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guantltatlve analysis of qroundwater flow

ln Spanlsh Sprlngs Valley,

Washoe County, Nevada

By Amy K. Hadiaris

ABSTRACT

A steady-state groundwater flow model is used to
investlgate groundwater flow in Spanlsh Sprlngs Valley.

The flow system in the alluvial aquifer is doniinated by a
groundwater rnound created by secondary recharge from the Orr

Dltch. The simulated groundwater budget for pre-pumplng

condltions lncludes 600 acre-feet per year (acre-ft /yrl
recharge from precipitation and 22OO acre-ft/yr recharge from

the Orr Dltch. Recharge from preclpltatlon ts concentrated

ln the southeast, where highly transmissive'fractured basalts

allow rapld inflltration and movement of groundwater.

Evapotranspiratlon of 24OO acre-ft/yr ls the major outflow;

underflow to the Truckee Meadows and Warm Sprlngs Valley

accounts for I00 and 3OO acre-ft/yr, respectively. Net basin'
pumpage ln 1987 was approxlmately ?00 acre-ft/yr. Forecasted

drawdowns for a net pumping rate of L74O acre-ft,/yr ranged

from 0 to 42 feet when Orr Dltch recharge was 22OO acre-

ft/yr, and from 2 to 48 feet when dltch recharge was reduced

by 30 percent
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INTRODUCTION

Spanlsh Sprlngs Valley ls an alluvial basln in western

Nevada whlch lIes wlthln the Great Basln sectlon of the Basln

and Range Province (Flgure I). Increased development ln

Spanish Sprlngs Valley durhg recent years has focused

attentlon on the groundwater resources of the area and the

potentlal impacts of future growth on water levels in the

valley. This study was launched in an attempt to quantify

current groundwater condltlons 1n the alluvlal aqulfer. Dtuch

new data has accumulated since the last basin-wide study of

Spanlsh Sprlngs VaIIey ln L967, lncludlng fleld data

collected by the author during the summer of 1987. Thls

study refines prevlous estlmates of the groundwater budget

and provldes a planning tool to ald in the optlmum

development of water resources ln Spanlsh Sprlngs Valley.

oblectives

. The objectlves of thls study are to: 1) reflne the

conceptual model of the hydrologlc system of Spanlsh Sprlngs

VaIIey; 2) characterlze the quality of groundwater in the

basln; 3) develop a mathematlcal model of the groundwater

flow system ln the alluvlal aqulfer; 4) quantlfy recharge to

and dlscharge from the groundwater reservolr, lncludlng the

effect of the Orr Dltch on water levels ln the valley; and

5) use the callbrated model to'evaluate dlfferent groundwater
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EXPLANATION

% sruDY AREA.

GREAT BASIN. 
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STATE BOUNDARY,

BOUNDARY

HYDROGRAPHIC AREAS
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86 SUN VALLEY
87 TRUCKEE MEADOWS
92 LEMMON VALLEY . I 

;

NEVADA

FIGURE Location of study area, surrounding valleys, and (
(modified frorir Eakin and others, 1976, Figure 1).
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management scenarlos.

Locatlon and qeoqraphlc features

Spanish Sprlnqrs VaIIey ls an alluvlal basin located ln
northwest l{evada,. one mlle north of the clty of Sparks

(Figure 21. The watershed encompasses approxlmately 76

square mlles ln the southern part of Washoe County" The

hydrographic basln ls approximateiy 11 mlles long from north

to south, and lts wldth ranges from 12 mlles at lts mldpolnt

to 2 miles near the north end of the valley. Access to
Spanlsh Sprlngs Vatley ls provlded by Nevada State Hlghway

445 (Pyramld Lake Highway), which runs through the valley

from south to north, and Spanlsh Springs Road, which

completes a loop ln the southern portlon of the valley.

Spanish Sprlngs Valley was named after a spring which

dlscharges from the alluvium in the vlcinlty of Spanish

Sprlngs Ranch. The valley ls bounded on the east by

mountalns of the Pah Rah Range, including Spanlsh Springs

Peak, the hlghest polnt ln the watershed wlth an elevation of

7404 feet above sea level. At the southern end of the range

Iles the Dry Lakes, a closed depresslon wlth no surface water

dralnage to the maln valley. Hungry Rldge forms a steep

topographlc dlvide ln the northwest. The mountaln rldges ln
the northern part of the basln are often greater than 6000

feet above sea leve1 and generally rlse 1500 to 3000 feet
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I above the valley floor. To the southwest the valley ls

I 
bounded by a group of unnamed hitls whlch cpmprlse the old

Wedeklnd Mlnlng Dlstrlct. Topographlc rellef in thls area ls

I approximately 600 feet. A low pass at the north end of

I . 
Spanlsh Sprlngs Valley separates lt from Warm Sprlngs Valley,

and in the south a narrow outlet leads to the Truckee

t Meadows.

I The area of the valley floor beneath'the bedrock-

I 
alluvlum contact ls approxlmately 26 square mlles. In the

far north the elevation of the valley floor ls 4600 feet.

I The lowest elevatlon ln the valley, 4420 feet, occurs at the

southern outlet. The slope of the valley floor ranges from

I over 80 feet per mile ln the far north to less than 20 feet

| :::.:::: :::..::';: :::,;T: ",:.::: :'ilI'rldse 
in 

'Lhe

I 
topographically closed segrment. The area north of a llne
extendlng west from Sugarloaf Peak has lnternal dralnage to a

U small playa called Boneyard FIat (Rush and Glancy, 1967, p.

I 8)'

I There are no natural perennial streams ln the watershed,

although durlng lntense storms or perlods of rapid snowmelt

I some surface-water runoff may reach the valley floor. The

I 
stream whlch dralns from Spanlsh, Sprlngs Valley to the

Truckee Meadows consists of excess lrrigation water whlch was

I brousht lnto the valley by the orr Dltch (Flgure 3).

I
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Due to the lmportance of the Orr Dltch on the hydrologlc

regime of Spanish Sprlngs VaIIey, a few comments are In order

about the hlstory of the dltch. Around 1870 a rancher In the

Truckee Meadows by the name of Henry Orr began to dlvert
water from the Truckee Rlver ln the vlclnity of Chalk B1uff

to his ranch approxlmately three mlles away. In 1873 a group

of ranchers pald Orr 5500 ln gold for the dltch and began the

task of lengthening and enlarging the canal to accommodate

thelr own lrrlgatlon needs (Nevada State Journal, 1879). By

the mtd 1870's the dltch was supplylng lrrigatlon water to
several ranches ln the Truckee Meadows. Ranchers who had

settled in Spanish Springs VaIIey began making plans to

contlnue the canal northward, and ln 1878 the Orr Dltch

Extension had been completed (Nevada State Journal, 18?9).

Today, the Orr Dltch continues to supply ranchers in the

southern part of Spanidh Sprlngs Valley wlth water imported

from the Truckee Rlver. This addltlonal source of
groundwater recharge has had a major lnfluence on the

groundwater flow pattern and water levels ln the valley.

Excess lrrigation water flows from the valley back to the

Truckee Rlver vla the North lruckee Draln.

Previous investiqations

Four previous studles that describe the hydrology of

Spanlsh Sirlngs Valley are Robinson and Phoenlx (f948),
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Guyton and Assoclates (1964), Rush and Glancy (1967), and

Cochran lIgT?1. Roblnson and Phoenix (f948) discuss the

general geology and water-bearlng propertles of rocks in
Spanlsh Springs Valley and neighboring Sun Valley. Thelr

study lncluded fleld measurements of depth to water in the

few wells exlstlng at that tlme. From this limited data they

concluded that a local groundwater mound had developed ln the

viclnlty of the Orr Dltch and that the water table sloped to

the north In the area north of the dltch. They ldentlfled
the Orr Dltch as the.maJor source of recharge to the basln,

and recognlzed that the amount of groundwater whlch may be

recovered 1n the future depended upon the quantity of water

supplted by the dltch. Seieral components of the water

budget were estimated; those ltems of partlcular lnterest are

summarlzed below:

Evapotranspiration ln the area
served by the Orr Dltch

Evaporatlon from ponds
Recharge from preclpltat.lon
Subsurface outflow

3000 acre-feet/yr
600 acre-feet/yr
50O acre-feet/yr

negllgible

I
:

'l
I
I
I
:l
I
il

,l
.

I
rl

,l
I
I
'l
'

:l
I

i

:l
:l

Willlam 8. Guyton and Assoclates (1964) prepared a

report for Sierra Paclflc Power Company describing
groundwater condltlons ln Spanlsh Sprlngs Valley. Thelr

study included an lnventory of wells ln the valley,
collectlon and analysls of nine water q'uallty samples,

pumping tests of two existlnq wells, and drllllnq of three

test holes to depths of 46L, 862 and 1141 feet. Based on the

estimates of .natural dlscharge and preclpltatlon recharge
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made by Roblnson and Phoenlx (1948), they quantifled recharge

froin the Orr Dltch as approxlmately 3000 acre-feet per year.

Rush and Glancy (1967) lncluded Spanlsh Springs Valley in
a reconnalssance water-r6iources study of eleven valleys ln
northwest Nevada. They descrlbe the overall hydrologic

setting of the valley and present a prellminary water budget

for natural bhslh condltlons:

Runoff from the mountains
Recharge from preclpltatlon
Evapotransplratlon of groundwater
Subsurface outflow to Truckee Meadows

1500 acre-feet/yr
600 acre-feet/yr
900 acre-feet/yr
100 acre-feet/yr

Because they were more confident in their estlmate of
discharge than recharge, Rush and Glancy chose a value of

1000 acre-feet pi:r year to represent inflow to and outflow

from the grroundwater reservoir. They also list water leveI
and elevation data for selected wells throughout the valley,
but offer a different plcture of the groundwater flow system

than that provided by Robinson and Phoenlx (1948). Rush and

Glancy state on page LZ that "...aII.groundwater ln in"
northern part of the va1ley, except for a small amount

discharged by evapotranspiratlon, flows southward to the

discharge area. "

Cochran (1972) prepared a hydrogeologic report on the

Spanlsh Sprlngs Ranch area, He concluded that the flowlng

we1ls at the Ranch are due to the presence of a fault ln the

underlylng alluvlum whlch restrlcts the flow of groundwater



movlng from the east to the

collected during hls study

the wells ranges from'about

surface.

13

Field data

arteslan pressure ln

feet above land

valley axis.

indicate that

2 feet to 7

Water-resources lnvestlgations of valleys adjacent to

Spanlsh Sprlngs Valley lnclude: Warm Sprlngs VaIIey (Glenn,

1968), Lemmon Valley (Harrill, L973 and Mahin, 1988), and the

Truckee l'leadows (Cohen and Loeltz, 1964 and Van Denburgh and

others, I973).

Several reglonal studies offer lnformatlon about the

geologlc settlng of Spanlsh Sprlngs VaIIey. Stewart (f980)

descrlbes the stratigraphy and geologlc hlstory of Nevada.

llore detailed stratigraphic descriptlons and a geologic map

of Washoe County (scale l:250,000) are provided by Bonham

(1969) ln hls treatlse on the geology and.mlneral deposits of

Washoe County" Hudson lL977l descrlbes the geologry and

alteratlon of the Wedeklnd Mlnlng Dlstrict whlch lles ln the

hills between.Spanish Springs Valley and Sun Valley. Trexler

and Pease (1980) complled a geoloqllc map of the Vlsta

guadrangle (scale Lt24,000) which lncludes the southern

portlon of Spanlsh Sprlngs VaIIey.
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}{umberlnq svstem for hvdroloqlc sltes

The numberlng system used in this study ls based on the

Irlount Diablo lt{eridian and Base Line which governs the

rectangular subdivislon of lands ln Nevada. Each location

number consists of three units. The first unit ls the number

of the townshlp north of the Mount Dlablo Base tlne. .The

second unlt, Separated fron the first by a slanted 1ine, is
the number of the ranqte east of the Mount Dlablo llerldlan.
The thlrd unit', separated from the second by a dash, ls the

sectlon number followed by four letters ldentlfylng the

quarter sections. Quarter sections are labelled "A, through
nDrr ln a counterclockwlse dlrection, beglnning with .'A'. for
the northeast quarter section. If the third unit ends in a

number, then more than one well has the same townshlp, rangfe,

and sectlon identlf icatl,on.
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HYDROGEOLOGIC SETTING

Hvdrostqatiqraphic unlts

The ldentification of hydrostratigraphic units is based

not only on speclflc lltholoqlc characteristlcs but also on

parameters that govern the movement, storage, and release of
groundwater. ' Consolldated rocks ln the basln have been

dlvided lnto four hydrostratlgraphlc unlts (Flgure 4). These

unlts are: 1) Mesozolc lntruslve rocks, composed primarlly of
granodiorlte; 2l Tertiary andeslte flows, whlch have been

hydrothermal.Iy altered; 3) hlghly fractured Tertiary basalts;

and 4) Pllocene sedlmentary rocks. The sedimentary rocks

conslst of a varlety of fluvlal and lacustrlne deposits

Containlng varying amounts'of volcanlc debris of

contemporaneous orlgln" Quaternary valley-flll forms a fifth
hydrostratigraphic unit.

Hungry Ridge and the hills borderl.ng the northeast side

of the valley are composed prlmarlly of Fiesozolc lntruslve
rocks " The most common_ rock type ls a porphyritic
granodiorlte contalning phenocrysts of plagloclase, blotlte,
and hornblende in a medium to fine-grained matrlx of guartz

and microcllne (Bonham, 1969, p. 8). .Glven the low poroslty

and permeability of these rocks, it ls llkely that thls unit
acts as a barrier to groundwater flow. AIso included ln thls
hydrostratlgraphlc unlt are several erosional remnants of the
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FIGURE 4. Hydrostratigraphic units for Spanish Springs Valley.
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Hartford Hlll Rhyollte, whLch unconformably overlle the

granodiorlte, and'a few isolated outcrops of the peavine

sequence. werded ash-flow tuffs and other pyrocrastlc rocks

of Miocene age comprlse the bulk of the Hartford Hill
Rhyollte (Bonham, 1969, p. 231. The Peavine Sequence

consists of Triassic and Jurassic metamorphic rocks which

occur as small roof pendants ln the granitic rocks or in
smarr eroslonbr "windows" surrounded by the Hartford Hirr
Rhyollte (Bonham, 1969, p. 71,

Tertlary andeslte flows in Spanlsh Springs Val1ey belong

to the Alta Formatlon and are the host rock for sllver and

gold orebodles that were mlned in the early 1900's (Bonham,.

1969, p. 911 " outcrops of these volcanlc rocks are conflned

to the hills in the southwest, but they also underlle the"

alluvium at shalLow depths at the south end of the valley.
The AIta Formati-on reaches its maximum thickness of 2700 feet
ln the Comstock Lode district and thlns markedly ln all
directions away from Vlrglnla Ctty (Bonham, 1969, p. Z5l.
Hudson (L977, p. 19) belleves that the thlckness of these

flows may be at least 700 feet ln the Spanlsh Springs Valley

area. The unaltered flows are composed of phenocrysts of
plagioclase and varying proportions of pyroxene and

hornblende ln a very fine-gralned matrlx. A zone of

hydrothermal alteratlon, approximately one mile wlde fron
north to south, has created a mlneral assemblage whlch

lncludes a varLety of surflde minerars (Bonham, 1969, p. gzl.
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The degree of alteratlon decreases to the north (Bonham,

1969 , p. g2'l , Near the surface, the f lows have been

extenslvely bleached due to the development of sulfurlc acld

from the oxidation of pyrlte (Bonham, 1969, p. 251. The

resultant rock 1s a mlxture of quartz, lron oxldes, and clay-

minerals (Bonham, 1969, p. 921. Bonham (1969, p. 9f) gives a

brlef hlstory of the Wedekind mlne. whlch brlngs to Ilght
certain hydrogeologlc properties of this formation. The

orlginal mill, east of Pyramld Lake Road, was deslgned to

treat the oxide ores found ln thb zone of bleached rock. In

1903 .the main shaft encountered "hot acid water" "! a depth

of 213 feet. A 150 gallon per minute pump was able to hold

the water level at 100 feet, but the flow of hot water,

combined'wlth the sulflde ores eicountered at shallow depth,

made the operatlon unprofltable._ The hydraullc conductivlty

of these rocks depends on the density and interconnection of

fractures wlthin them and the degree of alteratlon; this
hydrostratlgraphic unlt has acqulred some degree of secondary

permeability. Recent water quallty analyses from varlous

wells drllled near the south end of the valley indlcate that

the groundwater assoclated wlth thls hydrostratlgraphlc unit
ls of very poor quallty

Highly fractured ollvine basalt flows of mlddle to upper

Pllocene age comprlse the thlrd hydrostratlgraphlc unlt.
These volcanic.rocks form the southern part of the Pah Rah

Range which bounds the east slde of Spanlsh Sprlngs Valley.
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The total thlckness of flows ln thls area ls 1n excess of

1000 feet, but lndlvldual flows are relatively thin,
averaging between 15 and 20 feet (Bonham, 1969; p. 39). They

dlp toward the valley at an angle of 10 to 15 degrees

(Roblnson and Phoenlx, L948, p. 10). Flow tops are hlghly

vesicular, and some flows have a well-developed platy flow-
partlng (Bonham, 1969, p. 39) whlch creates zones of hlgh

permeablllty Darallel to the flows. In addltion, rapid

coollng of the lava created numerous lnterconnected cooling
joints. These characterlstlcs combine to give this
hydrostratlgraphlc unit a very hlgh transmlsslvlty.

Pllocene sedimentary rocks in Spanish Sprlngs VaIley

crop out ln the western hills and east of Sugarloaf Peak. In
addltlon, they are thought to underlle Quaternary alluvium

throughout much of the vall.ey. These deposlts include. a

varlety of rock types, such as fine-grained sandstone, sha1e,

mudstone, and slltstone. The transmlssive properties of thls
hydrostratigraphic unit are quite low due to the abundance of

flne-gralned sedlments. Robinson and Phoenlx (1948, p. I0)

describe the outcrop which rests on the basalt slopes east of

Sugarloaf Peak as belng composed of yellow to.white clays and

silts wlth well-defined bedding. Rounded pebbles embedded ln
clay form a basal conglomerate" tocal lenses of dlatomite

which contain abundant plant remalns lndicate a deposltional

envlronment of a shallow lake or marsh (Bonham, 1969, p. 38).

Much of the clastlc debrls ln these sedlmentary rocks is
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derlved from nearby volcanlcs; ln places, the sedlmentary

deposlts are lnterfingered wlth basalt flows and beds of

basalt tuff (Bonham, 1969, p. 38). Many formation names have

been applied locally to simillar outcrops of Pliocene

sedlmentary rocks throughout northwest Nevada. Although the

Pliocene sedlmentary rocks ln the Spanish Springs Valley area

have not been formally named, they have been correlated wlth

the Truckee Fbrmatlon (Robinson and Phoenlx, 1948) and the

CoaI Valley Formatlon (Bonham, 1969).

Quaternary alluvlum, eroded from the surrounding

mountalns, partlally f1lIs the structural basln created by

late Cenozolc faultlng. The sortlng and grain size of the

valley-fill materlal vary both laterally and vertically. The

deposlts,grade' from coaise gravel near the mountains to

flne-grained'sediments ln the center of the valley. tocal

Jenses of gravel and sand in the valley-fl1I materlal cre.ate

zones of greater permeablllty. Also lncluded in thls

hydrostratigraphic unit are o1d alluvlal fan deposits on the

west side of the va1ley whlch Bonham (1969, p. 40) dates as

Pre-Lake Lahontan. These deposlts are deeply weathered and

have been faulted and tlIted.

Geoloqlc history and structural features

The Paleozoic history of the Spanish Springs Valley area

ls vlrtually unknown because outcrops of these early rocks
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are absent ln l{ashoe County. Studles of pre-MesozoLc rocks

that crop out ln eastern and central Nevada suggest that

Washoe County was the slte for the deposltion of

eugeosynclinal facies volcanlc and sedimentary rocks

throughout the Paleozolc (Bonham, 1969, p. 421.

The geologic history recorded ln rocks of Mesozoic age

beglns with mbmbers of the Peavlne Sequence, whlch were

deposited during the Triassic and Jurassic. These rocks

suggest that the early Mesozolc was characterized by the

deposition of sediments ln a marLne envlronment, followed by

a perlod of volcanlsm during whlch unknown thlcknesses of

Iava flows and pyroclastlcs were extruded (Cohen and Loeltz,

1964, F. Sf6). The complex structures preserved In rocks of

the Peavine Sequence reveal that these rocks were lntensely

folded, faulted, and metamorphosed during an eplsode of late
It{esozoi.c deformatlon (Bonham, 1969, p. 421 . These

metamorphosed sedlmentary and volcanlc rocks were lntruded by

Iarqe qrranitic plutons durlng the Cretaceous Perlod (Bonham,

1969 p. 421. The hills whlch border Spanlsh Springs Valley

to the west and the north are composed prlmarily of

granodiorlte emplaced during the late ltlesozolc. A smal]

outcrop of the host metasedimentary and metavolcanic rocks

occurs at the northern boundary of the watershed

Sparse outcrops of Paleocene and Eocene sedlmentary

rocks throughout the state lndicate that Nevada was elevated



and undergolng eroslon durlng the early Tertiary (Stewart,

1980, p. 105). Itlajor lgmeous actlvlty began in Nevada 43

milllon years d9o, but the oldest volcanlc rocks ln Washoe

County were extruded between 34 and 17 million years ago

(Stewart, 1980). The late Ollgocene and early I'liocene was

characterlzed by volumlnous eruptlons of rhyolitlc ash-flow

tuffs and, to a lesser extent, andesitlc lava flows (Stewart,

1980, p. f.OO)'. Several sma1l outcrops of the Hartford H111

Rhyollte can be found at the north end.of Spanish Sprlngs

Valley. These eroslonal remnants rest unconformably on the

granitic rocks of the Cretaceous perlod (Bonham, 1969, p.

521. The Alta Formation, which consists of andesite flows

and brdcclas, forms the low hllls ln the southwest part of

the wat'ershed.

The perlod from 17 to 6 milllon years ago brought major

changes ln the volcanic activlty and tectonic setting of

Nevada (Stewart, 1980, p. l]0). The late Miocene and

Pllocene was characterized by the wldespread eruptlon of

maflc lava, mostly basalt, and bimodal assemblages of

rhyollte and basalt (Stewart, 1980, p. I02). Thls change ln

the composition of volcanic rocks ls represented in the

Spanlsh Sprlngs Valley area by the basalt flows whlch form

Spanlsh Sprlngs Peak and the hllls ln the southeast part of

the watershed, Stewart (1980, p. 98) polnts out that this

change tn volcanlc actlvity probably reflected a fundamental

change ln the tectonlc settlng of Nevada. About this tlme
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extenslonal block-faulting began whlch eventually produced

the maJor baslns and ranges which characterize the present-

day topography {Stewart, 1980, p. If0}.

Sedimentary rocks deposited during the pllocene also

reflect thls changlng tectonic settlng. Cohen and Loe1tz

(f964) describe the depositlonal hlstory of these rocks. The

sediments werb deposlted in the structural basins created

during the early stages of Cenozoic block-faulting.
Dlsplacement along normal faults dlsrupted the reglonal

dralnage system, and shallow lakes were formed in these early
baslns. Intenslfled movement along these faults at a later
date caused drainage of the lakes

Several of the faults whlch outllned the present

topography of Spanish Springs Valley can be"dated as late as

Pleistocene. Flgure 5 shows the locatlon-of major faults in
the Spanish Sprlngs Valley hydrographlc basln. Bonham (1969,

p. 39) states that fhe present outline of the Pah Rah Range

was blocked out during the Pleistocene. Several faults cut

these mlddle to upper Pllocene basalt flows; Bonham (1969,

p. 39) estlmates at least 1000 feet of vertical movement

along these faults. A consplcuous basln and range fault
scarp parallels the range borderlng the northwest slde of the

valley. Offset of the Hartford H111 Rhyolite on Hungry Ridge

lndicates a mlnlmum dlp-sllp dlsplacement of 1500 feet

(Bonham, 1969, p. 52!., Thls fault ls belleved to contlnue
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1972i and Trexler and Pease, 1980)



I
I
t
I
I
T

t
I
T

I
I
I
I
I
t
T

I
I
I

25

southward along the entlre west slde of the valley (Robinson

and Phoenix, 1948, p. 10). Trexler and Pease (1980, p. zl-l

state that the north:northeast trending fautts which bound

Spanish Springs VaIIey on the west exhibit movement as late
as mid-Pleistocene. Although It ls dlfflcult to place an age

on the faults ln the northwest, displacement along the major

fault does offset old alluvial ian deposits further south

which Bonham '(1969, p. 40) dates as Quaternary Pre-Lake

Lahontan deposlts.

One fault of partlcular lnterest ls the northeast-

trending fault whlch cuts the alluvium ln the northwest part

of the valley. Although not recorded on exlsting geologic

maps of the area, thls fault is apparent on aerlal photos

and from inspection'of stream drainages on the topographlc

map which covers that part of the valley. If thls fault ls
younger than the lower Pliocene sedimentary rocks, which

seems likely, then this could be an area where the low

transmissivlty deposits have dropped far below land surface.

The fact that these sedimentary rocks are expo6ed in the

hills bordering the valley makes it clear that "significant
tectonic actlvlty has occurred slnce their deposltlon.

Snyder and others (1964) show Spanlsh Sprlngs Valley as

havlng been occupied by a Plelstocene lake, but no evldence

exists to support their conclusion. The lack of shorellne

features and Plelstocene lake deposlts, and the fact that the
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basln ls not topographically closed, make it unltkely that
the basin contalned a lake durlng the Pleistocene. The map

of pluvlal lakes prepared by Mlfflln and Wheat (1979) refutes

the existence of a number of lakes shown on thls earlj-er rdp,

lncluding the one shown ln Spanlsh Sprlngs Valley.

Vallev-fiIl thlckness

Thickness of the alluvial agulfer was estlmated ln order

to define the lower boundary of the valley-fllI groundwater

systen. Estimates of valley-fill thlckness were made by

comparing depth-to-bedrock contours derlved from a gravlty

survey wlth numerous driller's logs throughout the valley.

The Spanlsh Sprlngs Valley gravlty survey was conducted

ln 1982 by the U.S. Geological Survey Water Resources

Dlvlsion ln Carson Clty, Nevada. The resultant bedrock

topography was based on approximately 95 gravity measurements

dlstrlbuted along 7 east-west transects across the valley.

Kearey and Brooks (f984) dlscuss the applicatlon of
gravlty surveys to the lnvestlgatlon of subsurface geology.

Briefly, before the results of a gravity survey can be

lnterpreted It ls necessary to correct the data for all
varlations ln the gravitational fteld which do not result

from the differences in density of the undertying rocks. The
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gravity measurements are corrected for latltude, elevation,

and topographic rellef to obtaln Bouguer gravlty anomalies.

The reglonal gravity gradient is subtracted from the Bouguer

.anomaly field to isolate the influence of local subsurface

features on the gravltational fleld. These residual gravity
anomalles are then interpreted in terms of depth to bedrock.

The ca.Iculated basement proflle ls based on a denslty

contrast betwEen the valley fiII deposits and the underlying

rocks. "Basement" denotes the analytlcal surface down to
which the valley fill sediments would have to extend t.o

produce the observed gravity anomaly (Glmlett, L967, p. 241.

Computed depth to bedrock is sensitlve to the choice of

denslty contrast; as assumed density contrast lncreases, the

computed depth to bedrock decreases.

Figure 6 shows the depth-to-bedrock contours derived

from the Spanish Springs Valley gravity survey. Computed

maxlmum thlckness of the valley flll--approxlmately 1000

feet--occurs in the northwest part of the basin. The bedrock

in this area appears to form a deep trough. Comparison of

Figures 5 and 6 show the axis of the trough to be collinear
wlth the prevlously descrlbed fault ln the alluvlum, which

Iends further support to the theory that in thls area, the

Iow transmlsslvlty ]ake deposlts may have dropped far below

Iand surface. Several test holes have been drilled ln the

reglon between the fault and Pyramid Lake Highway; thick clay

layers were encountered at a shallow depth. No exploratory



FIGURE 6. Depth -to-bedrock contours from Spanish Springs
, Valley gravity survey.
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drilling has been done ln the vicinlty of the fault, however.

The author belleves thls area worthy of fu.ture exploratlon.

If the trough has accumulated thlck sequences of coarse-

grained sediments, it could be a potential slte for an

artlficial recharge project in Spanish Springs VaIIey, should

one become necessary ln the future.

Comparisbn of depth-to-bedrock contours and drlller's
.lithologlc logs reveal a poor correlatj.on between computed

thlckness and field data ln the eastern portion of the basin.

Several test holes drilled east of the 100-foot contour, for
example, penetrate up to 500 feet of sedlments before

reaching bedrock. A possible explanatlon for this error is
the choice of density contrast used ln depth-to-bedrock

calculations. Although the value is not documented, 0.5

grams per cubic centlmeter ls often used to represent the

density contrast between vatley-filI and bedrock (O.

Schaefer, U.S. Geological Survey, pers. conurun., 1988). It is
untrikely that denslty contrast would be constant throughout

the entire valley due to heterogeneitles ln the valley-fill
and dlfferences in the compositlon of bedrock. Granltic

rocks in the west probably have a greater denslty than the

veslcular volcanlc rocks in the east. Using too great a

denslty contrast ln the east would have underestimated the

thickness of the valley-flll.'
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HYDROTOGIC SETTING

Descrlptlon of water budciet components

Inflow of water to Spanlsh.sprlngs Valley is from

precipitation that falls on the watershed and from lmported

water brought lnto the valley by the Orr Ditch. Eakin and

others (f976,'p. GfO) estlmate that for many dralnage baslns

in Nevada, approximately 3 to 7 percent of total
precipltatlon becomes groundwater recharge. Inflltration of
water applied for lrrlgatlon and leakage arong the unlined

Orr Dltch are secondary sources of recharge to the valley-
fill aquifer. No evidence exists for subsurface inflow from

adjacent basins.

. Evapotranspiratlon ls the major outflow of water from

Spanlsh Sprlngs Valley. Most of the precipitation whlch

falls on the watershed is evapotranspired before it is able

to become groundwater recharge. In additlon, the high water

table ln the area served by the orr Dltch supports a large

communlty of phreatophytes. Ground.water dlscharge f rom

Spanish Spring mlxes with water from the Orr Ditch and is
elther evapotransplred or earried out of the valley by the

North Truckee Drain, which is the only outflow of surface

water. The author belleves that subsurface flow from Spanish

Sprlngs Valley to adjacent basins occurs at both the north

and south ends of the valley. Consumptive use of water



pumped from wells

outflow from the

ls becomlng an lncreaslnllly important

groundwater system.
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Groundwater recharqe

Recharge from preclpitation

. It{any varlables influence the amount of groundwater

recharge from precipltation, lncluding cllmate, the spatial

and temporal dlstrlbutlon of preclpltatlon, and the geologic

and hydrologlc characteristlcs of the consolidated rocks and

valley-fill materlal.

The Spanish Springs Valley watershed lies ln a climatlc
zone known as mid-latltude steppe, which is chaiacterlzed by

cold winters, hot summers, and seml-arld rainfall conditlons

(Houghton and others, 1975, p. 69). llost of the

preclpitation falls during the winter and early sprlng, with

an occaslonal thunderstorm in the sunmer. The nearest

precipitation gage, Iocated at the Reno airport, has an

elevatlon approxlmately I00 feet below the average altitude
of the valley floor in Spanish Springs Va1ley. Average

annual precipitation at thls statlon is 7.33 lnches

(Klieforth and others, 1983).

" The preclpltatlon pattern in Nevada ls controlled

primarily by topography. Preclpltatlon lncreases with
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altltude.due to the effect of decreaslng temperature on the

percent saturatlon of a rising air mass. Greater

preclpltatlon ln the mountains provldes most of the recharge;

that portlon of preclpltation and surface water runoff that
is not evapotransplred reiches the valley-fill aqulfer by

lirfiltration of runoff on permeable alluvlal fans, subsurface

flow through the alluvlum ln mountain canyons, and lateral
underflow froin the consolldated rocks which border the

valley. The poroslty and permeablllty of near-surface
geologic unlts therefore play an important role in
determlning the amount of groundwater recharge. Recharge

rates wlll be slgniflcantly hlgher in areas where rocks with

high perneabllltles crop out, whereas reduced recharge and

lncreased runoff will occur ln areas underlain by low

permeablltty unlts

Because. there are no precipitation gages withln the

Spanish Sprlngs Valley watershed, estlmates of basin-wide

preclpltatlon rely on varlous methods which take advantage of
the relatlonship between preclpltatlon and altltude. Rush

and Glancy (f96?, p. 231 estlmate an average annual

preclpitatlon of 30,000 acre-feet, based on the
preclpitation-altitude relatlon shown by Hardman's (1965)

preclpltatlon map of Nevada. Their prellmlnary estlmate of
.600 acre-feet per year of groundwater recharge ls based on a

method devised by Eakln and others (1951) which assumes that

a certain percentage of preclpitatlon becomes recharge for
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each of several elevation zones. This value is ln close

aqreement with the reconnaissance-Ievel estimate of 500 acre-

feet per year groundwater recharge made by Roblnson and

Phoenix (1948).

Klieforth and others (1983) constructed a preclpltatlon

map for Spanlsh Springs Valley uslng an empirlcal

relatlonship tetween precipitation and elevatlon (Flgure 71.

Because the drainage pattern of the watershed influences the

distrlbutlon of groundwater recharge, Flgure 7 also shows the

hydrographlc sub-areas of the basln.

The lsohyetal map of Spanish Springs VaIIey ls based on

a preclpltatlon-altltude relatlon that was developed for the,

Truckee River Basln. Historical rainfall and snowfall

measurements from 37 preclpltatlon gages located throughout

the Truckee Rlver Basin and adjacent areas of Washoe County

were analyzed to determine the areal distribution of

preclpitation (Klieforth and others, 1983). The locations of

these gages are shown in Flgure 8; the reader is referred to

the orlginal report {ot a complete listlng of the

preclpltatlon data used to develop tnts relatlonsbip.

Applicatlon of thls pattern to the Spanish Springs Valley

watershed lnvolves the lmpllclt assumption that the same

correlatlon exlsts between preclpitation and altltude. It is
posslble that the Spanlsh Sprlngs'Valley watershed receives

Iess precipitation at a glven elevatlon than the study area
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FIGURE 7. lsohyetal map
(modified from

for Spanish Springs Valley.
Klieforth, et. al., 1983)
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FIGURE L Location of precipitation gages used to develop precipitation -
altitude relationship. (modified trom Klieforth, et. al., 1983, Figure 1)
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shown in Flgure 8, slnce much molsture. has already been

removed.from an air mass before it reaches Spanish Springs

VaI'Iey. However, terrain features, wind directlons, and

vegetation patterns were also used as guldellnes when drawing

the isohyetals (Klleforth and others, 1983, p. 271, and thls
may have reduced any error 1n the precipitation-dltitude

relatlonship as applied to Spanish Sprlngs Val1ey.

The isohyetal map of the study area showing mean annual

precipitation provlded a tool by which to estimate the water

yleld of the basin. Water yleld ls deflned as the volume of

water leavlng the mountalns either as surface-water runoff or

subsurface flow. A portion of the water yield w111

lnflltrate to the water table and become groundwater

recharge; the remainder wiII become surface-water runoff. In

basins that have only ephemeral streams, such as Spanish

Springs Valley, most of the water yield occurs as subsurface

flow either throuqh alluvium ln mountain canyons or through

fractures in b'edrock. Such quantitles are difficult to

measure directly, so an empirical relationship between

precipltation and water yleld was used to estimate the water

yield of the Spanish Sprlngs Valley hydrographic basin. The

method was first developed by Rantz (L974) and later applied

by Arteaga and Durbin (1978) to the Eagle Valley watershed,

which lncludes a portion of the east slope of the Carson

Range
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The precipltatlon-yleld relatlon applled to Spanlsh

Springs Val.ley was the one developed for the Eagle Valley

watershed (D. Mahin, Washoe County Dept. Comp. Plannlng,

pers. cornm., I9B8). Arteaga and Durbln (1978) describe how

the preclpitatlon-yleld relation ln Flgure 9 was develoPed.

The first step was to collect precipltatlon and streamflow

data for several gaged drainages ln the Eagle Va1ley

watershed. Because the stream gages $rere located at points

where bedrock underlies the stream channel at shallow depth,

the assumption was made that runoff was equivalent to water

yleld. Mean annual prectrpitatlon for each drainage basln was
a.

plotted agalnst mean annual yield. Water yield values

associated with the decile values of preclpitatlon for each

basln were then used to compute an area-weiqhted estimate of

water yleld for that basln. The graph was adjusted by trlal
and error until i.t produced an acceptable match between

computed and measured water yield.

Several assumptions were made in developing this

relatlonship and applylng lt to Spanlsh Springs Valley:

I) Streamflow recorded at gaging sltes was eguaL to the

entlre water yleld of that particular dralnage basin.

Subsurface flow ln the Eagle VaIIey watershed through

alluvlum and through fractures ln bedrock was, therefore,

minimal.
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2l The water yield of a basin ls dependent solely on the
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amount of precipltation. Although the geologic,

topographic, and vegetatlve characterlstlcs of a basin

will affect the water yield, these factors are nbt

accounted for in the preclpitatlon-yleld relatlonship.

3) The same correlation exlsts between preclpitation and

yield ln Spanlsh Springs VaIIey as that seen ln.the Eagle

Valley watershed, despite the dlfferent character of the

two baslns"

The precipitatlon-yleld relatlon ln Figure 9 was used to

transform contours of equal precipltation into contour-s of

equal'water yield (Figure 10). Total average water yield, ds

estlmated by the Arteaga-Durbln relatlon, ls approximately

1500 acre-feet per year. This is ln close agreement with the

estlmate of surface water runoff contained ln Rush and

Glancy's (1967) report. The water yield of each hydrographic

sub-area. ls shown ln Flgure 11 " Glven the restrlctlve
assumptlons discussed above, these values can be interpreted

only as very general estimates of water yleld; the values

proved useful, however, when decidlng upon the distrlbution
and magnltude of pre-callbration recharge rates.
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I I VALLEY FLL

ffi co,rsoLrDATED RocKs

-2.9-

BOUM)ARY OF FIYDROGRA*NC BASIN

BOI.F.IDARY OF FIYDROGRAPI-IC SIJB-AREAS

tirEA^l AM{JAL WATER YIELD finches)

FIGURE 10. Contours of equal water yield.
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The Orr Ditch

The Orr Ditch is an important component of the water

budget for Spanish Springs Valley. It enters the

hydrographlc basin through a",narrow outlet in the south and

continues across the valley floor for approximately seven

miles. Water is diverted for lrrlgatlon at several

Iocations; by the tlmp the dltch reaches its terminus ln the

vicinity of Spanlsh Springs Ranch, flows have become minimal.

Pondlng of the lmported water In this area has created a

wetland communlty which supports a varlety of wildIlie.

Water levels throughout the valley have been affected by

the presence of the Orr Ditch. Infiltration of irrigatlon
water and leakage along the unlined canal -are sourcbs of

secondary recharge to the alluvlal aqulfer. Guyton and

Associates (f964) estimated recharge from the orr Dltch as

approximately 3000 acre-feet per year

A11 of the land which ls lrrigated by lmported water

lies within the perimeter of the orr Ditch. Native

meadowgrass, used to graze cattle, ls the primary crop grown

in Spanish Springs VaIIey. The lrrlgated acreage shown ln

Flgure L2 ls based on a serles of aerial photos which were

taken in September of 1987. Total irrigated Land is

approxlmately 1000 acres. Comparlson of these recent aerial
photos wlth another set taken during the 1982 irrigation

42
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season shows a decllne in lrrigated acreage durlng the past

few years. The current figure shows a marked decrease in

irrlgated acreage when compared to Rush and Glancy's (L967,

p. 4I) estimate of 1700 acres of, lrrigated land. This trend

ls e'xpected to contlnue in the future as agrlcultural water

rights are gradually converted to municipal use. Reduced

secondary recharge assoclated with declinlng irrigated
acreage will pose a problem ln the future if development ln
the valley proceeds under the assumptJ.on that the current

amount of groundwater iecharge'wlll be available on a

permanent basis.

The Office of the Federal Watermaster maintains stream

gages at several locations alongr the Orr Ditch and l{orth

Truckee Drain. The gages of interest to thls study are shown

ln Figure 13. Annua1 flow data for these three gages are

sunmarized in Table I; daily flow records obtained from the

Offlce of the Federal Watermaster are listed in Appendix A.

The stream gage whlch records inflow to Spanlsh Springs

VaIIey ls located at the southern boundary of the

hydrographic basin; Continuous records for this gage are

available from 1977 through 1984; beglnning in 1985, however,

flow records have been kept only during the irrigatlon
season. In addltlon, flow in the orr Ditch was greatly

reduqed in 1985 due to a legal conflict regarding the

diverslon of water from the Truckee River (O. Towel, Office
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TABLE l. Average flow data for the 0rr Ditch and
North Truckee Draln: L977 through 1987 *

YEAR ACRE-FEET

Inflow Outflow Outflow
(Gage fI) (Gase *2) (cage *3)

Lg77 14,141 8,146 19,176
1g?8 19,978 L0,726 25,555
l97g 19,581 9,708 23,23L
1980 L7,692 9,646 25,834
.1981 1.7 ,934 6 ,639 20 ,225
rg82 t6,437 '8,35t

1983 17,051 11,852 23,566
lgg4 16,029 10,332 19,567

AVERAGE 17,355 9,425 22,450

lg85 L3,279 - 20,752
t986 10,83r - 16,606
1987 .1r,140

AVERAGE 1I,750 (5650) 18,679

* Gage locations are shown in Flgure 13.



47 I
I
I
t
I
I
I
I
I
I

:

I
I

l

:l

I
.;

,l
:T

I
l

of the Eederal Watermaster, pers. comln., 1987). The Orr

Dltch is no longer operated at full capaclty year round.

Durlng the non-lrrlgatlon months, flow ln the Orr Ditch is
maintained at approxlmately 5 cubic feet per second (cfs),

except during February, March, and part of April when the

fl.ow is cut off completely ln preparatlon for thg cleaning

.and dredglng of the dltch (p. Towel, offlce of the Federal

Watermaster, pers. cofim. , 1987 ) .

FIow records from Lg77 through 1984 show an average

lnflow to Spanish Springs VaIIey of 17,355 acre-feet per

year. The inflpw data llsted in Table I for the years 1985

through 1987 reflect adjustments made by the author to

account for unrecorded flow durlng the wlnter months. A flow

of 5 cfs was assumed to occur during January, October,

November, and December, unless the original flow records

indicated otherwise. The author assumed no flow from

February I through mld-April. Average inflow to Spanish

Springs Va]ley from 1985 to 1987, based on the above

assumptlons, was approxlmately 11,750 acre feet per year.

From L977 through 1984 a stream gaqe was located at the

outlet of Spanish Sprlngs Valley to record the flow leaving

the basin. Since 1985, however, the only gage monitoring

flow ln the North Truckee Draln has been the one located near

the confLuence wlth the Truckee River. Thls gage measures

not only outflow from Spanlsh Sprlngs Valley', but also storm
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runoff from the clty of Sparks and flow from the People's

Drain, which consists of water pumped from Helms' Grave1 Pit.

Although storm runoff ls difflcult to quantify, flow from the

PeopLe's Drain is very consistent. The average contribution

of Helms'Gravel Plt to the People's Draln is 6.2 million
gallons per day (1. Clay, Helms Const. Co., pers. comm.,

1987 ), or approximately 7,000 acre-feet per year

Analysis of surface water outflow from Spanish Springs

Valley ls compllcated by the fact that flow ln the orr Ditch

was greatly reduced in 1985. Data which was collected at the
'outlet of the basln, therefore, are no longer representative

of current flow conditlons. The average annual outflow from

Spanlsh Sprlngs Valley during 1985 and 1986 was estimated by

subtracting the volume of water contrlbuted by runoff and the

People's Draln from the average flow measured at gage *3.

The average outfLow from Spanish Springs Valley from L977 to

1984, based on gage *2, was 9425 acre-feet per year. The

average flow measured at the gage near the Truckee River for

this same tlme perlod was 22,450 acre-feet per year. An

average of 13,025 acre-feet per year, therefore, was

contributed to the North Truckee Drain after leavlng Spanish

Springs Valley. The author assumed that this same volume of

water was added to the North Truckee Draln ln 1985 and 1986

after leaving the hydfographic basin. Since the Reno-Sparks

flood event whlch occurred in February of 1986 ls not

reflected in the outflow measurements of 9a9e #3 (Appendix
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was not necessary fo account for lncreased storm flow

this perlod. Subtracting 13,025 acre-feet from the

total flow recorded at gage #3 durlng 1985 and 1986

an estimate of approximately 5650 acre-feet per year

average outflow from Spanish Sprlngs Valley.
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Comparison of average.inflow and outflow estlmates

indicates that approxlmately 6100 acre-feet of lmported water

are consumed annually in Spanlsh Sprlngs Valley. This water

ls consumed by evapotranspiratlon by crops dnd phreatophytes,

evaporatlon from open bodies of water, and pumping from

wells. A portion of this lmported water may also leave the

basin as subsurface flow.

Groundwater discharqe----:_

Evapotransplratlon

' Evapotranspiratlon of groundwater is restrlcted primarily

to valley floor areas ln the viclnlty of the Orr Dltch.

Greasewood, rabbitbrush, and desert saltgrass form a typlcal
plant communlty ln the groundwater dlscharge zone of Spanlsh

Sprlngs Valley, Desert saltgrass, a species with a

hlgh salt tolerance, domlnates where the capillary frlnge

reaches the land. surface; in these areas, a whlte alkali
crust has forme.d on the soll due to groundwater evaporatlon.

A variety of sedges and rushes occur ln marshy areas where
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the water table is at or close to the land surface.

A map prepared by Houghton and others (1975, p. 621

shows that ,average annual lake evaporation in the vicinity of

Spanish Springs Valley ranges from 3.8 to 4.O feet per year.

Evapotransplratlon rates are difficult to quantify, however,

since the consumptive use of groundwater by a glven species

depends on many factors, including density of growth, depth

to water, water guallty, and climate (Robinson, 1958, P. 16).

Pievious estlmates of evapotransplration rates for disert

saltgrass range from 0.5 to approxlmately 3.0 f.t/yr (Rush and

Glancy , Lg67, p. 34 and Ungar:, L974, p. 2701. A wide Eange

of values, from 0.2 to 1.9 f.t/yr, have also been attrlbuted

to .greasewood (Rush and Glanclr, L967, P. 34 and Duell and

Nork, 1985, p. 161). Duell and Nork (1985, p. 161) derlved

an evapotransplration rate of approxlmately 2.3 ft/yr for a

rabbitbrush slte in owens Valley, Callfornia.

The consumptive use of groundwater by phreatophytes

is the product of the size of the discharge area and the

actual rates of evapotranspiratlon. Rush and Glancy (L967,

p. 34) calculated evapotransplratlon of groundwater to be 900

acre-ft/yr from'approxlmately 1900 acres of phreatoPhytes.

Robinson and Phoenix (1948, p. 16) estlmated

evapotranspiration of groundwater to be 3000 acce-ft/yr from

2500 acres of phreatophytes. Rush and Glancy included in

thelr estimate only those phreatophytes which they



considered to deflne a natural groundwater dlscharge

whereas Robinson and Phoenlx accounted for total
evapotransplration of groundwater ln the vlclnlty of

Ditch

zone,

the Orr

:I
I
,T

I
I
I
I
I
I
,l

,l
t
T

,l

I
ir

,l

I
l

5I

Spanlsh Sprlng

As the abirve estimates of phreatophyte evapotransplration

lllustrate, the natural groundwater discharge zone in Spanish

Sprlngs Valley Is masked by the artlflcially hlgh water table

created by the Orr Ditch; Slmilarly, llttle ls known about

the natural settlng of Spanish Spring, since flow from the

spring has been mlxing with water from the orr Dltch for more

than a century. A passage ln the Reno Evening Gazette (Feb.

15, 1879), which descrlbes tire Spanlsh Spring area before the

lnflux of imported water to the valley, suggests that several

smalL springs and seeps created a groundwater discharge zone

of approxlmately 25 or 30 acres. The discharge zone ls
belleved to be fault controlled; offsett.lng of

hydrostratlgraphic units of dlfferent hydraullc conductlvity
probably restricts the flow of groundwater moving west fron

the Pah Rah Range (Cochran, L972, p. 3).

Today, Spanlsh Spring ls located under a pond north of

Spanish. Springs Ranch. Groundwater temperature of several

flowing wells on Spanish Sprlngs Ranch is approxlmately 72 F

(Roblnson and Phoenix, 1948, Table 21. Groundwater discharge
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Spring appears to be relatlvely warm also,

north end of the pond does not freeze during the

'Subsurface outflow

Avallable data suggest that movement of groundwater from

Spanlsh Sprlngs VaIIey to adjacent basins may occur at both

the north and south ends of the valley" This unusual

situation arLses from the presence of the orr Ditch and its
effect on water levels throughout the valley. Recharge.from

the orr Dltch has created a groundwater mound which exerts a

strong lnfluence on the flow system of the alluvlal aquifer.

The mound serves as a groundwater divlde; nqrth of the ditch

the watei table slopes to the north, indicating groundwater

flow towards Warm Springs Valley, whlle ln the south the

hydraullc Aradient indicates groundwater movement towards the

Truckee lvleadows

The hydrogeologic controls on the interbasin movement of

groundwater are complex. There must be a favorable hydraullc

gradlent between two basins, as well as a pathway for

subsurface flow, before interbasin movement of groundwater

can occur. The amount of subsurface flow leaving Spanish

Springs Valley depends, in part, otr the cross-sectional area

through which groundwater can flow, the hydraullc

conductlvlty of alluvlum ln that area, and the presence of
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fractures which may create secondary permeabillty ln

surrounding consolidated rocks.

.Rush and clancy (1967, p. 37) estlmated a hydraulic
gradient of 30 ftlmile from Spanish Sprlngs Valley to the

Truckee Meadows through alluvium in the narrow outlet at the

south end of the valley. They calculated an average

underflow of 100 acre-feet/yr by assumlng an effectlve flow

w_ldth of 0.1 miles and an average transmissiviti of 30,000

gallons per day/ft. Cohen and Loeltz (1964, p. S23)

estlrnated subsurface flow from Spanish Sprlngs VaIIey to the

Truckee Irleadows as approxlmately 150 acre -f.eet/yr .

.No data are available to define the hydraullc Aradlent

between Spanish Springs Valley and Warm Sprlngs VaIIey. The

steady-state configuratlon of the water table in Spanish

Springs Va1ley, however, suggests the presence of a

groundwater sink at the north end of the basin which the

author lnterprets as subsurface outflow. The cross-sectional

area of alluvium at the north end of the valley, although

unknown, may be Ilmlted by the subsurface extent of

consolidated rocks. The fault at the base of Hungry Ridge

may act as a condult through which water may leave

the hydrographlc basln.
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I pumprns

I Municipal water supply is the primary use of groundwater

I 
ln Spanlsh.Springs valley. A few lrrigation wells and

numerous domestlc welIs also draw upon the groundwater

I reservoir.

I The greater use of groundwater in Spanish springs Valley

I :::il,:::.1"';,:"ffi::"":",:;:"':"'::::il"il:;:""r1ey
I lncreased from 90 in Lg77 to approximately 900 ln 1987. Most

| :;"'::.:::':::"::.H,:"::,:::::':T: ;:,:y':::'il :il
I 

on local groundwater resources for their water supply

t Flgure 14 shows the locatlon of major pumping wells in

I :::::":"il'l:",H]:l;":TT::::":'TH:.::":":::1,,:".
I 

pumpage is approximately 685 acre-feet/yr. The average

,- 
pumping rate for these hornes, excluding Blue Gem and oasis

I mobile home parks, ls approximately 0.8 acre-feet/unit. A

I ::":il"":,::':"::::'::":: ::: ffiil:H"'::T::: llo,,"u

I 
for landscape lrrlgatlon; assumed consumptlve use averaged

0.63 acre-feet/unlt, oE approxlmately 209 secondary recharge.

I
I 

Total basln-wide pumplnqr ln 1987 ls estimated at 1405

I
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FfGURE 14. Location of subdivisions and major pumping
wells.
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IABLE 2. Approrirate purpage for selecied rells
in Spanish Springs Valley in 1987

56

I
NUI,IBER IOTAL APPROX ASSUI,IED COIISU}IPTIiJE UST

UI{IIS PU}IPAGE T PUIIPINO

SER\,ED (nCne-rsrt) (ailuHrr) (ncnr-rerr) (AF/UI|II)

I 20/20-2t AAAC Spring Creek llorth llell l0 (l)
t t21 0.6e 7s 0.60

20/20-21 AAOD Spring Creek South tell 75 (1)

I h,..- ^I 20/20-21 AABC Blue 6en Trailer Park .20 (2)
t30 0.38 io 0.3r

20t20-21 ACAB oasis llobile Estates 30 (2)

t 20/20-09 DBAC Desert Springs South ltell 30 (l)
165 0.71 250 0.51

I 2ll20-35 cccc 0esert Sprinss ilorth Tell 300 (l)
I

2ll20-35 DOBC Sky Ranch 556 222 220 (3) 0.99 165 0.71

I ^.-^..-lI 2ll20-15 0ABB .6ravel 
pit 600 ({) 100

21t20-21 gCgA 0onovan irrigation rell 120 (5) 75

-.I

I
I
I
I
I
I
I
T

ESTIIIATEOSUBOIl,ISIONPUITPAGE/CI}I{SUIIPTI||EUSE 685/530 ACRE-FEET

ESIIIIAIEO BASIII-TIDT PUIIPAGE/CI}NSUNPIItJTUSE I1O5/iO5 ACRE-FEET

I SOURCE

(l) llashoe County Utilitl 0ivision; reter records
(2) Assured 0.1 acre-feet per unit
(3) L. Peterson, SPB Utility Service, pers. corr., 1987

(1) Proven beneficial use in l98B

(5) Assured 30 acres r {.0 acre-feet/acre
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acre-feet. The author assumed, durlng the course of.this
study, that most of the ground.water pumped at the gravel pit
returned to the alluvlal aqulfer by lnfiltration of water in

storage ponds

Groundwater qualltv

The hydrbchemistry of groundwater flow systems evolves

over long periods of geologic time through contact with a

varlety of geoLogic materials. Different mineral assemblages

can cause large varlations in the chemistry of groundwater

from one reglon to another; this phenomenon is well-developed

in Spanish Sprlngs VaIIey. Groundwater associated with

highly altered and mlnerallzed andesi-te flows ln the

southwest portion of tt" valley is of veEy.poor quallty.

Groundwater guality improves to the north and east as

different hydrostratigraphic units are encountered,

Water quallty data for selected wells in Spanish Springs

Valley are tabulated ln Appendlx B. A detailed investigation

of groundwater chemistry in Spanish Springs Valley is beyond

the scope of this study; the informatlon contained herein is
purely descriptive and is based upon water quality data

obtalned from the Consumer Health Division in Carson Clty.

High concentrations of sulfate, iron, arsenic, and total

dissolved solids are coincident wlth the zone of hydrothermal
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alteration which pervades the AIta Formatlon. The

concentratlon of these eonstltuents near the southern

boundary of the watershed ls often more than twlce that

allowed by state drinking water standards. Total dissolved

solids of groundwater from several domestlc wells ln the

area, for example, exceed 2000 milllgrams per liter (mgll).

Water quality samples from an abbndoned test hole, south of

the two Spring Creek we1ls, had arsenlc concentratj-ons

greater than 0.2 ng/L, compared to the maximum allowable

concentration of 0.05 lllrg/L. The concentratlon of iron in
groundwater from this hydrostratlgraphic unit ranges from

less than 0.05 to nore than 8.0 mg/l. Sulfate, a product of

the weathering and dissolution of sulflde mlnerals, reaches

concentratlons approachlng 1000 mg/L. Generally, the quality

of groundwater ln thls hydrostratlgraphlc unlt lmproves to

the north as the degree of alteration decreases. The two

municipal wells whlch supply Spring Creek subdivision appear

to be on the borderline of this region of_poor water quality.

The groundwater pumped by these wells does meet state

drinking water standards, but by a relatively narrow margin.

The distribution of hydrochemlcal facies is an important

conslderation for the development of water resources in

Spanish Springs Valley. If the directlon of groundwater

movement in thls hydrostratlgraphic unit was reversed because

of drawdowns from lncreased groundwater development farther

north, this poor quality water would migrate towards water

T



supply we1ls.

clrcumvent this
of the aqulfer
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Ihe groundwater flow model can be used to help

problem by evaluating the slmulated response

to dlfferent pumplng scenarios.
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SIMUTATION ANATYSIS OF GROUNDWATER FLOW

Conceptual model of the qroundwater flow svstem

The alluvial deposits in Spanish Sprlngs Valley consist

of unconsolidated and semi-consolidated sediments whlch

partlally f111 a structural basin in the surrounding

consolidated rocks. These rocks form the lateral and.lower

boundarles of the valley-fill groundwater system, Hydraulic

conductlvity of the valley-flll material ls generally greater

near the mountains and decreases toward the center of the

valley. Typlcal.water-bearing zones ln the alluvlal aqulfer

are local ienses of sand and gravel whlch are interbedded

wlth ]ayers of clay and sandy clay

Natural recharge to the basln ls from precipitation in

the mountains and ls, therefore, concentrated along the

perlmeter of the valley-fill system. The orr Ditch ls an

important source of secondary recharqre on the valley floor.
Groundwater discharge ln the form of evapotranspiration

occurs prlmarlly ln the vicinlty of the orr Ditch

The general dlrectlon of groundwater flow in the

watershed ls from recharge areas in the mountalns to alluvlal
deposlts ln the valLey. The flow system of the valley-fill
aqulfer, however, ls domlnated by the groundwater mound

created by recharge from the Orr Ditch. The water table

T



slopes to the north ln the area north of the Orr Ditch,

lndlcatlng groundwater flow toward Warm Springs Valley, whlle

ln the southern part of the basln the general directlon of

groundwater flow is toward the Truckee Meadows.

Mathernatlcal model development

Model structure

To quantify groundwater condltlons ln Spanish Springs

Valley, the conceptual model of the flow system must be

translated lnto mathematlcal terms. A mathematical model ls

a set of equatlons whlch, subject to certain'assumptlons,

describes the physical processes actlve 1n the aquifer. It
consists of a groundwater flow equatlon and the appropriate

boundary and initial conditions. The partial differential
equation for unsteady two-dimenslonal groundwater flow in an

aguifer is:

+R=S*(" + )+ +(" *)

I
I
I
t
t
I
I
I
I
I
T

I
I
I
T

6I

where h

T

R

s

t

is the average hydraulic head along
a vertical line tl,l
is transmlssivlty lL" /Tl
is a source/slnk term IL/TI

ls the storage coefflclent [t3l1,3 ]

is time tTl
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This equatLon assumes vertical components of flow ln the

aquifer are negligible and that the coordlnate axes x and y

colnclde with the prlncipal dlrectlons of anisotropy.

Although strictly valid only for confined aquifers, the above

equation can also be used for an unconfined flow system if
changes in aqulfer thlckness are small relative to the

inltial saturated thlckness. 'The groundwater flow model

allows transmissivity to vary wlth time by continually

updatlng aqulfer thickness to keep pace with changlng water

Ievels. Data lnput to the model, therefore, requlres

hydraullc conductlvity of each element and the elevation of

the base of the flow system at each node. FinaIIy, ln
steady-state slmulatlons the rtght hand side of the equation

equals zero since there are no changes in groundwater storage

with time

Wang and Anderson (f982) provide an introduction to the

finite element method as applled to groundwater problems.

Briefly, the numerical method gives an approximatlon to the

solutlon of the groundwater flow equation. The contlnuous

partlal differentlal equation ls replaced by a set of

algebralc equatlons ln whlch the unknowns are the heads at a

finite number of nodal polnts. The TRIAG qroundwater flow

model solves this set of equations by dlrect matrlx. solutlon

techniques.

The model used to simulate groundwater flow in Spanlsh



63

Springs Valley was written by Durbin (1985) and modifled by

Donald A. I,lahln of the' Washoe County Department of

Comprehenslve Plannlng to produce d two-dlmenslonal version

capable of running on I'IS-DOS computers. The model conslsts

of a short main program and a set of lndependent subroutlnes

wrltten in FORTRAN 77 . 'Computed results consist of the

hydraullc head and aqulfer thickness at each node, the

distributlon bf evapotransplratJ.on, and a groundwater budget.

Model grld

To slmulate groundwater flow ln'the alluvial aqulfer of

Spanlsh Sprlngs Valley, the problem domain was subdlvlded

lnto a series of elements (Figure 15). The lateral boundarles

of the flnlte element grid are located at or near the

alluvium-bedrock contact. Element size varles according to

the availablllty of hydrologic data and the anticlpated slope

of the water table; small elements can be used where field
data points arq closely spaced or ln reglons where a steep

gradient is anticipated.

Geometric relatlons of the alluvlal aquifer are

specified in the model through the configuration of elements.

The location of ,major purnping wells and control heads, Els

well as recharge from-the Orr Ditch, are represented ln the

model by the strateglc placement of nodes. Physical

properties of the alluvlal agulfer are represented in the

,

:t

I
I
I
I

I
I

i

t
I
:l

I
I
I



I
I
t
t
T

I
T

I
T

t
t
I
t
I
I
I
I
t
T

64

/t9

EXPLANATION

!o Node number

FIGURE 15. Finite element grid used in groundwater flow model.
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model by parameter values assigned to each element. Initial
average hydrogeologic propertLes of each element were

selected on the basls of known fleld data. The model assumes

each element is isotropic and homoqeneous. Interpolatlon

functlons whlch descrlbe the varlation of hydraulic head over

the area of each element are fundamental to the development

of equatlons in the flnlte element method; the model assumes

that head varies linearly throughout each element. The

conflguratlon of the water table ln each element, therefore,

can be visuallzed as a planar surface whlch intersects the

computed head values at each node. The lnterpolating
functions will provlde an exact representatlon of the shape

of the water table as the element slze approaches zero.

Historical water levels and steady-state assumption

' Although groundwater systems may require many years to
r.each a new equilibrium ln response to increased pumping,

groundwater development in Spanish Sprlngs Valley began fewer

than 10 years ago. No basin-wide water level decLlnes have

yet been observed; drawdowns have generally been conflned to

the areas surrounding major pumping welIs. Water levels do

not appear to have stabilized ln either the pumping wells or

those monitorlng wells which show drawdown; it can be

assumed, therefore, that water ls belng wlthdrawn from

storage and that the system has not yet reached a steady

state
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Figure 16 shows the locatlon of wells ln Spanish Sprlngs

VaIIey for which time-series water level measurements are

available; their historical depths to water are tabulated

in Appendix C; The majorlty of avallable water leve1 data

for the valley has been collected since 1980. Four wells--

*6, *7, #8, and #l3--have records whlch include depth to

water measurements taken during L964 and 1965.

Several wells show a seasonal fluctuatlon in depth to

water, with annual water levels peaking ln the early spring

and dropping to thelr lowest levels in late summer and early

fall.. Thls cycle corresponds with greater evapotranspiratlon

and increased pumplng during the summer; .A few monitorlng

wells located near major pumplng centers show a steady

decline in water levels superimposed on seasonal variations.

For example, drawdown in weII #1 from 1980 to present ls

approximately 12 feet" Wells *4 anq #5 show water-Level

declines close to 3 feet during thls same time perlod.

one monitoring weII in the valley showed a rise in the

static water level from 1979 through 1986. The depth to

water ln well *7 decreased from 103 feet in July of 1979 to

approximately 73 feet 1n December of 1986. Water levels have

slnce been declinlng; for example, the depth to water in

February of 1988 was approximately 85 feet. Fluctuatlons in

the water level may be due to changlng precipitation

patterns. The well appears to be drilled in fractured rock

I
T

I
I
t
I
I
I
I
I
I
I
I
I
T

T



67

i
t

lt rr .tt0r

I

I

i

EXPLANATION

|-] vALLEY FILL

ffi coNSoLrDArED RocK

CONTACT

BASIN BOUNDARY

2oo WELL LOCATIOII

t 20r2,o-2tloo^

2 20|20.21AABC

t e0r20-21AMc

a 20l20-rocDAl
6 20/20-r00rrc-1
t 20/20-ltlDDA

7 2o/2HSICDC

a 20/20'-otDtAc

c 2o/zHrct^t
to 2o/zrHrcAc^

t I 2tl20-t4DOO-t
12 ZltZo.tlDODD-2

18 2rl20-$mc
ra 21r20-!tAD^A

t0 21l2o-2roocc

$ 21tX)-21€ctDA

17 2rrI+.2aACOC

rt 2il20-r20Aco

t8 2tlzt-toc^A^
20 2rr21-tlc CA

2t tol2!-ocAE
a2 xt 214'tts,A
2t 20/21{7ctrt
2a zot2147@
26 20/2r-rDAD
2G 20/21-rm^

FIGURE 16. Location of wells which have historical water-level data.
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and seems to respond relatively qulckly to periods of

recharge and drought. The initlal rise in water levels

coincldes wlth several ybars of above-normal preclpitation,

whereas the recent decline coincides with the current

drought.'

Due to the recent onset of groundwater development in

Spanlsh Springs Valley, the grouddwater system has not yet

re-eguilibrated to currenl pumping levels. Because drawdowns

thus far have been limlted to areas surroundlng major pumPing

wells, insufficient data are available to callbrate a

transient model for the basln. For this reason, a steady-

state model was calibrated to pre-pumping conditions using

data representative of 1980 water levels. Thls approach

assumes that a steady-state condition exlsted with respect to

recharge from the orr Ditch. The groundwater system has had

Ionger than I00 years to reach a new equilibrium between

increased recharge and groundwater dlscharge. Prlor to the

onset of pumping, water levels in the valley had been stable

for quite some tlme" For example, depth to water in well *13

was approximately 63 feet from the earliest measurement in

L964 through 1980. It is apparent that water was no longer

being added to storage and that recharge from the Orr Ditch

had been balanced by lncreased groundwater dlscharge bI

phreatophytes and, quite possibly, subsurface outflow.
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Steadv-state model development and calibratlon

The model'was callbrated by the trlal-and-error
adjustment of input data until slmulated groundwater

condltions closely matched existing fleld data. 'only minor

adjbstments were made to evapotranspiration parameters;

hydraulic conductivlty values and the total amount and

dlstribution of recharge, however, were changed freguently

durlng modeL calibration" Because the values of several

model parameters are unknown, no unlque solution of the

mathematlcal model ls posslble. Many dlfferent combinations

of recharge and'hydraulic conductivity, for example, rn€ly

generate a simlliar head dlstrlbution ln the aqulfer. Care

was taken, therefore, to ensure that aquifer parameters and

values for components of the water budqet remalned withln

estimated ranges.

Boundary conditions and contro] heads

Computed results of a groundwater flow model are

sensitive to the choice of boundary condltions. Most lateral
boundaries of the problem domain are simulated as constant

recharge sources. Areas of subsurface outflow are

represented as head-dependent boundaries. Flows are

specified as positlve when water enters the groundwater

system and negatlve when water leaves the modeled area, The

bottom of the simul-ated broundwater flow system coincides

i
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r owever, consolldated rocks underlying the thin alluvium were

included in the model.

I
Control heads are estimates of pre-pumping water levels

I for nodes where field data are avallable. The degree to

I which simulated heads reproduce control heads Is one

indicatlon of how well the model represents groundwater

I condltions ln the valley. 'Figure 17 shows the locatlon and

I 
values of control heads and the dlfference between observed

and simulated heads. Many control heads were calculated

t uslng an average annual depth to water prior to the onset of

pumping ln the basin (Table 3). Single water level

I measurements made in 1987 were deemed acceptable estimates of

I 
steady-state conditions for wells located far from a major

pumping center.

I
Hydraullc conductivlty

t
t 

Hydraulic propertles of the valley fill material'are not

uniquely determined in the calibration process; rather, they

t are an approxlmatlon of actual aquifer characterlstics.

Initiat values of hydraulic conductlvlty were estimated from

t drillers' Ilthologic logs and from several pumping tests

I 
conducted ln the basln. Figure.l8 shows the location of

pumplng tests in Spanish Springs Valley and the calculated

T

T
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FIGURE 17. Location and values of control heads.
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IABLE 3. Derivation of values for control heads

SUR|JEYEO PRE-PU}IPI116

ELEUATIOI{ DEPTH IO SAIER

( feet ) ( feet )

72

SOURCE I CO}ITROL

HEAD

( feet )

5 20t20-22 0000

9 20/20-21 800A

t7 20/20-2t A0A8

19 20/20-21 AABC

26 20/20-ls BBAC

30 20/21-t8 DA80

33 20/2r-07 CCCC

37 20/20-t0 CDAB

{3 20/20-12 AC0C

15 20/20-il BDDA

{9 2tl2t-31 0088

50 20/2t-05 BBAC

52 20/21-07 BCBA

51 20/20-01 CBAB

56 20/20-02 BCCB

6t 2rl20-35 0DBC

63 20/20-02 BBCo

61 2tl20-31 DDDD

66 20/20-03 DBAC

67 20/20-03 BCoC

69 2ll20-25 BAA0

70 2ll20-35 A0AA

7t 2v20-26 DDCC

77 2v2g-21gtBA
78 2tl20-2{ ACoB

80 2ll20-t2 cccc

82 2tl20-15 0ABB

83 2U20-22 BDC|

Reed/donest ic
ronitoring rell
Spring Creek South llell

'Blue 
Gen Trailer Parh

Hereford Ranch/dorest ic
Bailey irrigation
'8ig tlell'
Hereford Ranch/barn

Spanish Springs Ranch

irr i gat ion/stock
Jacobs/dorest ic
Countryside llorth llell
ronitoring rell
Zundel/dorestic
()pp io/dotest ic
Sky Ranch 556

0pp io/shed
Desert Springs North llell
Oesert Springs South llell
ronitoring rell
Sabe I /dorest ic
Sky Ranch 5S3

Sky Ranch SSt

Donovan/ irr i gat i on

0onovan/dorest i c

llol ffldonest ic
gravel pit
Silver State Soaring

r18r.9
r53B .8

{{55 .7
t539.9
{192.5
15t6.t
{508. t
1{95.7
{176. I
1162.7

1759.2

1535 .0

{50t .0

1183.7

1{86.8
150t.t
f{86.0
1193 .1

{528.0
1595.8

160t.f
1522,0

f53r.t
1551.0

{655.8

1598.r
{503.6
1601.7

( te87 )

( le80
( tsss
( tqeo
( leso
( lesi
( tqso
( tsso

{{25
1 418

{1 43

t{18
I t70
1183

1{81

1,170
'1178

1160

{188

( re88 )
(net)
( tsel )

( tes0 )
( leso
( le80
( lela
(neo
( le87
(nzq
( tgtt
(not
( le8i
(nso
( 1961

( l9B0
( re80 )

( rssz )

( ress )

( te87 )

I SOURCE

Static rater level on driller's log

Average annual depth-to-rater reasurelent
Single depth-to-rater reasureaent
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EXPLANATION

f.] VALLEY FILL

ffi coNSoLrDArED RocKS

CONTACT

BASIN BOUNDARY

LOCATION OF PUMPING TEST
TRANSMTSSTV]TY lr OPD/fi.

FIGURE 18. Location pumping tests in Spanish Springs Valley.
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I 
transmj.sslvltles. Average hydraulic conductivity at each

site was estimated by dividing transmissivity by the

I saturated thickness encountered by the welI. The graln size

r :::,::::",::"";:::.": :::il]:il :::::"::":;';;.:l,ri"
I 

conductlvity in areas where no pumping -test data were

available. These estimates were based on a weighted average

t of the hydraulic conductlvites of sedimentary units

t ."":::ff:,':;'::":'il]'l; ":::":::il:::: :::::::'1""u.""a
on the range of values glven by Freeze and Cherry (1979).

I

I ,n" *rninal and the calibrated distrlbutlons of

I hydraulic conductivlty are shown ln Flqlures 19 and 20,

I respectiveLy. Callbrated values range from 0.01 to 8.0

I 
feet/day. Zones of hlghest hydraullc conductlvity are

assoc.iated with fractured basalts ln the southeast and coarse

I gralned sedlments which occur near mountains and in lenses

I ;::H::: ::::::":::: ,"T;::':":::l'1":T;..":i:ea'Led 
bv

I conductivity. It was necessary to invoke this technique in
I 

the vicinity of Spanish Springs Ranch to reproduce the

I observed head distribution in the southeast part of the

I 
valley. Simlllarly, a zone of low hydraullc conductivity

between wells *7 and #8 was necessary to reproduce the steep

I 
gradlent between those wells. A brlef review of Figure 5

(page 241 shows a major fault in the alluvium which passes

I
I
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Hydraullc conductivit

ffi 26-40 tr/day

EI$ 1i-2s tt/day

ffi .-1o tr/tl,,tt

FIGURE 19. Original distribution of hydraulic conductivity.
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EXPLANATION

Hydraulic conductivitY

lffil 4-8 ft/day

It l less than 1 ft/day

FIGU.RE 20. Galibrated distribution of hydraulic conductivity.
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between'well *7 and well *8. The author believes that ln
this area, the fault may act as a barrier to groundwater

flow.

Recharge from precipitatlon

Estimates of water yield were used to determine the

distribution and magnitude of pre-calibration recharge rates.'

The water yield of each hydrographic sub-area (Figure 11,

page 41) was distrlbuted Ermong adjacent boundary nodes,

produclnq a pre-callbratlon recharge rate of 1200 acre-

feet/yr. Water yield of the topographicatly closed Dry Lakes

area was orlginally excluded from the total estlmated

recharge. Because estlmates of water yleld lnclude surface

water runoff as well as groundwater.recharge, the author

assumed pre-calibratlon recharge rates were maxlmum estimates

of groundwater recharge.

The distribution and amount of recharge were adjusted

during calibration of the groundwater flow model. Figure 2L

shows the original and the final distributj.on and rates of

recharge from precipltatlon. Recharge associated with the

majority of boundary nodes was decreased, as expected, during

successive model runs. Specifled flow was lncreased,

however, ;rt the base of the Pah Rah Range ln the southeast

part of the watershed. Total precipitatlon recharge for lhe

calibrated model is approxlmately 600 acre-feet/yE. l'lost.of
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PLANATION

Orighd rccharge rate (acrrfrt

RGURE 21. Original and calibrated distribution and rates of recharge
from precipitation.
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the recharge ls concentrated ln the southeast part of the

watershed and reflects the greater precipitation associated

with Spanish Sprlngs Peak. Although the Dry Lakes area has

no surface-water connection to Spanish Springs Val Ley, it
does appear to contrlbute a significant amount of groundwater

recharge. Estimated water yield of the hydrographic sub-area

adjacent to nodes 2L,29, and 31 ls only 20 acre-feet/yr.
Combined simulated recharge at these nodes, however, is 180

acre-feet/yr. The high transmisslvlty of fractured basalts

in thts area would be conduclve to subsurface flow from Dry

takes to the alluvlal aqulfer of Spanlsh Springs VaIIey. The

warm temperature (72 F) of flowing wells on Spanish Springs

Ranch (Roblnson and'Phoenix , Lg48, Table 21, and possibly of

Spanish Spring, suggiests relatively deep circulation of

groundwater whlch may be assoclated with underflow from Dry

Lakes

Recharge from the Orr Ditch

The orr Ditch was slmulated in the model by a series of

recharge nodes on the valley floor. Pre-calibration recharge

rates vrere based on a prelimlnary orr Ditch water budget.

Analysls of streamflow data indicate that approximately 6100

acre-feet of lmported water are consumed ln the valley each

year. Assuming consumptive use of irrigation water to be 2.7

acre-feeL/acre/yr, crop evapotransplration would account for

approximately 27OO acre-feet/yr. Evaporatlon from about I00
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acres of free water surface would consume approximately 400

acre-feet/yr. Subtractlng the volume of water consumed by

crop lrrigatlon and pond evaporatlon from 6100 acre-fee t/yr
yields an initlal estimate of groundwater recharge of 3000

acre-feet/yr. This amount was distrlbuted among the nodes

representing the orr Ditch and adjacent irrigated acreage.
.

Figure 22 shows the origlnal and flnal dlstrlbutlon and

rates of recharge from the orr Ditch. Total secondary

recharge for the callbrated model is approximately 22Oo acre-

feet/yr .

Evapotransplration

The amount and distribution of evapotranspiration ln

the groundwater flow model depend on the maximum

evapotranspiration rate, a specified extinction depth for

evapotranspiratlon, the Local depth to the water table, and

the size of the discharge area. Evapotransplratlon is
slmulated as a }inear functlon of depth to the water table.

l'laximum evapotranspiration occurs when the water table ls

at land surface; the evapotranspiratlon rate decreases as

depth to water increases.. The model assumes no water is
evapotranspired when the local depth.to water ls greater

than the specified extlnction depth.

Data input to the model-include a maximum evapo-
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FIGURE 22. Original and calibrated distribution and rates of
recharge from the Orr Ditch.
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transpiration rate of 4.0 teet/yr and an extinctlon depth of

15 feet below land surface. Although it is not uncorunon for

roots of certain specles of phreatophytes to reach 40 feet

below land surface, phreatophyte.roots are likely to be

shallower in the vlcinlty of the orr Ditch where the water

table ls near land surface.

The pre-calibratlon estlmate of total evapotranspiratlon,

4000 acre-ft/yr, was based upon preliminary estimates of
groundwater r'echarge and was, therefore, considered to be a

maximum estimate of evapotranspiration. The final
distrlbution and simulated rates of evapotranspiration are

shown in Figure 23. A close correspondence exists between

the slmulated and mapped dlstrlbutlon of phrea.tophytes ln the

valley. Evapotranspiratlon of groundwater is concentrated in

the vicinlty of Spanlsh Sprlngs Ranch and along the North

Truckee Drain. Total simulated evapotranspiration is
approximately 24OO acre-feet/yr from 2500 acres of

phreatophytes. Simulated rates of evapotranspiration range

from 0.2 to 2.0 feet /yr, which compare favorably to

previously discussed phreatophyte evapotranspiration rates.

Subsurface outflow

Three optlons were avallable to slmulate subsurface

outflow. Speclfled flow boundary condltions could have been

used at the north and south ends of the vall-ey; cornputed
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ffi Evapotranspiration simulated

2.O

'during calibration run
Simulated rate of
evapotranspiration(f cet/yr)
Simulated dilch'

FIGURE 23. Calibrated distribution and simulated rates
f evapotransPiration.
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results would not have been realistic, however, for model

scenarlos lnvolvlng reduced or eliminated dltch recharge.

Underflow wlll decrease as recharge from the Orr Ditch

declines. I'f the groundwater mound was to dlsappear

completely, subsurface outflow would either cease or be

restricted to one end of the valley. Malntainlng a specified

outflow at both locations would generate an inaccurate

grotmdwater flow system"

A second alternatlve was to deslgnate locatlons of

subsurface outflow as constant head boundarles. This would

introduce a head-dependent flux by addlng water'to the

approprlate nodes lf computed heads at those nodes decllned

below callbrated values. By adding water to these nodes to

maintain a constant head, the net subsurface outflow would

decrease. The problem with this approach lies ln the

assumptlon of constant heads at the north and south ends of

the valley. The head distribution in these areas will
change as.ditch recharge decreases and pumping lncreases.

Specifying constant head boundaries in areas of subsurface

outflow would impose artlflcial constraints on the

groundwater flow system.

The third optlon--the one chosen for thls model--was to

simulate underflow by designatlng subsurface outflow nodes

as "artificlal" evapotranspiratlon nodes. The evapotrans-

piration functlon ls a head-dependent groundwater dlscharge
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functlon; whether the dlscharge arlses from phreatophytes or

subsurface outflow ls irrelevant. Each subsurface outflow

node was assigned an artificlal elevation equal to its
calibrated head. Thus, the water table at these nodes

appears to be at land surface in the evapotranspiration

subroutlne. Maximum subsurface outflow occurs, therefore,

under present condltlons of maxlmum ditch.recharge.

Groundwater dlscharge at these nodes will decrease as heads

fall below callbrated values. The main drawback to thls
approach is the restrictlons imposed on subsurface outflow

due to the relj.ance'upon evapotranspiratlon parameters. For

example, slnce the chosen extinction depth for evapotrans-

piratlon is 15 feet below land surface, the model assumes

subsurface outflow will cease when heads at these nodes

decrease by more than 15 feet. Atthough the evapotransplr-

ation function infLuences the values of computed heads withln
this range, heads are allowed to flucuate freely at these

boundary nodes ln response to stresses imposed on the

aqulfer.

Given the artiflclal way In which underflow ls
simulated, it ls lmpossible to draw quantltative conclusions

regarding subsurface outflow under conditions other than

which the model was callbrated. The callbrated model--

slmulating current ditch recharge and no pumping--has

approximately 300 acre-feet/yr subsurface outflow to Warm

Sprlngs Valley and 100 acre f.eet/yr underflow to the Truckee
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I l,leadows. Computed subsurface outf low is located in the
r evapotranspiration sectlon of the output file. Any

I evapotranspiration associated with nodes 2, 80, 81, and 82

I 
epresents simulated subsurface outflow.

t 
Callbrated qroundwater bud,qet and potentiometrj-c surface

r The original and callbrated groundwater budgets for

Spanish Sprlngs Valley are shown ln Table 4" For steady-

I state scenarios, inflow to the groundwater system equals

I 
outflow. Total recharge and subsurface outflow are speclfied

as data input, while evapotranspiration is calculated by the

I modeL based on related lnput phrameters.

t Hydraulic heads computed by thb model are contoured ln

t 
Figure 24. The dlfferences betwe.en calibrated heads and

control heads are shown in Eigure 25. The largest difference

I between control heads and simulated heads is approxlmately 11

I :::: .,';::: ::::,:'::l:":: ';:'::::,:::::,T:.;':::":".
control heads and their simulated vaLues are summarized

r 
berow:

I nHl:"i, '?il81:,?

I Averase 4467 .75 4467 .gOI Variance 210.86 187.55
Stnd. Dev. 14 .52 13.69

| 
* observatlons 28 28

t
I
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TABTE 4. Prelininary and calibrated groundrater burlgets

(Acre-feet/year ) 
*

Iffl0rf :

Prinary recharge {precipitation)
Secondary recharge l0rr Ditchl

PRELIII

I200
3000

CAI,IB 
.

580

2220

lotal inflow

OUTFTOI{:

Evapotranspiration
Subsurface outflow to l{arn Springs Valley
Subsurface outflori to Truckee'l{eadows

4000
0

200

2400

280

120

Total outflow I
I
rl

t

'r
I

t
I

:

t

*AlI figures are rounded to 3 significant digits.
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FfGURE 25. Differrence between calibrated heads and control heads.
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The potentiometrlc map clearly shows the impact of the

Orr Ditch on the groundwater flow pattern ln Spanish Springs

Valley. Contours in the southern half of the basln are.

roughly parallel to the irrigation canal; in this area, the

callbrated potentiometric surface slopes towards the Truckee

Irteadows by approximately L2 ftlmite. In the northern part of

the basin, the slope of the water table ls approximately 3

ftlmIle towards Warn Springs VaIIey.

Sensltlvltv analvsis

Because of uncertalnty ln much of the data used to

develop groundwater flow models, a sensltivity analysis ls an

lmportant part of such slmulations. The goals of sensltlvity
analysis are to determine'the range over whlch aquifer

characteristics may vary without appreclably affecting model

results and to identify those parameters to *hich computed

heads are most sensitive. This information a.Ilows one to

define goals for future data collectlon.'

Results of the sensltlvlty runs are summarized in Table

5. Ad justments were made to hydraulic conductivity, val-l-ey

fill thickness, subsurface outflow, groundwater recharge, and

evapotranspiration parameters. Model output was analyzed for

the d.qgree to which simulated heads reproduced control heads

and for changes in simulated heads relatlve to the final

calibration run.
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TABLE 5. Surrary of groundrater flor rodel sensitivitt analysis

I
I
I

,l
a'l

I
'l
:

T

I
I
i
I
:

T

t
I

,I

1l
I

I
t

t
I

220 -{.s1 0t-2t 6.65

275 8.6t 0t29 8.5i

98 237

139 322

580 2220 2110 105 258

580 2220 2380 129 295

t35

t07

580 2224 2500

580 2220 2?20

Sirulated groundrater budget (acre-ft/yr)
(rounded to 3 significant disits)

Control rinus sirulated
heads ( feet )

Parareter
adjustrents

lnflors 0ut f I ors

Precip- 0rr Evapo- Under- Under- llean tlin/l'lar Stnd.

itation 0itch trans- flor flor error error t)ev.

___:________ _-_:::11y.__:::g::_--T:Tl.__1_11____::_!::___________

FIilAL CALtBRATtoil RUlr 580 2220 2{00 120 280 -0.29 o/il 3.65

HYI)RAULIC CONOUCI IUITY

Oecrease K's by l/2 an

order of ragnitude

lncrease l('s by l/2 an

order of ragnitude

VALTET-FITL IHICI$ESs

0ecrease VFI by 201

Increase rlFI by 201

E|i,APOiRANSPIRATIOI{

Oecrease ertinction
depth by'5 feet

Increase ertinction
depth by 5 feet

Decrease rarirun EI

rate by 0.5 ftlyr

lncrease rarirur EI

rate by 0.5 ft/yr

l)ecrease land surface
blevation by 5 ft

Increase land surface
elevation bt 5 ft

8t

2t?

-2.0r t/r0 3.96

0.82 o/il 1.01

580

580

580

580

580

580

2220

2220

2220

2220

2220

2220

2350

2150

2130

2390

2170

2310

r 13

. 123

323

218

265

292

-{.01

3.01

-r.00

-0.18

0t-9 2.71

0/l | 3.71

0/t0 3.6i

0/t t 3.11

3.96 0/t5 {.10

-4.51 -ll-10 3.38
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I IABLE 5. Surrary of groundrater flor rodei sensitivity analysis (continued)

I -------------
r Sirulated groundrater budget (acre-ft/yr) Control rinus sirulated" (rounded to 3 significant digits) heads (feet)

Pararet er
adjustrents

Inflors 0utflors

Precip- 0rr Evapo- Under- Under- llean llin/ltal Stnd.

itation Oitch trans- flor flor error error Dev.

recharge recharge piration to Tll to llStJ

I ourl;uilrrr rrru s80 2220 2t00 123 28s -l.lf 0/10 3.t1

I lnrliriirrr r,r, 580 2220 2110 lts 276 -0.11 0/ll 3.s6

I
r PREcTPIIAIton REcHARcE

Oecrease recharge 110 2220 2250 ll8 262 l.l8 0/ll 3.97

I bv 3ol

' Increase recharge

r, bl 30t 750 2220 2560 ll8 297 -1.71 0/10 3.97
t

I 
t"H::'rltlr^[lt* 

. s'o 2zz0 2sB0 rB 30s -0.32 0/-r0 1.11

I 
RR orTcH REC}|ARGE

Decrease recharge

I ,r,::,::trecharse 

s80 1560 t760 ttz 266 t's' 0tt2 1'r3

I 
by 30t s80 28e0 3060 lzs 2e0 -1.12 7ts 1.82

UI{OERFLOII TO

TRUC|(EE }IEAOOI'IS

r 
oecrease underflor

l by l00l 580 2220 2530 0 279 -0.68 0/ll 1.0s

r 
lncrease underflor

r by t00l 580 2220 2290 2t0 279 0.07 0/ll 3.i6

I

Ir
I

t
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IABLE 5. Sunary of groundrater flor rodel sensitivitt analysis (continued)

Sirulated groundrater budget (acre-ft/yr)
(rounded to 3 significant digits)

lnflons 0ut f lors

Control rinus sirulated
heads ( feet )

Paiaret er
adjustrents

Precip- 0rr
itation 0itch
recharge recharge

Evapo- Under-

trans- flor
piration to Tll

Under-

f lor
to llSU

llin/llar
CITOI

llean

err0r
St nd.

Oev.

UTIOERFLOII TO IIARII

SPRIN6S IJALLEY

[)ecrease underflor
by l00l

Increase underflor
by l00I

I t8

n82t30580

-r.36 0t-21 8.20

5.703,82
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Aquifer characteristics

The sensitivity of com'puted heads to changes in

hydraulic conductlvity was tested in the flrst set of

sensitivity runs. In general, decreasing hydraulic

conductivlty by L/2 an order of magnltude caused large

changes in simulated heads near the perimeter of the modeled

area and relatlvely small or no changes near groundwater

discharge zones. Heads at boundary recharge nodes increased,

on the average, by 13 feet. Water levels at Orr Ditch

recharge nodes rose approxinately I feet, while heads at

evapotranspiration nodes changed from 0 to 2 feet. Heads

remalned reLatively stable at these latter nodes because

rislng water levels were offset by an lncrease in the rate of

evapotransplratlon. The steeper hydraulic gradlent between

recharge and discharge areas is necessary for groundwater to

flow through a medium of lower hydraullc conducttvity.

Increasing hydraulic conductivity caused head changes

similiar in magnitude but opposite in direction. Most of the

basin experienced head declines of 1 to 28 feet, wlth the

greatest change occurring in recharge areas. Simulated

subsurface outflow to the Truckee Meadows and Warm Sprlngs

VaIIey i.ncreased because groundwater was able to move more

easily through the system.

Computed transmlssivity ls aLso dependent on the
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thickness of the valley-fi]I. To test the sensttlvlty of the

model to errors ln estlmated depth to bedrock, valley-filI
thlckness was adjusted by 209. Slmulated heads at boundary

recharge nodes rose by an average of 3 feet when thlckness of

the valley-fil1 was decreased, whereas lnterlor nodes

experienced an average head increase of approxlmately I foot,
Increaslng valley fitt thickness had even less effect on

simulated conditlons.

Evapotransplration parameter s

Total slmulated evapotranspiratlon is lnfluenced by four

lnput parameters : maximum evapotranspiration rate, extinction

depth, land-surface elevatlon at each evapotransplration

node, and the area assoclated with each node. The

sensitlvity of computed heads'to each of these parameters

was tested in the third set of sensitivity runs.

The head distrlbutlon ln the aquifer was most sensltlve

to changes in land-surface elevation and extinction depth.

Heads throughout the modeled area decreased 2 to 5 feet ln
response to a 5-foot decrease in land-surface elevation;

increasing the extlnctlon depth by 5 feet caused a simlliar
decllne in water levels. The model was not very sensitive to

changes ln the maximum evapotransplratlon rate or to moderate

adjustments in the area associated with each evapotrans-

piratlon node. Increasing the maxlmum evapotranspiration

t
I
I
I
I
I
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r rat: by 0.5 tt/yr caused scattered heads throughout the

valley to decline by less than I foot; increasing the

I evapbtranspiration area of each node by 20t had the same

I 
effect. Changing any of the four parameters in the opposlte

direction produced an equlvalent rlse ln water leveLs.

I
r Precipitation recharge

r
The total amount and distribution of recharge. from

r precipitation were adjusted'during the fourth set of

! sensitivlty runs. t{ater levels ln the southeast part of the

basin'showed the greatest fluctuatlons in response to changes
-
| ln recharge, because that ls where most of the simulated

I 
recharge ls concentrated. Heads al-ong the perimeter of the

modeled area were more sensltive than water levels at

I interlor nodes. In each scenarlo, adjustments to total

- 
recharge were compensated for wlthin the model by an

r eguivalent change in evapotranspiratlon.

I water levels rose 3 to 6 feet In the southeast in

r response to a 30t increase in total precipitatlon recharge.

Slmulated heads ln the northern half of the basin generally

I rose 1 to 2 feet, whereas heads ln or near groundwater

I discharge zones were unchanged. An equal decrease in
r precipitatlon recharge caused a simiLiar pattern of water-
I level declines throughout the basin.
I

T

I
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To test the hypothesls that underfLow from Dry Lakes

provldes recharge to the valley filt aquifer, 140 acre-ft/yr
of recharge was moved from the southeast (nodes 29 and 31) to

boundary nodes farther north (nodes 49,59, and 68). Sixty

percent of thls redlstributed recharge was applied to node

68, which ls located at the mouth of Griffith Canyon,

Although Griffith Canyon ls a major drainage in the Spanlsh

Springs Valley watershed, the callbrated model has only 40

acre-ft/yr of groundwater recharge at this locatlon. Thus,

this run al.so tested the sensitivity of computed heads to

lncreased recharge from crlfflth Canyon.

The statlstieal match between simulated and control

heads was not serlously affected by redlstrlbuting recharge

in the above manner; a closer lnspection of indlvidual

control points, however, showed less correlatlon between

computed and observed heads. Water levels in the southeast

declined by 4 to 11 feet, while heads in the north rose by I
to 9 feet. In each area, computed heads were further from

their control values. Thls sensitivlty run suggests the

southeast part of the basin recelves a greater amount of

recharge than can be attrlbuted to preclpltatlon in the low

surrounding hlIIs.

The response of heads in the northeast part of the basin

warrants further descriptlon. Although the head at boundary

node 68 increased by 9 feet in response to the additional

I
I
I
I
I
I
I
T

I
'l

,l

I
'r

I
I
t
I
I
I
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applied recharge, heads at adjacent interlor nodes rose by

only 2 or 3 feet. Another sensitivity run ln which recharqe

at nodes 68 and 79 was ellminated completely caused adjacent

interior nodes to decline by only I or 2 feet. 'Despite this
unrealistic hydrologlc scenario, computed heads at these

nodes were still higher than their control values. Thus, the

model is relatively insensltlve to adjustments in recharge in

the viclnity bf Grlffith Canyon and Sugarloaf Peak. The

model's inablIlty to reproduce fleld data 1n this area may be

linked to a poor understanding of local subsurface geology.

Major faults in the adjacent hills probably extend lnto the

valley-fill materlal and influence the groundwater flow

pattern.

Orr Ditch recharge

Recharge from the Orr Ditch was adjusted by 309 to

examine the sensltlvity of computed heads in the basin to

variations in secondary recharge. Increasing recharge by

approxlmately 670 aere-feet/yr produced a simillar increase

in evapotranspiratlon. Computed heads at or near ditch

recharge nodes rose 4 to 6 feet, whlle water levels at

evapotranspiratlon nodes increased by abproximately I foot.

Simulated heads in the north rose 0 to 2 feet in response to

increased recharge from the Orr Dltch. Reducing dltch-
recharge to 1560 acre-feet/yr caused changes similiar in
magnltude but opposite ln direction.

I
I
t
l
I
I
t
I
I
t
I
T

I
I
t
t



99

i

Ir
i

I
I

:

I
I

!
I

I

I
,t

,l

,l
:

,l
:

I
T

,l
I
'l
l

.J
l

I
I
I

t

I

- Subsurface outflow

Underflow from Spanish Sprlngs Valley to adjacent baslns

was adjusted durlng the flnal set of sensitivity runs.

Changes 1n subsurface outflow were compensated for within

the model by an equivalent but opposite change ln

evapotranspiration .

Inc'reasing subsurface outflow to the Truckee Meadows to

24O acre-feei/v, caused compufed heads at the extreme south

end of the valley to decllne by 1 to 16 feet. Heads

throughout the rest of'the basln were unchanged. Elimlnating

underflow produced an equlvalent rlse in water levels. only

one control head was affected during these two sensttivity
runs; in both scenarios, the computed head at this node was

further f rom lts control value than ln the callbrated mode.L.

Adjusting subsurface outflow to Warm Springs VaIIey

produced a greater response in the alluvial aquifer.

Increasing underflow to 560 acre-feet/yr caused water levels

ln the far north to drop 12 to 20 feet. The remaining heads

in the northern half of the basin decllned, on the average,

by approximately 7 feet. Water levels ln the vicinity of the

orr Ditch were unchanged, although heads ln the southe.ast

decllned by I to 3 feet. Ellmtnatlng underflow to Warm

Springs Valley caused head changes similiar in magnitude but

opposlte |n dlrection. The configuration of the water table
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was no longer a groundwater mound, but rather a surface

t sloping from north to south.

l
Accuracv of model results

I
t 

The validity of predictions depends on how well the

model approximates field conditlons. Sources of error in

I simulation results can, be grouped.into four categorles:

t ) uncertalnty in aquifer parameters and other input data,

I ;:"::::#":::"H:T":::, '[o 
ma'[hema'iicallv descrlbe

I ;i :;,","::::":.::';::"::":::::,::,:::,'il":::'".; 
and

I Using a finite number of nodes causes the numerical

I 
solution of the partlal differential equation to devlate from

the true sofutlon. The greatest source of error in model

I results, however, is from uncertainties in input data and,

, in some areas, a lack of data. The validity of forecasted

I drawdowns depends on the agreement between non-unlque,

I ::::::i::,'::':"il::":"":"il: ::':::,:,'",";"J::,
-
I parameters and recharge estimates was tested during

I ;H:::::'"ili:"::",::.::::T:.:::::'i::.::"::l'1"1",.","
t 

degree of error to model results. Generally, the largest

I 

deviation between computed heads and control heads occurs in

t
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areas where sparse fleld data lntroduce considerable

uncertalnty in aquifer parameters and subsurface geology.

The assurnptlon of horlzontal flow ls a source of error

for computed heads located near recharge or discharge areas.

For example, the largest deviatlon between a control head and

a simulated head is associated with a well located very close

to the Orr Ditch, where vertlcal components of flow are

Iikely to be signlflcant. Simillarly, calibrated heads in

the viclnlty of Spanish Sprlngs Ranch do not refl-ect the

influence of the. vertlcal hydraulic gradient in that area.

When the model is used to evaluate drawdowns from different
pumping scenarios, the same llmitations apply to computed

heads ln close proxlmlty to pumplng wells.

. Despite these llmitatlons, the model is still a valuable

tool to test groundwater management alternatives and to

evaluate the basln-wlde response of the alluvial aquifer to

different stresses. The overall agreement between simulated

groundwater conditions and exlsting fleld data Lends

credibility to model results, although the predictive

accuracy of the model can be verified only by long-term

monitoring of water levels ln the basln.

;
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t'{odel Appllcation

Comparison of dlfferent pumping scenarios offers

valuable lnsight regarding the potential effects of future

.r ^^-^-+ i n r9s VaIIeY. A1thoug.hgroundwater development in Spanlsh Sprit

forecasting of exact drawdowns ls not possible, the model may

be used to estlmate the magnitude and areal extent of

drawdowns resuLting from different development schemes.

_ A -complete llsting of the FORTRAN program used ln this

study is included in Appendlx D; the data lnput file and

model output for the final calibration run are shown in

Appendlx E. Simulations of groundwater flow were restricted

to steady-state condltlons and assumptions due to the lack of

drawdown data necessary to properly calibrate a transient

model. Although the model can be used to forecast

time-dependent drawdowns, model results would best be viewed

as an lndlcation of the possible range of'drawdowns

associated. with storativities of different orders of

magnitude. Contlnued data collectlon as water levels decline

will permlt a callbrated transient model to be developed in

the future

Pumping scenarios

Four alternative pumping scenarlos were evaluated with

the groundwater fl-ow model. Input data for each scenarlo are

t
t
I
I
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summarized in Table 6, and the locations of the purnplnd wells

are shown in Figure 26. Scenarlos I and 4, wlth

approximately 72O acre-ft/year net basln pumpage, represent

the estimated groundwater demand in 1987. Simulated pumping

of L74O acre-ft/year in scenarlos 2 and 3 is based upon

infornatlon obtained from Wash6e County regarding the number

of homes which could potentlally be bullt in Spanish Sprlngs

VaIIey in the future. Flnal and tentative subdivlsion maps

submitted to the t{ashoe County Utillty Dlvlslon could allow

for a total of approximately 24OO homes in the valley.

Assuming a pumping rate of 0.8 acre-ft/yr per unit wlth 20t

secondary recharge from septlc tanks and landsiape irrigatlon
yields approxlmately 1550 acre-ft/year net subdlvlsion

primpage. Together with other groundwater demands in the

basin, the consumptive use of groundwater could exceed 1700

acre-ft/year. The locations of pumping wells in each

scenario correspond to existlng wells in the basl-n, although

not all wells are being used at this time. The well field in

the west central part of the valley is approximately L/2 mLLe

north and northwest of the orr Ditch

Secondary recharge from the orr Dltch was reduced by 30t

in scenario 3 to gauge the effects of decreasj,ng ditch

recharge on drawdowns withln the basin. Recharge from the

orr Ditch was removed completely in scenario 4, in
combinatlon with 1987 pumplng rates, ds an example of what

might happen to water leve1s ln the basin should no source of
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IABLE 6. SurrarJ of purping scenarios

OISCI|ARGE (AF/YEAR) ASSIGNEO TO }IOOES

PU}IPIIIG ilODES T

Spring Creek

Blue Ger and 0asis
'Big Hell'
Countryside
Baldrin tstates
Sky Ranch 556

6olden llest/Sunset

0srt Sprgs North rell
Harco Ptrarid Ranch

0srt Sprgs South Iell
dorestic group

Donovan irrigation
gravel pit

SCETIARIO I scEilARt() 2 SCE}IARIO 3 SCEIIARIO 1

t7
l9
33

50

51

6t
63

61

65

66

69

77

82

75

1:

7

'1:
,::

t0
5

75

100

i5
10

t15

lr0
7

t90

150

325

300

50

5

75

t00

75

{0
t15

ll0
7

190

{50

325

300

50

5

75

t00

SEPTIC/IRRIGATIO}I RECHARGE }IOOES

5l Countryside
72 Pyranid Ranch

60

75

60

75 ;;

PRECIPIIATIOII RECHARGE

ORR OIICH RECHARGE

TOIAL RECHARGE

APPROX NEI EASIII PUIIPAGE

580

2225

2805

720

580

2225

2805

t710

580

I 560

580

0

580

720

2l {0
I 710

I secondart recharge fror Pyralid Ranch and Countrtside subdivisions are accounted

for by nodes 72 and 51, respectively. All other Purpage is entered as net

discharge. tlo septic tank recharge ras assured for Spring Creek subdivision,
rhich has a seler syster.
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FIGURE 26. Location of pumping wells in predictive simulations.
(Wells identified in Table 6) T
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secondary recharge be available'

Results

Abriefsummaryofdrawdownssimulatedineachscenario

is shown in Table 7. A11 reported drawdowns are relative to

the values of hydraulic head in the calibrated model' The

entlre basln'experienced drawdowns of fewer than 10 feet in

scenariof,whichrepresentssteady-statewater_leve}
decllnes assoclated wlth 1987 pumping rates (Flgure 271'

Averagedrawdownwas3.5feet.Evapotranspirationof
groundwaterdecreasedfrom24ooacre-ft/yrinthecalibrated

model to 1850 acre-ft/Yr '

simulated drawdowns for scenarl0 2 are shown in Figure

2S"Increasedpumpingcreatedwaterleveldeclinesofupto
42 feet, with an average drawdown of 20.5 feet' The largest

impacts from increased pumping occurred near the weII field

in the west-centrar part of the valrey. To the south,

drawdowns are.less extensive because of the presence of the

orr Ditch. Drawdowns are greater and more widespread down

gradlent from the well fleld'

Another area which experienced notable drawdowns from

increasedPumPingwasthesoutheastpartofthevalley.Two
water-supply wells for the proposed countryside subdivision'

represented by nodes 33 and 50, began production in scenario
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2. Although the simulated net groundwater discharge from

these two wells is only I95 acre-ft,/yr, drawdowns in the

southeast averaged 26 feet. Drawdowns averaged only 6 feet

in this area when scenario 2 was run without the Countryside

wells. Thus, slmulated water levels in the southeast part of

the basin are gulte sensitive to local pumping. . These

results are consistent with Cochran's (L9721 interpretation
and conclusiohs about the hydrogeology of the Spanlsh Springs

Ranch area. itt" northeast-trendlng fault in the vicinity of

the ranch most llkely creates a groundwater "sub-basin" in

the southeast which receives no recharge from the orr Ditch.

Although long-term effects of localized pumping would include

the capture of naturaL groundwater discharge and, possibly,

induced recharge from orr Ditch irrigation, drawdowns in the

sub-basin can be expected to be relatively large.

In steady-state simulatlons, the model compensates for

increased pumplng by an equivalent reductlon ln natural

groundwater discharge, assuming such discharge is avallable

for capture. In Spanlsh Springs Valley, the opportunity

exists to capture a large quantity of groundwater currently

consumed by phreatophytes. Slmulated evapotranspiratlon ln

scenario 2 decreased to 950 acre-ft/yr, with the area north

and west of Spanish Springs Ranch being most affected.

Evapotranspiratlon of groundwater ceased for much of this

reglon, lndlcatlng that some of the exlsting grasslands and

marshy areas may dry up if simulated levels of pumping occur.
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Simulated drawdowns and computed heads for scenario 3

are contoured in Figures 29 and 30, respectively. Increased

pumplng leveLs ln comblnation wlth reduced ditch recharge

produced the same pattern of water level declines as in

scenarlo 2i the average basln-wlde drawdown, however, was 26

feet. Simulated drawdowns ranged from 35 to 48 feet in the

northern half of the basin, while water level declines

averaged 33 feet ln the southeast.

Scenarlo 4 failed to reach a steady-state solution, ds

one might expect from a revlew of the data lnput in Table 6.

Estimated net basin pumpage ln 1987 exceeded the amount of
precipltation recharge ln the calibrated model; without Orr

Ditch recharge, the model simulated a groundwater minlng

situation. Water levels in the model continued to decline

until the aqulfer went dry.

These four simulations make it clear that secondary

recharge from the Orr Ditch serves as a buffer against

significant water level declines in Spanish Sprlngs Valley.

Simulated pumpingr Levels in the basln will be compensated for

by capturing natural groundwater discharge and inducing

recharge from wetlands and ponds created by the orr Dltch.

If no source of secondary recharge is avaiLable, however, a

groundwater minlng condltlon may develop, even with 1987

pumping levels. Water lmported from the Truckee River may

continue to provlde this recharge as long as orr Dltch
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SUMMARY AND CONCTUSIONSt

t An important refinement to the conceptual model of the

I ::':"1::::.:::::.^::.:':::::":":1"::"::::l ::i::,:';:::":,"
I 

Orr Ditch. The water table slopes to the north in the area

north of the ditch, indicating groundwater flow toward Warm

I Springs Vatley, while in the southern part of the basln the

I 
direction of groundwater'flow ls toward the Truckee Meadows.

I 
croundwater associated wlth highly altered and

. mineralized andesite flows'in the southwest part of the basin

t ls of very poor quallty" The concentration of lron, sulfate,

r :ffii"; ""1":'::1.::::::"":,::::::.::'::i::;T,::::: ..

t 
the north. and east as different hydrostratigraphic units are

encountered.

I
The valley-fill is composed of interbedded,

I discontinuous layers of clay, sand, and gravel. Maximum

I 
estimated thickness of valley-flll is 1000 feet and is
Iocated ln the northwest part of the valley. A gravity

I survey lndicates that bedrock topography in this area forms a

deep trough. The axis of the trough ls col.linear wlth a

I previously unrecorded fault in the alluvium.'

t
t
T
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other lnterpretations about the hydrologic system of

Spanish Springs Valley were made during the development aPd

callbration of a steady-state groundwater flow model:

- Underflow from Spanish Springs Valley to adjacent basins

may occur at both the north and south ends of the

valley. The cross-sectlonal area of alluvlum at the

. north end of the valley may be llmlted by the subsurface

extent of consolidated rocks; the fault at the base of

Hungry Rldge, however, may act as a conduit through

which water may leave the basin.

- Although the Dry Lakes area has'no surface water

connection to Spanish Sprlngs Valley, lt does appear to

contrlbute a slgnlflcant amount of groundwater recharge.

The high transmlssivity of frabtured basalts in this
part of the Pah Rah Range would be conducive to

subsurface flow from Dry Lakes to the a1luvial aqulfer

in Spanish Springs valley.
:

The simulated groundwater budget for pre-pumplng

conditlons lncludes 600 acre-tt/yr recharge from

precipitation and 22OO acre-ft/yr recharge from the Orr

Dltch. Recharge from precipltation ls concentrated in

the southeast part of the watershed. Evapotranspiratlon

of 24Oo acre-ft/yr ls the major outflow from the

groundwater system. Simulated subsurface outflow to the

I
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Truckee l'leadows and Warm Sprlngs Valley is 100 and 300

acre-ft/yr, respectively.

Fau1ts ln the viclnlty of Spanish Springs Ranch and west

of Desert Springrs subdivlsion. appear to be low

permeability barrlers to groundwater flow. The former

restrlcts the flow of groundwater moving west from the

Pah Rah Range, creating a groundwater "sub-basln" ln the

southeast part of the valley"

Water levels in the alluvial aquifer are artlficially
high due to infiltration of water applied for irrigatlon and

leakage along the unllned Orr Dltch. Although the estimated

consumptive use of groundwater in 1987 l72O acre-ft) exceeds

the amount of precipltatlon recharge'ln fhe callbrated model,

measured drawdowns in the basin are mlnlmal due to the recent

onset of groundwater development and the abundant supply of

secondary recharge. Reduced Orr Ditch recharge associated

with declining irrigated acreage will pose a problem ln the

future lf development in the valley proceeds under the

assumption that the current amount of groundwater recharge

wilt be available on a permanent basis.

Simulated steady-state drawdowns resultlng from current

pumping levels ranged from 0 to 9 feet. A net basin'pumpage

of L74O acre-ft/yr produced drawdowns ranging from 0 to 42

feet when Orr Ditch recharge was 2225 acre-ft/yr, and from 2



1r8

to 48 feet when dltch recharge was reduced by 30 percent

Drawdowns simulated by the modeL are representative of the

potential drawdowns whlch may ociur after the groundwater

system has re-equilibrated to a steady-state condition.

Model results give no lndlcatlon of the length of time

necessary to achieve this conditlon. Forecasted drawdowns,

therefore, may be consldered conservatlve estimates of water

Ievel decllnes under a given pumping scenario.

Model simulatlons make lt clear that secondary recharge

from the orr Ditch serves as a buffer against slgnificant
water level decllnes ln Spanish Sprlngs Valley. To minimize

drawdowns resulting from future groundwater development,

wells should be located close to this source of recharge.

Placing wells north and northwest of the orr Ditch irould

malntain a groundwater divide between the well fleld and the

region of poor water quality, thus limiting the potential for

the migration of non-potable groundwater toward pumping

welIs.

Future work in Spanish Springs Valley should be directed

toward developlng a translent model for the basin, in order

to forecast time-dependent drawdowns and to quantify changes

ln groundwater storage. In addltion, several gaps and

uncertalnties in available data could be reduced, including:

amount of preclpltation in surroundlng hills, particularly

i
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in the Pah Rah Ranqre

- water levels near the perimeter of the valley, to better

constrain recharge estimates

subsurf.ace geology ln the northwest and in the vicinity
of Griffith Canyon

- hydraulic aradlent in the north part of. the basin and

between Spanish Springs Valley and Warm Springs VaIIey

- hydraulic characteristics of faults in the alluvium and in

surrounding consolldated rocks

- magnitudes and dlstributlons of hydraulic conductlvltles

and storatlvlties.
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IIFFICE OF T|1T SATER I1ASIER

IRUCTEE RIllER SYSTEII

I}AILY FLOfl 8EC(}RD

{

II, TftUCIiEE DRAIII LEAVI116 SFAIIISH SPRIlt6s

I REC0RDER lEL0r SlPl|oil u/r-{/9)
T REC{}ROER A8O|/E SHADOH LAHE ({/IO-I2/7I

r?4

Apr llay Jun Jul Aug Sep |lct l{ov Dec

c{s c{s c{s r{s c{s cfs c{s cls cfs
llonth Jan Feb llar
0ate c{s cls c{s

I t2,7 2,4 1.6 r5.8. ? lt.{ ?.3 t.6 rs.8
3 10.5 2,0 1.3 2J.5

1 r0.5 1.8 t.2 t8.J
5 t0.l t,7 l.t 7,9

19,6 23.5 21.5 25. I 10.6

20.3 23.s '20,0 27,0 S.6

lB,t 2t,0 r9.8 28.9 8.0
16.0 22.t 18.6 27.b 7.5

15.2 2{.3 rS.0 26.6 8.1

20.? 26.1
20.9 2{.0
2t,7 2r.8
19.5 19.0

21.0 t7.9

ot
9.6
0q
a0
7l

6 t0.l t.5 t.0 {.5
7 l0.t t.J 0.9 6.9

I 9.3 t.3 0.8 17.5

9 9,7 t. J 0.8 25.1
l0 t0.l t'.3 0.7 9.5

14.8 2b,7 19. I 26.7 10.5 7.1
12.0 21 ,0 11 ,7 ?5.2 t2. I 7. r

12.3 27,0 t9. | 22,0 t0.2 6,1
13.6 28,7 20,6 2t.J 7,4 7.6
16.5 28.4 22,6 22,t 8.1 7.5

19.9 . l8.l
19.8 21,0
20,5 2t,2
22,9 22.0
24,1 24.5

il t0.l
t? l0.l
l3 10. I
t4 t0. r
15 10. I

22,?

23. I
IJ. J
7,, L

20.0

IJ. J

2t,7

23.5
23. I

1.3

t.{
t.{
t.l
t.2

2{.8
35. I
28. B

2t.9
19.7

1.3

t.l
1.3
1.7
1,7

:4.9
24.4

19.9

ru.E
zt,2

,tq
21,7

20. ?

20,7
t6?

2l
22

23

24

22.4
22,4
23,5

22,8

23.8

z.)
2.5
2.5

2,b

2.5

2,3

TD

27
to

29

30
1!

0n

6,1

7,h

IEE

ltA x

filt|
AV6

H-l

0.7 12.0 23,5

0.7 t0.8 24,4

0.6 6.? 24,1

0.7 lt.o 2t,4
0.7 tt.l l9.s

fl,9 29,9

23,4 J2. I
t6.7 50.5
t7.9 22.1

t9. I 20.3

25.0 l,t 7,1

25.0 7.5 7. I
20.1 u.2 7.1
t9.3 t{. I 7. t

'19.6 12.0 7.1

l6
t7
t8
l9
20

10. t
t0. I
t2.9
10.9

.10,9

0.7 t0.0 19.8

0.7 t2. { 20. I
0.7 l7.f 24,2
0.7 l{.8. ?6.6
0,7 r5.? 28.t

17,9 t7.7
t5.t 17.0
t8.2 17.3

2r.0 17.6

23,6 19.2

20.9 22,9 il.8 7,1

21.3 28.6 u.7 7,1
23.9 29,9 lt.3 7,1
27.5 Jt.7 6.8 7.1

27,4 J9.8 6.{

6.0
t1

3.6
2,7
Z.J

2b,?
t6.7
24. I
24.0
tv.h

2.0 ' 0.7 l3.l
!. I 0.6 14. I
t.9 0,5 16.3

1,7 0.5 t7,2
t,7 0.6 16.9

tJ. I tu,6
21,3 19.9

3t.8 19,9

zt,t t7.6
2t,4 r9.s

38.2 6.3
3t.7 6. t
29.J 6. I
26,2 6.r
24,0 5.7

t,4 , 0.6
t. | 0.6
!. { 0.6

t.5 0.5
t.2
9,7

l8.l 17.9 22,2

17.6 l{.4 20.{
t8.8 21.0 19.6

t8.0 22,0 18.7

17. I 2r.1 19,9

to, t.

17,6 19.6

15.2 18. I
t5.J 16.8

17.9 18.5

11 ,7 t9. {
zt,L 20.3

t3,5 5.9
t2,2 10.8

u,l 25.1

u,2 l{,{
u.3 9.9

I 1.6

12.9 2,t 9,7 25.7 ?8. I 35. r 31, B 32. | 27,5 39.8 25. t

2.3 t.2 0.5 1.5 l{.{ 17.9 12.0 16.8 17,7 ll.l 5.7

7.9 1.6 l.l lf.s 2?.2 27.1 18.9 22,1 21.9 2i.8 9.6

183 9t.5 67.t 8sf 1362 1330 116! 1359 1298 l{61 571

Iotrl Acre-Feetr lv I JJ4

llote: Feb l-8 rnd 0ec t2-l? rre e:tiarted values.
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I}FFICE t}f IHE IATER IASIER

IRUCKEE RIIJER SYSTEIT

llAILY FIOT RECtlRll

II. IRIICKEE I}NAIil I{EAR IIII.IFLUEIIIE II1II RII|ER

T RECI}RI}ER SOUIH |lF I-80 I|EAR EUSYARI}

1986

llonth Jrn Feb llrr APr thy Jun Jul Aug Sap Oct llov 0ec

0rte cfs cfs cfs cfs sfs cfs cfs c{s c{s cfs cfs cfs

-i--ti:i---iil--ii.e---iffi--tg:t-1fi-- 2i':f-i1:l--t6"i--iil---io;a ir.r
2 22,3 ll.b t2.8 2t.l t&.& 12.7 21.0 26,7 25.7 30.0 20.8 18.9

J 2t.5 n.5 t7.6 2{.9 t6.6 28.6 2J.6 27.1 26,2 2t.0 22.3 17.9

| 21.9 l3.l n.l 19.3 18.2 21.6 22.7 26,7 21,1 29.0 21. I 17.6

5 26"2 t3.l 20.1 21.9 19.6 26,2 21.0 2l.l n,7 28.1 zt.t t8.2

6 23.1 t3.{ l3.l 19.& 20.0 25.7 21.0 25.7 23,2 21.9 2l.l 19.6

7 21.5 t2.6 17.2 ?5.7 zt.l 28.6 23,7 Z?,h 23.6 27.1 22.7 t9.6

8 20.1 12.8 156.5 21.9 19.6 2t.5 28.1 27,6 2l.l 21.9 23.1 t9.3

9 20.8 l2.l 37.3 28.t 19.6 30.6 30.0 26,7 zl.s 2s.3 2t.9 18.6

t0 20.{ ll.8 22.3 ll.9 t8.6 3l.l 28.t 26,7 t6'3 2l.l 21.9 ?2.3

!l n.6 tz.t 17.6 31.6 t9.6 J2.t 2s.7 25.3 t8.9 26.7 22.1 23'{

t2 19.3 10.6 t{.2 22.3 20.0 31.3 26,2 75.7 16.6 25'3 2l'5 l9'3

l3 19,3 t8.9 t2. I 22.1 21. I Jr.g 25.7 21,1 24.9 22.3 2t' I l8'A

t{ t8.6 24,1 ls.t 19.6 22.1 Jl.f 27,1 27,h 26.2 21.5 72'3 16'3

---ll--l!:i. lli :':'---r8'2 -2rr 
33':--!::--:!:'- ji--1i-11- 3o

r{/R 20.1 16.0 zr.a 30.6 21.1 25.7 21.9 21.0 . 22.3 ll.8
rf/R 21.5 18.9 ?1.0 30.0 29.5 26.2 25.7 2r,l 20.8 16.0

il/R 27.6 18.9 2J.t 2t.5 27.6 25.3 27.6 zh.l 20.1 t7.6

lf/R 18.2 t9.l ?3.6 29.0 25.3 26.1 27,6 25.7 21. I 17.9

rf/R 18.2 10.2 ll.L 28.6 26.7 27,h 29.5 25.3 zt.t 20.0

t/R t7.t 16.9 21.6 28.1 26,7 28.t 28.1 zl.t 21.5 18.9

It/R t7.9 18,2 31.6 zl.h 76,7 2?. t 27.b 23. I 20.8 18.2

rf/R t6.6 18.9 28.1 27.1 l5.l 28.t 27.1 2l.t 20.4 19.3

lf/R t7.6 20.1 30.6 26,7 32,7 27,1 30.6 l?.3 20.0 18.6

lf/R 17.6 19.3 26,7 2b,2 36.t 25.7 30.0 2l.l 17.9 18.9

2h 16.3 ll/R 16.6 19.6 25.3 25.7 31.3 2l.l 30.6 20.0 15'6 19'6

27 15.6 l2.l 17,? 19.6 26.7 21.0 28,2 U,7 Jl.9 20.0 2l'6 20'l

28 15.6 l0.l 17,2 t8.9 J3.2 26.7 25.7 23.6 Sl.2 l9'3 22'7 19'6

29 15.3 18.6 t7.9 28.6 28.6 27,h 21,? ' 32,7 20'0 2l'5 20'0

J0 15.6 19.3 18.6 27.6 28.1 27,6 23.1 ?9.0 20'1 20'0 19'6

3t 1r,2 18.6 32.t 21.6 23.1 20'{ 20'0

hri- -iili--ioi.0-l5ai--iili---ia;t r8.5 71.1 28.1 ll.e l0'a 23'6 23'l

|llHl|.210.|11.616.016.62].622,721.9t6.]19.315.61{.8
AV6t9.0t3.222,92t.t21:729.629.125.926.121'l2L'218'9
A.F lt66 73| 110{ t25| l|55 t?56 t80| 1592 t5|8 1|76 1258 lt58

Totrl Acre'Fret: l6,606

t6 t7.9
l7 18.6

t8 19.6

. t9 t8.6
20 t8.2

2t 18.2

22 16.9

23 16.9

24 la.3
25 16.6
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. lonth Jan Feb ttar f,pr. ltry Jun Jul Bug Seo ftt Nov Dec

Date cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

L44

IIFFICE I}F TIf HATER MSIER

IRIJTXEE RITER SYSIEII

DRILY ruH REC(]RD

I

N, TREIGE DMIN NTRR C$TLUE}SE IIIIH RIVER

E RECIIFIER $UTH OT I-SO NEAR zuSYARD

tqct

t as.z ii.s t8.6 ls.g el.6 33.7 33.s e7.6 37.9 34.3 e0.8 eg.s

2 6.7 17.6 18,2 t9.6 25.3 {0.1 3{.3 34.3 37.9 36.7 21.9 1a3

3 6.7 . t7,2 t{,2 18.2 a7.5 10.f 37.3 35.5 38.5 34.3 a3.l 3L7

I 6.7 t7.? ae.8 18.6 n.0 {0.{ 31.9 34.9 {5.1 3{.3 e3.t ?8'l

, 
""_ 

t.: -.t tt.t t,.t rt', * 9
6 ?6.7 17.? eg.0 16.6 3at 36.1 3t.6 3{.9 15.5 13.0 al.g 3s'0

7 6.? l&9 20.0 17.6 33.8 n.9 6,7 32.7 r9.{ 39.1 zt.l 30.5

I e6.e tt.e t9.3 lS.? v'3 30.5 ?6.7 3t.l {6.5 17,2 21.9 a?.5

9 25.3 23.l t9.5 17,? 36.1 37.3 ?6.7 3t.6 
''.{ 

45.8 &.7 49.0

l0 a5.3 ts.6 m.s 17.6 3r.9 37.3 ?62 3a.7 $.7 {3.0 e3. t e5.7

rt e5.3 16.9 &.,7 t6.3 36.? 36.t 30.6 30.6 {5.8 {1.0 e1.t e{.0

n a5.3 t6.9 eo.l 17.5 3s,5 36.7 33.a $.s 16.5 3!t.l a5.3 e3.l

t3 e5.3 18.9 ?s.S e3.6 3q.3 37.3 30.9 37.3 li.f 35.5 es.7 ?1.5

tr e5.3 t8.6 t9.6 a8.l 33.8 ' 37.9 3a7 3{.9 t3.7 "$].a e4.9 al.g

t5 a5.3 19.6 l9:5 e?.1 33.? 38.5 3t.t 37.3 {1.0 $.a a1.0 e3.l

t6 e0.{ 19.3 a0.8 a5.3 3{.3 3:t.5 n.5 3{.9 1a3 n.7 a7.6 ?1.5

tt 40.{ t7.9 19.6 el.g 3{.3 31.6 30.0 35.5 10.{ 3c'-r 3{.3 &7
t8 e3.l 10.2 a5.3 l8.e 3{.9 33.8 30.0 ' 36.1 

't.t 
e8.6 3{.3 B.l

19 2t.4 ts,6 19.5 17.9 31.3 ag.e E].5 35.7 13.7 . ?8.1 $.e el.t
e0 a3.r 19.3 19.6 eJ 33.e 34.3 31S 3{.9 10.{ 26.7 3e.t 18.9

el ?4.1 18.6 19.3 el.s 3?.1 37.9 37.9 3e.l 39.7 ?1.O 3e.l 19.3

e. e3.5 19.6 19.6 ?7,6 3{.3 38.5 36. I p.,7 39. t n 3 31. t 19.3

a3 ee.3 19.3 t9.6 &..3 31.5 35.t 33.8 30.0 38.5 21.9 30.0 t8'6

24 21.4 17.2 lS.5 &,7 30.8 36.1 31.9 30.0 35.5 el.l 3l.l ls'9

e5 a,,7 ls.e 19.6 ?2.7 33.2 1s.8 $t.5 31.6 3{.3 e0.{ 31.6 18.9

?5 fi.3 ls.6 a0.0 a3.6 3f.3 40.{ 36.7 34.3 33.8 e0.8 31' I ls.9

27 e.3 18.2 ?6.1 ?2.1 36.? 35.5 34.9 3s.s 6.2 n,s 3e.7 18.6

as er.s 18.6 ?3. I 8,0 36.1 30.0 37.9 33.2 ?4.0 19.6 3s.5 lg.9

it

,l
i

it
I

:l
.

il
,l
:

:l
:T

:l
T

I
t

I

,l

I

a at.s
3{t e0.0

3r l8.e

a0.0 ?7,1 31.9 35.5 30.6 38.5 n.7 19.5 3s.5 18.9

19.6 21.9 35.5 33.S 28,7 11.0 ?2.7 19.6 30.0 e4.0

19.6 37.9 e5.3 37.9 e0.0 al.9

nnx- aa;t {r.0 26,7 e9.0 37.9 15.8 37.9 11.0 57.f 47,2 35.5' 44.3

itN l8.a t6.9 t1.e 16.3 a3.6 29.9 a5.3 ?7.6 e,-7 t9.6 eo.s 18.6

A\A 2{.t 19,? ni et.{ 33.3 36.? 3e.0 31.1 1e.1 30.S 27.6 2r,?

H 1180 1067 1237 la73 a013 alSl t965 a99l e40l l8g3 161e t18a

Iotal ecrefeet: ?0r75e
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OFIICE. OF THE IIATER IIASTER

TRUCI(ET RIliER SYSTIIt

DAILY FLOII RECOfiD

llonth Jan Feb . llar

Date cts c{s , c{s

N. IRUCI(EE DRAIN IIERR CO}IFLUEIICE IITH RII,ER

e RE[t)fi0ER ltoRlH 0F l-80 il/l-t/3r
€ RtctlRcER st}|jlH 0F l-80 ltiAR 8u5yift0 t4/12-1z/ilt

AA

I
]lay Jun Jul Aug Sep [)ct llov [)er

cfs cfs cfs cfs c{s rfs cls cfs
Apr

cfsI
I
I
t
I
I
I
T

I
T

t
I
I
t

---i--iil-----ils----i.t z.t 1?.2 t5.{ t0.6 {5.3 t{.8 2t.8 J0,5

46. { 40.8 {f.0 15.0 :J. { 10.2

f3.I 3b,2 {2.8 t8.7 2?.5 Jo.J
{0.1 36.9 38.2 {6.1 30.9 J0.l
43.2 37.1 35.r t5.{ 25.5 21.0

2 17,1 3.7 t.6 2,7 {1.9
3 17.0 J. { t. | 2,9 16.0

| 12.0 3.3 l.l 0.0 42,9

5 8.9 3,2 r.l 0.0 13.9

t3.8

13.8

t5.0
16.9

40.6
.r{.0
32.3
JJ. U

35. I

1.0
t.0
0.9
0.9

t.0

0.5
0.5

0.7
l.l
0.8

lo

6.5

6.8
7,1

7,I

6,
I
9

t0

il
l!

ti
l{
l5

9. r 3.0
9.t 3.t
8.1 2.8
t,t 2.?
7.5 2.9

7.7
n1

3.0

{.6

39.3 r{.{
1l;7 t?.i
{r.9 {i. I
42. I lt. 5

12.0 J8. ?

52.3 ?6.9 26.9

ls.z 2l,s 26.9

{0:3 il.{ ?6.9

t0.2 10.6 26.8

t2.3 28.9 26.8

0.0 4r.4 37,2

0.0 . 10.7 37.7
0.0 11. I 37.2
0.0 1t,3 37.2

0.0 r4.9 r8.l

36. I
1l I

3t.9

37,7 ti.8 2!.0 27.0

3{.2 50.2 ?3.{ 26.9

JS.l {6.9 21,2 zb.i
J8.2 t5.6 25. I 26.9

39.9 16.t 26.0 26.9

0.0 11,1 r3.8 35.9
24,b 49.5 44.1 42.0

23.8 t6.8 {l.l 3f.3
28.6 42,t 50.0 56.5

27.7 40.6 st.t 39.9

26.8
r6.,
26.8

26.8
th. t

26.0

28.5
?t f

3{.8
1(n

f.3
3.1
1n
2,1
2,6

t6
t7

t8

20

12,1
9' q,

22,7
ZJ. U

22,0

22.5
1?0

49.8

40.3

3t.6

2.0
2.2

t.l
1.6
2.1
71

. J.J
5.1

J.U

f.3
{.1

26

LI

tn
t7
30

3l

8.0
6.?

9.5

10.0

8.3

0,7

0.1

0.6

0.9
0.8

39.9 5r.{ 38.5 39.2

38.t t0{.2 33.7 J9.l
4t. l 76.1 18. l 39.0

{6.9 st.t 46.5 40.0

48,7 46.9 15,2 39.{

38.6 50.7 28.6

38.8 66.9 ?8.7

4l.t 53.7 29,2

{7,9 55,8 22,2
{8.f 55.t ?l,h

2l
22

LJ

!1
7\

5.8 2.6 0.7 35,3

9.4 2,1 0.5 36.2

5.2 2,1 0.{ I7.7
5. i 2.2 1.5 41.0

5.9 ?.0 t.8 11.9

f9.t r9.8 {5.5 42.7

47.0 51.6 51. I 14.3

r9.{ '18.8 8{.8 1t.9
62.8 49.2 57.6 40.7

{5. 0 t7.8 tJ.9 {{. I

{{.6 56,0

43.6 56. r

37,7 47.5

17. { 47.3

38.6 13.5

26.7
26,7
)47

to, I
26.1

ta
t.7
t.6
1,7

26,7
26,6

26.h
?3.6

2h,h
10.0

43.5 19.9
4t. I 36. 7

il.s 3t.9
39.7 42,7

39.0 15.0

{ 1.5

t5.7 t8. { 15.8
t4.9 35.9 43.9

4{.8 3$. I 19, J

46.4 39.7 38.7
t8.l 37.6 il.9

4t,5 {1.9

11.5 30.9

1?.t 26,9

{3.6 23,7

t3.8 22.5

il.7 2?.0

tt.E

IIA I
NIN

Al|6

H-t

Hel!'s I

19.6 {.6 2.1 {3.5
t.t t.6 0.3. 2.1

8.t 2,9 l.l 30.3

{98 t65 71 1320

580 543 580

62.8 t0{.2 8{.8
t6.7 17.2 32.1

{ t.l 48.7 {2.0
2128 2895 2575

48. I 66.9 69.8 30.5

3{,2 ?2.0 zt,b 26,6

4t.t 4{.i .27.? 27.2

2{39 2120 1660 t672

{5.8
il.9
{0.0
4tJt

Totrl Acre-Feet: l9,567

T

r feter punped fror Hell's grrvel pit rhictt bypassed tl5lll station during Jtn-llar.
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APPENDIX C

Historical water-level data

(feet below land surface)
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I

21 8D0A

field across
trailer park

LS Elev: 1538.8

07t2t/79 -92.71

01/16/80 -89.98

06n2/80 -91.38

07/t7/80 -i2.11
0B/ll/80 -93.t1
09/20/80 -9t.68

t0n7t80 -92.t7
lll18/80 -90.05

t2/t6/80 -89.61

0l/t9/81 -89.51

02^etlt -09.62

03/r8/8t -89.91

0u2lt9t -91.33

05/20/8r -92.59

06t23t8t -9{.90
01/13t82 -92.r0
01t20/83 -92.80

05/02/8{ -9t.70
06/t8/8{ -95.87

02t22t85 -93.r3
04/0{/85 -93.60

03n2/86 -95.79

07t02t86 -101.26

08/01/86 -102.t2
09/10/86 -t03.3r
t0/03/86 -10t.54

n/t7t86 -t03.98

l2^9t86 -98.{4
0t/28/87 -t01.83

03/03/87 -97.68

03^1187 -97.53

0u22t87 -99.73

06t06/87 -t01.{5
07n0t87 -t03.71

08n1t87 -107.33

09/20t87 -t06.13
t0^9t87 -10i.65
nng.tg? -101.82

t2t2vg7 -r03.88

02t09tsl -t0r.i2

2

20/20 2t AAEC

Blue 6er

Irai ler Park

LS Elev: 1539.9.

07t21t79 -92.03

01/16/80 -90.86

06n2t80 -93.02

07/t7t80 -93.t7
08/l2t80 -91.13

09t23t80 -93.2t

t0t2v80 -92.77

I r/18/80 -9r .98

t2/r6t80 -91.66

0t/19/81 -90.80

02/t9tlt -91.{7
03/t8/8t -92.83

01/2v81 -93.15

05/20/81 -9{.35

06t23t8t -9i.09
0ut3t82 -91.t0
06/r8/81 -97.71

02t22t85 -95.39

03/13/86 -97.83

s7/02t86 -r0r.2r
03/03/87 -99.39

t0/t9t87 -105.53

3

20/20 2t AAAC

Spring Creek

llort h lfel I

LS Elev: ------

09/10/86 -27.08

t0/03/86 -25. t9

Ll^7t86 -2{.3{
l2,l9t86 -23.11

0v28t87 -2{.81
03ilv87 -25.29

01t22t87 -28.20

07il0t87 -32.10

08il1/87 -3t.91
09/20t87 -32.12

t0il9/87 -31.t8
lt/19t87 -29.22

l2t2v87 -28.72

02/09/88 -28.61

I

20/20 l0 coAB

l|erefotd Ranch

LS Elev: 1{95.7

06il2t80 -26.51

07il?t90 -25.86

0s712/80 -2s.66

09t20t80 -25.19

tlnT tgg -25.17

il/t8/80 -26.18

t2^6t80 -26.8{
0t/t9/Bt -27.10

02/t9tgt -28.01

03/t8/Bl -28.19

0t/2t/8t -28.97

05/20/81 -28.{9
06/23/Bt -27.s0

04/l3t82 -29.58

01/2sl03 -28,97

05102t81 -30.08

06/t8/81 -28.81

02t2?t85 -29.60

01/01/85 -30. t0
03n2t86 -29.15

07 t02t86 -29.55

03/03/87 -29.88

t0/l9t87 -29.09
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20/20 l0 oBBc-r

Hereford Ranch

LS Elev: ------

06/l2t90 -20.53

07/l7/80 -20.21

08/12180 -19.61

09/20/80 -t9.0r
t0/l7t80 -19.76

ll/t8/80 -20.31

t2/t6t80 -20.78

0t/19/8t -2t.29
02^9t8t -2t.62

03/18/81 -21.99

01t2v8t -22.t3
05/20/8t -2t.17
06t23t8t -20.82

01^3t82 -22.85

01t20t83 -32.70

05t02t84 -22.90

06/18/8{ -2t.70
02/r8/85 -22.35

01/01/85 -23.01

03^2t86 -2t.92
07 t02t\6 -22.61

09/r0/86 -25.41

r0/03/86 -21.51

n^7/86 -2r.51
t2/19t86 -2?.01

0v28/87 -22.18

03/03/87 -22.79

03nv87 -22.80

01t22t87 -23.21

06t06/87 -22.7t
07 n0t87 -22.81

08/tl/87 -23.r8

09/20t87 -22.72

t0il9/87 -22.70

uni/87 -23.t6
t2tzl/87 -23.17

02t09/88 -27.01

6

20/20 I I 800A

6aspar i

LS Elev: {162.7

01t02/61 -2.20

0u08/61 -2.30

0lil0161 -2.19

01/t3/6t -2.61

01/L6t61 -2.70
01t30t61 -2.57

05t29t6t -1.58

07t01/61 -3.16
07 t3v6a -t.73
08/3r/6r -s.27

09t29t6t -3.12

t0t3v6t -2.06

nt28t61 -2.05

0l/05/65 -1.25

01t29165 -1.10

02t26t65 -2.10
03/30/65 -2.33

0u28t65 -2.03

06/30/65 -2.55

07t30t65 -1.r8
07 n2t79 -3.23

01/t6180 -2.07

06112180 -t.72
07 

^7 
t80 -2.73

08/t l/80 -3.63
09 t20/80 -2.71

t0n7t80 -1.86

lr/t8/80 -1.80

t2n6/80 -1.60

01/19/81 -r.60
02/19tll -0.96

03/18/Br -r.{3
0t/2v81 -1.30

05t20/8t -1.{7
06/23t81 -2.21

0ut3t82 -t.36
01/20/83 -t.80
05/02/81 -t.08
06/l 5/8r -t .23

0{/01/85 -r.03
03/ I 3/86 -0.61

07102/86 -2.35

03/03/87 -r.2r
t0t20t87 -3.30

7

20/20 03 BCoC

LS Elev: {595.8

02t21t61 -100.60

02t28/61 -100.70

03/18/61 -l0l.r0
03/31/6{ -t0t.{0
01t30/bA -t0t.50
05t29t61 -101.70

07l}v6t -100.80

07tlv6t -100.90

0B/3t/61 -t0t.r0
09/29t61 -t01.50
t0/30/61 -101.60

luzgt61 -101.70

0l/05/65 -r0r.70
0v29t65 -101.70

02t26t65 -t0r.90
03/30/65 -102.t0
01t28t65 -102.30

05t28/65 -102.30

06/30/65 -t02.30
07t30t65 -t02.30
07ilU7i -103.06

0{/u/8u -101.{5

06il2/80 -100.85

07n7t80 -100.11

08/ r2180 -99.58

09t23t80 -98.81

t0t2v80 -98.r8
ll/t8/80 -97.91

t2/l6/80 -97.20

0t/r9/8t -96.53

02n9tlt -95.89

03/18/81 -95.7{
01t2UBl -95.61

05/20/8r -95.11

06t23tgt -95.51

01/L3t82 -89.62

01t20/93 -67.67

05/02/81 -i5.70
06il8/81 -76.22

0r/0r/85 -7i.20
03/r3/86 -83.82

07 t02t86 -73.71

08/01/86 -73.52

09/10/86 -7?.60

I 0/03/86
n/t7t86
tzt t9186

01t28187

03t03t87
03/lv87
01t22/87
06t06t87
07 n0t87
08/ut87
09t20t87
t0^9t87
llil9tB7
t2t2U87
02t09tgg

I
;

I
t

!

I
'l

,l
i

T

I
1l
I

t
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02t21t61 -57.20

03/19/61 -5i.50
03/31/6{ -58.50

05/29t61 -57.r0
07t}v61 -56.80

07 t?v61 -56.70

08/31/61 -56.50

09/29t61 -56.50

t0/30/6{ -56.{0

n/28t61 -56.60

0r/05/65 -56.70

0v29/65 -56.80

02t26t65 -57.r0
03/30/6s -57.20

01t28t65 -57.20

05t28t65 -56.90

06/30/65 -56.60

07/30/65 -56.10

07^2t79 -59.25

0{/16/80 -58.69

06n2t80 -55.89

07/l7t80 -56.20

08/12/80 -57.38

09/23/80 -55.32

l0t2v80 -57.0{
I t/r8/80 -51.90

t2^6t80 -5{.95
0r/19/81 -55.13

02ni/8t -55.29

03/r8/8r -55.{9
01t2v8t -5s.63

05/20/81 -55.56

06t23/8t -61.58

06/18/81 -55.80

03t26/8;6 -55.2{
07t02/86 -55.37

08/01/86 -55.5i
09/10/86 -55.58

r0/03/86 -55.35

n^7t86 -55.31

t2n9/86 -56.7e

I

20/20 03 [}BAC

Dsrt Sprgs

South rell

tS Elev:1528.0

I

20/20 0l CBAE

7175 Baldrin

I

LS Elev: 1183.7

07 

^8t79 
-12.07

01/t0/80 -t0.{6
06/t l/80 -9.i8
oil18/80 -t0.8i
08/lt/80 -10.87

09t23t80 -r0.5r
t0/t7180 -10.31

1v20t80 -r0.i8
t2/l7t80 -n.08
0t/20/8t -t t.35
02t2v8t -lt.6t
03/t8/81 -tt.71
01t2|t8t -12.10

05/20/8r -r I .99

06t23/81 -11.88

01^3t82 -il.9{
0U20t83 -n.27
03t02t81 -9.55

06/t5/81 -10.17

0{/0rl85 -n.31
03/t3/86 -7.99

07 t02t86 -9.97

03t03/87 -11.33

l0

20/20 0l cAcA

7130 Baldrin

LS Elev: ------

07 n1t79 -13.72

01/t0/80 -12.71

06/il/80 -l?,71

07/18/80 -22.81

08/il/80 -16.89

08/r2180 -r3.08

09/23/80 -13.25

l0^7t80 -r3.39

nt20t80 -13.{2

l2^7 t80 -l3.ll
0t/20/81 -13.50

02t2vgt -13.66

03i r8/8r -13.19

01t?v}l -13.59

05t20t8t -13.60

06t23t8t -15.59

01^3t82 -13.30

01t20t83 -t2.18
05/02/8{ -12.72

06/t5/81 -t1.68
0{/04/85 -13.07

03/13/86 -r I .71

07 /02t86 -12. r I
03/03/87 -t2.79

0l/28/s7
03t03t87

07 il0t87
l0tzsl87
lU19187

't2t2llB7

02/09/88

-56.06
-55.92

-56.t{.
-61 .32
-61.28
-61 .08
-58.95



il

.2tl20 31 0000-r

0srt Sprgs

llorth tlell

LS Elev: 1193.1

06/r l/80 -23.30

071t7t80 -23.30

08/t8/80 -2{. 15

t0/2v80 -21.t1
nl20l80 -2{.35
t2/l6/80 -21.21

0t/t9/8r -24.33

02/19tlt -2t.11
03/r9l81 -2{.56
01t2v8t -25.87

05/20/8r -26.{{
06t23t8t -25.50

03t26t86 -26.1I
07 t02t86 -32.3r

t2

2v20 310000-2

SPPCo.

test hole ll8

LS Elev: ----;-

09/t0/86 -29.02

t0/03/86 -26.90

nn7tg6 -2f.51

t2h9t86 -27.16

0v28t87 -2t.57
03ilv87 -21.8s

01t22t87 -26.78

08il1t87 -31.30

t0ir9 t87 -25.75

nilet87 -24.93

l2t2v87 -25.05

02t09t89 -25.37

t3

2tl20 35 008C

Sky Ranch 556

LS Elev: {501.1

07 n6t79 -29.91

01/r0/80 -29. I I

06/r l/80 -28.96

07 

^8/80 
-28.88

08/t2180 -28.69

09/23/80 -29.52

l0/17/80 -28.56

fl/18/80 -28.29

12/llt80 -28.69

0r/19/8r -28.89

02^9tqt -28.95

03/t9/8t -29.21

01t2v8t -29,16

05/20/8t -29.51

06/23t8t -29.90

011t1t82 -29.95

lvt7t86 -31.89

l2/r9t86 -3t.1t
0v28t87 -30.86

03lnt87 -31.17

01t22/87 -3t.20
06t06/87 -36.15

07^0t87 -3i.35
0q/l1t87 -39.5t

L62

l{

2ll20 35 A0AA

Sky Ranch SS3

LS Elev: 1522.0

07 n7 t79 -52.39

01/t0/80 -5t .80

06/12180 -s6.2r
oilr8/80 -52.1t
08n2t80 -51.95

09/23/80 -52.60

t0n7t80 -51.93

l t/r8/80 -5r .75

t2/17t80 -51.60

0t/t9/Bt -5r.50
02^9t81 -56.2e

03/rB/Bt -59.17

0u2v8l -5r.70
05/20/Br -52.32

06t23t8t -5{.50
01nlt82 -50.89

03t26t86 -52.55

08/0{/86 -53.70

l0/03/86 -53.16

llltTtB6 -52.62

t2n9tB6 -52.15

01t28187 -52.27

03t03t87 -52.07

03ilv87 -52.06

01t22t87 -52.0i
06t06t87 -52.36

07^0t87 -52.56

08il1t87 -52,75

t0/l9/87 -51.61
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01102t61 -63.30

01/08/61 -63.20

01ir3/61 -63.30

01n1t6t -63.20

0Ut6/61 -63.30

01t30t61 -63.50

05t29/6t -63.{0
07 t0v6t -63.{0
07 t3v61 -63.30

08tlv61 -63.20

0it29t61 -63.80

t0/30/64 -63.50

n/28t64 -63.50

0t/05/65 -63.20

0v29t65 -63.30

02t26/65 -63.20

03/30/65 -63.20

01t28t65 -63.20

05/28/65 -63.30

06/30/65 -63.20

07t30t65 -63.20

07/t3t79 -63.83

01/10/80 -6{.08
06/t r/80 -63.57

07 

^7 
t80 -63.37

08/r t/80 -63.35

09t23t80 -6r.{5
t0n7 tB} -63.86

1l/t8/80 -63.{6
t2/l6t80 -63.29

0l/19/8r -63.26

02/19tgt -63.10

03/t8/8r -63.09

01tzvgt -69.06

05/20/8r -63.t0
06t23/8t -61.95

01/t3t82 -63.il
01t20t83 -63.17

05t02t81 -6t.70
04/0{/85 -64.70

03/ t3/86 -6{ . I 5

07t02t86 -61.19

l5

2ll20 26 00cc

Sly Ranch 5Sl

LS Elev: t53l.t

t6

2ll20 2{ 8C8A

;l 
Donovan

irr igat ion

LS Elev: 1551.0

07t25t7i -99.70

0t/31/80 -95.98

0{/16/80 -95.62

06/02/80 -95.5t

07n7t80 -95.8t
08/lt/80 -i6.21

09/20/80 -95.78

l0l2ltg0 -95.6{
It/20/80 -95.59

t2il6t80 -95.t3
0l/ 19/81 -95.39

02il9tlt -95.20

03/r8/8r -95.23

01tzugt -95.38

05/20/81 -95.67

06t23t8t -96.2e

0Ut3tg2 -95.{0
01t20t83 -95.18

.- 05t02t81 -96.79

04/0{/85 -t00.t7
03/13/86 -95.20

07t02t86 -97.36

08/01/86 -9i.86

09/10/86 -97.23

l0/03/86 -96.69

nA7t86 -t00.30
t2^9t86 -103.01

0lt2gt87 -95.79

03/03/8i -95.66

03/ll/87 -95.61

01t22t87 -102.77

06/06t81 -97.81

07 

^0t87 
-9i.52

08n1t87 -r0l.BB
l0n9t87 -i7.36
lln9t87 -96.96

t2t2lt87 -96.51

02/09/88 -96.30

l7

21120 2l AiDE

Donovan

donest ic

LS Elev: 1655.8

07t25179 -196.8

06/02/80 -195.1

07/r7180 -196.7

08/t2180 - I 95.8

09t23t80 -195.9

t0t2v80 -195.7

I t/20/80 -t96.9
l2/l6t80 -195.6

0l/r9l8r -19{.6
02n9/8t -19{.5
03i l8/8t -193.7

01t2v8t -r98.6
05/20/Bl -197.2

06t23t8t -196.1

0uL1t82 -195.5

01120183 -170.0

05t02t8t -168.9

03/r1186 -197.0

07/02t86 -190.0

03n7 tB7 -198.3

nlt9l87 -r98.3

08/0{/86
09/l 0/86

l0/03/86
lvtT 186

t2A9t86
0U28t87

03t03t87
03/lv87
0u22t8t
06t06t87

07il\ts7
08/lu87
t0/l9/87
llll9l87
tzt2v87
02t09tBB

-6t.18
-61.39
-61 . {3
-6{.3t
-6t.t3'
-61.36
-61,32

-61.27
-6t.t7
-61. I I
-6{.t3
-6{.05
-65.0r
-61.95
-65.36

-6t.61

I
t
t
I
I
t
I



l8

2ll20 t2 oAcD

110 Alalosa

LS Elev: ------

07/03/79 -310.36

0t/3t/80 -3t0.72

03/19/80 -310.63

06/1 I /80 -3{0.58

07 n7 tB} -310.58

o8i l l/80 -310.50

09t20t80 -310.53

l0l2v80 -3{0.58
n/20t80 -3r0.75

t2l16/80 -3{0.t9
0t/t9l8t -3{0.62

02^9/8t -3r0.{{
03i l8/Bt -3{0.53
01/2Ltlt -310.68

05/20/8r -3{0.56

06t23181 -3fl.25
01n3tB7 -310.82

n^t/8? -310.50

uiza/$ -3{0.86

0s,/02/B{ -3{2.85
01/01/85 -311.t2

03/13/86 -344.72

t7t0?t86 -31t.29

0f|/01/8[ -311.2{
0t/10t86 -311.13

10/03/86 -3{r.{0
nnllg6 -311.17

t2lt9/86 -3{t.16
0v2qtg7 -31r.15

03t03/87 -3{1.{8
0?/nt87 -341.t7
01t22/87 -311.22

06t06t87 -311.18

07^0/87 -31r.23

0B/t/87 -31t.09

t0/19/87 -3{1.65

nA9t87 -311.75

t2/2v87 -3{1.80

02/09t88 -31t.85

t9

2ll21 30 CAAA

2110 Los Pinos

LS Elev: ------

07 n6t79 -2t0.21

0t/3t/80 -212.88

03,'19180 -210.16

06il2t80 -zil.30
07 n7t80 -21t.20
08n2t80 -210.10

09t23t90 -2t0.30

l0l2v80 -210.30

01n3t82 -2il.t6
03ts3t87 -2t0.62

?0

2tl2t 3t cAcA

2215 Cielo Uista

2l

20/2t 06 BABC

Countrtsi de

LS Elev: ------

07il7t79 -132.80

01/10/80 -133.75

06/t l/80 -133.67

07/16/80 -t35.57
08il2/80 -r35.r3
09/23/80 -135.55

t0/17180 -135.9r

tLt20t8,0 -13{.81

t2/17t80 -t31.22
0l/r9/81 -133.55

02n9/8t -r33.7{
03/r8/81 -133.63

01t2u8t -t33.72
05/20/8t -t33.56

06t23t8t -133.59

0ut3t82 -133.22

01t20t93 -t32.61
05/02/8r -t33.6r
01/03/85 -t32.19
03ilu8b -t32.27
07t02t86 -t32.67

a3t03t87 -135.6{

t0/19/87 -t35.30

LS Elev: ------

06t06t87 -69.52

07 

^0t87 
-6e .22

08/11t87 -69.03

tltL9t87 -6i,67
nn9tB7 -6e.58

t2/21t87 -69.50

02/09/88 -69.51
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22

20/21 07 BCEA

::=:=

LS Elev: 1501.0

07 t21t79 -28.82

0{/lt/80 -28,71

06/il/80 -28.33

07/18/80 -28.20

08/il/80 -28.17

09/20/80 -28.0{

t0/t7t80 -28.20

nt20tg0 -28.08

t2n7tgl -27.96

0lt20t8t -28.01

02t2v8t -28.22

03/19/81 -27,86

0u22t8t -28.r3
05t20tgt -28.03

06t23t81 .-28.0t
01il3/82 -28.05

0s/0r/83 -27"62

05t02t81 -27.69

06/t5/81 -27.29

01/0{/85 -27.25

03t26t86 -27.26

07 t03t86 -26.19

08/01/86 -27.16

09/10/86 -26.69

10/03/86 -26.82

n^7t86 -26.65

l2/19t86 -26.55

0v28/87 -27.31

03/01/87 -26.67

03/LvB7 -28.20

01/2?t87 -27.68

06t06t87 -26.70

07110187 =:=
08/Lu87 -26.60

t0iLg/87 -26.76

lvt9/87 -26.90

t2t2lt87 -26.9t

02t09t88 -26.82

23

20/2t 07 cEcB

LS Elev: ------

07t23t79 -5.62

06/r t/80 -5.75

07il8t80 -5.9r

08/l t/80 -5.7r
09/20/80 -5.67

t0iL7t80 -5.67

I t/20/80 -5.57

t2n7t80 -5.t6
0lt20t8t -5.{6
02t2v8t -5.57
03/19/8t -5.29
0u22t8t -5.12

05/20/8t -5.29

06t23t8t -5.28
01il3t82 -5.21

05/0f/83 -{.99
05t02t81 -5.80
06/15/8t -{.99
01/0r/85 -r.70
03t26t86 -5.06

07 t03t86 -5.3t
08/0r/86 -5.30
09/r0/86 -5.28

l0/03/86 -5. I i
n^7t86 -1.96

t2n9t86 -5.82

0v28t87 -{.86
03t01187 -f.06
03nlt87 -1.9r
01t22187 -5.07

06t06t87 -5.20

07 il0t87 -5.r6
08/lu87 -5.08
t0/t9t87 -5.05

n^9t87 -5.11

t2t2v87 -5.0{
02t09t88 -5.07

2l

20/21 07 cccc

'Big llell'

LS Elev: f50B.l

07 n8t79 -26.12

0{/t r/80 -26.8s

06/t t/80 -26.95

0//18/80 -27.08

08/t l/80 -26.93

99t20t80 -26.87

10il7/80 -25.89

nt20t80 -26.79

l2il7t80 -26.68

0l/20/8t -26.61

02l2v8t -26.70

03/19/81 -26.12

01t22t8t -26.62

05/20/8t -26.15

06t23t8t -28.5r

01^3182 -26.15

06/r5/81 -25.93

0r/0{/85 -25.71

03/t,l/86 -25.i8
07 t03t86 -26.20

08/01/86 -26.t9
09/t0/86 -26.20

t0/03/86 -26.t3
nil7t86 -25.83

12il9t86 -25.81

0U28t87 -25.70

03t0u87 -26.r3
03/ll/87 -25.78

04t22t87 -25.99

06t06t87 '-26.t2

07n0t\7 -26.03

08/L1t87 -25.9?

t0^9t87 -25.92

nlt9t87 -25.93

12t2v87 -25.98

02t0it88 -25.85

25

20/21 t8 0AB0

Bai I ey

north rel I

LS Elev: {516.1.

07t23t79 -36.99

0{/l r/80 -35.{5

06/l l/80 -35.3r

07/ r8/80 -35.28

08/il/80 -35.25

09/20/80 -35.17

l0/17180 -35.27

I t/20/80 -35. I I
12il7t80 -35,02

0t/20t8t -35.02
g2t2u8l -35.06

03/19/8r -31.88
.01/22t\l -31.96

05/20/81 -31.93

06t23t1t -35.01

05/0{/83 -31.0t
05/02/81 -33.71

06/15/8{ -31.{6
01/01/85 -31..1{

03/l {/86 -35.0 r

07/m/86 -32.t8
08/01/86 -31.96

09/t0/86 -32.08

t0/03/86 -32. r3

fin7t86 -32.t0
t2/t9t86 -32.07

$t01td7 42.87
t0t20tgl -32.91



26

20/2t t8 0DBA

Eailey
south rell

LS Elev: ------

07t23t79 -{{.73
01/il/80 -12.19

06/il/80 -t2.19

07 n8/80 -12.92

08/il/80 -t2,63
09t20t80 -t2.t6
t0tr7t80 -t2.6i
u/20/80 -12.23

t2^7t80 -t2.08
0U20tBt -t2.30
02t2Ltlt -t2.37
03/19/81 -t2.0t
01t22t8t -{2.18
05/20tlt -12.21

06t23tlt -{2.50
05/01/83. -1t.55
05tg2t8t -{1.60
05/t5/81 -r0.03
06/r5/8{ -{1.01
01/01/85 -lt.t7
03/l{/86 -{t.59
07t03t86 -13.82

08/0{/86 -13.19

09/t0/86 -13.39

t0/03/86 -t3.t3
n^7t86 -t2.52
t2il9t86 -{3.39
0U28t87 -11.i7
03t01t87 -{1.6i
03/l r/8i -12.97

04t22/87 -{2.58
08/lU87 -11.98

t0t20t87 -{2.n
n/l9lB7 -12.39

t2t2t/87 -12,2?

02/09/88 -12.11
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APPENDIX D

TRIAG groundwater flow model
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B9

PROGRA}I TRIAG

FIilITE ELEI.IE}TT UODEL TO SIMUTATE SURFACE AND
GROUNDI{ATER HYDROLOGY MODIFIED FROM THE USGS 3D }lODEt
WRITTEN BY: Timothy J. Durbin (1985)
MODIFIED FOR },IS-DOS CO}IPUTERS UilDER FORTRAH 77
VERSION I.I 17/T6/86} -- gO COLUMN PRINTERS
Copyright By : Donald A. Mahin N0VEMBER 6, I9g5

C0MMoN /BIG3/WIC,H,HL,K,S, C,Q,CCHRH,CETLH,F,RHSV, THK,
1 HLIT,XE, YE,AE, BE,D, E,HTS, NND
REAL PARN{X(50 ) ,l{LC( 325 ) ,H(250 ) ,HL( 250!, ,I XE( 3),yE( 3),AE( 3,3),BE( 3, 3 ),D( 3), E( 3),K( 325),S( 325 ),

2 c(250),Q(250l,CCHRH(250),CCHLH(250), .

3 CETRH(250),CETLH(250),F(250),RHSV(250),THK(250),HIIT(250)
II|TEGER NTS( 325 ),tfND( 325 ),oUT
CHARACTER*64 DATAII{, RESULTS, PI,OT
DATA PARAru( /50rrl.0/
NI{LIl=0
INN=5
OUT=6
I.IRI T0 ( *,89 )
FoRI,!AT(' TRIAG 2-D FINITE ELEMENT I{0DEL' ,//l
}JRITE(*,99)
F0RMAT(' What is the nane of the DATA file? ',\)
READ(*,100) DATAIN
EoRMAT(A)
l{RITE(*,199)
FORI,IAT(' I{hat is the name of the
READ(*,100) RESULTS
tiRITE(*,399)
FORI'{AT(' l.lhat is the name of the
READ(*,100) PLoT
0PEl'l ( INN, FILE=DATAIN, ACCESS='SEQUENTIAL' )
OPEN (OUT, FILE=RESULTS,STATUS='IIEW' , ACCESS= 'SEQUENTIAI' )
0PEN ( 7,FIIE=PL0T,STATLJS='llEl,t',ACCESS=' SEQUENTIAL' )
REI.IIND (I}IN)
IIRITE(*,2991
F0RMAT(/', PRoGRAM RUNNING ', ,/ / ,I ' The program nay run for several hours'

2 ' t{alt for the System Prompt: A) B) or

CII.L rcDELl ( PARAI'{X, Iill{, OUT )
IOUT=l
CALL fCIDEtz ( PARAI'D(, IHN, 0UT, NI{IU, IOUT )
closE( rlrN )
cLOsE(ouT)
cr0sE( 7 )
STOP
END

99

I00

I99

399

I.ONG OUTPUT file? ',\)

PIOT file? ';\)

c)

299
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c
c
c
c

SUBROUTITE I.IODEt1 (PARAMX, IIII{,OUT }

SOLUTION OF TWO-DIMENSIOHAI, GROUND-I{ATER-FLOW
EQUATIONS BY FINITE-ELEMENT METHOD USING

. LINEAR TRIANGULAR ELEMENTS

INPUT VARIABLES
COMI'ION /l'{0DEt/ Il{,X,Y,K0,S0, BASE,H0,

I DELT,I'{AXNS, NI TER, NN, NE, NB, CLOSE, NPLT, I PI,T
INTEGER IN( 325, 3 ),NPLT( t0)
CHARACTER TITTE(80)
REAL X(250),y(250),K0(325),S0(325),BASE(250),H0(250)
CoMMoN /B[G/A
coMM0lr /BrGI/B
cot{MoN lBrGz/LHSvl
C0MMoN /BI G3 /l,lLC, H, IlL, K, S, C, Q, CCHRH, CETLH, tr, RHSV, THK,

I HIIT, XE, YE, AE, BE, D, E, }ITS, NND

INTERNAT VARIABLES AND VARIABLES PASSED FROM OTHER SUBROUTINES

REAL PARAMX(50),HLC(325),H(250),HL(250),'
1 XE(3),yE(3),AE(3,3),BE(3,3),D(3),8(3),A(250,20),8(250,20),
2 K ( 325 ),S ( 325 ),C ( 250 ),0 ( 250 ),CCHRH ( 250 ),CCHLH( 250 ),
3 CETRII(250),CETLH(250),LHSM1250,201,
4 F(250),RHSV(250),THK(250),HLIT(250)

REAL NDXDX,NDYDY
INTEGER NTS( 325 ),NND( 325),oUT
DIMENSIOIIED FOR I.{AXIMUI'I

NODES=250
ELEIIENTS=325
HAtF-BAllD I{IDTH=20
MEASURED WATSR LEVELS:325

BEGIII DATA I}TPI'T
BASITI }IAI.{E

READ( INN,900) (TITtE( I ), I=I,80)
I{RITE(OUT,901 ) (TITLE( I ),I=1,80)
F0RHAT( 80AI )
FoRMAT( B0A1/80 (' -' ) /)
IIUE STEP (DAIS},IIUI.IBER OF TIIIE STEPS,IIT'IEER OP E[ ITERATIO}TS
READ( INN, 902 } DELT,MAXNS,NITER,CLOSE
WRITE( oUT, 903 ) DELT,l,lAxNS, NITER,CLoSE
DEIT=DELT* 3600 . 0*24 . 0
FoRMAT ( Fl2 .0 ,216 ,Fl2 .0 )
FORMAT( / /LLX,'TIME PARAMETERS,/IH,IOX,15('-' )/lH,IOX,

I 'TII'{E STEP' ,2TX,F8.l/IH ,IOX,'ilUI'{BER OF TIME STEPS' ,L4X,T4/
2 IH ,10X,'NUI'1BER 0F ET ITERATIONS ' ,I5/
3 lH ,IOX,'CLOSURE CRITERION POR ITERATIONS.,F6.3)
MfiBER OF IIODES AIID ELE}IETIIS
READ( INN,*) IPIT, (NPLT( I ) , I=1, IPLT)
READ( INN,9O4) NN,NE
t{RITE(oUT,905} Nil,NE
FoRMAT {216)
F0RI'{AT( /LLX,'FINITE-ELEMEilT DATA' /LH,10X,19('-' }/IH,10X,

I 'NUMBER OF IODES .,IIO/IH 
,IOX,'NUMBER OF ELEUENTS,,IlO)

iloDE CtoRDilrAlES (FEET)
READ( INN,906 ) FACX,FACY
READ( IilN,907 ) ( I,X( I ),Y( I ),lf=l,lIN)

900
"901

c

902
903

904
905
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jl
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D0 I00 I=I,NN
X(I)=X1I)*f'aCX
Y(I)=Y1I)*FASY

IOO CONTINUE
tiRITE(oUT,90B ) FACX, FACY

I.JRITE(OUT,909 ) (I ,X(I ) ,Y( I ) ,I=1,Nll )
906 FoRMAT(2FL2.0)
907 F0RI',1AT(3( I6,2F6.0,6X) )
908 FORI.'IAT( //LIX, 'I{ODE COORDINATES'/lH ,IOX,16('-'l/LH ,10X,I 'FACToR FoR X"lpEll.3/rH ,10X,'FACToR FoR y"IpEll.3/

2 IH,IOX,2('NoDE"llx,'X"llx,'y"5X)/)
909 ToRMAT( (lH ,10X,2 lr4,8L2.1,F12.1,5X) ) )c EtEilElrI IltcIDElrcEs (coUltTER CIOCKHISEI

READ(INN,9l0) (I, ( IN(I,J),J=I,3),N=I,NE)
IIRITE(oUT,91l )
I{RITE(OUT,9L2l (I, ( IN( I,J),J=I,3),I=1,NE)
I'oRUAT(2(4I6,6X))
ToRMAT( / /IIX,'ELEMENT INCIDENCES'/lH,10X,18('-' )/]H,10X,

2(', ELEM"l3X,', CoRNERS 

"grl 
/l

ToRMAT( (lH ,10X,2,t4,2X,316,9X) ) )C trIIID IAI,F.BAIID IIIDTH
INBII{M=0
D0 102 L=I,NE
Il'lAX=0
IMIN=325
DO 10I I=1,3
I I=IN (t, I )

I},IAX=MAX0 ( II{AX, I I )
IMIN=l'{IN0 ( II,IIN, I I )IOl CONTINUE
INB= Il'lAX-Il,llN+l
INBI'IM=MAXO ( INB, INBMAX)

TO2 CONTINUE
NB=INBIOX
HRITE(oUT,913) NB

913 F'ORMAT( IILX, 'HALF_BAND T{IDTH' ,II3}c HIDRAULTC COmXrstMTr (FEET pER DAII
READ(INN,9I4} FACK
READ( INN,915) (XO( I),I=1,N8)
D0 103 I=I,NE
K0(I)=K0(I)*FACK

103 CONTINUE
WRITE(oUT,9L7l FACK
I|lRITE(oUT,9I8) ( t,XO( I ),I=l,NE)
D0 I04 I=I,NE
K0( I ) =K0( I ) /( 3600.0*24.0 )

IO4 CONTIruE
9I4 F0RMAT(812.0)
ers F0RMAiiioro.o)
917 FoRMAT(/ll]'X, 'HYDRAULIC CoNDICTMTy'/lH ,10X,22(' -')/lH ,10X,' I 'FACT0R FOR K"lPElI.3/rH ,IoX,2 .2('EIEM' ,13X,'VALUE'. ,4Xl ll
918 FoRMAT( (lH,LlX,2U4,gX,Fg.l,4X) ) )
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SPECITIC YIEI,D DII.IEIISIOIIIF.SS }
READ(INN,9I9) FACS

nnal(INN,920) (SO( I ),I=1,NE)
D0 105 I=I,NE
S0(I)=S0(I)*l'lcs
CONTINUE
ltRtTE(ouT,922.1 FACS 1

tiRITE(OUT ,9231 (I,S0(I ),I=1,NE)
FoRr'lAT (812 .0 )
FoRMAT ( IoF6 .0 )
ronuat( / lllx, 'SPECIFIC YIELD' llH ,10X,16 ( '-' ) /IH

I 'FACT0R FoR S"lPElI.3/rH,10X,
2 2('EIEM' ,13X,'VALUE' ,4Xl /l

919
920
922

925
926

927
c

,10x,

923 FoRMAT( tIH , r}X,2(14,9X,F9.4,4X) ) )
C AI,TIN'DE FOR BASE OT AQ{JITER (TEET}

nEa0( INN,925) (BASE( I ), I=I,NN)

928
9.29

930
c

t{RrTE(ouT,9261
tlurniout,gzT | ( I,BAsE( I ), I=l,NN)
F0RMAT( r0F6 .0 )

F0Rt"tAT( / /LrX,'BASE 0F AQUIFER' /IH,I0X,15('-' )/IH,10X,
I 3('N0DE', ,7X, 'VAIUE' ,4Xl /l

FORI'{AT( ( lIX, 3 ( I4, 3X,F9 . I, 4X) ) )
IlfItIAt HATER TEVELS (rEETl
READ( INN,92B) (ttO( I ), I=l,NN)
wRITE(oUT,929l
IiRITE(OUT,930) ( I,H0( I ), I=1,NN)
ToRMAT ( l0F6 .0 )
FoRMAT( / /LIX, 'INITIAL I{ATnR tEVEtS' /rH ,10X,20( '-' }/IH ,10X,

1 3('NoDE'. ,7X, 'VALUE' ,4Xl /l
FORI4AT( ( IlX, 3( I4, 3X,F9.1,4X) ) )

599 FORMAT(lH ,10I]0)
699 FoRilAT(lH,loFlo.3)

rF(IPLT.LT.I) Go rO 737
l{RITE{7,599} (NPLT( I ),I=1, IPtT)
ITIRITE(7,699) (X(NPLT( I ) ),I=l,IPLT)
I{RITE(7,699) (Y(NPLT(I)),I=1,IPLT) /

C C0llSTAllT-nUep nODnS, Hrli{PAGE AllD RECIARGE,
C AIID EVAPOTRNISPIRATIOII
c
737 CATL CTIEAD1( INN,OUT,NN}

CALL n ilPI ( INN,oUT,Nll )

CAI,I EVASI ( INN,OUT,NN )

C E}ID OF DATA IIIPI'T
RETURN
END

t
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SUBRO{IT I IIE }IODET2 ( PARA},IX, I IIN, OUT, }{I,ltM, I OUT )' 
coMMoN /MoDEt/ IN,X,Y,K0,S0,BASE,H0,

I DELT, MAXNS, NITER, NN, NE, I{B, CLOSE,IIPLT, I PLT
INTEGER IN( 325,3),TITLE( 80 ),NptT( 10 )
REAL X(250),r(250),K0( 325),S0(325),BASE(250),R0(250)
COMMON /BTG/A
coMMoN /BrGr/B
coMMoN /BLG?/LHSM
COlrlMON /BI G3 /WLC, H, HL, K, S, C, Q, CCHRH, CETLH, F, RHSV, THK,

1 HIIT, XE,YE,AE, BE,D, E,NTS,NND
C INTERNAT VARIABLES AND VARIABLES PASSED FROM OTHER SUBROUTINES

REAL PARAMX( 50 ) ,liLC( 325 ) ,H ( 250 ) ,HL( 250 ) ,
1 XE(3),yE(3),AE(3,3),BE(3,3),D(3),8(3),A(25A,20),B(250,20!',
2 K(325),S( 325),C(250),Q(250),CCHRH(250),CCHLH(250),
3 CETRH(250),CETLII(250),IHSM(250,20t.,
4 F ( 250l,RHSV(250),THK{250),HLIT(250)

REAL ilDXDX,NDYDY
INTEGER NTS ( 325 ),ilND( 325 ),oUT

C CURREXT VNI'ES FOR EIDRAULIC COI{U'EIIVIIY A}TD SPECIFIC STORAGE
D0 350
L=I , NE

K(L)=X6111
S(t)=s0(t)

350 CONTINUE
C ITITIAI HATER LEYEI.S

D0 400 I=I,NN
Ht(I)=H0(I)
H{I)=11s111

4OO CONTINUE
C BEGIN TII.TE-STEP IOOP

KNS=0
401 KNS=KNS+l

IF(KNS.GT.MAXNS ) REruRN
C IIITERCHATTGE HATER TEVELS

D0 402 I=I,NN
HL(I )=H(I )

402 CONTINUEc colrprrTE vArrrBs loR sot RcE/sIlrK vEcloR (g) AND
C COMPUTE CONSTANT-HEAD COEFFICIENTS (CCHRH) AND (CCHIH)

cAtt PuuP2 ( INN, oUT, PARAMX, p,SUl.lP, KNS )
I0UTX=0
cAtt CEEAD2 ( I NN, oUT, PARAIT{X, CCHRH, CCHIH, H, SUMCH, I 0UTX }

BEGIX THICK}IESS, EVAPOTRAIISPIRATIO}I, AND RIVER.
ITERATIONS

D0 4I7I I=I,NN
HLIT(I)=HL(I)

4I7I CONTINUE
D0 421 ITER=I,NITER

C UPDAIE AO{'IFER-1IICK}IESS VAII'ES
DO 404 I=I,NN
THK(r)=H(r)_BASE(r)
IF(THK( I ) .lE.10.0) THK( I )=10.0

404 CONTINUE
c ilflTrArrzE I{ATRICIES (A) AltD (B}t

T
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405
406

D0 406 I=I,NN
D0 405 J=l,NB
AtI,J)=0.0
B(I,J)=0.0
CONTINUE
CONTINUE
BEGI}I LOOP OVER EIE}TE}ITS
DO 4I2 L=l,NE
ELEI{EI{T STIFTXESS HATRIX
D0 407 I=I,3
II=IN(L, I )
xE(I)=X(II)
YE(I)=Y(II)
CONTI}IUE

(AEl AlrD DY}IAIITIC I,IATRIX { BE}

D(I)=Ys12)-YE(3
D(2)=Ys13)-YE(r
D(3)=Ys1r)-YE(2
E(l)=xs13)-xE(2
E(2)=xs1I)-xE(3
E(3)=xs12)-xE(1
AREA=(D(1)*XE(1
D0 409 I=1,3
DO 408 J=I,3

+D( 2 )*xs1 2 ) +D( 3 ) *xE( 3l | /2.0

ND/rDX=D( I ) 
*D( J | / 1I2.0*AREA)

IIDYDY=E ( I ) 
*E( J) / ( 12 .O*AREA)

AE(I,J)=0.0
DO 4071 N=I,3
I I=IN (L,N )

AE( I,J ) =AE( I,J)+K(L)*THK( I I ) 
*1pt*

I +K(t)*THK(rI)*lpvDt
4O7I CONTINUE

BE( I,J ) =s ( t) *AREA/I2.0
Ir( l.EQ.J) BE( I,J)=BE( I,J)*2.0

408 CONTINUE
409 CONTINUEc croBAr sTrFFxEss lrATRrx (Al AlrD Dn{A}rrc ilArRrx (B}

D0 411 I=1,3
II=IN(L,I l
D0 410 J=1,3
JJ=IN(t,J)-II+l
rF(JJ.LT.]) Go ro 4I0
A( I I,JJ) =A( II,JJ)+AE( I,J)
B( II,JJ)=B( II,JJ)+BE( I,J)

4IO CONTINUE
4]1 CONTINUE
4L2 CONTINUE

D0 414 I=l,NN
D0 413 J=I,NB
B( I ,J )=B( I ,J )/DELT

413 CONTINUE
414 CONTINUE

c El{D t00P ovER EtE}lEllTS
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C II{UITIPIICATIOI{ OF GIOBAI, DITTMIC I.TATRIX (BI AIID
LA.5T-HATER tEVEr VEercR ([L] f0 PRoDUCE VECrcR (C)

D0 417 I=I,NN
C(I)=B(I,1)*1i1111

. D0 416 J=2,il8
I I =I+J-l
rr (rr.GT.NN) Go To 415
C( I )=91 I )+B( I,J)*1111 11 I

415 II=I-J+l
rF(rr.LT.I) co To 416
c( I)=c( I )+B(II,J)*HL(II) "

4.I6 CONTIruE
4L7 CONTINUE

C COII{PT,TE RIVER ATID EVAPOTRAIISPIRATIOII CUEFTICIEIITS
I0UTX=0
SUMR=O .0
CALL EVAPz ( I }IN, OUT, PARAMX, CETRH, CETLH, H, SUI{ET, KNS, I OUTX }C COIISTRUCT IEFT-f,AII}.SIDE ilATRIX (G}

,, D0 419 I =l ,NN
D0 418 J=l,NB
tHSI'l( I,J) =|( I,J)+B( I,J )

4I8 CONTINUE
IHSM( I, I ) =915tr1( I, I ) +CET1H( I ) +CCHLH( I )

4I9 CONTINUE
c c0lrsTRuet RIGIT-IAI|D-SIDE VECToR (Fl

DO 420 I=l,l{N
r( t 1 =-91 I ) -cErRH( I )-ccHRII( I )
RHsv(I )=c{I)-r(I)

420 CONTINUE
C COUPT'TE }IEil I{ATER-IEITE VECTOR (H}

CAIJ BAIID( INN, OUT, I.,HS}.l, RHSV,H, NN, NB )
C CHECK FOR CIOSURE

DELI4M=0.0
DO 420I I=I,NN
DELH=ABS(H( I ) -HLIT( I ) )
I F (DELH . GT. DETMAX ) DEII'{AX=DELH
HLIT(I)=H(I)

42OI CONTINUE
IF(DErl.rAX.tE.CI0SE) C,0 T0 4211

42T CONTINUE
IF ( ITER.GT.NITER) rrUn=lrnn-l

C EIID THICffESS, RIVER, .AIID EVAPOTRA}ISPIRATIOII ITERAIIOIIS
c UPDATE COUPTJTE-HATER-IEVEI VECToR (r{tc}
42lt rF(NWLM.EQ.0) G0 T0 423

DO 422 I=l,ilWtl'l
IF(Nrs( I ) .EQ.Kils) l.lLC( I )=H(ltND( I ) )

422 CONTINUE
C DISPTAI I{ATER LBYNT-q AilD TOI'IFER TIICKIIESS
423 CONTINUE

. rr(rour.EQ.O) G0 T0 401
TIME=KNS*DELT/ ( 3600 .0*24 .0 )
WRITE(OUT, 980 ) KNS, TIME, ITER,DELI'IN(
I,IRITE(OUT,981) ( I,H( I ), I=1,NN)
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IP{ IPLT.GT.0)l,lRITE(7,555) (H(NPLT( I } ), I=1, IPLT)
555 F0RMAT(lH,I0Fl0.3)

t{RITE(OUT,982I
l{RITE(OttT, 98I } ( I,THK( I ), I=1,NN)
TORMAT( / ILLX, 'AQUIFER THICKNESS, lLH ,IOX,17 (' _' 

I /
lH ,10X,3('NoDE', ,7X, 'VALUE', ,4Xl /l

FoRI'{AT (/ / lLLX,'TIME STEP" t4/LH,r0X,13('-' }/lH,10X,
, 
ELAPSED TIME"trIO.1,lX,'DAYS' /

IH ,IOX,,NUMBER OF ITERATIONS"I4l
IH ,IOX,'WATER-LEVEI CHANGE ON IAST ITERATION"FLO,4/
IH ,IOX,.COMPUTED WATER LEVELS,/
IH ,r0x,21('-')/rH ,IoX,3('NoDE'. ,7X, 'VALUE' ,4Xl /l

FoRMAT( (lH ,10X,3( I4,3X,F9.1,4X) ) )
ASSEITIBIE IATER HTDGEI AllD DISPTAY
CAI,L EYAP2 ( I NN, OUT, PARAMX, CETRH, CETLH, H, SUMET, KNS, I OUT }
CAI,L Cf,EAD2 ( INN, OUT, PARAIIO(, CCIIRH, CCHLH, H, SUilCH, I OUT )

CII,I BI'DGET ( I NN, OUT, X, Y, I N, H, HL, S, DEIT, I[E, SUMP, SUMR, SUMET,

982
I

980
t
2
3
4
5

98I
c

I SUMCH,IOUT)
B|D TIIIE-STEP IOOP
c0 T0 401
EilD
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SUBROT'TIIIE EVAP1 ( INI{,OUT, NN )

C0MI'i0N /EVAP / ETAREA,IAND,H0ET, FACSET,
1 ETNODE,}IETN,DEIHO,NTMM,NNX
REAI ETAREA( 200 ),LAND( 200),HOET( 200 ),08T( 200 ),

1 CETRH(250),CETIH(250),H(250),FACSET(I00),pARAr'{X(50}
INTEGER ETNODE( 2OO),OUT
NUUBER 0F ET N0DES, DEPTH T0 ZER0 ET (FEET),

AND MAXIMU},I ET RATE (TEET PER YEAR)
NNX=NN
READ( INN, 9OO ) NETN, DELHO, ETI'.I.M,IqAXNS
IF(NETN.EQ.O} RETURI{
tiRITE (0UT, 901 ) DELHO, ETI'IAX
ETIIIAX=ETI'{AX/ ( 3600 .0*24.0*365 .0 }
F0RMAT ( 16 ,2F6.0, I6 )

FoRMAT{ / / /l'lr, 'EVAP0TRANSPIRATI0N'/lH ,10X,lB( '-' )/lH ,10X,
'DEPTH T0 ZERo ET"F9.r/lH ,I0X,
'MAXIMU},I ET RATE' , FlO .I )

ET ilODES,. AREA (ACRES), LAND-SURFACE ATTITUDE (FEET)
READ( INN,902) (ETNODE( I ),ETAREA( I ),IAND(I ), I=1,NETN)
t{RITE(OUT,9O3 )
WRITE(oUT, 904 ) (ETNoDE( I ),ETAREA( I ),LNID( I ), I=],IIETN)

902 FoRMAT(16,2F6.0)
903 FoRI,IAT( / /LLX, ',NoDE' ,5X,',AREA' ,5X,'IAHD'/]
904 FoRMAT(lH,IoX,14,2F9.1)
C TII{E-SET I'{UITIPtIERS

READ( INN,9IO)
( PACSET( I ), I=1,ltMilS )
t{RITE(oUT,9lI )
ItlRITE( OUT,912 ) ( t,trlCSET( I l, I=I,ltlAXlfS)

9I0 I'ORMAT (6X, F6 .0 )
9I1 FORI'{AT( / /LIX, 'TII{E-STEP IITJLTIPLIERS' lLH ,IOX,2I( ' 'I /I IH ,10X,'STEP' ,4X, 'FACToR'/)
9I2 T0RMAT( (1H ,IoX,I4,4X,F6.3) )C ADJUST LAND ALTIruDES TO REPRESENT ZERO-ET ATTITUDE

D0 101 I=I,NETN
ETAREA (I) = ETAREA (I)*43560.0
HOET( I )=LAND(I l-DEIHO

101 CONTINUE
C END OF DATA IilPUT

RETURN

E}ID

c
SUBROT'TIHE EVAP2 ( I NN, OUT, PARMX, CETRH, CETLH, H, SUMET, KNS, I OUT }
C0MI'{ON /EVAP / ETAREA,LAND,HOET,FACSET,

I ETNODE,NETN,DELHO,ETMAX,NNX
REAI ETAREA(200),rAND(200),H0ET(200),QET( 200l-,

I CETRH(250),CETIHt250),H(250),FACSET(I00),pARAfiX(50)
INTEGER ETNODE( 2OO ),OUT

C INITIALIZE VECTORS (CETRH} A}ID (CETLH)

D0 100 I=I,NNX
CETRH(I)=0.0
CETLH( I )=0.0
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IOO CONTINUE
SUMET=0 .0
IF(NETN.EQ.O) RETURN

C CO}IPUTE IEFT-IIAND AND RIGHT-HAI{D COEFFICIENTS
D0 1I0 I=l,NETil
JJETNODE( I )

COEF=ETAREA( I ) 
*ETMM*EACSET(KilS ) /DELH0'

CETRH(J)=0.0
cETtH(J)=0.0
rF(H(J).tE.HoETtI)) Go ro Il0
CETRH ( J ) =COEF*H0ET ( I )
CETLH(J ) =C0EF

IIO CONTINUE
C PRINT RESUTTS

IF(IOUT.EQ.O) REruRN
C COMPUTE ET FTUXES

SUI'IET=0.0
D0 120 I=I,NETN
J=ETNODE( I )

OET ( I ) =CETRH ( J ) -CETLH ( J) *H( J)
SUMET=SUMET+QET( I )

120 CONTINUE
I{RITE(oUT,950) SUMET

IrIRITE(OUT,951) (ETNODE( I ),QET( I ), I=1,NETN)
950 FoRMAT( / / / /llr,'EVAPOTRANSPIRATIoN' /lH,10X,18('-' )/llt,10X,

. I 'CUMUIATM RATE' ,F9,4/LH ,10X,
2 ' NoDE"5X, 'RATE'/)

951 FoRMAT ( lH ,IoX, 14 ,E!2 .41
REruR}I
END

I
I
:l

il

il
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900
901
942

I
2

903

SUBROTITII{E CNEADI ( INN, OUT, }IN )
CoMMoN lcHE Dl ilCHN,CHNoDE,CHEAD,FACTOR,NNX
REAL CHEAD ( 50 ), PARAI,D( ( 50 ), CCHRH ( 250 ), CCHTH ( 250 ),H ( 250 ),QCH ( 50 )

INTEGER CH}IODE(50 ) ,OUT
CONSTANT_HEAD NODES AND WATER_LEVEI VAIUES
NNX=NN
READ( INN,9OO) , NCHN,FACTOR
IF(NCHN.EQ.O)' RETURN
nnloiixx,0or i (cHNoDE( I ),cHEAD( I ), I=l,NcHN)
WRITE(OUT,9O2) FACTOR

WRITE(0UT,903) (CHN0DE( I ),CHEAD( I ),I=1,NCHN)
FoRt'tAT(I6,El2.0)
FoRMAT ( I 6, 16 .0 )

FoRMAT( / / /10X,'C0I{STAI{T-HEAD N0DES' /rH,10X,19 (' -' )/lH,IoX,
'LEAKANCE FACT0R 

" 
lPEl2 .3/1H ,10X,

'N0DE' ,8X, 'HEAD'/)
FoRMAT( lH, lOX, T4,ELz,4l
END OF DATA INPUT
RETURN
END

suBRol,IIIE CHEAD2 ( I NN, oUT, PARAI,IX, CCHRH, CCHLH, H, SUl,lCH, I oUT )
c0Ml'10N /CHEAD/ ilCHN, CIINoDE,CHEAD, FACT0R,NNX
REAL CHEAD ( 50 ), PARAITIX( 50 ), CCHRH ( 250 ), ccHtH t 250 ), H ( 250 ), QCH ( 50 )
INTEGER CIINoDE( 50 ),oUT
INITIALIZE VECTORS (CCHRH) AND (CCHLH)

D0 100 I=I,NNX
CCHRH( I )=0.0
CCHTH(I)=0.0

IOO CONTINUE
SUI'ICH=O.0
IF (NCHN.EQ.O) REruRN

C COMPUTE IEFT-HAND AND RIGHT-HAND COEFFICIENTS
DO I01 I=I,NCHN
J=CHNODE( I )

CCHLH(J)=FACTOR
CCHRH(J) =FACTOR*CHEAD( I )

IOI CONTINUE

PRINT RESULTS
IF( IOUT.EQ.O) RETURN
COMPUTE CONSTANT-HEAD FLUXES
SUMCH=0.0
D0 150 I=I,NCHN
J=CHNODE( I )

QcH ( I ) =CCHRH ( J ) -ccHLH( J ) *H (J )

SUMCH=SUMCH+QCH( I )

I50 CONTINUE
WRITE(oUT,950) SUMCH

t.lRITE(OUT,951 ) (CHN0DE( I ),QCH( I ), I=I,NCHI{)
950 FORITIAT(/ / /L}X,'C0NSTANT-HEAD ll0DES' /LH,IOX,19('-' )/IH,10X,

T 'CIJMULATIVE RATE' , P9 .4/1H ,IOX,

t
I
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2 ' N0DE' ,8X,'RATE'/)
951 . FoRMAT(IH,10X,I4,F12.4)

RETURN

END

SUBROI'TII{E PI'UPI ( INN, OUT, }IN )' C0M}-10N /'PUMP/ QSET,FACSET,NPUMP,NSET,NNX,QRECH,NRECH
REAI Q( 250 ),QSET( 250,10 ),FACSET( r00 ),PARAI{X( 50 ),QRECH( 250 )

INTEGER NSET(1OO},OUT
READ # OF PUMPING DATA SETS, I'ACTOR FOR PUMPING, # OT' TIME
CONSTANT RECHARGE NODES, AND HUMBER OF TIME STEPS

NNX=NN
READ( INN, 9OO ) NPUI'IP, FACQ,I{RECH,II{N(NS
IF(NPUMP.EQ.O) REruRN
I{RITE(oUT, 901 ) IIPUUP,FAC9
INITIALIZE VECTOR (QRECH)

D0 155 I=I,NNX
' QRECH( I )=0'0

155 CONTINUE
900 FoRMAT ( 16 ,8L2. 0 , 216 )

901 FORMAT( ///tLX, 'RECHARGE AND DISCHARGE'/lH ,10X,221'-')/lH ,10x,
I 'NUMBER OF PUMPAGE DATA SETS,,I5l1H ,10X,
2 'FACToR FoR 0"10X,1P810.3)
READ TIME CONSTANT RECHARGE+ & DISCHARGE-'DATA (ACRE FEET PER YEAR}

IP(NRECH.EQ.0) CO To 77
READ( INN,903) ( I,QRECH( I ),KK=I,NRECH)

C CONVERT ACRE FEET PER YEAR TO CFS

D0 177 I=I,lfNX
L77 QRECH ( I ) =QRECH ( I ) * ( I . 38127858-3 )

t{RITE(oUT,955)
tiRITE(OUT,905) ( I,QRECII( I ),I=1,NN)

955 TORMAT( //LLX,'CONSTANT FIUX RATE (CFS), RECHARGE IS POSITIVE"
r /]H ,IoX,46(',-')/rH ,10x,3('N0DE' ,7X,', VAIUE', ,4Xl /l

C PUI'{PAGE DATA SETS (CUBIC FEET PER SEC0ND) I{ITH IN (+) AND OUT (-)
77 D0 10I J=1,I0

D0 I00 I=1,250
QSET( I ,J)=g.g

IOO CONTINUE
IOI CONTINUE

D0 103 J=I,NPUltlP
READ(INN,9O2) NQ

READ( INN,903) ( I,QSET( I,J),K=l,NQ)
D0 102 I=I,NN
QSET( I,J) =QSET ( I,J) *FACO

IO2 CONTINUE
liRITE(oUT,904) J
I,IRITE(OUT,905) (I,QSET(I,J), I=I,NN)

103 CONTINUE
902 f0RI"lAT(I6 )

903 F0RMAT(5( I6,F6.0) )

904 FoRMATI/ / lllx,'PUilPAGE SET"I5l1H,10X,16('-' )/Itt,l0X,
I 3 ( ' NODE 

"7X,' 
VAIUE 

"4Xl 
/ l

I
:l

I
'l

:1

!

:l

,I

:l
i

il

t
I

I
T

,l
I

'

I
I
I
t
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905 FoRMAT( (lH ,10X,3( 14,3X,F9.4,4X) ) )
C TII'{E-STEP INDICAT0RS AND }IUITIPLIERS

READ( INN,906) ( t,XSm( I ),FACSET( I ),J=I,MAXNS)
I,tRITE(oUT,907 )

tiRITE(OUT,908) ( I,NSET( I ),FACSET( I ), I=1,MMNS)
906 F0RMAT(I6,I6,F6.0)
907 FORI'{AT(/ //l'IX, 'TII'{E-STEP INDICAT0RS AND UULTIPLIERS'/IH ,10X,

I 37 ( ' -' ) /LH ,10X, 'STEP' ,7X,',SET' ,4X, 'FACT0R', / )

908 F0RI'{AT( (lH,10X,I4,7X,13,4X,f6.3) )
END DATA INPUT
REruRN
END
SUBROIJTII{E N'ilP2 ( I NN, OUT, PARAMX, Q, SUMP, KNS )
C0M'{0N lPlJl[P / QSET, FACSET, NPUIT{P, NSET, NNX, QRECH, NRECH
REAL Q( 250 ),QSET( 250,10 ),FACSET(100 ),PARAMX( 50 ),oRECH( 250 )

INTEGER NSET(IOO),OUT
rNrTrALrzE vEcToR (Q)
DO I05 I=I,NNX
Q(I )=0.0

IO5 CONTINUE
SUI'{P=0.0
Ip( (Nput'{p+NREcH) .tT.1 ) REruR}t

C COMPUTE PUMPAGE FOR TI}18 STEP
J=NSET (KNS )

D0 104 I=I,NNX
g1 1 1=(QSET( I,J )*rAcSET(KNs) )+QRECH( I )

104 CONTINUE
SUI'!P=O.0
D0 106 I=I,NNX
SUMP=SU}IP+Q(I )

106 CONTINUE
REruRN
END

SUBROI'TIIIE BAIID( INN,OUT,G, F,H,NN,ilB)
REAL G( Z50,Zo),F( 250 ),H( 250 ).IilTEGER INN,OUT

C UPPER TRINGUTARIZE MATRIX OF COEFFICIENTS (G)
D0 221 I=I,NN
IP=NN-I+1
IF(NB.LT.IP) IP=NB
D0 220 J=l,IP
IQ=NB-J
IF((l-f ).LT.IQ) I0=I-l \
SUM=G(I,J)
iF(rQ.rr.]) G0 T0 450
D0 440 K=1,IQ
II=I-K
JZ=J+K
SUM=SUII{-G( I I,K+I } 

*G( I I,JZI
440 CONTINUE
450 rF(J.NE.I) Go ro 230

Ii'(suf'l.tE.0.0) Go ro 260
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230
220
22I

260

261

181

TEMP=I .0/SQRT( SUM)

G( I ,J )=TE;'1P
G0 T0 220
G( I ,J )=SUM*TEI1P
CONTINUE
CONTINUE
co T0 261
t{RITE(oUT,9l0) I
STOP

I
I

;

t
330
340
320

I
I
I
I

550
250
540

9I0 FORI'iAT( /l]o/., 'UPPER TRIAilGULARIZATI0N FAITS AT ROIrl',14)
C BACK SUBSTITUTI0N 0F VECTOR (P) IllT0 UPPER TRIANGUTARIZED I,IATRIX

CONTINUE
DO 320 I=I,NN
g=1-fll+l'
Ir( (I+1) .LE.NB) J=I
SU}I=F ( I )

KI= I-I
rF(J.cr.Kr) eo ro 340
D0 330 K=J,KI
I I =I-K+I
suM=suM-G(K,II )*H(K)
CONTINUE
H(I)=$t11t1*G(I,I)
CONTINUE
D0 540 II=1,NN
I=ilN-Il+l
J=I+NB-l
IF(J.GT..NN) J=NN
SUI'I=H(I )

K2=I +l
rF(K2.GT.J) Go ro 250
DO 550 K=K2,J
KK=K-I+I
SUM=SUM-G(I,KK)*H(K)
CONTINUE
H(I)=SU}1*G(I,Il
CONTINUE
RETURN

END

SUBROIJTI}IE BIJDGE1 ( I NN, OUT, X, Y, IN, H, IIt, S, DELT, NE,
I SUI1P , SUDIR, SUI'IET , SUMCH , I OUT )

REAL X(250),Y(250),S(325),H(250),HL(250)
REAI XE(3),YE(3),D(3)
INTEGER IN(325,3),OUT
coMpurE SToRAGE CHANGE (INCREASE PoSITM)
IF(IOUT.EQ.O) RETURN

DEIS=0.0
D0 I02 L=I,llE
D0 100 I=I,3
II=Iil(L, t )

rl

rl

,l
,l

I
.

:l
I
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xE(I)=x(II)
YE(I)=Y(II)

IOO CONTINUE
D(1)=Ys12)-YE(3)
D(2)=Ys13)-YE(t)
D(3)=YE(1!-YE(2)
AREA= (D(r )*xE{l )+D(2 }*XE(2 )+D(3 )*xB l3l | /2.0
SDETH=O .0
D0 I0I I=1,3
I I=IN (t,I )
SDELH=SDELH+H( I I ) -HL( I I )

101 CONTINUE
DELS=DELS+SDELH*S ( t ) 

*AREA/3 . 0
IO2 CONTINUE

DEIS=DELS/DELT
C I{ATER-BUDGET RESIDUAT (RESIUJAI-OUT POSITIVE)

RES I D=SUMP+SUMR+SUMET+SUMCH-DELS
C DISPLAY WATER zuDGET

WRITE(oUT, 900 ) SUtIp,SUHCH,SUIIET,SUMR,DEIS, RESID
900 F0RI'{AT( ///IIX, 'GROUND-I,JATER BUDGET'/lH ,l0X,19 ('-'l /1 IH,IOX,'SOURCE-SINK NODES"9X,ELz.5/

2 IH ,IOX,'CONSTAIIT-ITEAD NODES' ,7\,8T2.5/3 lH,10X,'EVAPoTRANSPIRATIoll',,8X,ELz.5/
4 IH ,IoX, 'STREN'I-AQUIFER II{TERACTION' ,F12.5/5 IH. ,10X,',SToRAGE CHAIIGE' ,L1X,PL?,5/6 lH,10x,'RESIDUAL"I8X,FI2.5)

REN'RN
END
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Spanish Springs Vallet
365.000 1 5

0

83 t39

r .0 1.0

I 1157 3l I
{ t{019 26

7 3431 23t9
t0 5091 3912

13 16291 6729

t6 60{0 6399

l9 35r2 6811

22 2t81t 7820

25 10573 12033

28 15{2 ll06i
31 27023 12289

31 t832s t1r82
37 7839 13103

{0 2{591 17168

13 189i7 16636

t6 t08i{ 17607

{9 25596 23691

52 2t397 t70t6
55 lt2{1 18725

58 7n2 t8968

6t t1707 2il75
61 10582 23129

67 5676 t9618

70 15552 26528

73 e886 27259

76 1206r 3{i01
79 2098t 39433

82 9915 1il8r

lr 8287 ntz
l1 t0til 7521

t7 1083 5911 .

20 1706 8586

23 1780t n005
26 7108 1t721

29 25i55 7814

32 21165 r2159

35 t59{8 13t27

38 1710 r3t32
il 22780 15021

11 l7i2l 1835t

t7 7637 t6332
50 215{2 21931

53 ri950 23090

56 il085 20610

59 236t6 27U2
62 11219 22026

65 8100 220t3

68 23715 33778

7r t{698 28380

71 6026 25t63
77 t68t2 37263

80 17073 {1160

83 i367 36167

3 8698 158

6 {80r 1935

9 2310 t2t6
12 il689 t878
15 8122 7t93

r8 2313 it81
2t 21391 2908

21 13790 11587

27 5322 n27l
30 21102 9608

33 2il38 t2819

36 t0693 11856

39 28730 l8l12
{2 20006 t1768

15 13661 t6311

{8 575{ 1560r

5t 20138 t9516

51 16{06 t99t3
57 9895 18610

60 18060 21921

63 12255 22t17

66 7935 19620

69 1825t 32800

72 12660 25711

75 6310 3t312

i8 t9567 36i02
8t t39t8 10396

nurber of nodes and elerents

node,Xcoord,Icoord

(coordinates in feet)

elenent, bounding nodes

( counterclockrise )

.05

t
t

2 693t 209

5 9871 2021

I 90 3319

T

t
I
t
I
T

2798
{6t07
6126
82nr0
r0 t0 t6 t7

t29t7t9
t1 I - I r8

16 19 t7 20

t8 16 15 20

20 lt l{ 15

22tt512
2t23lt
265112
28 l2 13 l1
30 t3 23 21

32 13 2t 22

3l ?2 29 30

36 30 31 32

78
t0 9

67
106
lt t6
l0 17

t9 18

t9 20

16 20

t5 t6
12 11

sil
15
t3 t2
t3 21

22 23

29 22

31 30

I
I
I
I
T

T

I
I
T

ll
37
5t
72
9 t0

il9
13 9

15 t8
t7 t7
t9il
2til
233
253
27{
29 t1
31 13

33 2l
35 29
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l,
t
I
t
I

22 32 33

23 33 31

23 35 2l
25 21 36

15 t{ 25

15 26 20

20 27 28

28 27 38

26 37 38

37 25 36

37 17 {8

t8 17 58

17 16 57

36 {5 16'353{f5
31 13 1l
31 33 .12
33 32 1r

32 3l l0
10 39 19

t0 50 5l
il1052
t2 52 13

t3 51 tl
f{ 50 53

f{ 51 55

{6 15 55

16 56 57

57 66 58

67 66 65

56 64 65

56 62 63

55 51 62

62 53 6l
53 50 60

50 19 59

60 59 69

60 70 72

62 6t 63

63 72 61

65 61 73

67 65 7l
73 76 75

73 72 7l
70 69 7l
69 77 76

69 68 /8
77 78 79

77 80 8t
75 76 83

76 81 82

22 30 32

22 33 23

23 3{ 35

21 3s 36

t4 21 25

15 25 26

20 26 ?7

r8 20 28

27 26 38

26 2s 37

t7 37 36

37 18 38

17 57 58

36 t6 17

36 35 15

31 11 15

3{ 12 13.
33 11 12

32 {0 ll
3t 39 10

{0 t9 50

10 51 52

52tIil
52 5l t3
{{ 5t 50

lt 53 51

{{ 55 {5

16 55 56

57 56 66

58 66 67

56 65 66

56 63 61

55 62 56

51 53'62
6t 53 60

50 59 60

59 68 69

60 69 i0
6t 60 72

63 61 72

6{ 72 73

65 73 71

71 73 75

73 7l 76

72 70 7l
7t 69 76

69 t8 77

68 79 78

77 79 80

76 77 8t
76 82 83

38

10

12

11

{6
18

50

52

51

56

58

'60
62

61

66

68

70

72

71

76

78

80

82

81

86

88

90

92

91

96

98

100

t02
101

106

108

ll0
I l2
ll1
I l6
I r8

t20

122

12l
t26
l28

130

r32

l3{
136

138

37

39

1l
t3
t5
17

19

5t

53
(q

57

59

6l
63

65

67

69

7l
73'75
77

79

8t
83

05

87

89

9t
93

95

97

99

l0l
r03

105

107

t09

nt
il3
lt5
ll7
t l9
l2t
r23

r25

127

129

l3l
133

135

137

rl

I
,l

:l
:

,l
.l

,l
I
I
t

iI
;il

.l
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139 80 82

1.00

1.5 1.5 r.5
2.0 t.9 2.0
I .0 1.0 t.5
6.0 6.0 2.0
0.3 0.3 t.0
2.5 3.0 3.0
3.0 2.5 2.5
8.0 8.0 2.0
8.0 8.0 1.0
t.5 t.0 3.5
I .5 2.0 2.0
3.5 3.0 6.0
.{.0 1.0 t.5
I .0 {.0 {.0

0.0000000001

8l

t.5 t.5 t.5 1.0 '1.0 1.5 2.5
t.1 3.0 3.0 2.5 t.5 t.0 t.0
1.5 1.0 t.0 0.0 0.0 0.0 0.0
2.0 2.5 2.0 8.0 8.0 8.0 0.8
1.5 2.0 2.0 r .5 t.s 3.0 2.s
3.0 t.5 t.5 2.5 3.0 3.0 3.5
2._0 t.0 0.8 0.8 0.r 0.8 0.8
2.5 5.0 5.0 2,7 2.5 2,0 2.5
r.5 r.0 2.0 3.0 3.0 2.0 2.0
3.5 0.2 0.2 1.5 5.0 3.0 t.0
5.0 3.0 3.0 2.5 2.5 2.s 2.5
3.0 1.0 2.0 r.0 1.0 5.0 0.7
3:0 s.0 r.0 2.5 3.0 2.s 2.s
4.0 3.5 3.0 3.0 3.0 2.5

0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
0.05 0.05 0.01 0.0r 0.01 0.50 0.50 0.50 0.50 0.50

0.50 0.05 0.05 0.05 0.05 0.05 .000 .000 .000 .000

.001.001 r.00 5.00 5.00 7.00 5.00.001.00{ 0.50
0.50 0.50 0.80 0.80 0.50 0.50 0.80 0.50 0.50 0.05

0.05 0.05 t.00 1.00 0.80 0.80 1.00 1.00 t.00 0.s0
r.00 1.00 t.00 0.80 0.80 0.80 0.80 0.80 1.00 0.50

0.80 0.80 0.50 {.00 5.00 5.00 1.00 2.60 t.50 1.50
0.80 0.80 0.80 t.00 2.00 2.00 t.50 t.50 0.80 0.80

0.80 0.50 1.00 1.00 t.00 f.00 1.00 5.00 {.00 1.00
1.00 t.00 t.00 1.00 0.80 2.00 6.00 6.00 8.00 8.00

r0.0 5.00 t.00 5.00 5.00 5.00 6.00 7.00 8.00 7.00

8.00 8.00 5.00 8.00 t0.0 t0.0 5.00 5.00 8.00 i.00
0.05 8.00 t0.0 5.00 5.00 10.0 17.0 li.0 2.00

39.00. 3830. 3e00. 3850 . 3980 . 37t0. 3770. 3880. 3800. 3i10 .

3910. 39i0. 1000. 3e80. 3850. 3810. 3890. 38{0. 3910. 3900.

1100. 1000. 1030. 3810. 3650. 3880. 3890. 3930. 3990. 3920.

3960. 3910. {0t0. 3880. 3880. 3260. 3690. 3800. ft{o. 1000.

39 I 0 . 3890 . 3680 . 3790 . 3570 . 3570 . 3i90 . I I 00 . 1 I 60 . 3990 .

3710. 3800. 3700. 3980. 3780. 3590. 3690. 3760. il60.3730.
3530 . 3500 . 3tB0 . 3490 . 3660 . 3530 . {200 . 3960 . 3800 . 3520.

3530. 3330. 35t0. 3750. 2800. 3030. 39s0. {150. {290. 1000.

27t0.3500.3600.
1165. {165. 1165. 1165. {165. 1165. 1165. 1165. 1165. 1{65.
f{65.1{65. t165. {{65. {165. {{65. {165.1165.1165. {165.

1165. 1165. {165. {165. 1465. 1165. t165. {165. 1r65. 1165.

1165. {165. {165. {465. t{65. {165. {{65. {{65. {{65.1{65.
1165 . 1165 . 1165 . t165 . 1165 . 1165 . {165. 1165. 1165. 1{65.
1{65. 1165. t{65. {165. {165. {165. 1165. f165. 1t65. 1{65.
1165. 1165. {165. 1165. 1165. 1165. 1t65. 1165. 1165. 1165.

{{65. il65. {165. ||65. 1165. f,t65. {{65. {165. 1{65. 1165.

t465. 1{65. 1{65.
0 1.0

1 t.0 il |

factor for htdraulic conductivitt

hldraulic conductivity (ft/dal)

factor for specific yield

specific yield (dirensionless)

base elevation of nodes (feet)

initial heads ( feet )



2t 20.0
59 30.0
83 30.0
t7

7 .2208

26 .2760

t7 .2070

62 .t212
25

7 .2208
25 .0t83
{6 .20i0
57 .2070
66- .0r 38

29

9 .il01
27 .2760

51.1380
63 .2070

9 .il01
26 .2760

17 .2070

6t-.2277
69-.0069

t9 t00.0
79 10.0

25.0183
{6 .2070

57 .2070

20 .2316

37 .2760

56 .2208

6{-.386r
82-. r 380

20 .2316

36 .0966

5l .0828

6t-.2622
66-.0690

20 .1656

36 .0966

5r .0828

6l-.2622
66-.0690

29

67

80.0
70.0

3l 80.0
68 10.0

t7 .t212
36 .0966

55 .0966

t7 .0207

27 .2760

51.1283
62 .t212
72 .0552

39 100.0

7t 20.0

20 .2346

37 .2760

56.2208

t9-.0552
36 .0966

55.0966
63 .2070

7i- . r 035

t7 .0207 19-.0552

27 .2760 33-.2000
17 .2070 50-.t5lB
56 .2208 57 .20i0

6{-.1t85 65-.1r10
77-. r035 82-.1380

t7-.0183 t9-.0552
27 .1380 33-.2000
17.t380 50-.r518
56 .2070 57 .t932

61-.t185 65-.11{0
77-.1035 82-.1380

l8i

recharge fror precipitation (AFlyr)

purpage data set ll (cfs)
- calibrated recharge frol 0rr 0itch

purpage data set 12 (cfs)
- current ditch 122?5 AFltrl
- current purping (760 AF/yr)

/

purpage data set 13 (cfs)
- current ditch Q225 AFlyrl
- increased purping ( tzso nrlyr )

purpase data set 11 (cfs)
- reduced ditch (tSm nrlyr)
- increased purping ( t750 AF/yr )

I
I
I
I
I
I

7 .2208 9 .1t04

25 .0{83 26 .2760
37 .2760 16 .2070

51 .1283 55 .0966

62 .t2t2 63-.1il0
69-.0069 72.t035
29

7 .0552 9 .0552

25 .0000 26 .t380
3i .1380 16 .2070
51 .1283 55 .0966

62 .1212 63-.rt10
69-.0069 72.t035
I { t.0
2 I 1.0

3 | 1.0

1 { 1.0

30 15.0 1.0 t
2 30.0 {{19.
6 98.0 1110.

i 163.0 {195.
9 l{9.0 1191.

r0 136.0 f{r0.
t5 205.0 1150.

t6 132.0 {{15. .

t7 82.0 rt92.
20 175.0 t191.
25 259.0 {{60.
26 17t.0 {190.
27 82.0 {190.

3{ 150.0 1{87.

35 218.0 1173.

36 211.0 il61.
37 156.0 1189.
,|3 100.0 f{85.
11 150.0 1185.

:l

tire step, purpage data set, factor

IEI nodes, depth to rero ET (ft), ral EI rate (ft/yr), ltile stePs

EI node, area (acres), land surface elevation (ft)

T



t88

I
I
I
T

T

I
I

15 t00.0 116f.
f6 t51.0 {{70.
{7 i69.0 {{88.
5{ t75.0 1t81.

55 196.0 {{76.
56 t63.0 1187.

57 1t0.0 t{88.
62 159.0 1185.

63 90.0 {{S6:
B0 20.0 1160.

8l t5.0 {162.
82 35.0 1{6t.

1.0
1.0

1.0

t.0

I
I
t
t
T

t
I
t
I
t
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Spanish Springs Valley

TII.{E PARAI.IETERS

TI}IE STEP 365.0
I{UI{BER OT TIilE STEPS 4

IIUI.IBER OF ET ITSRATIOTS 5

CIOS{JRE CRITERIO}I POR ITERATIOilS .O5O

FIIIITE-EI,[I{[XT DATA

Iu{BER 0F tfoDES

IIUI.IBER OF ELE}IDITS

I{ODE COORDIIIATE5

FACTOR FOR X I.OOOE+OO

rAcToR FoR r 1.0008+00
IIODE X

83
139

!

,I
rtt

I
'I

rl
I

I
3

5

7

9

II
13

I5
17

19

21

23

25

27

29

3I
33

35

3?

39

4l
43

45

47

49

5t
53

4457.0
8698.0
9874.0
3431.0
2340.0
828?.0

16294.0
8122,0
4083.0
3512.0

24394.0
17S0t.0
105? 3.0

5322.0
25?55.0
27023.0
21138.0
I5948,0
?g39,0

28730.0
22780.0
1897?.0
13664.0

?63?.0
25596.0
20438.0
17950.0

3t1.0
158.0

2024.0
2319.0
4216.0
4112.0
6729.0
?I93.0
5914.0
684I.0
2908.0

1t005.0
12033.0
11274.0
7814.0

12289.0
12819.0
13427.0
13103.0
18lI2.0
15024.0
16636.0
16314.0
16332 .0
23694.0
19546.0
23090.0

X

oglt.o
14049.0
4801.0

90.0
5094.0

I1689.0
10474.0

6040:0
23t 3 .0
4706.0

21841.0
t3?90.0
7108.0
4542.0

24402,0
24465.0
18325.0
10693.0
4?I0.0

24591.0
20006.0
I7?2I.0
t0B?4.0
575{.0

21542.0
21397.0
16406.0

T

209.0
26.0

1935.0
3319.0
3912.0
4878.0
?521 .0
6399.0
?184.0
8586.0
7820.0

11587.0
11724.0
11067.0
9608,0

12459.0
14182.0
14856.0
13132.0
l?468.0
I4768.0
1835{.0
17607.0
15604.0
21931.0
17016.0
1991 3.0

IIODE

2

4
6

I
l0
L2

,14

t6
18

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

:l



190

It78
37109
s167
72106
91011t6
u9101?
13919t8
15 l8 19 20

l? l7 16 20

19 ll t5 16

2I tl 12 14

233511
25345
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28 .0000 29 .1105 30 .0000
3I .1105 32 .0000 33 ,0000
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37 .0000 38 .0000 39 .1381
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VAIIJE IIODE VAIIJE IIODE

.0000 3

.0000 6

.0000 9

ll .0000 12

14 .0000 15

I? -.0483 18

20 .1656 2L

23 .0000 24

26 .1380 27

29 .0000 30

32 .0000 33

35 .0000 36

38 .0000 39

4I .0000 42

44 .0000 45

47 .1380 {B
50 -.1s18 5I
53 .0000 54

56 .20?0 57

59 .0000 60

62 .1242 63
65 -.4140 66

68 .0000 69

71 .0000 72

74 .0000 ?5'17 -.1035 78

80 "0000 8l
83 .0000

2

5

8

TII.IS-5TEP IilDTCIIORS NID I{JtlTPttERS

I
:

I
'

I
I

ill
STEP

I
2

3

4

SET TACTOR

I 1.000
I 1.000
I ]'000
I 1.000

EVAPOTRANSPIRATIOII

DEPTI TO ZERO ET I5.(}
l,lAXll,lul,l ET nAl[, 4.0

rl
'l

il



' i.

200I
I IIODI AREA LAIID

I z 32.0 44zo.tl
6 98.0 4440.0

- 7 163,0 4495.0r g ug.o 4494.0ri3i33:3lil3:3
t 16 132.0 4445.0 ' ' l

L7 82.0 4492.0

- ' 20 175.0 449I.0r lZ iii:8 li33:3
27 82.0 4490.0

r 34 150.0 4487.0
35 218.0 4473.0
36 214.0 4464.0

I 3? Is6.o 44ge.o
I {3 100.0 4485.0

44 150.0 4485.0
45 100.0 4464.0I ii i?l:3 illS:8
54 175.0 4484.0r ;; l?!:3 lili.8
57 110.0 4488.0
62 159.0 448s.0

I - 63 90.0 4486.0
80 21.0 4461.0
8t 16.0 4463.0

r 82 38.0 4462.0

I
I
I

T

T

I
I

III{E-STEP HIJTTI PLIERS

STEP FACTOR

I 1.000
2 1.000
3 I.000
4 1.000

t



In{E SIEP 4

ETAPSED TII{E 1460.0 DATS

}IUilBER OT ITIRATIOIIS I
IIATER-IEVEI, CflA}IGE OII LIST ITERATIOil .0068

COI.IBUTED I{ATER IEVETS

:

I
I

:_
,II
l

i

ll

20I

lt0DI

I
4

',1
l0
13

l6
l9
22

25

2B

3l
34

3?

{0
43

46

49

52

55
58

6I
64

6?

70

?3

76

79

82

VAIIJE

4431.4
4428.4
4440.4
4430 .9
4482.1
4436.4
4448.9
4483.2
4449.5
4468 .9
4486.5
44?0.8
4469.2
4483.4
4474.5
4462.4
4485.2
4477,7

4463.7
447t.4
4472.1
4472,4
4494,4
447t.6
4470.6
4466.6
4465.5
4460.9

IIODE

2

5

I
u
14

1?

20

23
26

29

32

35

38

4l
44
41

50

53

56

59

62

65

68

7l
74

17

80

83

I,AIIJE

4418.8
4427.6

4447,4
4431.0
444r.2
4444.4

4458.8
4481.1
4470.2
448?.6
4482,9
4458 .6
4410.2
4480.2

{4?0.6
4469.8
447',t,5

4472.9

4472,8
4476.5
44?1.8
4412;l
4473.3
44?0.8
44?1.3
4465.0
4460.0
{466 .8

IIODE

3

6

9

t2
l5
I8
2L

24

27

30

33

36

39

42

45

48

5l
54

57

60

63

66

69

72

15

78

8l

VAIIJI

4423.8
4429.t
4446.3
4432,0
4438. I
4448.8
4485.4
4452.5
4471.0
44SJ,9
4481.0
4455,2
4487.7
447'.1.7

4456.3
4469.7
4476.4
4470.3
4470.5
4472.7
4473.4
44?l,6
4469.3
4471.5
4468.9
4467.0
4462.1

VAIIIE

523.8
689 .1
646 .4
462.0
588. I
608.8
385.4
612.5

ll

:

;l

:T

rl
;

:l
t

:

.l
i

,l
-l

I
i

AOUIFER THICKIIESS

IIODO

I
4

7

l0
t3
16

19

22

VNTIE

531.4
578.4
670.4
690.9
482.1
596.4
508.9
483.2

}IODE

2

5

I
ll
t4
17

20

23

VAUJE

588 .8
447.6
567.4
491,0
46L2
554 ,4
558.8
45I.0

I{ODE

3

6

9

T2

l5
I8
2L

24



202

26

29

32

35

38

4l
44

47, 50'
53

56

59

62

65

68

?l
74

77

80

B]

I
I
I
I
t
I
I
t
T

I
I
t
t
t
l
I
t
I
t

25

28

3I
34

3?

40

43

46

49

52

55

58

61

64

67

?0

?3

76

79

82

?99 .5
538.9
526 .5
590 .8
779.2
483.4
794.5
892.0
325.2
6'.t't.7
683. ?
?11.4
942.1
982.4
294,4
951 .6
960 .6

1436 .6
175.5
960,9

590.2
497.6 .

572,9
578 .5
670.2
570,2
680 .6
679.8
497 .5 '' '

772.9
882 .8
316.6
97t .8
812.?
sI3 .3
940.8
72t.3
515.0
460.0
866 .8

581.0
563.9
4?1.0

I195.2
347.7
587.7
886.3
369 ,7
766,4
490.3
?80 .5
742,7
993.4
941.6
669.3

u41.5
1668 .9

317.0
I752.1

21

30

33

36

39

42

45

48

5I
54

5?

60

63

66

69

72

?5

78

8I

EVAPOIRAIISPTRATTOII

OJilUI,ATTVE RATS -3.8714
IIODE RAIE

2 -.163I
6 -.1{?5
? .0000
9 .0000
t0 -.2952
15 -.2345
16 -.3116

l7 .0000
20 .0000
25 -.4291
26 .0000
21 .0000

34 .0000

35 -.0476

36 -.48?8
3? .0000

4l -.1675

44 -.0307
45 -.2684
46 -.3899
47 .0000
54 -.0839



-.1946
-.0484

.0000
-.1066
-.0?94
-.1081
-.0829
-.1946

GROUIID-I{AIEN UJDGEI

I
'

,l

rl
i1

,;

203

s0uRcE-silfK lt0DEs

cpxsrarr-nnao iouus
EVAPOTRA}ISPTRATTOIT

slRENr-A0tJ I FIR IilTERACTI0II

SIORAGE CIIAIIGE

RESIU'AL

3.8?164
.00000

-3.87I38
.00000
.00000
.0002?

lI
I

I
I
I
t
rI
I

.T

T
:

.l

'l
;l
I


