • 54{)S9. Thc 
Slate Entineel' was 10 then make a determination if he had sufficient infnrmation 10 proceed with 
ruling on those additional applications in Coyote Spring Valley for whkh hearing.'! had already 
been conducted, and other pending applications in these basins. 

Fnr various rca!IOTIS, eight )'Cars ha~ passed since the Slate En&incer issued Order No. 
1169, and the pumping rcquiranen~ of the Order have 001 yet lJe&un. SNWA's present plllI1 is 10 

pump only the ~iX-5 well and pipe that waler tn Lower Moapa Val ley, ... 1lere it will be al lowed 
to flow intn Lake Mead for the benefit ofSNWA. Unwever, maximum pwnping rates from MX-
5, even when combined wi th Coyote Springs [n~estment, LLC's nngni ng pumping, may not met:t 
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the 8.050 afa minimum pumpina rtquiremenl of the Order. As established in the Order. fi nal 
reports and the update 10 Elthibit 54 art only mJuired after completion of the pumping tesl. 
However, decisions regardinl fulure aPPlop iatKms in the basins subject 10 Order No. 1169 
e&JUX)( be dc:ferred indefmilely. Therefore, in aecordanoe with NRS 5)).)68, 5)].375 and 
534.110, and rqardless of whether the 8.050 afa minimum requirement is met OT not. the study 
p6I1icipants shall comply with the reponinl rtquiremenl.'l of Sections 1 and 8 from Order No. 
1169. SNWA shall submit a report detai lina Ihe results of the first two years of the pumping. 
The tW()·year time period will start ..... hen pumping and ..... ater export from well MX·5 
commences. The report s.hal l be due 180 days after completion of two yean of pumping from 
...-ell MX·5, ill other words, the report i, due to be filed. with tile SC.ue Engineer i lz YeaD after 
initiation of the MX·5 pumpilli and e~por1 of ..... ater. In addition. SNWA shall submil model 
simulation rc:sults usina the SNWA Pipeline EIS growxlwaler 110w model. or a suitable 
alternative. showing the predicted effects of pumpina both existina Wlter riallts and current 
applications in Lower Meadow Valley Wash (Basin 205), Kane Springs Valley (Basin 206). 
Coyote Spring Valley (Basin 210). Btack Mountains Area (Basin 215). Gamet Valley (Basin 
216). l-lidden Valley (Basin 2 11). California Wash (Basin 218). Muddy River SpriniS aka as 
Upper Moapa Valley (Basin 219). and Lower Moapa Valley (Basin 220). The mndding report 

shall clcw-Iy tabulatc and iIlUSlIlltc the modeled effccts of Ihc various pumping rates on the 
monitored. groundwater levels, spring flow, and Muddy Kiver Uo ...... 

In Section 6 o f thc Order, ttlc State Engineer ordered the Las Vegas Valley Water District, 
Southern Nevadll. Water Authority, Coyote Springs Invcstmml, l.l.C, NevtKla Power ComPilIIY, 
Moapa Valley Wate:r District, Dry Lake Water Company. l.l.C, Republic EnvirorunentaJ 
Technologies, Inc:.. Chemical l.ime: Co., Nevada Cogeneration Associates, or their suc:ees.sors, 
who presently hold water ri&h1S autborit.ed for appropriation from the carbonate-rock lIquifer, to 
provXle the 0Iher parties 10 the study and the: State: Engineer with data 0<'1 • quar1erly basis as to 
the: rate .t which water was diVCl'led. under the specific waler right pelTl'IilS issued, IOtllI acre·feet 
diverted per month, and monthly water level measwements. Multiple parties have expressed a 
need for daily pumpage data from major producers. Theref'.n, eac:h of the entitie, identir~ in 
Order No. 1169 Section ) • the Las Vegas Valley Water District, Southern Nevada Water 
Authority, Coyote Springs Investment, LLC, Nevada Power Company, the Moapa Val ley Water 
Disuiel and the Moapa Band of Paiutes. shall report pumpage on a daily basis for any wells that 
pump more than ten (10) ac~ f«l in • liven month. 'Those well s without automated moni toring 
and data recording systems (SCADA) systems must record and report when the wells arc: in 
operation On a daily basis. 50 that when combined with monthly t01ll1 pumpage it will be possible 
10 ascertain with reasonable accuracy the daily pumpagc amounts from the welL Production 
wdls and Iheir required monitorina frequency arc: shoWTI in ttlc anaehmml. 

Thc pumping test is expeacd 10 begin in Augusl or Sc-ptem~r of this ) ·C8l. 1bereforc. all 
parties arc: hereby DOtified Iha! all moni lOring activiti" as oulline(! in this letter must be in place 
no lalC1' than August I, 2010. 
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All reporting sllall occur on a quarterly basis. Ro:porU are due to the State Engineer's 
office within 30 dan of Ihe end of each calendar quarter. Water levels and pumpage dalll are \0 
be submitted 10 the Slate Engi~r'5 office in declranic formal. Monitoring data wi ll be 
available to !he panies and public 10 view or download from the Division of Waler RcsoUl"CCS 
website hllp:I"'·aler.nv.govl. If you have q\lC$lions COnCerning test proo:edures or reponing, 
please contact Ri<:k Felling al (775) 684-2866 or rfellins@vo'Hler·nvgov. 

JKlml 
Attachment 
c: Rick Fell ing - Email 

Susan Joseph Taylor - Email 
Kelvin Hi,kenoonom - Email 
John Guillory - Email 

Jason King, P.E. 
State Engineer 
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Nevllda Srare Engineer Order 1169 and 1169A srudy Report 

Appendix B 

Hydraulic Testing of the Carbonate-Rock Aquifer 
Pursuant to Order 1169 
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• SOUTHERN NEVADA WATER AUTHORITY 
'OIl CIIy 1'aI1Ooay, s.- IW - Lao Yogaa, N': .,re 

__ PO _~ - Lao WgM.tf\'89'1I3-fi56 

M3rc~ 2. 20 10 

T raeyT nyk.r, 1'. 10. St.te IOnginecT 
NC'lld.~ Dcplttm",ne o f Conscrv3lion nod Nalu",1 RC$OUrtc. 
Di vision of Water- Resources 
901 Soulh $Iewatt SIt"CI 
Carson Cily. N","w 89701 

SUBJECT: STATE ENG INEER ORDER 1169 STUDY 

Dcar Mr, Taylor; 

{102J M2-3<00 - -.com 

I'Ic~ f'nd e nclosed a n u[ldated \'Crsion of tbe document entitled: "/Iydrtlufu: Tf!SlItlg of Ih Carfw",m'
Rock .4quifer "tI /"SUlI,,1 10 o.'dcr 116f1 " daled Februal)' 25 , 20 10, which lIpW.cs Ihe previous version daled 
No"cn,ber 2H , 200& This documenl provides a currenl de5Cri~ion of 'he Southern Nevada Waler 
Aull1<Jrjly'~ (SNWA). J.a~ V(gu Valley Wal~'- D isu;';I',;, CU)'UIc Spring Invc,uncU! LLC"s (CSJ). and 
Moap3 Valley Water- D'!;I riCl'. (col1ccti\'Cly re ferred 10 as l>rir.: ' pal Entil1C5) on-golnll and planned 
a(li vi'ie • • 0 perform and ,"ccc<;.<fl1l1y e"'''p lcle lbe objccli ''CS oflbe aq uifer l e.'I1. required hy , '''' Order 1169 
study, 

The $ NWA plans 10 begin pumpi nglhe M X·5 ",,,,I in June Of July 2010 and convey lbe "':ller 10 Ihe 
Muddy /{iwr and l..Jke Mud for IOC cTC31ion of Color:tdo River Intentionally C~3tcd Surplus eredits_ 
n.c:..: credilS can lhen be Uliliud by SN Wi\ to moc:t exi.ting and fut ure wattr demands_ This pumpagc 
combmd wllh groundwaler deyelopment by csr is ant icipated to mt. .... 1 lbe 2·year ,",mping requirement 
out lined in O rder 1169. The Slale Engineer, during.hc December 9, 2008, n'('CMg regarding ()rder 1169. 
suggc"ed tho Study Pan ic;panlS,..,.,.,t '111l11ed,a.el y prior Ie t"" start of SNWA 's pu mp ing_ rfa m"", ing is 
des ired the Princ ipal Enli ties Can ITIC<:I to discuss .he erlci()S(Cd docume" t at your t o'l\'en iencc. rf )"011 ha ve 

a ny qucs!iQlI';" pica.., CQII!act JelT Johnson al (702 ) 862· )74l; . 

SlIItcrely. 

. ~ 

Wi ll;"" E. Ri nne. Dircc"lI" 
Surf....,,, WOler Re5(l11",es Department 

IJrad 111"'.1, Lien " nagcr 
Moapa VaIIL')' Wa ter DiS1riC1 

W \l:JJ:lmv 

Enclosure 

....... - ...... . -~. QoooO<;oo.ny--

e.~ D. £"'~ Carl Sa,·ely. Gcncr.d COli 
CO)"Otc Sptinllln''eSlmen ts r c 

$NWA MUoiBER AGENCIES 

- '- ·OOy"'-·""" ..... - ·""" .. ~~wm--
JA 3046 



Trxy Taylor. I'.E .• Stale Engi~r 
Much 2. 20 10 
Page 2 

c: J~ nct n.~ir. As.si$l~ nl Field Supervisor. U.S. Fish and Wildhfe Service 
R.ich~rd L1crky. I\lIomcy at Llw. Ziom7~ O>CSUIUI. Varnell. Berlcy and Slo,,",," 
Sue Bmumil1er. Gmund waler Ilydrologisl. Nevada Fish and Wildlife Office 
Kay Bmtbcn;. Deputy Gen':ml Manager. SNW A cngi"""ringlOpcmtions 
Hol>c rt C""",hc. Dcpuly Slale Engineer. !'e,'ada Depanment of Con""""alion and Natuml 

Kerources. DiviSIon nf Waler Hcsoun;es 
Joim Entsmin):er. D<:puly General Counsel. SNW 1\ 
Pc1er Fahm)". Attorney at Llw. Hegion.1 Solicilors Office. U.S. Depanment oflhe Inlerior 
Rieha'-.l rening. Ch"'f. ll)'lmLugy Section. Nc~,"", Dcp;" l" ""~ "r CUII,;o:"'"li"" ~"d Nal u",1 

HeSOllrces.. DWlsion of Water K~"SOU I'I:CS 

Brod I I,,~.a , C.enernl MaJlllger, M,,"I'" V~11ey Waler tJi~lriCl 
Jaron King. 1'.10 .. Deputy SLlle Engineer. Nevnda I)cponmenl of COt'I.S<'r'Val ion and Naluml 

Kcroun:e:s. Division of Water l(csources 
Cynthi a Manincz. Comple" Manager. Dcsc" Na lional WiLdlife Kefuge Complex. U.s. Fish and 

Wildlife Service 
T im Mayer. Hydm"lie E"Ilineer. U.S. Fish and Wildlife Serv"'c. Woter Rcsoun:es Branch 
Janel Monaco. SNWI\ Djvisioll Manager. Muddy and Virglll Kll'el1l Division 
Stephe" I'almer. Attorney a! Law. Office of the Solicitor. U.S. Department of tile Interior 
Samh I'ele ........ Hytlrologist. U.S, Depart"""nt oftf>c Interior. Bureau of land M""'llemenl 
Coli""" RICC. Associale Gene",l Counsel. NVEnery 
Ca rl D. Sawty. ~»!uire, Wingfield Nevada Group 
l'aul Taggart. Esquire. Taw" and Taggart. Ltd. 
Wi!!i~ ln Van Licw. P.E .. Ilydrologist. U.S. Dcpat1mrlli o f Ihe Inlenor. Nationa l P:Jrl Service, 

Waler RCSULlr"~'S DIvision 
Robcl1 Williams. SupervIsor. U.S. Fish and Wildlile Semcc. Nevada Fish aoo Wildlife Office 
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Hydraulic Testing of the Carbonate-Rock 
Aquifer Pursuant to Order 1169 

February 25, 2010' 

1.0 Inlroduction lind Requirt ml'"nt. of Nt,'ad .. Stall' E ngineer O rder 1169 

The Nevada Siale Enginee. issued Ortk.,. I ]69 on Much 8, 2002 regarding 
groundwater applications filed by the Las Vegas Valley \Valcr District and 
Coyote Spring inn'slmcnl. LLC 10 de"elop groundwater from Coyole Spring 
Valley (Basin 2 10). The Ordcr require<! a minimum S-Vear Study (Study) to 
provide data and infonnation on the dr~ts of pumping existing waler rights 
permitted from the carbonate-rock aquifer in Coyote Spring Valley. 

A key element of the Siudy is the development of a minimum of fifty (SO) percent 
of the pcmumenl. pcnlliu~-d rights In Coyote Spnng Valley [16.100 acre.feel per 
rear (afy») f.....- al least IWO (2) consecutive years during the study. Fifty (50) 
percent of the existing permanent pcnniued rights equates 10 8.050 afy. or 
appro"imately 5.000 gallons per minutc (gpm). if pumpe<l continuously for a yea •. 

Upon completion of the Study. the Southern Ne"ada Water Authority (SNWA) 
wi ll update Exhibit 54 from the July 2001 hea.-ings by imx.>rporati"g "eW data, the 
results of the aquifer test and associated pwnptng elTe<:ts. and the" submit the 
updated \"ersion of the exhibit to the Sute EnginCi:r for consideration of the 
Las Vegas Valley Water Distriet's (L VVWO) applications. 

At a nu",mwn. the Study Participants inelude the following entities: 

Las Vegas Valley Water District (L VVWD) 
Southern Ne\'ada Water Authority (SNWA) 
Coyote Springs investment. LLC (CSI) 
NVEnergy (NVE) 
Moapa Valley Water District (M VWO) 
Federal Bureaus) 
Moapa Band of Paiutes (Paiutes») 

-----
I Thi, <Iocum •• 1t h., been p"" ...... ' ly distributed ... C<WI«pfWlli=<rrio/1 of Hydraulic Testing if 1"'
Carl.>o<tol ... R«k Aquifer Pru:wam 10 Onhr //69 dated M:an-b 4. lOOS; and Co .. «pmaU:a""" DNi Long. 
TrnII MOfIi!Oring ".f lhe Carl.>oo!al .... Rock Aquifer dated May 8. 2003. The name ...... c1uDsed lO 8>."jd 
C<>Dful;ioa bctwe..n Ihis documc1Il and tbe SXWA monitoring plan Q ... eU Q 10 reflect progreu oa tbe 
Order 1169 SlUdy. 

, The Sta~ Engineer granlCd • requesl by U.S. Ikpanmml of IJIICrior to a110 ... Ibe Bureau of Indian 
AIT.i", U. S. fish & Wildlife $en'i<e (FWS), and N .. liorW Park $en'i<:. (NPS) («>I1<<liv"I)' ,.fcrrcd to as 
the- fcdenl bureaus) to panicipat. in tbe scudy (April 19. 20(2). 

, The Stlte Enginee! \ia Jener dated 11·25·201)9 eMbled tile Moapa Band ofPaiules 10 panic:ipate in the 
Order 1169 Study. 
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Hytlra ulk Testing or the C arbollllle-Kock 
AlJuir~r l' u rs uanllo Order 11 69 
February 2S. 20 10 

Although almost 8 years have passed since Order 1169 was issued. the Smdy has 
yet to be completed lx.-causc groundwater de\'elopm~'1ll in Coyote Spring Valley 
has been less than 8,050 afy. Therefore, the completion of thc Study depends on 
groundwatcr de\-c!opmcm in Coyotc Spring Valley sufficiemto meet Order 1169. 

Thc SNW A plans to begin pumping the MX-5 well located in Coyote Spring 
Valley in June or July 2010 and convey the groundwater to the Muddy River and 
Lake Mead for the creation of Colorado RIver Intentionally Created Surplus 
credits. as allowed for m the Secretary of Interior's Colorado Rit'er Inrerim 
Grlidelines fa,. Lowe,. Basin Shol"lages and Ihe Coo,.dinaled Operations for 
Lake POlfell and Lake Mead. datcd December 2007. These credits can then be 
utili zed by SNW A to meet existing and future water demands. This pumpage 
combined with groundwater development by CS[ is anticipated to mcct thc 
Smdy's pumping requiremen1. 

The $cctions below outline completed and on·going activities which fulfill the 
Order 1169 Study. Many of these tasks are noted with the boxes below to 
mdicate their level of completion. 

c=J - '!"ask 0-1. Complete c=J -Task IOODI. Complete 

2.0 Monitor'ing lIasdinc Cnnditions ( rully implement ...... in mitl 20~ ; rcfinctl in 
I' eb 2009 III Stille Enginct'r's request) 

Continue existing monitoring programs established by MVWD. FWS. NPS. NVE. 
and SNWA to collect water level. water-qualitylchemislry. spring discharge, and 
preCIpitation data from selected sitcs as outlin~xl by each entities cxistil\g. State 
Engineer required. momtoring plans. (It is important to note thaI the monitoring 
frequency is deternuned by the enti ty conducting the monitoring in supp<Jr1 of 
their monitoring plans.) At the request of the State Engineer, 011 Deecmber 9. 
2008. th~ Smdy I'anicipams summarized the monitoring ac tivities thaI lI'ill be 
conducted during the 2_year pumpmg tesl. This monitonng was summarizcd m a 
lener from SNW A to the Stale Engineer daled February 27. 2009. 111is lener. the 
al1ached list of monitoring activities, and localion map are included as 
Appendix I . 

2.1 Coyote SprinG and Upper Moapa Valley 

212512010 

• Drill and complete monitor wells CSVM-I , CSVM-2. CSVM-3, CSVM-4. 
CSVM·5. CSVM-6. and UMVM-I in the earlxmate-rock aquifer and well 
CSVM.7 in the alluvial aqUIfe r per L VVWD Contract No. WOIOI . 
ST,\1"lIS: CO.\ IPL£TU) - SU~l\ I UI. 2003 

• Equip mOllilor wells CSVM-I , CSVM-2. CSVM-3. CSVM-4. CSVM-5. 
CSVM-6. and UMVM-I with pressure transducers for continuous 
monitonng of water Icvel changes. roquip UMVM-I wellsite with a 
barometric prcssure tTansducer. 

Poge 2 of8 
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lI ytlraulk Testing or tile Cnbomlle-Rock 
Aquir~r I' u l'!i uanllo Orner 11 69 
Fcbruar~' 2S, 20 10 

D 

D 

2I2S1201O 

5T A T\15: CO.\ lI'u :n :1l _ FA LL 2003; on'golng data <oJl<'<tiom 

• Equip carbonate monitor "'ell CE-VF-2 with a pressure transducer for 
continuous monitoring of water level chang~'S. 
S1" A T U5: CO:\IPU;'-ff); S;>o;W A In. taUat lo n IlIISIOl; on ' goln g data <oll."<Ilo n 

• Collect baseline water chemistry and isotopic samples from selected ",ells 
to further characteril.e the groundwater III the area. Water chemistry and 
Isotopic samples were collected from new monitor wells CSVM- l. 
CSVM-2. CSVM_4. CSVM-5. CSVM-6. and UMVM- l aller their 
completion. and well MX-5 during implementation of the drilling 
program. Water chemistry and isotopic samples "'ere also collected from 
wells CSVM- l. CSVM-2. CSVM-3. CSVM.4. CSVM-5. CSVM·6. 
CSVM-7, and CSV-l by URS Corporation in the winter of 200SnOO6. A 
report entitled "Final Groundwater Sampling Report Coyote Spring 
Valley, Ne\lIda" was issued Mard IS, 2006. 
ST,\ TUS: SA.\II·U~G CO:\ IPLETED Sml\lER !003 A;\ "I) \\' I;\TER 05106. 

• Dri ll and complete monitor wells CSV3009M and CSV3011M on the 
northern end ofCS1's property. withm and j ust north of the Kane Spnngs 
fault zone in November 2008 and December 2008. respectively. The two 
wells were drilled to a diameter of 14.75_mches and cased with 8·inch 1.0. 
steel pipe 10 depths of I,SSO feet (11) below land surface (bls) (well 
CSV3009M) and 1557 Il bls (well CSV3011M). Both wells weTC 
completed in alluvium and document intelIDediate groundwater elevations 
between wells MX·S and CSVM·3 . 

• Fund USGS to install and monitor two additional surface ",ater gages: 
PEDERSON EAST SPRING GAGE (installed May 2(02) and IVERSON 
FLUME (mstalled October 2(01). Table 2· 1 lisls selected surface water 
momtonng SItes. 
STATUS: CO.\ tI'U :Tfll - f ALL 2002 _ S;>o;WA <o nll DO" 10 fu nd th .. ~ h,'o gag .. 

as ..... Il a> th . ... addlilo nal gag .. In th" Moddy Rl,... Sp.'ng> ,\.ea 
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Hytlra ulk Testing or the C arbollllle-Kock 
AlJuir~r I' u rsuallilo Order 11 69 
February 2S. 2010 

3.0 

• hlSlalll10wmetcrs to measure bypass 110ws at Baldwin and Jones Springs. 
STATUS: CO:\U'I..ETF.D 2002; ,\ ,,'WD r D, taU.tio n; on.going dat~ toUtct ion 

22 mack Mountain~ Area and Gamel Valley 
• Equip carbonate wells BM-DL-2. GV-I, GV-2, and GV_PW_MWI in 

Garnet Valley and lllaek Mountains Area with pressure transducers for 
eonllnuous monitonng of water level changes to augment existing data 
collection III the southern portion ofthe regionalllow systetn. 
ST,\TUS: SNW,\ INSTAI..I..ATION; CO:\ IPLF.n:D - NOV/ DEC 2002; on.going 

dat . to Utction 

l'ip<'Jinc I)e ~i g n, .; m ·ironmenlal Compliance, ynd ConSlt'uclion 

The SNWA. in cooperation wi th MVWD. has constructed a pipeline and 
associated facilities to convey SNWA's existing 9.000 afy of Coyote Spring 
Valley grOl.tndwatcr rights in an efficient and practical manner to locations whcre 
such water Can t,x, placed to b<:neficml u~ by SNW A and/or MVWD and/or the 
Muddy Valley Irrigation Company (MVIC). Initially SNWA will develop 
approximately 6.~OO afy of its owned 9.000 afy of groundwater rights in Coyote 
Spring Valley from well MX_5 . Water from well MX_5 WIll be treated to reduce 
arsenic concentrations 10 meet drinking water standards at the Moapa Water 
Treatment Facility (adjacent to well MX-5) and pumped through the new pipeline 
to MVWO's distribution system. which will conyey the water to Bowman 
Reservoir. MVIC will then conyey the water from Bowman Reseryoir to the 
Muddy River which will conyey them to Lake Mead. where SNW A anticipates 
recelvlllg Intentionally Created Surplus credits for the water under the Secretary 
of Interior's Colorado Rirel" Imerim Gllidelines /01" LOIreI' Basin Shol"lages and 
Coordinared Opcralions 0/ Lakes Po .... ell and Mead. 

3.1 Dc~ign 
• The pipeline and associated facilities. Illcluding a forebay. pump station. 

power facilities. approximately 15 miles of 24·inch pipchne from the 
MX -5 wellsite to the MVWD storage reseT\·oir. and a regulating tank at 
the top of the incline between the MX-5 well and the MVWD storage 
resCT\'oir to eon"ey a minimum of9,000 afy has been constructed. 
ST,\TUS: CO:\IPI..F.TE 

c=J 3.2 EnVIronmental Compliance 

2125120 10 

• An Environmental Assessment was completed in association with 
obt31mng the PClIDils and right-(!f-way grants for the pipeline and 
associated facilities _ The lead federal agency for the environmental 
compliance was the Bureau of Land Management. 

• In April 2006, SNWA entered into a Memorandum of Agreement (MOA) 
WIth FWS. CSI. the Tribe. and MVWO. which establishes a plan for 
monitonng. management. and mitigation that permits groundwater 
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Uydraulic Tesfilljl of Ihe Carbonale-Rock 
Aquif~r I'ursuallilo Ord~r 1169 
Fchruu~' 25,2010 

development in Coyole Spring Valley and California Wash groundwat~'1" 
basins. while simultaneously working to protcct and recover the Moapa 
dacc. 'nle MOA is also thc subjcci of a Programmalic Biological Opinion 
thai covers a total of 16, 100 afy of groundwater dcvelopmenl . The 
16.IOOafy lotal includes 9,000 afy by SNWA in Coyolc Spring Valley; 
4.600 afy by CSI in Coyotc Spring Valley; and 2.500 afy by the Tribe in 
California Wash. The basic telIDs of the agreement are: 

• Cunailing usc of MVWD's lotleS Spring water righl (I cubic-fool 
per second) as a pass through flow 10 allow for augmenlalion of 
hahi tat 

• Trigger flow levels at the Warm Springs West gage which reduce 
the volume of groundwatcr dcvelopmcnl by the signatories to 
ensure protection of Moapa dace 

• Dedication of 10% ofCSI's existing rights to Moapa dace rcco\"ery 
• Establish a Rcco\"ery Implemenlation Program 
• Estabhsh a Hydrologic Re"iew Team 

3.3 Con<lruction 

• SNWA and MVWD amicipate all facilities will be operational in Junc or 
July 2010. 

4.0 Aquif~r-'I 'esl Design and Conslnlinls 

4.1 Gene ... l Te~l De,igo 

2125t.!OIO 

The aquifer test will h<>gin after the pipeline and associated facilities have 
tx.",n completed and tested. and the n<~c~'Ssary monitoring equipment has bem 
installed. 

• The aquifer test will consist ofSNWA 's pumping of well MX-5 as well as 
CSI's well production. and/or the Coyote Springs Water Resources 
District, which will o\\"n and operate the municipal water supply for the 
Coyote Spring development once constructed - the opera tor of which will 
be the L VVWD. As feasible, pumpmg rates from well MX_5 will be held 
constant It is imponant to note that SNW A was granted change 
applications by the Ne\'ada State Engincer on all of its existing Coyote 
Spring Va11ey groundwater rights to dC\"elop the rights from well MX-5 
and potentially well CSI-2 for municipal usc within SNW A 's service area. 

• CSI and the Coyotc Springs Watcr Resources District, o\"er the duration of 
the 2 years of hydraulic pumping, will continue to develop their rights 
sufficient to meet the needs of the community in Coyote Spring Valley. 

PAgd "fS 



II rdrau lic Tt's lin ll of Ih r Carhonat~-R(K'k 

Aquifer I'un uant to Ortl r r 11 69 
FebruHI)' 25, 2010 

212512010 

• The anticipated stan of pumping well MX-5 for the conveyance of water 
(not just equipment testing) is anticipated 10 begin in June or July 2010. 
lnt,'lD1cdiatc Shl"dowm can ;uld IIwy take place to evah,~'e reco\',T)' and 
pumpage effects andlor to perfonn facility maintenance. 

• The MVWD's Arrow Canyon Wells [ and 2 w,ll operate prior to. and 
dunng the test, along with its other resources, based on the demands from 
MVWD. Since SNW A is pursuing credit for the pumped Coyote Spring 
Valley groundwater entering Lake Mead, MVWD must utilize its own 
resources on an amlUal basis to meet its customer demands . 

• Operation of NVE's Lewis well field will be coordinated to optimize data 
collection so add itional understandmg of the relationships related to the 
alluviaUearbonate-rock interface and the local springs can be achieved. 

• Listed in Table 4- 1 and 4-2 arc the anticipated amlUal productions totals 
and production rates of the pump'ng wells. The well locations arc depicted 
on Figure I . Actua[ pumpmg rates and volumes will be monitored on a 
continuing basis dunng the test by MVWD, CS[. and SNWA. 

• To the extent pQssible, data collected dunng the aquifer test will be 
uploaded to the Central Data RepQSitory (CDR) aller they have been 
reviewed for completeness and accuracy and have been quahfied. 

1.250afy 6,.soo afy 6.500 orr 
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Hydraulic TestinJ: of Ihe Carbonatr-Rock 
Aq uirfr Pursuant to Ordu 1169 
Februu~' 25. 2010 

5.0 

IT] 

4.2 Water Chfmistry Sanmlinl!. 
• During aquifer testing, groundwater samples will be eollCi:ted semi· 

annually from the pumping wells and analyzed for major ions. trace 
elements, and stable isotopes. Subsequent long+telTll \\'3ter chemistry 
sampling will be <:(Inducted as ddelTllined under e:tisting agreements. 

• The SNW A. in eonsullation with the federal bureaus per the 
SNWAlfederal bureau Stipulation. will identify two surface water sites in 
the Muddy Springs Area from which water chemistry samples will be 
eollCi:ted semi·annuany for analysis of major ion concentrations. 
ST,\TIIS: O ... .GOI ... G - I '~ QUARTER 1006 

4.3 Recoverv Monitoring 
The SNW A anticipales continuing the development of its groundwater rights 
following Ihe 2_ye3r pwnping test Recovery monitor-ing will be coordinated 
with planned shut-downs for facility maintenance_ 

Additional Siudirs ' SupportinJ: Work 

5_1 Compilation of Regional Geology to.tar 
Coopcralh-cly funded by the fedcral bureaus and SNWA (S60K federal, S60K 
SNWA) 10 undertake geologic mapping of the carbonate-rock terrain within 
the e:'{panded SNWA model area and the Virgin Ri"er Vaney. The map is 
published as Nevada Bureau of Mines and Geology Map 150 «G~'Ol ogical 

Map of SoutheaSlern Nevada, Soulhwest~'TTl Utah, and Northwestern Ari1.ooa, 
an an:a covering the ColOl1ldo. \vhit~ Ril'er and the Death VailI:)' Regional 
Groundwater Flow Systems:" scale 1:250,000: W.R. Page. G.L. Dixon. 
p.o. Rowley, and D.W. Brickey. 
ST,\ TlIS: CO~II'LEn: 

5.2 Groundwater n ow Modcl Con-going) 
Thc SNWA's most recent groundwatCT flow model which co'-ers the southcrn 
extent of the White Ri"er Flow Systml will be enhanced by incorporating new 
hydrologic and geologic data acquired as a result o f drilling new monitor 
we lls by il1COfllOTating aquifer test data acqUIred from Ihe test. 
ST,\ TUS: O ... ..cOIXG - G ...... nd .... t~r mod.tin g .rrom .. ·m ;nrorpontr addilionol 

data., .. · ....... mIN 

5.3 £1c'"l1tion SUJ"\'cy 
The SNW A completed a first round ofprofcssional+gradc elevation SUJ"\'eys to 
detelTllinc the coordinales and ele,."t ions of groundwater and surface waler 
sites (42 wells, 5 surface waler sites) in JUI>C 2002. The final repol1 was 
published in May 2003 and includes SlIJ"\'cy results and pootographs of each 
sUJ"\'eyed site. A second sct of surveys was completed in Dcttmbcr 2003. 
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The final rcpoTl for these additional wells was published in March 2005 as an 
appendix to the annual moni toring rcpoTl. In 2()O.t. SNWA funded the USGS 
to produce 0 rcpoTl 011 spring pool clc\'alions in the Warm Springs arca , This 
rcport is published as USGS Open File RepoTl 2006- 1311 , The initial SNW A 
rcpoTl will be updated to include additional sites as necessary, 
STATUS: O:\GOl,sC 

c=J 5.4 Common pata Repository (CPR) I Internet Application (on· going) 
In cooperation WIth CSl. MVWD. NVE. and the f.:deral bureaus. SNW A has 
dcwloped and is administering an int"rn~1·bascd CDR that allows cooperators 
aceess 10 data from groW1dwotcr and surface sites related monitoring activilies 
by SNW A in the Coyote Spn ng Valley and nearby basins. SNWA posts and 
uploads cooperator data wh~ ... it is prov ided. 
STATUS: O:\.(:OISG 
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• SOUTHERN NEVADA WATER AUTHORITY 

february 27, 2009 

TracyTaylor, P.E. State Eniineer 

IOOa,.~, SlAe 7Ol · La. v.goO. tlV3IIDil 
_-", P.O. 8o<9i9!111 · Lao \'egO' , tIV 1II 1~ 

(102) ~, _com 

Nevada Deputmenl of Conservation and Natural RcS<llJrccs 
Division of Watcr RC:iOUrccs 
901 South Stcwar1 S~ 
CafS(WI City, Nevada 8971) 1 

Dear Mr. Taylor: 

SUBJECT: MONITORING LOCATIONS FOR ORDER 1169 STUDY 

During the meeting on Dccembn' 9, 2OOg, ~ganling the OnIer 1169 Study, a request was made to 
summorizc the monitoring aclivities the Study Pllrtic ipants would eonduct during the 2-ycar pumping leS!. 
To meet this objective. the Southern Nevada Wata: Authority (SNWA) routed a table to the Moapa Valley 
Waler DiSlrlcl, Moopa Band of Paiutes, Coyote Spring Investments LLC, NVEno:rgy, U.S. Fish and 
Wildlife Service, National Park Scrvic.: and Burcall of land MlI/l3gemcnl to establ ish a ii SI of monitoring 
locations. The enc.loSoCd table and corresponding map summarize the monilOring Dct:ivities the various 
Srudy Participants plan to conduct during the 2-yeac Pl'rnping 1C'St. The ~·ast mljority of the monitoring 
summarized is currently being conducted. II i~ anlicipated monitoring acUvilics will be reviewed 
periodically by the Srudy Participaru to ensure qJtimal data eol1ection for Order 1169. Any updates will 
be provided to your o ffICe. 

In December 2008, SNWA anticipated that groundwaler pumping al rates sufficient to meet the 
requirements of Order 1169 would bellin in uri), 2010. Based on recent ton$UUCtion schedules, SNWA 
pumping is curremly anticipaled to begin mid-lOlO. As ~ested., SNWA will keep the Stale Enginecr'$ 
Office appraised ofthc schedule in order to faci l i~ a meeting of the Study Paniccipants prior to the stan of 
pumping. . 

If you have 1liiy questions, please ContaCl me al (702r862-3748 or Sean Collier at (7()2) 691-5375. 

Sincerely, 

~-#<z---
Jeffrey Johnson, SNWA Division Maru.gcr 
Waler Management and Accocntin& Division 

JJ:lmv 

Enclosures (2) 

SNWAIoEW8ER AGENCIES 
~ __ DioOId • _ atw • cw. CooriIo _ ' ( .... _ • a,~ I Ioo .... ,· a..oi l.Joo, ....... • Ci!r~_ '-"- • '- ....... --.. __ -. . .. 
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Tracy Taylor, r.E.., SUIl~ Enginocr 
F~bruary 21, 2009 
... ", 
~, Richard Beriey, AlIOrr>ey at uw, Uontt, CbHtnut, VNlICIl Beney Dnd SloIlim, wtomap 

Robert Boyd, HydroloJist, U.S. Depattmmt of 1M Inlerior. ~IU of Land Management, wlo 
~p 

Kay Brolhm. Deputy GcIlClll.I Manager, SNWA Eng:ineerin&fOpcrations, w/o map 
Robert CoKhe, DepUty SUIte Engineer, Ncnda Deparunm: of Conxrvation and Natural 

Rcsources, Division olWIl~ Resouree" wlo map 
John Entsminger. DepulY Genera] CounKt, SNWA, wlo map 
~Ier Falvny, AllOrney at uw, Regional Solio;itora OffIU., U.S. DepaltlTlCrll ofthc Interior, wlo 

""" Richard A. Felling. Chitf. H)droloaY Scrtio ... Nevada De".rttnent of Col>SCO'llion and NltUral 
Rt$OI.lJU. Divi5ion ofWlU:r Resources, 'OlIo map 

8rad Hun, General MMager, Moape Valley Wiler Disula, wIo map 
Jason Kin&. P.E., Depmy Slate Ena:inocr. Nevlda Dl:perfml:m of COII$en'l.tion and N.nJral 
Re~ Division ofWIter Resources, 'Olio map 

Janet Bai. , Assistant Fidd Supervisor. U.s. Fish and Wildlife Service, wlo map 
Cyntbia M.a.rtinez, Proje<;:t !...eader, U.s, Fish and Witdlife Service, 'OlIo map 
Tim Mayer, Hydnulie Enginocr. U.S. Fish and Wi ldlife Savice, Wata' Resourcc:$ 8ranch, wto 

mop 
Janel Monaco. SNW A Di .. ision MIII1IK"r. Water Re$ources, w/o map 
Stepben Palmer, Attorney I I uW, OffIOC oflhe Solicitor, U.S. Dcpenrncnl ofmc Intcrlor, wIo 

m.p 
William Rinne, Director, SNWA Surface Waler ResoLUteS, wlo map 
Carl D. s..vely, Esqui~, Uoocl s.wyo:r &. Collin" w/o mlp 
Plul Tagplt. &q., TJlUart and Tlggtrt LTD, wlo illap 
William Vln Uew, P.E., Hydrologist, U.S. Departmem of the Interior, Nationa l Park Service. 

Water ResouJUS Division. wlo map 
Colleen Ri«, Associl!e Gnoenl CouMICI, NVEne'lO', 'OlIo II1&p 
Rabat Williams, Supeoisor, U.S. Fish and Wildlife Scrvic:e, Nevada Fish and Wildlif~ OffICe, 

w/o mlP 
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Appendix C 

Water Level Hydrographs for Wells 
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Nevada S18te Engineer Order 1169 and 1169A Study Repon. 

c. 1.0 WATER LEVEL HYDRDGRAPHS FOR WELLS 

Appendix C con tains a location map of wells monitored by SNWA wells and add itional wells 
discussed in this Repon (Figure Col). A list of the wells is provided in Table C_I. Hydrographs foc 
the wells with discrete and mminuous water level measurements are depicted on Figure C·2 through 
Figure C-S3. 

Appoodi. c CI C.l.o W/JIOI l IMIt H)'drographs lor VkIIs 
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l ocation of Wells Included in Appendix C 
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Nevada Sl1Jle Engineer Order 1169 arKI1169A SWdy Report 

Table C-l 
Groundwater Sites Monitored by SNWA and Monitoring Frequency during CY 2012 

(Page 1 of 2) 

H~.phic Basin Site Hame 

Black Moo.rCains Alea BM·Ol· l 

Blade Mo.nains Alea BM.Ol.z>.· 

Blade Moo.rCains Alea BM·ONCO-l 

Blade Moo.rCains Alea BM·ONCO-l 

Calilomia Wash ,,00 
GaIiIornia Wash PAIUTES·MI 

C<IIiIomia Wash PAIUTES·M<! 

Coyote Sping Valley CE·VF ·1 

Coyote $ping Valey CE -Vr -2 

Coyote Sping Valley CSI. ' · 

Coyote $ping Valey CSI·2 

Coyote $ping Valey CSI·l 

Coyote S!:D1g Valley CSI.4 

Coyote Sping Valley CSV·] 

Coyote $ping Valey CSY3OO9M' 

Coyote $ping Valey CSV3011M' 

Coyote $ping Valey CSVM·1 

Coyote Sping Valley CSVM·2 

Coyote $ping Valey CSVM·3 

Coyote Sping Valley CSVM·4 

Coyote Sping Valley CSVM·5 

Coyote $ping Valey CSVM-6 

Coyote Sping Valley CSVM·7 

Coyote Sp-.ng Valey ll~ · 1 

Coyote $ping Valey MX •• U 

Coyote $ping Valey MX·5 
Go~_ GAR NET 

~""'Y GV·1 
Go~_ GV.z>.' 
Go~_ GY·OUKE·WSI 
Go~_ GY·OUKE·WS2 
Go~_ GV-MIRANTl 
Go~_ GV· PW·/wIWl 
Go~_ GV·pw·/w1W2 

Appendi. C 

Well Type' 
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" , 
" 
" 
" , 
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, 
" 
" 

WeH Co"'pletioo, Moo oitoo iI '9 r requency" 

Carbona(e ,.-, .... 
CIaSlic 

CIaSlic 

Ca,bonaCe 

,,-. .,.. ,.-
Ca,bonaCe ,.-
CarbonaCe 

Cartxnate . .,.. . .,.. . .,.. ,.-
Ca,bonaCe ,.-
Carbonate 

Carbonate ,.-
""""" ..... ,.-,.-. .,.. 

Calbooale 

Carbona(e 

Carbona(e 

Carbona(e ,.-
CarbonaCe 

CarbonaCe 

......., 

......., 
"""'"" 
""""'" ......., 
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""""""""'""" ......., 
~ ......., 
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~ ......., ......., 
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~ ......., ......, 
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......., ......., 

......., 
~ ......., 

C.l .0 WMfJII lwei Hydrographs!Of Wells 
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• SOuIhem Nevada Waler Authority . Water Management and Planning 

II 

Table C-l 
Groundwater Sites Monitored by SNWA and Monitoring Frequency during CY 2012 

(Page 2 of 2) 

Hydrognptlic Basin I SIte Name I W<!II 'IJpe' I Wei' Completion I MoniIofIng Frequency> 

Gar_Valle) GV·PW·WSI , ,- ......, 
Hidden V/Iky SHV·' • ..... ~ 

Kane Springs Valley KMW_' • ,- ......, 
Muddy Rive< Springs .... ea CSV-' • ..... ......, 
Muddy _ Springs Area CSV.2U • ,- ~ 
Muddy RMe< Springs Area EH·4 • Carbonale """"""'" Muddy Rive< Springs Area UMVM·' • ,- ~ 
~ Tp ... . ~ ~ p . ProW;Wn~ 

' CSV-l . MX-<I . ..... SON-' -., _ by SHWAIlI'SGS lm:>ug1> ~ fIn:Iing ..,,-'e'" 
. . 'Pump ""'" _ '"'9 _ .. _ on _ " 2008. 

'T,....- _fr<rn_an __ 1. ZOlJI. .. ......we.. "",,~. 

~_"ed by"'" USGS. <upotl .... i..-..."'CSl-l ~O/ ___ .. as __ is beroge. '_10'_ ... ..--, 
,_ ...... i .. _ ..... ipIeIed .. laCe 20(18. ~ " ......... begon in -'Y 2009 . 
.....,.,. _ port I*>d<e<I; ..-., 9"' <Ieph 10 _ """' ........... ___ 11. 2011 . 

II 

G' C.'.O WlIte< Level ~apl>s lor Wets 
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-
Figure C-l 

BM-DL-2 (Carbonate - Basin 215: Black Mountains Area) 
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BM-DL-2 (Carbonate· Basin 215: Black Mountains Area) 
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-- -Figure C 6 
BM-ONCO·2 (Clastic · Basin 215 : Black Mountains Area) 
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BYRON (Clastic· Basin 218: California Wash) 
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Figure C·10 
CE-VF-2 (Carbonate - Basin 210: Coyote Spring Valley) 
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-. 
FIgure C·" 

CSI-' (Carbonate - Basin 2'0: Coyote Spring Valley) 
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Figure C-12 
CSI-l (carbonate - Basin 210: Coyote Spring Valley) 
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CSI·2 (Carbonate · Basin 210 : Coyote Spring Valley) 
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CSI·2 (Carbonate · Basin 210: Coyote Spring Valley) 
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-Figure C·15 
CSI-3 (Carbonate - Basin 210: Coyote Spring Valley) 
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Figure C·16 
CSI-3 (carbonate - Basin 210: Coyote Spring Valley) 
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CSVlOO9M (Alluvial · Basin 210: Coyote Spring Valley) 
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CSVM-2 (Carbonate - Basin 210: Coyote Spring Valley) 
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--Figure C 30 
CSVM·3 (Carbonate · Basin 210: Coyote Spring Valley) 
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Figure C·31 
CSVM·3 (Carbonate· Basin 210: Coyote Spring Valley) 
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-Figure C-32 
C5VM·4 (Carbonate · Basin 210: Coyote Spring Valley) 
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-Figure C-36 
C5VM·6 (Carbonate · Basin 210: Coyote Spring Valley) 
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-Figure C·39 
OF·1 (Alluvial· Basin 210: Coyote Spring Valley) 
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EH-4 (Carbonate - Basin 219: Muddy River Springs Area) 
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-F1gure C·43 
GV-1 (Carbonate - Basin 216: Garnet Valley) 
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GV·OUKE-WSl (Carbonate - Basin 216: Garnet Valley) 
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GV-MIRANT1 (Carbonate - Basin 216: Garnet Valley) 
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GV-PW-MW1 (Carbonate - Basin 216: Garnet Valley) 
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-. Figure C 52 
GV-PW-MW2 (Carbonate - Basin 216: Garnet Valley) 
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KSM-1 (Camonale - Basin 206: Kane Springs Valley) 
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MX·4 (Carbonate · Basin 210: Coyote Spring Valley) 
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MX-5 (Carbonate - Basin 210: Coyote Spring Valley) 
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PAIUTES-Ml (Carbonate - Basin 218: California Wash) 
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Figure C-60 
PAIUTES-M2 (Carbonate - Basin 218: California Wash) 
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-Figure C 62 . 
UMVM-1 (Carbonate - Basin 219: Muddy River Springs Area) 
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Jcnicy A. J"llI~'<>Il. SeooioJ lIydrologi ... Souoll<n i'o",~ II· ..... ""'ron')'. I\lOO t: Flo"';""" 
Rd., Su"" ~ IAO, lao V-s-, ~V 891 19 

llaVl d J. Donovan, H~, SooI"''' .. N~ W .. ." """""'Y. 190() F_ Fb .... 1P Rd . 
S."~'I IIO . "".V~NV 19119 

(janll M. Klsu~",". H)'I""""" . Soutlk-nt )Io~" Woo", ""'.......,..)90() E. F .... ..., !W .. 
SuoIO MIlO."'" V~_)IoV ~119 

Andrew Bums. 1I)'dro1op • • SOOI .... 'nI N"..1Ida wOl"- Autloonty. 1900 E. flo .. "*,, JW., Soule 
. UIO.I .... v_ NV 8911 9 

AD!ITR.\ CT 

n.. Muddy Srn"". ioclodittf- f\oloooto Srn~ dmve 11.,..· from a RfJONI <>_ .q."f~r •• 
..... ... _ ..... N .......... ,\ .-, ",."",,,_~,,,,, ..... '" 1",<;1 !bod .... """' ,."or ModdySpi"1P 
""II" (JOnI 0.610 1.2 f0.~ . .. _ "'" auributod prookomo""lly I<> _~nc I""'''''''' ..,..,.,.."., •. 
C'o>mt>ul<d boromo.~ "" .,(f",,,,,,,,,,,,, "'" 1),4l ,,, 0.67 .. .. dl MX-4 ... -....:I Q m,l<:. _ " rM...JoJy 
Sro-iap. 0.60 ..... ell UMVM_I ....... cd 5 ... 1e. _ . I).SO ....... R "II-58 k:coocd 00<u.1oc 
_~''' .... <dI.or,'''..,., .... .o..o<j""",,,.,,,,,IGO.2S .. " .... ElI-4l<><>lc4 2 .... Ie. ..... or 
£11-58'" h · ... 1e oouth clPcd<:, ,,,, Spn ... Pcd<noto Srn.bornm<i""dT",.-:y .. 
cakuloiod .. l),otiS d .. P<I" fool clban>m. ... "" ~ d,ug<:. 50_ 1998. ",-""Iio ... , " .. "" 
k>cl. ,. _y "'-tV .... -..db and >i""~ d;,clt.oot ..... oboctv<d. being g<:ocnIIy <:Oi .. i<k .. 
""'l~ ""' •• Pf"OIOIIt>OOO dry l....t i. ,C1Iltai ·"""' ....... Nevada ... _""'..,.. prn.Iuct ... (i"OiJ\ a 
",,~rt>y ..... ""'!J"'l ,,'cn ~ ,.,he ~ ... u,r.r. Oem ... , ....... arr<'" IQ 1Io.-c 
",,,,,mo;tICftI ,II 1998. , __ ptMJf 10 ,I>< 5·,.,., dry c1" ..... ~ u.-.d "lIi,b "'-"Po ,II 1999. 1110;.00 
d.xI;";~ _ . "PI"'"' 10 bi: _____ 1"'""",-, u ... I"',c."I,"~ <~_ ;.HoclOC<5 .. ..:c ,., tJUJ· 

19!1O>. ""f'I'OI''''' , ...... YJI<lI ...... cll',ml""' ... n.,.,.:es. '1''''''''' """""' .. .,., a", ..... ~Ido" ' " 
Pclo.-.- Spnnl d,:ocho'1c." lbe docl; .. ", duI:"""" .... ""'" ,. 1999. "'"",,,,'., lbe ')T'lIIini' 
or c1,moIe domo ... 1«I ,.H .... ...,.,. "" "!'fl"' d,"' ...... a nd ~,~ \I ')'I .. ull< "'"""",IIi1Uly 
1><1"""" .... PII"'J'lDf. ,,-.:II _ ..,.,ili- Sco.-cnI ",1Ia-1..." or ","' i<b<c """"'" llIot ~..u.wi< 
d,tc<>OO .... ' ,.,. c"'. 1>..1""' ....... IIp-pad .... C'a_~ ""II. _ "'--0.. ...... '" Sprutl'- "",,,.,Ii •• = I.) 
rau~ .1\IaI,\IU CICiOO cun,,,, , ... ttP>n "r,be """"'"" 2.) ~ifT""""," i. """""",ric . ff,a""" ... 
up.~ ... ,."".,..~ offaul. 1lJU<......,., -' 3.) dovWioo.o i. G.."1!""'" ofj~ ... 1 
d .. ,.-doooll ctrecu. ,,-ell 1:11-510. and 1>cI"''<>eo MIl ""-4 and Ped<:noto Spoi"i-

" 
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I.\TIWO l!CTIIJ.s 

11>< sooo. ........ !'e",.do W ................. ,y (S~W AI .... . mpl.o"",,",<'11 • _""'~~ ~ '" 
l~ ...., o<><,",f", u~~,. <,>(,..., ~ ".,b"mN "'I",f<or 1m ,10< "'<U>1r(l(CoJ""il 
SprillO; Valloy 0Gd ,110 .).1......,. SJ->"I1 1...,.. ___ <'11 ".Of ,1M: put 4 yeo .. .,., ... ""P""<'1I~. 
,,<>Ik«;o. ..... ""~i" ..... )'01 ...... __ tu<""'" (1(1 ..",''''''.~ ...,no ;" C"'""'" ~ Vol..,y ..... 
d""' .... p .... '''' .... nl. 'k .... ......,. Sroi"3'- _ «>mmC"" ........ of ~ ..... ft<1«1 ..... Of ..... <1 Md 
I .. n_ri< ...-."'.bLa co/Iccod. ~.r."""" , .. <1udd """""" 01 """"'''n>etioo (I(.1oc 
roden". Spn.., ,,·oi ...... .,.,.,. ..... iooo 01. pipoIiR.ad P" ..... lXi.i,;" ,,, ""1'1"'" .l-y.:ar 
"'I",r .. """""'" , ...... Wcll.).IX·S ,i,,,.k:o.l ,. _-en, .. ' C.".,.. ~ Q miles -r-rnd .... , of 
1M MtIdol)" 5(olop. 

A >IAlIIe do."""., .. Irood , .... _1 ,. ..... 1."Yd. MOd "!'fl"r. 01",,,....,..,. '»<"f 110< 1"'-" S I() 6 Y"'" 
~" "_..,...., ,. , .. ,,,,,,, .... _ . U""""",.'y pmo.: .. ly . ..... ,. ,"<:t]~ ...... <>f'1Ie 
co"",," (1(1""._"",00 lnoah.. Sf>a>., "r,he ~''''' and -.u.,,, .. 01 ,lie .,..."'" ... ," 
, ... Iod<d _0<1<6""" "I, ....... """"""-. ... """"''''' pro ..... '" .... • PO"",,"' _ .. ... 
u""",,n ... ~noul", <"""""''''''. bco;"""o ,II< ~.Dd ,he uaokt1), .. < .. t"", ... """fa-. "",.~ 
n".. ....... tem<1t. i.....ar __ " "",,,«I pono:ot"'mn. ~r~ ..... _00:1. b ... ocd.""", .. 
of "'8>0""1.,..~ doUr "'@'tnl .. &oIH:...-OoIutfct.,....... 11>0 "''P''ti'' o(,lM: 'yJ""""" '1"'<'" i. ,bo Muddy Spn"' • ....", .. """""btcdly. At .... "'" 01..,.,.., """'*"uo;"" of 
me obavc Yariobkll: """ner . ..... I<t ... won _I .... "" ._ .. ,be IIlIf!IIIUokJ ad 
err"" ..... """""'" n.. '_'Pf"'o'I""" l_ooc.I ""' .. n "',·c'''' ...t,«. j>. ,-,f ..ol.-~ , .... 
und«.....t"g <.>I" ,be .ydrulof;o. 'Y" .. n. ItuI ......... be "' ......... "'" J!«I,m, .. ,y . .. .bLa o.~I«:1"'" 
.t>d "' ....... ""' • • "'". ,. ...... 

Tile Muddy SJnai. a", ooqnocd 0{ DUmi.""'" _nd ..... spnap ud sprt'" JRl'IPI 
(~""") "P""'" "" .. I , .... "'lUI'" mil< IIIIa Ioca,'" .ppro.u ..... oty S m,l .. _ O(,1Ie ",..co 
of M""I'" II Clan; C""",y . .\".odo (I'iVU'" I~ ,\J""";mo1C~y 36.000 ocr,~r"", P'" ~ (.ry) 01 
atolUll! ">II""" 'iJloric3IIy cliocu.'l'''' from ,ho optin!!s (FAio. 1964: &tid F,al:i .. 1966~ -n.., 
"""""" 0( .. >II .. for 1M ""' ... is prncnlly u..xntoo.t '0 be d.-rived f""" • ttgi«uI ea.-... 
rock Bow <)'>I ..... lb, ••• ~ 00 <pOOl! ",:ok< < ........ 'Y ........ _lou>.Iy ~ ma@ ........ 

ofol .. (~.01 MoMySpriop u. "' .. ,...., ""M ..... II .... ,~ ..... 1tich ,,", ,,,,,.,,...,.,.,., 
P.I......,;,: ""m...... roc'" _ a ..,....,.ic-.t ""'" ')'$I~m , .... ~ab maoy ~~. wn. 
,. c""' ... .... Sooo."" .. ~. ",., ... -pooaI ~" ~ " ." •• \oct, ~ .... 00). 0(."",,,,,,,, _i< .. y • ...,.1l11<>li .. " •• 1>0 r""""IOII <>f,Ioo 90 ... Mod Rao", I'f""',,,,,. n.. 1""' ..... 
of 'lte n_ OJ''''''' «>oo,"t:u<>ry Ii> ''"' Moddy Sproop .. intetpn:OOJ Ii> be p" .... rily &0'"«1 r",," 
/I.'C~.,. _toi. ,....,. ok,... d." .... '10 .. R;'~ Flo .. ' $)'11'-"'" ('o1,'RFS) .......... '" 
.ppro;wmoldy 200 '0 300 mil"" 10 ,Ik: ""'" (uba. 1966~ , ltd .... -.bpo r""" , .. ~. V.11ey 
F~, .. · S)",,,_ ,""""'i"<1)· _ oflbc WIlfS n'-", and "' ....... 2001: l VVWD. 20(1) (Fip" ~ 

" 

" 
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The po(trIlIometlio &lodi/:nI t\ IIM ... l:><>n>U oqaI~ nolt lilt Muddy SprIniS 1(15tt.II_, ",UII 
water 10'0011 only varylrc abou; 20 r.OlIn ukudo w\~ a !{).mU. dl:!tilnC<l I'ron tht>Prinl;:l 
(l'l21Ie 2). AOJll~ lnrI!ml!!IvItllll In 1M vltWty orMuddy ~ ore high, wfth 
iIlWprtQtions kl tho,..... or 200,0(1() i"Uons p. d'y!>lt fooC (gpdI1I) (Eatlrl, 1%6 tbr Iho 
Whl1<! Rl9<. 1'1<1 .. S)'SIti1I) 10 1.810.000 8I)<lITt, ot ere"''', M ... ll yx.~ (&lee W~ (981), 
onabl~. lqo ib; or &loo.nI'ah< "'en..-.do: I".,. hyQ'a1l!c padl ..... 

-. -~._----------E - __ 

~. - -=,' 

0 -- . :: 

------

----•• 

...... _' -• -

'• 

F1gtn 2 _ Wei .. ond.!prinp 1:1 Coyote ~rrc Valley end Muddy Sprq.sAf ... "''''' 
po1t1f11:!CII'I>l!rio _It .un.:. ._~ nottd. 

1'M Muddy Spr ....... has boen prevloud,-~ by LcqwoID ond "thou ( [!<<is) ..d ~ 
rol'nodl>1Sclnlil ond_"' (1996), ond [)on<Mn end OIhors (2004) Fl£tlro J ... dotllior 
~ aid <llhor;s (2004) pnolhby iltok1:lc ... or on. Madd)' ~ ., .... 
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n.., 101ud<1r SJ->~ 0", .. _ ..... ....., b( ,..., .... ..n !bonk I>fll." ... ""'" c."l"OI Ibo_ ",h"'h 
" ~, ..... of IOId<>l 0..1 r...1kd hi"".,,,,,, ~ "",b. Spnq d;""bo'l)O _un '."",gb 
""' ... 11 ....... "' ,~,~,.;,'"' .~,Ioo! """",<I ... Ie" n.." nnr. . ...... nf,1oo! ).I"~'Y Ri.,"" .. ,I 
'b"",p "W,:ri)1O& ...... .-,dao...s alh ...... """,* •• ,,(,1\00 Mud.:I)· C"",k ~·", ...... IOL 
M_ "P' ~ feao ... oo (",tmariIy JoI<h).", rommooo """'I .. """uno! ka<u .... '" 
,Iu: b<>dm<k. L .... ""'" "",,~b (.uI .. ..., __ ,. ,"" IW."2fby bod"",k. T .... -.y o.od 
Qu~ ..,."..1 f ............ _ ... ". ,Ioc: Sui. aDd IWI.j;c PAw,""", .n: obo>~. 

Of """,if,... i"'!e$I '" '-'II "'"!lPnll ....... ~. of '.'heo .... 'w MOOdy Spoi" @, ~ ..... 
...uci ....... ." •• r ... l, "'-'-... io C<jOIn"'" "" bQl< ..,n,,~. ,. ,100 nltqo 1, ... ·1 ........ d ••• ,II< 
llI,i. ad Ra • .,. l'mvi"""- n.. n.1l C ..... y ~< mop (1:250.000 <cole. 1..ooo8....!1 .oJ 
<JIb .... 1965) "'- _ i.d....- ..... ,... fMo~ uno<l\o", i. ,b ....... '" .. ,he IIdjo<eoo p"" of ,he 
AI'\'OOI' Cu}'OlllUntc. boYt~. lile !talc oflill. KgiMlllR1r.,oq: OJ ""b ,bol mn)' .... 11:> 0( 
.. ~rO<aKC .... y _ be ~eoI. By ~ _""..-, rqi .... <>ofTebti_ by 1M 
I. VVWD (2001), ,100 <1..1 .. 1.>1 _oct maw'''I or,loc Schm.~ ,oJ <JI1Ien {I 9%), .... oJ..-"' 
US('~<; -. ....... Ih"..,.,. to be .. ""'Iu .. lly ... btn.....! ,,,,., " n,. """h.,.,... ............. 1 
ori< .......... """"'...! by .\.1"""""" OOOI~ lCoou" ... oJ T ... wy ,..I QuOienory_' 
£oul" "," 

~ tNf'I'IO'tjI lk<>twu Md ",be ... (20(1.1) U. "",." focd _ '''''''''''''' IIOI'Ib_k -.n..I 
f."I •. 10 .. ,011 4O""'ly .. "" of,Io;:: """""_ Spnq """",,,ex (~i""", J). "",e. It • «:*, ........ of 
,be -' Coul .. i . odJ_ hkw.oic I>OIIn:d< to ,10;:: """h.,.,... of tIoo oprinil ., P'I, .. ...,...ly 
1IIIJ1!C'd by S<hmodl &Dol w... ... ( 1m). ~ ",Iocr "II<'CiMal ....." IUbpanJId foulII blV~ 
I>«~ ""'IP'" ' 0 , ... CO>O ~ ... ,.,, "'" r..Ic ...... ~1Ig ~ 0. ... , .w .... ...... ~ ..... ~ 
n,",,,..a .. ~ ... "ri~n ... _ of"""'" SIH'W ... _ ...... bpo .. U"" .. .". MOOdy R.Oift. """''''''' 
"" ••• ...tr ... .ud ""00 1>< ..... oh<~ .. des. ..... 11_ land",..,., koo~ " '..., ....,.j Ie> ,d"ohfy 

I ..... """" ..... ,\I n'1<" ....... '" lbe~ .... Ill}' oX,...,., f.iouI ... '100:)''''''''.10l;0<<I. 
cond"~. '" """~ dl"' .... 'I!I" .. II ,.,j,<,,<01 ~ ....... dl"' .... 'V>" l&Lu"," """b .. 'ulio. ........ 1101)' 
cok ..,. """"",",,,,,, _ • ..1 lIi_luh"" ... """, "'''''8 ,II< I...,. of ... 1 I~Y""" 
Ilradi ..... of,Io;:: !"aullJ.. 

1\10" of ._. " ,II< .~ ..... di"ribul_ of"", ~'o""" (mod·I'I"'"","_) ........... 
>!'rin, d<pooito (Qsd) ...,." ... F ... "",). Til< Qod dcpooi .. &110 ......... to ,I\c )"""",," 
(Ne;,,_Iklb: ... ) poIe<>-tprin,s ~ ... a:orrunoo in __ ...... Sevodo (Qwdc ad odo .... 
1995) bull.",,, ,..., di.ri .. "w """, ... """"'- "bIa<k ...." ........ "",..,....1 ..... 1 ....... ,.,....lIy 
b",', • betI .. <k<I'dopoi ulodo< "'" T"" <>I<kr (M,,,,,,,,,,,, MOOdyCn.:k p""",,_ It _ 

~. ,""' .... Uy • .1 i • .,..,ly doff ...... ';....! r""" 'h<QoJ .. """'jo .. ....t;. coInr. 

n.., ..... gnp. ... unll, ....,.. OIl F,,,,,,,, 3 ,,~"" _I""", rrom ,""",""" tU>I,""" ","",,'~ ... 1 
.",<bocril>o,lI. T."", I 

" 
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Tobl.l Ooocn "'«IIlnoI, . """ .. 
~lTut;SCJUnlWi 

A<"''''_~'''''MIoO!}· IlMf. 

1_ P'lI*" .... _),..... poioo-fp""", *"""'" _ID _____ ........ _."..- ,e .... a.., ruloSpo_ 
~'<r!ru 

y. IIIIi,_OWO ..... y __ Depoob .. p ..... II1 __ ,.-_ 
_ "'_''''''''''r~.n Ibt~~. 'j 

OO'-' __ ,-_"""*' .. _ ...... (h<ko __ 1_._11·.... ,,,.,he, 
_(\IioI JI',"~" •• )ou.; t ¥ •• ..,.... ~-y);,tI m '-

jrMW<I. ..... ....,_ f1M_<>lClodo ___ •• _ 

~""" __ Qr""l!.-

<hot ""....._ -. _ ... ,--
.... ____ .. boT 

~_B""~~.«ol'!!l!<~_ 
~.d,.... __ .. y.-..-_ ...... _ 

,-..... _ B.dSpoq ___ ...,. .. ,..-.-- .. .. -
0..", 1100: .... 5 Y"'''~ ~..,.."."" ". '''' I.. .. -d ... ~c .... ,re. .. " II . _, 1100: M ..... ly 
S,,"ngo "",,~ d.",j,nrd _ ........ i)' 1.5 ,,, 2_5 ~'" (F;g~", 4 ~ """"""" ........ of , ....... .. 
Ic.d R....-! .... ,.,...nd , ........ ,. II • ., Ilow .,...""' .. '" 1.) ""'"I''''' '''' -' eI''''''I<: .,.,Ios. 2. 1 1"'_' (""" ' Ik> c.mou.e """'r. .... 3.) "" ...... , fn"" , ....... ,_ 0I1u",.1 "'PO,r .... 01 •• 
Mloddy Spnmp. 4.) . Ire ... " ... 1o ,be: ","",,,,,,..,-, _~ I. "1"'''' "'*>0)""'. 5.) cIcpadII"" of 
""' .... """'-" ...... oo:s.eoadM ...... aDd ~) I<'plIoII <'lII~ oruM Mr"", oUa(1C5 .lJOOIIod .id! 
•• ~hqo"t<:o F....,loa _ Maft:o (2002). Dnpcoo.d ~bt" (2001). IIlmll l"" Ilcd .. "" (2000). 
.00 A,..,. ... Durbin (1994). aDd 1nIIIY ~b<n. """" "".Iu>i<d .......... 1<:"'<1 (~ ... _roI"n" 
mod'>III;""" i. ,be: lOUohono S .... aob now .)"111 ........ i • .cIuJiq" rqioa>l • • _ ..,uf ... . 
n..q., (2004) p<n«IIN. ~YIIQ(Io.nl. '" poInnam..ri< "' ...... b-d ...... , ...... ' 1100 I ......... of 
Ilia WRFS bei .. i. pall due", laJI"II'" '" Lake Mead ,,, ... , level f1uoct .... i"" .. 
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rip. ~ _ CIrbonat. 1iPr. _II ltv.!I'IY'*"I'oph!, Coj'WI Sprr.aValI.y nI Muddy 
Sprtna;I Area. Wiler 10M! dill 1!IpOIt~d hy rnGs, SNW A, Nevldi PoMr OJrn~J, IIlIl 
MVWD. 

1'«1..-- Spoin& 

POW_ SpriI>e b on. o(!'IIIl1J'.~ ,,"11m the Muddy Sprt1p«lnlple>< .. d Is ~td WI tho 
M01.pa Valley NlIIlioml W~dhr. R.iUge, WhIIo Poder""", SI>rinl ..... , ....... an taction or -1'l" now dotlwd !torn Ibo .. ~ (oppr<»<1m2lely 4% or., rM" ~.2 <Uble reo! pot """oM 
{cfs) , l II the hljh •• ukllUdo opI'lrqo on Ibo R~ m thol.r" .. btllrwd 10 "" 11M 111001 
.llSIlwto pcURiallropacu II'OI1I.~irIi Il<m flo oa!bonat lCJllfor TIM M_dooo,. 
r,dtnIIly ]1310<1 ondangctd~ ... ""ida In Ibo ~ and "' ..... IIlIINIFIa """" 1ho .. 1'Ugc 

D~ ""auod ~t Pednoo Sprq and Ibo d<>wn-iJ;>di<nI WImI Sprlnas W .. P&t have 
.b>hacIldoc...ma;trend ...... 1999 (Fig>r .. S) . DLomartt l1IeaulrllOlUl\ovtbt .. mado 01 
Pod..-_ ~ by 11M US Gool"""",l &o<wy (USGS) ~ ~ 1986, .-.d 11M rn-'Y 
...... ag<I n_ typl""Uy,.,.. Itorn 0.l8 10 0.26 ct.. 
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! I I I I I ! 
Flpo 5 - rodn<>n Sprrc r.t<dhly ... ....,.. [)bcha~ R_1nu&f! ~ 2003 
Data$<><l'o;." VSGS· 

'Tbe .. Iilbllll)' .. r PMmon ~tl& 4Locharl'l _~ lI«_n Iho IRe pot1odl of April 
2002 to AprO 2004, II'! • anulaIm me"" .... of 4'1'~ d~ b comIdo:r.d by tho adborn 10 
boo)<YW A 1'«'11-='" ItrI< 'lNU'ld Iho hdnon Sprit'l& "'" plott Is ropoc!.W by Iho USGS to 
havt btconoo prOf'lOmOOd i'l 0Il11 2))) (USGs, 20(3). F\rtl>or ~~ lh1 <Jld1J ot 
4'11na: dl5::t.&e ~ ha'III bOlell otaotI:Ic chani:M 10 1bD pedemn Sprbi: IIIVIJulr'MIU 
'" • result of OfIltont =I<lr¥ion _~ II tho raJ\Ip, ..mid! ~ In Apfil 2002. Whlio 1ho 
Ptd«!011 SprinJ p<>OJ and .. rt ,."lltIed _ ~ __ 101, man,\' p2lnl U-,. ... 

"n><>-' It"", Iho vle,nly orlht"""1na. 1<1 ... tim lJII)I"oxm:lltly S 10 \0 r~OI QrltM pool (Flp' 
5). App.""lm.uly lOCI<> l~tuo:tol!Jo.as! otlhl pooL nv. ...... ~.oprtnp ...... 
created at alOCOllon _ .... _10p0d.~ for ..... ly exl.sted (Fi&u'6 6), Tbo 
Imroommlon w.."'4If1'¥!' 10 Iho oorq:>lu Is po<:IIly mde:rSOold, and ph)<lieal allntklm .o 
the ~ _I"" hav. inb'oduood iI10at .. ~ as to tho ...... '" otlotal4ll'Q 
~ h1Irprelltlono. B ....... 0111>0 flIlq: _on .. ftho _. tho USGS i'l 
oollaboralon..tlll SNWA .,d 1ho U.s, FIIfl '"'" Wlldl~ S-. (USFWS) nploct<l tho .... If 
ruu<nn InIalIAprIl, 2004 kloonctn1'l'iIh USfWS""flg'_'" otroN. 
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Figur~ ,_ UP!"" pro.._ Sprmjj; Cunplex (Id ~>de), July 2OOl. N"", "'~"t«I. u~ ""'" 
II"",,,,, "P""'V (lli:hl$ido) .. pla .. of bmet PIo~ PooI_, _ ".I1""oJ orpabn ,,_ 
(apprcrUmlely 60) Up1.O tile edge of 1'eIcrota Spmjj; Pool. 

MQlp;I VJUey WJte" DiltfKl (MVWD) JlI~ WJte" S«Vioe II tbe MQI))I. Vel, WId reJ>e.! 
UJXIII bcab opnl&5 and two _III canpkled lEI tbe ... ,bc:rlaIC aq.ur.. lEI tile viemil)' ottlle Muddy 
Sp'lJl3S. MVWD~ A/rowc..rm ..... U .. Joeaed op .. """""'Iy~mile.~ ortbe 
Muddy ~ areo , and 2 miIes ..... t Qflho Moopa Valley N_l W,ldliJ: Refuge (Fl&"'e 2). 
In 19\11. MVWO', pump"" trom tile carbal.ale 0'111"'" ",e,,,, •• ed trom.,wnd 1511 oJy (19911.0 
I 997) 1.O'ppraun''''1y ~OO.f't (19981.0 'ZOO1) due 1.0 w.1<'f demand< and ~ lEI 
QpcfotlO:lOl _rng "".~ (Figure 7). 
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~ LL ~ 

,.., ' .. '"I ' ... '. 'MOl '5' ' .. ,., :;IOtJII lOOO 0\:1(\0 000) :)(100 

I'tll" 1 _ AnUI! 1'oQl ..:I SoaoonaJ P\np~ ..... MVWOAzr". c.,YIl1 nI MX·' W.u... 
DIU ..... ~. MVWD 

\\-bl i. Ri'r..- All .. Syot_ CK"ut"Tr ... dI 

w ... 0I'1d <i')' cllt'nlll~ ~ •• ~nJy,.n..,.~ llhouill to _1'11 doiJotS, In oabll 
hy~oloak J)'Itmrl. Anual 'lVtabl1lly In I'KI'IIfi" is <lop ...... on e_k: _lobi., 
parl!o:ulIr Iy hI&h.aJ: ludo! 1IIimr proc!plation ~e.$ In Ill! /IIlIDI.lf1d TDOUIlIQIous 
orwIrocmtl1:S rOU1d In C..-..nIlWld SoUlII Nt1lada (Wtnoa;od m od>oJ.1, 1998). B.~ 
v..1IIC1on~ly.,..y pro<lJoo poIelDoro..1ric will .. Iowl rb:aJaIj{)N 1k.,.."... • nc. ... 
symom. 'iONd> is • P_""""",," pl ..... ' ...... o .. tI tIM oon1\nod eat>orato oquIr.t. 

L.q~"" _11ftnds ""'" be .. ,YalloItd WIlI& <UW!0IIv. dopomrt ftorn m ... 
pUC1>lbI;iorl.., ,ho PUn. DrouritII S ...... 1ty Indo", CI pub~d bythol NalIololI Clir/liU OI!a 
c.ru, (2003) , The Pam.. Index Incw.. addlionIl v..iablo. orte~lw. and .. lltIOlW. 
doefl<lt II: Is horpt<!lod _alr to tho <m:Ul1IIIw dopo!U"o 1I<Inl ...... pr.e!plorlon CO'W, 
",.11 iIOf'O boq' hOmIai "or, pooIIlY, 1UI>b«. boq '"'Oil oJlmaI. oycloo, QruI r\eplto. lUbber.: 
bcin& '*""IbI eyclu ""Ih 111M 3 ropr-.tire a ___ .~ ~ ~I¢n (h.n.r, 1%5) "' .... 
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~ __ ._","_ ._~M ...... .. " .. _. 

I'tp, 8 _ Palmor Indo:< 8. Piol Co.", ""'''": Nillona.l On .. 0.. CoR., 2001 

All Mo>\ prq,J~iwo <la<_Ilat~ I'O~ (19JII1W11ih 1(103) 191"P1.swJ. 
p,.""fI.d.., RoJIq..,.... "'" 1qI<><IOl """ ~ ~J" Muddy Sp!" .... {"-, ,>. 
An bIox pr",*ltalJcn <101_ haa ... yoraJ ~ """' .... or dIIa &<ora • oIn&Ie..a~ 
pilUculorlJl1bt ilIorpr.tallom af lit&>, .. a;lon:tl nc.w ~ POI_a! err"", .. lalold to 
O<lW!rmQU ofloc.alized pnclpl¥lon._ ~ .~1orI. cl~tIc v.r.abUly ""' ~s of 
tens to --.llulO:e<I "'U~ nj ±mer"'" ... oollt<:CIon ""'$'" In ~..- doporldenco 
of db !'ton I s~. salim. 

AIDJ:lI pr"""ltalJcn ,tcords, ... p.to!W'ood byt/'., Wuom R.p,nal CIht\\tt en... (WaCC, 
20(3), for Paboroagat WlIdlIf, &t~ SInI)OIIcIo, lIn:l, an.:! tho ou.t 0..". Rorct ..... ",,0<1 
Ibt (lOI1mtl<Cior) oftlM hi"" prO¢lptatlon doWet (l'Wllo 2), OWJ}'tlc .... I&htod wwl8t'& bosod 
on propoRlom orrochorv 10 tho rea;lon:tl ""W JJII«I1 d,f\ntd bJ Thomas and OIbor~(lOOI) 
(Tobl' 3) Adcli:IcnalI~, WRCC(2003) proq.ltIrIon. ,ooor& 01 Call .... d u.s V""",_1ons 
"er. u:ntood 10 ~U<i 1rIcor!l>1"o Pn:nreat ,w:on:I$ (199810 20(3) ~ ... ~ina; 
t~ prCMt.d by fuw!. and t..opold (1918), WId to =~ia ,_do back 10 I """"""" 
bo~ dolo of 19311lStl1 .. Jltiordljpo doIftnod by Un .. , , ei:! 1 "'. C'IlmllJorIw d!portln 
ft'omra_ bIox p:r'Clph'lon~ IndMWoI_Jcndol •• 'PI""""d h FlI\lf<I 10 Trmdo 
ob.ooJ'Vf>d illht tldox puclpiOl:lon dIta It l ~It wt1fllndl\rt<ba[ "'OItom IInuif>o<J; tho 
.. p,n. on:!. abo oomp •• I"zv<nbl~ wllh l_dhlah altloo. Ind .. ill. onI~ datuG, _ oro 
f'l to bo ., ~to .. "' .... orIon of"'" ft&l- cltltllll oflho WRFS 
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Fll1\11" 9 _ WRFS ROiIonai Prect>iWIon Indo>: b-.:l on reoordl Inn Las Veps, Daert Gorn. 
R"'i". h/ntIIitl. SUmJO!l<So. Lmd, and 00""* _Ion$. lndlY!<lIaI.!totion U. ~"": 
W~n Rtilon CI~ ... CIo:. (WRCC'). 
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• • • i i • -
.... - ;::;;;;";. ;';'-~'::;;;";~;:;'';;=:~=:.':':.~.:'=J .... ,- ....... ,- --.,-

Flg1n 10 _CauJlot1w Doparu.lI"orn Mn:1 Proct>11Ot!on, ~ for Reclonal 
Prt""I~1on Shtlonl. Pr1e!plllllon dota iIOa'CII : WRCC 

SE ROA 10264 



Oi, •• '~ """ roo •• ,;.,,,,,,,,,,, w., ... I ... "" T ... lId C .... p.,i_, 

Soool. ~ 'I' elo""'le vanabol"y "I'f><M~' be ...tle<led .. ,100 ....... ,""""''''' ....... ~·cl. 
~" ,,~~I .... lhe Muddy Srn ..... do."..hld Iioo ",~~1. MX ........ EII·5b (FiJI'''''' 11 """ Il~ 
""~ • ~I ,,"moe of ~I,,,,,,,,, ,-",,,,,,, .... _co- lev.", ( .... ,..,. .. ponI""'''8''' "" .... nI ,...sc. 
,I't'ftd .. ". _ ' Lij""odi_J ~I no< ,n .. ' ..... """'o. aM yi ... ,.",... ,." dry l""'''). II""......".. 
_ .. ~.dy 2(j.yan of ... · .. " kvd ftUIIdo. Il>c dox~ .. ", ,,,-...:I'D 1110< pall 510 6 
j'<OD opr><an to be ".,.. F'f'OIoO"""ed ,b ...... eli ...... _ 'I'k """" ...-_ 
d..~jni", , .. 0<1 .. """ 199I.o<>tdd be intotp«ied ... <nUl. of"""",o. d .. "....," .......... ,., ,,"""" 
C •• )'fOI .... ~ ... <1om; ..... IX"" ... p.. .. i~ tw •• Ies_ elfoe .. of dO)' <10 ........ ""' .. 
,.'elJ'l'~"""" """"v .. ", .. ...,.,.. to V- ....,...,. .. y due '0 ,., _..t ....... of,., 
eu~ dO)' cI;""'c cycle. ,,_ ,h:i, 1I.f'I'O'I' ,100 """..,.., ""'-...lo ..... nl<rp«UI_ i, ,be 
""""'" .. ,,"' ,100, 1999 " ............ , ............ l_, """\'"",,", ,.., cIo::l •• , . ... _ ....... 1 ... 
...... ' ......,. , ....... 'PI>""rcd '" ... "~ «"''''''-~ i .. 19911.. To"" .. , of """"1'''''_ , .. 1m ... 1 
pte«o.I"" d",,,,,,,, ",....;,_ ........ '" ...... , _"'" ""f",~ «>UId .... ,y ""v~ oSalr(><."II<>J ''''' 
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.mou<>r_ av ..... Rlokll .... forlho)fUr. Corairuedmonltottlc IN(> Ill. MXI_clinot. 
eyel .... UI old tI dlll' ... nClaclon oflho ""'IlJIiIUdo oflhao probable PlDpq ""_elm,,, 
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lNTDl.PRETrn EFFECJ"S OF REGIONA L I'UMl'lNG 

AmnIq IhM a.Dl~ly Of1hl ~d ...... lwei &!cllnunoe 1998 1411 rwl OfJUllllti2 
!tom tho Arrtn< CIn)'on ... 11 (I"obIe 1), • dlstlcl dlItl!lOt4"_ ,,1aI~p ... t.. dcl~ 
(rlp o 13) B<eop< fOf o/:IsI!n:IIjon ... 1I EH<SB, .tIl.;h Is tho 0 .... 0$ .... U 10 MOW ~ lho 
lntorprmd <b1WlOl-<i"awdown ,,1at1orWip ._ willi Thois _~ lho"", (Tabl.~) A 
oornpW<l ... _ >q1lfer1nRmis!!!vky ofoppr_atoly 6JO,OOO pllOM por day por f<>« 
(Q:pdIIt)..." _it coorr1ol4lr'll or OIXXfT, \I do!rlwd l'I"om tho <ti<t:aJIoo.~ plot U$tIiI: 
the Jooob.O>op. !!I11L1$t1 _1IIOthod (PrIaco~ 19S~. 'MIII.IhlaV .... Ir3'"'yll hIIJh, It Is i'l 
gen<rll acr-nt wlh"'-' ""If .. I,... dati fIom wola In ~ ttglon (801_ ..:I othn. 

"", 

:0.0 
i 
I~ 

j. ., 
; 
i' • "" 

.• 
• o -

- -

BISTAllCE DRA'MlOWM PLOT 

--.... .;' -.-
-l . 

lflf -.... ,~ ".,-... -
FliP" 13 - 0;. ...... Orndo'oon ll'Urp<Ption fot Carb«Iat. A<FIfo!' Well. In 11M Vlelnly or 
lilt AITow c.."", Won. 

It Is ~ tonotothattho ""':.noo~loJ.\CJrdllpPfes>n'Ud1n FllJU 131.1:hIghIy 
dopondont on!ho Rllplttatictl or <hwdown in _D CE. VF.2, Iodtod _""lmatoly U 7 raU .. 
!Nm tho AITow Clnyon _ll_ WIlboIK 1hI.I: qIt <1111 port. 1IM.....n Qr_ ... J .... I ... t:lIno 
ftO!lilll!he nO. ",,,,arlinll ob3orvaIlOI1 ""Its II practically....,. ..... (1'l&Ih I(), ~1t1i 1M 
hypotlMsla of. ,tiJona!lo._h .. ofpolenlomnlo ___ kvob Ins.od of. dh .............. wdo\Oll 
om. 

• 
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~ -

OISTAIKl DRIMtIOWN PLOT 

._ ...... 
~-.--.. .. ... _-_ . 

• .... -....... • • - -~ 
- -.... _·, .... _ .... ""'_"["1 

Flpo ,. - At_"'" llMJ'flbLllOl"L of Ob<n:. n~ Dot> If W.n EH-SB \$In~ 
ondWoJl CE-VF·2 b Rom~ It"", ConsIdonI:lon. 

fEDERSON SPRING D1SCll ... RCr. TR£II,1)S 

PodclOnSprln( 11I'1""Uy ~ • ~y ~ n.,.. ohpproUnatel,. 0 18 10 0.26 or.. 
1'l"0III ono potSp6Cliva,. I can be noted IhoI ."." an. S yo." or I doclinq It1Ind In ~ 
nOW&". odD .. lhi1 hw:oricntes (F~o Sl. Thls obsoroallon In blf ~lID 
InItfpfOIllIon IbM cllnLoI;, Jalho dorninanl r- """,,Wil; \(L e.o IO"tanIly <IocIiItI& Q"end. A 
LXIl"tLports>n ""clrn~ _ 0JId -1'f1ni ~""""" osprllC dboIwi"'~ tt>a "'" II< 
vIswlIy """,.Wed I" clImaI. (F"~. 'Sl . 

• 
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-~-'-'- '''----

FlIP. IS - c.:.r..,,,,,,,,,, of Podenon Spfr., Fl_s wllh ReQ:iorQl C'lhlOlO Trerm Otb.oo~(>O 
ror~~,; !JSG$ 

M~ Vality Water DLsrIol·spwlpi1li; ort'" Ano,," CanJ«l...Jllnc,.,.,.d by obcU 300 
perOllll nom 1 'flI 10 1998 (Fipl "T) <b! 10 d"Qnps i'l "" ... lIon ~lng !ltrorea:J .... CU1ng 
lhaI=nttm., P."","",, Spr~"" oo'""Pln W;mI ~J" Wddl&mrps .... 
obsoJWd 10 haw mn~ lit Ibo hl;:h$St r'!>O:on 0JTallI dl.$::ba", (Of ....,..1 ''''Il1>>0) Of> <-.:I. 
Olvc\ tho oontInod nonrt ortho "II'bonu. MJ1If., ,..lllllwly Innodlat. n1 <:10."
would taw be~ exp«ted bIJ: '''" not otl'ln'!ll.lI.IUU~ I lid!: of direct h.J!RII~ 
00M0eIJ0n be ..... _ tho AnOWa..,oo ",. n ;nI PtdoI:!on Sprrc H~.r, i'ltorpct:ltk:m of 
roaJoonal ..... 1 ..... 1 nen& Into SJppOJt...,.,iIlI: .nwdc>"" in/Mnouto!ht "..-. 
oqul r.t, II'Id _·ltaiM p.npi1li; '" __ o!l'i!<t.'I "',y Sllli "" ~i'led In. ~ trend 
thai b a oonIbi'l3llon or 0-. n lUtlPiIlI: off,cu. ContbJ<d JDOJIIOIToiI. of disci ...... and 
.. at ... _Is no tho rM>d ... _I OJolI",u1 aid III c!ltrt,eNioIIon orlbo po,sdbll pompng 
offtCU ... = lUIl.I'al elhl •• atl1otl$to tho $\rllP. 

Applkobllity .roar.,.. L_In Sprlna I'16w RfII ...... 

Somt FIotrpntIlll""" of Pldaon Sprq ~ and ~'1O .rw poIdionM1I10 .. lit .. 
1..,.1 chaniro hive oppllod tho _tt.tno..., Dr:y"s L ... fOf nuld no.. ~ porous "",cb.n, 
~ I dtll<:C f.13I;1onfIIp _ .... hI.d mel dls<t _ ",. TIlls ......"ptlon may"" cm.ly 
~1w;lotonprosenllht """pll>d~Uoffhl.i'l&~ Upwa'd now ftwn Ibo"..~ 
oquiAlr "'"' "" vI!uaIlzed .. ~d no", h""lll" II1II_ of eaIoun CIll'tlor.-I "0", .. "'<1 
palhmya" t»tIOt!t1. Up_d wloclltu ~ U-palh"",,. ""'y "" hli/l ~ 10 , .. ,u • 
• urbuioR n.,..,tPa .. IllYalldali'lllllPPUcodonof Cvoy·s Lo.., orhIch __ ....... IIow and 
a Itt;mld!llUllbtr bolo .. I crtdCl! rq! of I to 10 (DeuIna. 200:1) PlJurt 1rt~1hOonI of 
ro~ of. Jna dl3<hqo to potqIIlorntll' lo ....... kwl n_1Of>$ ""t<l1O I •• Ihb trm 
CONldoratlon 

• 
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BAROM ITRJ C PRESSURE RESP ONSES 

Sar(IrlI"'le Pf&SUe 'OOiU I\I<ttw:tltr<>1J&hoo,I tf\J &l~" day ... lospo:>II$O to '"_, tid ab:> 
oxhIbb ~ ZWJJaI cycle ... :J<:Ubem Nevada (FlIP' 16). HiP. ~ .... Io pre ...... a _ 
,.._ p«tmlornetrle -..- _10 In "",110,. "l1li<11 10. mtUJII>1o pbellOIlIOIlOIIln con/Intd 
oqulr..- """'1'11\ b<t 1$1..,_10011>10 In.........nnod ."MIn. B.omottIe emd!noy ilo ..nt· 
I .... (111ft) .... !TIeI"'" tllll dolhu 0:.. r,!at~ _en ,"""","", .. Ie pr=t ~ IrId 
poIfII'IlIon>oII'Ie _or 1 .... 1 oh>ngt, IOIIh ~ pr ........ bo"'« ."P" .... od .. .-. 

hoiil:h< or _or rlilhor tIWl """. C<:rn1llQU milS ofroJlUbarz (t il<hos ofTllor<u,. In oonnn.d 
oquit .. o\ bor<>mott" tmolonclat)9ieally I'lngt !toni 0.2 to 0.1 (Todd. ]980) 

•• 
i ". 

I·' •• 

... _._~_.o._"""_ ....... __ 
, ........ ,-_ .... ,-

j :: 

"m!Ift§IB •• 
•• 
illillliiiiflillliHi -

ApI]' _ MIRhly A ..... S.omettle Pr&SUI'lOO<dtda,LasVtp.'I Mce.r..Alrport 
OUS<noo. N.1otuI Otlll" o.a CGlt ... 

B .. "",otrle prMlUft 1$ 050<:0notUd IS rnta.U'3b1, Ilf O<:tlne potdlorn ...... Ilea do ... 11M 
o..-bonh .<Jllfc ... $:)\Jhom and """,oJ No<W BrldlI WId othn (XI01) do<uD<JUd 
bwommleprOSUI , ....... _ ot maxllJUll ~ltud. ora"",odi""'.1y 1.0 toetln...n W'W..s. 
ot Pronctn .. Flat fond • ., nI Moroo (2002) oal<U!otld b...,." ... 1e tffloJonciaotO.d tor 
Ttaoer Well J In~ DooorI, IrIdI JJ r",_D JF·3 InJ..., .... f1IU. K I~oy(I992), HmUl 
II1d S.~ (2000), Irld F ... lon aid Mor.o (2002) caloublld tho ~!rlc .!TIcI..c)' of 
IMvIls Bolo bo In Iho rqt or031 to O . .w, 

S...,." .... 10 pr....ue rq>orISCI"l1Ion~orIn& wtIb_lotod In Ibo .. balatt ._, "11M 

vlcnltjI of tdOOjy SprqlI iipPU 10 rql ttuu ~~'ly 0.6 '" 10 1.2 I'M! nmn, (wlllII 
MX-'I, CSY-~ EB-4, EH-'sB."" CE-VF-2, Ilr:>o I*k>d mid-to "'to 198(q to ~ wilhoot 
OOf\1ldcatJon of e.m 11<10 tIf'lJonoos cuwd b, &n"tOllonal __ . ftho..., WId 11I00n . 

• 
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Earth. ado tlfo«!! ... oMerYt<l kt tIM "k~,..,the Novo<\a TflII Silt opd ~k< H410 '4 """" 
"mJ~ or 10..- ",agnludu II _ ... d to bororDOtrio rq>onsa(Hml1l lind Btdi1icr, 2!JOO; 
iIId I'nlkn and 10101«0, 2OO2l. (u q bllCtifOllld mil>lln Iht tl!hw!o ElI'e<uor anh. tidu 
"""" no! -. romwod Inn blrOlDOlnc ,mot..., caIculaIlons pr..-.ttd heloln Be ...... tht 
p .. k>d oftl-oqo>WI¢Y ~f ta'th 11<* 1$" eyolos of ...,u .dJlly, dally, -.d <UmIIb~ 2· __ cycl<$, 
.... <1 btcauo tIM 1tn&Ih. ofAeordo _Iuat,d "rIIl:I:tudJ' ""'i"d!tom 1 !lIOIAA 10 1 YR. eorth 
Ildo'lxllalM In lilt dU_ unoI_t<d 10 oiaJIin ... ly orr,,,, tho barornett!c omoloDcy 
1nI<rJIr«a1lons How ..... olrll'liido flIeft»I:i ....... btl l""'d to ~ for • ~ ponk<t of 
ob.!Iol'V'Od daII .... n ... , 'NuUtte r. I.,..... 11-... qUmn. correlation _mclerU. 

Bor«!>oIrio tmoloncy r(lf ...... J,(X-. wu rlitbU, dtl'lDod ... ~.I)o 0.61 ~ dally 
"" ... ""lilt"", Jormry 1991 hough o.o.rnt.. 1995 (Fp 11). Thls """"PWllllontl 
method 1XII~ biirOllldric pra!UI! data mca.ged In lA'I y~ .. no ~tt ~daU. WI.'! 
h,1rC ""nt«td .. tht tIn>e, "'" ,0U ... ~ tIM.....,..,....". or ..... a1 <)'01 ... ofbar...-n. 
P""" U '-etr "",,10 daylo day ~ucwari<:>m. Amual plots or ...... _. daUy ~ ... Ic 
.......... ~ ~ <lilly potWlomttt!c ..... 1 .... 1 _oll1l1yud hy tnt ... &I ... .,." lilt 
.sIOI'f ~ftho <$w<m Itoo dtllntla Iho l>or""''''1c efllcloncy eo.r,latk<t OI)!fl!cNU '"'I" low 
and did noI ... coed 0 ~ wI!II "",,"""I shlfb In _ .. 1"",1s obsooYOd in tho 1991 U 1993 
dot-.., ~i"Ii rot 11M I","" "", .. Jillion ootft'Ioients. Ho ....... tIM !!opt oflbo b3r<Imetr1. 
Plosu, ...- potqj.!omoIlI1c _I.,. 1",,1 rolllll~ WOo$ v1:uaIly "",,;IrOnI "" all )'elQ .. hU 
Wllbltd ro. 1992 (F1a\a"1 18), •• II.vua11y dori¥ed t..wa",1c otl\:;loncy _ raa", ... llm 
pi ..... "' ..... 37 P"OOnI <>flbo S.,. .. n .... 

SE ROA 10271 

JA 31 35 



-..._ .. l_ .. 8.II.h""II:"'_.~_ 

" ...... --
•• 

FiIl'SI 18 -A,WAlI D:ai!y BlJ'Or1lelrlc!'to=« II Lo.sVeps":Q:A~ DoIl,Wller 
L .... l • Well MX·4. ta • .....,.., B"""'wlcpr.....,. O<nlho l>IIIlomI Cli:ll1II 0.. COnt .... 
MX ......... low." f\"om USGS. 

Z~~ 1IXI', 1>.,_k>~ ...... _~ l-nYoo~ .... dl>ySNWA, m 15-
ml ..... h~ aI monSOfirc .... U UMVM.I, ~q for IDOl. Ii,,,,,,,,,, bll"omobic .mclel>OY 
oomplbllom. Tho b..-c.moJencytl ... ll UMVM·l", cU:ulllldo.sO.60(l'11lU" 19) 
Pretmt..., biromllrlc .f1kImd .. to. MX"', EH.~, and FR-6b .. calo;ulatod aI 0 -42, O.2S iirtd 
o.so. rnptcClIroI, (Table ~ nI Fl"". 20). Tho bar<lrnolri¢ dll<!""", for MX'" "' Il<>dooably 
10_ II O.~l than calcu111ed .... 1~11O 1995 --Ii" doll)' daa, oncIlIJnhor dot.coll •• Um 
Ii!Id IIlIl)t'!s Is ~d 10 Itl1ne 1hII 8:>tI1mlM, IhII aD !epOItod vaIUM .. OOIl'lIdered prellnlnary 
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FllPt 19 - B.ortIotri~ Pru,u. 'IS. w •• t..cw~ ,e"ofdd. "'onitorq w.n UMV"I -\ (I~ 
mlnt:U dora !'n:rn.AIIlU'I I), :ZOOllO DtoaDt.. 11, 20(1), ~l"" tor .onhtidulT".w.. 

\ B'IWII<lfl~ Pr ••• ,,,,, 
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1'1 ..... 20. _S..,." ... IcPraa:uo at UMV",·j ...... Pot.mo.-\oW~l<II' Lowl. win EJ::l. 
S\I (<:0" Homl, Soptornbllr 2003 Oou"ot 

k3.nttli; Pods_ ~rq>md:s sknlWlyto I pl=mot .. ~~ tho <>XI1!ned corbonato 
>qUI r .. WId tho ~&< tq:><>rIS. III Inornotric ptossur. dlon&o b.sleruflon """'l(I:h III boo 
me ..... tcI, I 3Pl1ni dioctl~ nOllletrIe .mclone,may l>t cltl'nod. At Pede,.."., Sprfn&. I 
vIrua.l 00If0lSp0ltde!1OII benteOI\/l6DIml bflmttrlo prM.U1I ctllnie (Las V~ps~~ Irld 3pt'tI£ 
dIoch:orp ~n p""MlI .. tho limo p .. 1od Qf 1981 III 1990, 1"100 to~[ft"'" load 1UflIllla: 
Itom tho corbonatt .qulr .. (F.,. 21). A prtlimlRlry borMllllrie tmel"",y Qf O.Q.I dWn Iw 
h. m dorlwod "*" 1\'C"i' -ely and rv<n&< fIIont\Iy ~t!, _ '.Il""pntdor ..... anlly 
upon tho Jorc<r~tIITI! arnW "",10 .. lOCi! bororDoQlc prus.n. \III1h tho .. ",,~ .. pai- of tho 
Pode..,., SprIni .... If and """"I01nil b.omMrlcpr ........ data 00110«1011. ,..n lJ'MVM. I. 
o<mIP>ed ......... Iion ortho Ipporert ~,~ III blr"Ofll!illio 1"" __ ' ~on wtU 
be poaiblo. 
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! 
1'11\If1 21 _ Podmon S'pm& D...taov <rtf",. Dally AVG'aItt B..,.,.c Ie p,..,.,..,. RtoonMd 'II 
LiI! VIp$. [)M:I.!OOlt<>fIS; borQmOtrlo P'=Z" 1t"",1he National an .. Dol. eor._, P .... n'IOIl 

SVrirC. ~&'J I'tom l/SGS. 

The ~ltDnory boron .... '" tfl'lolencluln Iho __ .~ ~dIont oflbt Muddy 
Sprlfll!! _. Podorson ~rq can 1>0 QOrrtIInod 10 &enno • P<KIoI3On 5;>rirli di!I<hItp .~ 

nnxtiOllIO potomomou1o "at. lowl o:honio ., Iho CIIrbonat. atpIlf., ... follo_. 

.... , 

0 ) 4H.,.J. -B~~~ 

(2) 4Qr.-· B~ ~4H_1» 

4H.,... 1$ !he dlrr • .m~ poUI'ltIOfl>O!IrlC hoad ~ (/W) OOI.I$od by b'rOflUiII'le 
... -.. tmoIuatlCll; 

~o blhobarorn<lttie pr ... ue o:xprOSHd In O<p1/vllonthtli!"'(fec(l or ...... ; 
• 4~ i:l the ditTa-axial dI.ld\artt ~ (cf3) cau:xd by brorottrlcprlUUt 

rb:ru:IIion; 
• BE..,.... li b bot"""""" .mck:n¢J 0(1I'M cll\xlnalo llQlllfer, on;! 

B~ Is tIM b2t_frl~ lII1clWlCY ofp .... '"' Sprirc. 

Appl~a'" _ r«MJ..- of], BI!.. or o.G<4 otlrlll, and B~otO.50( .. dol'bod'" 
EH·SB, ond ... a~al~ tor Ill. ~ l<J.llf«\lHI""""" oftI'M MuddySpf~), 
_ tOOl ofpo(nlomttrle had chore_ kllh ... wor\al;. aq,lr .. "",,1$ lP\.'<o:>cwl.I, O.os cl!I or 
~ <:hang< 'II PodoI"""'~, 

• 
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From ,..., d<nvcd """nil. .""""'''' fu"""",", ,10< """,-..-.-ul .li""luorp- d<o<l,.., ,~ P • ..ia .. Sprinl'. 
fmm IQ<)l) In "..Iy )OIH (".,.. In .. C"' r. .... , .. "' .... ~~) ,,( ............. ,<."Iy O.OIi ch (oru Fig"'" 
j) i • ...- II> .. 11"", .0.1j ...... .,...<OIi<>fn<Ifk 1I0o<I do:<li"" .. , ... P<><'IOII <>fll •• --.,~ 
"'Iwf", ~ '1oo..,n0f,. n;, .... .,.,ifICPily 1<00 'bon ,too.,.",.,... ... P<' .. ,;"..,.. .... ......, 
,k<;l.~ .... 'dl EJI-4. "Iu .... oppn>" .... , ... ,. 2.0 r ...... duriD, ..., ...... ""'" 1"<"'-"1 i,.j'''''''.j; • 
d.o<~"'" bi:t1l'O<D "'Iu.t ........ e< 1..-...1> aad _ fl<>ws. F ....... bo.~,",,,:, ,100 ""'_I\,.Dd 
EI I..4 (RpI'" J) mar be ani,", • kyd"",l", ~;.ui'Y l>o.~ .. -.:ea ,1I<so IWO Iot._ .. i 'loi. 
,.,. .>qUir«_ I, -.Jd aI", b< ..,. ... ,"" .'<"1' 81-4 may b< oornpko'" i. ytlUng« <_~ r<><~. 
of,,,,, II ..... Sp-in~ F"' ..... ;- """", , .... ~ uthoeal<- rocb "'hi,b ....... 'k '''l!"",aI 
".,....,....,...(fiPOK 3). 

SU.'oOIAII\· 

~ <;I, .... " i. I,!,'h" . Rl .... flo ... s~ .............. M",Wr Sp-t.p ... .,.h~ <by <>--I,'''''' 
from 1999 ,~p. 200·" Cb"""e _ ..... '" ... ..., ° de&oc"" <>f off..'d .. ,1>0 local '-"""'e 
"lu,r..t, ......... ", •• Jed, .. ", ....... ""'01 ,,.,.d. b<p.o ,. 1998,.,.,. yeo. pn"'" II> ,lor dty <l"""< 
<)'<1< •• ..1 _ .. 10 be """" dn",."" , .... ~""'. ~ ... IO <h .... '" bo,.". "" ,lie 10""'00 
pc""" <>f _ r""" , ... T\Wd, 19Il00 to ~ l\o~"i I'mm ,lor ........... e _Ikr .. It.. 
.'urow C .. 1"" .... II ;. bd ....... 10 b< ~bI< f",. pOf"Iiooo of,..., do:<l ... ~ ,,.,.,, .. 
I""""""""n< .... or 1.. ...... " .. iIlI ", ... _04 .... """, .. iOlOl)'>l"<Ul""" i<"'OfOlly __ ...... iLb 
TKiI tloo<!ty. 110" ...... di-.:-drl"lIo .. ·• _CfJIMa!'OU OIl: y""""a dIK 10 .""""j; 
olcp:~ "" .toe , ... ."..,...._ .,(d"w",,",," ..... -.;1< '"""IICe-vr .1) I<><OIoo:oJ , ... , ... Iao 
frum ,10< AI""" CO")\lIII ,,-dl. 

So:v<-rol di~""." """"'" ... l'fI'5L""e of ~}l\aul .. d,,,,,_,_,,,, "'uhtn '~""""e 
"'I .. r .. ,. , ... v"'""r or,~ MoodIly st>no.p. Pc.L_ Spo •• ~ duo:bl'" dlll 0<lI """"""""". 
,k>.:I,",., • ..,..j ... ,,1 I'/W,,,, """""',"',.. wild! .. """" ".-.,,,._ ... ~. oap>oI!Ie "'. cloy 
<~1III1c cycle. Sa:oadl,.. IIIc lIIIpiIudc or JPIq d.ICbJ.1JC n:5pJRIC docs D ~ CORJi .. ca, 
"'Ilk ,he: ....,..,,1Id< QfP<'",,~,i< ,"'OjOfleYd de .. I,,,,, """'......s •• "".rby "",II Ell .... lk 
pm.l".-'..t p<>LOfIlIOmOtric d"diDO .. 1'<""'- Spout. ""I'J'I"UIDOIo/y 0.8 r~ r""" 1999 to arty 
2003 .. d<riv ... u.i"1 podl",...,. b.ororn<lric presouro ""'I""''' '--!hi"" nnw> 2.0 rO<1 of 
.,... ... _rie ..... cr I ...... decl. -"'-ul i. aatb)' ~I EIl-4. OIktdi",,,,_ ioH:lud!!. 

let. no.. HJ><ICI<o.I .,... ... """"'.i<: d .. ,,\Io .. '. ~ , ... 'ell En·~b """ "' A""", c.'}'lfI ..-.II 
"""",.t- blood "" n..;. <11 ... >;10 .... ,...".,.. Mel • bomond"" <"11"",,,,,,",, ""'''''., .. fn:om 
appn • ...;nutdyO.S up-gnod_ <>/",," spriOPloll25 ..1 ... =, '" ~ Sprio~ .. ..-.II 1.:11-4. 

N""b_~ '...-.di~ rauk,..., "'"I'f"'d crna<ef,'~ \iu,ldy Sp,,,,,, ,. ,he "''''.'y of fI.-&..on 
Spn"t- -' .. "" EII -4. AI"" '""'I EII -4 " ~ .., "" .,.,..,- ,0 '1>0 II""", Sp-.~ 
F"" ...... -. • """'~ YOU""" fnooIo "-'I,"-c • .to.u~ ""'~ fo",,", __ ""Iocr tb:l ..... r.~ 
•• _ r<><k< 'u, ..... "'" t'" ~I ...-. ~i!<. ... aItIooup dnt,,_ .. """"" ..... i. 
Ell'" ~ '" ~"" " 'ub "".-..e "'Iu,f .... -.ih ~ ... .-... 0( .... M..:Idy.s,.n .... Ilydnoth< 
.,,"-0;"'" bod"",," formal_. to 11.< y;""Ddy ate """k'r. -.l foull,"i OW"'" 10 fOfm <ondo;" 
fOf d''''lt..arpo of do.""<I"-"1" ~ "'I",r, ... W>O«. buo mo.y ...... " .... It,ydo>.u,,< bom .... 10 Ioi<-n.I 
"I'f'."ad of JOI"""~ dnt .. ·_-. df ......... 

1 ... """",;.- of <limo« __ pumpi"~ <np:ItI1'<t i. ' he I<Ja.l ~< "'!.ifeo "'~I pi. 
<,,"fi~ .. ". "",'io-.:l ......,. ..... ~I ... 1 '!'rio, """In'll. """;""';.J!. ... 1 ",ill! .... uodorukiog 
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"fU ....... .c>l a..g~,...., ""-'e "'I",f.,.-,,,,,, 01 .... '11 \l X·5. lk """"" n.~ <>l 'k 
pru."-.,,, Spnftl\ '''''' .01001 ..... ~ ,boo .. IJ".,. <>l ""m.-'c .... r... .. -""""& .. "u.-.d 
mlb.~"", nf....",1 II.""""."" ....... ,ru oI.to "',0 oad ,. f,,,,,,., ''''-"fJ''IUI'''''' ... 1 orr, .......... nf 
'iI<' rn:1''''1IM)" boo"""",,,,, dfi<kGc"""",, I~ Sp-,nl disd.""" ""' __ 

I .. _bon ... ;<h '" •• ,:"."" .. Wg<: d,. usi ... "". <>l .hidy llrolldt, GIS Spea.li" lII<I Colby 
T cnoplo. 1I}'I1<>Iosi" I.' ...... boo ... i,h SSW.-\. f ... ,he" .......... ",i,. d.I.a <<>11<<1 .... .ad 
~I'hics. 

AW .... I •• [)u.t; •. T .. 19<M. ")'lml<>@;i<"' ..... _of""""" .. oIa·kvd <1«1,,,,, 01 D.. ... il. 
11<:>10: I .... V_ V.lley ............ 0. .. "",. C""J"o.""""" W.,'" ~. &no. 11;"""" :.... 12. 54 Po 

Bokli.oo". w. It. 10110011. r. E.. GrWoo.. A. t.... 2001. llydrowo<.l..."...y Eot, ....... lOr ......... b 
T"", ..... (;rouod-W.'er t __ MOOel 0/",1>< Ikoo. Volley RcJ--1 GrouDd·I\' ..... now SyoIem. 
S"" .... Md (;a~r(>n" •. USGS WIU 01-1120. 2ap. ..... b .I<eo...: dot> "bk 

I)cigh~ OJ .• W .. IO ... S.h.. u.I Liok. a ..... 2OO I.A ... lyoi.of W ... , IA\·"I. i. ,., F~bm.on 
FLoI A-. ;om'ada T..a Silc. l 'SGS WRIR OO .... Z72. 

E\u<Ju. T.s... 200-1. "'Ik..-, .. R..j""'''''' o. ~1I<d G .... nJ .. -.~_..", W .... ·II;.,..,...", 
$)'$1 ...... ,\btI_.Dd 1'_ or.,.. .. ",,,201M ''''..&. W. " .. ~ ... ,_ ... ,,.,. ......... 1 
{."""~-

c""''''''''' c.. ...... , .. 2003. w ..... k."V,~ ""'" (or ",,"~I. E1I.o1 ..... EH·$b <oIk<:tcd ... to.:UIFnf 
Nevada i'o1o"CT CDlflWIY. 

Drnu'J.I) .. 2002. I .. .oo..c.-", 1I)'l~. ""bI,ohod by MeG ..... lioll 

0.:",.,.. .... DJ •. 1>i.<Olt. G.I... -' II; .... "l.:y. P.D.. .lOOo4. o.oo.i!ed GeoIop< ~"'1 i. tbc Muddy 
.'iro"f!" Area. CIon: eou .. y. SCO' ..... Ab"" .. .... J'I"O""nI.""" .. ,., 20004 ~'eYa.Io W ..... 
R ...... ~ .\w><.O!i"" A •• 1001 c""r«mc.:. 

Dn«<>l. F.G.. 19S1i, G""'""",,"'<f .1Id Welio. s.a-l E<t;,_ 1'UbI..a...d ~ . ./aIoo""" Do ......... So 
p",,1. ,'04'0_. 

Do' ..... T~ .ad 1.«>p>Id. WL 197Jt W",« .. EaH"""",,, ... 1 Mo .... 1!. ""blislood t>r W.H_ 
~·roc .... ud ("""",.y. 

EU.. • • T.£. 1964.C-...l·"-altt .~iAl O(CC»'DI< Sprio, aod "-: Spri"i VoUcyoaad 
MOOdy Rlvtt Spn01P A .... llo.oola oDd CI>d; C"" .. "''' S",·oda, N",odo 0."'1" ........ 0( 
C.,.,..,..,.. ... ODd S"''''''' _"'"">S. Or.....d· .. "aIcr R"""", ... i_occ s.:nc .. Rcporo So.. 2~. 

~~, • . r.F_ 1966. A R"P"""1101",,-w'in 0,.,., .... " ..... S,.-... ,. ,., Whi", Iti_ ... ,.,.. 
500'''-'' ..... ,,~od>. publ~ i. w .... R ...... "' .. R .... "' • • V<J.l, ~o. 2. W. 2S1-271. 
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En", W ........ 1981. MX s;,""C 1.",."g,MOQoO. W ........ R_ """""m, R,,",,~, oI'R.'P"". 1 
('.""_ T .... ,.I'.. ('"y,n s.>n. von,,), ' ''''odo ""-,..",1 for I I~AF, IUn .. ;" \1 .... 1., orr"" 
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L VVII I) ..... Lao Veil'" Valier Wale, l>o .. n<t. 
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I."",well C.Il . r .. ,'I'<y .... r_ll_ fk,"')'<O, Ilc ... .-I ~"' .... R.J .. I~. ('...,.~y ....... """.1 
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Executive Summary 
r,..,,,,,,,, Mal) ..... on b)'~ _ nlCl<OtOlolgiocal oial> flY tho .).[lOdd) Spiop ,..po.. 
,,~,.. p....-f........:l for tho ~ ofinl'rpt<tq hiowri<~1 n .... _'- io w ..... 1<-\"<1 of 
... <11. O$l"~ Qf"fJ"i"l' in 11>< I\WQJO ($;- W .... Z(ll~~ 1hc ~~ .. ''OfK.'iuokoJ'" 
f,""",,_ " , dim:l1", -pun"",oslo)' Moa,," Valk) WaI<r Ih.ui.~ (MVWIJ~ 
.1'><1 ..,..,... iM'<Jm<1n< .. _< """I ... ".,T<t 011 ~M"" k> 1"" ' ..... 11""" in .. ~ 
kwl> and .... "'''''' .... In _1Joo. doll had """"'1«1 ~ ... ~ <l«lincs .. 

srnna II ........... from II>< r.o.r-. Spo';"g " . ..., ""' ...... "'; """'''' .... ' ''''''" <l«1oAos .. .... 
b<l",,''''' ' 0 II< ..... wly (if"'" tho ,,,11 Mo*II, of) "'" prod ... ~ of. Ioay " ..... "' ............ _ • 
~ of """",,","'lion ... .,,'·iI ... _"tUrin& .. and .-ouod tho "'"'" onr ........ ond II>< 
rtSut_ \all of IjWDIliliabk: """ , 

In ,ho 6 ,.~ ... prio< '" tho ZQG( oruI)~ tho .... ir~ Southern ... c.nor.J "' ... ·ada " lion 
... "" in 0 period of p«>IonJlCd """""'I. n.ta indiooud ... ~ ....,1 ... in 0..
>quir<r ,,">II .. 1"'010 Wrirt& do .. P<ri<>d. loWina 10 "'" """"I .. ion ..... dirnol< m»' h>, ... 
• w.ir ...... . ok ;" .. """,I ..... r ... "' .... k,·ds, 

Sou.. olin- pulIIi< .. "", "r_ =«11> and roncl ... ion< by Smith and ",hen (ZQG().1h< 
p<riod of rodoo"'" droup ..... inl<mlr<od ~ • "«y ... ", lOGS .... .". )·co,. M« .... 
..,...,1 ... ;"" of .... ~ "'.,,'" )< • • Woo i.......,.."" ..... ",or .. Jr,,,," ........... "<1 ~ly 
1n...: obl.<n'lliooo rlll1ho. ... marom:.! !ho 1i"","lcanI roIo <lima&<: .... y b."",.. ", .. or 
10,'<1>. 

A>I i!'ld<x ",,";,iI.ion " ... a-o>lOd """'ilona""'" dat. from ... pttapol>lioo1 ......
aroWId "'" bainluftho Wbj", Rj,·Of ~lo,,· 5)",,,,,," To d<fo", hi"",",,a1 "'" ""'" dry 
<li_ ....... "'" «." .. hlli,,, ckpan"", f""" ....... " ... <.kulattd .. ..., ~,. indo" 
p=ipi..oo" ,~ ..... A ~ ofll>< ind<::<"""''''it:dioo , ........ X .. ;o".1 0 ....... 
Dat. C ...... (l\COC) Slnlortll'rfcip~.ioo Indi.._ (SP!) ((II ~_ a;'I\'rring Ihr 1I.'1uu 
Ri ,,.,. ~~ S)· ....... . 1ont; ".h "' •• ~irud< JU'< ...... "'" ... ~ from lho ... ..t». SI-r 
RonSC .. ~ modo '0 <.<amine _ , "'" index flH\:opuI"'" I ..... the Yo,. •• 1(" ',, f _ 
S)~ .. "' ............ "ilh _ """"" <, .. "',. ~ Add;" •• " ......... "" 10 ....... Iop 
Ih< 1><01. __ eli", ... UIdox 10 """elate ",i1h -....J ,wiob;lil) io ...... I.,..,.. .. """ 
'pnn, _~ from Iho """ ~~"'" . hould "" ...&n.J..rn .n """" ..... ilh Onb 1169. 

11)'d."" ...... 01 h:.u.nc.1 "''''''''' "" .. ~ ""'....."..,.,... r""" , . ..-... """ 0110,;:01 ...".;toft 
oro""" .... Muddy Spn .... "'JPOfI. wh,oh Ift<io.>dod III< "''''n' WO!I ".,...,. } .... I ............. 
...,.......od no. com~""'" cIomorulr>lod OIl ... "ftlIIl n.. in <ori>onaIo aquir ... "'....". 
low" in "<>f"""C 10 ,I>< " .", lOO' " ... '" y .... W<lIoo compl<t«l in al"",.1 o.<dOmrn .. did 
..... ~. <kat d ..... i<....".,.....,. ptobobl)· .... 10 1ho fO<! ..... Ibo.c .1I .. ,ia1 
"luifen __ • d ..... "1fy "'-.",od ,,, Ibe ~onaIl1o"")"',,,," "'" ~ 
oquifen. AIIbouglo li>to.e ".", .. I<-\'ols n""' ............... , .. dily:oppoorent. • """'JWl"'" 01 
'""""""'" ..... f ... " ..... k,'d 11u<t""ioo " 'n" Ihe oncioJc"'l" .............. """,,,,,,,iw 
"'''''''''''' ......". .. 11>01 .~ ,1 " ..... < i •• "...,... ....... , "~" . • ;, "'" "'" ook 
"ariabl< 

To fWlha ma/y:<e flY .... 'It~ .. ~;r, .... ,mods In obo """"""'" _lis .. ~ .... 
~lo..I4) SrnnP "'pan • ~I ..... "cndall """'" I<SI ":OS paf_ Thoo """Iys" mto,lI • 
nnl-~ 1<01 fOr _'" """,dol"", bol" ..... ''' .. ""rilll>l<o: ill Ihu n .. ,.,. .... I.-wI 
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()') , ' ...... IUD.: (x). 11.",,,,,,, oftbo M...,·KCDdoU ...... ~~i. "'gal "';"'koll)· .;pli ..... ' 
d,,,-~m.n. .. ,,,, .. ,,,,,,111 "'" """"" in mony otLh.- """""", ,,,110. 

R<Jl1KcmmL <JiLh< wdr .tn ..... _ of p,_ Srri,. in Lh< .wnm<r of2004 ,,-...... 1«1. 
",';o;,;"S 11M "1"""6 llo>t.' diod>afv 11>10. I~<ly on .. lilt rtpl.>o: ...... '" oflhc .... ;,-
otn>.:1un, ~ n,. ............. " ... lIm«l,o ... illLin lilt ~iSW'i< ...,. of'lIt ~ 6)' 
appi.)',.tho M .... ·KOftdaII ,,-' .... 10 boIhtho ~_ W ...... Sptings" Iwgs 
".. .. _ "" ............ 11y ..".r","", Ir-.I iD a f1, .. , ...... ;.". of""",,, d~~ 
bo)'<l<kl hi ......... 'MC'" io ...,; .. i<ally Iil.dy 

To f~ ...,.. ib< inf\u.:fto...., of ~I"".," 11 .. "'_ ...... 1\'."., Sprioo>p W,.., • "',......., 
nlookl ".~, 11>.: '''-0 nnobk< In ,11< 1I1Q(Ic11l" , II;It IIS('d 10 Jd<'qILlldy (lIP"'" 
ill< ....,.,.-.ey of SfOl"6 d~ ,....,..,., ... <to ...... on<! purnpma &om .... 0_ 
"'!wf .... f""" MVWD "'""" c.nl"" ..-01 .. I .-.1 2 . ...:;I ,to" MX-6 ".II, il<>ULu; r""" the 
hi ...... _ iI>Odol '.W" , .... """'-I<mL , .......... iD "iii""" pn-<opiwi"" mo)" .. __ 
for __ 1] p<!'L"CtOloflh<,~ in>prirlll-.<. "hi!< IOprn:<nL of the ,'_-c 
may b< ~ pumping '" Arnwt Can),,,,, Mel )lX-6. Tho ...... "''''8 of 17 por<¢IIC 
, .. id ... 1 io _ c"Pl. in«l by Ihr """"'I, 

Background 

In 20004. S~W A publlSbed i .. ~i""" of ....... Ie, ............... , d...,ha-s« 
na;: ..... O'- oboen-cd in Ihr Muddy Sprinp oqj<>n. .,.) in ponkuUo Pcdcnooo s,.nn,. .. 
"'" ~10>fI" Wildlif~ Rc(ugoo (Sm;,t, ;u>d ~~ 20(4), !;cy .... """""""" " .... ~ 
.. f"II __ ", 

0_ plal __ ' "' .. iD ...... "'"" ,,-. .. 1.>,'" ond -1J>rin1l""--'" " ...... 
Pwnpinlby M~ \'o~' W ..... Dio.lri.;(~' COD)_ ,,-.11) moyobo ... 
~.-blI;"S ,,,..t...cn-.d Ions·,""" ,~ 
"'«I»".... """ ... , ............ 1lIl ,,""""'" in Lbc Moor> ..... ky !<o",;o,w \\';1<1101'. 
R~ru,.. ro.dJ II< oIT<':'''1I "'""II di~ =<>nh. 
C)'dial ..,""""'" ...... """ '" ..... '" kw" am "I'f"" doodwl>'" Of. in ..... .. "".D<d b), .......... -.....1f .... __ • "ld ••. aDd 
V_,ilt}' rtprdiac pnncjp.ll lnl)to:II<>:S O'o'(f fl'rods rookI. bt m:luctd on« IILO 
.:<ioL ... Iong.,""" <JroqhI tIad t>.:.~ .......... 
n.. pumping pLanned "' ...... , ....... _ . orOrOO 1,69 ,,'~I ""'W>C<- ..... 
"nd .... >Undins. _ I""',ok ",~icaI .... 0 ........... 01....- ... ui,-, -.-. 
,."...,....,.. ..... -r..", ..... '" IP"""'i " ..... , .... ><1.J0R<. 

\\'.« )'<a"(\\'~') 200S W»..-caer ... m ..,."... ....:I .... '"""pI«I • _«I,*"""" .. 
..,.. ... '" .... C<'tllrol N.,-.d.l. Lao Ves->" te«,,'¢d """""' ...... Iy "per<aOl _ .. ,lie 
Iona· .......... ""' ... pttCipilal_ fa- eal~ )"'''- 2OOS. ..... lund on 00RIn1." .. """ S",,·..,. 
.. « j"cd 21 P<f"<" 01>0> ....... "' .. (WRee, 2(07). On. _~"'. (WY) b .... 
(o..1w.:r lOO4 Llwut;b Sqoumbcr lOO'~ 1b.:u p;;m-mag,:. arc " .... 11'.:.1.:.-. The 
dm.'I!I" p<riotI o •• nd<.l f .... \\'\" ,wx to lOO4 _ "v, b<lj .. -.d 10'" .. I .... .,.,Ir 
fC>!"'"'ibk r", <l«lininJ or..- Ie ...... ,oI.>prin;e: d~ C-.-.K'fOI of-toy 
rw .... "'1 r""" .... L""-' """,ror 1»' .... . ".,..,.. V .... y w .... o;..,-,.~ (,\IVWL1) '" II>< 
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, \m>W (.'aIo)- ".11 <:<>tIIoI."1daI "iIlIlhi.: ",-nod .". ..... "". """- dilfa<nlillion bd,,"<<1I. 
eli ..... ;., .,n...""" >r>d ~bk pmnp;nl dn.".<bo ...... """'~. l)urin~ 2005. 
w .... .,. I.:,·,b ond opr1n, dioo ..... p ","", ot.r.<n'C"ll '" rn.,. __ "ilh ,I>: " .... )_. 
011_, ....... bu .. uminllion _ &nniti"" of .. i ...... '''I'''''''' n:bIian>ru~ Th .. 
't<~ni<>I ~ .. , ........ <I>U C(I'I~ """" 20().111wo1'!1> 2006. and pro''''''' 
updaled ......... -.cionl ond lnutprdllioq,. 

Review of Climate Trends 

'"",,1·_ dirn.a1.~ ,undo "'<r< ",..-ioud)" ... ,~ 1». SS"~'" (Smi1h on<! othoB. 200-1) 
u>;n~ .. iM<x ,""cipilaliaa ~no..1~d ..... , oI.II~ I"too, I i. UOIi_ "·~h tom(lku 

.",....1 "-'4...,' po"<cipi .... ion '"""'" (To"'" I), Th< .i~ _ ......... ~y ...... «1 
from l.ao ' "<p 'a tl>< W .... Ri,· .. v.n.y (Fipre I), .. >d ~Iy oq><eS<'" tl>< Ht<DI. 

Qr ,t-o: 1I'lIi1e Ri,w FItm S)II<m. a!> "'(tned by f.al.in (1966), n- pr...-ipilOlion 
.... i _ .. Ioc:oo<d QII'I'>e '~I<y noo....""" iI ;,. -....m<d ...... inUlor pm:;"~IIi"" nm. "'-", ........ iii..,. " hUodt .. .......,.,.". (" ... ~ _""'). .,,~ Ito< ...,., .. of 
I"r.:ipil ........ IIIg.." ok""""" ;. typic.lI) vo-« ond """" ,-.."d 

P ........ ufll_ 

('-pl"~ """, 
, ....... d,) 
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c""" ..... ....,., oflb< >n<k~ ~ipilatiOll ,'"'''''' """,om:! • Ikpw of <lola .)"tb<> .. ' 0 
II""''''''' """",I"", ... ,,,om. Mi.,l II> 19j I, ,..d dIo II> &L'<'<)ml r ... __ I."" ,,~ 
p .... ;.,ulorly .. II>< p~ .... ion. Tho _mcy or dOl. ror II>< hlnnapl oUIiooI 
is _ f<ll' 1998 Ihroullh 200J and 2006. .. ;0, "",o<urcm<n' dato no;";", fOf rnaII)' 

1'<"""" r>nS;"s fNm .. ,_I cb) .. II> .. ,."ral \\' ....... Th • .., ~ .... ",..". 11>\." ...... 
'0«10001".:1«1 ...u., on imttpo>l>1ioo l<dIniq ... 4eo.oribed by 0.- and ~ ( 1m p. 
~I)'" __ jun. .. ;"" \\,iIh ..... ~;pitoI.". ~ m,.n CalieIM. Soon)'.~. o...n 
o-ltoD&< (C"",~). _ .... 1M v ..... ,~ SIOt"- ( .... Tablt"2 and F'.....-~ 
2~ "111m _ ..... ,,_ .100 .....d I" ", .. , ...... ; ...... of ....... 1 p«" ipitol;"" , • ..,.,... from 
19J711> 196' ( t-""," l~ !t<so-i<>n ,~ ... .".,. ... ,,';!h ,I>< C........., ......... "C'W ..... 

...... .... -.-. pt«;p.uo...n ,-.me. r", j " ..... ..... " .. ,"'" 1'131 _"'" "",;""",, <>1"""" 
p;:riod of mud fOf 0Ih<f JlllII3l1I. 111'5 alkMcd • COItUl1Q01 51 .... dol. of 19) I fO ... ll 
...,iom IGtd ill ~"'" of .... io<Io:x. 

T. b .. l _ II ......... ",<l1ooo 01 1"" ,,,2002. __ 1 'rm,.'.Ii_ r«W<l. fur 
p,... ....... ~, .so.,,,,,, (l65II!IO). 1' ....... 1' ... , ..... \ . akI ... It! 1",,1on 

'-" 
0-.. _ Lc.:.poW 

(l'.l1!!ll . ;.. ... ,. 

"- I";'. ,;~r..-, .... ~ F .... R ....... 
m ..... ' .... ) StatIao.'· ,- '" 11ft.> 

,~ J.W W 
~ DO '" ~, U ,,~ 

r- - .~ r- 1.93 

= .. ~ - '-21' I- " - 9.16' :SA - m '" .~ -.. ~ CaoIi--. D<o<n. c-Rq<. L-- It_ W$O",""", 

Tho in.:lex p.-.ciri''' ''''' ;. ... .;1ftU<I ~_ "" ;"'<tp«1>.i<JnI, ofrtclw&t ~<all)' 
di.!,;butod ;" .... Wh;'" !t in, FIo\\' S)~<m. .. ~ .. d by n.o..- and cth<-rs (2001) 
>nd I.\'\'WD (2001) (T.hI. 3~ 
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•• 
" . 
•• J »,. 

I"' .. 
I .. .. 

" .. , ! 

Co, .... _ .. _ ...... __ ...... ' ,., .... __ , _ 
_ M ... _",.. 

j -
Fl". ... 2 . 11: ........... .., ...... ,\ ........ , ....... pk>llooo ~r ,h. P-.h...,_~ \\'ldllr~ R . .... t<' 

s ... .... 

T.~" J • s. ....... .,' .." u..' ........ m' of R ....... I ' ....... pkollooo ........ r""" SliWA 
(lOOt ) ••• "'-as. ..... ........ (lOIIt ) W ItII. R],' •• ~ ....... ., ..... ""''''' I''t<' 
In' ........ ;-,. 
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{'urn ......... " &pr\U1: r""" _p=-ipi ....... ill . Ih:'f"<"'ly """" snphical ,,~ 
f'lot' illtGlnlina lIId dclug dIy -.d "cl <'I ....... IJ<I>dt. for ,>dl y ... of p<t<';P".>OO> 
"",on!. th: ""'I-term mUn pnxipit.ion ill ~ r""" ,be ....... toU.l and Ibo: 
....... 1 ditrorct'll:< from the: ...... ill ......... ;.·01)· ackkd. An IIJI"wd >lorin, 1m. 
...,"" ...... """",,!\an ...... tfim .. i< period on<! • ,S"'I\'n."""".1oping line: ind" .... a 
drin- Wn :n .... p<riod (F',,-d). In nYrl)· ~~ ')'SUmS. ~ io C<Ion,..,., r",..,.". 
"m! llu<I ......... of"...,....t ...... 1<,',,,, ard ...... n"". ' Q CO<'Rbo, ... ,n .,.itIo • 
cumulall ... .,........ from ..... pr"<Clp .............. In ro&i"",,1 0< deep /lQw .,--. • 

Jou<d ....,.,.... .. r "'''co I.:vcb Of 'f"ing fI<t,. QII o",,;ur .. alT ....... III 1" ..... iV~ .. i<>n nw
"""'"~ ~ ,ho: b) """""'" ' I'M,,,,, . 

...... ~---_... ___ 0..-___ _ 

I i 
,- , ----....-... 

.' I~o ... l _ ( :""'utatl .. I)."" ...... r.. .... M ... 1'1't<'ip!' a'Iuoo "",low \\'hl'~ Ill ... no" 
s,~, .. IDot ... I'n'dpl,»,_ 

Ili .. .,....~.,., ....tK... (Srandard Prc....., ... ion (I>d,,,",) ..., ~t>I><d fu< _ 
zon,:o o:ovcrlto& S< • ...J. by doc S..."..! {1_ I)a&a COO"" (SCIX:). z.,... 4 ..,...,..,.... 
00\IIhtm0nt00I !,. ,-..:U U Zoor} ro'~" ~ K, • ...u. lbeoc Lon<'lp.N!""" • 
...... ovcrlb<<1Ili<< .. ·idlh .... tbc: ... o. A. __ ,cl~ iDdi= ,,·0 th: 

hip .~i' .......... at ,ho lIayfood 'c.L .... "'" in the ~ lUna< .. I" .... , .. d .. f;';'" , 
So= __ .......u. ........... _ .0 th: cart>onoIt: aq .. f.,. Ilow . ,""'" ill ;"'~cd 
d ... ' 0 doc io<JoopicaIly ~p. " ...... (dm,'oJ rna DOrIhcm """"'" ..... j and tho: P''''-.ilin& 
noo1h·_,.aOJic .. .,.,1..m orirnIM.,.,.". .... s..in tmd Ronsc ,.""inco .• ho n.".'. 
'Y""'" ...... .;r'" ind<x ~"""ion n;WiorM .. i, """'&hI 'Q ....-__ ely..,...,... .... 
(l<t"ipo- r.n,ng '"' tb< ~ _ .. fOf the Whi", IIi,,,,,, n., .. 1;)'"""" ..... the 
MOOdy Sprinp. Ho,.-........ """" .. .....,<..uinoy in ..... 1.ow»_ .... J«>~'" 

'.' 
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d;W;butiOD of~. ODd ""linin; of mapitud. .. of""", ............. -,.;""d from .<-eII...., ",ith tho n",,"> ___ 

It abwld 0100 be not«l "'" '1o<:oIiz«l" red ..... "'hik not tho< _ .... < oour« of 
t«h"'g< to 111< no... ')"SkM, ~klilaw disp«>pOtlion>t< inn ....... "U on " ..... kwl 
n".t .... _ ODd ""';"8 flo.w disdtarga. For .'<Om~Iot. pt«ipitatiooo foll;"8 ... tho< SIwr 
lUng<. "bik po<hapo <IDly ..-.;w."" ....... 11 ...", ... t of tho< IOIaI no... .J....." _ ...... 
could boa doonirurII ,-.;_ ill C<lrlIrollin,eo,_ Spring< Volley and Moody~ 
"at« 1 .... 1 """, ... i.or>o. 

~-"---"--' "--'~-P-' -- r-.-r-.-rTlrTl---roc-r-,---ro---ro---ro-,-;-r-, 

I--f-++t++++t+H+.H-t+f--L-1rH 

j:: f--R-t-+-t-lJ 
1--I--J.4\#'r-t\/i 
! ... 

------------------------._-_ .. _ .. --_.. - ..... ----,. ...... """" .... :-.. .,.. -."""" ... _....... ~---......... 
f'1~~~ _C_po_ ofllW- U!;CS SIt ...... lb_ h l=".o"Ir""~'...n'I •• !lo ...... ioII 
d.t . .. ;,~~"' p"";piI.'"", ind;" .. (W, . .. · ••• r' ..... , L" . ....... d •• , ' ..... J 

Review of Ground Water Fluctuations 

COffip;itr1s.oo of Hydrographs 

1I)·d ..... ofb;""",, ,,-.kf lewl .... ~ .... p«>mIcd ioo Fip .. 6 u,""'P 20. 
('"-v.h;';: ,.,......"...,.. ..... ".11. "<dq>jo."t¢d io Fig ..... S. Th.- hy~ .... 
gruupeJ I» aopif .. "p< (~~ and .u..,ialj :lndh,,k .... opbid .. in. IlaI>. 
pr--.:I i. tho< h,'d,upapl_ ~ dato <:<>I1ecood through s.....- lOO6 1»' tho< 
Nc' .... I'<nocrComrwoy (NI'C~ ond IlNupo N ... ·cmbcT 100611)' SXW A. Some......-
le,'., ........ ha,'. r lln>f"'l& " ..... 10,'<1 .... ........-. ;""00 poo ... d. _-I> .. " '<II MX-4. 
PU"'I'«I ",. ,,-, M",,,, Vo'ley w..." lli<tn<t. Olh<t """",,"<I ",<Ih __ -10>& 'IK.>« .. i.o«<! 
b)' ~'I'(' (I.I>S r-. l.us " .... and U)S C_~ In """" ~ _ ... ~ 
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"",,,," I;:,'d __ .. = r<m<>\'«1 from II>< Ity""snph '" ordo,..,. '0 "Ma w ..... ~ 
" ...... ""I........to. ~ .. '''''''P'''''''''' •.. djo.~cd .... """_ 

Clear, I ,". '0 a/xn'c " 'enc< JlU"ip_ .. ,,-alcr yu, 20M _ oMtn'ed ;,,-r 
"'cl"""""£""" 11>< "'!Ii"'" In CO)"" Spring \·lII.y. ,,'m, .. , .... in ~-<Od: 
"'011, CSV).I· I. CS\'M.l, CSVM·6. MX4 ..... MX·, (Fig'" 6) __ •• 1311;«1 on<n_ 
in .-- 10 11>< ... <Qcr pehod. 11",,'0\'''. " · ...... 10'·.1 "'._ .. CSVM·j (Fir;\ft 11 
,,'''''' ~ ..... CSV,\!· 7 (Fir;\ft 8) oho,.'Od IinIo ~ ,,, 11>< ,,'ft )'",. Simi .... 
"'-'-..ion. o( d~ can "" """""Yo! .. ooh..., bal. ...... 1I>t n:pon. So,,,,al 
cxp(_;,-"", _ible. 11>< "clio ~';'" ""'1'." '" ...-.- kI ~I"".,. may "" 
• ..,.. .......... in """"l""'_aliJ;.,d p><b ~r"", ~ oquir", 1ILol_ "'" ",<II 

I;'(JQI<CItd ,,!\II II..: regJOOll b ' J)'S1C11I. An<nlJl" .... lj·. Illc J<'OInPh'" 10.:01'001 JQd 
011,_ crill< ,,<11< may ....... II ",""ptn<d cl_ """""_ fo.- <-"1'1<. 11>< powI<I 
" .............. ",.110 CSV)I·) ond CSV,\! · 7 • ~f r""" • .-.-' p<t>po..""" ...... 
til< pimt. o,-" ... to cloo<r '" lIo< ,·.Iley .1000. Iflb< 1"", ... do»n ~""' po<tiooo 0(11)< 

II"" '}RCD! io ... ,-u.ion<d •• "apoDd ldc • ..,...., ...... 110. d..,. b<mc lIo< ,\Iuddy end 
F ..... """" do» .... pi<ll, o(u.c :\IU<Id)' Sprinp ..... III< ""cr''OI. bci", u.c I",,'" """_ 
,,(,he hip ....... is>;"~y "",im rOf 0( .... ~c-ro.;~ ..... fa. ,100 ,..,.,iflU> 
........ n...,;", ""'l '"""" .""" ........ ;., ,. __ '" \Oct .... .10)' di ...... ''''''oli_ , ...... 
~ .. his!>« &ndi"" ...... 

\\',11> ~0;1 in 011."l1l1I II CO)''''' Spmc \"lIIt)' (Figures "'II) Ikmonot ... . 
d,IT .... ',""""",", '0 cl.' ..... T"" ufU~.., ,,'.11>. 1>1'· 1. "' .. csv.J. .I",," •• 1 ..... "" 
""""""'- ODd "'" ''''''''''';''8 ... 11 a;. \,t·· L _ "'" ,.oov. • p:",qltibl< • .....,. ... . 
I>tIT-=--..... "'.-c<p<:m« "*'" 100 ..... ltd '" "'" d<pII ood c ...... .... "'" .... ," (,11 .'<>1.0) 
po".""",j by 111<' "",ll-. "yoiraoJ;" conun"''''_ boll'" ... oquiI«(.) and tI>o "'d. 0l'Il;\ 
th. "",1'. P"''''mdy k> '""*'F _ ... """ .. I'IIonaog>' WosIo. 01' 0IItcT "orlabk!o 

SUI .. ,,-... If'· ... in <~oftId oquil .. rmnilonna " -.11< indio t:PJIft ,\l\l3Pl \":oI1ey 
(FiJo><'< 11)"'" .im; .... ~ ' 0 ..... " k\'<10 ob.~",d .. I",,'cr 011_0 "dIS i. 
CO)'OI< Sprin& Vall." .... lluvial """,itoo,", ........ ,/0< ,;"-inioy 01 .... ~ 10Iddy Sfriop 
...,.., .... pm:q>Ii~1< ... "fIOtIIa .. ,/0< 100' " 'd .. ___ )"" (fiC'" U~ bo ... o'· .... Ihe 
.110" .. 1 " '0:11 """",\"1"" _ ........... ..rib< :\1Pdd)· Storingoo (CSV.' J ",-" • mold 
""""""'" In 01 ....... ..... .....,.,...,. in .t." _I"",,· 011"'·,,,,,, .... ) h< _td hy all", ..... 

r""'P"'s. 
W<l1s ,,,a.....1 nll<r (F'I'" ")"""'w ....... _8Jl"'""',, ..... kI~I . .. ponoc>'" 
c1imolC ,.fIIl do< <'''''''1'''''. or .... ,,·.11 (G\' ow.".WS 1) "hcr<; _k "-at«' 1,,'.1 ..... 
fU) ha,,, ......".,...1<11 pwnpin .. 

Furth<t _ ... .,.>di ... L ......... 1<1· ... in 11>< ..... '.r M .. d" ... ,'allt}" WOIJI (Fi(llltO 17) ""-' 
difi' ... ".....,.,..... 110 ... ot-n'Od in CO)_ Sprins ""'1<)' ODd "'" Muddy Sf>rin&o-"-
w.,., In" • ..-. """", "" cia, """,,I.ion "ich clim:" •• "'ich Ih< """""';.,,-, ."."'" 
c..-.. ....... l ..... if .. ""II EII.7(Fil}lr< IS~ 

1ft lht IJbd. Moont>;t\I !'"fl, CMbon11. _iI«i"" "'till (Figur. 19)~' I ;"";W 
r~ ... 0:1 ......... """""'«1 .. CQ)"Ol~ Sf>riol V.IJ.--y ondlbe M"'-"Iy Sp<o"l1" .... 
00.. .• , ........ lit< ,.-. 11. "",,,pk-IN .. cla.tic . "","" (n,,,,,, 20 )0/>010 .... ckaI-,_ 10 
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Statistical Analysis 

A M ...... ~M4>n ~, (lIe,",1 .,. Hi,..., ... 11XI2) ... -WHcd 10 _ of"'" ..,.,.,;'''''''S 
,,~Il __ 10 und.'nI211<I If ........ 10,..,1 '1'<'BIl of ... io'kal.ipirocan<~ i. ~ 
Iht. I<IJ .. Io(tN for Wli~ anal)li, 11>\', • mininun of 10 }""" oCm:otd. A'"fnII 
........ 1 ""u k,'e ll wen: _ '" <=><),'< ..... eff","" of ............ .-an. ....... 

Criwia "",",, ' 0 <\eli .... a !mid of ... i .. kol ';pUr"""",, ... ~ .;",; .... to II ... oppl;..! I>y 
F"",,1001 ODd ~ • .,...., (lOOl) rot" y ... ...,. ~..,..,.... "'gi<>n. Sp«"if .. -alI)·. Ie> id<Nij) a 
...,;>1 ..... 11)' .ipill""", Ir<nI1. the fol""" in, ~ ,,'er< .eq";red; 

M ... ·K""""" _;,.'" (1)1 ;,. .i~,r", .... 1)' dill' • ...", f""" , .... ( ...... rncd "" ...... 
th..o 1.0) 
KcndoIl ', I." (t)""""I.01"" _ frie .... ;,. p .. lcf , .... 0.2 
p-, ...... fOf """Ii".,.,., kwl i< !.:so .,.., 0.01 ('19 ~ oonf"""""'" "'''''''"OI ~ 
'-b.'Cimum ~Iw\it iII"':!Itf ItHI iI.,Hlltt dwI 1.0 (ttl 1« I ron;"i S-}'W 
.,-.... (nol.' F .... 1oot ODd ~I.,...., .-O.l II for LOWESS _hod data). 

If' ...... .,.,.,.,;,;.,.,. ho,. _ ...... Ihrn ..... ..-...d ;. --.i_ ... <toti<1ically ';!;nifiCllnl 
n><>Il<lI<"'", trmd 

~I ..... ·"_I ""'ing ~ _ .... 'i .. kaIIy .. pilkant "' .... ·11 .......... '" 1 .... 1 _ 
"'" p<"<><tII .. -"" Qf ..... ~-rot:l "'Iulf .. """""'"'" ,,·. Ik .. II>< MOOd) St>nnll' 
.eiioD (T""'" ~~ S, .. "' ....... I)" ."",r", __ .... -..1 """"" or< ..... .......,., "' """'" 

ollu'·"1 " 'cll< In "'" .\Iudd) Spr.p "I!'"". """ ........ _ dt-._ ..., "'" sINftCIh oC 
tr<r><b ..., _ ttniform ~ tIw: ",g;on. _ nn ..... 1>< _«I in , .. .....J .,,,-k.> oftlw: 
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Interpretation of Climate and Potential Pumping Inffuences on 
Spring Discharge 

,\ r<[aoi."dy ';mpli"'''' ton'.o- """"'11>00 bNft ...."..,.,.J to male "",Iiminary 
....,...".,... Jibe: ",,,.piot ot ..... ~ n .... 1 .... ..- .. Lqlbin ... ~ ' '0""""" .. 
" ' ...... ~Il&' \\"61. 11M' bo\ ...... ~ plQd..>t _ OPt)' 1"<) .an>b!ts MI(t\Llld)' ~J.P1uI 
~ •• """JOI") or >pH":& d ............. nrion.c<: _I dim .... ""d p.o_ (1'\111' III< oarbonao. 
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Th< '-'" «\_ion .... foil", ... , 
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P'lmpia, - """I ..-..I pump<1l ,·01 ..... r""" ,\iT"" C ... )'"" So. 1 .,d 2 plus 
MX~ (Il'}-r) 

Th<1ffi..u.c model do<> ___ .IM: """'" 0(111< climate ,-.riobk. F .... """",10. i. 
"""" "'" maI.. ~. In( • ....-..co.1O ,,-II<\M Ioal Of .-.s""'01 P""opiuo"'" is. dOfn..wol. Of 

if Ofher p.>WnIioily olin",,,, dtp<ndarn '''''_ (...m ... LaI.. M .... ,,'>Ia" I«d.) .... 
u",""I'Of>I«I in.I>o d ....... f\oD,:Iion. "dd~;."..ay. ~ ...,.. _ =kod< Ofher ~ 
w.lI l . ..... "lr. .. SPC purnrio>c fh)m tho .11"'· ......... 1IIt Muddy ~ ... PJOOnliaI 
,·arUbk. l'IImping f,,,,,, tho NNw Can),,,,, """'" I-. 1>....,., ~ ... ,-..riabI< 
oi"". it ""'. ,,01« """"'" .. doc '_"0·""'" "Iuif, .. ond ;.."" _<>I cor_ ...... 
""",f« __ , or ,i",if,"-",-

I\'cogbb,. _If", .. " .. r ....... oh","" ond _n, J\oncI""" " ... "'" ..,., .. , -«1 .... .., "'*' 
and or"" """h<><I>. " •• h ~ ... """ ..".,,,«1 .... ~ tho m""ld<d _ ... pR><Iu.......J ,.aoonabk fI,. "itl! cbfo.'"f'\W d ..... Tho bi..n..,o '~1' rcprod ...... hislori< ........ .",....) opriIoc 
di<._..,. onoombly "d (f" ...... n~ .... !he ...... ,;...1<01 .1aIi>ticaI """,,lotion 
oodr ........ (i) ia lJ i"''''¢d lFi,..... 2'~ Th< "~oIibnitod"· " .igbtins «o<f1icic .... for Iho 
m<><kl ........ '0 "!'P"",..,...1y " PC""'" for Ih< dimal< ".m!>k _ 2' pcr<'" ro< tho 
~I ,-.iobI<- 1\pp'o~I}' 17~' 0(\1, ...... , S[O'i,. ~ 11 ............. ;. 
"'" ""ploi~ by "'" hi, ....... mo.l<1. 

,\ bo:tI ... aaiAi<ilI fl. ,,_ .:lliond ""ing Ihc "",",," "" ..... 1 pm:.-ioo r<JlOIl<d fur 
KCDC :0.'",'_ Z .. ..,. J _ of ,"""', II .. "* .. 1"-":'''''''.''' ,jeo " .... f .. d .. "'11. • • R ..... 
flow S)"I.<m. f..nh<r ., .......... of """"ipit""'" ,-.;.11."'" ;,. ,,~ ;ndwinS 
,.,-;"""ofh.p' . Hi'",10 ...... r ...... 'IM: S'"""l' R.,!<- """ Oft><.-~""" Qr indi....,. 
IlknI,r ........ 01'.11< flOI~' fIro<lI:O-l1 , 1l1'l\>I0 on<\o:( 10 .. blo 10 'b ...... inodo>o<!d 
d;"'borp , ....... « ,,-ill d<a-.-Ibc _.<pI"""" Womr Spr .. p 11.'«1 di .. b"'¥ 
vori.obil.y (pr<om.ly 17 pet< .... ). """ i"""' ....... oh ..... ~ functioa "'''sluinl (prto«w~-
7$ ~) '" Ibo hn'lIw. ........ 1. 
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Conclusions 

AU l..os of 0'\'1<10.....". mdic_ 01 ....... ..-.-..do .... ,"Ik<1.:d .. "~I,,, ... ' _..,...,, ......,.,-
ct .... _ .... I" __ r", ahouI 15"0 of ...... rWnod Y>riol>i';r~ oIIwn .... in 
h ......... , \\" m, Sprinp W.,., dio<:"-p. 
Sr<--..;r", .p<<<' af._ lh01 .~ __ ""h "...".Ic>·d .. d """,,, 
d ........... "ariolnbry _Y ""lUi« oddiliooW data ooll.-a- ...... 1\.011><, 
",' M ""IlL II",'"'' af"local" hiP. altill>ll< p"'<ipiI."'" II'<DIis in lh< SI>«p 
RM.p iI """ .ampl< of addi'ion.I ............. <WId t.. ...doruI..n_ 
1 ... bo,-';'" .. Iot--.llip ...... , .~ ...... _ ArrmI C..".,.. P""'P<"I: "1'-" .. 
..w. .. , ....chuf .... "J"W',"',<t_p- "'-lily . W.m Spo_ W .... A 
""'-" ........... .,-. ..... ![hI be _ .. funho.->lUdr't...' ........ AII".,....bIed 
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e ORI SCIENCE· ENVIRONMENT· SOLUTIONS 

o...n _1nsti1lltJ 
Division of Hydrologic SciellCfl< 

Techn ical Memo 

To: Jeff Johnson and Sean Coliier, Southem Nevada Water Authority 
from: Justin Huntington, Charles Morton, Matt Bromley, Ryan Liebert, Desert Research 

Institute 
Dale: June 4, 2013 
Re: Analysis of Evapotranspirat ion fo, the Muddy River Springs Area 

Purpose and Scope 

This technical memo provides estimates of evapOtranspiration (En for Ihe Muddy River 

Springs area from 2001·2012. This work is part of a larger effort toward mapping historical CT 
along the Muddy Riyer and Muddy Riv<!'r Springs (Figure 1) utililing Surrace energy balance and 
vegetation indices from 2001-2012. The Muddy River Springs focused study area (Figure 2) 
primarily consists of pasture grass, mesquite trees, cotton woods, palm trees, and severa l 
species of vines (DeMeo et aI., 2(08). Previous studies have estimated ET in the Muddy River 
Springs area using a water budget approach (Eakin 1964; 1966), and more recently with ET 
station measurements and remote sensing (DeMeo et aI., 2008). This study builds on previous 
work, a nd attempts to identify trends in ET over the study period of 2001-2012 to identify 
potential impact on IT due to land management and vegetation changes. 

Surface EneriY Balance a nd Vegetation Inde .. Approaches 

Surface energy balance estimates are made in th is study using the Mapping 
EvapoTranspiration at high Resolution with Internaliled Calibral ion, METR IC, model (Allen et 
aI., 2007). METRIC relies landsat imagery and locally collected meteorological data to calculate 
actual IT. METRIC recently has been applied by slale and federal agencies 10 eslimate ET Irom 
rain fed and irrigated vege tation in Nevada, New Muico, Oregon, Wyoming, Montana, 
Nebraska, and Colorado (HendrickK, 2010; Kjaersagaard and Allen, 2(}10; Sullivan e l aI., 2011; 
Snyder et aI., 2012). This sludy also applies a vegetation inde .. reference ET fraction approach 
to estimate actual ITin the Muddy River Springs area similar to Allen et al. (2011), Tasumi and 
Allen (2007), and Singh and Irmak (2009). 

Methods 

Estimating actual ET required numerous weather data and image pnxessing sleps that 
are briefly described below. landsat 5 Thematic Mapper (TM) and 7 Enhanced Thematic 
Mapper Plus (ETM+) images were acquired for the study period of 2001·2012 from the U.S. 
Geological Survey (USGS) Global Visuali zation web page ( http ://glovi~ . usl!s .govD tota ling 323 
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Mudo;ly Ri_ I VI'gl" ~ Study Me_ 

Figure 1. General study ilrea with hishlighted Muddy River Spri,,&S il rea. 

images (Table Al). Landsat data processing was handled using Python scripts, many of which 

are described in Morton (2013). Generill processing steps include performing rildiometric ilnd 
atmosplM:'rie corrections using the landsat Ecosystem Oisturbance and Adaptive Processing 
System (LEOAPS) (Ma..ek et aI., 2(06) t o compute at surface reflectilnce, w ith following 

computations of the Normillized Difference Vegetation Indu (NOVI), surfilce temperature, 
albedo, and variOUS energy balance components following Allen et al. (2007) and Morton et al. 

(2013). The land 5Urfaee energy balance is Simulated by M ETRIC as 

Lf:R. -H-G 

where if is la tent heat flux (W/m'), R~ is net radiation (W/m2), H is sensible heat flux (W/ml ), 

ilnd G is ground heat flux in (W/m' ). The reader is re ferred to Allen e\ ill. (2007) and Morton et 
ill. (2013) for deta il on METRIC and how each component of tIM:' energy balance is computed 
from Landsat data. Once if is computed for each pixel, the equivalent amount of 

instantaneous £T (mm/hr) is computed by dividing by the latent heat of vaporization (/'). 
Instantaneous £T at the t ime of the Landsat image is estimated over the day as 
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Muddy Rive< Sprlngs. HV 

Figure 2. Warm Springs (Muddy River Springs) ~tudy area fo< estimating ET from 2001-2012. 

where the ratio of IT_ (mm/hr) to £T, (mm/hr) is the reference ET fraction (IT,F) measured at 
the satellite overpass time and £1'l4 is the cumulative £T, for the day (mm/day). Seasonal total 

£1 is estimated by linearly interpolating the daily IT,F per piKel in betweerllandsat images, and 
multiplying daily £1,F pixel values by the £1,1' for respe<:tive da~_ The reference £1fraction is 

commonly refe rred to n the crop coefficient. Irl th is method. the computation ilnd application 
of £1,F simulates vegetation growth stages and phenology changes, roughness of the 
vegetiltion surface to aCCOUrlt for turbulent effects, arld vegetation geometry. Simply put, the 
effects of weather are incorporated into £T" whereas the effects that distinguish vegetated and 
bare surfaces from the reference surface are integrated into the £1,F (Allen et aI., 1998). There 

are many physiological arld physical variables that determine IT, and the ET,*£T,F method 
irlcorporates the majority of these variables (Bas et aI., 2008). 

The vegetation index re ference ETfraction approach is Similar to the METRIC surface 
energy balance approach for estimating ETthrough time, but £T,F is derived from the NOVI 
instead of arl instantaneous surface energy balance. The reaSOfl for applying both approaches is 
due to the fact that it currerltly requires a relative"" large amOUrlt o f time arnl effort to process 
M ETRIC for mult iple years, whereas it requires significantly less time and effort to compute 
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NOVI. Heitman et 001. (1982) proposed a linear reialioMhip between a vegetation inde~ and 
fract ion of reference fT, and has been supported by variOuS other studies (Choudhury et aI., 
1994; Tasumi et OIl., 2005; Tasumi and Allen, 2001; Singh and Irmak,. 2009; Calera-Belmonte et 
001.,2005). If no local calibration data exists, Allen et al.(2011) suggests tha t fT,Fcan be 
generally estimated as 

fT,F: 1.25 ' NOVI 

where fT,f is the relative fraction of the alfa lfa reference ET. NOVI is def ined as 

N OVI " (P .... - p....,) I {pHtJ + PRoo/,) 

where p is the at-surface reflectance, NIR is near infrared waveband from 0.16 to 0.90 \lffi, Red 
is the visible waveband from 0.63 to 0.69Ilm. The relationship suggested by Allen et oIl. (2011) 
was modified in this work to mOfe accurately represent the conditions specific to the study area 
using METRIC derived fT,F and NOVI far all pi xels in the Muddy River Springs study area (Fisure 
2). Seasonal average slopes between fT,F and NOVI for 2006-2012 were found to vary between 
1.21 and 1.31, with an average of 1.30, and intercepts ranging from 0.02 to 0.1, wi th an average 
of 0.06, and R2 values ranging from 0.66 to 0.80, with an average 01 0.14. Fisure 3 illustra tes an 
example 01 the correlation between fT,F and NOVI for 2006. The fairly large scatter exists due 
to the f;oct th;>t NOVI is not capable of detecting ev;oporation from wet soil due to irrigat ion, 
where METRIC is able to detect soil evaporation using the Landsat derived surface temperature, 
which results in high fT,F and low NOVl. Addi t ionally, NOVI is not able to detect acute 
vegetation stress due to water limitations, whereas the use 01 surface temperature in METRIC 
detects this acute water stress, w hich results in relatively high NOVI and low fT,f due to low 

predicted evaporation by METRIC. While the use of NOVI does have limitations, lor the sake 01 
simplicity and providing the ability to est imate changes in fT lar years before 2006 over the 
Muddy River Springs area, the equation 

fT,F " 1.30 ' NOVI + 0.06 

was applied in this work over the Muddy River Springs area to all cloud free Landsat S TM and 1 
El M+ imag~ from 2001 2012 period (Table AI). A typica l annual time series of sp.ltially 
averaged NOVI from 2006 is illustrated for the Muddy River Springs study area in Figure 4, 
where greenup and senescence periods are clearly evident. Once NOVI is t ransformed in to fT,F 
at each pixel, fT,F is linearly interpolated per pixel in between Landsat image dates, and then 
multiplied by the fT" fT,F, to estimate fT. 

Reference ET (fT,) Estimates 

Hourly weather data of solar radia t ion, air temperature, dewpoint temperature, and 
windspeed collected at SNWA's Moapa agricultural weather station and ORI's Overton 
Community Environmental Monitoring Program (CEMP) weather station (Figure 1) were 
downloaded and quality assured and controlled (QAQCed) according to Allen et al. (1996). 
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Figure 3. Scatter plot of ET,F and NOV1 for the 2006 growing season (February-November). 
Colors of the scatter plot represent point density where red is high density, and blue is low 
density. The red hatched line is the average regression line used to compute ET,F from NOVI in 
this study, and the black hatched line is the 1:1 line . 

.. , 

Figure 4. Time series of NOVI derived IT,F for 2006 spatia l fy averaged over the Muddy River 
Springs area shown in Figure 2. Interpolation of ET,F in between landsat image dates occurs 
on a pixel by pixel basis; however, this figure shows interpOlation fT,F averaged over the study 
area simply for illustrative purposes. 
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Overton CEMP weather data was analyzed from 2001·2012, and SNWA Moapa weather 
data was allaly~ed from 2010·2012, the available period of record for Moapa. followill! 
adjunmellt procedures ouWIled ill Allen et al. (1998) alld Allell et al. (201la), reported 
windspeed measured at respective measuremellt heights were logarithmically t rallsformed to 
2m height equivalellt willdspeed estimates, as required for input into the ASCE uandardiled 
reference ET equation. Windspeed measurement heights are 2.3m and 6m 175ft and 20ft) at 
the Moapa and Overton stations, respectively. Many years of solar radiation (R.) 
measurements required some level of correction to better ma tch clear sky solar radiation 
curves (R_J. Such Ileeded corrections are common due to pyronometer sensor ca libration drift 
(Al len, 1996). Figure S illustrates raw and corrected R. from the Overton CEMP station. In this 
case it is evident that sensor calibration is in error due to the fact that measured R. over a day 
never reaches the theoretical R. that would occur for a clear sky day (R .. ). Overton CEMP hourly 
solar radiation data was found to be corrupt from 2011 and 2012 and the data were not 
salvageable. Therefore, Moapa QAQCed hourly R.was used to fill Overton CEMP hourly R. for 
years 2011 and 2012. After QAQC was completed, IT, was computed for both sta tions utilizing 
the stalldard iled referell(:e ET eq uatioll (ASCe·EwRI, 2005) for all a lfalfa referellee surface 
usillg the Ref·ET program (Allen, 2011). 

-•• 

• 

iii ... R.o Ibtfore R. odju.tmen') --. " 

g '" '00 '''' >00 "" _ "" -

-
~ --, . ~ ,-

l •• 
• • 
• • 

iii ... Rio (aft", iii .dj....",..,') 

- " •• 

• - .oo - .oo •• ~ -
figure 5. OvertOll CEMP 2007 measured solar radiation (R,) (left), alld corrected solar radiation 
to ttle ttleoretical clear sky solar radiation (R .. ) (rigtlt) following recommendations of Allen 
(1996). Solar radiation corrections are typically needed due to pyronometer calibration drifl, as 
is evident in ttlis figure. 

Because ttle desired study period was from 2001·2012 and Moapa weather data was 
only available from 2010-2012, a comparative analysis between <Nerton and Moapa computed 
ET,was completed to potentially develop ET, adjustment factors for Overton computed ET, to 
simulate Moapa ET, from 2001·2010. Figures 6 and 7 illustrate monthly IT, computed from 
Overton and Moapa weather data for 2010·2012. II is evident that ET, is nearly the same for 
most months, even though the Overton CEMP station is not located in an optimal reference 
environment that reflects the climate of agricultural and active IT conditions. As previously 
discussed, 2011 ami 2012 Moapa R. was substituted for Overton R" however, from inspection 
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of Figure 6 it i~ evident that 20U Moapa fT, i~ lower than Overton ET, during mid-~ummer 
months. After investigating the potential cause of this difference, it was found that, raw, pre
QAQCed hourly windSpeed for the Moapa sta tion was often zero at night and during some 
hours of the day. In comparing windspeed between Moapa and Overton for 2010 and 2012, it 
was found that Overton 2m equivalent windspeed was typically lower than Moapa, except for 
th .. mid-summer period of 2011, where M oapa was lower than Overton. Due to the 
consistency of Overton having lower 2m equivalent windspeed in all months except for these 
three mid-summer months, and the fact that there _re many reported zero values, it was 

assumed that the Moapa measured windspeed was in error for this period. 
Due to the nearly identical computed fT, between Overton and Moapa, Overton 

computed fT, was utililed in this work to est imate ET using METRIC and NDVI-ET,F approaches 
from 2001-2009, and 2011, while Moapa computed ET, was used to estimate ET lor 2010 and 
2012. GrOWing season (February-November) and annual ET, from 2001·2012 is illustrated in 
Figure 8 where it is evident that IT, has generally decreased from 2001. This is significant, 
because any decreasins trends in fT, will cause de<reasing trends in fT. This result was cause 

for concern due to possible sensor drift and or data quality, therefore, an analysis was 
conducted to investigate if any trends were present in driving IT, weather variables of solar 
radiation, temperature, dewpoint, and windspeed. While the analysis showed slight decreasing 
trends in annual averages, a more focused analysis was conducted lor warm season months of 
May-September, since most of the annual fT occurs during these months. Results of the warm 
season trend analysis indicate that warm season average daily maKimum and minimum 
temperatures, w indspee-d, and solar radiation all have decreasing trends from 2001-2012, while 
warm season average daily minimum temperature minus dew point temperature (i.e. dewpoint 
depression) is rising during thiS same period, indicating drying conditions (AppendiK f igures Al
AS). 

Overtoll CE MP ond _IN ",. M ond"'I' rT. 

" 
" 
" 

r: 
c • 

• 

Figure 6. Monthly time series comparison of fT, from Overton CEMP and Moapa agricultural 
wea ther sta t ions 
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Figure 7. Scatter plot comparison of monthly fT, from Overton CEMP and Moapa agricultural 
weather sta tions. 

Seasonal and Annual Alfa lfa Reference ET 
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Figure 8. Seasonal (February - November) and annual f T, from 2001·2012. Iu illustrated, ET, 
has generally de<reased over the study period of 2001·2012. 
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To confirm that these trends are real and not an arti fact of possible weather station 
sensor drift, weather data from the cI<)S.est weather station measuring temperature and 
windspeed was acquired and analyzed over the same period for warm season months of May
September. Resulu indicate very similar trends, where warm season average daily maximum 
and minimum temperatures and windspeed exhibit decreasing trends from 200hW12, and 
warm season average daily minimum temperature minus dewpoint temperatu re is rising during 
the same period (Appendix Figures A&-A9). The comparative weather variable trend analysis 
between Overton a nd Nellis weather stations suggests that the trend in Overton computed IT, 
from 2001-2012 is likely real and not artificial, and thus thought to be valid. 

Evapotranspi ration htimates 

Mnual and seasonal Hfrom the Muddy River Springs study area was estimated using 
METRIC and the NOVI approaches, as previously described, by utilizing all available and cloud 
free images during each year from 2001-2012 (listed in Table AI). Mechanically, for both 
approaches, ET,f is estimated fo< each image date and linearly interpolated, per pixel, in 
between image dates, and then multiplied by the respective daily reference ET(ET,), to 
estimate the daily ET. Graphically, Figure 4 il lustrates interpolat ion of ET,f in between image 
dates for the Muddy Ri~r Springs area. Figure 9 illustrates respective ET" and the product of 
Figure 4 and Figure 9 for respective days results in estimated daily ETfor 2006, shown in Figure 
9. The use of ET, to estimate ET in between image dates is critical for properly accounting for 
daily variations in atmospheric water demand (i.e., solar rad iation, windspeed, temperature, 
humidity), and resulting impacts on IT. The translation of the daily variability in ET, to ET can 
be seen in Figure 9, a process that would be missing, and in error, if ET wereto be simply 
interpolated in between image dates (shown as green triangles on right panel of Figure 9). 

" 
. .. . .. . '. .. " 

I: = 1 
•• 

.... .... -... ...-
~.-

Figure 9. Oaily reference ET, ET" (left) is multip lied by daily in terpolated IT,f (shown in Figure 
4) to estimate da ily frlor 2006 (right). 
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Seasonal (Februa'Y-NovemberJ and annua l Er totals were estimated utili!ing METRIC 
from 2006-2012 and NOVI from 2001-2012, a nd results are shown in Figure 10 and Figure 11. A 
slight decrease in METRIC estimated fT is noticeable, however, this islargelv d ue to the 
decrease in ET,ove r this period, as the ratio o f METRIC ETta fT,(fT,F) is fai rly stable, as shown 
in Figure 12. The t rend in NOVI estimated fTfrom 2001·2012 is more pronounced. The ratio of 
NOVI estimated ETta fT.(fT,f) is also fairly stable for 2006·2012, but decreases Over the entire 
study period of 2001·2012 (Figure 13). Because IT is a function of precipita tion (ppn, and PPT 
is highly variable from year to yea r, normalizing ET by removing the influence of PPT is needed 
for trend analysis. To accomplish this, annual PPTwas subtracted from seasonal and annual 
MET RIC and NOVI estimated f T. Monthly and annual PPTtota ls for the Muddy River Springs 
area were estimated from 2001-20U using 800m Spatial resolution PRISM data (Daly et a I., 
1994) for a single piKel within the study area to remove potential elevation biases from spa tial 
averag ing multiple pixels that fell outside the study area. A comparison between measured PPT 
at the Overton COOP station and estimated PRISM PPT for a single piKel at the Overton COOP 
station loca tion is shown in f igure 14, where the correspondence between COOP measured and 
PRISM estimated PPTis good, although this was eKpected since the PRISM process uses the 
COOP station as a control point. Missing PPTin the Overton COOP precipitation record was 
filled with PPTfrom the Overton CEMP station. which tota led 424 days from 2001-2007. A 
comparison was a lso made between the Overton COOP PPT and Muddy River Springs area 
PRISM 800m PPT(Figure IS). Because 800m PRISM PPTwas not available for 2012, and 
effect ively nO bias e~ists between Overton COOP PPT and 800m PRISM PPT for the Mudd y River 
Springs area, Overton COOP monthly PPTwas used for the Muddy River Springs area for 2012. 

g , 

METRIC Seasonal and Annual ET 

._So_noIIT . MmtIC_lT 

• 
• 
• • • ••• • • • • 
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• • • 
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•• 
Figure 10. Seasonal and annual METRIC derived ET from 2006-2012. Seasonal totals are for the 
growing season, estimated to be February·November. 
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NDVl Seasonal and Annual ET 
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Figure 11. SeaHlnal and annual NOV! derived fTfrom 2001-2012. Seasonal totals are for the 
growing season, estimated to be February·November. 
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Figure 12. Seasonal and annual METRIC derived fT,F from 2006-2012. 
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Figure 13. Seasonal and annual NOVI derived ET,F f rom 2001·2012. 
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Figure 14. Comparison o f Overton COOP PPT, 800m PRISM PPTfor the Overton COOP locat ion, 

and 800m PRISM PPTfor the Muddy River Springs area. PRISM PPTal the BOOm spatial 
resolut ion was not available for 2012, therefore, Overton COOP data was used due to the low 
bias between Overton COOP and Muddy River Springs PRISM PPT (Figure 15, right ). 
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Overton COOP vs Muddy River Springs 
Ov~rton coop", PRISM 800m PPT PRISM 800m PPT 
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Figure IS. Overton COOP PPTvs. BOOm PRISM PPTfor the Overton COOP location (left), and 
Overton COOP PPTvs. BOOm PRISM PPTfor the Muddy River Sprin~ area (right). PRISM PPTat 

the BOOm spatial resolution was not available for 2012, therefore, Overton COOP data was used 
due to the low bias between Overton COOP and Muddy River Springs PRISM PPT. 

Utililing PRISM and COOP PPT estimates, seasonal ,lfId annual METRIC and NOVI 
estimated ET-PPTwas computed (Figures 16 and 11). As previously mentioned, reduced ET 

over the study period is largely due to the dec:line in ET, from 2001·2012, and this impact is also 
evident in the estimated ET-PPT. Both MfTRIC and NOVI estimated ET,F of ET-PPT slight ly 
dedine over the 2006-2012 and 2001-2012 periods by 0.07 and 0.10, respectively, indicating 
that EThas dec:lined independent of fT, and PPT due to changes in vegetation and or water 
milnilgement in the study ilreil (Tilbles A7 ilnd AI0). METRIC ilnd NOVI ilnnuill estimilted ET ilnd 
ET,Ffor 2006·2012 are illustrated in Figures 18 and 19, where it is evident that NOVI estimated 
£T is slightly higher than METRIC estimated £T(Figures 20-22). This is due to the fact that bare 
soi l evaporation, potential vegetation stress, and changing surface conditions causes the 
relationship between NOVI and ET,Ffor the Muddy River Springs area to be different from year 
to year, therefore r>O average regression will perform well over all years. Average annual 
METRIC estimated ETand fT·PPTfor 2006·2012 is 3.5 ft/vr and 3.1 fIIyr, respectively. Average 
annual NDVI estimated ET and fT-PPTfor 2006· 2012 is 3.8 fIIyr and 3.4 ft/yr, respectively. For 
the period of 2006·2012, annual bias between NOVI and METRIC estimated fT and ET,F ranges 
from 0 to 0.7 ft/vr, and 0.01 to 0.08, respectively, and the average annual bias is 0.32 ft/yr and 
0.04, respectively (Figure 23). 
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figure 16. Seasonal and annual METRIC derived £T·PPT from 2006·2012. 
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figure 17. SeaSOflal ,md afl"ual NOV1 derived fT·PPTfrom 2001·2012. 
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Figure 18. Seasonal and annual METRIC derived ET,F from 2006· 2012. 
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Figure 19. Seasonal and annual NOVI derived ET,F from 2001·2012. 
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Figure 20. METRIC and NOVI est imated monthly ETfrom 2006-2012. 
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Figure 21. METRIC and NOVI est imated annual IT from 2006·2012. 
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Figure 22. METRIC and NOVI estimated annual fTrFfrom 2006·2012. 
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Figure 23. NOVI minus METRIC estimated annual ETrF from 2006·2012. 

Considering that METRIC estimated ETrelies on a surface energy balance based on 
surface temperature, and NOVI strictly relies on optical refiectance and a simple linear index,. 
and the fact that the average annual bias between NOVI and METRIC ET,f is only 0.04, the 
comparison between NOVI and METRIC estimated fT is thought to be fa irly good. As previously 
mentioned, the use of NOVI does have weaknesses, especially in detecting bare soil 
evaporation, however, due to the fact that bare soil evaporation is thought to be a fairly small 
component of ET in the Muddy River Springs area due to irrigation practices and moderate 
vegetat ion cover. For this reason, the use of NOVI for est imating fT ts considered to be fairly 
robust in thts work. 
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Evapotranspira tion R~uctions 

Average METRIC and NOVI estimated annual ET·PPT reductions for the Muddy River 
Springs area for the period of 201.J6.l012 range from -0.062 ft/yr to -0.11 ft/yr, respectively, 
with tota l reductions of METRIC and NOVI annual ET-PPT over the 2006-2012 period being 
.{I.43ft and .{I.77ft, re$pectively. Average NOVI e$timaled annual ET-P(,T decline lor the Muddy 
River Springs area over the period of 2001-2012 is estimated to be .{I.09S ft/yr, with a total 
reduction in annual ET-PPT of -1.14 ft (Tables A6 and A9). For the period 2006-2012, METRIC 
and NOVI estimated annual ET-PPTvolume reduCtions over the 797 acre Muddy River Springs 
study area are estimated to be -344 ac-ft and -613 ac-ft, respectively. Forthe period 2001-
2012, the NOVI est imated annual ET-PPTvolume reduction over the 797 acre study area is 
estimated to be -910 ac-ft. These results along with monthly, seasonal, and annual results of 

METRIC ET, Er" PRISM PPT, NOVI ET, METRIC ET-PPT, NOVI ET-PPT, METRIC ET,F, and NOVI ET,F 
are listed in Appendix Tables A2-A10_ Differences in reductions between METRIC and NOVI 
from 20()6...2Q12 are due to differences in the computed slopes in ET-PPT during this period. 
METRIC estimates of ET and ET-PPT are noticeably lower than NOVI estimates of ET and ET-PPT 
for 2007-2009, a period of relatively low precipitation, potentially causing water limited stress 
conditions that NOVI is not sensitive to. To support this argument METRIC seems to compare 
well with NOVI estimated ET and ET-PPTduring years of relatively higher precipitation. Also, 
ca libra t ion of METRIC during 2007-2009 could possibly be abnormally low, however, it is 
thought tha t cal ibrat ion during these years are relatively robust and consistent. 

Comparison to Previous ET Work 

For comparison purposes, METRIC and NOVI derived ETwas compared to a recent study 

by DeMeo et al. (2008), who estimated ET in the Muddy River Springs area using the Bowen 
Ratio Energy Salance (SRES) approach from July 2Q03-0ctober 2006. The Bowen ratio stat ion 
locat ion is shown in Figure 24, and is surrounded by a dense grove of 10 to IS ft tall mesquite 
trees (DeMeo et aI., 2008) (Figure 2S). DeMeo et al. (2008) reports the average annual ETto be 
3.6 ft/yr from summing 2003-2006 daily average ET estimates from the Muddy River Sowen 
stat ion. No monthly totals were reported. To compare METRIC ET and NOVI ET to the Muddy 
River station estimated ETfor respective years, 20 minute ET data was acquired from the USGS 
~nd summed into d~ily and monthly totals. METRIC and NOVI ET C5tim~tes were extracted 
from a 7Sm buffer around the USGS Muddy River station (Figure 24). Previous work has shown 
that roughly 80% of the turbulent fluxes measured at many Nevada ET stations with 
surrounding riparian and shrubland vegetation originates within a 30 to 100m radius of the ET 
stat ion, with the lower range being aSSOCiated with taller riparian vegetation (Morea et aI., 
2007; Allander et aI., 2(09). 

Monthly METRIC and NOVI ET estimates were compared to Bowen ratio station ET 
estimates from 2003-2006 (Figures 25 and 26). Results suggest that METRIC and NOVI over 
predict ET at the low ET range, but is fairly accurate at the moderate to h igh ETrange. The 
comparisons are considered favorable given that a large part of the annual ET in the study area 
is derived f rom high ET months. 
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figure 24. USGS Bowen Ratio Energy Balance stalion 10 compare METRIC and NOVI IT 
estim~tes to for 2003·2006. 

Figure 25. USGS Bowen Ratio Energy Balance <tat ion located in the Muddy River area. 
Modified figure from DeMeo el al. (2008). 
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figure 25. Bowen Ratio Energy Balance estimated monthly ET and NOVI est imated monthly IT 
from 2003-2006 (with several months of missing data). 
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f igure 26. Bow en Ratio Energy Balance estimated monthly ET and METRIC estimated monthly 
ET from February-August of 2006 (only data available for METRIC compa rison). 
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While the DeMeo et al. (2008) study from 2003-2006 estimated the average ETta be 
3.6 ft/yr, there were over 271 missing days, many of which were in the spring and summer of 
2004 and 200S. As previously indicated, annual fTlo lals reported by DeMeo et al. (2008) were 
computed by summing period of rewrd daily average ETrales (i.e., 36S daily average values). 
Using daily averages from multiple years is a general approach for gap filling daily fT dala, and 
in this case for compuling an average annual ET rate, however, such averaging a"d filling 
approaches do not consider ET variability caused by precipitation. For example, a large portion 
of summer 200S, which was exceptionally wet in IIw:o precedi"8 mo"lhs, was filled with daily 

average summer values from 2004 and 2006, which were preceded by relatively wet and dry 
periods, respectively (Figure 14, Table AS). The impact of this type 01 summation is likely 
causing a biased low average an"ual ET estimate in thiS case. As a result of missing data, an 
accura te comparison of METRIC and NOVI estimated annual ET is not possible. For reporting 
purposes, Bowen station NOVI estimated ET ra"sed from S.6 ft/yr to 3.9 ft/yr for 200S a"d 
2006, respectively, with an average annual estimate of 4.3 ft/yr from 2003 -2006. For purposes 
of making a more respective cumulative ET comparison, a comparison was made between the 

Bowen station, METRIC, and NOVI ET over the longest continuous record at the Bowen ET 
station from February-August 2006. Results indicate that Bowen station, METRIC, and NOVI 
estimated fT over this period is 30.S in, 3S.4 ' ''' aoo 36.2 in, respectively (Figure 27). 

Comparing 10 previous work of DeMeo et al. (2008) revealed that METRIC and NOVI 
estimated ETis likely biased high during low ET periods. This bias could be due to inaccuracies 
of METRIC during the cool season caused by small differences in METRIC surface temperatures 
at extreme ET conditions (i.e., hot and cold pixel temperature values at dry and well irrigated 
conditions are nearly the same). Additionally, NOVI bias during the cool period likely exists due 
to the presence of background NOVI from bare soil and vegetation during fall aoo winter 
senescence and dormancy periods, along with inaccuracies in the statistical model between 
NOVI and fT,F. In general, the comparison between Bowen station ETand METRIC and NOVI 
estimated ETis considered fairly robust given that ET estimales generally fall within the 
uncertainty of Bowen station ET estimates, which is likely around 10-1S% (Allander et al., 2009). 
It is difficult to judge tlw:o quality of tlw:ose Bowe" ratio ET data given that there is extremely 
limited description on Bowen ratio station instrumentation, and station setup and deployment, 
such as reporting the make and model of net radiometer and ground heat flux pla tes, number 
of soil heat flux plates used, diSCUSSion on methods for computing soil heat storage and soil 
heat flux, filtering of erroneous Bowen ratio values. QAQC of net radiation and ground heat 
flu x, soil moisture measurements, etc., all of whidl are critical aspe<:ts for ET measurement 
reporting (Allen et aI., 2011b). 

Summary 

This study evaluated over 300 Landsat TM <100 ETM .. images to assess potential changes 
in ET over the Muddy River Springs area from 2001-2012. Results suggest that ET has declined 
from 2001-2012 independent of PPT changes. Changes in ET are primari ly due 10 to changes in 
ET" and to a lesser extent, due to changes in ET,F. Reduction of annual ET-PPT r.lnges between 
-600 to -9(X) ac·fl. TIw:o -600 ac-ft rouooed value is derived from IIw:o METRIC estimated ET-PPT 
rate of dlange of -Q.062 ft/yr over the period of 2006-2012, and applied to tlw:o 12 year period 
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of 2001·2012 (Table A6). The ·900 ae·ft rounded value is derived from the NOVI estimated 
fT·PPTrate of chall8e of .().095 ft/vr over the period of 2001·2012, alld is applied to the 12 year 
period of 2001·2012 (Table A9). Comparisolls betweell METRIC and NOVI, alld Sowell ratio 
statioll estimated fTill the Muddy River Sprill8S area from 2003·2006 are favorable and are 
generallv withill the uncerta illtv of Bowell station ET estimates. 

., 
, 
, 

Bowen, METRIC, and NOVI ET 
from Feb-Aug 2006 

. &ow..~nSUtiooo .Mfl1IK£T _ HIM£T 

Figure 27. Compar isoll 01 total estimated ET Irom Feb·Aug. 2006 betweell the Bowell statioll 
METRIC, alld NOVI. The Feb·Aug. 2006 period was the longest conblluous data n~cord lor the 
Bowell statioll. 
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Append ix 

Table Al. Usting of landsat scenes and El and precipitation results using MElle, NOVI, and £VI 
methods. landsa t 5 (TM), landsa t ElM, and Landsa t ElM SLC off were a ll used for NOVI a nd 
METRIC El est imates. Landsat ElM SLC off did not impact the quali ty of ET estimates ,n t he 

Muddy River Springs area, as SLC gaps were not present ,n the study area due to the Muddy 
River Springs area being located in the center of landsat ElM scenes. 

SClN U D 

LE103903S2001046£DCOO 2001 46 , 

, 

, 

, 

, 

, 

, 

" 
SE ROA 10345 

JA 3209 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

LE7G3903S200lO68£OCOO 2003 68 • 
2003 100 • 

27 

SE ROA 10346 

JA 3210 



'"" 

2004 271 

2004 303 

28 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SE ROA 10347 

JA 3211 



'"" • 

• 

• 

• 

• 

• 

• 

• 

• 

'"" .. • • 

2006 132 • • 
2006 148 • • 

29 

SE ROA 10348 

JA 3212 



'" • • 

• 

• • 

2006 316 • 

2006 332 • 

• 

• • 

• 

• • 

• • 

LE7G3903S2007191EOCOO 2007 • 

• • 

30 

SE ROA 10349 

JA 3213 



l OO7 lS7 • • 

• 

• 

2008 106 • 
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2009 116 • • 
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figure AI . Overton CEMP warm ~eaSOfl (May-Septe m ber) average daily maximum temperature 
(Tmax). 
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Figure Al . Overton CEMP warm ~eason (May-Septe m ber) average da il y minim um temperatu re 
(Tmin). 

3S 

SE ROA 10354 

JA 3218 



'" 
'" 
'" 

"" 

Overton Rs (W/m2) 

I 

~l 

2001 2002 200) 2004 lOO~ 2006 2001 1008 ZOO! 1010 lOl l lOl l 

_ R,,,, 
- I.lnur (H'w) 

Figure A3. Overton CEMP warm season (May-September) average daily solar radia t ion (Rs). 
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Figure M. Overton CEMP warm season (May-September) average daily 6m height windspeed. 
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f igure AS. Overton CEMP warm season (May-September) average daily minimum temperature 
minus dewpoint temperature (i.e. dewp-oint depression). 
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f igure A6. Nellis AFB warm season (May-September) average daily maximum temperature 
(TmaK). 
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Figure A7. Nel lis AFB warm sea50fl (May-Septemb<!'r) ~verage daily minimum temperature 
(Tmin ). 
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figure AS. Nellis AFS warm season (May-Septemb.:-r) average daily 10m height windsp<!ed. 
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figure A9. Nellis AFB warm season (May-September) average daily minimum temperature 
minus dewpoint temperature (Le. dewpoint depression). 
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Table A2. Muddy River Springs METRIC ETfrom 2006-2012. 

2006 I 2007 I 2008 I 2009 I 2010 I 2011 I 2012 , 
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Table A3 . Overton CEMP al fal fa re ference ET(ET,) for est imating of METRIC ET and NOVI ET. 

Alfalfa Reference ET (ft) 
Month "" "., '003 "D' '00' '00' ,,., '00' , ... 2010 2011 2012 , 0.21 0.25 0.25 0.24 0.17 0.27 0" 0.23 0.25 0.19 0.22 0.25 

2 0.27 D." D." 0.26 0.26 0.35 ", .30 0.25 0.22 0.29 0.33 

3 0.39 0.52 0.49 D." 0.52 OA< 0" 0.55 0.56 0.50 D." 0.57 

• 0.73 D." 0.78 0.71 0.65 0.73 D.ro 0.82 0.72 0.65 D.3D 0.71 , , ... "00 0.93 ' .00 D.'" 'DO D." 0.91 0.93 D.90 0.85 1.01 , 1.14 1.13 1.14 , ... "" ,.2 1.02 1.01 D." 1.02 " .. 1.10 

7 1.14 "'. ,." , ... 0.97 0.94 D" 0.98 "00 1.03 0.9 1 0.91 

• 0.92 "" D." D." 0.80 0.95 D.90 0.88 D.'" 0.95 0.87 0.78 , 0.73 0.71 0.77 0.16 0.15 D." Dn 0.63 0.15 0.61 0.57 0.59 

" D." D." 0." 0.46 0.50 0.40 '" 0.45 0.54 DAO 0.39 0.43 

" 0.29 0,35 0.23 0.24 0.27 0.25 028 0.26 0.29 0.29 0.21 0.2. 

" 0.17 0.17 0.18 0.20 0.22 0.21 0.11 0.15 0.19 0.14 0.21 0.18 

sea$Ollal (ft ) 7.12 1 ,43 7.13 ' .DO 6.67 6.76 '" 6.79 6.88 6.59 '.29 ,." 
Annual (fl) 7.51 1 ,85 7.56 7,51 , .... 7.24 '" 7.17 7.32 6.92 6.12 ' .09 

2001-2012 Mean Sea$Oflal (ft) 6.85 
2001-2012 Mean Annuill (ft) 7.21 
2006-2012 Mean Sea$Ofla l (ft) 6.69 

2006-2012 Mean Annuill (ft) 7.10 

2001-2012 seasonal Slope (ft/V' ) .a.068 

2001-2012 Annual Slope (ft/y. ) .a.06!! 

2006-2012 seil~onal Slope (ft/Vr) .a.051 

2006-2012 Annual Slope (ft/yr) •. ,.. 
2001-2012 seilsonal Chinle {ft .a.8l 

2006·2012 seil~1 Chan e II •. ., 
2001·2012 Annual Chan e (ft ) • . 83 

2OO6-2012AnnualChan e ft .a.4S 
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Table AS. MuddV River Springs PRISM PreclpiUllon f rom 2001-2012. 

~arm Springs Area PRISM Pred~ 
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Table A6. MuddV River Springs METRIC ET minus PRISM precipitation from 2006-2012. 

Area METRIC ET mlnu$ PRISM Preclplt.1ltlon (ft) 

, 
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Table A7. MuddV River Springs ETrf of METRIC ET minus PRISM precipitation (METRIC ET-PPT)!ETr from 2006-2012. 

' mlnu5 PRISM Predplt. 
I ~_, I ~_~ I ~A_ 
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Table A8. MuddV River Springs NOVI ET from 2001· 20 12. 

~arm Springs Area NOVI htlmilted I 

Mom" 
l u 2003 I 2004 I 200S I 2006 , 
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Table A9. MuddV River Springs NOVI ET minus PRISM Precipitation from 2001-2012. 

~arm Springs Area NOVI htlmil ted ET minus PRISM PreclF __ __ 0. I ~~. I ~~~ I ~~~ I 
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Figure 5
Surface and Groundwater Sites and Weather Stations Monitored by SNWA and 

Other Entities in the Southern Portion of the White River and Lower Meadow Valley Wash Flow System
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