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CONVERSION FACTORS, ABBREVIATED WATER-QUALITY UNITS, AND VERTICAL DATUM 

Multiply By To obtain 

acre 04047 square hectometer 
acre-foot (acre-ft) 1,223 cubic meter 

acre-foot per acre (care-ft/acre) 3 022 cubic meter per square hectometer 
acre-ft per day (acre-ft/d) 0 001233 cubic hectometer a day 

acre-foot per year (acre-ft/yr) 0 001233 cubic hectometer per year 

cubic foot (ft3) 0 02832 cubic meter 

cubic foot per second (ft3/s) 0 02832 cubic meter per second 

cubic foot per second per mile ((ft3/s)/mi) 0 01760 cubic meter per second per kilometer 
foot (ft) 0 3048 meter 

foot per day (ft/d) 0 3048 meter per day 
foot per mile (ftlmi) 01894 meter per kilometer 
foot per year (ft/yr) 0 3048 meter per year 

gallon per mmute (gal/mm) 0 06309 hter per second 
mch (m) 2 540 centimeter 

mch per year (m/yr) 2 540 centimeter per year 
mile (mi) 1 609 kilometer 

square foot per day (ft2/d) 0 09290 square meter per day 

square mile (mi2) 2 590 square kilometer 
ton per acre (ton/acre) 2 242 metnc ton per square hectometer 

ton per day (ton/d) 09072 metnc ton per day 

For temperature, degrees Celsms (°C) may be converted to degrees Fahrenheit (°F) by usmg the formula F=[l 8~)]+32] 

Abbreviated Water-Quality Umts Used in this Report 

f.lg/L (microgram per hter) mg/L (milligram per hter) 

Sea Level In this report "sea level" refers to the NatiOnal Geogetic Vertical Datum of 1929 (NGVD of 1929)-a 
geodetic datum denved from a general adjustment of the first-order level nets of both the umted States and Canada, 
formerly called Sea Level datum of 1929 
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Hydrogeology and Potential Effects of Changes in 
• Water Use, Carson Desert Agricultural Area, 

Churchill County, Nevada 

By Douglas K. Maurer, Ann K Johnson, and Alan H. Welch 

Abstract 

Operating Cntena and Procedures estab­
lished In 1988 for deli very of water for liTigation 
In the New1ands ProJect area Include regulations 
and methods to Increase ProJect efficiency Public 
Law 101-618 of 1990 Includes a target of75-per­
cent ProJect efficiency and a program of water­
nghts acquisition for wetlands maintenance The 
drrectives could result In large reductions In water 
used for rrngation In the Carson Desert, poten­
tially affecting ground-water supplies Prevtous 
studies of the area have been evaluated to deter­
mine the current understanding of how aquifers 
are recharged, what controls the flow and quality 
of ground water, potential effects of changes In 
water use, and what additional Information would 
be needed to quantify further changes In water use 

Inflow of surface water to the basin from 
Lahontan Reservoir averaged about 370,000 acre­
ft/yr (acre-feet per year) from 1975 to 1992, sup­
plying water for Imgation of more than 50,000 
acres More than half of the water released from 
the reservoir Is lost to seepage, operational spills, 
and evaporation before delivery of about 170,000 
acre-ft/yr to farm headgates The volume of water 
delivered to farms that does not contnbute to crop 
consumptive use (on-farm loss) IS poorly known 
but could be as much as 60,000 acre-ft/yr Con­
sumptive use on Imgated land may be about 
180,000 acre-ft/yr, of which 50,000 acre-ft/yr may 
be denved from the shallow aquifer Outflow from 
Imgated land IS a mixture of operational spill, 
runoff from Imgated fields, and ground-water 

seepage to drains Total outflow averages about 
170,000 to 190,000 acre-ft/yr This water flows to 
wetlands at Carson Lake, Stillwater Wildlife Man­
agement Area, and Carson Sink 

Three sedimentary aquifers were previously 
defined In the basin a shallow aquifer having 
highly vanable lithology and water quality, an 
Intermediate aquifer contatning pnncipally fresh 
water, and a deep aquifer having water of poor 
quality The deep aquifer could possibly be 
diVIded Into sedimentary and volcanic zones In 
addition, a near-surface zone may exist near the 
top of the shallow aquifer where vertical flow 
Is Inhibited by underlying clay beds A basalt aqui­
fer near the center of the basin IS the source 
of public supply and IS recharged by the shallow, 
Intermediate, and deep aquifers Water levels In 
the basalt aquifer have declined about 10 feet from 
pre-pumping levels, and chlonde and arsemc con­
centrations In the water have Increased The aver­
age depth to ground water has decreased beneath 
large areas of the Carson Desert since 1904 as a 
result of recharge of surface water used for Imga­
tion Ground water generally flows from west to 
east, and dissolved-solids concentrations Increase 
greatly near areas of ground-water discharge, 
where State of Nevada dnnktng-water standards 
commonly are exceeded 

U ncertrunties In the rates of recharge to 
and discharge from the basin cause an Imbalance 
In the calculated water budget Estimates for total 
recharge range from 400,000 to 420,000 acre-ft/yr, 
whereas estimates for discharge range from 
630,000 to 680,000 acre-ft/yr Estimates of Inflow 
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to and outflow from aquifers of the study area are 
as follows shallow aquifer, more than 120,000 
acre-ft/yr, Intermediate aquifer, possibly more 
than 25,000 acre-ft/yr, deep aquifer, unknown, and 
basalt aquifer, about 4,000 acre-ft/yr Estimates for 
flow volumes to and from the shallow and Interme­
diate aquifers are based on assumed aquifer prop­
erties and could be In error by an order of 
magnitude or more Relict channels of the Carson 
River probably are Important avenues for ground­
water recharge to the shallow aquifer (where the 
channels underlie canals and liTigated fields), and 
to the Intermediate and basalt aquifers 

Conceptual models of the basin show that 
ground-water flow IS downward from the shallow 
aquifer to the Intermediate aquifer In the western 
part and near the center of the basin, and Is upward 
In the eastern part of the basin Little IS known 
about flow In the deep aquifer Near-surface clay 
beds Inhibit vertical flow near the center and east­
em part of the basin except where breached by 
relict sand-filled channels of the Carson River 

Conceptual models of the basin show that 
changes In water use In the western part of the 
basin probably would affect recharge to the sedi­
mentary and basalt aquifers Near the center of the 
basin, water-use changes could affect the shallow 
and basalt aquifers but rmght have less effect on 
the Intermediate aquifer In the eastern part of the 
basin, changes could affect the shallow aquifer, 
but would probably not affect the Intermediate or 
basalt aquifers 

If seepage IS decreased by lining canals, and 
land IS removed from production, water -level 
declines In the shallow aquifer could be greater 
than 10 feet as far as 2 rmles from the lined canals 
Depending upon the distnbution of specific yield, 
decreasing recharge by 25,000 to 50,000 acre-ft/yr 
beneath 30,000 acres could cause water levels to 
decline from 4 to 17 feet Where ground water sup­
plements crop consumptive use, water levels could 
temporarily nse when land Is removed from pro­
duction Where water IS pumped from a near-sur­
face zone of the shallow aquifer, water-level 

declines rmght not greatly affect pumped wells 
where the near-surface zone Is thickest, but could 
cause wells to go dry where the zone IS thtn 

The understanding of surface-water and 
ground-water relations, recharge and discharge 
of ground water, ground-water movement, and 
the potential effects of changes In water use In 
the Carson Desert can be refined by studying 
( 1) the extent of potable water In the Intermediate 
and basalt aquifers, (2) hthology and specific yield 
of aquifer matenals, (3) data on ground-water lev­
els and quality, and (4) data on surface-water flow 
and quality, as well as monitonng the effects of 
changes In water use as they take place 

INTRODUCTION 

Public law, Federal agency dtrecttves, and court­
decreed operatmg cntena could result m a stgmficant 
reductiOn m agncultural water use m the Newlands 
ProJect near Fallon, Nev The Operatmg Cntena 
and Procedures (OCAP) currently m place for the 
New lands ProJect establish a potential target of 68 4-
percent efficiency m the delivery system (US Depart­
ment of the In tenor, 1988, p 4) In addttiOn, Pubhc 
Law 1 01-618, stgned on November 16, 1990, dtrects 
the Bureau of ReclamatiOn (BOR) to study methods of 
mcreasmg ProJect delivery efficiency to 75 percent 
wtthm 12 years of the date of enactment of the legisla­
tiOn Thts pubhc law also dtrects the U S Ftsh and 
Wtldhfe Servtce (USFWS) to acqmre water nghts from 
wtlhng sellers suffictent to mamtam 25,000 acres of 
wetlands m Lahontan Valley Wtth mcreased ProJect 
efficiency, the volume of water available to wetland 
areas IS estimated to decrease by 25 to 55 percent 
because ProJect outflow IS the sole source of water for 
wetland supply (Bureau of ReclamatiOn, 1987a, p 2-
29) To accomplish these goals, large areas of tmgated 
land would need to be taken out of productiOn The 
water-nghts acqmsttlon program could reduce water 
delivered for IrrigatiOn by as much as 125,000 acre­
ft/yr (U S Ftsh and Wtldhfe Servtce, 1992, p 6) 

The effect of water-use changes on local ground­
water supplies IS not known and IS a maJor public con­
cern The complex ground-water system m the area 
has been dtvtded mto four separate aqmfers shallow, 
mtermedtate, and deep alluvial aqmfers and a basalt 
aqmfer (Glancy, 1986) The shallow and mtermedtate 
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aqutfers are tapped by more than 5,000 wells supplymg 
rural domestic users, and the basalt aqmfer ts the mam 
source of supply for the ctty of Fallon and the US 
Naval Atr Station near Fallon Changes m the yteld of 
these aqmfers or m thetr water quality could affect a 
large part of the local population In February 1992, 
the U S Geological Survey (USGS), m cooperation 
wtth the BOR, began a synthesis of previOus hydro­
logic studtes m the basm to summanze what ts known 
about the hydrologtc system 

Purpose and Scope 

Thts report provtdes a summary of the hydrology 
of the Carson Desert It ts mtended to help water man­
agers make mformed dectstons about resource man­
agement m the Carson Dtvtston of the Newlands 
ProJect (mset, pi 1) The study area was hmtted to the 
Carson Dtvtston of the Newlands ProJect and surround­
mg areas m the Carson Desert hydrographic area that 
are tmgated wtth releases from Lahontan ReservOir 

A literature search was made to detennme the 
extent of extstmg data and to compile the results of 
reports dtscussmg hydrogeology, ground-water and 
surface-water flow, and ground-water and surface­
water quality m and near the Carson Desert The com­
ptled literature descnbes work from the early 1900's 
to reports m progress at the USGS and the BOR 

Concepts descnbed m these reports on hydrogeo­
logy, movement of surface water and ground water, 
recharge to aqmfers, and geochemtstry of surface water 
and ground water are summanzed and used to develop 
a conceptual model of the entire system Data com­
ptled for thts study were analyzed to (1) determme nat­
ural processes tmportant m controlling the flow of 
surface water and ground water m the Carson Desert, 
(2) develop a conceptual model of hydrologic relatiOns 
m the Carson Desert, and (3) determme tf detatled anal­
ysts of extstmg data or addttional study would provtde 
further understandmg of the processes controlling 
water movement m the Carson Desert Detatled analy­
sts of all extstmg data ts beyond the scope of this study 

The conceptual model developed IS used to 
descnbe potential effects of water-use changes on aqm­
fer yteld and ground-water quahty LtmttatiOns of the 
model are dtscussed, and these limitations are constd­
ered m fonnulatmg data-collectiOn networks and 
detailed studies that would help to further quantify 
the effects of changes m water use 

Details regardmg the locatiOn of extstmg canals 
and drams and the dtrect10n of flow m the surface­
water distnbutton system are not currently available 
(June 1993) Therefore, this report does not provide 
precise locatiOns for sites m proposed data-collectiOn 
networks 

Geographic Setting 

The Carson Desert hydrographic area covers 
about 2,000 mi2 m Churchill County near Fallon, Nev , 
about 60 mt east of the State capttol, Carson City (mset, 
pi 1, Glancy and Katzer, 1975, p 2) The basm ts the 
natural termmus of the Carson Rtver As used m this 
report, the term "Carson Desert" apphes to the enttre 
hydrographic area shown on plate 1 and excludes 
Packard Valley The floor of the Carson Desert lies at 
an altitude of about 3,900 ft and ts bounded on the east 
by the Stillwater Range, which reaches an altitude of 
about 8,800 ft, and the Lahontan Mountams at an alti­
tude of about 4,400 ft (pi I) The basm ts bounded on 
the south by several dtscontmuous mountam blocks 
the Desert, Whtte Throne, Blow Sand, Cocoon, and 
BuneJug Mountams, whtch range m altitude from 
about 4,800 to 6,400 ft The Salt Wells Basm extends 
about 15 mt to the southeast from the Carson Desert, 
between the BuneJug and Lahontan Mountams The 
basm IS bounded on the west by the Hot Spnngs and 
Dead Camel Mountams, both about 5,300 ft m altttude, 
and on the north by the West Humboldt Range, whtch 
ts about 5,500 ft m altitude 

The Carson Rtver and the Truckee Canal enter the 
basm from the west between the Hot Spnngs and Dead 
Camel Mountams, where the combmed flow ts stored 
m Lahontan ReservOir Durmg extremely wet years m 
the Humboldt Rtver Basm, the Humboldt Rtver flows 
mto the Carson Desert from the north through a gap 
between the West Humboldt Range and the Hot 
Spnngs Mountams 

The area m and near trrtgated land of the Carson 
DivisiOn m the southern end of the Carson Desert IS 

called Lahontan Valley, although It IS not topographi­
cally separated from the Carson Desert 

The Newlands ProJect, constructed from 1903 to 
1915, was one of the first reclamation proJects m the 
Umted States DiversiOn and Impoundment of surface 
water for the New lands ProJect begm m the headwaters 
of the Truckee and Carson Rivers Flow IS routed 
through the natural channels of the nvers and by way 
of the Truckee Canal to Lahontan Reservotr Smce 
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about 1915, some flow from the Truckee River has 
been dt verted to Lahontan ReservOir through the 
Truckee Canal Smce the mid-1960's, the diversiOn 
has totaled about 40 percent of the Truckee Rtver flow 
(Hess and others, 1993, p 355, 363) The Truckee 
Dtvtston of the New lands ProJect (mset, pi 1) com­
pnses about 3,000 acres trngated near Fernley and 
about 900 acres Irrigated m the Carson Desert usmg 
water from the Truckee Canal The average area Im­
gated m the Carson Division of the New lands ProJect 
from 1984 to 1990 was about 56,000 acres (fig 1) 
(Charles Johnson, Bureau of ReclamatiOn, wntten 
commun, 1993) 

Alfalfa IS the predommant crop grown on land 
tmgated by the Newlands ProJect and accounts for 
about 53 percent of the ProJect area Pasture and other 
forage crops account for 23 percent, and cereal and 
vegetable crops account for the remamder (Bureau of 
Reclamation, 1992b, p 37) 

The Carson Desert hes m the ram shadow of the 
Sierra Nevada (mset, pl 1) The floor of the basm 
annually recetves about 5 m of precipitatiOn and the 
Stillwater Range receives from 8 to 12m (Nevada 
Dtvtston of Water Resources, 1971) Potential evapo­
ration rates are more than 10 times thts amount, aver­
agmg about 60 m/yr (Bureau of ReclamatiOn, 1987a, 
p 2-24) Temperatures range from an average mint­
mum of about 17°F to an average maximum of about 
90°F (penod of record, 1941-70, Dollarhtde, 1975, 
p 3) The normal frost-free growmg season starts 
about mtd-May and ends about mid-September 
(GmtJens and Mahannah, 1976, p 3) 

Agnculture IS a maJor source of mcome m the 
Fallon area Most water used for agnculture ts released 
from Lahontan ReservOir, very few wells supply 
ground water for 1rngat10n The basalt aqmfer beneath 
Fallon (see fig 12) 1s the sole source of water for 
mumctpal use and for use at the Naval Atr StatiOn, 
whtch IS the largest employer m Fallon More than 
5,000 domestic wells, which tap the shallow and mter­
medtate aqmfers, supply the rural populatiOn of the 
area 

Associated wtth the trngated lands are wetlands 
of Carson Lake, the Stillwater Wtldhfe Management 
Area (WMA) and NatiOnal Wildhfe Refuge, and the 
Fallon National Wtldhfe Refuge (pl I) Sand dunes, 
playas, and areas vegetated wtth phreatophytes such as 
greasewood, rabbttbrush, saltgrass, and marsh grasses 
cover the remamder of the Carson Desert lowlands 
(fig I) The Carson Smk covers the northern part of 

the Carson Desert Dunng years of extremely htgh 
flows, outflow from the Stillwater wetlands reaches the 
Carson Smk along wtth flow from the Humboldt Rtver 
The extremely wet years 1983 and 1984 caused the 
Carson Smk to become, temporanly, the largest water 
body m the State of Nevada, covermg about 212,000 
acres (Rowe and Hoffman, 1990, p 37) 

The Stillwater wetlands are JOmtly managed by 
the USFWS and the Nevada Department of Wtldhfe 
(NDOW) The Stillwater wetlands are dtvtded mto the 
Stillwater WMA, covenng about 200,000 acres, and 
the Stillwater NatiOnal Wtldhfe Refuge, covenng 
about 77,500 acres Carson Lake wetlands are man­
aged by the NDOW and cover about 34,000 acres, wtth 
about 13,000 acres supportmg commumty pasture 
lands leased to local ranchers for grazmg (Hallock and 
Hallock, 1993, Bureau of ReclamatiOn, 1992b, p 37) 

Pnor to the New lands ProJect, the Stillwater and 
Carson Lake wetlands totaled a maximum of about 
60,000 acres and wetlands of the Fallon NatiOnal Wtld­
hfe Refuge covered about 26,000 acres (Hoffman and 
others, 1990, p 5) D1vers10n and consumptive use of 
surface water by crops has completely dned up wet­
lands of the Fallon NatiOnal W1ldhfe Refuge m most 
years and reduced the wetland areas at Stillwater 
WMA and Carson Lake Some wetland areas were 
produced withm the Newlands ProJect area, mcludmg 
regulatory reservotrs and numerous small wetlands 
scattered throughout the ProJect area 

From 1986 to 1991, wetland areas near tmgated 
land m the Carson Desert ranged from more than 
45,000 acres m wet years to less than 7,000 acres m 
dry years (Norman A Saake, US Ftsh and Wtldhfe 
Servtce, wntten commun , 1993) 

Before operatiOn of the New lands ProJect, about 
14,000 acres of land were trrtgated usmg natural flows 
of the Carson Rt ver (Lee and Clark, 1916, p 670) 
Smce 1926, the ProJect has been operated and roam­
tamed by the Truckee-Carson lrrtgat10n Dtstnct 
(TCID) Numerous lawsmts over the dtvers10n of 
Truckee River water have centered on the use of 
Truckee River flows to mamtam Lahontan cutthroat 
trout and endangered Cm-m lake sucker fishenes m 
Pyramid Lake (mset, pl 1) Between 1909 and 1968, 
the level of Pyramtd Lake dropped 80 ft m response to 
dtvers10ns from the Truckee Rtver (Harns, 1970) 
Subsequently, the level of Pyramtd Lake was 25ft 
htgher m 1986, then dechned 15 ft by 1992 (Hess and 
others, 1993, p 4) Court decisions and task forces 
convened by the U S Department of the In tenor led to 
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EXPLANATION 

CJ Discharging playa - From Glancy and Katzer {1975, pl. 1) 

CJ Phreatophytes - From Glancy and Katzer (1975, pl. 1) 

- Irrigated land, 1984-90- From Bureau of Reclamation 
digital data (Charles Johnson, Bureau of Reclamation , 
1993) 

- •• - Hydrographic area boundary - From Rush (1968) 

-4,200- Topographic contour -Shows altitude of land surface. 
Contour interval , 1 ,000 feet, with supplemental contour 
at 4,200 feet. Datum is sea level 

Figure 1. Discharging playas, phreatophytes, and irrigated land in Carson Desert hydrographic area. 
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Implementation of OCAP for the New lands ProJect to 
reduce the need for Truckee River diversiOns The 

OCAP were Initiated m 1967, and the most recent ver­

SIOn took effect m Apnl1988 (Bureau of ReclamatiOn, 

1992b,p 40) 

ProJect efficiency, as defined by OCAP, ts the 

total annual headgate delivery, divided by the total 

annual dtversiOns for the ProJect (Bureau of Reclama­

tiOn, 1987a, p 1-6) Thus, the efficiency IS defined 
only for the conveyance of water to the farm headgate 

and does not address on-farm efficiency ProJect effi­

ciency ranged from 53 to 63 percent from 1981 to 1990 

(Bureau of ReclamatiOn, 1992b, p 15) Smce Imple­

mentatiOn of OCAP m 1988, the area has been under 

extreme drought condttlons Because OCAP regula­

tiOns are mandated only for years with more than 70-

percent delivery, operatiOn of the ProJect as envisiOned 
by OCAP has not been achieved 
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HYDROGEOLOGIC FRAMEWORK 

Ground-water movement m the Carson Desert IS 
m part controlled by the lithology and geometry of the 

geologtc units through which ground water flows The 
lithology of a geologtc unit depends partly on the envi­
ronment m whtch It was deposited The geometry of a 
unit depends on depositional environment, along with 

the local and regiOnal geologic and structural history 
The followmg sectiOns summanze available mforma­
tiOn on the geologic htstory, structural settmg, and 
lithology and geometry of hydrogeologic units of the 
Carson Desert 

Geologic History 

Rocks and sediments m the Carson Desert hydro­
graphic area record two geologic eras the MesozOic, 
whtch spanned about 240 to 66 Ma (million years ago), 
and the Cenozoic, which spans 66 Ma to the present 
The Mesozoic Era IS divtded mto three penods (from 
oldest to youngest) Tnassic, Jurassic, and Cretaceous 
The CenozOic Era IS divided mto two penods (from 
older to younger) Tertiary and Quaternary The oldest 
rocks preserved m the Carson Desert (pl 1) are Late 
Tnasstc (about 225 Ma) mage (Johnson, 1977, pl 1) 
From this time until Middle Jurassic time (about 170 
Ma), the study area was covered by a sea that deposited 
manne sedtments (Stewart, 1980, fig 32 and p 65-67) 
The study area (and much of west-central Nevada) was 
uphfted and subJected to gentle foldmg, faultmg, and 
erosiOn above sea level dunng Middle J urasstc ttme 
(Stewart, 1980, fig 36, and p 71, 76) Mafic volcanic 
and plutonic rocks were emplaced at this time (Speed, 
1966) Dunng the Cretaceous ( 138 to 66 Ma), the Car­
son Desert was probably above sea level and erodmg, 
as evidenced by the paucity of sedimentary and volca­
niC rocks preserved from that ttme penod (Stewart, 
1980, p 73) Plutonism occurred throughout the study 
area dunng Cretaceous time (Wtllden and Speed, 1974, 
p 1) 

Very few rocks of early Tertiary age (66 to 
34 Ma) are preserved m the study area (Stewart, 1980, 
p 98-100) The Carson Desert probably had substan­
tial rehef at this time and was erodmg faster than the 
rate of moun tam bmldmg (Stewart, 1980, p 5) Dunng 
the middle Tertiary, from 34 to 17 Ma, volummous 
felsic volcanic eruptions occurred across the eastern 
part (pl 1) of the study area (Burke and McKee, 1979, 
p 183) At about 17 Ma, the Great Basm began d 

penod of extensiOnal faultmg that has contmued to 
the present, creatmg the north-trendmg basm-and­
range topography of today (Stewart, 1980, p 11 0) 
The total amount of extensiOn across the Great Basm 
IS estimated to be between 10 and 50 percent, with 
local extensiOn exceedmg 100 percent (Stewart, 1978, 
p 1) From 17 to 12 Ma, volcanic rocks (pl 1) were 
extruded, and extensiOnal block faultmg formed shal­
low basms, whtch contamed ephemeral lakes that 
collected sediments (Axelrod, 1956, p 97, Hastmgs, 
1979, p 520) From about 12 Ma to about 5 Ma, 
mafic and mmor felsic eruptions accompanied the 
block faultmg, smce about 5 Ma, however, only mfre­
quent mafic volcanism has accompanied the faultmg 
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(Hastmgs, 1979, p 520, Stewart, 1980, p 5) Begm­
nmg at about 17 Ma, the downfaulted basms trapped 
sedimentary deposits and volcamc rocks more than 
6,000 ft thick (Garside and Schillmg, 1979, p 14, 
Stewart, 1980, p 5, 11 0) 

BIOgeographic evidence mdicates that m late Ter­
tiary time, from 17 to I 6 Ma, the valleys of the Great 
Basm were near 2,000 ft above sea level and the Sierra 
Nevada stood near 4,000 ft above sea level (Axelrod, 
1956, p 2, 1962, p 183) At that time the Carson 
Desert was larger than It IS today and probably still 
dramed to the ocean (Axelrod, 1956, fig 16, Morrison, 
1964, p 96-97) The central Sierra Nevada was 
uplifted 4,000 to 7,000 ft and ttl ted westward dunng 
late Tertiary and early Quaternary time (Axelrod, 1962, 
Huber, 1981, Wmograd and others, 1985) This uphft 
cut off Nevada's dramage to the ocean and mcreased 
the ramshadow effect on the Great Basm, changmg the 
chmate from subhumid to semiand (Morrison, 1964, 
p 97) While the Sierra Nevada was bemg uplifted, 
the entire Great Basm was uplifted 1,000 to 3,000 ft 
(Gable and Hatton, 1983) and the Carson Desert area 
was tilted shghtly northward (Mifflm and Wheat, 1971, 
1979) 

Quaternary time Is divided mto two epochs the 
Pleistocene, 1 6 Ma to 10 ka (thousands of years ago), 
and the Holocene, 10 ka to the present In the Carson 
Desert dunng Pleistocene time, lakes formed, 
expanded, and shrank (Axelrod, 1956, Momson, 
1964) Several times, under the mfluence of Pleis­
tocene glacial chmates, these lakes coalesced to form 
ancient Lake Lahontan, whtch covered much of the 
northwestern Great Basm (Mom son, 1964) and had 
a history similar to that of Lake Bonneville m Utah 
(Morrison and Frye, 1965, Thompson and others, 
1986, Morrison, 1991) Ancient Lake Lahontan was 
probably one large, deep lake for most of the time from 
about 1 2 Ma to 850 ka, 650 to 600 ka, 400 to 130 ka, 
and a gam from 25 to 10 ka (Benson, 1991, p 115, 
Benson and others, 1990, p 241, Morrison, 1991, 
fig 6) At Its highest stand, ancient Lake Lahontan 
had a maximum area of 8,300 mt2 and was more 
than 500 ft deep m the Carson Desert (Davis, 1978, 
p 2, Morrison, 1991, p 288) When water levels fell 
below the 4,290-ft altitude, Lake Lahontan began 
shnnkmg mto separate lakes (Benson, 1978, fig 2, 
Davis, 1982, figs 4-6) 

The nvers flowmg mto ancient Lake Lahontan 
changed course at vanous times dunng the Pleistocene 
Dunng middle and late Pleistocene time (800 to 10 ka), 

the Walker River usually flowed mto the Carson River 

and the Carson Desert, rather than mto Walker Lake as 

It does today (Benson and Thompson, 1987, p 84, 

Morrtson, 1991, p 288) Somett me from 11 to 7 ka, 

the Walker River changed Its course and flowed mto 

Walker Lake (Davis, 1982, p 63, 66-67) This rerout­

mg of the Walker River contnbuted to desiccation of 

Lake Lahontan and extensive formation of dunes from 

about 7 to 5 ka (Davis, 1982, p 66) Frequently dunng 

Pleistocene time, the Humboldt River flowed mto the 

Black Rock Desert mstead of mto the Humboldt Smk­

Carson Smk area (Davis, 1982, 1990) At least once 

dunng late Pleistocene time (200 to 10 ka), the Truckee 

River flowed mto the Carson Desert mstead of mto the 

Pyramid Lake Basm (Jones, 1933, p 105-6, pi 16, 

Morrison and Davis, 1984a, p 253) 

Accordmg to Morrison (1964, p 28-71 ), thick 

clay beds were deposited m the deeper parts of ancient 

Lake Lahontan Rivers flowmg mto the lake deposited 

sand, gravel, silt, and mmor amounts of clay on deltas 
m delta-front, channel, swamp, and flood-overbank 

areas In the Carson Desert, deltas were formed pnma­

nly m the west where the Carson River flowed mto 

Lake Lahontan Sand and gravel beaches and bars 

were formed by wave actiOn along the shorelmes 

of Lake Lahontan and, dunng dry penods when the 

lake level was low, large sand-dune and sand-sheet 

complexes formed extensively along the lakeshore 

Alluvial-fan deposits are preserved m highland valleys 

where streams left the mountams and spread out onto 

the Carson Desert floor Basaltic volcamsm occurred 

sporadically m several Isolated areas (pi 1) of the 

Carson Desert dunng Quaternary time 

Ancient Lake Lahontan began drymg up after 

Its last high stand about 14 ka (Benson, 1991, p 115) 

Smce the last high stand of Lake Lahontan, the Carson 

Desert area IS beheved to have rebounded Isostatically 
by 40 to 55ft (Mifflm and Wheat, 1971) By about 

7 ka, Lake Lahontan had almost completely dned up 

(Morrison, 1991, p 300) After that time several tem­

porary, shallow lakes (maximum depth, 20-85 ft) grew 
and receded m the Carson Desert (Mornson, 1964, 

p 75-87) Wet penods have alternated with dry pen­

ads throughout the last 4,000 years, with the last 100 
years bemg dry (Davis, 1982, p 66-68) 
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Structural Setting 

Three maJor regiOnal fault systems mtersect m 
the Carson Desert the Walker Lane, the Midas 
Trough, and the basm and range Walker Lane faults 
trend northwest, Midas Trough faults trend northeast, 
and basm-and-range faults trend north-northeast 

The Walker Lane Is a system of northwest-trend­
mg nght-lateral stnke-shp faults that IS 80 to 120 mi 
wide and extends about 400 mi along the Nevada­
California border from near Las Vegas to northwest of 
Reno (Locke and others, 1940, Rowan and Wetlaufer, 
1973, Stewart, 1980, p 86, Mornson, 1991, p 285) 
This fault system has been active smce 15 Ma or earher 
(Stewart, 1980, p 86) Large-scale displacement of as 
much as 120 mi along the Walker Lane fault system has 
been suggested by some geologists (Stewart, 1980, 
p 86) The Carson Desert hes near the eastern margm 
of the Walker Lane In the Carson Desert (pi 1 ), faults 
that parallel the Walker Lane are common m the Salt 
Wells Basm and m the area west of the BuneJug and 
Cocoon Mountams (Bruce, 1981, fig D4) 

The Midas Trough system IS onented northeast, 
perpendicular to the Walker Lane, and extends from 
near Carson City, Nev, through Idaho and Yellowstone 
National Park mto Montana (Rowan and Wetlaufer, 
1973) In the Carson Desert area, the Midas Trough 
system crosses the Hot Spnngs Mountams and bounds 
the West Humboldt Range (Bruce, 1981, fig D4) 
Rowan and Wetlaufer (1973) mfer that the Midas 
Trough system has been active smce about 15 Ma as 
a wide zone of left-lateral faultmg 

The basm-and-range structures generally trend 
north-northeast but range from north-northwest to 
northeast These structures are supenmposed on both 
the Walker Lane and Midas Trough structures (Bruce, 
1981, p 167) and formed durmg the past 15 milhon 
years (Axelrod, 1957, Stewart, 1980, p 114-115) A 
complex system of horsts (upthrown blocks, such as 
the Sierra Nevada) and grabens (downthrown blocks, 
such as Lake Tahoe) was created m the Carson Desert 
by the mtersect10n of the three structural trends (fig 2) 
IntersectiOns of the vanous fault systems probably 
form extensive zones of crushed rock withm the Ceno­
ZOIC volcamc rocks and the Mesozoic rocks, providmg 
the necessary fracture permeabihty to transmit and 
store geothermal water (Morgan, 1982, p 28) Faults 
throughout the Carson Desert are commonly marked 
by spnngs, seeps, and scarps (Morrison, 1964, p 92) 

The basm-and-range fault system IS still active 
In 1954, three earthquakes of magmtude 6 6 to 6 8 that 
had epicenters 2 8 mi east-northeast of Salt Wells 
occurred between the south ends of the Stillwater 
Range and the Lahontan Mountams (Morrison, 1964, 
p 95-96, Ryall, 1977) The fault zone along which 
these earthquakes occurred, mformally named the 
Rambow Mountam Fault, can be traced (pl 1) m an en 
echelon pattern that IS parallel to the western scarp of 
the Stillwater Range This fault zone begms near Salt 
Wells and contmues for more than 19 mi north, mto the 
Stillwater Marsh area (Mornson, 1964, p 95, Morgan, 
1982, p 28) 

The overall effect of basm-and-range faultmg m 
the Carson Desert area has been to hft the surroundmg 
mountams and to drop the Carson Desert The Carson 
Desert IS still bemg downdropped A second-order 
levehng survey of the Hot Spnngs Mountams m June 
1983, and repeated m May 1984, found subsidence of 
0 24 to 0 6 m m that year (CH2M Hill, 1984, p IV-4, 
Chevron Resources Company, 1987, p 2-2) Durmg 
the 1954 earthquakes, benchmarks were dropped as 
much as 7 ft (Bureau of Land Management, 1975, 
p 19) 

Several horsts and grabens have been Identifiea m 
the subsurface (fig 2) by seismic surveys, gravity sur­
veys, and dnlhng (Phillips Petroleum Company, 1973, 
Erwm and Berg, 1977, Chevron Geophysical Com­
pany, 1977, Chevron Resources Company, 1979a, 
1979b, 1987, Hastmgs, 1979, Reynolds and associates, 
197 5) Because of these buned horsts and grabens, the 
thickness of the Tertiary and Quaternary sections 
beneath the floor of the Carson Desert vanes from 
2,000 to 12,000 ft (Morrison, 1964, Chevron 
Resources Company, 1979a, 1979b, 1987, Garside and 
Schilling, 1979, Hastmgs, 1979, U mon 7 6 Geothermal 
DivisiOn, [ 1979?]) The largest graben delineated m 
the Carson Desert (fig 2) extends from east of Lone 
Rock south-southwestward mto the central Stillwater 
Marsh area, where MesozOic rocks are greater than 
12,000 ft below land surface (Hastmgs, 1979) Two 
other possible grabens have been Identified under 
Carson Lake and under the southeastern part of the 
Soda Lakes area (Morrison, 1964, p 94, Chevron 
Geophysical Company, 1977) Horsts have been 
dehneated (fig 2 and pi 1) JUSt west of Lone Rock, 
east of the Timber Lake well, and possibly under 
Upsal Hogback (Hastmgs, 1979, fig 2, Chevron 
Geophysical Company, 1977) 
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EXPLANATION 

c=J Basin-fill deposits 

c=J Consolidated rocks 

u 
--

0
- - Faults -Approximately located. Dashed 

where fault is inferred. D, downthrown side; 
U, upthrown side 

-4,000-- Line of equal depth to top of consolidated rock 
of Mesozoic age -Approximately located. 
Dashed where location is inferred. Hachures 
indicate closed depression. Interval, 2,000 feet. 
Datum is land surface 

Boundary of Carson Desert hydrographic area 

Figure 2_ Faults and depth to top of consolidated rocks of Mesozoic age, northern Carson Desert, as inferred from 
seismic and gravity surveys_ 
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Description and Distribution of 
Hydrogeologic Units 

Avatlable geologtc mformat10n for the Carson 
Desert ts summanzed on plates 1-3 Plate 1 ts a 
generalized geologtc map of the Carson Desert hydro­
graphic area Stmtlar rock types are grouped together 
from the geology descnbed by John H Stewart 
(U S Geologtcal Survey, wntten commun , 1987) 
and Momson (1964) To further simplify plate 1, only 
Quaternary faults m basm-fill deposits are shown (Bell, 
1984, Greene and others, 1991) Depths to the tops of 
the Terttary sectiOn (generally sedimentary rock), the 
Terttary volcamc section, and the Mesozoic sectiOn are 
shown on plate 1 for 22 dnllholes 

Plate 2 shows geologic sections across the Carson 
Desert The geologtc sectiOns are based on rock 
descnpt10ns m dnllers' and geologists' logs of 12 of the 
22 wells on plate 1 that were dnlled to depths greater 
than 800ft Holes that were not dnlled vertically are 
proJected to vertical for these geologic sectiOns Most 
of the contacts used for these geologic sections are 
poorly defined The contact between the early and late 
Lake Lahontan sediments IS speculative The contact 
between the youngest Tertiary sedtments (or sedimen­
tary rocks) and the oldest Quaternary sediments IS gra­
datiOnal and difficult to dtscern The Quaternary 
sediments contam only mmor amounts of volcamc 
matenal, whereas the Terttary sediments (or sedimen­
tary rocks) con tam maJor amounts of volcamc matenal 
For these geologic sectiOns, the top of the Tertiary sec­
tion was defined by a change from dommantly nontuf­
faceous to dommantly tuffaceous matenal m the dnll 
cuttmgs, or by a change from dommantly unconsoli­
dated to dommantly consolidated matenals Dates 
based on the ages of fossils were used to define the top 
of the Tertiary m two dnllholes-the Halbout Federal 
No 1 and the Standard-Amoco S P Land No 1 The 
Terttary sedimentary and mafic volcamc rocks are 
Irregularly mterbedded, the number, thtckness, and lat­
eral extent of the mterbeds vary greatly beneath the 
Carson Desert The contact between sedimentary and 
mafic volcamc umts IS found at varymg depths m the 
Tertiary sectiOn and IS generally repeated Because 
these Tertiary rock sequences differ widely from place 
to place, correlatiOn of Individual umts over large areas 
ts not posstble 

Plate 3 shows the relative age and permeabthty of 
Quaternary sediments deposited from 130 ka to present 
and shows exposed channels formed by the Carson 

River that are younger than 11 ka The map was gen­
erated from data presented by Morrison ( 1964, pls 3-6, 
11) and Dollarhide (1975) Areas greater than 0 5 to 1 
mi2 were grouped by age and relattve permeability, 
whtch was estimated by assummg that sand ts perme­
able and that stlt and clay are relatively Impermeable 

Consolidated Rocks 

In the Carson Desert, consolidated rocks consist 
of MesozOic (about 240 to 66 Ma) and Cenozmc 
(66 Ma to present) sedimentary and tgneous rocks 
MesozOic rocks are exposed widely along the north­
east, northwest, and southeast margms of the Carson 
Desert, elsewhere they are exposed only m small 
wmdows eroded through the overlymg Cenozmc 
deposits (Willden and Speed, 1974, p 5) The enttre 
Carson Desert ts thought to be underlam at depth by 
Mesozmc rocks (Hastmgs, 1979, p 517) MesozOic 
rocks exposed m the Carson Desert mclude sedtmen­
tary rocks, felsic mtrusive tgneous rocks, and mafic 
mtrustve and extrusive Igneous rocks (Page, 1965, 
Willden and Speed, 1974, pl 1, p 7-10, 13-18, BenOit 
and others, 1982, p 7, John H Stewart, 1987, wntten 
commun , Greene and others, 1991) 

Consolidated CenozOic rocks are common m the 
Carson Desert, they mclude Terttary (66 to 1 6 Ma) 
felsic and mafic volcamc rocks, Terttary sedimentary 
rocks, and Quaternary (1 6 Ma to present) mafic volca­
mc rocks Semiconsohdated and unconsolidated Cen­
ozOic matenal ts abundant m the Carson Desert and 
conststs of Terttary and Quaternary sediments Wtde 
vanattons m the thtckness and areal extent of Tertiary 
umts were caused by tectomc acttvtty dunng and after 
depositiOn of the Terttary rocks Dunng Tertiary time, 
different areas of the basm were alternately upltfted or 
downdropped, uphfted areas were eroded and provided 
sedtment to the downdropped areas, where sedtmen­
tary and volcamc matenal accumulated (Axelrod, 
1956) 

In the Carson Desert, a mafic volcamc umt and 
a complexly mterbedded tuffaceous sedimentary umt 
generally underlie Quaternary deposits The mafic 
volcamc umt, which ts Tertiary m age, conststs of the 
volcamc parts of the Chloropagus and the Desert Peak 
Formations of Axelrod (1956) and of the Truckee For­
matiOn (Kmg, 1878) and the entire BuneJug Formation 
(Morrison, 1964, p 11-14) These volcamc rocks, 
which have an aggregate thtckness of more than 
4,900 ft, consist of basalt and andesite flows and tuffs 
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(Axelrod, 1956, p 95-101, Page, 1965) The sedimen­
tary sequence, whtch IS Terttary, mcludes parts of the 
Chloropagus and Desert Peak FormatiOns of Axelrod 
( 1956) and part of the Truckee FormatiOn (Kmg, 1878) 
This sedimentary sequence, which IS tuffaceous, has an 
aggregate thickness of more than 2,300 ft and consists 
of shale, siltstone, sandstone, conglomerate, hmestone, 
anddtatomtte(Axelrod, 1956,p 95-101) TheTruckee 
and BuneJug FormatiOns are locally mterbedded, but 
basalt of the BuneJug FormatiOn generally overhes tuf­
faceous sediments and tuffs of the Truckee FormatiOn 
(Mornson, 1964, p 14) The BuneJug Formation caps 
many of the low mountams nmmmg the southern Car­
son Desert (Mornson, 1964, p 14-15) but IS mtssmg m 
many dnllers' logs of wells m the Carson Desert (pl 2) 

Consolidated rocks of Quaternary age ( 1 6 Ma to 
present) are uncommon m the study area Mafic volca­
niC actiVIty occurred m four areas of the Carson Desert 
dunng the Pleistocene Rattlesnake Hill, Upsal Hog­
back, Lone Rock, and Soda Lakes Deposits m the first 
three are consohdated, but the Soda Lakes volcanic­
sand complex IS semiconsohdated 

Rattlesnake Htll Is a volcanic cone composed of 
basalt that was dated by whole-rock potassmm-argon 
analysts to be 1 03 ± 0 05 Ma (Evans, 1980, p 20) The 
cone has been eroded and IS partially buned by ancient 
Lake Lahontan sediments (Momson, 1964, p 23) The 
basaltic eruptions from thts cone were qmet except for 
a final explosive phase, which plugged the throat of the 
cone With agglomerate (Momson, 1964, p 23) 

Upsal Hogback, 10 mi north of Fallon, IS a volca­
nic complex dated at 35 to 11 ka The complex consists 
of seven overlappmg, well-mdurated basaltic cmder­
tuff cones that are nmmed wtth unconsohdated basaltic 
sand (Morrison, 1964, p 38, Davis, 1978, p 24) 
Upsal Hogback basaltic tuffs are mterbedded With 
ancient Lake Lahontan sediments (Davts, 1978, p 41) 

Lone Rock, which IS m the northeastern part 
of the Carson Desert, IS a basalt cmder cone that IS 
thought to be about the same age as the basalt of 
Rattlesnake Htll (Hastmgs, 1979, p 519) 

Sem•consohdated and Unconsolidated Sediments 

In the Carson Desert, sedtments of Quaternary 
and some ofTerttary age are either semiconsohdated or 
unconsolidated The consolidated and semtconsoh­
dated Tertiary sediments are dtscussed m the previOus 
sectiOn Quaternary deposits are the most wtdely 
exposed geologic umts (pis 1 and 3) m the Carson 

Desert They mamly consist of lacustnne (clay and 
stlt), alluvtal-fan (sand and gravel), and eolian (sand) 
deposits (Mornson, 1964, Willden and Speed, 1974) 
Mornson (1964, 1991) mapped Quaternary sediments 
m the southern Carson Desert m detail and descnbed 
the stratigraphy of lake and mterlake sequences Ben­
son ( 1978), Lao and Benson ( 1988), Benson and others 
( 1990), and Thompson and others ( 1986) refined the 
stratigraphy and resolved some confhcts among abso­
lute-age determmat10ns for the ancient Lake Lahontan 
sediments Davis ( 1978, 1982), Sarna-WoJCICki and 
Davis ( 1991 ), and Sarna-WoJCicki and others ( 1991) 
mapped and rad10metncally dated volcanic ash beds m 
the Quaternary sediments Thetr work further refined 
the relative ages of the sediments and provided useful 
marker beds 

The thickness of Quaternary sediments m the 
southern and northeastern Carson Desert ranges from 
zero to thousands of feet (pl 1) The contact between 
Quaternary and Tertiary sediments (pl 1) IS dtfficult to 
Identify m dnllholes unless the BuneJug FormatiOn 
overlies Tertiary sedtments or abundant volcanic frag­
ments are present in the Tertiary sediments Plate 2 
shows the thickness of Quaternary units on geologic 
sectiOns across the study area 

Quaternary sedtments m the Carson Desert record 
the history of ancient Lake Lahontan as It grew and 
receded over more than 1 mtllion years Sedtments 
were deposited durmg three distmct times m the Qua­
ternary early Lake Lahontan, late Lake Lahontan, and 
post-Lake Lahontan Exposures of sedtments from 
early Lake Lahontan ttme are rare m the Carson Desert, 
but the Unit IS commonly encountered m wells (Morn­
son, 1964, p 98), where thicknesses locally exceed 
2,000 ft (Melhorn, [1974?], p 3-5) Deposition of the 
lower Lake Lahontan sedtments (LLL on pl 2) w early 
Lake Lahontan time, which began before 1 Ma and 
ended about 350 ka, records two deep-lake cycles and 
two shallow-lake cycles (Morrison, 1991, fig 6) The 
Pamte FormatiOn, which consists pnmanly of alluvtal 
sediments, was deposited while Lake Lahontan was at 
a low stand and IS the youngest of the lower Lake 
Lahontan sediments (Momson, 1964, 1991) 

Sedtments of the Lahontan Valley Group (ULL 
on pl 2) were deposited m late Lake Lahontan time, 
from about 350 to 7 ka, and overhe the Paiute Forma­
tion (Morrison, 1991, fig 6) The upper Lake Lahontan 
sediments deposited m late Lake Lahontan time consist 
of lacustnne and subaenal deposits that record a senes 
of five deep-lake cycles, alternatmg With partial or 
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Shallow-lake sand and silt of Fallon Formation 
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Silt of Fallon or Sehoo Formation 
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Figure 3. Schematic geologic section showing relation between sedimentary deposits of Quaternary age in Fallon­
Carson Lake area. (Data from Morrison, 1959; 1964). 
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complete lake recessiOn (Mornson, 1964, p 28, Morn­
son, 1991, p 297 -299) The generalized dtstnbutiOn of 
the sedtments of the Lahontan Valley Group m the 
southern Carson Desert can be seen on plate 3 and 
figure 3, whtch show upper Quaternary sediments and 
ancient nver channels (Mornson, 1964, pis 3-6, 11) 
MaJor formatiOns that make up the Lahontan Valley 
Group are the Eetza, Wyemaha, and Sehoo Formations 
(Mornson, 1964, p 28) The Eetza and Sehoo Forma­
tiOns consist pnmanly of deep-lake sediments, whereas 
the Wyemaha FormatiOn consists pnmanly of shallow­
lake and subaenal sediments (Morn son, 1991, p 297-
299) In the subsurface, the Lahontan Valley Group 
(pis 1 and 2) Is thought to be 185 to 1 ,300ft thtck near 
the town of Stillwater (Umon 76 Geothermal Dtvtston, 
[1979?], Umon Oil Company of California, 1981, 
Morgan, 1982, p 24-27), 500ft thtck m the northeast­
em Carson Smk area (Melhorn, [1974?], p 2), about 
600ft thtck west of Fallon (Horton, 1978, p 14, 20-22), 
and from 100 to more than 1 ,000 ft thick m the Carson 
Lake area (Garst de and others, 1988, p 10-11, Dames 
& Moore, 1988, fig 4-9) 

The oldest umt of the Lahontan Valley Group Is 
the Eetza FormatiOn, whtch records two deep-lake 
cycles (Morrison, 1964, p 99) Deposition of the Eetza 
FormatiOn IS estimated to have begun about 350 ka and 
to have lasted until about 130 ka The Eetza Formation 
overlies the basalt of Rattlesnake Htll (Morrison, 1964, 
p 23, 1991, p 297) It consists pnmanly of deep-lake, 
deltatc, alluvtal-fan, and shorelme deposits (Momson, 
1964, p 28-34, 99) Deep-lake factes, pnmanly clay 
beds, of the Eetza FormatiOn are not exposed but have 
almost certamly been penetrated by dnllholes on the 
floor of the Carson Desert (Momson, 1964, p 33, Mel­
hom, [ 197 4 ?] , p 2-3, Dames & Moore, 1988, fig 4-9) 
A delta of the Carson Rtver, whtch formed 12 mt west 
of Fallon dunng this time, consists of sand, gravel, stlt, 
and mmor clay (Morrison, 1964, p 99) Coarse allu­
vial-fan and shorelme factes occur pnmanly around 
the pen meter of the Carson Desert (Morrison, 1964, 
p 28-34) The Eetza FormatiOn was deposited simulta­
neously wtth the Tahoe glaciatiOn m the Sterra Nevada 
(Birkeland, 1968, table 2) The Eetza FormatiOn was 
deposited dunng the stormiest part of ancient Lake 
Lahontan history (Mornson, 1964, p 99), shoreline 
deposits of the Eetza FormatiOn are coarser gramed 
and are associated wtth deeper erosiOn mto pre-exist­
mg topography than any umts that were deposited 
thereafter (Morrison, 1964, p 99) 

The Wyemaha FormatiOn, whtch Is wtdely 
exposed m the Carson Desert (pi 3), was deposited 
after ancient Lake Lahontan receded dunng a relatively 
long penod when the Carson Desert was nearly or 
completely dry (Morrison, 1964, p 34, 39, 99) It 
was deposited from 130 to 35 ka and IS thought to 
have formed dunng the mterglacial penod between 
the Tahoe and TIOga glaciations m the Sierra Nevada 
(Birkeland, 1968, p 477, Morrison and Davts, 1984b, 
figs 2, 3) The maximum thickness of the Wyemaha 
Formation IS unknown, but It exceeds 150 ft m the sub­
surface (Morrison, 1964, p 38) 

The Wyemaha FormatiOn consists of eohan and 
alluvial sediments m the highlands (above 3,900 to 
4,100 ft m altitude), whereas m the lowlands It consists 
of shallow-lake and mmor mterbedded eolian sedi­
ments (Momson, 1964, p 34, pis 3-6) Eolian sand 
deposits of the Wyemaha FormatiOn are 0 to 100 ft 
thick, alluvial sand and gravel deposits of the Wye­
maha Formation are 2 to 10 ft thtck, and shallow-lake 
sand, stlt, and clay deposits m the Wyemaha FormatiOn 
are as thtck as 160 ft (Mom son, 1964, p 36, 148-151) 

The shallow-lake sediments are the most wide­
spread of the Wyemaha FormatiOn facies Sand of the 
shallow-lake facies IS thickest m the western part of the 
study area and IS as much as 50 ft thick near the town 
of Stillwater (Mom son, 1964, p 37, Morgan, 1982, 
p 26) Where the shallow-lake sand of the Wyemaha 
FormatiOn IS exposed, the water table IS generally 
wtthm a few feet of the surface (Morrison, 1964, p 36) 

On the basts of subsurface data (Momson, 1959) 
from more than 1 00 locatiOns m the southern Carson 
Desert (mcludmg data from Stabler, 1904, and Lee and 
Clark, 1916), Morrison (1964, p 37) concluded that the 
uppermost 5 to 30 ft of the Wyemaha Formation IS gen­
erally unconsolidated, well-sorted lake sand On the 
Carson Rtver delta that formed JUSt west of Fallon 
between 130 and 7 ka, this uppermost sand consists pn­
manly of clean, clastic grams wtth little or no orgamc 
matenal Away from the delta, toward the low-lymg 
areas of the Carson Desert, the sand grades laterally 
mto silt, clay, and orgamc matenal m the shallow-lake 
deposits (fig 3) As a result of thts lateral change, the 
uppermost Wyemaha Formation consists of highly 
orgamc black clay and silt m the Carson Lake, eastern 
Carson Smk, Stillwater Slough, Stillwater Marsh, and 
Eightmile Flat areas (Morrison, 1964, p 37) 

In the subsurface, the uppermost Wyemaha 
FormatiOn shallow-lake sand beds are generally under­
lam by a thick zone (possibly more than 100ft) of 
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altematmg thm beds (about 1 ft thtck) of sand and clay 
(Mornson, 1964, p 37, 148-149) Where the upper­
most Wyemaha ts htghly orgamc black clay and stlt, 
clay of the Sehoo Formation can eastly be dtstm­
gmshed from the Wyemaha FormatiOn m dnllholes 
(Mornson, 1964, p 38, 43) The clay of the Sehoo 
FormatiOn ts commonly gray and contams very little 
orgamc matenal Thts sequence of gray clay of the 
Sehoo FormatiOn overlies black, orgamc-nch clay of 
the Wyemaha Formation m the Carson Lake, Stillwater 
Slough, Stillwater Marsh, Etghtmtle Flat, and south­
east Carson Smk areas (Mornson, 1964, p 38) The 
htghly orgamc black clay and silt beds of the Wyemaha 
Formation con tam small amounts of natural gas m the 
Stillwater Marsh and Carson Lake areas (Mornson, 
1964,p 37,Morgan, 1982,p 26) 

The Sehoo FormatiOn overlies the Wyemaha 
Formation and consists pnmanly of deep-lake sedi­
ments, whtch are widely exposed throughout the Car­
son Desert (Mornson, 1964, p 41) In the lowlands, 
exposed deep-lake and shoreline sediments are as 
much as 68 ft thtck and constst of clay wtth small 
amounts of stlt, sand, tufa, limestone, and volcamc ash 
In the htghlands, exposed shoreline sediments, whtch 
are at least 65 ft thtck, consist of sand and gravel 
(Morn son, 1964, p 51, 59, 61-62) The lower part 
of the Sehoo FormatiOn and the Wyemaha Formation 
(pi 3) are mterbedded wtth basaltic tuffs at Upsal Hog­
back (Davts, 1978, p 41) The basaltic tuffs were not 
mapped as part of the Wyemaha or Sehoo Formations 
by Mornson (1964) On plate 3, consolidated basaltic 
tuff of Upsal Hogback ts shown as consolidated volca­
mc rock, whereas the unconsolidated basaltic sand that 
ts exposed around the tuff ts mcluded as part of the 
Wyemaha Formation because of Its stmtlar permeabil­
Ity and age 

The Sehoo FormatiOn records the last three deep­
lake cycles of anctent Lake Lahontan (Mornson, 1964, 
p 41) On the basts of numerous rad10metnc-age 
determmat10ns, depositiOn of the Sehoo FormatiOn 
began about 40 ka and ended about 7 ka (Broecker and 
Orr, 1958, Benson and Thompson, 1987, p 69, Davis, 
1978, table 8) The Sehoo Formation ts believed to 
be correlative wtth the TIOga glaciatiOn m the Sterra 
Nevada, whtch reached Its maxtmum between 22 and 
12 ka (Btrkeland, 1968, Curry, 1969) 

The Sehoo Formation ts subdtvtded mto four 
members that dtffer pnmanly m the lithology and dis­
tnbutiOn of gravel and tufa (Morrison, 1964, p 41-65) 
From oldest to youngest, these umts are the lower, 

thmolite, dendntic, and upper members of the Sehoo 
Formation The three oldest members are largely deep­
lake clay (locally bentomtic), whereas the youngest 
(upper) member ts pnmarily shallow-lake sand 
(Mornson, 1964, p 43, 57) The four depositiOnal 
eptsodes appear to have been separated by penods of 
nearly complete desiccatiOn (Davis, 1978, p 8) 

The lower member of the Sehoo FormatiOn con­
sists of lacustnne clay, stlt, sand, gravel, tufa, and val­
came ash (Morrison, 1964, p 51) In the htghlands, the 
lower member consists mamly of well-sorted sand wtth 
small amounts of gravel and ts as much as 50 ft thtck, 
m the lowlands, the lower member consists mamly of 
clay and stlt and ts as much as 30 ft thtck, wtth the max­
tmum thicknesses on a delta that was formed JUSt west 
of Fallon by the Carson Rtver (Morrison, 1964, p 51, 
57, 59) Clay of the lower member ts generally much 
thtcker than any of the other members, It ts 3 to 15 ft 
thick, with maxtmum thicknesses m the eastern low­
lands of the Carson Desert (Morrison, 1964, p 59) 
Thts lower member clay ts essentially nonsaline and 
noncalcareous (Morrison, 1964, p 59) Sand of the 
lower member, whtch ts reworked from the Wyemaha 
FormatiOn on the anctent Carson Rtver delta and m the 
htghlands, ts more widespread than gravel (Morrison, 
1964,p 57) 

The thmolite member of the Sehoo Formation, 
whtch ts consistently less than about 5 ft thtck, consists 
of lake clay, stlt, and a type of tufa called thmolite 
(Morrtson, 1964, p 59) The dendnttc member, hke 
the lower member, consists of well-sorted sand and 
small amounts of gravel m the highlands, clay m the 
lowlands, and tufa along the anctent shorelines 
(Mom son, 1964, p 61) The sand of the dendnttc 
member IS as much as 20ft thtck on the Carson Rtver 
delta west of Fallon, but elsewhere It IS generally less 
than 5 ft thick (Morn son, 1964, p 61) The clay of this 
member IS less silty, more calcareous, and more salme 
than the clay of the lower member (Morrison, 1964, 
p 61) The dendntic member has been eroded from 
large areas m the central Carson Desert (Mornson, 
1964, p 62) 

The upper member of the Sehoo FormatiOn ts 
generally 1 to 5 ft thtck butts as thtck as 16ft m places 
(Mornson, 1964, p 62) Sand ts more widespread than 
clay or gravel m the upper member, parttcularly where 
sediments of the upper Sehoo formed deltas west and 
north from Fallon (Morrison, 1964, p 62) The sand ts 
thmner than molder deltaic and shorelme deposits but 
ts considerably thtcker than any lake-sand deposits of 
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post-Lake Lahontan ttme (Mornson, 1964, p 62) 
Plate 3 shows some of the channels formed by the 
Carson Rtver dunng and after depositiOn of the upper 
member of the Sehoo FormatiOn 

Two anctent Carson Rtver deltas that are part of 
the upper member of the Sehoo Formation contam rel­
atively volummous sand deposits (Momson, 1964, 
p 62-63) The west delta extends about 10 mt from 
Soda Lake eastward to Oles Pond and 5 mt northward 
and southward from Fallon (pis 1 and 3) The Indtan 
Lakes delta, about 1 0 mt northeast of Fallon under 
lndtan Lakes (pis 1 and 3), Is about 4 mt wtde and 6 mt 
long (Mornson, 1964, p 62) The sand of the upper 
member grades laterally away from the deltas mto stlt 
and then clay (Momson, 1964, p 63) In deposits of 
the two deltas, the stlty transitiOn zone from beach sand 
to deep-lake clay commonly exceeds 1 m1 m wtdth and 
ts 2 to 5 ft thtck (Mornson, 1964, p 63) Elsewhere, 
near anctent shorelmes, the silty transttion zone ts less 
than 0 5 mt wtde and less than 1 ft thtck Clay of the 
upper member IS thtckest (as much as 4ft) near Indtan 
Lakes and from the Sttllwater Slough to the Carson 
Lake area (Mornson, 1964, p 63) 

The largely unconsolidated Soda Lake volcamc­
sand complex, 6 mt northwest of Fallon (pis 1 and 3), 
was depostted stmultaneously wtth the Sehoo Forma­
tiOn (probably between 11 and 6 ka) The complex was 
not mapped as part of the Lahontan Valley Group by 
Morn son ( 1964, pi 6) because of tts volcamc ongm, 
but IS mcluded with the Sehoo FormatiOn on plate 3 
because of Its similar permeability and age The craters 
that contam Soda Lakes were formed by explostve vol­
camsm and are now filled with water (Momson, 1964, 
p 71, 101) 

Post-Lake Lahontan sediments (fig 3) overhe the 
Sehoo FormatiOn and are thmner and more restncted m 
distnbution than the upper Lake Lahontan sediments 
(Mornson, 1964, p 79) Post-Lake Lahontan sedi­
ments have been dtvtded mto two umts, older to 
younger Turupah FormatiOn and Fallon FormatiOn 
(Mornson, 1964, p 75, 79, 1991, 299-300) The 
Turupah FormatiOn was deposited between about 7 and 
4 ka (Holocene) Davts ( 1978, p 56) concluded that 
the Turupah might be considered part of the Fallon For­
matiOn rather than a distmct formation The Turupah 
FormatiOn was deposited when ancient Lake Lahontan 
was completely dry for an extended penod of time 
(Morn son, 1964, p 1 02) The umt pnmanly consists 
of eo han sand as thick as 30ft, with local alluvtal sand 
as thtck as 15 ft, and volcamc ashbeds less than 1 m 

thtck (Mornson, 1964, p 76-78) Mornson (1964, 
p 1 02) estimates that half a cubtc mtle of sedtment 
was deflated from the Carson Desert wht1e the Turupah 
FormatiOn was bemg deposited-dunng an extremely 
wmdy and dry penod Deflation was most mtense m 
the western lowlands, where tt locally removed the 
Sehoo FormatiOn and part of the Wyemaha FormatiOn 
(Mornson, 1964,p 102) 

The Fallon FormatiOn, which overlies the 
Turupah FormatiOn, consists of eo han, alluvtal, del tate, 
and shallow-lake sedtments (Mornson, 1964, p 79-84, 
table 7) The Fallon FormatiOn records a senes of 
five shallow-lake cycles-with water depths of 20 to 
85 ft-m the Stillwater Marsh to the Sttllwater Slough 
area and m the Carson Lake area dunng the last 4,000 
or 5,000 years (Mornson, 1964, p 103, Davts, 1978, 
p 8, 1982, p 67) Each of the five lakes was smaller 
than the precedmg lake (Morn son, 1964, p 86, pl 11) 
After the first two Fallon lake cycles, the Stillwater 
Slough to the Stillwater Marsh area and Carson Lake 
area became separate bodies of water (Morn son, 1964, 
p 103-104, pi 11) The last of the five lakes dned up 
JUSt before Euro-Amencans entered the area m the 
1800's (Davts, 1978, p 8) 

Each of the five lake cycles IS preserved as a sep­
arate geologic umt that contams mamly deltatc sand, 
lake sand, silt, and clay, and contemporaneous eo han 
sand, and small amounts of lake gravel, tufa, and vel­
came ash (Mornson, 1964, table 7) Each of the lake 
umts ts generally 2 to 4 ft thick, but ranges from less 
than 1 to rarely 10 ft thick (Mornson, 1964, table 7) 
Sedtments deposited dunng mterlake cycles (between 
the mam lacustnne cycles) consist of beds of eohan 
sand, alluvmm, and very shallow lake sedtments less 
than 5 ft thtck (Momson, 1964, table 7) 

Plate 3 shows exposed channels mapped by 
Morn son ( 1964) and Dollarhide ( 197 5) The channels, 
which locally cut older sedtments, were formed by the 
Carson Rtver dunng depositiOn of the Fallon, Turupah, 
and upper Sehoo FormatiOns Most of these channels 
are contemporaneous with the Fallon FormatiOn Dur­
mg each lake cycle of the Fallon FormatiOn, the Carson 
Rtver bmlt two or three deltas out mto the lake(s), these 
deltas formed m different places dunng successive 
cycles (Morn son, 1964, p 87 and table 7) The Carson 
Lake and Stillwater Marsh areas recetved sediment 
throughout most of the time the Fallon FormatiOn was 
formmg In the center of each of these areas, the Fallon 
Formation consists almost enttrely of lake stlt, sand, 
and clay (Momson, 1964, p 87) Carson Smk, which 
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ts the lowest part of the Carson Desert today, contams 
almost no sediments of the Fallon FormatiOn (Morn­
son, 1964, p 87) Thts mdtcates either that the Carson 
Rtver rarely dramed mto Carson Smk dunng deposi­
tiOn of the Fallon FormatiOn, that sedtments of the 
Fallon FormatiOn were removed by deflation, or both 
(Morrison, 1964, p 87) 

SURFACE WATER 

Description of Surface-Water Flow System 

Surface-water flow to the Carson DIVtston of the 
Newlands ProJect IS controlled at Lahontan Reservmr 
(mset, pl 1), whtch has a maxtmum storage capacity of 
about 317,000 acre-ft (Bureau of ReclamatiOn, 1992b, 
p 35) The Truckee Canalis about 32 mt long, extend­
mg from Derby Dt versiOn Dam on the Truckee Rtver to 
Lahontan ReservOir, and has an average flow near 
Hazen of about 143,000 acre-ft/yr for the penod from 
1966 to 1991 (USGS gagmg statton, Truckee Canal 
near Hazen, pi 1, Garcta and others, 1992, p 330) 
Flow m the mam stem of the Carson Rtver above 
Lahontan ReservOir averaged about 266,000 acre-ft/yr 
from 1911 to 1991 (USGS gagmg station, Carson Rtver 
near Fort Churchtll, mset, pi 1, Garcta and others, 
1992, p 155) Outflow from Lahontan ReservOir, mea­
sured m the Carson Rtver below the reservmr, averaged 
about 385,000 acre-ft/yr for the penod from 1966 to 
1991 (USGS gagmg station, Carson River below 
Lahontan ReservOir, pi 1, Garcia and others, 1992, 
p 159) 

Some water released from Lahontan ReservOir IS 
dtverted for tmgatwn at Rock Dam Ditch, whtch IS 
upstream from both the gage recordmg outflow from 
the reservOir and the Carson Dtverswn Dam Most of 
the released water Is dtverted at the Carson Dtverswn 
Dam 5 mi below the reservmr mto the T-Lme and 
V -Lme Canals for tmgatiOn of lands north (20 percent 
of total ProJect lands) and lands south (65 percent of 
total ProJeCt lands) of the Carson Rtver (Bureau of 
ReclamatiOn, 1986, p IV-41) Regulatmg reservmrs­
Sheckler, S-Lme, Old River, Harmon, and Stillwater 
Pomt-further control flow through the extensive canal 
system and to wetlands Stillwater Pomt ReservOir and 
Indtan Lakes are managed by the U S Ftsh and Wild­
life Servtce to control mflow to wetland areas 

Imgated lands m the Carson Dtvtston are dtvtded 
mto 10 subdtstncts, each supplied by one or two sys­
tems of dtstnbutiOn canals About 340 mt of canals and 
laterals serve an estimated 1 ,500 farm headgates, and 
about 25 mt of the canals and laterals are Imed wtth 
concrete (Carol Gremer, Bureau of ReclamatiOn, oral 
commun , 1993) About 350 mt of open drams route 
trngation return flow and shallow ground-water seep­
age to the Carson Rtver and wetlands at Stillwater 
WMA and Carson Lake Subsurface tile drams proba­
bly make up less than 5 percent of the dram system 
(Peggy A Hughes, U S Soil Conservation Servtce, 
oral commun , 1993) 

Routmg of surface water m the dtstnbutwn sys­
tem Is complex It changes daily dunng the trrtgatwn 
season to meet deh very demands, and also changes 
from year to year Dehvenes to TCID headgates are 
managed and measured by TCID Headgates for mdt­
vtdual fields are at varymg distances downstream from 
TCID headgates Thus, addttional losses can take 
place between the pomt where delivery ts measured 
and where the water IS apphed to trngated fields Run­
off from fields flows mto drams or somettmes returns 
to the canal from whtch the trrtgatwn water came and 
ts redtstnbuted Dram flow can be routed to regulatmg 
reservotrs and blended with "pnme" water (water m 
mam canals and laterals contammg mmtmal return 
flow) for redtstnbutwn, routed to mam canals and 
blended for redtstnbutton, or routed dtrectly to the wet­
lands Drams commonly are near canals, and subsur­
face seepage from the canal to the dram can take place 
Outflow from the dtstnbutwn system IS a miXture of 
(1) release of pnme water, (2) runoff, or return flow, 
from tmgated fields, and (3) ground water that has 
seeped mto the dram system 

Outflow from the mam area of liTigated lands IS 
used to trrtgate pasture lands, wtthm both the Stillwater 
WMA and the Carson Lake areas, and to mamtam wet­
land habitat 

Surface-Water Budget 

The present-day hydrologtc system m the Carson 
Desert IS dommated by the effects of 90 years of sur­
face-water trrtgatwn Esttmated recharge from precip­
ItatiOn IS small compared wtth the volume of surface 
water movmg through the basm 

Thts section presents reported estimates of the 
volume of surface water transmitted and consumed 
through the IrrigatiOn system to gam mstght regardmg 
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the dtstnbutwn of water and the relative Importance of 
processes that affect the overall hydrologic budget 
These values may not be representative of conditiOns 
that wtll prevatl under 1988 OCAP regulatiOns Poten­
tial effects of the OCAP regulations wtll be dtscussed 
m a later sectiOn of thts report 

Although some components of the surface-water 
budget are measured or can be calculated from mea­
sured values with reasonable accuracy, other compo­
nents are estimated or have unknown accuracy 

Factors that Affect Estimates of Flow Volumes 

The reports referenced m thts sectiOn summanze 
data collected dunng dtfferent time penods wtth vary­
mg amounts of annual flow and categonze and calcu­
late losses m dtfferent ways Thts results m dtfferences 
m reported estimates of flow volumes Some differ­
ences exist between values reported for the same time 
penods at the same locations from records of the 
USGS, BOR, TCID, and USFWS Detatled descnp­
twns and evaluations of how the author(s) of each 
report obtamed estimates for flow volumes or resolvmg 
differences among those estimates are beyond the 
scope of thts study 

Few studies state whether reported values were 
calculated usmg water years (October 1 through 
September 30), tmgatton years (histoncally, March 15 
through November 15), or calendar years (January 1 
through December 31) The ttme penod used could 
contnbute to differences m reported estimates of flow 
volumes It ts assumed, unless stated otherwise m the 
cited report, that the calendar year was used m reported 
estimates, unless otherwise noted, the calendar year ts 
used m thts report 

Large vanattons m annual runoff reported for 
different time penods can cause vanat10ns m the long­
term average value For example, the long-term aver­
age flow for the Carson Rtver below Lahontan Reser­
voir ranged from 415,900 acre-ft/yr for water years 
1966-86 (Pupacko and others, 1988, p 144) after the 
wet years of the mtd 1980's, to 375,100 acre-ft/yr for 
water years 1966-92 (Hess and others, 1993, p 164) 
after an extended drought Thus, reported average 
flows at the same site usmg different penods of record 
can be expected to differ greatly 

In many of the studies, measured quantities of 
water at dtfferent pomts m the system were used to 
compute an unknown quantity by subtractmg one 
value from the other, assummg a net balance m the 

hydrologic system Thus, the accuracy of the calcu­
lated values depends on the accuracy of the assumed 
"known" values 

When records of the USGS for streamflow of the 
Carson Rtver below Lahontan Reservoir are hsted as 
good (Garcta and others, 1992, p 18, 159), tt means 
that 95 percent of the datly values of flow are assumed 
to be wtthm 10 percent of thetr true value Thus, the 
average discharge of 384,700 acre-ft/yr for water years 
1966-91 at that stte has an uncertamty of about 38,000 
acre-ft/yr When records for USGS gagmg stations 
recordmg outflow from tmgated areas are reported 
asfatr or poor,fatr means that 95 percent of the datly 
values at those sttes are withm 15 percent of the true 
value, and poor means that 95 percent of the datly 
values may dtffer by more than 15 percent from thetr 
true values (Garcia and others, 1992, p 18, 160, 165, 
167, 168) The accuracy of other gaged and estimated 
flow to wetland areas ts estimated to be wtthm 20 per­
cent of the true values, at best (Norman A Saake, US 
Ftsh and Wtldhfe Service, wntten commun , 1993) 

Some gagmg stations operated by TCID and 
the BOR are reported by the Bureau of ReclamatiOn 
( 1992b, p 5) to have prehmmary ratmgs that cannot 
yet predtct flows with good accuracy Estimates of 
gage accuracy are not avatlable 

Headgate dehvenes to farms have been reported 
to be underestimated by an average of about 15 percent 
(Bureau of ReclamatiOn, 1990, p 32) Pnor to 1986, 
flows at farm headgates were rounded down to the 
nearest cubtc foot per second, thus underesttmatmg 
delivered flow (Bureau of ReclamatiOn, 1992b, p 22) 
Also, dehvery start-and-stop times to farm headgates 
were rounded to the nearest hour about 70 percent of 
the time pnor to 1988 This creates an additional 
source of potential error m reportmg the volume of 
water delivered to farms However, there IS no mdica­
tiOn that roundmg of delivery times resulted m consis­
tently under- or over-estimated actual flow volumes 
(Bureau of ReclamatiOn, 1992b, p 23) 

Thus, when the measured headgate delivery ts 
subtracted from the measured releases from Lahontan 
Reservmr to obtam the value for conveyance loss, the 
resultmg value ts uncertam Also, small dtfferences 
m estimated rates such as consumptive use and farm 
efficiency, applied to thousands of acres of land and 
acre-feet of water, can make large dtfferences m the 
resultmg volume estimates For the above reasons, an 
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mherent uncertamty IS associated with each estimate 
discussed below Recogmzmg these uncertamties, the 
reported values are used as the best available estimates 

Fmally, changes m operatmg procedures dunng 
the New lands ProJect have affected the magmtude of 
some values over time, and new procedures outlined by 
the final OCAP will no doubt further change the mag­
mtuje of some values 

In the followmg section, flow volumes averaged 
over the longest and most recent time penod are con­
Sidered to be the most representative of flow m the 
Carson DIVISion The most reliable data available are 
from about the mid-1960's to 1992 This time penod IS 
considered to represent histone conditiOns Extended 
drought conditions smce the 1988 OCAP have been m 
effect have not allowed normal operation of the system 
as envisioned m the OCAP regulatiOns For purposes 
of this report, the drought penod from 1988 to 1992 
will be considered to represent pre-1988 OCAP condi­
tiOns 

Estimates of Historical Surface-Water Flow 
Volumes 

In this sectiOn, previously reported estimates of 
surface-water flow volumes are summarized, and esti­
mates thought to be most representative of histoncal 
(pre-1988 OCAP) conditions were selected Surface­
water volumes from reports summanzed m this sectiOn 
were obtamed from records of the USGS, TCID, and 
BOR, few studies mvolved collectiOn of detailed sur­
face-water measurements Notable exceptiOns are as 
follows studies summarized by GmtJens and Mahan­
nah (1976), a study by the Bureau of ReclamatiOn 
(1971), the study by CH2M Hill (1973), which used 
detailed mflow and outflow measurements at three 
representative areas to obtam estimates for the entire 
Newlands ProJect, and the study by MacDiarmid 
(1988), which used detailed flow measurements col­
lected by TCID dunng the 1985 Irngation season 

Table 1 shows annual surface-water flows ob­
tamed from records of the USGS, BOR, TCID, and 
USFWS from 1975 to 1992, that are considered to rep­
resent the best available measurements and estimates 
for annual surface-water flow volumes through the 
Carson Division for that ttme penod 

Table 2 summarizes the surface-water budget by 
showmg the reported range of average annual flow 
volumes, the selected representative estimates of flow 
and their relative accuracy, and net volumes of flow 

through the Carson Division Figure 4 depicts the flow 
volumes usmg arrows whose widths are proportiOnal to 
the volume of flow In the followmg discussion, the 
time penod for which an estimate of surface-water vol­
ume was calculated will be enclosed by brackets-for 
example [ 1930-70]-for purposes of comparison 
CH2M Hill (1973) and Mahannah and others (1975) 
report values summanzed for the entire New lands 
ProJect (both Truckee and Carson DIVISions) Their 
values are presented m the text for comparison with 
reported flows m the Carson DIVISion Reported flows 
not labeled as reported for the entire New lands ProJect 
are for the Carson DIVISIOn only Because of the uncer­
tamties mherent m the volume estimates, the represen­
tative estimates are reported to the nearest 10,000 acre­
ft/yr 

Measured values listed m table 2 mclude 
( 1) values recorded at stream-gagmg station~ operated 
by the USGS, BOR, or TCID, (2) values measured and 
estimated at farm headgates by TCID or BOR, and, 
(3) values obtamed from measured precipitatiOn rates 
applied to areas that can be determmed accurately 
Values listed as havmg uncertam accuracy were 
obtamed mdirectly from estimated or undocumented 
rates from measurements of local conditiOns on small 
plots Withm the Carson Division and over a short 
penod of time 

Reported average releases from Lahontan Reser­
vOir mclude 

• 332,000 acre-ft/yr [ 1987] (Bureau of Reclama­
tiOn, 1987a, p 1-8), 

• 346,000 acre-ft/yr [ 1970-79] (Brown and 
others, 1986, p 30), 

• 370,000 acre-ft/yr [1975-92], table I, this 
report, 

• 374,000 acre-ft/yr [1972-91] (Pahl, 1992, 
table 1), 

• 384,700 acre-ft/yr [1967-91 water years] 
(Garcia and others, 1992, p 159), 

• 400,000 acre-ft/yr [ 1930-70] (Clyde-Cnddle­
Woodward, 1971, fig 2), and 

• 403,000 acre-ft/yr [1967-74] (Green and 
others, 1976, fig 2) 

Reported releases and diversiOns for the entire 
Newlands ProJect are 

• 420,000 acre-ft/yr [ 1970-73] (Mahannah and 
others, 1975, p 26), and 

• 465,000 acre-ft/yr [ 1967 -72] (CH2M Hill, 
1973, fig 1) 
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Table 1 Measured and est1mated surface-water flows 1n Carson DIVISion of Newlands ProJect, 1975-92 

[All values m acre-feet per year (rounded) Abbreviation WMA, Wildlife Management Area] 

Release from 
Dehvenesto 

Loss above Carson R1ver 
Flow to Flow to 

Total loss below 
Calendar year Lahontan 

farm headgates2 farm above Carson 
Stillwater WMA5 Carson Lake6 Total outflow7 Lahontan 

Reservo1r1 headgates3 Sm!<" Reservo1..S 

1975 397,000 195,000 202,000 13,600 79,000 38,000 131,000 267,000 
1976 263,000 147,000 117,000 2,900 40,000 40,000 83,000 180,000 
1977 211,000 110,000 100,000 140 19,000 59,000 78,000 133,000 
1978 336,000 184,000 152,000 4,900 45,000 66,000 115,000 221,000 
1979 397,000 198,000 200,000 23,800 56,000 77,000 158,000 240,000 
1980 493,000 191,000 302,000 102,000 71,000 84,000 257,000 236,000 

1981 324,000 192,000 132,000 1,200 56,000 72,000 129,000 194,000 
1982 538,000 167,000 371,000 139,000 149,000 94,000 382,000 156,000 
1983 785,000 178,000 607,000 335,000 162,000 104,000 600,000 184,000 
1984 471,000 197,000 274,000 99,300 93,000 66,000 259,000 212,000 
1985 347,000 193,000 154,000 3,900 62,000 59,000 125,000 222,000 
1986 579,000 206,000 373,000 109,000 102,000 59,000 270,000 309,000 

1987 325,000 186,000 139,000 4,800 56,000 53,000 114,000 212,000 
1988 234,000 145,000 89,000 4,900 36,000 35,000 76,000 158,000 
1989 318,000 196,000 122,000 6,100 42,000 41,000 89,000 229,000 
1990 255,000 148,000 107,000 4,700 39,000 32,000 76,000 180,000 
1991 179,000 98,000 80,000 2,900 19,000 21,000 43,000 136,000 
1992 118,000 63,000 55,000 1,500 9,100 8,800 19,000 99,000 

Average (rounded) 370,000 170,000 200,000 50,000 60,000 60,000 170,000 200,000 

1 Data from U S Geological Survey, 1975-92, Carson River below Lahontan Reservoir Includes gaged flow of Rock Dam diversiOns from Truckee-Carson Imgatwn Distnct for 1985-92, 
and estimated flow of Rock Dam diversiOns for 1975-84 

2 Data from Truckee-Carson lmgat:Jon Dtstnct (Wtlhs Hyde, Truckee-Carson Imgatwn District, wntten commun , 1993) 
3 Release from Lahontan ReservOir, mmus dehvenes to farm headgates 
4 Data from US Geological Survey Carson River below Fallon, 1975-84, Carson River at Tarzan Road near Fallon, 1985-92 
5 Data from US Geological Survey and Truckee-Carson lmgation Distnct gagmg statiOns, summanzed for 1975-1986 by Norman A Saake (US Ftsh and Wildlife Servtce, wntten commun, 

1993) and for 1987-92 by Wilhs Hyde (wntten commun , 1993) 
6 Data from U S Geological Survey, Truckee-Carson lmgatwn District, and Bureau of ReclamatiOn gagmg statiOns, estimated for 1975-1986 by Norman A Saake (wntten commun , 1992) and 

summarized for 1987-92 by Wilhs Hyde (wntten commun, 1993) 
g> 7 Flow to Stillwater Wildlife Management Area and Carson Lake, plus Carson River above Carson Smk (rounded) 
;. 8 Release from Lahontan Reservoir, mmus total outflow 
n 
(I) 
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Table 2 Surface-water budget for Carson DIVISion of Newlands ProJect 

[Values m thousand of acre-feet per year Mmus sign, loss of flow volume, ?, representative value not assigned, >,greater than] 

Budget component 

Lahontan ReservOir releases 
Precautionary drawdown and spill from reservOir 

Net diversiOns for Irrigation 

Conveyance losses 
Operational sptlls from distnbutJOn system 
Seepage loss 
Evaporation 

Total loss 

Net available for headgate delivery 

Prectpttatton on Irrtgated lands 

Total avatlable for on-farm use 

On-farm loss 

Net available for consumptive use 

Consumptive use reqUirements on tmgated lands 
Crop use 
Non-crop use 

Total use 

Deficit 
Ground-water use 

Net available for flow to wetlands 

Outflow to wetlands and Carson Smk 
Prectpttatton on wetlands 

Net available for consumptive use at wetlands 

Non-crop consumptive use and evaporatiOn at wetlands 

Reported 
range1 

332-403 
29-44 

300-380 

50-65 
52-105 
20-25 

143-175 

166-195 

18-23 

48-70 

125-130 
11-20 

136-250 

17-87 

146-188 
21 

149-213 

Representative 
est1mate2 

370* 
-30"' 

340* 

-50** 
-100** 

-20* 

-170** 

170* 

20* 

190* 

-60*-l< 

130** 

? 

? 

-180* 

-50** 
350** 

0** 

170* 
20* 

190* 

>210** 

Surface-water losses 
available for outflow to 

wetlands 

30 

50 
100 

60 

240 

-50 

190 

1 Rounded to the nearest 1,000 acre-feet per year 
2 Rounded to the nearest 10,000 acre-feet per year Smgle astensk denotes measured value, double astensk denotes estimated value of 

uncertam accuracy 
3 Representative estimate Is amount reqmred from surface-water losses to meet consumptive use 

Whether flow dtverted at Rock Dam Dttch Is 
mcluded m many of the reported average values of 
Lahontan ReservOir releases ts not known Measure­
ments of flow diverted at Rock Dam Ditch began m 
1985 and averaged about 4,500 acre-ft/yr [1985-91] 
(Wtlhs Hyde, TCID, wntten commun , 1992) The 
gaged flow from 1985 to 1991 diverted at Rock Dam 
Ditch and measured at the Carson Rtver below Lahon­
tan ReservOir were used to estimate diversions at Rock 
Dam Dttch and total releases from Lahontan Reservoir 
for the penod 1975-92 (table 1) The average for total 
releases IS about 370,000 acre-ft/yr [1975-92] 

The gaged flow at the Carson River below Lahon­
tan ReservOir IS reported to average 384,700 acre-ft/yr 
[1967-91, water years] (Garcia and others, 1992, 

p 159) Assummg an average of 4,500 acre-ft/yr for 
dtverswns at Rock Dam Dttch, an average total of 
about 390,000 acre-ft/yr was released dunng water 
years 1967-91-an mcrease of20,000 acre-ft/yr over 
the penod 1975-92 The best gaged and estimated val­
ues are avatlable for outflow to wetland areas from 
1975-92 For this reason, the total release for that 
penod, 370,000 acre-ft/yr (table 1) IS used as the repre­
sentative estimate for histoncal releases from Lahontan 
ReservOir (fig 4, table 2) 

Water has been released from Lahontan ReservOir 
dunng wmter months as precautiOnary drawdown dur­
mg years with high runoff to allow ample storage 
capacity for upstream flood waters Also, pnor to 
1967, about 40,000 acre-ft/yr was released for wmter 
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power generatiOn (U S Department of the In tenor, 
1976, p I-17) Some water released from Lahontan 
ReservOir dunng wmter months can be stored m regu­
latmg reservOirs for use dunng the ImgatiOn season 
However, because the combmed storage capacity of 
regulatmg reservOirs Is only about 17,000 acre-ft 
(Bureau of ReclamatiOn, oral commun , 1993), the 
excess water flows to wetlands at Stillwater WMA 
and Carson Lake dunng dry years, or to the Carson 
Smk dunng wet years 

Estimates of streamflow lost to precautionary 
release from the reservOir are 

• 28,900 acre-ft/yr [water years 1967 -92] (U S 
Geological Survey, 1968-75 and I976-93, 
flow durmg non-ImgatiOn months), 

• 30,000 acre-ft/yr [1930-70] (Clyde-Cnddle­
Woodward, 1971, p 6), and 

• 44,000 acre-ft/yr [1967-74] (Green and others, 
I976, fig I) 

Estimate of streamflow lost from the entire New­
lands proJeCt are 

• 28,000 acre-ft/yr [1970-73] (Mahannah and 
others, I975, p 26), and 

• 59,000 acre-ft/yr [I967-72] (CH2M Hill, 
I973, fig 1) 

Present OCAP regulations place a sprmg storage 
hmit of215,000 acre-ft for Lahontan ReservOir (US 
Department of the Intenor, I988, p 8), which will 
reduce the diversiOn of flow from the Truckee River 
In future operation, this will tend to ehmmate precau­
tiOnary release from the reservOir m all but the most 
extremely wet water years 

A value of 30,000 acre-ft/yr IS used as most rep­
resentative of histoncal precautiOnary release from 
Lahontan ReservOir (fig 4, table 2) 

Some reports Cite a value of total diversiOns for 
IrngatiOn This value IS assumed to represent Lahontan 
ReservOir releases mmus precautionary releases Esti­
mates of total diversiOns for Irngatwn vary consider­
ably 

• 299,500 acre-ft/yr [1975-84] (Bureau of 
ReclamatiOn, I986, p IV-50), 

• 321,400 acre-ft/yr [I98I-9I] (Bureau of 
ReclamatiOn, I992b, p I5), 

• 350,000 acre-ft/yr [ I985] (MacDiarmid, I988, 
p 52), 

• 359,000 acre-ft/yr [I967-74] (Green and 
others, 1976, fig I), 

• 370,000 acre-ft/yr [1930-70] (Clyde-Cnddle­
Woodward, 1971, p 6), and 

• 380,000 acre-ft/yr [1901-80] (Barnes and 
Jorgenson, 1987, p VI-2) 

Subtractmg the representative estimate for 
precautiOnary release of 30,000 acre-ft/yr from the 
representative estimate for releases from Lahontan 
ReservOir of 370,000 acre-ft/yr yields 340,000 acre­
ft/yr (fig 4, table 2) This value Is used as representa­
tive of the histoncal diversiOns for Irngatwn of the 
Carson DIVISion ;'J 

OperatiOnal spills from the distnbutwn system 
are a normal consequence of all open-channel delivery 
IrngatiOn systems Estimates of this loss of surface 
water are 

• 50,000 acre-ft/yr [1930-70] (Clyde-Cnddle­
Woodward, 1971, p 65), and 

• 65,400 acre-ft/yr [1987] (Bureau of Reclama­
tiOn, 1987 a, p 1-8) 

Estimates of this loss of surface water for the 
entire Newlands ProJect are 

• 50,000 acre-ft/yr [ 1967 -72] (CH2M Hill, 
1973, p 4-4), and 

• 88,000 acre-ft/yr [1987] (US Department of 
the Intenor, 1988, p 5) 

Green and others ( 1976, fig 1) do not specifically 
mclude operational spills m their water budget How­
ever, It could be mcluded m their category for distnbu­
tiOn system losses of 166,000 acre-ft/yr [1967-74] or m 
their category called undefined loss of 59,000 acre-ft/yr 
[1967-74] for outflow m the Carson Division 

A value of 50,000 acre-ft/yr Is probably most rep­
resentative for histoncal operatiOnal spills from the 
distnbution system (fig 4, table 2) This value IS also 
subject to change under 1988 OCAP regulatiOns 

Total loss from Lahontan ReservOir mcludes 
seepage and evaporatiOn The Bureau of ReclamatiOn 
( 1987 a, p 1-8) estimates that 400 acre-ft/yr IS lost as 
seepage Estimates of total reservOir loss are 

• 61,000 acre-ft/yr [ 1967-7 4] (Green and others, 
1976, fig 1 ), and 

• 40,000 acre-ft/yr [1973-87] (AI Olson, Bureau 
of ReclamatiOn, oral commun , 1993) 

Estimates of evaporation are m the same range as 
estimates for total reservOir loss 

• 45,000 to 55,000 acre-ft/yr [time penod not 
stated] (Barnes and Jorgenson, 1987, 
p VIII-5), and 

• 44,500 acre-ft/yr [1987] (Bureau of Reclama­
tion, 1987 a, p 1-8) 

Thus, the amount of reservOir storage that IS lost 
to seepage appears to be mmor 
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Some part of seepage from the reservOir IS proba­
bly consumed by evapotranspiratiOn from vegetatiOn 
surroundmg the reservOir However, annual averages 
of mflow, outflow, and evaporation rates used to esti­
mate potential seepage losses from the reservOir could 
be mtsleadmg because evaporation and evapotranspi­
ration rates are low dunng wmter months, whtle seep­
age from the reservoir contmues Detatled monthly 
analysts of reservOir volumes and surface area, evapo­
ratiOn rates, mflow and outflow rates, and consumptive 
use by phreatophytes surroundmg the reservOir would 
allow a refined estimate for seepage loss from the res­
ervOir 

Seepage ts a maJor component of loss from the 
surface-water dtstnbutwn system Estimates of flow 
lost to seepage from canals and reservOirs are 

• 52,000 acre-ft/yr [1987] (Bureau of Reclama­
tion, 1987a, p 1-8), 

• 70,000 acre-ft/yr [1992] (Bureau of Reclama­
tion, wntten commun, 1993, mcludes only 
V-Lme, T-Lme, S-Lme, L-Lme, and A-Lme 
Canals), and 

• 105,000 acre-ft/yr [1930-70], (Clyde-Cnddle­
Woodward, 1971, p 6) 

Estimates of flow lost to seepage from canals and 
reservOirs for the enttre Newlands ProJect are 

• 57,000 acre-ft/yr [1987] (US Department of 
the Intenor, 1988, p 5), and 

• 120,000 acre-ft/yr [1967-72] (CH2M Htll, 
1973, fig 1) 

Clyde-Cnddle-Woodward ( 1971, p 62) apphed 
published seepage rates for sotl types and the measured 
wetted pen meters of canals and laterals at 50 sttes to 
obtam thetr estimate for total seepage loss CH2M Htll 
(1973) used actual measurements of seepage rates for 
dtfferent sml types wtthm the ProJeCt The BOR used 
seepage rates measured dunng pondmg tests to allow a 
prehmmary estimate of seepage only from the mam 
canals used dunng the enttre trrtgatwn season, thus, 
70,000 acre-ft/yr probably ts a mmtmum seepage 
value 

Other studtes mclude seepage under more genenc 
categones such as dtstnbutwn system losses or system 
and lateral loss and mtght mclude evaporation and 
operational sptll 

• 143,000 acre-ft/yr [ 1985] (MacDtarmtd, 1988, 
p 52), and 

• 166,000 acre-ft/yr [1967-74] (Green and 
others, 1976, fig 2) 

Estimates of losses from the dtstnbutwn system 
from the enttre Newlands ProJect are 

• 22,000 acre-ft/yr [ 1970-73] (Mahannah and 
others, 1975, p 26) 

Green and others (1976, p 13) tmply that, 
because seepage ts controlled by wetted penmeter 
and stage, seepage loss IS relatively constant regardless 
of flow rate through the canal system The amount of 
seepage ts also dependent on the length of ttme that 
flow IS present m canals and laterals Also, pondmg 
tests show that, on tmttal wettmg of canals, seepage 
rates are stgmficantly htgher (Bureau of ReclamatiOn, 
wntten commun , 1993) Thus, the total amount lost to 
seepage from the dtstnbutwn system ts a complex 
function of the seepage rate beneath the canals, the 
length of ttme that canals and laterals are used, and 
number of times that a canal or lateralts wetted dunng 
the trrtgatton season Detailed studtes of seepage 
losses from the dtstnbutwn system are needed to refine 
estimates of thts loss 

A value of 100,000 acre-ft/yr ts assumed to be 
representative of the htstoncal seepage loss through the 
dtstnbutiOn system (fig 4, table 2) 

Esttmates of streamflow lost to evaporation m the 
dtstnbutwn system from regulatmg reservmrs, canals, 
laterals, and drams are 

• 20,000 acre-ft/yr [ 1930-70] (Ciyde-Cnddle­
Woodward, 197l,p 6), 

• 20,800 acre-ft/yr [1987] (Bureau of Reclama­
tion, 1987 a, p 1-8), and 

• 24,700 acre-ft/yr [ 1985] (MacDtarmtd, 1988, 
p 52) 

From the entire Newlands ProJect 
• 21 ,000 acre-ft/yr [ 1987] (U S Department of 

the Intenor, 1988, p 5), and 
• 25,000 acre-ft/yr [ 1967-72] (CH2M Hill, 

1973, fig 1) 
A value of 20,000 acre-ft/yr IS assumed to be rep­

resentative of histoncal evaporation losses from canals 
and reservOirs wtthm the dtstnbutiOn system (fig 4, 
table 2) 

Estimates of the total conveyance losses reported 
from trngatiOn releases between Lahontan ReservOir 
and farm headgates are 

• 143,300 acre-ft/yr [1985] (MacDiarmid, 1988, 
p 52), 

• 166,000 acre-ft/yr [1967-74] (Green and oth­
ers, 1976, fig I), and 

• 175,000 acre-ft/yr [ 1930-70] (Ciyde-Cnddle­
Woodward, 1971, p 6) 
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Thts range of values compares well wtth the total 
of representative esttmates of operational sptll, seepage 
loss, and evaporatton-170,000 acre-ft/yr (fig 4, 
table 2) 

An Important value ts the reported dehvery to 
farm headgates m the Carson Dtvtston, from whtch 
estimates of streamflow loss between Lahontan Reser­
vOir and farm headgates are calculated by dtfference 
Thts value ts also Important because, along wtth total 
ProJect dtverswn from Lahontan ReservOir, It IS used to 
calculate the ProJect efficiency set by OCAP (Bureau 
of ReclamatiOn, 1987a, p 1-6) The delivery to farm 
headgates Is measured by TCID, and reported values 
are averaged over dtfferent time penods Reported 
values are 

• 170,000 acre-ft/yr [1975-92] table 1, thts 
report, 

• 173,500 acre-ft/yr [ 1972-91] (Pahl, 1992, 
table 1), 

• 189,200 acre-ft/yr [1985], (MacDtarmtd, 
1988, p 52), 

• 193,000 acre-ft/yr [1967-74] (Green and 
others, 1976, fig 1), and 

• 195,000 acre-ft/yr [ 1930-70] (Clyde-Cnddle­
Woodward, 1971, p 6) 

For the enttre New lands ProJeCt 
• 186,500 acre-ft/yr [1981-91] (Bureau of 

ReclamatiOn, 1992b, p 15), 
• 204, 1 00 acre-ft/yr [ 1963-85] (Bureau of 

ReclamatiOn, 1986, p IV-49), and 
• 211,000 acre-ft/yr [1967-72] (CH2M Htll, 

1973, fig 1) 
E~ttmates of headgate dehvery to the Truckee 

Dtvtswn range from about 20,000 acre-ft/yr [1987] 
(Bureau of ReclamatiOn, 1987a, p 1-8) to 30,000 acre­
ft/yr [1967-74] (Green and others, 1976, table 3) 
Thus, the more recent estimates of flow to the enure 
New lands ProJect by the Bureau of ReclamatiOn 
(1992b and 1986) hsted above could be reduced to a 
range from about 160,000 to 180,000 acre-ft/yr for the 
Carson Dt vtswn 

A value of 170,000 acre-ft/yr ts estimated to be 
representative of htstoncal headgate delivery (fig 4, 
table 2) Thts value compares well With the dtfference 
between representative values for net trngatton dtver­
stons of 340,000 acre-ft/yr and conveyance losses of 
170,000 acre-ft/yr Because the estimates for opera­
tiOnal sptll from the dtstnbutwn system and for seep­
age losses are based upon calculated dtfferences and 
few actual measurements, thetr representative values 

could be m error However, the total for operatiOnal 
sptll, seepage, and evaporation should equal the dtffer­
ence between trrigatwn dtverswns and headgate dehv­
ery-170,000 acre-ft/yr 

The maxtmum allowable water dehvery to trrtga­
ble lands wtth water nghts ts set by the Alpme Decree 
(Bureau of ReclamatiOn, 1992a, p 15) The Alpme 
Decree allows annual dtverswns of 4 5 acre-ft/acre for 
bench lands and 3 5 acre-ft/acre for bottom lands, 
although the exact amount apphed by mdtvtdualtrrtga­
tors may be somewhat dtfferent Bench and bottom 
lands have been destgnated by Bureau of ReclamatiOn 
( 1992a), based on sml charactensttcs determmed by 
Dollarhtde ( 197 5) The htstoncal destgnatwn of bench 
and bottom lands IS subJect to change, pendmg a dect­
swn by the Nevada Federal Dtstnct Court Under the 
proposed destgnatwn, bench lands are generally west 
of Fallon, near Soda Lake (sometimes referred to as 
Big Soda Lake), and the Swmgle Bench Bottom lands 
cover almost all remammg trrtgated land of the Carson 
Dtvtston 

The Bureau of ReclamatiOn (1987a, p 1-5) used 
estimates of 4,270 acres of bench land and 49,890 acres 
of bottom land to obtam a headgate reqmrement of 
193,840 acre-ft/yr m the Carson Division of the ProJect 
m 1987 Bench land totalmg 3,400 acres and bottom 
land totaling 53,200 acres were delmeated m the Car­
son DIVISIOn usmg remote sensmg to determme lands 
tmgated one or more years from 1984 to 1990 (Bureau 
of ReclamatiOn, 1992c) Applymg the Alpme Decree 
allocatiOns, a total of 201,500 acre-ft/yr Is the resultmg 
headgate reqmrement These values are somewhat 
greater than the representative estimate for htstonc 
headgate delivery From field measurements, GmtJens 
and Mahannah ( 1973) and the Bureau of ReclamatiOn 
( 1971) documented that, m the 1970's, actual field 
apphcattons dtffered from the bench/bottom-land 
dtverswn rates and varted considerably wtth location 

In addttton to surface water dehvered to head­
gates, prectpttatton on tmgated land IS a source of 
water available for consumptive use by crops Because 
studies have shown that consumptive use takes place 
dunng the non-trrtgatwn season and annually averages 
more than 1 acre-ft/acre (GuttJens and Mahannah, 
1976, p 3), the total annual prectpttatwn Is used to esti­
mate prectpttatwn avatlable for consumpttve use Esti­
mates of the volume of prectpttatwn avatlable for 
consumptive use on trngated lands are 

• 18,000 acre-ft/yr [ 1985] (MacDtarmtd, 1988, 
p 54), and 
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• 

• 23,400 acre-ft/yr [ 1930-70] (Clyde-Cnddle­
Woodward, 1971, p D-8) 

For the entire New lands ProJect 

• 19,000 acre-ft/yr [1970-73] (Mahannah and 
others, 1975, p 26), and 

• 27,000 acre-ft/yr [1967-72] (CH2M Htll, 
1973, fig 1) 

A value of 20,000 acre-ft/yr IS assumed to be the 
most representative for the volume of precipitatiOn 
available for consumptive use on Irrigated lands (fig 4, 
table 2) Annual precipitatiOn, combmed wtth the rep­
resentative value for headgate delivenes, totals 
190,000 acre-ft/yr, whtch IS available for on-farm con­
sumptive use 

Part of the water applied to fields runs off as 
return flow to the dtstnbutiOn or dramage systems The 
amount lost as runoff from three tmgated plots was 
measured by CH2M Htll ( 1973, p 4-16 to 4-18) to vary 
from 42 to 48 percent of farm delivery Stmtlar mea­
surements reported by GmtJens and Mahannah (1976, 
p 11) at etght sttes m the Carson Dtvtston showed from 
0 to 20 percent runoff The Bureau of ReclamatiOn 
( 1971, p 9-19) measured runoff from stx farms m the 
Carson Dtvtston that vaned from 0 to 33 percent In all 
of these studies, runoff from bench land was mmtmal, 
and bottom land had the largest percentage Also, part 
of the water applied to fields replemshes soil-mOisture 
storage and percolates to the water table to be con­
sumed by crops or, over time, dtscharges to drams No 
estimates of the proportion of apphed water that even­
tually dtscharges to drams have been reported Farm 
efficiency has been used to account for total on-farm 
loss, which ts not often measured 

Farm efficiency Is defined as the ratto between 
crop consumptive use and headgate delivery Some­
times an additiOnal volume of water reqmred to leach 
accumulated salts from the soil profile IS mcluded m 
the on-farm loss esttmate Mahannah and others ( 1975, 
p 27) use a value of 15 percent of consumptive use, or 
0 6 acre-ft/acre of apphed water per year to leach salts 
Farm efficiencies used to estimate on-farm loss of 
delivered water range from 67 percent (MacDiarmid, 
1988, p 24, Lyford and Townsend, 1985, p 23) to 75 
percent (Mahannah and others, 1975, p 27, Green and 
others, 1976, p 11) Usmg the defimtiOn above, farm 
efficiencies are also reported to be as much as 230 per­
cent at locatiOns where crops denve water for con­
sumptive use from the water table (Mahannah and 
others, 1975, p 21) 

The wtde range m runoff and farm efficiencies 
dtscussed above shows that the total on-farm loss and 
components of on-farm loss of water vary greatly and 
are poorly known More dtrect measurements of these 
components of the surface-water flow budget are 
needed to determme realistic estimates of on-farm loss 
and seepage to the water table beneath trrtgated land 

are 
Reported estimates of total on-farm loss of water 

• 48,000 acre-ft/yr [1967-74] (Green and others, 
1976, fig 1), 

• 62,500 acre-ft/yr [1985] (MacDiarmid, 1988, 
p 54), and 

• 70,000 acre-ft/yr [ 1930-70] (Clyde-Cnddle­
Woodward, 1971, p 6) 

For the entire Newlands ProJect 

• 81,000 acre-ft/yr [1967-72] (CH2M Htll, 
1973, fig 1 ), and 

• 131,000 acre-ft/yr [1970-73] (Mahannah and 
others, 197 5, p 26) 

A value of 60,000 acre-ft/yr IS assumed to be rep­
resentative of htstoncal on-farm loss (fig 4, table 2) 

Subtractmg on-farm loss from representative 
values for headgate delivery and precipitatiOn on tm­
gated lands, about 130,000 acre-ft/yr IS avatlable for 
consumptive use (table 2) In addition to this amount, 
an unmeasured part of the surface-water losses-oper­
atiOnal sptll from the dtstnbutiOn system, seepage, and 
on-farm losses-totalmg 240,000 acre-ft/yr, recharges 
the shallow aqmfer and IS available for crop consump­
tive use 

Estimates of consumptive use of water by liTI­
gated crops have a wtde range dependmg on the 
assumed consumptive-use rate and the number of 
Imgated acres to whtch the rate IS applied 

• 25,000 [1930-70] (Clyde-Cnddle-Woodward, 
1 971 ' p 5 1 ) ' I 

• 162,000 [1967-74] (Green and others, 1976, 
fig 2), 

• 167,000[1985](MacDtarmtd, 1988,p 53), 
and 

• 226,000 [ 1984-90] (reported area of Irrigated 
lands times 4 0 acre-ft/acre) 

For the entire New lands ProJect 
• 245,000 [1967-72] (CH2M Hill, 1973, fig I), 

and 

• 258,000 [ 1970-73] (Mahannah and others, 
1975, p 26) 
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MacDtarmtd ( 1988, p 52) used a farm efficiency 
of 67 percent to obtam hts estimate of crop consump­
tive use Mahannah and others (1975, p 24) and 
CH2M Htll (1973, p 3-7) used an average annual con­
sumptive-use rate of 4 0 acre-ft/acre for alfalfa man­
aged for maxtmum crop production (GmtJens and 
Mahannah, 1976, p 4) The estimates are based on 
several years of dtrect measurement usmg lystmeters 
at the Umverstty of Nevada, Reno, New lands Field 
Laboratory (pl 1) The Alpme Decree applies an aver­
age annual consumptive-use rate for alfalfa of 3 25 
acre-ft/acre (Lyford and Townsend, 1985, p 21) 
Green and others ( 1976) and Clyde-Cnddle-Woodward 
(1971) also applied lower annual rates for consumptive 
use by alfalfa 3 2 and 2 33 acre-ft/acre and apphed 
lower rates for other types of crops on 57,000 and 
56,000 tmgated acres, respectively Applymg an 
annual consumptive-use rate of 4 0 acre-ft/acre to the 
56,600 tmgated acres [1984-90] reported by the 
Bureau of ReclamatiOn (1992c) results m 226,000 
acre-ft/yr of crop consumptive use as reported m the 
previous paragraph 

Water IS also consumed by non-crop vegetation 
and phreatophytes near 1m gated lands of the Carson 
Dtvtston The Bureau of ReclamatiOn (1987a, p 2-28) 
provides data allowmg an esttmate of 11,200 acre-ft/yr 
lost to phreatophytes along the dtstnbutiOn system and 
assumes that phreatophytes cover 5 percent of Irrigated 
acres and use 4 0 acre-ft/acre annually CH2M Htll 
(1973, p 4-4) estimates that losses to non-crop vegeta­
tion on tmgated lands below Lahontan ReservOir are 
18,000 to 20,000 acre-ft/yr Clyde-Cnddle-Woodward 
( 1971 , p 63 and D-8) estimate that almost 17,000 acre­
ft/yr ts consumed by phreatophytes surroundmg the 
regulatmg reservOirs m the dtstnbution system, and 
that about 9,000 acre-ft/yr IS lost to non-crop vegeta­
tion along canal and dttch areas over the entire New­
lands ProJect 

The total loss of water between Lahontan Reser­
vOir and pomts where outflow from tmgated land IS 
measured has averaged about 200,000 acre-ft/yr [1975-
92] (table 1, column 8) If, from 1975 to 1992, the net 
change m ground-water storage was small, as reported 
by Setler and Allander ( 1993), 200,000 acre-ft/yr rep­
resents the net volume of water lost to evaporatiOn and 
total consumptive use by vegetation upstream from the 
pomts where outflow IS measured If the representative 
value for evaporation from canals and reservOirs of 
20,000 acre-ft/yr IS correct and ts relatively constant 

from year to year, the total consumptive use by both 
crops and non-crop vegetatiOn above the pomts of 
outflow must be about 180,000 acre-ft/yr 

Applymg a volume of 180,000 acre-ft/yr to 
56,600 acres of land trngated wtthm the Carson 
Dtvtston from 1984 to 1990 (Bureau of Reclamation, 
1992c), an annual consumptive-use rate of about 
3 2 acre-ft/acre results Thts value IS less than the 
4 0 acre-ft/acre obtamed for alfalfa from lystmeter 
studies by GmtJens and Mahannah (1976, p 4) Some 
reasons for this discrepancy could be that ( 1) gaged 
flows used to calculate the net loss of 200,000 acre­
ft/yr are maccurate, (2) maxtmum productiOn Is not 
usually achieved wtthm the Carson Dtvtston, (3) con­
sumptive use by crops other than alfalfa or non-crop 
vegetatiOn reduces the average consumptive-use rate, 
or (4) overall crop productiOn decreases m years hav­
mg a hmtted supply of water To resolve the discrep­
ancy m crop-consumptive-use rate, contmued and 
accurate measurements of crop consumptive use and 
surface-water flow rates are needed, along wtth studies 
to refine the extent and consumptive-use rates of non­
crop vegetation on Irrtgated lands For purposes of thts 
study, a value for total consumptive-use reqmrements 
on Irrigated land of 180,000 acre-ft/yr IS used as repre­
sentative of htstoncal conditions (fig 4, table 2) 

The consumptive-use reqmrement of 180,000 
acre-ft/yr results m a deficit of about 50,000 acre-ft/yr 
when compared wtth the total amount available for 
consumptive use from surface water and precipitatiOn 
Thts deficit could be supphed from upstream surface­
water losses that recharge the shallow aqmfer 

Several mvestigators have recogmzed that some 
water consumed by crops IS denved from the shallow 
aqmfer Two proposed mechamsms for supplymg 
ground-water subimgatiOn are ( 1) seepage lost 
through coarse-textured soils on bench-land areas IS 
assumed to move downgradtent and IS available for 
subtmgatiOn on bottom-land areas, and (2) over-appli­
catiOn of surface water early m the trrtgatiOn season 
mcreases ground-water storage whtch IS available for 
consumptive use later m the season when there IS an 
under-applicatiOn of surface water (CH2M Hill, 1973, 
p 3-12, Mahannah and others, 1975, p 25, Green and 
others, 1976, p 12, MacDiarmid, 1988, p 54) Also, 
water lost to seepage from nearby canals and laterals 
could provide ground water for crop consumptive 
use on adJacent fields Some combmatiOn of these 
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mechamsms probably takes place, but one mechamsm 
could be more dommant than the other, dependmg 
upon locatiOn m the basm 

Esttmates of the amount of water den ved from 
the water table by crops vary constderably Lyford and 
Townsend ( 1985, p 23) use a value of 22 percent for 
the portton of crop consumptive use that ts denved 
from ground water GmtJens and Mahannah ( 1973, 
p 6) report data showmg that ground water supplies 
as much as 29 percent of the crop consumptive use m 
some areas Mahannah and others (1975, p 26) show 
that a large amount of water ts supphed for crop use 
from seepage losses and subtmgat10n, but they do not 
estimate the amount CH2M Htll ( 1973, p 4-12) use 
a value of 33 percent for crop consumptive use from 
ground water over the entire New lands ProJect Lyford 
and Townsend ( 1985, p 25, 26) also ctte several 
reports showmg that consumptive use denved from a 
shallow water table can be greater than 90 percent of 
total use, and that tt can take place under sal me ground­
water cond1t10ns and from fluctuatmg water tables 
Conversely, Marston (1989) reports that, at the New­
lands Field Laboratory, ground water does not supply 
suffictent water to mamtam crop productiOn when sur­
face-water sources are lackmg Thus, whether ground 
water contnbutes to crop consumpttve use ts uncertam 

The amount of water supplied to crops from the 
water table ts reported to vary dependmg upon the 
depth to water Usmg lystmeters m the Reno area, 
Tovey (1963, p 8) showed that consumptive use was 
23 to 26 percent htgher when depth to water was 2 ft 
below land surface, compared With sttes wtth a water­
table depth of 8ft and greater Usmg measurements 
of mflow and outflow from two areas m the Carson 
Desert, CH2M Htll ( 1973, p 4-12) show that where 
depth to water was 4 to 7 ft below land surface, 23 per­
cent of the water used by crops was den ved from 
ground water Where depth to water was 1 to 4ft below 
land surface, the value mcreased to 46 percent The 
Bureau of ReclamatiOn (1986, p 32) assumes that 22 
percent of consumpttve use ts denved from the water 
table m areas destgnated as bottom land, and that the 
water table does not supply consumpttve use on bench 
lands Setler and Allander ( 1993, fig 4) report that the 
depth to water ranges from 5 to 10ft below land surface 
beneath most trngated land m the Carson Dtvtston 

Esttmates of consumptive use denved from 
ground water on Irrigated lands range widely 

• 17,000 acre-ftlyr [1967-74] (Green and others, 
1976, p 9), 

• 27,800 acre-ftlyr [ 1985] (MacDtarmtd, 1988, 
p 54), 

• 53,200 acre-ftlyr [ 1987] (Bureau of Reclama­
tion, 1987~p 2-27),and 

• 86,600 acre-ftlyr [1967-72] (CH2M Htll, 
1973, adJusted from value for enttre New­
lands ProJect usmg data from CH2M Htll, 
1973, table 1 and p 3-1 0) 

For the enttre Newlands ProJect 
• 88,000 acre-ftlyr [1967-72] (CH2M Htll, 

1973, p 3-12) 
The dtscusston above shows that the ground­

water contnbut10n to, and mechamsms that supply 
ground water for consumptive use on, trrtgated lands 
are not well known In table 2, the volume of ground 
water reqmred to meet consumptive use would change 
tf on-farm loss ts actually dtfferent from 60,000 acre­
ftlyr, or tf the total consumptive-use reqmrement ts 
actually dtfferent from 180,000 acre-ftlyr The esti­
mate for on-farm loss IS based on few measurements, 
and a small change m the consumptive-use rate results 
m a large change m the consumptive-use reqmrement 
Further study of on-farm losses and the proportiOn of 
surface-water and ground-water use by crops ts 
reqmred to refine the surface-water budget 

Usmg the representative estimates for htstoncal 
surface-water flows shown m table 2, 50,000 acre-ftlyr 
IS reqmred from the shallow aqmfer to supply the defi­
cit m consumptive use (fig 4, table 2) 

If 50,000 acre-ftlyr of shallow ground water, 
denved from surface-water lo~ses from the dtstnbutton 
system, Is used by crops, then 50,000 acre-ftlyr can be 
subtracted from the 240,000 acre-ftlyr avatlable from 
surface-water losses Thts leaves 190,000 acre-ftlyr 
avatlable for outflow from trrtgated lands to wetland 
areas and the Carson Smk (fig 4, table 2) 

Surface water enters the wetland areas through 
many drams, makmg measurement of total outflow dtf­
ficult Measurements of mflow to the Stillwater WMA 
at maJor drams IS avatlable from the late 1960's (Green 
and others, 1976, table 4) In contrast, measurements 
of mflow to Carson Lake at maJOr drams have been 
made smce only the early 1980's (Bureau of Reclama­
tion, 1987a, p 2-24) 

Reported mflows to wetland areas vary because, 
as stated above, unttl recent years esttmates of mflows 
were based on gaged records for only part of the dram 
flow entenng the wetlands In some reports, esttmates 
mclude a correction factor for ungaged flow, and other 
reports do not state whether a correctiOn factor was 
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used Also, w1thm both the Stillwater WMA and Car­
son Lake wetlands, water Is used to 1rngate pasture, 
and some reports do not state whether this flow IS 
mcluded m wetland mflow In this report, total outflow 
mcludes flow to wetland areas m Carson Lake, Stillwa­
ter WMA, Carson Smk, and Irrigated pasture m the 
Carson Lake area, but does not mclude flow to Irrigated 
land m the Sti11water WMA 

Estimates of flow to Carson Lake and Stillwater 
WMA from Carson Dtvtsion lands are 

• 95,500 acre-ft/yr [1987] (Bureau of Reclama­
tiOn, 1987a, p 2-27), 

• 99,600 acre-ft/yr [1972-91] (Pahl, 1992, 
table 1), 

• 120,000 acre-ft/yr [1975-92] table 1, thts 
report, and 

• 149,000 acre-ft/yr [1967-74] (Green and 
others, 1976, fig 1) 

About 120,000 acre-ft/yr IS assumed to be the best 
estimate of flow to the Stillwater WMA and Carson 
Lake areas 

Estimates of flow to the Carson Smk are based 
upon flow of the Carson Rtver gaged by the USGS 
Thts gage has been operated at two dtfferent sites 
From 1967 to 1985, the site was downstream from Irri­
gated lands (USGS gagmg station, Carson Rtver below 
Fa1lon, pi I) Smce 1985, the stte has been operated 
upstream from some Irrigated lands and may not 
mclude return flow from these lands (USGS gagmg sta­
tiOn, Carson River at Tarzan Road, pi 1) 

Flows of the Carson Rtver below Fallon reported 
over dtfferent time penods are 

• 22,200 acre-ft/yr [1985-9I, water years] 
(Garcia and others, 1992, p 167), 

• 39,000 acre-ft/yr [1967-74] (Green and others, 
I976, fig 1), 

• 50,000 acre-ft/yr [1975-92] table 1, thts report, 
and 

• 54,600 acre-ft/yr [1967-85, water years] 
(Fnsbte and others, I985, p I37) 

About 50,000 acre-ft/yr IS assumed to be the best 
estimate of flow to the Carson Smk from the Carson 
Rtver 

Reported estimates of total outflow from the 
Carson Dtviston range from 

• 146,200 acre-ft/yr [1929-46] (Bureau of 
Redamat10n, [I95I ?], p 10), 

• 170,000 acre-ft/yr [1975-92], table I, this 
report, 

• 173,300 acre-ft/yr [1985] (MacDiarmid, 1988, 
p 54), 

• I85,000 acre-ft/yr [ 1930-70] (Clyde-Cnddle­
Woodward, 197I, p 6), and 

• 188,000 acre-ft/yr [I967-74] (Green and 
others, I976, fig I) 

From the entire Newlands ProJect 
• I8I ,000 acre-ft/yr [ 1970-73] (Mahannah and 

others, I975, p 26), and 
• 202,000 acre-ft/yr [1967-72] (CH2M Htl1, 

1973, fig I) 
About 170,000 acre-ft/yr Is assumed to be repre­

sentative of the htstoncal outflow from the Carson 
DIVISIOn (table 1, table 2) 

Thts value IS slightly Jess than the representative 
estimate of water available for outflow, 190,000 acre­
ft/yr (fig 4, table 2), assummg that the representative 
estimates for operatiOnal sp11ls, seepage losses, on­
farm losses, and consumptive use from ground water 
are correct Ungaged outflow not accounted for m 
table 1 or maccurac1es m the representative estimates 
could explam this difference 

Surface-water outflow from 1mgated lands IS 
consumed by evaporatiOn and evapotranspiratiOn at 
wetlands or near the Carson Smk Dunng normal years 
most outflow IS dtrected to wetland areas to mamtam 
wildlife habttat Reported estimates for consumptive 
use at wetland areas near Carson Lake and StiiJwater 
WMA provtde a check on the esttmate of outflow from 
1mgated lands 

Clyde-Cnddle-Woodward ( 1971, p D-8) esti­
mates 21,000 acre-ft/yr of precipitatiOn at wetland 
areas near Carson Lake, Stillwater WMA, and the 
Carson Smk Thts results m a total of about 190,000 
acre-ft/yr (table 2) to 210,000 acre-ft/yr (fig 4) avail­
able for consumptive use near the wetlands 

Clyde-Cnddle-Woodward ( 197I, p D-8) esti­
mate that consumptive use by non-crop vegetatiOn at 
the wetlands IS about 155,000 acre-ft/yr Thetr con­
sumptive-use rates for the vegetatiOn at wetland areas 
near Carson Lake, Sti11water WMA, and the Carson 
Smk ranged from about 2 8 to 4 8 ft/yr for cattails, 
tules, sedges, and saltgrass of varymg plant densities 
These rates were applied to about 51,000 acres of veg­
etatiOn near wetland areas However, maps showmg 
the location of the 51,000 acres are not available In 
additiOn, Clyde-Cnddle-Woodward (1971, p D-8) 
estimate about 58,000 acre-ft/yr for evaporatiOn from 
about I5,000 acres of open-water bodies m the same 
areas The total loss resultmg from evapotranspiration 
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and evaporation m wetland areas and the Carson Smk 
IS about 213,000 acre-ft/yr Green and others (1976, 
p 5) estimate that 149,000 acre-ft/yr IS lost to evapora­
tiOn from wetland areas near the Carson Lake and Still­
water WMA based on an evaporation rate of 4 5 ft/yr 
for about 33,000 wetland acres However, they did not 
mclude estimates for consumptive use of water by veg­
etatiOn near wetland areas 

Estimates of the current amount of open-water 
area at Stillwater WMA, Carson Lake, and Indian Lake 
wetlands total about 29,000 acres at full capactty (Gary 
Shellhorn, U S Fish and Wtldhfe Servtce, wntten 
commun, 1993) Dunng the 1970's, wetlands at 
Carson Lake covered from 4,000 to 5,000 addittonal 
acres (Norman A Saake, U S Ftsh and Wtldhfe Ser­
vice, wntten commun, 1993) Usmg an evaporatiOn 
rate of 5 ft/yr, from 165,000 to 170,000 acre-ft/yr was 
consumed from the mid-1970's to 1992 wtth wetlands 
at full capactty Ltco ( 1992, p 8) states that most open­
water bodtes m Stillwater WMA recharge the shallow 
aqmfer In additiOn to evaporatiOn losses, an unknown 
volume of surface water recharges the shallow aqmfer 
and IS consumed by phreatophytes surroundmg wet­
land areas Thus, dtscharge by both evaporation and 
evapotranspiratiOn near wetland areas could total more 
than 210,000 acre-ft/yr (fig 4, table 2) 

The discussion above summanzes available 
esttmates of flow rates descnbmg the htstoncal dtstn­
butwn of surface water and rates for processes that 
control the dtstnbutwn of surface water m the Carson 
Division Uncertamties m many of the values do not 
allow for a complete accountmg of surface water 
released from Lahontan ReservOir 

Values of several water-budget components are 
uncertam operatiOnal sptlls and seepage loss from 
the dtstnbutiOn system, on-farm loss, consumptive 
use of ground water by tmgated crops, and non-crop 
consumptive use on trrtgated lands and wetland areas 
Refinement of these values would provide a better 
approximation of the dtstnbutton of water m the 
Carson Dt vtston and allow closer estimatiOn of the 
effects of changes m water use 

Annual Variations in Surface-Water Flow 

Analysts of the annual variatiOns m flow rates 
through the system hsted m table 1 can provtde further 
mstght mto processes that are Important m controlling 
the dtstnbution of surface water The values presented 
m table 1 represent the best avatlable estimates for the 

distnbutwn of surface-water flow under the conditions 
present from 1975 to 1992 m the Carson DIVISion 
Although values for outflow are estimated or denved 
from gagmg statiOn records With uncertam accuracy, 
they can be used ( 1) to determme approximate relations 
between flow at different pomts m the surface-water 
system, (2) to gam greater understandmg of how the 
system works, and (3) to determme data that are needed 
to refine that understandmg Given the uncertam accu­
racy of some of the values m table 1, the annual rela­
tiOns discussed below should not be considered exact, 
but do show general trends 

RegressiOn equatiOns shown m figures 5-7 were 
developed usmg the pnnc1ple of least squares and, 
except for figure 7, data from years when releases from 
Lahontan Reservmr were less than 350,000 acre-ft/yr, 
R2 IS a measure of the vanabthty accounted for by the 
regression equation, wtth a perfect relatiOn havmg an 
R2 equal to 1 The rehabthty of the regression equatiOn 
can be evaluated by comparmg the dtfference, or restd­
ual, between values calculated usmg the equatiOn and 
observed values (Iman and Conover, 1983, p 366-
372) Compansons for the equatiOns m figures 5-7 
show an even scatter of pomts above and below zero 
residual, 1mplymg that assumptiOns of the least-squares 
method have not been violated 

Ftgure 5 shows the relation between total releases 
from Lahontan ReservOir and headgate dehvene~ For 
releases less than about 350,000 acre-ft/yr, headgate 
delivery has ranged from about 60,000 acre-ft/yr m dry 
years to about 200,000 acre-ft/yr m normal and wet 
years, and IS slightly more than half of the total volume 
released For releases greater than 350,000 acre-ft/yr, 
headgate delivery IS generally about 200,000 acre-ft/yr 
or less For years With releases from Lahontan Reser­
vOir greater than 350,000 acre-ft/yr, a large part of the 
losses above farm headgates flows directly to wetlands 
and the Carson Smk dunng wmter and early spnng 
Less water was delivered m the wet years of 1982 and 
1983 when wmter and spnng precipitation decreased 
the demand for surface-water IrrigatiOn 

Ftgure 6 shows (1) the loss from the d1stnbut10n 
system between Lahontan ReservOir and the farm 
headgates and (2) the total outflow as a functiOn of the 
volume released from Lahontan ReservOir The vol­
umes of loss upstream from farm headgates and total 
outflow mcrease at Similar rates with mcreasmg 
amounts of water released from Lahontan ReservOir 
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F1gure 5 Headgate dehvenes as function of releases from Lahontan Reservoir, R2 IS measure of 
vanab1hty accounted for by regress1on equat1on 

For releases greater than 350,000 acre-ft/yr, losses 
above farm headgates and total outflow mcrease at a 
rate about equal to the mcrease m releases 

As shown m table 1 (column 8), more than 
300,000 acre-ft/yr was lost from the surface-water 
dtstnbutton system m 1986--a considerable mcrease 
over other years In 1986, annual precipitation was 
low m the Fallon area, 2 55 m was recetved at the 
Umverstty of Nevada, Reno, New lands Field Labora­
tory (NatiOnal Oceamc and Atmosphenc Assoctatton, 
1986, p 3) However, runoff from the Carson and 
Truckee Rtvers was high because of above-normal pre­
CipitatiOn m the Sierra Nevada Although the precau­
tionary release m 1986 was routed through the entire 
dtstnbutiOn system, the large amount of loss 1mphes 

that sotl-mmsture conditions pnor to the tmgatiOn sea­
son have some control over the volume of seepage 
losses 

For annual releases less than 350,000 acre-ft/yr 
from Lahontan Reservmr, losses upstream of farm 
headgates and total outflow are each about 40 percent 
of the volume of released water (fig 6) The relatiOn 
between total outflow and releases shown m figure 6 
tmphes that releases greater than about 70,000 acre­
ft/yr are reqmred before outflow takes place from liTI­
gated lands (release of 70,000 acre-ft/yr, times 0 44, 
mmus 30,000 equals approximately zero, see equatiOn, 
fig 6) As noted by Glancy ( 1986, p 39), water levels 
m the shallow aqmfer near Irrigated lands nse at the 
start of the IrrigatiOn season The value of 70,000 acre­
ft/yr could represent the amount of seepage reqmred to 
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saturate the distnbutwn system, and thus, represent the 
potential recharge to the shallow aqmfer at the start of 
the Imgation season Figure 6 also shows that total 
outflow IS generally less than losses from the distnbu­
tion system Average values for these two volumes m 
table 1 differ by about 30,000 acre-ft/yr 

A linear relatiOn exists between the losses 
upstream from farm headgates and total outflow 
(fig 7) For releases from Lahontan ReservOir greater 
than 350,000 acre-ft/yr, the general one-to-one relatiOn 
IS expected For flows less than 350,000 acre-ft/yr, the 
relatiOn m figure 7 Implies either that a large part of the 
total outflow IS operatiOnal spill from the distnbutwn 
system or that there Is a hydrologic connectiOn that 
supplies water lost to seepage upstream from farm 
headgates to drams where outflow IS measured 

Detailed flow measurements withm the distnbution 

system could determme whether outflow consists of 

operatiOnal spill or water that has moved qmckly 

through the shallow aqmfer 

Because the outflow consists of a mixture of 

water lost above farm headgates and on-farm losses, 

the volume of water lost to seepage and consumptive 

use from the distnbutwn system ts dtfficult to deter­

rome relattve to the volume lost to seepage and con­

sumptive use from trngated fields More accurate 

estimatiOn of on-farm use of delivered water and net 

losses ts not possible without measurements showmg 

the proportiOn of operatiOnal sptll and on-farm losses 

that make up total outflow 
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For years m whtch less than 350,000 acre-ft/yr are 

released from Lahontan ReservOir, most of the releases 

are made dunng the trngatiOn season Analysts of flow 

volumes through the dtstnbutiOn system dunng these 

years could provide further mstght mto how water 

moves through the dtstnbutiOn system and mto pro­

cesses that control the movement of water between the 

surface-water and ground-water systems near Irrigated 

land 

Analyses of flow volumes at monthly, or shorter, 

time mtervals would permit a more accurate determma­

tiOn of the relatiOns between flow at vanous positiOns 

m the surface-water dtstnbutiOn system Thts detatled 

analysts IS beyond the scope of this mvesttgatiOn 

GROUND WATER 

Occurrence of Ground Water 

The maJOr ground-water resources m the Carson 
Desert are found m unconsolidated sediments and vel­
came rocks beneath the floor of the valley Rocks of 
MesozOic age that make up the bulk of the Stillwater, 
West Humboldt, and Sand Spnngs Ranges probably 
store and transmit water m fracture systems as shown 
by geothermal studtes, but the total volume IS probably 
small In this study, these rocks are assumed to form a 
boundary to most mterbasm flow along the east and 
north stdes of the basm, and a lower boundary to most 
ground-water flow beneath the entire Carson Desert 
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Mesozoic rocks are also present along the northwest 
edge of the basm, beneath the Hot Spnngs Moun tams, 
at depths from 600 to 4,500 ft below land surface 
(BenOit and others, 1982, figs 11, 25) MesozOic 
rocks probably are present at depths greater than 
2,000 ft beneath the Desert, White Throne, Blow Sand, 
Cocoon, and BuneJug Mountams (Willden and Speed, 
197 4, Mornson, 1964, p 9-15) Tertiary volcamc 
rocks cappmg these mountam blocks could be perme­
able to ground-water flow 

However, water-level data are lackmg along 
topographic d1v1des to determme 1f mterbasm flow 
might be takmg place Saturated sed1ments and volca­
mc rocks beneath alluvtal fans and the valley floor store 
and transmit large volumes of ground water and are the 
most 1mportant aqutfers m the Carson Desert 

The depth to water beneath alluvial fans sur­
roundmg the valley ranges from more than 400 ft 
below land surface near the mountam blocks to tens 
of feet below land surface near the toe of the alluvtal 
fans, as mdtcated m dnllers' logs The depth to water 
beneath most of the valley floor 1s generally less than 
25 ft below land surface and, near Irngated areas, gen­
erally less than I 0 ft below land surface Ground water 
IS confined throughout much of the Carson Desert 
Wells that penetrate to sigmficant depths below the 
water table have water levels that are htgher than land 
surface (Olmsted and others, 1984, p 27, Morgan, 
1982, p 26, Glancy and Katzer, 1975, p 16) 

Smce the turn of the century, surface-water lrnga­
tton m the Newlands ProJect area has changed the 
depth to water over large areas of the valley floor In 
1904, Stabler ( 1904) mstalled more than 300 shallow 
wells and bonngs to measure depth to water and deter­
rome water quahty (fig 8A) Seiler and Allander 
(1993, fig 4) compared the pre-1rngat10n water levels 
of Stabler (1904) wtth water levels measured m 1992 
(fig 88) In 1904, the depth to water mcreased w1th 
dtstance from the natural channels of the Carson Rtver 
Depth to water was less than 10 ft below land surface 
wtthm 1 to 2 mt of the channels and generally mcreased 
to at least 25 ft m areas more than 2 mt from the chan­
nels north of Fallon and ranged from 10 to 25 ft more 
than 2 mt from the channels south of Fallon In 1992, 
the water table had nsen more than 15 ft over large 
areas northeast of Fallon and, near Soda Lake, 25 to 40 
ft (Seller and Allander, 1993, p 11) Also, few areas 
had water levels less than 5 ft below land surface m 
1992 The dtstnbutwn of surface water over trrtgated 
areas of the valley floor has decreased the depth to 

water m large areas, and mstallatton of drams has 
mcreased the depth to water near old channels of the 
Carson Rt ver Both processes made the depth to water 
more umform, rangmg from 5 to 10ft below land sur­
face over much of the valley floor 

Depth-to-water mformatwn ts also avatlable from 
thousands of shallow holes dnlled from 1955 to 1968 
by the U S Sml ConservatiOn Service to produce soils 
maps of trrtgated land m the Carson Desert Dollarhtde 
(1975) gtves a range for the depth to seasonal htgh 
water table for more than 100 sotl types m the Carson 
Desert The Bureau of ReclamatiOn (1992a, p 8) has 
summarized these data to produce the bench- and bot­
tom-land designations for water allocatiOn Ftgure 9 
shows the dtstnbutwn of smls wtth a seasonal htgh 
water table more than 5 ft and less than 5 ft below land 
surface Generally, the depth to seasonal htgh water 
table IS more than 5 ft below land surface m areas that 
have not been Irrigated (fig 1) ExceptiOns are the 
Swmgle Bench area and small sectiOns of Imgated land 
around Soda Lake The V-Lme, T-Lme, N-Lme, and 
D-Lme Canals all cross smls wtth a seasonal htgh water 
table deeper than 5 ft These canals have a htgh poten­
tial for flow loss to seepage and for recharge to the 
shallow aqutfer 

Description of Aquifers 

An aqutfer ts defined as "a formatiOn or part of a 
formation that contams suffictent saturated permeable 
matenal to yield signtficant quantities of water to wells 
and spnngs" (Lohman and others, 1972, p 2) In gen­
eral usage, the term aqutfer often tmphes a dtscrete 
hydrogeologic umt In the Carson Desert, boundanes 
between aqutfers are mdistmct, and stresses tmposed 
on one aquifer can be transmitted to the other aqmfers 
In thts report, the term aqutfer ts used to descnbe a 
hydrogeologtc umt that has hthologtc or water-quahty 
charactenstics that allow tt to be dtstmgutshed from 
other hydrogeologic umts 

The most comprehenstve descnption of aqutfers 
m the study area ts gtven by Glancy (1986), who delm­
eated three alluvtal aqutfers and a basalt aqutfer m the 
Fallon area of the Carson Desert The alluvtal aqutfers 
descnbed by Glancy ( 1986) consist of (1) a shallow 
aqutfer present from the water table to 50ft below land 
surface, (2) an mtermedtate aquifer extendmg from 50 
ft to between 500 and I ,000 ft below land surface, (3) 
a deep aqutfer extendmg from 500 to I ,000 ft below 
land surface to between 3,000 and 8,000 ft below land 
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surface Glancy ( 1986) does not correlate all of these 
aqmfers With geologic umts However, the shallow 
aquifer probably extends to the bottom of the Sehoo 
Formation and the mtermediate aquifer correlates with 
the Wyemaha, Eetza, and Pamte Formations 

Glancy's (1986) alluvial aqmfers were defined for 
Irngated areas near Fallon and Immediately down-gra­
dient The same defimtwns may not apply m areas of 
the Carson Desert distant from Irrigation 

The term alluvialimphes aqmfer matenals that 
were deposited by movmg water Because much of the 
aqmfer matenal m the Carson Desert was deposited m 
a lake environment, the term alluvial IS not applied to 
the shallow, mtermediate, and deep aqmfers m this 
report 

The basalt aqmfer IS a mushroom-shaped body 
of basalt near Fallon (fig 12) that IS exposed at Rattle­
snake Hill but generally IS from 200 to 600ft below 
land surface and extends to more than 1 ,000 ft below 
land surface (Glancy, I986, p 6) 

Several reports suggest that at some locatiOns, 
a near-surface zone could exist m the uppermost part 
of the shallow aqmfer of Glancy ( 1986) Previous to 
the Glancy ( 1986) report, Clyde-Cnddle-Woodward 
(1974) diVIded ground water m the Newlands ProJect 
mto three zones zone I extends from the top of satu­
rated sediments downward to a clay layer m the Sehoo 
Formation, zone 2 IS beneath the Sehoo clay and con­
Sists of stratified umts mcludmg many other clay lay­
ers, and zone 3 IS the basalt descnbed by Glancy 
( 1986) These zones are analogous to Glancy's ( 1986) 
shallow, mtermedtate, and basalt aqmfers, except that 
zone I covers only the uppermost part of Glancy's 
( I986) shallow aqmfer 

The Bureau of ReclamatiOn ( I987b, p 21) reports 
that a shallow water table 3 to 5 ft below land surface 
forms above clay of the Sehoo FormatiOn dunng the 
peak of the tmgatwn season, droppmg to between 6 to 
12 ft m depth after the trngatton season Clay of the 
Sehoo Formation ts breached to depths greater than 
30ft where old channels of the Carson River now filled 
wtth sand have eroded through It, allowmg downward 
flow (Marty Townsend, U S Sml ConservatiOn Ser­
vtce, oral commun , 1993) 

About I 0 mt south of Fallon, an Impermeable 
clay umt of the Sehoo FormatiOn greater than 30 ft 
thtck IS found at depths of 20 to 25 ft below land sur­
face (Lico and others, I987, p 97) The clay Impedes 
downward ground-water flow They descnbe shallow, 
mtermedtate, deep, and evapotranspiratiOn zones m the 

shallow aquifer, at this site CH2M Hill ( 1989, p 4-1) 
also report a clay barrier controllmg shallow ground­
water flow below the Fallon Indian ReservatiOn near 
the town of Stillwater, from 7 to 20ft below land sur­
face 

Morgan ( 1982) delmeated seven hydrogeologic 
umts near the town of Stillwater m the upper 200ft 
of unconsolidated sedtments From land surface 
downward, the umts as descnbt!d by Morgan ( 1982, 
p 24-27) are ( 1) two upper aquifers of sand from the 
Fallon FormatiOn and Carson River channel sedtments, 
(2) a confinmg bed of clay of the Sehoo FormatiOn, (3) 
an aqmfer consistmg of sand of the Wyemaha Forma­
tion, ( 4) a confimng bed tentatively correlated to the 
Eetza FormatiOn, (5) a composite aqmfer compnsed of 
several thm aqutfers separated by thm confinmg beds, 
and (6) a lower, poorly defined confinmg bed Thick­
nesses shown by Morgan ( 1982, pi 2) suggest that the 
upper aquifers and confinmg bed extend to depths of 
about 50ft, which correspond to Glancy's (1986) shal­
low aqmfer The remammg hydrogeologic umts corre­
spond to Glancy's mtermediate aquifer 

Tokunaga and Benson ( 1991) descnbe a similar 
sequence of aqmfers and confinmg beds beneath the 
Fallon Indtan ReservatiOn (pi I) From the surface 
downward, the sequence compnses a near-surface 
aqmfer havmg poor water quahty from land surface to 
about I6 ft deep, a massive umt of Sehoo clay from 16 
to 60 ft deep, a sandy aqmfer, havmg somewhat better 
water quality than the near-surface aqmfer, from 60 to 
about 1 00 ft deep, and that correlates With the Wye­
maha FormatiOn, a clay umt from about 100ft to I60 ft 
deep, and an Irregular sequence of sand, clay, and silt 
beds from I60 ft to 300ft deep, correlative With the 
Pamte FormatiOn and gradmg to massive clay below 
300ft Agam, the near-surface aquifer and confinmg 
bed correlate with Glancy's ( 1986) shallow aquifer, and 
the lower sequence cor-relates With Glancy's ( I986) 
Intermediate aquifer 

Olmsted and others (1984) also defined shallow, 
mtermedtate, and deep ground-water flow systems m 
studies of geothermal systems m the Soda Lake and 
Upsal Hogback areas Their shallow system extends to 
about 800 ft deep, represents flow m the Quaternary 
alluvtal deposits, and corresponds to Glancy's ( 1986) 
shallow and mtermediate aqmfers Their mtermediate 
system extends from about 800 ft to about 4,200 ft m 
depth, represents flow m semiconsohdated sediments 
of Tertiary age, and corresponds to Glancy's ( 1986) 
deep aquifer The deep system extends trom about 
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4,200 ft to about 20,000 ft deep and represents flow m 
Terttary volcamc rocks and pre-Terttary consolidated 
rocks These depths apply specifically to the Soda 
Lakes geothermal area, but the flow-system boundaries 
are based on ages, hthologtes, and hydrologic proper­
ties of geologic umts that are found throughout the Car­
son Desert 

Although the flow systems descnbed by Olmsted 
and others ( 1984) extend to greater depths than those of 
Glancy ( 1986), the boundary between unconsolidated 
Quaternary deposits and semiconsolidated Terttary 
depostts could be used to define the boundary between 
Glancy's mtermediate and deep aqmfers throughout the 
Carson Desert Because Glancy's deep aqmfer was 
descnbed as alluvtal, Terttary volcamc rocks could rep­
resent a volcamc zone at the base of the deep aqmfer 
that ts mterbedded wtth an upper sedtmentary zone of 
the deep aqmfer 

The above descnpt10ns show that, although other 
aqmfer systems can be delineated, Glancy's (1986) 
descnpt10n of aqmfers m the Carson Desert IS common 
to most and ts used m thts report as the basts for con­
ceptual models of the ground-water flow system The 
near-surface zone overlymg clay umts of the Sehoo 
Formation can be an tmportant refinement of Glancy's 
( 1986) shallow aqmfer because mteract10n between the 
surface-water and ground-water systems and evapo­
transpiratiOn take place m thts zone A detailed compt­
latton of lithologic and hydrologtc data would refine 
the boundanes of thts near-surface zone and determme 
Its role m controlling shallow ground-water flow 

Shallow Aquifer 

On the basts of water chemistry, Glancy (1986, 
p 41) defined the shallow aqmfer to extend from the 
water table, generally less than I 0 ft below land sur­
face, to a depth of 50ft Glancy ( 1986, p 41-46) noted 
that water from the shallow aqmfer IS generally hard 
(hardness greater than 70 mg/L dtssolved CaC03) 

Thts contrasts With generally soft ground water (hard­
ness less than 25 mg/L dtssolved CaC03) m the mter­
medtate aqmfer deeper than 50 ft below land surface 
Usmg 1980 census data, Glancy (1986, p 33) esti­
mated that from 3,000 to 4,000 wells pumped water 
from the shallow aqutfer From 1985 to 1993, records 
of the Nevada State Engmeer show that an additiOnal 
300 wells were dnlled mto the shallow aqmfer If 
about 200 wells were dnlled from 1980 to 1985, m 
1993, as many as 4,500 wells could pump from the 

shallow aquifer The Churchill County Health Depart­
ment mamtams records of domestic wells but has not 
tabulated the number of acttve wells (Rtchard Elloyas, 
Churchill County Health Department, oral commun , 
1993) 

The aqmfer IS charactenzed by abrupt changes m 
lithology and water quality, both honzontally and ver­
tically These charactenstics are mhented from the 
constantly changmg depositional environments dunng 
Pleistocene time that produced a complex mixture of 
nver-channel, delta, flood-plam, shoreline, lake-bed, 
and sand-dune deposits Because deltas of the Carson 
River formed m the western part of the basm, sedi­
ments m the shallow aqmfer are coarser to the west and 
become mcreasmgly finer toward the east 

In general, near the center of the basm, sediments 
of the Fallon and Sehoo FormatiOns form the shallow 
aqmfer Thts generalizatiOn does not apply near the 
penmeter of the basm where older formations of Qua­
ternary age are exposed (pi 3) 

Glancy ( 1986, p 38) used data from about 430 
wells m the shallow aqmfer to show that the maximum 
spectfic capacity Is generally less than 50 gal/mm for 
every foot of drawdown east of Fallon, and IS as htgh 
as 70 gal/mm for every foot of drawdown, although 
vanable, west of Fallon Glancy (1986, p 37) reports 
that transmisstvtties of the shallow aqmfer also vary 
greatly, rangmg from less than 2,000 ft2/d to 15,000 
ft2/d, and could be less than 2,000 ft2/d at many loca­
tions Usmg the relatiOn applied by Glancy (1986, p 
37) between specific capactty of a well and aqmfer 
transmiSSIVIty, data from 63 wells dnlled smce 1985 
show that aqmfer transmiSSIVIty IS less than 2,000 ft2/d 
at about 90 percent of the wells 

Water-level altitudes m the shallow aqutfer deter­
mmed by Seiler and Allander ( 1993, pi 1) for 1992 
are shown m figure 10 and show VIrtually the same 
configuratiOn determmed by Glancy ( 1986, p 42) for 
the penod 1975 to 78 The contours show that shallow 
ground water flows northeastward m areas north of 
Fallon, with an average gradient of about 9 ft/mi, and 
flows southeastward m areas south of Fallon, wtth an 
average gradtent of about 6 ft/mt (Seiler and Allander, 
1993, p 17) However, detatled studtes have shown 
that directiOns of shallow ground-water flow vary 
greatly and are controlled locally by the presence of 
canals and drams and by trngatiOn practices on mdivtd­
ual fields (Ltco and others, 1987, p 93, Ltco, 1992, 
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Roads and hydrology from U.S. Geological Survey digital data, 
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EXPLANATION 

Discharging playa- From Glancy and Katzer 
(1975, plate 1) 

-3,910 -- Water-table contour- Shows altitude of water 
table, 1992. From Seiler and AI lander (1993, pl.1) . 
Dashed where uncertain. Contour interval , 10 feet. 
Datum is sea level 

Zone of faulting thought to control water-table 
configuration - From Greene and others (1991) 

General direction of ground-water flow - From Seiler 
and AI lander (1993, pl.1) 

- • • - Hydrographic area boundary - From Rush (1968) 

-4,200 - Topographic contour - Shows altitude of land surface. 
Contour interval 1 ,000 feet, with supplemental contour 
at 4,200 feet. Datum is sea level 

Figure 10. Water-level altitude and general direction of ground-water flow in shallow aquifer. Modified from 
Seiler and Allander ( 1993, pl. 1). 
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p 8) Also, Setler and Allander (1993, p 17) mdtcate 
that m the Carson Desert, faults can locally control the 
configuration of the water table 

The configuration of the water table m 1992 
(fig 1 0) mdtcates that recharge from the Carson Rtver 
and tmgated lands dnves flow from west to east and 
that the Carson Lake and Sttllwater/Carson Smk areas 
are locatiOns of regiOnal dtscharge of shallow ground 
water Carson Lake recetves flow from trrtgated 
lands to the northwest and flow from Bass Flat and 
surroundmg mountams from the south and east A 
broad ground-water dtvtde extsts JUSt east of the Naval 
Atr Statton near Fallon (fig 10) Spnngs south of Salt 
Wells are htgher than ground-water levels m the Carson 
Desert, mdtcatmg that shallow ground water does not 
flow east past the low topographic dtvtde between 
the Carson Desert and Salt Wells Basm (Setler and 
Allander, 1993, p 17) The Sttllwater/Carson Smk 
area recetves flow from trrtgated lands to the southwest 
and from the Stillwater Range, mdtcatmg that the Still­
water Range ts a barrier to eastward ground-water flow 
m the shallow aqmfer 

Water-level fluctuatiOns show that the shallow 
aqmfer ts recharged by surface-water seepage dunng 
the IrrigatiOn season L1co ( 1992, p 8) states that, even 
near areas of ground-water dtscharge, canals and drams 
recharge the shallow aqmfer Water-level fluctuations 
m the shallow aqmfer closely match the seasonal 
fluctuation m surface-water flow for IrrigatiOn, but 
decrease m amplitude and lag behmd fluctuatiOns m 
surface-water flow wtth mcreasmg dtstance from dts­
tnbutiOn channels and trrtgated lands (Glancy, 1986, 
figs 18-21) 

Near trngated lands, seasonal water-level fluctu­
atiOns are generally greater than 2ft and as much as 4 
to 6 ft m amplitude However, few measurements of 
ground-water fluctuatiOns beneath trrtgated fields are 
avatlable, so the ttmmg of seasonal water-level maxi­
mums directly beneath tmgated fields IS not well 
known Near Carson Lake, Ltco and others ( 1986, 
fig 4) show that the verttcal grad tent wtthm the shal­
low aqmfer ts downward dunng the trrtgatiOn season, 
but that the gradtent decreases and then reverses to 
upward dunng wmter months Water-level declme 
dunng wmter months ts generally limtted by the depth 
of drams, whtch ranges from 4 to 8 ft below land sur­
face over most trrtgated areas (Bureau of Reclamation, 
1992a, p 12) Dunng drought years, ground-water 
levels drop below dram depths, and many drams cease 
to flow In areas dtstant from stream channels and 

Irrigated lands, seasonal water levels fluctuate from 
0 5 to less than 2ft (Glancy, 1986, p 39) Stmilar 
ranges of fluctuatiOns were measured m the Carson 
Desert durmg 1992 (Seiler and Allander, 1993, p 14) 

A large part of seepage losses from canals and lat­
erals, and percolation to the shallow aqmfer beneath 
1rngated fields could take place through relict channels 
of the Carson River, locally called "Fernley sand 
stnnger" channels These channels act as drams and 
convey water constderable distances (Bureau of Recla­
mation, 1987b, p 21) Dollarhide (1975, p 27, 28) 
mapped a Fernley Senes sotl, whtch conststs of sand 
channels to depths of 60 m below land surface m the 
Fallon Formation (pl 3) The sand strmgers produce 
notable areas of decreased crop productiOn dunng 
times of drought, provtdmg evtdence that they are 
zones of low water retentiOn and could act as drams m 
the near-surface zone of the shallow aqmfer 

Rehct channels of the Carson Rtver are also 
found m deeper formations of Quaternary age Plate 3 
shows channels formed dunng depositiOn of the Fallon 
and Sehoo Formations as mapped by Morrtson ( 1964, 
pl 11) The channels mapped by Mom son ( 1964) are 
generally larger than those mapped by Dollarhtde 
(1975) and thus could extend to greater depths Buned 
channels stmtlar to those mapped on the surface are no 
doubt present beneath the valley floor The relict chan­
nels probably represent preferential zones of shallow 
ground-water flow and are Important avenues for dtstn­
button of recharge to deeper aqmfers 

Seiler and Allander ( 1993, p 11-14) noted that 
water-level changes from the mtd-1970's to 1992 have 
been small m most areas of the Carson Desert In both 
the Sterra Nevada and the Carson Desert, prectpttatiOn 
m 1979 and 1981 was normal or below normal In 
1982 and 1983, prectpttatiOn was above normal, and, 
smce 1986, runoff from the Sterra Nevada has been 
below normal Accordmgly, water levels rose slightly 
more than 2 ft from 1977 to 1984, followed by water­
level declines of about 1 ft m most areas and slightly 
more than 4ft m the Sttllwater area from 1988 to 1992 
Water levels m 1992 declmed less than 1 ft m most 
areas and more than 2 ft at one locatton about 5 mt 
northeast of Fallon compared wtth 1977 water levels 

Water-level changes have been documented after 
changes were made m the trr1gat10n dtstnbutton sys­
tem About 13 mt south of Fallon, water levels were 
about 4 ft htgher m 1992 compared to the 1977 water 
level, posstbly because of mcreased use of a nearby 
canal (Seiler and Allander, 1993, p 14) Water levels 
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declmed more than I 0 ft from 1984 to 1992 adjacent to 
the T-Lme Canal after a I 5-mtle sectton was lined wtth 
concrete (Seiler and Allander, 1993, p 15) Thus, 
changes m the use of trngatiOn canals can affect water 
levels m the adjacent shallow aqmfer 

Intermediate Aqu1fer 

The mtermedtate aqutfer ts estimated to store 
about 2 5 mtllion acre-ft of fresh ground water (Glancy, 
1986, p 51), whtch makes tt posstbly the largest aqm­
fer contammg potable ground water m the Carson 
Desert Before the mtd-1970's, water from the mterme­
dtate aqutfer was not generally known to be smtable for 
domestic use, and therefore, most dome<;ttc wells 
tapped the shallow aqmfer Glancy (1986, p 51), 
reports that only about 100 wells tapped the mtermedt­
ate aqutfer m 1979 Data from dnllers' logs stored m 
USGS data bases show that from 1985 to 1993, more 
than 500 wells were dnlled mto the mtermedtate aqm­
fer Thus, tf 400 wells were dnlled mto the mtermedi­
ate aqmfer from 1979 to 1985, as many as 1,000 wells 
mtght exist that withdraw water from the mtermedtate 
aqutfer 

The boundary between the shallow and mterme­
dtate aqutfer was based on an observed change from 
hard ground water m the shallow aqmfer to soft ground 
water m the mtermedtate aqmfer, generally at depths of 
about 50 ft below land surface (Glancy, 1986) How­
ever, Glancy (1986, pi 2) shows that ground water 
west of Soda Lake m the mtermedtate aqmfer ts almost 
as hard as that m the shallow aqmfer (Glancy, 1986, 
pi 1) Thts suggests that a dtstmct boundary between 
the shallow and mtermedtate aqmfers may not extst 
west of Soda Lake or that tt could be deeper than 50 ft 

The boundary between the mtermedtate and deep 
aqmfers ts also based on an observed change m water 
quality The mtermedtate aqmfer, as defined by Glancy 
(1986), contams pnmanly fresh ground water, whereas 
the deep aqmfer contams more salme ground water 
(Glancy, 1986, p 51) The boundary between the mter­
medtate and deep aqmfers ranges from 500 to 1,000 ft 
below land surface The large range gtven by Glancy 
(1986) for the lower boundary of the mtermedtate aqm­
fer ts caused by the lack of wells, and, thus, lack of data 
on water quality deeper than 500ft Ltco and Seiler 
( 1994) report that water quality at a depth of 1, 700 ft 
near the Naval Atr StatiOn, Fallon, ts stmtlar to nearby 
wells m the mtermedtate aqmfer Thus, the lower 

boundary of the mtermedtate aqutfer, as defined by 
water quality, could be more than 1 ,000 ft below land 
surface 

As dtscussed previOusly, the boundary between 
sedtments of Quaternary and Terttary age could also be 
used to define the bottom of the mtermedtate aqutfer 
Because the Terttary deposits are semtconsolidated to 
consolidated, effective porostty and permeability of 
these deposits are lower than those of the unconsoli­
dated Quaternary sedtments (Olmsted and others, 
1984, p 25, 26) Thus, ground water could move more 
slowly through the Terttary depostts, mcreasmg the 
time for ground water to react wtth aqutfer matenals 
and mcreasmg the resultmg dtssolved-solids concen­
tration of the ground water More data mtght determme 
whether water quality changes as lithology and age of 
the basm-fill depostts change If water quality depends 
on the compostttOn and age of basm-fill deposits, the 
top of the Terttary basm-fill depostts could be used to 
define the bottom of the mtermedtate aqmfer and delin­
eate the extent and volume of potable ground water m 
the basm 

The boundary between Quaternary and Terttary 
depostts ts dtfficult to determme However, tt can be 
dtstmgmshed by an mcrease m mduratton and amount 
of reworked tuffaceous volcamc matenal or by fosstls 
found m dnll cuttmgs Such mformat10n, shown on 
plate 1, ts used to generate the geologtc sectiOns, shown 
on plate 2, whtch mdtcate that the base of Quaternary 
basm-fill deposits could be about 1,600 ft below land 
surface near Soda Lake (pi 2, sectiOn A-A'), ~1s deep 
as 2,500 ft near the town of Sttllwater (pl 2, sectiOn 
B-B'), and could range m depth from 1,800 to posstbly 
2,500 ft below land surface near Carson Lake (pi 2, 
sectiOn D-D') 

Glancy (1986, p 54) suggests that the upper part 
of the mtermedtate aqutfer correlates wtth depostts of 
the Wyemaha FormatiOn Morrtson ( 1964, p 117) 
states that thts formatiOn ytelds large amounts of pota­
ble water to wells from sandy gravel near the Carson 
Rtver west of Fallon Toward the center of the basm, 
these deposits become more sandy Near Carson Lake 
and Stillwater WMA, they become silty and clayey, 
and yteld small amounts of non potable water Most 
wells dnlled mto the mtermedtate aqmfer before 1980 
were perforated from 90 to 120ft deep (Glancy, 1986, 
p 50) Glancy suggests that the conststent mterval of 
perforatiOn mdtcates a zone of permeable matenals m 
thts depth range 
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Data from 544 wells dnlled mto the mtermediate 
aquifer smce 1985 show that more than 90 percent 
have open mtervals of less than 10 ft This suggests 
that dnllers attempted to perforate wells near thm per­
meable zones Figure 11 shows the locatiOns of wells 
perforated from 50 to 200 ft deep smce 1985 In gen­
eral, wells perforated from 50 to 80 ft below land sur­
face are west of Fallon (fig 11A) and wells perforated 
from 80 to 200 ft below land surface are located m the 
western part of the basm along the channel of the Car­
son River up to 5 mi southeast of Soda Lake (fig liB) 
The maJonty of wells near the center of the basm are 
perforated from 80 to 140ft below land surface No 
wells were dnlled m the mtermedtate aqmfer near the 
Stillwater or Carson Lake areas Zones of high perme­
ability m the mtermediate aqmfer and, thus, zones of 
preferential ground-water flow could be present at 
depths from 50 to 200 ft along the channel of the Car­
son River west of Fallon and from 80 to 140ft near the 
center of the basm 

Glancy (1986, p 54) reports that transmtssivities 
m the mtermediate aqmfer are generally less than 
2,000 ft2/d The relatiOn between specific capacity 
of a well and aqmfer transmiSSIVIty used by Glancy 
(1986, p 37) was apphed to data from dnllers' logs 
for 132 wells dnlled smce 1985 Just as reported by 
Glancy (1986), aqmfer transmiSSIVIty was less than 
2,000 ft2/d at more than 90 percent of the wells 

In the mtermediate aqmfer, water-level altitudes 
measured by Glancy ( 1986, p 53) have a configuratiOn 
similar to that of the shallow aqmfer Thus, ground 
water m the mtermediate aqmfer flows m the same gen­
eral directiOn as that m the shallow aqmfer However, 
the honzontal gradient IS not as steep as m the shallow 
aqmfer (Glancy, 1986, p 51) 

In the mtermediate aqmfer, water-level fluctua­
tiOns also were shown by Glancy (1986, p 43) to 
closely follow fluctuatiOns m surface-water flow near 
nver channels and maJor canals However, the ampli­
tude of the fluctuatiOns was much less than m the shal­
low aquifer, usually less than 1 ft Few measurements 
of water levels m the mtermediate aqmfer have been 
made smce the mid-1970's Seiler and Allander ( 1993, 
Appendixes 1 and 3) measured water levels at several 
wells tappmg the mtermediate aqmfer durmg 1992 
These measurements show that water-level changes 
from the mid-1970's to 1992 m the mtermediate aqmfer 
also were small West of Fallon and north of Soda 

Lake, water levels declmed as much as 3 ft In areas 
distant from Irngatwn, water levels declmed less than 
1 ft, remamed about the same, or rose less than 1 ft 

Differences m water-level altitude between 
potentwmetnc maps of the two aqmfers (Glancy, 1986, 
p 54) demonstrate potential for downward ground­
water flow from the shallow to the mtermediate aqmfer 
m the western part of the basm, and potential for 
upward ground-water flow from the mtermediate aqm­
fer to the shallow aqmfer m the remamder of the basm 
Areas havmg potential for upward and downward flow 
between the shallow and mtermediate aqmfers are 
shown on figure 12, although exceptiOns exist to this 
general trend Ground-water ages, calculated by car­
bon-14 datmg, show that water m the mtermediate 
aqmfer IS on the order of hundreds of years old west of 
Soda Lake, shghtly more than 1,000 years old near Fal­
lon, and several thousand years old more than about 5 
mi northeast of Fallon (Lico and Seiler, 1994) 

Glancy ( 1986, p 55) shows that water levels west 
of Fallon are 10ft higher m the shallow aqmfer than m 
the mtermediate aqmfer However, no value for the 
gradient was calculated Vertical gradients near the 
Soda Lake/U psal Hogback area range from about 0 01 
to 0 07 ft/ft for downward flow and from 0 02 to 0 2 
ft/ft for upward flow (Olmsted, 1985, table 2) Near the 
Stillwater WMA, except at one site JUSt north of Still­
water Pomt ReservOir, vertical gradients reported by 
Morgan ( 1982, pi 3) are upward and range from 0 03 
to 0 2 ft/ft Data presented by Seiler and Allander 
( 1993, appendixes 1 and 3) allow calculatiOn of vertical 
gradients m 1992 similar to those calculated by Olm­
sted (1985) m the Soda Lake/Upsal Hogback area 
Vertical gradients m 1992 ranged from 0 1 to 0 09 ft/ft 
m the downward directiOn about 2 mi southwest of 
Soda Lake and north of Rattlesnake Hill and were 
about 0 16 ft/ft m the upward directiOn near the Naval 
Air Statton, Fallon 

Unpublished data (Frank Olmsted, wntten com­
mun , 1992) show that the vertical gradient m both the 
downward and upward directiOns mcreases dunng wet 
years, suggestmg that a direct hydraulic connectiOn 
exists between the two aqmfers The vertical gradient 
IS thought to mcrease wtth depth m the mtermediate 
aqmfer near the town of Stillwater (Morgan, 1982, 
p 44) Franklm H Olmsted (US Geological Survey, 
wntten commun , 1992) states that both the magmtude 
and directiOn of vertical flow m the mtermediate aqm­
fer can change with depth 
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Areally, few measurements of vertical gradient 
exist between the area With a downward potential for 
vertical flow and areas near Upsal Hogback, the town 
of Stillwater, and Carson Lake where a potential for 
upward flow has been documented by Olmsted (1985), 
Morgan ( 1982), and Seiler and Allander ( 1993, pl 1) 
However, vertical gradients are probably transitional 
from downward to upward Additional data would 
allow more precise determmat10n of the directiOn and 
magmtude of the vertical gradient and the locatiOn of 
ground-water flow between the shallow and mtermedi­
ate aqmfer 

Deep Aqu1fer 

InformatiOn about the deep aqmfer IS limited by 
the number of deep wells dnlled m the basm Glancy 
( 1986, p 60) states that the deep aqmfer underhes the 
entire basm at depths greater than 500 to 1,000 ft below 
land surface and ranges from a few hundred feet to 
greater than 8,000 ft m thickness Glancy ( 1986, p 60) 
also states that the deep aqmfer contams more than 
1,000 mg/L and locally more than 5,000 mg/L dis­
solved sohds 

If a sedimentary zone of the deep aqmfer corre­
lates with semiconsohdated sedtments of Terttary age, 
dnll-hole data used to develop geologic sections on 
plate 2 mdtcate that the depth to the sedimentary zone 
could range from about a few hundred feet near the Hot 
Spnngs Mountams to more than 3,000 ft near Carson 
Lake Its thtckness could range from 400 to more than 
2,000 ft The base of the sedimentary zone of the deep 
aqmfer ts poorly defined because the umt ts mterbed­
ded with underlymg volcamc rocks of Tertiary age 
The underlymg Tertiary volcamc rocks could represent 
a volcamc zone over 4,000 ft thtck at the base of the 
Tertiary sediments withm the deep aquifer However, 
additiOnal data are needed to confirm this possibility 

Basalt Aquifer 

The basalt aqmfer IS the mam source of water for 
mumcipal wells of Fallon and the Naval Air Statton, 
Fallon, and for mdustnal use by Kennemetal, Incorpo­
rated Glancy (1986, p 10) showed the approximate 
three-dtmensional hmtts of the basalt aqmfer, usmg 
geophysical data and the locatiOns of wells that tap the 
aquifer (fig 12) The basalt that forms the aqmfer IS 
exposed at Rattlesnake Hill It ts found at depths of 400 
to 600 ft to the south, west, and northwest of Rattle­
snake Hill, at depths of about 200 to 300ft 5 mt north-

east of Rattlesnake Hill, but has not been encountered 
by wells more than 700ft deep south and east of Rat­
tlesnake Hill (Glancy, 1986, p 8, 1 0) Dtrect mforma­
twn about the aqmfer IS hmited to only tts shallowest 
part because no wells tap the basalt to depths greater 
than about 600ft below land surface Geophystcal data 
show the approximate lateral extent of the basalt aqm­
fer at 600 ft below land surface, however, the data are 
uncertam toward the northwest (Glancy, 1986, p 15) 
Between 1,000 and 4,000 ft, the basalt decreases m lat­
eral extent to a vertical volcamc neck about 1 mi m 
diameter 

Basalt formmg the aqmfer ranges from dense, 
fractured lava flows to basalt rubble and cmders m 
zones between the flows Wells tappmg the aqmfer 
produce more than 1 ,000 gal/mm with about 3 ft of 
drawdown, wtth httle or no measurable drawdown at 
nearby observatiOn wells The umt as a whole has a 
high transmiSSIVIty, which ranges from about 4,000 to 
170,000 ft2/d (Glancy, 1986, p 15, 18) 

In the mid-1970's, water levels m the basalt aqm­
fer mdtcated a nearly flat potentwmetnc surface at an 
altitude rangmg from 3,920 to 3,922 ft above sea level, 
with possibly a small gradtent toward the northeast 
Lico and Seiler (wntten commun , 1993) present car­
bon-14 data for ground water m the basalt aqmfer 
showmg that the estimated age mcreases from less than 
4,000 years to about 8,000 years old toward the north­
east This also mdtcates flow m that dtrectton Water 
levels m both the shallow and mtermedtate aqmfers 
ranged from 30ft above to as much as 20ft below those 
m the basalt aqmfer m the mtd-l970's The dtstnbutwn 
of these water levels mdtcates a potential m the south­
western part of the basalt aqmfer for recharge from the 
shallow and mtermedtate aqutfers, and a potenttal m 
the northeastern part of the basalt aqmfer for dtscharge 
to the shallow and mtermediate aqmfers (fig 12) 
(Glancy, 1986, p 18, 27) 

Water-level fluctuations m the basalt aqmfer 
show annual declines caused by pumpmg m summer 
months, followed by annual recovenes durmg wmter 
In the mid-1970's, the fluctuatiOns ranged from 1 to 2 
ft Seasonal fluctuatiOn also was measured at wells 
north of Rattlesnake Hill more than 5 mt from heavtly 
pumped wells, mdtcatmg the htgh transmtsstvtty of the 
basalt Ftgure 13 shows a long-term declme of about 
10ft, from a pre-pumpmg altitude of about 3,927 ft 
(Glancy, 1986, p 30) to about 3,917 ft m 1992 Thus, 
the area with downward verttcal gradtent from the shal-
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-4,200- Topographic contour- Shows altitude of land surface. 
Contour interval, 1 ,000 feet with supplemental contour 
at 4,200 feet. Datum is sea level 
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Wells- Approximately located. Open intervals , 
in feet below land surface, are as follows: 

A. 50 to 80 (fig. 11A) 

• 80 to 140 (fig. 11 8) 

• 140 to 200 (fig. 11 8) 

Figure 11. Wells drilled in intermediate aquifer since 1985, grouped on basis of depth of open interval. 
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Discharging playa- From Glancy and Katzer (1975, plate 1) 

Downward vertical gradient from shallow aquifer to 
intermediate aquifers in late 1970's; beneath valley floor 
outside this area, vertical gradient was upward from 
intermediate aquifer to shallow aquifer in late 1970's and 
1992- Modified from Glancy (1986, fig . 26) 

Downward vertical gradient from shallow and intermediate 
aquifers to basalt aquifer in late 1970's - From Glancy 
(1986, fig . 1 0) 

Upward vertical gradient from basalt aquifer to shallow 
and intermediate aquifers in the late 1970's -From Glancy 
(1986, fig. 10) 

Hydrographic area boundary- From Rush (1968} 

-4,200- Topographic contour- Shows altitude of land 
surface. Contour interval , 1 ,000 feet, with 
supplemental contour at 4,200 feet. Datum is 
sea level 

• 
• 

Extent of basalt aquifer at depth of 600 feet 
From Glancy (1986. fig . 2) 

Well in basalt aquifer where water-level 
fluctuations have been measured from 1971 to 
1992 (see fig. 13) 

Well where withdrawals are made from the basalt 
aquifer for municipal and industrial use 

46 Figure 12. Areal extent of basalt aquifer and directions of vertical gradient among shallow, intermediate, and 
basalt aquifers. 
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F1gure 13 Water-level fluctuations from 1971 to 1992 1n well completed 1n basalt aqu1fer Well locat1on 
shown 1n f1gure 12 

low and mtermedtate aqmfer to the basalt aqmfer IS 

probably larger than that detemuned by Glancy ( 1986) 
m the mid-1970's, as shown on figure 12 

Withdrawals from the basalt aqmfer have 
mcreased from about 1,700 acre-ft/yr m the 1970's to 
about 3,000 acre-ft/yr m 1992 (Larry Whtte, Ctty of 
Fallon, and Rtchard Ftelds, Naval Atr Statton, Fallon, 
wntten commun , 1993) A relatiOn developed by 
Glancy ( 1986, p 30) between pumpage and head 
dechne m the basalt aqmfer ts m agreement wtth the 
observed pumpage and water-level dechne m 1992 
(fig 14) These data support Glancy's (1986, p 30) 
analysts and the relatiOns among pumpage, recharge 
to the basalt aqmfer, pumpmg-mduced recharge, and 
dtscharge from the basalt aqmfer 

The contmued dechne of water levels m the basalt 
aqmfer, combmed wtth only shght dechnes m water 
levels m the shallow and mtermedtate aqmfers, have 
increased the potential for recharge from the shallow 
and mtermedtate aqmfers to the basalt aqmfer 

Basalt formmg the aqmfer was emplaced contem­
poraneously wtth the depositiOn ofbasm-fill sedtments 
of Quaternary age Thus, durmg htgh lake stands, 
deposits dtrectly m contact wtth the basalt were 
probably well-sorted beach sands and gravel These 
sedtmentary deposits could provtde condmts for 

recharge to the basalt aqmfer Relict channels of the 
Carson Rtver could also be pathways for recharge from 
the shallow and mtermedtate aqmfers However, the 
actual flow paths for recharge to the basalt aqmfer 
remam largely unknown 

Geothermal Aquifers 

Geothermal aqmfers m the Carson Desert have 
been tdenttfied m the Soda Lake/Upsal Hogback area 
(Olmsted and others, 1984 ), near Sttllwater WMA 
(Morgan, 1982), near Carson Lake (Katzenstem and 
B JOmstad, 1987), and near Salt Wells (Geothermal 
Resources Counctl, 1985) The geothermal flow 
systems at Soda Lake/Upsal Hogback and Stillwater 
WMA have been descnbed m detail by Olmsted and 
others (1975, 1984) and Morgan (1982) Total geother­
mal upflow beneath the floor of the Carson Desert 
could be as much as 4,000 acre-ft/yr 

Near Soda Lake, geothermal water nses from 
depths of greater than 10,000 ft, mto the mtermedtate 
aqmfer, and to wtthm 65 ft of land surface Geothermal 
water IS then mtxed With non thermal water of the mter­
medtate aqutfer and moves toward the Carson Smk 
(Olmsted and others, 1984, p 1) Near Soda Lake, 
upward flow of geothermal water ts an estimated 800 
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Glancy (1986, f1g 12) 

acre-ft/yr (Olmsted and others, 1984, p 31) Near 
Opsal Hogback, an estimated 700 acre-ft/yr of geother­
mal water nses to about 800 ft below land surface, 
where It then moves laterally through basalt flows asso­
ciated wtth Opsal Hogback (Olmsted and others, 1984, 
p 2) The source of geothermal water at both areas IS 
ground water that· was subJected to constderable evap­
oratiOn before deep circulation (Olmsted and others, 
1984, p 76) Near Soda Lake the penod of circulatiOn 
IS estimated to be from 3,400 to 34,000 years, and geo­
thermal water was dated to be from 25,000 to 35,000 
years old at Opsal Hogback (Olmsted and others, 1984, 
p 2) 

In the Stillwater area, geothermal water also nses 
from depths of greater than 10,000 ft, mto both the 
shallow and mtermediate aqmfers, to depths as shallow 
as 30 ft below land surface (Morgan, 1982, pi 2) The 
source of the geothermal water Is probably local pre­
CipitatiOn that was recharged along the front of the 
Stillwater Range and that nses along fault condmts to 
shallow depths (Morgan, 1982, p 88-89) Olmsted and 
others (1975, p 96) esttmate geothermal upftow to be 
about 2,500 acre-ft/yr, whereas Morgan ( 1982, p 82) 
estimates tt to be about 1,400 acre-ft/yr 

Much less ts known about the geothermal sys­
tems near Carson Lake and Salt Wells Near Carson 
Lake. geothermal water nses from depths of greater 
than 8,000 ft upward mto the deep and mtermedtate 
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aqutfers along fault planes to I ,000 to 1 ,500ft below 
land surface (Katzenstem and BJornstad, 1987, p 17) 
Near Salt Wells, a well tapped geothermal water at a 
depth of 700ft, but little else IS known about the sys­
tem 

WATER QUALITY 

Surface-Water Quality 

The quality of surface water m the trrtgatton dts­
tnbutiOn system does not change greatly below Lahon­
tan Dam unttl dram water enters the canal system 
(Rollms, 1965, p 8) The dtssolved-solids concentra­
tiOn of water leavmg Lahontan ReservOir ranges from 
150 to 500 mg!L, generally mcreasmg dunng lower 
flows and decreasmg dunng htgher flows (Ltco, 1992, 
p 16, Rollins, 1965, p I 0) Rollins (1965, p 9) 
reported no measurable mcrease m dtssolved-solids 
concentratiOns m the S-Lme Canal as far as 5 mt east of 
Fallofl, and only small mcreases m dtssolved solids m 
the L-Lme Canal unttl downstream from U S Route 
95 Rollins ( 1965, p 1 0) also noted that water m drams 
near the center of trrtgated lands was only slightly 
htgher m dtssolved-sohds concentratiOn than m canals 
However, a raptd mcrease m dissolved-solids concen­
tratiOn was noted m drams nearer to the Carson Lake, 
Stillwater WMA, and Carson Smk areas More recent 
work by Serttc and others ( 1988, p 47) shows a stmtlar 
dtstnbutiOn of dtssolved solids m the L-Lme Canal 
dunng 1986 Hoffman and others ( 1990, p 29) note 
about a nme-fold mcrease m dtssolved solids from 
Lahontan Reservmr to the Sttllwater WMA 

The quality of water m drams neat the ground­
water dtscharge areas of the Carson Smk, Sttllwater 
WMA, and Carson Lake ts generally poor Tabaet 
( 1991, p 46) suggests that the water quality of the 
nearby shallow aqmfer has an effect on the quality of 
dram water Hoffman (1994) suggests that deeper 
drams generally mtercept a greater proportiOn of shal­
low ground water and have htgher dtssolved-solids 
concentration than shallower drams Newly mstalled 
drams are noted to have poor water quality (Bureau of 
Reclamation, l987c, p 19, Rollms, 1965, p 8, CH2M 
Htll, 1989, p 4-35) The authors of these reports spec­
ulate that water quality wtll Improve over ttme as trrt­
gatton leaches salts from sotls and dnves poor-quality 
ground water toward drams 

The Bureau of ReclamatiOn ( 1987c, fig 5) reports 
that the dtssolved-soltds concentratiOn m dram water 
on the Fallon lndtan ReservatiOn ranges from about 
500 to 800 mg!L m the Patute Dram and from about 
8,000 mg!L to 16,000 mg/L m the TJ Dram Ltco 
( 1992, p 14) reports that dram water entenng Stillwa­
ter WMA contamed from 300 to 120,000 mg/L dts­
solved sohds and that concentratiOns ot arsemc, boron, 
and uranmm commonly exceeded Nevada dnnkmg­
water standards or cntena for agncultural use and ben­
efictal use by wtldhfe Hoffman and others ( 1990, 
p 36-37) report selemum concentratiOns m surface 
water near Sttllwater WMA were below the detectiOn 
hmtt, however, the Bureau of Reclamation (1987c, 
p 2) report concentratiOns as htgh as 24 ~giL near the 
Fallon Indtan Reservation Dtssolved mercury m sur­
face water ranged from less than 0 1 to 1 1 ~g/L near 
Stillwater WMA (Hoffman and others, 1990, p 36) 
Rollms (1965, p 9) reports a maxtmum dtssolved­
sohds concentratiOn of 5,000 mg!L m the Carson Rtver 
upstream from the Carson S mk Rowe and others 
( 1991, p 96-97) report maxtmum dtssolved-solids con­
centrations of 2,000 to 3 000 mg!L for drams entenng 
Carson Lake 

The quality of water flowmg m drams fluctuates 
seasonally Rollms ( 1965, p 1 0) notes that the concen­
tratiOn of dtssolved solids was low dunng trrtgatiOn 
months, mcreasmg sharply at the end of trngatiOn, and 
contmumg to mcrease until the start of trngatiOn m the 
followmg spnng Stmtlar seasonal fluctuations, along 
wtth large daily fluctuatiOns m dtssolved-solids con­
centratiOns, have been measured more recently by 
Rowe and others ( 1991, p 16), Ltco ( 1992, p 15), and 
Toku11aga and others (1990) Dram flow dunng the 
tmgauon season contams water from operatiOnal 
sptlls, trrtgatiOn return flow, and ground-water seepage 
Dunng the non-trrtgatiOn season, ground-water seep­
age supplies dram flow (Hoffman, 1994) Ground 
water near the dtscharge areas of the basm ts generally 
htgh m dtssolved solids, mcreasmg the dtssolved­
sohds concentratiOn of dram water dunng the non­
trngatiOn season Ltco ( 1992, p 18) esttmates that 
ground water contnbutes about 30 percent of the 
dtssolved-soiids load m the TJ Dram 

Rollms (1965, p 14) also noted that dunng a 
penod of three drought years, dtssolved-solids concen­
tratiOn mcreased markedly after the end of trrtgatiOn 
He suggested that decreasmg dramage flow by chang­
mg water use and ProJect efficiency could produce stm­
tlar decreases m the water quality m dram flows leavmg 
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trngated lands Gtven the large dmly fluctuatiOns m 
dissolved sohds noted m dram flow, contmuous records 
at the same locatiOn could have determmed whether 
similar mcreases m dissolved sohds took place dunng 
the most recent drought These data do not exist Con­
tmued water-quality momtonng of dram flow would 
mcrease the understandmg of how quahty mtght 
change wtth changes m water use 

The load of dissolved sohds leavmg Irrigated 
lands of the Carson Dtvtston was estimated by Clyde­
Cnddle-Woodward (I 97 I, p 27) to be about I ton/acre 
dunng 1966 Recent measurements by Ltco ( 1992, p 
19) showed that the load of dissolved sohds from mdt­
vtdual drams entenng Stillwater WMA ranges from 3 
to 50 ton/d wtth a total of about I 22 ton/d m 1989 
Hoffman (m press) showed that TJ and Hunter Drams 
supplied about 28 percent of the total load, although 
they supplied only about 5 percent of the flow volume 

Ground-Water Quality 

Ground water m the Carson Desert vanes greatly 
m compositiOn and quality, rangmg from a dilute cal­
cium bicarbonate type m the western part of the basm 
and beneath 1rngated lands, to a sahne, sodwm chlo­
nde type beneath areas of ground-water discharge near 
Carson Smk, Stillwater WMA, and Carson Lake (Ltco 
and Seller, I 994) 

Processes controllmg ground-water quahty m the 
Carson Desert have been ongomg for many thousands 
of years Pnor to the New lands ProJect, large volumes 
of fresh water carrymg sediments and dissolved sohds 
from the Carson Rtver annually flooded the western 
part of the basm Before diversiOn ofthts water for Irri­
gatiOn, most surface-water flow was restncted to the 
mam natural channels of the Carson Rtver Some water 
was lost to seepage m the western part of the basm, but 
most probably flowed to the Carson Smk, Carson Lake, 
and Stillwater areas and was lost to evaporatiOn, leav­
mg behmd the dissolved sohds Water lost to seepage 
was discharged by transpiratiOn and evaporatiOn, 
resultmg m an accumulatiOn of dissolved sohds m the 
soil profile and m the shallow aqmfer The dtstnbutiOn 
of sulfate, chlonde, and alkahmty m the shallow aqUI­
fer under these conditiOns was documented by Stabler 
( 1904) 

Stabler ( 1904) documented the dtstnbutiOn of 
chlonde (an mdtrect measure of the dtssolved-sohds 
concentration) m the shallow aqutfer He shows that, 

m the western part of the basm, near the center of the 
basm, and along channels of the Carson Rtver, shallow 
ground water contamed less than I ,000 mg/L of chlo­
nde Between the nver channels 5 to 6 m1 downgradt­
ent from Fallon, concentratiOns mcreased to more than 
5,000 mg/L and mcreased to more than I 0,000 mg!L 
near Carson Lake, more than 25,000 mg/L near Still­
water WMA, and more than 50,000 mg!L near the 
Carson Smk 

The natural processes controllmg water quality 
were altered by IrrigatiOn for the New lands ProJect 
Today, under normal flow conditiOns, large volumes of 
water seep from d1stnbut10n canals and Irrigated fields 
on the western and central parts of the basm, dn vmg 
subsurface ground-water flow toward drams mstalled 
for the ProJect and toward ground-water dtscharge 
areas m the northern, eastern, and southern parts of the 
basm 

However, the overall dtstnbutiOn of dissolved 
sohds m ground water shown by Ltco and Seller (1994) 
IS stmllar to that shown by Stabler ( 1904) Dissolved­
solids concentrations m the shallow and mtermedtate 
aqutfers are generally less than 1 ,000 mg!L wtthm 5 to 
6 m1 downgradtent from Fallon More than 5 to 6 m1 
downgradtent from Fallon, concentratiOns mcrease to 
more than 1 ,000 mg!L and to more than 1 0,000 mg/L 
near discharge areas 

Water-quality charactensttcs dtstmgmshmg the 
shallow, mtermedtate, and deep aqmfers have been 
descnbed m previOus sectiOns Welch and others 
(1989, figs 35A-D) descnbed the general dtstnbutiOn 
of water quality m companson With dnnkmg-water 
standards for the State of Nevada They show that con­
centratiOns of sulfate, chlonde, fluonde, and dissolved 
sohds exceed standards near the Upsal Hogback, Still­
water WMA, and Carson Lake areas, north, east, and 
south of a radws about 9 to I 0 mi from Fallon Stan­
dards for arsemc and manganese are exceeded at sites 
throughout the Carson Desert and standards for Iron are 
exceeded m areas generally west of US Route 95 
(Welch and others, 1989, fig 35E-G) Proposed stan­
daids for uramum are exceeded most commonly m the 
shallow aqmfer near ground-water discharge areas 
(Ltco and Seller, 1994) 

The nse m water levels from IrrigatiOn has caused 
previOusly unsaturated sedtments to become saturated, 
changmg the geochemical environment Processes 
associated w1th saturatiOn of previOusly unsaturated 
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sedtments may be the cause of htgh concentratiOns of 
tron, manganese, and uramum in the Carson Desert 
(Ltco and Seiler, 1994) 

The followmg secttons descnbe water quahty of 
the mdtvtdual aqutfers m greater detail 

Shallow Aqu1fer 

Water quality changes greatly m the shallow aqUI­
fer from west to east Dtssolved-soltds concentrations 
m the shallow aqmfer range from less than 250 mg/L 
west of Fallon to more than 1,000 mg/L east of Fallon 
(Glancy, 1986, pi 1 ), more than 40,000 mg/L near 
Carson Lake (Ltco and Seiler, 1994 ), and more than 
90,000 mg/L near Sttllwater (Ltco, 1992, p 20) 

Ltco and Seiler (1994) have shown that shallow 
ground water has a medtan pH of 7 4 and substantiate 
Glancy's ( 1986) statement that ground water m the 
shallow aqmfer ts generally hard, contrastmg wtth 
water m the mtermedtate aqmfer that has a htgher pH 
and ts soft Concentrations of dtssolved arsemc gener­
ally exceed the dnnkmg-water standard for the State 
of Nevada, and range from less than 50 !lgiL to over 
I 50 !lgiL (Glancy, I 986, pl I) 

Supenmposed on these general trends, water 
quality wtthm the shallow aqmfer has been shown to 
vary dramatically over short dtstances both laterally 
and verttc ally Glancy ( 1986, p 50) attnbutes thts van­
atiOn to the uneven redtstnbutiOn of naturally occurnng 
salts m the sotl profile that have been flushed laterally 
and verttc ally by trrtgatton The complex lithology of 
the shallow aqmfer has mftuenced the redtstnbutiOn of 
these salt5 and produced the present dtstnbutiOn of 
water quality Ltco and Seiler ( 1994) and Ltco and oth­
ers ( 1987) note that these abrupt changes are also, m 
part, controlled by proxtmtty to canals, drams, trngated 
fields, and by evapotranspiratiOn 

Water quahty of the shallow aqmfer near areas 
of ground-water dtscharge ts generally unacceptable 
for human consumption, commonly exceedmg dnnk­
mg water standards for the State of Nevada for some 
constituents Near Sttllwater WMA concentratiOns of 
dtssolved sohds, arsemc, and uramum exceeded dnnk­
mg-water standards for the State of Nevada and cntena 
for agncultural use and benefictal use by wlldltfe dts­
solved-solids concentratiOns ranged from about 13,000 
to 70,000 mg/L, arsemc concentratiOns 1 anged from 
37 to 730 11g/L, boron concentratiOns ranged from 
22,000 to 120,000 !lg/L, uramum concentratiOns 
ranged from 16 to 950 !lgiL, and both mercury and 

selenwm concentratiOns were below detection hmtts 
(Hoffman and others, 1990, p 32-39) Near the Fallon 
lndtan Reservation, dtssolved-sohds concentrations 
ranged from 23,000 to 109,000 mg/L (Tokunaga and 
others, 1990, p 13), concentratiOns of arsemc, boron, 
and manganese all exceeded standards for drmkmg 
water or recommended standards for agncultural crops 
(Ttdball and others, 1991, p 18) Near Carson Lake, 
concentrations of dtssolved solids, sulfate, arsemc, 
boron, manganese, and uranwm exceeded extstmg and 
proposed standards for dnnkmg water and agncultural 
use Measured concentratiOns were dissolved sohds, 
25,000 to 49,000 mg/L, sulfate, 5,600 mg/L, arsemc, 
61 !lg/L, boron, 22,000 !lgiL, manganese, 1 ,500 !lg/L, 
and uranwm, 310 11g/L (Hoffman and others, 1990, 
p 116, Lico and Seiler, 1994) 

Intermediate and Deep Aquifers 

Ground water m the mtermediate aqmfer IS gen­
erally of acceptable quahty for human consumption 
beneath mhabtted areas near Fallon The area where 
water quahty IS acceptable extends at least 12 mi west­
northwest of Fallon and at least I 0 mt north-northeast 
of Fallon along the Carson River, but perhaps only 
about 5 mt to the southeast of Fallon (Glancy, 1986, 
p 54) Withm thts area, the concentratiOn of dtssolved 
solids ranges from about 100 up to 1 ,000 mg/L In 
areas dtstant from Fallon, dtssolved-solidc;; concentra­
tions are about 6,000 mg/L near Soda Lake, from 1 ,000 
to about 5,000 mg/L near Upsal Hogback, from 4,000 
to 8,000 mg/L near Stillwater WMA, and about 1 ,000 
mg/L 2 mt north of Carson Lake (Lico and Seiler, 
1994) No samples from the mtermedtate aqutfer 
directly beneath Carson Lake have been analyzed 

As dtscussed previously, water m the mtermedt­
ate aqmfer ts generally soft except west of Soda Lake 
The pH of the mtermediate aqmfer ts htgher than that 
of the shallow aquifer, wtth a median value of 9 1 near 
Fallon (Ltco and Seiler, 1994) Concentrations of dts­
solved arsemc are generally less than 25 !lgiL west of 
Fallon, mcreasmg to more than 150 11g/L beneath and 
southeast of Fallon, and range from 2 to 1 ,400 !lg/L 
near Stillwater WMA (Glancy, 1986, pi 2, Rowe and 
others, 199 I, p I 90) State of Nevada dnnkmg-water 
standards for manganec;;e are exceeded at c;;everal loca­
ttons near and wec;;t of Fallon, and standards for dts­
solved sohds and chlonde are exceeded near Upsal 
Hogback, Stillwater WMA, and Carson Lake (Ltco and 
Seiler, 1994) 
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Ltttle ts known about the quality of water m the 
deep aqmfer Glancy ( 1986, p 21) mfers that tt ts prob­
ably mostly sal me, based on tts electncal reststtvtty 
near the basalt aqutfer He further states that dtssolved­
soiids concentratiOns are probably greater than I ,000 
mg/L m all parts of the aqutfer, may average about 
5,000 mg/L, and locally could greatly exceed 5,000 
mg/L 

Basalt Aqu1fer 

Ground-water quality m the basalt aqmfer ts dts­
tmcttvely dtfferent from the sedtmentary aqmfers, and 
tts charactensttcs vary over a much narrower range It 
ts a sodmm btcarbonate chlonde water wtth concentra­
tiOns of dtssolved sohds rangmg from about 300 to 
almost 700 mg/L It has a medtan pH of 9 3, and ts um­
formly soft wtth a hardness from 3 to II mg/L (Glancy, 
I986, table 5) Both of these charactensttcs are stmtlar 
to those m the mtermedtate aqmfer Arsemc concentra­
tiOns exceed dnnkmg-water standards for the State of 
Nevada and range from about 70 to over I40 !lgiL 

Glancy ( 1986, p 20) noted that concentratiOns 
of dtssolved sohds, sodmm, alkaiimty, chlonde, and 
boron mcrease from the southwest to the northeast m 
the basalt aqmfer Glancy ( 1986, p 20) used thts as 
evtdence for flow m that dtrectiOn, as also suggested 
by water-level data 

Glancy ( I986) suggests that ground water m the 
basalt aqmfer represents a blend of fresh and saline 
water, posstbly caused by mtxmg of saline water from 
the deep aqmfer and fresh water from the mterrnedtate 
aqmfer If the saiimty of the deep aqmfer ranges from 
I ,500 to I 0,000 mg/L, ground water m the basalt aqut­
fer could represent a blend of 73 to 96 percent water 
from the mterrnedtate aqmfer and 27 to 4 percent water 
from the deep aqmfer, respectively (Glancy, I986, 
p 21) 

Data from I962 to I992, whtch are dtscussed 
later, suggest that chlonde and arsemc concentratiOns 
m the basalt aqmfer are mcreasmg near areas of pump­
mg The source of chlonde and arsemc ts assumed to 
be mflow of water from the surroundmg aqmfers 

Extstmg wells m the basalt aqutfer and m nearby 
sedimentary aqmfers extend to only 500 to 600ft 
below land surface and data on water quality deeper m 
the aqutfer do not ex 1st Contmued use of the basalt 
aqutfer for public supply could be ltm1ted 1f non potable 
water ts present at depth w1thm the aqutfer Water­
quality data for depths greater than 500ft m and near 

the basalt aqutfer would determme the amount of pota­
ble water available m the basalt aquifer and refine the 
understandmg of recharge mechamsms to the basalt 
aqmfer 

Geothermal Aqu1fers 

D1ssolved-sohds concentratiOn m geothermal 
water near the Soda Lake/Upsal Hogback area ranges 
from 4,000 to 6,000 mg/L (Olmsted and others, I984, 
p I43) In the Stillwater area, geothermal water ts 
more dilute than ground water m the shallow and mter­
medtate aqutfers, havmg an average dissolved-sohds 
concentratiOn of about 4,000 mg/L (Morgan, I982, 
p 53) In both areas, geothermal water ts distmgmshed 
by higher concentratiOns of stltca and, at some sttes, 
fluonde when compared wtth non-geothermal water 
(Olmsted and others, I984, table I7, Morgan, I982, 
table 7, L1co and Setler, I994) 

Variation in Quality 

In this sectiOn, vanations m ground-water quality 
are statistically analyzed to (I) determme If trrtgatiOn 
has measurably affected ground-water quahty, 
(2) evaluate the extstmg data set for 1ts usefulness m 
determmmg the potenttal effects of reduced trngatiOn 
on ground-water quality, and, tf posstble, (3) estimate 
the potenttal effects of reduced trrigatton on ground­
water quality Presumably, changes m the quantity of 
water applied for trngatiOn would affect water quahty 
m the shallow aqmfers to a greater degree and more 
qmckly than water m the deeper aqmfers Because 
water m the shallow aqmfer system IS the pnmary 
source of recharge to the deeper aquifers, any changes 
m the shallow ground-water quality may lead to 
changes m the other aqmfers 

To deterrnme the effects of trrtgatton, the basm 
was divided mto four hydrologtc zones that are thought 
to have stmtlar dommant processes controlling ground­
water flow and quality In and near trrtgated lands, the 
shallow ground-water flow system ts thought to be 
dommated by the process of downward and lateral 
flushmg by fresh surface water Areas of ground-water 
discharge are thought to have dommantly upward 
ground-water flow, and processes controllmg water 
quahty are thought to be dommated by evaporative 
concentratiOn Upgradtent from ground-water dis­
charge areas and away from trngated lands, ground-
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water flow IS thought to be dommantly lateral, although 
the water quality can nonetheless be affected by evapo­
transpiration 

The four hydrologic zones are (I) Irngated areas 
havmg dommantly lateral ground-water flow (termed 
lateral-flowltrngated areas), (2) non-Irngated areas 
havmg dommantly lateral flow (lateral-flow/non-Irri­
gated areas), (3) trngated areas where ground-water 
drscharge dommates (dtschargeltrngated areas), and 
(4) non-trngated areas where dtscharge dommates 
( dtscharge/non-trrtgated areas) The trrtgated and non­
trngated areas, and overlappmg lateral-flow and dis­
charge areas, are shown m figure 15 Because data on 
vertical gradients are sparse, marshlands deptcted on 
USGS I I 00,000-scale Fallon and Carson Smk quad­
rangle maps were used to delmeate the ground-water 
discharge areas The Irngated areas shown m figure 15 
are generalized from digttal data obtamed from the 
Bureau of Reclamatton (fig I) and mclude small, tso­
lated tracts that are not Irrtgated but are ~urrounded by 
Irngated lands 

Exi~,tmg water-quality data for wells m each zone 
were statistically analyzed to determme tf stgmficant 
dtfferences (as defined m followmg sect10n) m ground­
water quality were dtscemtble Also analyzed were 
water-quality d1fferences for depth zones withm the 
shallow aqmfer, between the shallow and mtermediate 
aquifers, before and after large-scale ProJect trrtgatlOn 
began m the early 1900's, and m the basalt aqmfer from 
the early 1960's to 1992 

Three approaches that mtght yteld useful mfor­
matton about the effects of trrtgatlOn on the shallow 
ground-water quality have been considered Ftrst, 
shallow water quality wtthm the four hydrologtc zones 
ts compared because dtfferences m water quahty 
between trrtgated and non-tmgated areas may reflect 
the effects of trrtgatlOn A second approach would be 
to compare water quality beneath trrtgated land dunng 
a penod of reduced trngattOn-water dehvenes wtth 
water quality dunng more typtcal penods The number 
of multiple analyses from mdtvtdual wells, however, Is 
not suffictent for a stattsttcal companson usmg thts 
approach The thtrd approach ts a com pan son of water 
quality m the shallow aqutfer before and after wtde­
spread ProJect trrtgatlOn began, because the removal of 
trngattOn water presumably would eventually lead to 
water-quality conditiOns stmtlar to those present pnor 
to wtdespread trrtgatlOn 

The data set used m thts analysts ts that stored m 
the USGS NatiOnal Water InformatiOn System data 
base, largely assembled by the Carson Basm National 
Water-Quality Assessment (N AWQA) Program of the 
USGS (Welch and others, 1989, Whttney, 1994) The 
data mclude samples analyzed by the USGS, the 
Nevada State Health Servtces Laboratory, and pnvate 
laboratones smce about 1975, and data collected and 
analyzed by Stabler ( 1904) pnor to wtdespread ProJeCt 
trngattOn 

Constttuents selected for com pan son are calc tum, 
sodtum, sulfate, chlonde, arsemc, tron, and manga­
nese, along wtth dtssolved-solids content Concentra­
tiOns of these constttuents and of dtssolved solids can 
be used to delineate the effects of evapotransptratton 
and oxtdattOn-reductton reactiOns on ground-water 
quality m the Carson Desert 

The maJOr constttuents-sodtum, calctum, sul­
fate, and chlonde-dommate the dissolved sohds m 
the shallow aqmfers and are largely affected by evapo­
ratt ve concentratiOn (Ltco and Seiler, 1994) The 
other constttuents dtscussed, whtch are present at 
much lower concentratiOns, are mcluded because they 
are Important m relatiOn to Nevada dnnkmg-water 
standards and are m solution pnmanly as a result of 
oxtdat10n-reduct10n reactiOns rather than evaporattve 
concentratiOn OxtdattOn-reducttOn, or redox, reac­
tiOns occur when one or more electrons move from one 
atom to another, and the reactiOns are affected by the 
amount of oxygen dtssolved m ground water The 
resultmg change m oxtdattOn state of some elements, 
such as tron and manganese, greatly affects thetr solu­
bthty m water Iron and manganese are only spanngly 
soluble m water contammg oxygen, whereas htgher 
concentrat10ns are common m water contammg little or 
no oxygen The presence of moderate to htgh concen­
trattons of these two metals can be taken as evidence of 
chemtcally reduced condtttons Oxtdes of these met­
als, whtch are commonly present as coatmgs on aqmfer 
sedtments, can act as a host for sorbed arsemc The 
arsemc can be released to ground water etther through 
dtssoluttOn of the oxtdes or by desorpt10n (Welch and 
Ltco, 1988) 

Display of Water-Quality Data and Stat1st1cal Analysis 

Boxplots are used to display the large number of 
data pomts mcluded m thts analysts Boxplots, like 
those m figure 16, display summary statisttcs regardmg 
the dtstnbut10n of reported concentratiOns (Tukey, 
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Shallow aquifer after about 1975 (fig. 158) - From Welch and others 
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data base (U.S. Geological Survey, Carson City, Nev.) 

From Rush (1968) A Intermediate aquifer after about 1975 (fig. 158)- From Welch and 
others (1989); Whitney (1994); and National Water Information 
System data base (U.S. Geological Survey, Carson City, Nev.) 

54 Figure 15. Extent of four hydrologic zones and wells sampled (A) in shallow aquifer before widespread 
irrigation began, and (B) in shallow and intermediate aquifers after about 1975. 
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Figure 16. Summary statistics for concentrations of dissolved solids and constituents in 
ground water of shallow aquifer beneath four hydrologic zones after about 1975. Abbrevia­
tions: Ll, lateral-flow/irrigated zone; LN, lateral-flow/non-irrigated zone; 01, discharge/irri­
gated zone; ON, discharge/non-irrigated zone. 
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1977, p 39-41) The statiStical components are repre­
sented VI~,ually by features known as "boxes" and 
"whisker~ " The box dehnes the spread of the middle 
50 percent of the data (concentrations that he between 
the 25th and 75th percentiles) The median value (the 
50th percentile) IS shown by a honzontallme Withm the 
box Verticallmes, which extend from the ends of the 
box to the maximum and mimmum values, are called 
whiskers 

Nonparametnc rather than parametnc statiStics 
are presented because water quality and other environ­
mental data commonly do not, or cannot, be proved to 
fit some known and common numerical distribution 
Additionally, extreme values are common m water­
quality data Extreme values can greatly affect esti­
mates usmg parametric statistics Nonparametric 
approaches use data ranks rather than actual values and 
do not require any assumptiOns regardmg the numeri­
cal distributiOn of the data Nonparamettic approaches 
also avOid problems wtth extreme values that can 
greatly mftuence estimates of central tendency Non­
parametric tests are only slightly less effictent than 
parametric approaches when the data are normally dts­
tnbuted, and are more efficient when the data are not 
normally dtstributed (Hollander and Wolfe, 1973, p I) 

For a companson of medtans, or central tendency, 
the Mann-Whitney U-test (Conover, I980) ts used 
The Mann-Whttney test yields a test stattsttc called a 
p-value For the purposes of thts report, the dtfference 
between medtan values ts considered to be statistically 
stgmficant only tf the p-value IS less than 0 I The 
confidence level Is equal to one mmus the p-value, 
expressed as a percentage Accordmgly. a p-value of 
0 1 ts equal to a 90-percent confidence level Compar­
Isons of groups of data are reported only when five or 
more values are present for each group 

The Mann-Whitney test allows companson of 
medians ( 1) among the four hydrologic zones for the 
shallow and mtermedtate aqmfers, (2) between the 
shallow and mtermedtate aqmfers, and (3) for the 
shallow aqmfer before and after Widespread Irngatwn 
began m the early 1900's 

Results of the Mann-Whitney U-tests are dis­
played usmg schematic diagrams that are map and 
cross-sectiOnal views of the hydrologic zones and aqm­
fers delmeated m the Carson Desert In the map-view 
dtagrams (such as fig 17), arrows mdicate constituents 
havmg medtan concentratiOns that are sigmficantly 
higher m the zone where they are hsted than m the zone 

from which the arrow origmates In the cross-sectiOnal 
diagrams (fig 22), compansons are made between the 
shallow and Intermediate aquifers, with constituents 
havmg significantly higher medtan concentratiOns m 
the aqmfer where they are listed than m the other aqm­
fer 

The data mclude multiple analyses for some 
wells To avoid statistical bias toward such wells, only 
the most recent analyses are used m com pan sons of the 
hydrologic zones Similarly, m areas with closely 
spaced wells, the analytical results for only one of the 
wells are mcluded m comparisons among aqmfers and 
hydrologtc zones The most recent analysts smce 1975 
IS used because analytical precision and accuracy gen­
erally have Improved MaJor-IOn analyses were not 
used If the absolute value of the difference between the 
mtllieqmvalents per liter of the cations and amons, 
divided by the sum of the two, IS greater than 10 per­
cent 

Statistical evaluatiOn of water-quality data for 
time trends used the program ESTREND (Schertz and 
others, 1991 ), whtch produces a p-value for the Mann­
Whitney test (Kendall, 1975) This method IS a non­
parametric approach The data for the basalt aqutfer 
mclude results of analyses for samples collected from 
about I962 through 1992 For the few sttes where 
more than one analysts ts available for a smgle year, the 
medtan value was used 

Companson of Present-Day Water Quality 1n the 
Hydrologic Zones 

The companson of ground-water quality m the 
shallow aquifer beneath the four hydrologtc zones 
IS based on the assumption that ground water m the 
uppermost 50 ft beneath the Irngated land was 
recharged by trngatwn To test this assumptiOn, com­
pansons were made of water quality from wells tap­
pmg dtfferent depth ranges wtthm 50ft of the land 
surface beneath the lateral-ftowltrrtgated zone The 
comparisons suggest that water from wells tappmg the 
upper 20ft below land surface has medtan concentra­
tions similar to water from wells tappmg depths from 
20 to 50 ft below land surface An exception ts arsemc 
concentratiOns, which are significantly htgher m the 
uppermost 20ft Thus, the water from land surface to 
depths of 50ft has probably had a stmtlar genesis and 
ts presumably a product ot recharge by IrrigatiOn water 
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Median concentrations of most of the selected 

constituents are generally higher in the discharge zones 

than in the lateral-flow zones (figs. 16, 17). Higher 

concentrations are expected because water in the dis­

charge zones is affected to a greater degree by evapora­

tive concentration (Lico and Seiler, 1994 ). 

Additionally, upflow from the intermediate aquifers 

beneath the discharge zones contributes water with 

higher dissolved-solids concentrations than the irriga­

tion water. The higher arsenic, iron, and manganese 

concentrations are likely a result of low dissolved-oxy­

gen concentrations, causing dissolution of iron and 

manganese oxides. 

Lateral-flow/ 
non-irrigated zone 

Lateral-flow/ 
irrigated zone 

Of the selected constituents, only chloride has 
significantly different median concentrations within 
the two lateral-flow zones of the shallow aquifer, with 
higher medians in the non-irrigated areas (fig. 17). 
Otherwise, water quality in the lateral-flow/non-irri­
gated zone appears similar to that in the lateral­
flow/irrigated zone. This suggests that irrigation has 
lowered chloride concentrations in the irrigated zone, 
possibly due to dilution. If this conclusion is correct, 
then irrigation has had only a minor effect on the over­
all water quality in the shallow aquifer. 

Among data for the two discharge zones, only 
manganese has significantly different median concen­
trations (fig. 17). However, only five analyses are 

Discharge/ ~ 
non-irrigateg zone 

Ca, Na, Cl, S04, OS 
As, Fe 

Discharge/ 
irrigated zon~, 

Figure 17. Differences in ground-water quality in shallow aquifer beneath four hydrologic zones after 
about 1975. Median concentrations of dissolved solids and indicated constituents are significantly 
higher statistically in labeled zones than in zones from which arrow points . As , arsenic: Ca. calcium: 
Cl, chloride; DS, dissolved solids; Fe, iron; Mn, manganese; Na, sodium; 804, sulfate. 
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avatlable for the dtscharge!trngated zone, makmg any 
conclusiOns based on thts companson tenuous The 
htgher manganese concentrations m the dtscharge/non­
trngated zone may reflect a greater mfluence of upflow 
from the mtermedtate aqmfer that contams little or 
no oxygen More samples obtamed from the dts­
charge!trngated zone would provtde a firm bash for 
thts concluston 

The concluston that trngatton has had only a 
mmor effect on water m the shallow aqmfer could be 
complicated by dtfferences between the two lateral­
flow zones The lateral-flow!trngated zone ts generally 
closer to ~urface-water sources of recharge, and sotls 
wtth extremely low permeabthttes may have been 
unsmtable for crop production Thus, recharge wtthm 
the trrtgated zone may be assoctated wtth more perme­
able deposits to a greater degree than wtthm the non­
trngated zone 

To evaluate the posstble assoctattans of water 
quality w1th permeabthty, data for areas wtth htgh and 
low permeability m the Fallon FormatiOn (pi 3) were 
compared mall four hydrologic zones The medtan 
arsemc concentratiOn m wells located where less per­
meable sedtments are exposed ts htgher than m wells 
located where more permeable sedtments are exposed 
No other "elected constttuent has stattsttcally dtfferent 
medtan concentrations m the two groups of analyses 

Near-surface channel deposits mapped by Morn­
son ( 1964) also mdtcate the presence of sediments with 
relatively htgh permeabihttes Medtan concentrations 
of selected constituents m ground water less than 30 ft 
below land surface were grouped by determmmg 
whether a wellts underlam by a mapped channel 
deposit The 30-ft depth was arbitranly chosen as an 
estimate of a reasonable hmtt for the thtckness of chan­
nel depostts In the lateral-ftow!trrigated zone, how­
ever, less than five sampled wells are at locatiOns 
underlam by channel depostts Addtttonal samples 
obtamed from channel deposits would provtde a means 
to evaluate their effect on the distnbutiOn of water 
quality 

Water Quality Before and After Widespread ProJect 
lrngat1on Began 

A comphcatmg factor m the com pan son of water 
quality before and after widespread ProJect IrrigatiOn 
began IS that the same wells were not sampled before 
and after the onset of trr1gat10n (fig 15) The statiStical 
effect of the two sets of sample locattons cannot be 
determmed Nonetheless, a few dtfferences m the 

dtstnbutiOn of the sampled wells may be pertment 
Ftrst, a greater proportion of the pre-trrigatton sttes 
were near the Carson Rtver m the lateral-flow zones 
Because the dilute water of Carson Rtver was a maJor 
source of recharge to the shallow aqutfer pnor to Irriga­
tiOn, the older data mtght be expected to represent sam­
ples wtth lower concentrations than the more recent 
data Second, many of the wells sampled before New­
lands ProJect trngattan m the d1scharge!trngated zone 
are near the town of Sttllwater (fig 15A), compared 
wtth a more evenly dtstnbuted set of wells sampled m 
that zone after the onset of trrtgatiOn (fig 158) Thtrd, 
at the ttme the Newlands ProJect began, about 1903, 
approximately 14,000 acres were already under cultt­
vatton (Lee and Clark, 1916, p 670) Therefore, some 
of the water sampled by Stabler (1904) may have 
already been affected by trngattan Samples collected 
pnor to wtdespread IrrigatiOn were analyzed for sul­
fate, chlonde, and dtssolved soltds (Stabler, 1904) 

A com pan son of medtan concentrations of sul­
fate, chlonde, and dissolved solids pnor to ProJect trn­
gattan mdtcates dtfferences between the four zones at 
that ttme (figs 18, 19), mcludmg htgher sulfate and dts­
solved-sohds concentratiOns m the lateral-flow!trn­
gated zone compared to the lateral-ftow/non-trngated 
zone In contrast, post-trngatton data are not signtfi­
cantly dtfferent, except for chlonde (fig 17) Htgher 
concentrations pnorto wtdespread trrtgatton tmply that 
sulfate and dtssolved solids m the lateral-flow zone 
decrea<o;ed m response to trngatton practtces (fig 20A) 
The medtan sulfate, chlonde, and dtssolved-sohds con­
centrations pnor to wtdespread trngatiOn are greater m 
both dtscharge zones than m the two lateral-flow zones 
(fig 19) Data collected after wtdespread trngattan 
began generally mdtcate the same relattons 

The compansons suggestmg that sulfate has 
decreased smce the onset of trrtgattan have the complt­
catmg factor that the samplmg and analysts techmques 
reported by Stabler ( 1904) mtght not be dtrectly com­
parable to those presently used Of particular concern 
ts that most samples used for evaluatiOn of current con­
dttions were filtered pnor to analysts, whereas the pre­
trngatton samples almost certamly were not Unfil­
tered samples may produce greater values tf samples 
contam suspended matenal Therefore, even tfthe ana­
Iyttcal techmques produce comparable results, the ear­
her samples could contam matenal that would not pas<o; 
through the filters currently bemg used 
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Figure 18. Summary statistics for concentrations of chloride, sulfate, and dissolved solids in ground water of 
shallow aquifer beneath four hydrologic zones before widespread irrigation began. Abbreviations: Ll, lateral­
flow/irrigated zone; LN, lateral-flow/non-irrigated zone; Dl, discharge/irrigated zone; DN, discharge/non-irrigated 
zone. 

On the basis of only six to seven samples 
(fig. 208), median concentrations of sulfate, chloride, 
and dissolved solids in the shallow aquifer of the dis­
charge/irrigated zone appear to have increased since 
the beginning of irrigation. As noted above, the clus­
tering of pre-irrigation sample sites around the town of 
Stillwater makes this comparison problematic. 

Water Quality in the Shallow and Intermediate Aquifers 

Most of the measured constituents and dissolved 
solids have higher median concentrations in the shal­

low aquifer than in the intermediate aquifer (figs. 21 
and 22). These higher concentrations are consistent 
with a greater influence of evapotranspiration in the 
shallow aquifer. One notable exception is that of iron 
in both lateral-flow zones, where the median concen­
trations are greater in the intermediate aquifer than in 
the shallow aquifer (figs. 21 and 22). The higher iron 
concentrations imply low dissolved-oxygen concentra­
tions (more reduced conditions) in the intermediate 
aquifer in these two zones. Generally higher concen­
trations of other constituents in the shallow aquifers 
than in the intermediate aquifers suggest recharge of 
the intermediate aquifers by relatively dilute surface 
water moving downward along preferential flow paths. 
This flow is either on the west side of the basin or 

through relict channel deposits near the center of the 

basin, rather than by diffuse downward flow from the 

shallow aquifer. 

Median concentrations of sodium and chloride 

in the intermediate aquifer are greater in the dis­

charge/non-irrigated zone than in either lateral-flow 

zone (fig. 23). Discharge-zone ground water probably 

has a greater residence time than water in the lateral­

flow zones, resulting in higher dissolved-solids con­

centrations. Similarly, water in the lateral-flow/non­

irrigated zone is farther away from the probable 

recharge areas than water in the lateral-flow/irrigated 

zone, which may contribute to the higher concentra­

tions of calcium, sodium, chloride, and dissolved solids 

in the non-irrigated zone. 

Among the three zones having more than five 

sampled sites in the intermediate aquifer, the lateral­

flow/irrigated zone has water with the highest median 

arsenic concentration (fig. 23 ). Additionally, the 

median iron concentration is higher in the lateral­

flow/irrigated zone than in the lateral-flow/non­

irrigated zone. The higher arsenic in the lateral­

flow/irrigated zone may be a result of release from 

iron oxides. 
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Analysis of Time-Trend Data 

The only wells that have been repetitively sam­
pled over a period greater than a few years are those 
completed in the basalt aquifer. Among these wells, 
three have chloride concentrations, determined by 
everal different laboratories, that show a statistically 

significant increase between about 1962 and 1992 
(fig. 24 ). Chloride concentrations at these three closely 
spaced wells (Navy wells 1-3, fig. 12) increa. ed from 
about 90 mg!L in the early 1960's to about II 0 mg/L 
in 1992, a range greater than the analytical uncertainty. 
Taken together, the same general range in concentra­
tion, the proximity of these three wells, and the rela-

Lateral..;flowl 
irrigftt~d ~Of)~ 

tively low statistical p-values combine to strongly 
suggest that the increase truly reflects increasing chlo­
ride concentrations in the basalt aquifer. 

The cause of the chloride increase in the vicinity 
of the Navy wells is not known. Considering the 
lengthy period of increase (about 30 years), the cause is 
unlikely to be the short-term decrease in delivered irri­
gation water during the drought years from 1988 to 
1992. A more likely cause is a decrease in the hydrau­
lic head (fig. 13), which could in turn cause increased 
flow from adjacent aquifers in which water contains 
higher chloride concentrations. The Navy wells are 
more likely to be affected by flow from adjacent 

Figure 19. Differences in ground-water quality within shallow aquifer beneath four hydrologic 
zones before widespread irrigation began. Median concentrations of dissolved solids and indicated 
constituents are significantly higher statistically in labeled zones than in zones from which arrow 
points. Cl, chloride; OS, dissolved solids; S04, sulfate. 
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Figure 20. Summary statistics for concentrations 
of chloride, sulfate, and dissolved solids in ground 
water of shallow aquifer beneath (A) lateral­
flow/irrigated zone and (B) discharge/irrigated 
zone before and after widespread irrigation 
began. Abbreviations: P, pre-irrigation ; I, during 
irrigation. 

aquifers than are other public-supply wells, because the 
Navy wells tap the basalt aquifer near its edge. Avail­
able data from surrounding wells in the intermediate 
aquifer show that water in most of the wells has chlo­
ride concentrations of less than 15 mg/L. This suggests 
that the intermediate aquifer is not the source of chlo­
ride. Aquifers that underlie the basalt are a possible 
source of the chloride. Because the distribution of 
water quality at depths greater than about 600ft within 
the basalt aquifer is not known, the chloride source 
could also be within the basalt aquifer itself. 

Concentrations of calcium in water from the 
Navy wells may have decreased during the same period 
that chloride increased, although the statistical evi­
dence is weak. At all three wells, the initially reported 
concentrations were 2.2 mg!L. Since 1977, nearly all 
calcium analyses indicate a concentration of 1.0 mg!L 
in all three wells. The cause of the calcium decrease 
may be related to the inflow of water from intermediate 
or deeper aquifers. 

Reported arsenic concentrations in the Kenne­
metal well (fig. 12) near the west-central edge of the 
basalt aquifer were 95 ~g/L in 1974 compared to 
112 ~g/L in 1992. Arsenic concentrations for 12 sam­
ples collected from the Kennemetal well over this same 
period yield a p-value of about 0.04. This p-value sug­
gests that the increase is statistically significant. As for 
chloride in the water from the Navy wells, the cause of 
the difference is not known but may be the inflow of 
water into the basalt aquifer in response to pumping. 

Discussion of Statistical Comparisons 

The statistical comparisons of water quality in the 
four hydrologic zones and before and after Project irri­
gation began must be interpreted with caution because 
of the complicating factors discussed above. The sep­
aration into the four hydrologic zones may, in fact, be 
more useful as a guide for the design of future investi­
gations than as definitive evidence of changes in water 
quality due to irrigation. Despite the limitations 
imposed by the availability of data, the variations in 
concentrations seem to be statistically important and 
hydrologically reasonable . 

A reduction in irrigation could potentially 
increase or decrease concentrations of dissolved 
constituents in the shallow aquifer. Since widespread 
irrigation began, the relatively dilute irrigation water 
may have caused a decrease in the concentrations of 
dissolved constituents in the shallow aquifers through 
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Figure 21. Summary statistics for concentrations of dissolved solids and constituents in 
ground water of shallow and intermediate aquifers beneath (A) lateral-flow/non-irrigated 
zone, (B) lateral-flow/irrigated zone, and (C) discharge/non-irrigated zone after about 
1975. Abbreviations: S, shallow aquifer; I, intermediate aquifer. 

flushing or dilution of more saline water. Application 
of irrigation water also has raised the water table, 
which can increase rates of evapotranspiration and 
thereby increase concentrations. The available data do 
not provide a definitive indication of which process is 
more important, although the statistical evidence sug­
gests that irrigation has led to lower concentrations of 
sulfate, chloride, and dissolved solids in the lateral­
flow zone. 

Concentrations of arsenic are higher in the upper 
20ft of the shallow aquifer than from 20 to 50ft below 
land surface in the lateral-flow/irrigated zone, and are 
higher in less permeable deposits than in permeable 
deposits. The statistical comparisons do not indicate 
that irrigation has affected median concentrations of 
arsenic, iron, and manganese in the shallow aquifer in 
the lateral-flow zones. These results appear to conflict 
with conclusions of other geochemical studies (Welch 
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Figure 21. Continued. 

and Lico, 1988; Lico and others, 1986). These studies 

concluded that these constituents are mobilized by 

water applied for irrigation. The apparent conflict may 

be because the data sets used in these comparisons are 

not truly representative of ground water unaffected by 

irrigation. A direct comparison of water quality before 

and after the onset of irrigation cannot be made because 

of a lack of data for these trace constituents. Conse­

quently, the effects of irrigation on arsenic, iron, and 

manganese concentrations cannot be addressed with 

certainty. 

Additional sampling, including data collected 

over time and in areas receiving decreased irrigation 

applications, would be required to determine if irriga­

tion has really produced more dilute water in the shal­

low aquifers, and if removing land from irrigation will 

increase or decrease the concentrations of dissolved 

constituents in the ground water of the shallow aquifer. 

Sampling of relict channels would provide additional 

insight into their role in controlling ground-water flow. 
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Figure 21. Continued. 

WATER BUDGET FOR CARSON DESERT 

The accuracy of a water budget for an area the 

size of the Carson Desert depends on the accuracy of 

e timates for rates of inAow and outAow used to calcu­

late components of the budget. Rates used in the water­

budget calculations for precipitation, potential 

recharge, evapotranspiration by phreatophytes, and 

evaporation from bare soil are estimates based on 

sparse data. Estimates of these rates, when applied to 

large areas, represent large volumes of water, and small 
errors in the estimates of Aow rates can make large dif­
ferences in the resulting components of the water bud­
get. For this reason, estimates of components in the 
water budget should be considered preliminary until 
further data collection and study allow refined rates of 
inAow and outflow. 

Estimates of recharge to and discharge from the 
entire ground-water system of the Carson Desert have 
been reported by Glancy and Katzer ( 1975). Some 
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Figure 22. Differences in ground-water quality between shallow and intermediate aquifers beneath four 
hydrologic zones after about 1975. Within each cross section, median concentrations of dissolved sol­
ids and indicated constituents are significantly higher statistically in the aquifer system where they are 
listed than in the other aquifer. As, arsenic; Ca, calcium; Cl, chloride; OS, dissolved solids; Fe, iron; Mn, 
manganese; Na, sodium; 804, sulfate. 

estimates from their study are combined with updated 
estimates for additional water-budget components in 
table 3. 

As discussed previously, the shallow ground­
water flow system of the Carson Desert does not appear 
to extend to the Eightmile and Fourmile Flat areas 
(Seiler and AI lander, 1993, p. 17). For this reason, 
Eightmile and Fourmile Flats are not included in the 
water budget for the Carson Desert. 

Components of Inflow 

The average volume of surface-water inflow 
released from Lahontan Reservoir is about 
370,000 acre-ft/yr (table I). Seepage lost from Lahon­
tan Reservoir that can potentially recharge the Carson 
Desert is thought to be minor. However, a detailed 
analysis would be needed to confirm this . 

Irrigation losses from about 900 acres of land 
along the Truckee Canal and seepage losses along the 
canal between Hazen and Lahontan Reservoir provide 
recharge to the Carson Desert. A total of about 8,000 
acre-ft/yr is divet1ed from the Truckee Canal for irriga­
tion of land within the Carson Desert along the Truckee 
Canal (Willis Hyde, Truckee-Carson Irrigation Dis­
trict, written and oral commun., 1993). CH2M Hill 
( 1973, p. 4-16) estimate that 64 percent of water 
diverted in this area is lost to seepage, spill, and 

on-farm loss. Thus, about 5,000 acre-ftlyr from 
Truckee Canal diversions to irrigated land within 
Carson Desert could be available for recharge. 

Estimates of seepa~e losses on the Truckee Canal 
range from about 0.8 (ft- /s)/mi (Ciyde-Criddle-Wood­
ward, 1971, p. 70) to about 4 (ft3/s)/mi (Jon 0. Nowlin, 
U.S. Geological Survey, written commun., 1981) 
between gaging stations above Fernley and near Hazen 
on the Truckee Canal. The reach between the hydro­
logic boundary of the Carson Desert and Lahontan 
Reservoir is about 7 mi. Thus, 5.6 to 28 ft3/s could be 
lost through this reach. If this loss takes place through­
out the year, as much as 4,000 to 20,000 acre-ft/yr 
could be lost to seepage along the reach. 

Thus, total losses from the Truckee Canal 
between the hydrologic boundary of the Carson Desert 
and Lahontan Dam that are available to recharge the 
Carson Desert could range from 9,000 to about 25,000 
acre-ft/yr (table 3). More detailed data on losses 
through the Truckee Canal in the Carson Desert are 
required to refine this estimate. 

The proximity of Mahala Slough and possibly 
Massie Slough to the Truckee Canal and irrigated lands 
of the Truckee Division suggests that water lost to 
seepage supports these wetland areas (pl. I). Some 
recharge to the Carson Desert from the Truckee Canal 
probably also supports phreatophytes along the west­
ern margin of the basin. 
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Recharge from precipitation on the entire hydro­
graphic area is estimated by Glancy and Katzer ( 1975 , 
p. 48) to be I ,300 acre-ft/yr (table 3) on the basis of cal­
culations using a method developed by Eakin ( 1951, 
p. 79-81 ). This method assumes that potential recharge 
is equal to varying percentages of the precipitation 
assumed to fall in different altitude zones. More 
detailed precipitation data in the area would permit 
refinement of the precipitation-altitude relations used 
by Glancy and Katzer ( 1975). For areas having alti­
tudes less than 6,000 ft, annual precipitation was 
assumed to be less than 8 in/yr, and precipitation 
totaled about 630,000 acre-ft/yr for the entire Carson 

Lateral-flow?. 
irrig~ted zohe 

Desert . However, recharge from precipitation was 
assumed to be minor (table 4). The Stillwater Range is 
the only major mountain block higher than 6,000 ft 
and, thus, is probably the source for most of the esti­
mated 1,300 acre-ft/yr of recharge. 

Glancy and Katzer ( 1975, p. 67) recognized that 
potential discharge by evaporation and evapotranspira­
tion from the basin is considerably greater than their 
estimates for inflow. In table 3, I ,300 acre-ft/yr is 
listed as one component of recharge to the Carson 
Desert from precipitation. Recent studies suggest that 
more recharge from precipitation than that estimated 
by Glancy and Katzer ( 1975) takes place. 

Discharge/ 
irrigated zone 

Figure 23. Differences in ground-water quality within intermediate aquifer beneath four hydrologic 
zones after about 1975. Median concentrations of dissolved solids and indicated constituents are 
significantly higher statistically in zones where they are listed than in zones from which arrow 
points. As, arsenic; Ca, calcium; Cl , chloride; OS, dissolved solids; Fe, iron; Mn, manganese; Na, 
SOdiUm. 
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Olmsted ( 1985, p 15) suggests that, m areas of 

the Carson Desert havmg low annual precipitation, 

recharge can take place where the water table IS near 

land surface or m areas where soil moisture IS mcreased 

by seepage from the Irngatwn system These condi­

tiOns are present over large areas of the Carson Desert 

Olmsted ( 1985, p 15-19) also shows that, when low­

lymg areas were flooded dunng the wet years of 1982 

and 1983, water level rose several feet nearby m the 

shallow aqmfer He estimates that recharge of about 

2,000 acre-ft took place m an area covenng about 9 

mi2 Although the frequency of such floodmg IS low, 

hundreds of square miles m the Carson Desert have 

potential for recharge dunng these penods of pondmg 

More study could determme the magmtude of recharge 

from this source (table 3) 

Recent studies estimate that, m areas of sand 

dunes lackmg vegetation, recharge can range from 17 

to 20 percent of the average annual precipitatiOn 

(Berger, 1992, p 964, Stephens and Knowlton, 1986, 

p 888) Usmg land-use data from 1973 (U S Geolog­

Ical Survey, 1976), sand-covered areas m the Carson 

Desert total about 277,000 acres As much as 20,000 

acre-ft/yr could potenttally recharge the Carson Desert 

through sand dunes, assummg that average annual pre­

cipitatiOn IS 5 m , and 17 percent of this becomes 

recharge from sand-dune areas (table 3) 

Previous estimates of surface-water and ground­

water mflow to the basm from adjacent valleys total 

about 2,200 acre-ft/yr, with surface-water mflow of 

I ,400 acre-ft/yr-mcludmg 1,000 acre-ft/yr from the 

Humboldt River Basm (Glancy and Katzer, 1975, 

p 66)-and ground-water mflow of 800 acre-ft/yr 

(Glancy and Katzer, 1975, p 66, Van Denburgh and 

Arteaga, 1985, p 12) Smce the work of Glancy and 

Katzer (1975), mflow to the Carson Smk from the 

Humboldt River totaled more than 1,000,000 acre-ft 

from 1983-85 (US Geological Survey, 1986, p 324) 

If flow of this magmtude takes place only once every 

I 00 years, the average mflow would be over 3,000 

acre-ft/yr, or an additional 2,000 acre-ft/yr This value 

will be used as most representative of long-term mflow 

from the Humboldt River Basm, mcreasmg the esti­

mate for total mflow from adjacent basms to 4,200 

acre-ft/yr 
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Table 3 Est1mates of mflow to and outflow from Carson Desert 

Flow component 

INFLOW 
Surtacc-water releases from Lahontan ReservOir 
~~eepage tram LJhontan Rec;;ervOJr 
Seepage tram Truckee CJnal and Swmgle Beach IrrtgatiOn 
Recharge tram precipitation 
Recharge trom precipitation on areas ot sand dunes 

Acre-feet per year 1 

Recharge trom precipitation on areas where water table IS shallow 
lnAow tram adpcent basms 

370,000 
mmor 

9,000-25,000 
2 1 300 
20,000 

unknown 
34,200 

Total estimated mflow (rounded) 400,000-420,000 

OUTFLOW 
Evaporation from open-water bodies w1thm surface water d1stnbut1on system 

and evapotranspiration on 1rngated lands 
EvaporatiOn from open-water bodies w1thm wetlands 
[vapotranspiration from wetlands 
Evaporation from open water bodies on playas 
Evaporation from phreatophytes 
Evaporation from d1schargmg playa surface 
Outflow to adpcent basms 

Total estimated outflow (rounded) 

1 E..,umate~ not otherwise noted are made by authors ot this report 
2 F10m Glancy and Katzer ( 1975, p 66) 

198,000 
458,000 

4 155,000 
80,000 

113,000 
27,000-80,000 

unknown 

630,000-680,000 

3 F10m Glancy and Katzer ( 1975, p 66), Van Den burgh and Arteaga ( 1985, p 12), and this report 
4 F10m Clyde-Cnddle-Woodward ( 1971, p (D-8) 

Components of Outflow 

Outflow from the basm takes place by evapora­
tiOn from open-water bodies, bare soil, and evapotrans­
piratiOn from crops, phreatophytes, and non-crop 
vegetatiOn 

Glancy and Katzer (1975, p 64) estimated that 
220,000 acre-ft/yr IS lost to evaporation from open­
water bodies m the Carson Desert, mcludmg evapora­
tiOn from 45,000 acres of perenmallakes and ponds, 
and from 20,000 acres of water ponded mtermittently 
on playas They also report a total of 170,000 acre-ft/yr 
lost to trrtgated crops, phreatophytes on non-Irngated 
lands, and dischargmg playa surfaces Glancy and 
Katzer acknowledge that this value probably IS low, but 
IS reqmred to balance their basm-wide water budget 
Reports discussed below allow refined estimates for 
components of outflow from the ground-water basm 

As reported m the surface-water sectton of this 
report, ave I age histoncallosses of surface water 
released from Lahontan ReservOir were 198,000 acre­
ft/yr (table 1, column 8, nonrounded average) upstream 
from the wetland areas (table 3) Also, water lost to 

evaporation from open-water bodies and evapotranspi­
ration near wetland areas was estimated to be 58,000 
and 155,000 acre-ft/yr, respectively (table 3) Surface­
water losses upstream from wetland areas represent 
evaporation from open-water bodies Withm the distn­
bution system and evapotranspiratiOn from Irngated 
land As shown by Seiler and Allander ( 1993), long­
term shallow water levels and, thus, ground-water stor­
age has not changed greatly from the mid-1970's to 
1992 Therefore, seepage losses that do not supply 
consumptive use on Irngated lands are accounted for 
by measured surface-water outflow, evaporation from 
playas, and evapotranspiratiOn by phreatophytes 

Glancy and Katzer ( 1975, p 64) estimated that 
evaporation from 20,000 acres of ponded playa sur­
faces totaled 40,000 acre-ft/yr They used an evapora­
tiOn rate of 2 ft/yr, because pondmg IS present dunng 
less than half of each year Because the relative contn­
butions of ponded water from the Carson River com­
pared With those from the Humboldt RIver are not 
known, the additiOnal average mflow of 2,000 acre­
ft/yr from the Humboldt River dunng flood years might 
mcrease the area of pondmg by 20,000 acres This 
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Table 4 Estimated annual prec1p1tat1on and potent1al ground-water recharge 1n the Carson Desert (Glancy and 
Katzer, 1975, p 55) 

Est1mated annual prec1p1tat1on Estimated potential recharge 

Altitude zone 
Area 

(feet above 
(acres) Range sea level) 

(mches) 
Feet 

8,000-8,790 450 >15 I 5 
7,000-8,000 6,980 12-15 I I 
6,000-7,000 26,800 8-12 8 
3,845-6,000 1,260,000 <8 5 

Total (rounded) 1,290,000 

assumes that the average depth of pondmg IS 0 1 ft 
Thus, evaporatiOn from water ponded on playas could 
average 80,000 acre-ft/yr from 40,000 acres of ponded 
water 

Discharge by phreatophytes outside trrtgated 
areas of the Carson Desert can be estimated from 
reported rates of evapotranspiratiOn and the extent of 
phreatophytes (fig I) as delmeated by Glancy and 
Katzer ( 1975, pi I) However, the dtstnbutiOn of the 
types of phreatophytes and thetr denstty IS htghly van­
able m the Carson Desert The type and denstty of 
phreatophytes have not been mapped for the entire Car­
son Desert, and changes m the dtstnbutiOn of phreato­
phytes, bare soil, and open water for years wtth varymg 
amounts of annual precipitatiOn and runoff have not 
been documented These additiOnal data would allow 
refinement of estimates of dtscharge for the Carson 
Desert 

Estimates for the rate of evapotranspiratiOn by 
phreatophytes m the Carson Desert vary considerably 
and are based on ltmtted data Morgan (1982, p 36) 
used a rate of 0 6 ft/yr for stands of saltgrass and 
greasewood or rabbttbrush, and 0 4 ft/yr for sparsely 
vegetated areas near the town of Stillwater Olmsted 
and others ( 1975, p 115) used a rate of 0 2 ft/yr for dis­
charge by evapotranspiration near the Soda Lake/Upsal 
Hogback area Carman ( 1994) measured an evapo­
transpiratiOn rate of about 0 6 ft/yr m a stand of grease­
wood, shadscale, and saltcedar north of Soda Lake, 
where depth to water was about 25 ft below land sur­
face Much h1gher rates, rangmg from I 5 to 2 5 ft/yr 
were used by Clyde-Cnddle-Woodward ( 1971, p D-7) 
for varymg densities of greasewood 

Average 
Percent of total Acre-feet 

Acre-feet 
prec1p1tat1on per year 

680 15 100 
7,700 7 540 

21,000 3 630 
630,000 mmor mmor 

660,000 1,300 

EvapotranspiratiOn rates of generally less than 
1 ft/yr for vanous types of phreatophytes were used m 
reconnaissance mvesttgatiOns by the USGS to obtam 
reasonable water budgets for many basms m Nevada 
Wilham D N1chols (U S Geological Survey, wntten 
commun , 1993) measured evapotranspiratiOn rates for 
phreatophyte stands m several basms m Nevada These 
rates vary from 0 08 to I 0 I ft/yr, dependmg upon the 
plant type, density, leaf area, and depth to water 

For this study, an evapotranspiratiOn rate of 0 3 
ft/yr 1s used to obtam a conservative estimate of dis­
charge by phreatophytes outs1de of trngated lands m 
the Carson Desert The extent of phreatophytes and 
trngated lands as mapped by Glancy and Katzer ( 1975, 
pi I) covers an area of 435,000 acre~ Subtractmg 
57,000 acres, the average area of liTigated lands from 
1984 to 1990, phreatophytes outs1de of Irrigated lands 
cover about 378,000 acres m the Carson Desert 
Applymg an evapotranspiratiOn rate of 0 3 ft/yr results 
m a d1scharge of about 113,000 acre-ft/yr (table 3) 
This value IS less than an estimate by Clyde-Cnddle­
Woodward ( 1971, p C-2 and D-8) of about 165,000 
acre-ft/yr lost to evapotranspiratiOn from phreato­
phytes near both the Truckee and Carson Divisions 
However, maps showmg the dtstnbutiOn of phreato­
phytes, as used by Clyde-Cnddle-Woodward ( 1971 ), 
are not available to denve an estimate for only the Car­
son Division or for companson w1th the dJstnbutiOn 
mapped by Glancy and Katzer ( 197 5, pi 1) CollectiOn 
of evapotranspiratiOn data m the Carson Desert for dif­
ferent plant types, densities, leaf areas, and depths to 
water, combmed w1th data on the dJstnbutiOn of 
phreatophytes, would allow refinement of the est1mate 
tor d1scharge from the Carson Desert 

70 Hydrogeology and Potential Effects of Changes m Water Use, Carson Desert Agncultural Area, Churchill County, Nevada 



Dtschargmg playa m the Carson Desert covers 
about 268,000 acres as delmeated by Glancy and 
Katzer ( 1975, pi I) Esttmates for the rate of ground­
water dtscharge from playas range from 0 1 ft/yr m the 
Smoke Creek Desert (Glancy and Rush, 1968, p 32) to 
0 3 ft/yr near geothermal areas m Nevada (Olmsted and 
others, 19 75, p 72) As noted by Olmsted and others 
( 1975, p 73), the rate of dtscharge from playas depend" 
on depth to water table, saiimty of ground water, tem­
perature, and presence of a surfictal salt crust Vana­
twns m wmd patterns probably also affect the rate of 
playa dtscharge Because these charactensttcs vary 
greatly m the Carson Desert, applicatiOn of a constant 
rate wtll provtde only an approximate volume Usmg 
rates of 0 1 and 0 3 ft/yr and an area of 268,000 acres, 
27,000 to 80,000 acre-ft/yr could be lost to dtscharge 
from playas m the Carson Desert (table 3) More data 
on rates of dtscharge from playa surfaces would permtt 
refinement of thts estimate 

Because the floor of Dtxte Valley to the east ts 
about 500 ft lower m altitude than the floor of the 
Carson Desert, a potenttal for flow, or dtscharge, from 
the Carson Desert to Dtxte Valley extsts However, 
because mlervenmg rocks beneath the Sttllwater range 
are consolidated, thts volume of flow ts presently 
thought to be mmtmal 

As shown m table 3, the water budget for the 
Carson Desert does not balance Total dtscharge 
(630,000-680,000 acre-ft/yr) ts much greater than the 
amount esttmated to recharge the basm ( 400,000-
420,000 acre-ft/yr) Recharge from areas where the 
water table ts shallow could account for some of the 
dtfference Further study of recharge from prectptta­
tion m sand-dune areas and areas where the depth to 
water ts shallow, and of dtscharge from playa surfaces, 
phreatophytes, and wetland areas could resolve uncer­
tamttes for components of the basm-wtde water bud­
get 

Flow Thr<>ugh Individual Aquifers 

The followmg sections dtscuss ( 1) evtdence 
showmg the locatiOn of ground-water flow between 
aqmfers m the Carson Desert, and (2) esttmates of the 
volumes of water that flow between the surface-water 
system and the aqmfers and between mdtvtdual aqut­
fers The processes of recharge to and dtscharge from 
the enttre Carson Desert were dtscussed m the prevtous 
sectiOn In thts sectton, esttmates of recharge to the 

shallow aqmfer near trrtgated land are dtscussed, along 
wtth esttmates for the volumes of ground-water flow 
between the shallow, mtermedtate, and basalt aqmfers 

Qualitative Ev1dence 

Glancy ( 1986, p 27, 55) presented evtdence 
showmg where water could flow between the shallow, 
mtermedtate, and basalt aqmfers (fig 12) Water-qual­
tty data can be used to evaluate whether ground-water 
flow actually takes place m areas where the potenttal 
for flow has been reported 

The shallow aqutfer overlies all other aqutfer sys­
tems m the Carson Desert except near Rattlesnake Htll, 
where the basalt aqmfer crops out Thus, processes that 
control recharge to and dtscharge from the shallow 
aqutfer also affect recharge to and dtscharge from the 
mtermedtate, deep, and basalt aqmfers A large part of 
the recharge to and dtscharge from the ground-water 
system m the basm could take place through a near­
surface zone m the shallow aqmfer, as dtscussed m the 
section "Descnptton of Aqutfers " However, defined 
boundanes for the near-surface zone are unknown, thus 
IImttmg the abthty to estimate recharge and dtscharge 
through thts zone Therefore, the shallow aqutfer, as 
defined by Glancy ( 1986), ts used m thts sectton as the 
uppermost aqutfer through whtch most recharge and 
dtscharge takes place 

The shallow aqutfer ts potenttally recharged by 
surface-water flow throughout the basm and by the 
mtermedtate aqmfer near ground-water dtscharge 
areas Ltco and Setler ( 1994) gtve supportmg evtdence 
that thts flow takes place by usmg stable tsotopes and 
tnttum acttvtttes They show that water m the shallow 
aqutfer ts denved from ( 1) surface water released from 
Lahontan Reservotr of the Carson Rtver and Truckee 
Canal beneath trrtgated areas, and from (2) ground 
water of the mtermedtate aqmfer m dtscharge areas at 
Sttllwater WMA and Carson Lake The water-quality 
analysts dtscussed previOusly also suggests that trnga­
twn has affected water quality m the shallow aqmfer 
and that, near ground-water dtscharge areas, the shal­
low aqutfer ts recharged by the mtermedtate aqmfer 
The volume of recharge, areas where surface-water 
recharges the shallow aqmfer, and where the mterme­
dtate aqutfer recharges the shallow aqutfer cannot be 
delmeated wtthout addtttonal data 

The shallow aqmfer also dtscharges water to sur­
face-water flow through the network of drams m the 
Carson DtvtstOn On the basts of water-quality data, 
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the shallow aqutfer IS reported to be the source for dram 
flow near Stillwater WMA, the Fallon Indmn Reserva­
tiOn, and the Newlands Fteld Laboratory (Tokunaga 
and Benson, 1991, p xtv, Hoffman and others, 1990, 
p 31, Ltco, 1992, p 18, Tabae1, 1991, p 46) Addi­
tional data on water levels that show potential for flow 
from the shallow aqmfer to the dram system, on sur­
face-water flow that shows where flow mcreases m 
drams, and on water quality could more precisely 
delmeate the volume and locatiOn of shallow-aqmfer 
dtscharge to drams 

Water-level data show the potential for the shal­
low aqmfer to recharge the mtermedtate aqmfer m the 
west and central parts of the basm Water-quality data 
show that the hardness of water m the western part of 
the mtermedtate aqmfer ts similar to that m the shallow 
aqmfer, although dissolved-solids and arsemc concen­
tratiOns are not similar m each aqmfer m that area The 
observed differences between water quality m the two 
aqutfers mdtcate that recharge from dilute surface 
water to the mtermedtate aqmfer takes place preferen­
tially through zones of htgh permeability 

Ltco and Seller ( 1994) note that, west of Soda 
Lake, the stable-Isotope composition and tntmm activ­
Ities m ground water from the mtermedtate aqmfer 
mdtcate recent recharge either from the surface-water 
system or from the shallow aqutfer East of Soda Lake 
however, these mdtcators show that ground water from 
the mtermedtate aqmfer has, at least m part, been 
recharged by other sources Lico and Seller ( 1994) 
suggest that the most likely sources are recharge from 
surroundmg mountam blocks or recharge from surface­
water several hundred years m the past 

Water levels mdtcate the potential for recharge 
from the shallow and mtermedtate aqutfers m the 
southwestern part of the basalt aquifer and dtscharge 
from the basalt aqmfer to the shallow and mtermedtate 
aqmfers m the northeastern part Glancy (1986, p 21, 
31) presents data on dissolved solids, stable tsotopes, 
and tntmm acttvtttes showmg that ground water m the 
basalt aqmfer IS a blend of water from the mtermedtate 
and deep aqmfers and that, near areas of pumpmg, 
water from etther the shallow aqmfer or the surface­
water system has recharged the basalt aqmfer Ltco and 
Seller ( 1994) report similar conclusiOns usmg water­
quality data from additiOnal sttes They also note that 
ground water m the mtermedtate aqmfer southeast of 
and downgradtent from the basalt aqutfer IS chemically 

similar to that of the basalt aqutfer Thts mdtcates that 
the basalt aqutfer recharges the mtermedtate aqutfer 
(Ltco and Seller, 1994) 

The shallow aqutfer Is m contact wtth the basalt 
aqutfet only near Rattlesnake Hill Thts area IS also 
near the wells that pump water from the basalt aqutfer 
so that flow Is mduced from the shallow aqmfer to the 
basalt aqutfer Thus, the basalt aqutfer probably does 
not dtrectly supply stgmficant flow to the shallow aqui­
fer However, because the mtermedtate aqutfer does 
recet ve flow from the basalt aqutfer downgradtent from 
the basalt, and the mtermedtate aqmfer IS shown to sup­
ply water to the shallow aqmfer m thts area, an mdtrect 
connectiOn for dtscharge from the basalt to the shallow 
aqmfer ts present 

Water also dtscharges from the shallow aqmfer by 
evapotranspiratiOn and by bare-sotl evaporation Thts 
IS supported by data on ground-water quality as dis­
cussed earlier m this report 

Quantitative Est1mates 

Few quantitative estimates of flow between aqm­
fers m the Carson Desert have been made Thts section 
summanzes estimates reported m the literature and 
made dunng this study Ftgure 25 summanzes esti­
mates for the volumes of flow between the surface- and 
ground-water systems and between mdtvtdual aqmfers 
Inflow to and outflow from the shallow, mtermedtate, 
and basalt aqutfers are totaled to summanze the com­
ponents of flow However, unknown components of 
flow extst, and no attempt ts made m thts report to bal­
ance mflow and outflow Usmg avatlable data and 
Darcy's Law, estimates are made for components of 
mflow, outflow, and lateral flow wtthm the aqmfers to 
approximately determme the relattve magmtude of 
flow posstble wtthm and between the aqmfers The 
volumes of flow are based on reported aqutfer proper­
ties at Isolated sttes wtthm the Carson Desert that are 
assumed to represent larger areas Thts assumptiOn 
may not be valid, posstbly resultmg m errors m the cal­
culated volumes of flow by an order of magmtude or 
more 

Recharge to the shallow aqmfer was estimated by 
Olmsted and others ( 1975, p 80) to be more than half 
ot the surface water released from Lahontan Re.;;ervOir 
Usmg the representative estimate for releases from the 
reservOir from 1975 to 1992, thts amounts to more than 
190,000 acre-ft/yr 
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Total in (rounded): 126,000 
Total out (rounded): 129,000 

Seepage from canals 
(50,000-1 00,000) 

Estimated pumpage 
in 1992 
(9 ,000) 

Secondary 
recharge 
(4,200) 

Crop 
consumptive use 

(50,000) 
Discharge to drains 

(36,000) 

SHALLOW AQUIFER 
Lateral flow 

(*2,800) ...... 

To intermediate 
aquifer 

(*32 ,000) 

Total in (rounded): 33,000 
Total out (rounded): 25,000 

To basalt 
aquifer 
(1 ,500) 

From basalt 
aquifer 

From intermediate 
aquifer 

(*21 ,000) 

From shallow aquifer 
(*32 ,000) 

Estimated pumpage in 1992 
(2,000) 

To shallow aquifer 
(*21 ,000) 

INTERMEDIATE AQUIFER 
Lateral flow 
(*27,000) 
~ 

' To deep aquifer To basalt 
aquifer 
(1 ,800) 

Total in (rounded): 4,000 
Total out (rounded): 4,000 

From shallow aquifer 
(1 ,500) 

From intermediate aquifer 
(1,800) 

From deep aquifer 
(700) 

Pumpage in 1992 
(3,000) 

From basalt 
aquifer 
(1 ,000) 

From deep aquifer 

'~ To shallow aquifec ~ 

Lateral flow 
(180) 
~ 

- ..... 

To intermediate aquifer - (Total out, 1 ,000) 

To deep aquifer / 

Figure 25. Estimated recharge to, discharge from , and lateral flow within shallow, intermediate, 
and basalt aquifers, in acre-feet per year. Asterisks indicate volumes estimated using values for 
aquifer properties; these volumes could be in error by an order of magnitude or more. Volumes 
from basalt aquifer are estimated pumpage in 1992 and relation of Glancy (1986, fig . 12); all 
others are estimated in this report. Dashed arrow indicates occurrence uncertain. 
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Usmg observed water-level changes, Glancy 
( 1986, p 39) calculated a volume of 26,000 to 
27,000 acre-ft/yr for both recharge to and dtscharge 
from the shallow aqutfer dunng 1977 to 1978 man area 
generally correspondmg to trrtgated lands Thts vol­
ume ts much less than other esttmates of shallow 
ground-water recharge, however, tt ts based on mea­
sured water-level changes and an assumed spectfic 
yteld of 1 0 percent 

No data are available descnbmg the spectfic yteld 
of aqmfer matenals m the Carson Desert, and the value 
of 10 percent used by Glancy ( 1986, p 39), ts the only 
reported estimate Estimates of the specific yield for 
sediments m the Humboldt Rtver Basm (Cohen, 1963, 
table 27) are less than 1 percent for clay, 19 percent for 
silt, 20 to 28 percent for sand, and 18 to 19 percent for 
gravel Other estimates of spectfic yteld based on gram 
size show that sand and stlt can have specific yields as 
htgh as 40 and 30 percent, respectively, dependmg on 
sortmg m the sedtment (Davts and DeWtest, 1966, 
p 375, 377) Thus, the spectfic yield of aqutfer mate­
nals probably vanes greatly 

The area where water levels were used by Glancy 
( 1986, p 47) to esttmate recharge mcludes a wtde 
range m depositiOnal environments Thus, the deposits 
formmg the shallow aqmfer have a wtde range m gram 
stze and sortmg If the average specific yteld of the 
shallow aqmfer ts as much as 20 percent, Glancy's 
( 1986) esttmate of recharge would double to more 
than 50,000 acre-ft/yr Studtes to determme the range 
and dtstnbutiOn of spectfic yteld m the Carson Desert 
are essenttal to estimate ( 1) recharge from observed 
changes m water levels and (2) the potential change m 
water levels from changes m IrrigatiOn practices 

Available estimates of surface water lost to seep­
age range from about 50,000 to 100,000 acre-ft/yr 
(table 2) Companng magmtudes of releases from 
Lahontan ReservOir wtth outflow from Irrigated lands 
suggests that mmtmum releases of about 70,000 acre­
ft/yr are reqmred to recharge the shallow aqmfer before 
outflow takes place Thus, recharge to the shallow 
aqmfer from seepage ts probably 50,000 to 100,000 
acre-ft/yr (fig 25) 

Dtscharge from the shallow aqmfer to consump­
tive use on trngated land ts estimated to be about 
50,000 acre-ft/yr (table 2, fig 25) Water ts also dis­
charged from the shallow aqmfer by pumpage and by 
flow to drams 

Avatlable data show that as many as 4,500 wells 
could currently pump water from the shallow aqutfer 
Assummg that tf about 2 acre-ft from every well (the 
maxtmum volume allowed by State law from a domes­
tic well) ts pumped annually, as much as 9,000 acre­
ft/yr could be wtthdrawn from the shallow aqutfer 
(fig 25) 

Because most domesttc water users have septtc 
systems and use water for lawn or garden supply, a 
large part of the pumped water probably returns to the 
shallow aqutfer as what IS often called secondary 
recharge (Harrill, 1973, p 62) If secondary recharge 
IS about 30 percent of pumpage (Harrill, 1973, p 64) 
the net withdrawal Is about 6,000 acre-ft/yr and sec­
ondary recharge of pumped water IS about 3,000 acre­
ft/yr Also, secondary recharge to the shallow aqmfer 
from water pumped from the mtermedtate aqmfer 
could be about 600 acre-ft/yr Lawn watenng that uses 
pumpage from the basalt aqmfer probably also supplies 
secondary recharge to the shallow aqmfer Harnll 
(1973, p 62) esttmates that about 20 percent of domes­
ttc water use recharges the water table from lawn 
watenng Thus, lawn watenng from basalt pumpage 
could supply an addttiOnal600 acre-ft/yr of recharge to 
the shallow aqmfer Secondary recharge from pump­
age for trrigatton probably ts mmtmal Secondary 
recharge to the shallow aqmfer from domestic and 
muntctpal pumpmg could total about 4,200 acre-ft/yr 
(fig 25) 

An esttmate for the mmtmum volume of water 
dtscharged from the shallow aqmfer to drams can be 
made from the total outflow from Irrigated lands dunng 
non-trngatiOn months when releases from Lahontan 
ReservOir are mmtmal To obtam thts esttmate, gaged 
releases from Lahontan Reservotr for years of mmtmal 
precautiOnary drawdown are subtracted from the total 
of flow measured on the Carson Rtver above Carson 
Smk and the flow measured and esttmated m drams 
from 1975 to 1992 for December and January The 
resultmg monthly average ts about 3,000 acre-ft, usmg 
data from the U S Geologtcal Survey ( 1976-93) and 
the US Fish and Wtldhfe Servtce (Norman A Saake, 
wntten commun, 1993) Dunng wmter months, out­
flow from trngated lands could contam 'Some flow 
denved from prectpttatton runoff, and, dunng trnga­
tiOn months, the volume movmg from the shallow 
aqmfer to drams ts probably larger An accurate esti­
mate of seepage from the shallow aqmfer to drams can­
not be calculated, because outflow dunng trngatiOn 
months ts a mtxture of operatiOnal sptll, runoff from 
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1rngated fields, and seepage from the shallow aqutfer 
If 3,000 acre-ftlmo 1s the mm1mum volume ofbaseflow 
m drams throughout the year, a volume of 36,000 acre­
ft/yr represents a minimum value for discharge from 
the shallow aqmfer to the surface-water system 
(fig 25) 

Usmg the above estimates, mflow to and outflow 
from the shallow aqUifer could be over 120,000 acre­
ft/yr (fig 25) However, uncertamttes m components 
of mflow and outflow of more than an order of magni­
tude make these values approximate 

Glancy (1986, p 58) used a mathematical method 
to estimate the relation between recharge, pumpage, 
and discharge from the basalt aqmfer (fig 14) He 
found that recharge to the basalt aqUifer pnor to pump­
mg was about 2,500 acre-ft/yr, and that 1 echarge 
mduced by pumpmg at about 1,700 acre-ft/yr dunng 
the penod from 1976 to 1978 was about 900 acre-ft/yr 
He also found that all discharge from the basalt aqUifer 
would cease at a pumpmg rate of about 8,500 acre-ftlyr 
The method assumed that flow through the aqutfer 1s 
controlled by the hydraulic conductivity of sediments 
boundmg the aqUifer on the dtscharge (northeast) s1de 
and that only vertical flow was rechargmg the aqUifer 
Glancy (1986, p 33) also estimated that lateral flow 
through the basalt aqUifer was about 180 acre-ft/yr, 
supportmg the assumption that the aqutfer 1s recharged 
mamly by vertical flow 

As menttoned m the sectiOn descnbmg the aqUI­
fers, Glancy's ( 1986, p 30) relat10n between pumpmg 
and recharge to and discharge from the basalt aqUifer ts 
supported by observed water-level declmes and esti­
mates of pumpage m 1992 Usmg the relatiOn m figure 
14, and the present pumpmg rate of about 3,000 acre­
ft/yr from the basalt aqutfer, recharge to the basalt aqUI­
fer ts sltghtly more than 4,000 acre-ft/yr and dtscharge 
to the shallow and mtermedtate aqutfers downgradtent 
from the basalt aqUifer ts about 1,000 acre-ft/yr 
(fig 25) 

Recharge mduced by pumpmg makes up about 
1,500 acre-ft/yr of the total 4,000 acre-ft/yr recharge 
Because the shallow aqUifer IS m contact wtth the 
basalt aqmfer only near the area of the pumpmg from 
the basalt aqutfer, much of the mduced recharge to the 
basalt aqmfer could come from the shallow aqUifer, as 
shown by water-quality data (fig 25) Th1s leaves 
recharge of 2,500 acre-ft/yr from both the mtermed1ate 
and deep aqutfers Glancy ( 1986, p 21) calculated 
that, tf the dissolved-solids concentration m the deep 
aqUifer IS l ,500 mg/L, 73 percent of the recharge to the 

basalt aqUifer JS denved from the mtermed1ate aqutfer 
and 27 percent IS denved from the deep aqmfer The 
proportiOn of recharge denved from the mtermedtate 
aqmfer would mcrease to 96 percent 1f the dissolved­
solids concentratiOn 1s as h1gh as l 0,000 mg/L m the 
deep aqUifer L1co and Seller (wntten commun , 1993) 
1 ~port that the d1ssolved- sohds concentration m 
ground water near the basalt aqu1fer at a depth of l ,700 
ft ts about 1 ,000 mg/L Thus, the dtssolved-sohds con­
centratiOn m the deep aqu1fer probably 1s closer to 
l ,500 mg/L Usmg Glancy's ( 1986) proportiOns, about 
1,800 acre-ft/yr could be denved from the mtermed1ate 
aqUifer and about 700 acre-ftlyr could be denved from 
the deep aqUifer (fig 25) 

Water-quality data show that flow takes place 
from the basalt aqu1fer to the mtermed1ate aqUifer, and 
that the shallow aqmfer recharges the basalt aqUifer 
For these reasons, most of the 1,000 acre-ftlyr dls­
chargmg from the basalt aqUifer probably recharges the 
mtermedmte aqUifer Inflow to and outflow from the 
basalt aqUifer totals about 4,000 acre-ft/yr (fig 25) 

No quantitative estim.1tes for recharge to or dis­
charge from the mtermed1ate or deep aqu1fers have 
been reported An approxtmate estimate of recharge to 
the mtermedtate aqUifer from the shallow aqUifer can 
be calculated from the area of potential downward flow 
(fig 12) and reported values for the vertical gradient 
and vertical hydraulic conductiVIty Flow IS calculated 
usmg Darcy's law 

Q =KIA, 
where Q 1s the rate of recharge, K 1s the vertical hydrau­
ltc conductivity, I IS the verttcal gradtent, and A 1s the 
area shown m figure 12 

The area shown w1th a downward potential for 
flow from the shallow aqu1fer to the mtermedtate aqUI­
fer covers about 90,000 acres (fig 12) Reported 
downward grad1ents, as previOusly d1scussed, range 
from 0 07 to 0 l ft/ft Vertical hydrauhc conductJvJttes 
reported by Olmsted ( 1985, p 42-44) near the Soda 
Lake/Upsal Hogback area average about 9 84 x l o-3 

ft/d Near the town of Stillwater, Morgan ( 1982, p 50) 
used a value of 0 3 ft/d for the vert1cal hydrauhc con­
ductivity of what was called a "fa1rly Impermeable" 
boundary Thus, esttmates of hydrauhc conduct1v1ty m 
the Carson Desert vary by two or more orders of mag­
nitude The vertical hydrauhc conductiVIty IS probably 
h1ghly vanable throughout the Carson Desert How­
ever, on the western s1de of the basm where there 1s a 
potential for downward flow, verttcal conducttvtty ts 
probably h1gher than on the eastern side of the basm 
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where basm-fill depostts are finer gramed Because the 
value reported by Olmsted and others ( 1984) ts an aver­
age of more than 40 estimates from wells m the western 
part of the basm, tt wtll be used to esttmate the volume 
of downward flow 

Usmg the value of 9 84 x I o-3 ft/d for verttcal 
hydraultc conducttvtty, a value of 0 I ft/ft for the down­
ward gradtent, and 90,000 acres for the area, a volume 
of about 32,000 acre-ft/yr ts obtamed for downward 
flow from the shallow aqmfer to the mtermedtate aqm­
fer (fig 25) If the verttcal hydraultc conducttvtty used 
to calculate verttcal flow Is mcreased or decreased by 
an order of magnitude, the resultmg volume of flow 
will also mcrease or decrease by an order of magnitude 

In a similar manner, an esttmate for upward flow 
from the mtermedtate aqmfer to the shallow aqmfer 
can be calculated by assummg that upward flow IS uni­
form m the basm outside the area with potential for 
downward flow This area totals about 605,000 acres 
(fig 12) Upward gradients near the town of Stillwater 
as reported by Morgan (1982, pi 3) range from 0 03 
ft/ft to as much as 0 2 ft/ft and average about 0 I ft/ft 
Usmg an upward verttcal grad tent of 0 I ft/ft and 
decreasmg the vertical hydraulic conductivity to 
9 84 X 10-4ft/day because sedtments are finer In the 
eastern part of the basm, a volume of about 21,000 
acre-ft/yr ts obtamed for upward flow from the mter­
medtate aqmfer to the shallow aquifer (fig 25) Agam, 
thts value could easily be adJusted by an order of mag­
nitude m etther dtrectton by usmg a dtfferent value for 
the verttcal hydraulic conductivity Addtttonal mea­
surements of vertical hydraulic conductiVIty could per­
mtt a more accurate determmat10n of the volumes of 
water movmg between the shallow and mtermedtate 
aqmfers 

Usmg Darcy's law and gradients measured by 
Glancy ( 1986) and Seiler and Allander ( 1993, Appen­
dtxes 1 and 3) below Irngated lands, lateral flow from 
recharge to ground-water discharge areas through both 
the shallow and mtermedtate aqutfers can be esttmated 
Glancy ( 1986, p 38) reports an average gradient m the 
shallow aqmfer of about 7 5 ft/mt or about 1 4 x 1 o-3 

ft/ft, supported by the more recent measurements by 
Seiler and Allander ( 1993, p 17) The lateral hydraulic 
conductiVIty reported by both Olmsted and others 
( 1984, p 38) and Morgan ( 1982, p 47) m the upper 
150ft of aqmfer matenalts about 40 ft/d 

Usmg a cross-sectiOnal length of 25 mt along the 
3,950-ft I me of equal water-table altitude m the shallow 
aqutfer (fig I 0) and a saturated thickness of 45 ft, the 

estimated lateral flow through the shallow aqutfer 
would be about 2,800 acre-ft/yr Thts volume ts appli­
cable only to the approxtmate center of the lateral-flow 
zone, as shown m figure 12, verttcal components ot 
ground-water flow also extst wtthm thts zone How­
ever, the calculatiOn shows that most mterchange of 
flow through the shallow aqutfer probably ts m the ver­
ttcal dtrectton 

For the mtermedtate aqutfer, Glancy ( 1986, p 51) 
reports an average gradtent of 6 5 ft/mt or about 
1 2 x 1 o-3 ft/ft Usmg the same hydraulic conducttvtty 
and cross-sectiOnal length, and an aqutfer thtckness of 
500ft, the estimated lateral flow through the mtermedt­
ate aqutfer would be 27,000 acre-ft/yr (fig 25) As m 
the calculatiOns for verttcal flow, the esttmates for lat­
eral flow could be htgher or lower by an order of mag­
nitude or more 

As many as 1,000 wells may yteld water from the 
mtermedtate aqmfer If about 2 acre-ft from every well 
ts pumped annually, more than 2,000 acre-ft/yr could 
be wtthdrawn from the mtermedtate aqutfer (fig 25) 
As stated previOusly, 600 acre-ft/yr of thts water could 
return to the shallow aqutfer as secondary recharge 

Usmg the above estimates, mflow to and outflow 
from the mtermedtate aqmfer totals from 25,000 to 
more than 30,000 acre-ft/yr (fig 25) Thts suggests 
that flow through the mtermedtate aqutfer could have a 
large honzontal component Agam, uncertamttes m 
the esttmates for mflow and outflow components of 
more than an order of magnitude make thts value very 
approximate 

Upflow of as much as 4,000 acre-ft of geothermal 
water as old as 35,000 years to the mtermedtate and 
shallow aqutfers could be constdered recharge to the 
present ground-water flow system Because the geo­
thermal water ts thought to have ongmated from the 
Carson Desert (Olmsted and others, 1984, p 76, Mor­
gan, 1982, p 88, 89), an equal volume probably flows 
from the shallow, mtermedtate, and deep aqutfers to the 
geothermal aqutfer 

CONCEPTUAL MODELS OF GROUND­
WATER FLOW 

The hydrologtc system m the Carson Desert ts 
complex and remams poorJ:; understood desptte many 
years of data col lect10n and study of the area Desptte 
the complextttes, generaltzat10ns about how ground 
water moves m the Carson Desert are posstble The 
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followmg section presents conceptual diagrams and 
descnpt1ons of processes that are Important m control­
ling ground-water flow at different locatiOns m the Car­
son Desert Becau~e of the complexity and mcomplete 
understandmg ot the hydrologic system~. these dia­
grams are both Idealized and hypothetical Also, the 
conceptual dwgrams depict ground-water movement at 
different scales Limitations of the conceptual models 
are d1scu~sed m a later section 

Ground-water flow systems of many different 
scales are present m the basm The flow systems range 
m scale from geothennal systems With penods of circu­
latiOn as great as 35,000 years, flow paths with lengths 
of more than 4 m1, and flow depths as great as 10,000 
ft below land surface, to shallow ground-water systems 
that mteract with the surface-water system and have 
penods of circulatiOn probably on the order of days, 
flow paths w1th lengths measured m tens to hundreds of 
feet, and flow depths of less than 20 ft below land sur­
face The volume of water movmg through these flow 
systems~~ mversely proportional to their scale A large 
volume of water moves through the near-surface sys­
tems, and proportionally smaller volumes move 
through the flow systems as they mcrease m scale, 
length of flow path, and depth of flow 

Description of Conceptual Models 

General Overv1ew 

The general locatiOn and dtrectiOn of flow 
between surface-water and ground-water systems 
and between Individual aqmfers m the Carson 
Desert are shown m figure 26 

Inflow from surface sources to the ground-water 
flow system comes from Lahontan Reservoir releases, 
seepage along the Truckee Canal, precipitatiOn on 
mountam blocks, sand dunes, and areas where the 
depth to water IS shallow, and adJacent basms Evapo­
transpiration from trngated lands, wetland areas, and 
phreatophytes, and evaporatiOn from open-water bod­
Ies, bare sotl, and playa surfaces are sources of dis­
charge from the ground-water system 

Ground water flows between the shallow, Inter­
mediate, and deep aquifers and the basalt aqmfer 
Recharge from surface water m the western and central 
parts of the basm dnves flow m the shallow and mter­
medtate aqmfers toward ground-water dtscharge areas 
m the northern, eastern, and southern parts of the basm 
A near-surface zone could exist at the top of the 

o;;hallow aqmfer near the central and eastern parts of the 
basm, where permeable sediments overlie Imperme­
able clay beds Relict channels of the Carson River are 
probably Important avenues tor d1stnbutmg recharge to 
the shallow, mtermedtate, and basalt aqmfers 
Although little IS known about flow m the deep aquifer 
that underltes the mtermedmte aqmfer, the deep aquifer 
could be divided mto a sedimentary zone underlam by 
a volcanic zone Geothermal water probably flows 
through Mesozoic rocks underlymg the entire basm 

Shallow Aquifer 

Ground-water flow and qualtty m the shallow 
aquifer are controlled by ground-water/surface-water 
mteracttOns and evapotransptrattOn Analysts of water­
quality data dtscussed prevaously suggests that applica­
tion of surface water for Irngatton has had relatively 
ltttle effect on water quality except for posstbly 
decreasmg concentrations of sulfate, chlonde, and dis­
solved soltds 

The volume of water movmg between the sur­
face-water and ground-water systems m the basm IS an 
Important component of the water budget for the basm 
Water moves between the systems ( 1) beneath the sur­
face-water d1stnbutwn system and (2) beneath Irn­
gated fields The relative magmtude of the volumes of 
water mterchanged beneath the d1stnbut10n system 
compared wtth that beneath Irrtgated fields cannot be 
determmed from ex1stmg data 

The volume of water that moves between the sur­
face-water distnbution system and the shallow aqmfer 
as controlled by ( 1) the altttude of the water surface m 
the d1stnbutwn system relative to the water table of the 
shallow aqmfer, (2) the mttial mOisture content and 
hydraulic conductivity of the zone between the bed of 
the distnbution system and the water table, and (3) the 
frequency and duration of penods of flow through the 
d1stnbut10n system 

On the Swmgle Bench, near Soda Lake, and m 
areas that are not Irrigated, the seasonal h1gh water 
table Is generally more than 5 ft below land surface and 
deeper than the surface-water stage m canals and later­
als, thus producmg a potential for seepage from the 
land surface to the water table Near Irrigated land, the 
seasonal high water table IS generally less than 5 ft 
deep However, seepage loss IS h1gh dunng the first 
part of the 1rngat10n season when ground-water levels 
begm to nse m response to seepage from canals and 
percolatiOn from 1rngated fields, ground-water levels 
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reach a maxtmum near the end of the trngatiOn season 
As saturation mcreases and ground-water levels nse, 
the potenttal for seepage loss decreases and the poten­
tial for ground-water dtscharge to drams mcreases 

As ~hown m figure 28, the dtrectiOn of flow 
between 1 he surface-water and ground-water systems 
can change from one stde of an trngated field to the 
other, with canals provtdmg recharge to the shallow 
aqmfer on one stde and drams allowmg ground-water 
dtscharge from the shallow aqmfer on the other stde 
Because ~urface water enters the basm from the west 
and ts dtscharged m the eastern part, the potential IS 

greater for seepage loss m the western part of the basm 
and for gt ound-water dtscharge to dram~ m the eastern 
part But, even near dtscharge areas, canals can 
recharge the shallow aqmfer (Ltco, 1992, p 8) Also, 
drams exist m the western part of the basm where the 
surface-water system can gam flow from the shallow 
aqmfer 

The hydraulic conducttvtty of canal and dram 
beds ts unknown Flow veloctty m mam canals ts suf­
fictent to mamtam a sand-covered bed, presumably 
wtth a relatively htgh hydraulic conducttvtty (Mtchael 
S Ltco, U S Geologtcal Survey, oral commun , 1993) 
However. near the ends of smaller canals and laterals, 
and m drams, flow veloctttes are lower, allowmg depo­
sttton of fine-gramed sedtments and accumulatiOn of 
orgamc matenal, whtch probably decreases the hydrau­
ltc conducttvtty of channel beds 

The hydraulic conducttvtty of aqmfer matenals ts 
controlled by thetr hthology and has been esttmated at 
only a few locatiOns Rehct sand-filled channels of the 
Carson Rtver probably have htgher hydrauhc conduc­
ttvtttes than the surroundmg finer sedtments Flow 
between 1 he surface-water and ground-water systems 
probably IS greatest where unlmed canals and drams 
cross reltct sand channels of the Carson Rtver, and 
where the channels underlie trrtgated fields 

Large amounts of water lost from the surface­
water dtstnbutton system m dry years (table 2) mdtcate 
that the tmttal mOisture content of the beds of canals 
and laterals can affect the amount of water lost to seep­
age or wettmg of the dtstnbutiOn system Pondmg tests 
show tha1 the mtttal wettmg of a canal can reqmre large 
amounts of water (Carol Gremer, Bureau of Reclama­
tiOn, wntten commun , 1993) The total amount lost to 
seepage from the dtstnbutton system IS a complex 
functiOn of the seepage rate beneath the canals, the 
length of ttme canals and laterals are used, and number 
ofttmes a canal or lateralts wetted dunng the trrtgatton 

~eason The V-, T-, S-, L-, and A-Lme Canals and mam 
lateral canals are filled dunng most of the trngatiOn 
season, generally about 216 days (Darren Knute';on, 
Bureau of Reclamation, wntten commun , 1993) 
Small lateral canals carry ground flow for only part of 
the trrtgatiOn season Thus, the loss through laterals 
that are not used for the entire trrtgatton season could 
be large Data on the volume of water held m second­
ary canals and laterals, and the length of ttme and num­
ber of ttmes they are wetted, are needed to esttmate the 
loss m these channels relattve to the mam canals 

Data on surface-water flow at the boundary of 
trngatton subdtstncts have been collected by the Fallon 
office of the Bureau of ReclamatiOn (Roger LaSueur, 
oral commun , 1993) Detatled analysts of these data 
and contmued collectiOn of data on surface-water flow 
through the Carson Dtvtston could show the locatiOn of 
seepage losses from canals and laterals and ground­
water dtscharge to drams 

The net volume of water percolatmg to the shal­
low aqmfer beneath trngated fields ts controlled by ( 1) 
the rate of field applicatiOn, (2) the water-holdmg 
capactty and mOisture content of sotls m the unsatur­
ated zone beneath trngated fields, (3) the rate of evapo­
transpiratiOn, and (4) the rate at whtch ground-water 
supphes evapotransptratton 

Actual measurements of the volume of surface 
water applted to trrtgated fields and the volume of run­
off from fields have been made at relattvely few sttes 
Where measurements have been made, the amount of 
runoff has been ';hown to range from 0 to 48 percent of 
applted water (CH2M Htll, 1973, p 4-16 to 4-18, 
Bureau of Reclamation, 1971, p 9-19) The flow that 
does not run off trngated fields can ( 1) mcrease sotl­
motsture storage to supply consumptive use, or (2) 
recharge the shallow aqutfer and supply consumptive 
use, dtscharge to drams, or move downgradtent where 
tt can supply consumpttve use by crops or phreato­
phytes, or be lost to evaporatiOn from bare sotls 

GmtJens and Mahannah ( 1973, p 6) and the 
Bureau of Reclamation (1971) have shown that m 
some areas application of surface water exceeds crop 
consumptive use, but m other areas apphcatton of sur­
face water ts less than crop consumptive u5e Where 
apphcatton exceeds consumptive u5e, the c;;hallow aqm­
fer ts recharged Where applicatiOn IS less than con­
sumptive use, the shallow aqmfer could supply the 
water to meet consumptive-use demands 
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The bench/bottom-land destgnatJOn of the Bureau 
of ReclamatiOn ( 1992a) provtdes an approxtmatJOn for 
delmeatmg where trrtgatton could recharge the shallow 
aqwfer (bench lands) and where the shallow aqwfer 
could supply consumptive use (bottom lands) How­
ever, as shown by GUitJens and Mahannah ( 1973, p 6) 
and the Bureau of ReclamatiOn ( 1971 ), actual applica­
tiOn rates somettmes dtffer from the destgnated rates 
and exceptions to the above approximatiOns are proba­
bly numerous A second approximatiOn available from 
the bench/bottom-land designatiOn IS the water-holdmg 
capactty of bottom land Areas of bottom-land soil 
wtth an available water-holdmg capacity of less than 8 
m are more likely to provtde recharge to the shallow 
aqUifer than where the avatlable water-holdmg capac­
tty ts greater than 8 m (fig 9) Bottom-land sotls wtth 
greater water-holdmg capactty are finer and reqwre 
longer penods of surface-water applicatiOn causmg 
greater runoff (Bureau of ReclamatiOn, 1971, p 19) 
Also, water applied on bottom lands can readily move 
to the shallow aqutfer along relict sand channels of the 
Carson Rtver (pi 3) The tmttal soil-mOisture content 
could also partly control the amount of loss from Irri­
gated fields to the water table 

The rate of evapotranspiratiOn has been accu­
rately measured for maxtmum crop productiOn at the 
Newlands Fteld Laboratory However, the rate could 
be htghly vanable, dependmg on trngatwn practtces, 
soil type, and depth to water on mdtvtdual fields The 
existence and amount of ground-water supply to crop 
consumptive use ts uncertam but probably depends on 
depth to water and soil properties beneath trrtgated 
fields Consumptive use could be supplied by ground 
water recharged upgradtent from trngated fields, over­
application of surface water, ground-water recharge 
dunng the trngatiOn season, or some combmatwn of 
these mechamsms The mechamsm supplymg ground 
water for consumptive use probably changes wtth loca­
tiOn m the basm However, the rate of ground-water 
supply tor consumptive use probably ts greater on bot­
tom lands where the water table ts shallow than on 
bench lands 

The net loss of surface water to the shallow aqUI­
fer from both the dtstnbutiOn system and trngated land 
apparently exceeds the consumptive use by crops and 
non-crop vegetatiOn Otherwise, drams would not be 
requtred for the ProJect Data showmg the dtstnbutwn 
of thts recharge do not exist and processes controllmg 
recharge are a complex functiOn of many factors, as 
dtscussed above 

Ftgure 27 shows hypothetical ground-water flow 
paths m the western part of the basm On that stde of 
the basm, sedtments formmg the shallow aqutfer are 
coarser than those toward the central and eastern parts 
of the basm Also, m the western part of the, basm the 
Carson Rtver formed etther deltatc or flood-plam 
sequences, dependmg on the stage of anctent Lake 
Lahontan when sedtments formmg the shallow aqUifer 
were depostted In both envtronments, the depostts 
probably consist of sandy lenses near old channels, 
gradmg mto beds of stlt and clay as dtstance from the 
rehct channels mcreases (Readmg, 1979, p 53, 101) 
Dunng depositiOn of the uppermost part of the shallow 
aqwfer, the western part of the basm was htgher than 
the lake levels dunng depositiOn of the Fallon Forma­
tion, and large areas were covered With eolian sand 

Water-level and water-quality data mdtcate 
downward flow through the shallow aqwfer to the 
mtermedtate aqwfer on the westernmost stde of the 
basm Dtfferences m water quality between the shal­
low and mtermedtate aqwfer suggest the latter ts 
recharged along preferential flow paths etther on the 
western part of the basm or through permeable relict 
channels of the Carson Rtver near Fallon, and not by 
dtffuse downward flow from the shallow aqUifer 
Sheets of eolian sand overlie deltaic and fluvtal 
sequences m the western part of the basm, formmg an 
upper zone wtthm the shallow aqwfer where lateral 
ground-water flow IS posstble 

Ftgure 27 shows hypothesized sand-stlt-clay 
sequences on etther stde of sand-filled channels The 
actual wtdth of the stlt deposits ts unknown and ts no 
doubt htghly vanable Ground water probably moves 
preferentially along the sand channels m both the hon­
zontal and vertical dtrectwns The vertical component 
of flow could be greater than the honzontal component 
Because clay beds that would mhtbtt verttcal flow are 
dtscontmuous, downward flow ts posstble The chan­
nels mapped by Morn son ( 1964, p 11) show that near­
surface channels overlie older channels, provtdmg con­
dUits for downward flow Where sand channels overlie 
silt or clay depostts, downward flow ts slower, and flow 
paths could be tortuous Thts could partly explam the 
abrupt vanatwns m water quality noted by previOus 
studtes of the shallow aqutfer (Glancy, 1986) 

In the west -central part of the basm, the potenttal 
for flow ts downward Beneath the trrtgated land m 
the center of the basm where Glancy ( 1986) showed 
upward potential for flow, verttcal gradients are not 
well known but probably are transitiOnal from 
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downward to upward near ground-water dtscharge 
areas In these transitiOn zones, apphcatton of surface 
water could create a seasonal potential for downward 
flow 

Saturated sediments of the Fallon FormatiOn near 
the center of the basm could represent a near-surface 
zone of the shallow aqutfer (fig 28) Water-level data 
suggest that a potential extsts for downward flow from 
the shallow to the mtermedtate aqu1fer near the center 
of the basm However, water-quality data suggest that 
downward flow ts hmtted Beneath the near-surface 
zone and wtthm the shallow aqu1fer, downward flow 
could be mcreasmgly mhtbtted as the content and 
thickness of clay m the Sehoo Formation mcreases 
toward the east Deposits of both the Fallon FormatiOn 
and the upper part of the Sehoo FormatiOn represent 
Glancy's (1986) shallow aqmfer Beds of eolian and 
nver-channel sand m the Fallon FormatiOn could pro­
vtde preferential flow paths for honzontal flow toward 
buned nver channels and surface-water drams 
Ground water can move downward along old channels 
of the Carson Rtver where the clay 1s breached 

Near the center of the basm, seepage from canals 
and from beneath trrtgated fields provtdes recharge to 
the shallow aqmfer Drams allow ground-water dts­
charge to the surface-water system Because down­
ward flow ts hmtted, the locatiOn of canals and drams 
and 1rngat10n practices are Important m controlling 
localized ground-water flow EvapotranspiratiOn and 
crop consumptive use of ground water mcreases the 
concentratiOn of dtssolved solids m tsolated zones near 
the surface of the shallow aqmfer 

The Fallon FormatiOn IS underlam by clay of the 
Sehoo FormatiOn m the eastern part of the basm 
(fig 29) Detatled studtes m the area have provtded 
mformat10n on It tho logy to depths of 200ft below land 
surface (Morgan, 1982, Tokunga and Benson, 1991 , 
Mornson, 1959) In th1s part of the basm, ground­
water flow ts upward from the mtermedtate to the shal­
low aqmfer and dtscharges by evapotranspiratiOn or 
evaporatiOn from bare soil, thus mcreasmg dtssolved­
sohds concentratiOns Laterally, contmuous confinmg 
beds mhtbtt upward flow except where faultmg has off­
set permeable beds or where clay beds are breached by 
relict channels provtdmg an upward flow path Other­
WISe, ground water could flow upward, probably at a 
slow rate by leakage across confinmg beds Canals, 
drams, and lakes generally recharge the shallow aqm­
fer Eo han sand of the Fallon FormatiOn could provtde 
preferential flow paths for lateral and verttcal flow 

Deeper Aqu1fers 

Much less ts known about ground-water flow m 
the mtermedtate aqutfer Near the center of the basm, 
deposits of the Wyemaha Formation probably repre­
sent at least the upper part of the mtermedtate aqmfer 
West of Fallon the mtermed1ate aqmfer ts recharged by 
the shallow aqmfer 

Water-level data show that flow m the mtermedt­
ate aqmfer ts from west to east (fig 26), and the perfo­
rated mtervals m wells suggest that permeable zones 
extst from 50 to 200ft deep west of Fallon and from 80 
to 140 ft deep east of Fallon Few wells penetrate the 
mtermedtate aqmfer to depths greater than 200 to 300 
ft, and the dtstnbutwn of lithology and water quality 
wtth depth are largely unknown The mtermedtate 
aqmfer provides recharge to the basalt aqmfer from the 
west East of the basalt aqmfer, the mtermedtate aqUI­
fer IS recharged by flow out of the basalt aqmfer Near 
ground-water dtscharge areas, the mtermedtate aqmfer 
recharges the shallow aqmfer 

Ltttle IS known about flow paths from the shallow, 
mtermedtate, and deep aqmfers to the basalt aqmfer 
Analysts of water-quality data shows that the basalt 
aqmfer IS recharged by the shallow, mtermedtate, and 
deep aqmfers Addttional recharge from the shallow 
aqmfer ts probably mduced by mumctpal pumpmg of 
the basalt aqutfer However, detatls of how water 
moves from the shallow aqmfer to the basalt aqmfer are 
not known Reltct channels of the Carson Rtver and 
permeable depostts surroundmg the basalt aqmfer 
could provtde preferential flow paths near the 
basalt/alluvtal contact Water quality wtth depth m the 
basalt aqmfer ts not known, and changes m water qual­
tty wtth depth could have a great effect on contmued 
use of the aqmfer as a source of pub he supply 

Ground-water flow through the deep aqmfer ts 
not well understood Gradtents dnvmg flow through 
thts aqmfer could be less than those dnvmg the geo­
thermal systems, and tf the deep aqmfer represents 
ground water m semtconsohdated deposits of Terttary 
age, flow through these mostly fine-gramed, semtcon­
sohdated sedtments ts probably very slow A deep val­
came zone could extst at the base of the deep aqutfer 
However, the boundary between sedimentary and val­
came zones of the deep aqmfer probably ts mdtstmct 
where sediments and volcamc rocks ofTerttary age are 
mterbedded Glancy ( 1986, p 21) suggests that ground 
water from the deep aqmfer could supply some 
recharge to the basalt aqmfer (fig 26) 
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Figure 28. Conceptualized ground-water flow paths in shallow aquifer in central part of Carson Desert. ET, evapotranspiration. 
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As descnbed by Olmsted and others ( 1984) and 
Morgan ( 1982), the geothermal flow systems circulate 
ground water from the pen meter of the basm to depths 
as great a~ 1 0,000 ft below land surface, where heatmg 
causes the water to nse, contnbutmg as much as 4,000 
acre-ft/yr to the mtermedtate and shallow aqmfers m 
the Soda Lake/Upsal Hogback and Sttllwater geother­
mal areas Geothermal flow near Carson Lake ttses 
from depths of more than 8,000 ft and contnbutes an 
unknown amount of flow to the deep aqmfer m that 
area 

Limitations of Conceptual Models 

The accuracy of conceptual models of ground­
water flow m the Carson Desert and how representative 
they mtght be of actual conditions ts hmtted by pro­
cesses andl controls that remam unknown or poorly 
understood The dtstnbutwn of permeable and Imper­
meable basm-fill sedtments, whtch controls ground­
water movement, changes drastically both vertically 
and honzontally over small dtstances Although sml 
types and geologtc umts at the surface have been 
mapped m detail, the dtstnbutiOn of permeable and 
Impermeable sedtments at depth and the flowpaths by 
whtch ground water moves through the sedtments 
remam unlknown for large areas of the Carson Desert 

The ~hallow depth to water beneath fi1UCh of the 
valley floor, combmed wtth the extensive canal and 
dram system, allows mteractton between the ground 
water and surface-water systems Data are lackmg on 
ground-water levels compared wtth stream stage m 
canals and drams, and on dram depths that would allow 
calculatiOn or estimatiOn of where and how much water 
moves between the ground-water and surface-water 
systems 

Data are lackmg on surface-water flow through 
the system that would allow calculatiOn or esttmatton 
of ( 1) where seepage ts lost from the dtstnbutiOn sys­
tem, (2) the amount of surface water that IS operatiOn­
ally spilled, (3) the amount of water apphed to fields 
that ts lost to runoff, percolates to the water table, or IS 

dtscharged to drams, and (4) how these amounts 
change wtth locatiOn The accuracy of data for surface­
water flow through the dtstnbutiOn system IS uncertam 
at many sites Even where measurements are most 
accurate, the large volumes of flow movmg through the 

system cause the uncertamty m measured volumes to 
partly mask the amounts lost to seepage, evaporatton, 
and evapotransptratton 

Consumpttve use by Irrigated crops could be sup­
plied m part by ground water The mechamsms that 
supply ground water for consumptive use are poorly 
understood and probably vary wtth locatiOn 

The Carson Desert covers such a large area that 
small uncertamttes m esttmates of the rates of ground­
water recharge and dtscharge cause large tmbalances m 
the overall water budget The mechamsms for recharge 
to the basalt aqmfer are poorly understood because of 
the lack of data at depth wtthm the aqutfer Itself and 
wtthm the shallow, mtermedtate, and deep aqutfers sur­
roundmg It 

POTENTIAL EFFECTS OF CHANGES IN 
AGRICULTURAL WATER USE 

Changes m agncultural water use proposed for 
the Carson Division of the Newlands ProJect constst of 
( 1) those mandated by 1988 Operatmg Cntena and 
Procedures (OCAP), (2) surface-water flows that wtll 
be transferred to wetland areas from trngated lands by 
the water-nghts acqUisitiOn program of the U S Ftsh 
and Wtldhfe Servtce (1992, p 1 ), and (3) the potenttal 
effects of mcreasmg ProJect effictency to 75 percent 
Because many of these changes wtll take place m areas 
that are not yet delmeated, quantttattve estimates of the 
effects on components of the water budget are dtfficult 
to ascertam Also, because many components of the 
water budget are estimates based on few data, quantita­
tive esttmates of the effects m a parttcular area are ten­
uous 

Changes from 1988 Operating Criteria and 
Procedures 

Details of the 1988 OCAP are listed m the Record 
of Deciston tssued by the U S Department of the In te­
nor ( 1988) Changes m water-management practtces 
outlmed m 1988 OCAP constst of mandatory regula­
tions on water dtversiOn, storage, and delivery, com­
bmed with dtscretiOnary methods used to achteve a 
mandated ProJect effictency 

Mandatory regulatiOns are ( 1) an end-of-month 
storage target for Lahontan Reservmr from January 
through June of 215,000 acre-ft, and upper and lower 

Potential Effects of Changes m Agncultural Water Use 85 



limits for Lahontan storage from July through Decem­
ber, (2) the dtverswn of water from the Truckee Rtver 
to Lahontan ReservOir only when requtred to meet the 
storage targets, (3) delivery of water only to water­
nghted, trngable lands, (4) maxtmum annual headgate 
delivery rates of 3 5 acre-ft/acre for bottom land and 
4 5 acre-ft/acre for bench land, and (5) a maxtmum 
allowable dtverswn of water for trngatiOn on the 
Carson Dtvtston (U S Department of the Intenor, 
1988, p 3-9) 

A forecastmg techmque usmg predicted Carson 
Rtver runoff and evaporatiOn and seepage losses from 
Lahontan ReservOir IS to be used to achteve the storage 
targets and plan dtverswns from the Truckee Rtver 
The volume of water released ts detennmed each year 
by the amount of eligtble land to be trrtgated on the 
Carson Dtvtston, water duttes allowed on those lands, 
and a mandated ProJect efficiency The final destgna­
tiOn of bench and bottom land wtll be based on 
bench/bottom-land maps that are subJect to approval by 
the Nevada Federal Dtstnct court The ProJect effi­
Ciency was to be mcreased over a penod of 5 years wtth 
a target of 68 4 percent for 1 00-percent delivery on the 
proJect by 1992 Water conservatiOn methods reqmred 
to achteve the 68 4-percent efficiency are left to the dis­
cretiOn of local water managers 

DiscretiOnary methods of water conservatiOn 
mclude (I) ordenng of water m advance to allow easter 
adJustment of releases, (2) more frequent adJustmg of 
releases, (3) mcreasmg the accuracy of delivery mea­
surements, (4) changmg operatiOn of the regulatmg 
reservOirs, (5) shortenmg the trrtgatton season, (6) 
mcreasmg control of the delivery system to elimmate 
sptlls and to allow better scheduling and group deliver­
Ies, (7) tmprovmg delivery control structures, (8) dtk­
mg regulatmg reservOirs, (9) lmmg canals and 
regulatmg reservOirs, and ( 1 0) re-usmg dram water 
blended wtth pnme water for trngatiOn use (US 
Department of the In tenor, 1988, p I 0) 

The potenttal changes m the surface-water dtstn­
butiOn caused by tmplementmg 1988 OCAP regula­
tiOns have been estimated m the final Environmental 
Impact Statement produced by the Bureau of Reclama­
tiOn (1987a), by the Record of Dectston from the U S 
Department of the In tenor ( 1988), and by a surface­
water routmg model developed by Yardas and Robert­
son (1991) 

Headgate deltvenes under 1988 OCAP wtll 
remam about the same as those pnor to 1988 OCAP 
except for decreases caused by enforcement of water 

delivery only to water-nghted land and changes m 
bench/bottom-land destgnatwn The maJor effect of 
1988 OCAP ts a decrease m outflow from trrtgated 
lands to wetland areas caused by (I) lower storage lev­
els m Lahontan ReservOir, thereby reducmg precau­
tiOnary releases, (2) reduced operatiOnal sptlls from the 
dtstnbutwn system, and (3) decreased seepage losses 
that would otherwise supply dram flow to the wetlands 
Estimates of the decrease m flow to wetlands range 
from 24 percent (U S Department of the In tenor, 1988, 
p 20) to 37 percent (Yardas and Robertson, 1991, p 
VI-9, Davtd Yardas, Environmental Defense Fund, 
wntten commun , 1993) and 55 percent (U S Ftsh and 
Wtldlife Service, 1992, p 7) Dtfferences m the 
reported estimates are caused by the use of dtfferent 
assumptiOns and dtfferent trngated acreage m the cal­
culatiOns 

The effects of mandatory changes on surface­
water flow m the Carson Desert wtll mclude (1) a 
reductiOn m flow through the Truckee Canal, 
(2) decreased areas of trrtgated land where non-water­
nghted lands cease to be trngated, and (3) decreased 
amounts of water applied on lands affected by the 
change m bench/bottom-land designatiOn and 
decreased releases from Lahontan ReservOir The 
effects of discretiOnary methods are reduced opera­
tiOnal sptlls from the dtstnbutiOn system and reduced 
seepage and evaporation losses 

Decreased flow through the Truckee Canal wtll 
decrease seepage losses and potential recharge to the 
Carson Desert The Bureau of ReclamatiOn (1987a, 
p 1-8) estimated that flow m the Truckee Canal near 
Hazen would decrease by about 40 percent under the 
final ProJect effictenctes of the 1988 OCAP As esti­
mated m the sectiOn "Components of Inflow," 4,000 to 
20,000 acre-ft/yr ts lost to seepage along the Truckee 
Canal m the Carson Desert If the decrease m canal 
flow ts a functiOn of both decreased flow rate and the 
length of ttme flow ts present m the canal, seepage 
losses could be reduced by an amount stmtlar to the 
decrease m canal flow ( 40 percent) Thus, potenttal 
recharge to the Carson Desert could decrease by 
I ,600 to about 8,000 acre-ft/yr The reductiOn m poten­
tial recharge along the canal would cause water levels 
downgradtent from the canal to declme, whtch m tum 
could reduce consumptiOn of ground water by 
phreatophytes on the western margm of the Carson 
Desert, and decrease the stze of wetland areas near 
Mahala Slough and possibly near Masste Slough 
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Data comptled by the BOR shows that from 1984 
to 1990, about 56,600 acres on the Carson Dtvtston 
were trngated, whereas only about 51,000 acres of the 
trngated lands held water nghts-a dtfference of about 
5,600 acres or about 9 percent of the trngated land 
(Bureau of ReclamatiOn, wntten commun , 1992) The 
effect of removmg 5,600 acres from productiOn would 
depend greatly on where the trrtgated land ts located If 
the areas not recetvmg water are Isolated and near land 
where tmgatton wtll contmue, seepage losses from 
nearby land would probably tend to keep water levels 
from declmmg where land ts removed from produc­
tion If large blocks of land wtll no longer recetve Irri­
gation water, water levels could declme, dependmg on 
(1) the dtstance to canals supplymg recharge to the 
shallow aqmfer and (2) the current rate of trrtgatiOn 
applicatiOn compared to crop consumptive use, as 1s 
dtscussed m the followmg sectiOn 

About 9,000 acres m the Carson DivisiOn will be 
redesignated from bench land to bottom land (Lyman 
McConnell, Truckee-Carson IrrigatiOn Dtstnct, oral 
commun, 1993) The land affected wtll recetve I acre­
ft/acre les~ water annually after the change m designa­
tiOn-a decrease of about 9,000 acre-ft/yr m water 
applied to trngated land 

CalculatiOns by the Bureau of ReclamatiOn 
(1992a, p 33-35) show that the water table may drop 
about I ft beneath trrtgated fields when bottom-land 
dtversiOn rates are applied to a field compared to 
bench-land rates These calculatiOns use the same 
assumptiOn as Glancy ( 1986)-that spectfic yteld ts 
about I 0 percent Seepage from canals and laterals 
mtght be sufficient to mamtam water levels m the shal­
low aqmfer when the volume of water applied to Irri­
gated fields decreases 

If water levels m the shallow aqmfer decline 
about I ft as a result of the decrease m applied water, 
and most of the change m bench/bottom-land designa­
tiOn 1s m the westernmost part of the basm, recharge to 
the shallow, mtermed1ate, and basalt aqmfers could 
potentially decrease If the water level m the shallow 
aqmfer umformly drops about I ft and water levels 
m the mtermedtate aqmfer stay about the same, the 
verttcal gr,1d1ent would decrease to about 0 08 ft/ft 
Applymg Darcy's Law to an area of 9,000 acres, 
and assummg a vertical hydraulic conduct1v1ty of 
9 84 X I o-3 ft/day, recharge from the shallow to the 
mtermedtate aqmfer under a gradtent of 0 I ft/ft, as 
used previOusly, would be about 3,200 acre-ft/yr 
Usmg the ~)arne assumptiOns and a gradtent of 

0 08 ft/ft, recharge would be about 2,600 acre-ft/yr-a 
decrease of 600 acre-ft/yr Thts amount 1s about 2 per­
cent of the total volume estimated for recharge from the 
shallow to the mtermedtate aqmfer, thus, the effect 
would probably not be measurable Eventually, the 
decrease m recharge to the mtermedtate aqutfer would 
lower water levels m the mtermedtate aqmfer a small 
amount, and a new eqmlibnum would be reached 

Stmtlarly, decreasmg recharge to the mtermedtate 
aqmfer m the western part of the basm could decrease 
the potential for recharge to the basalt aqmfer How­
ever, gtven the small amount of estimated change m 
recharge to the mtermed1ate aqmfer, the decrease m 
recharge to the basalt aqmfer from the change m 
bench/bottom-land designatiOn would probably not be 
measurable 

Changes From Water-Rights Acquisitions 
Program and 75-Percent ProJect Efficiency 

Public Law I 01-618 authonzes and dtrects the 
USFWS to obtam water nghts suffictent to mamtam 
25,000 acres of wetlands wtthm Lahontan Valley The 
law also dtrects the BOR to study the effects of mcreas­
mg New lands ProJect effictency to 75 percent Meth­
ods used to achteve 75-percent effictency mclude 
contmuatiOn of the dtscretwnary methods used to 
ach1eve OCAP efficiency, hnmg maJor canals or reser­
votrs, or lmmg lateral canals Because ProJect effi­
ctency dtrectly affects the amount of water flowmg to 
wetlands, the water-nghts acqUisitiOn program ts based 
on the amount of flow that mtght reach the wetlands 
when the ProJect ach1eves 75-percent efficiency Also, 
the water-nghts acqUisitiOn program wtll contmue dur­
mg the ProJect effictency efforts Thus, the effects of 
both programs may be cumulative tf thetr goals are 
ach1eved 

To mamtam 25,000 acres of wetlands m Lahontan 
Valley under 1988 OCAP, the USFWS estimates that 
about 125,000 acre-ft/yr w11l need to be obtamed from 
wtlhng sellers (U S Ftsh and Wtldhfe Servtce, 1992, 
p 6) Thts volume of water could be obtamed by 
acqmnng water nghts from about 28,000 acres of Irri­
gated land, and removmg the land from productiOn 
(Gary Shellhorn, wntten commun , 1993) Because 
thts water would be delivered dtrectly to wetland areas, 
the ProJect etfictency ts est1mated to mcrease to about 
71 percent wtthout Implementation of further effi­
ciency measures If ProJect efficiency IS mcreased 
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to 75 percent, about 147,000 acre-ft/yr mtght be 
reqmred for the wetlands from about 41,000 acres of 
Imgated land, dependmg on whether existmg water 
nghts could be transferred (Gary Shellhorn, wntten 
commun, 1993) Because the methods used to achieve 
75-percent efficiency and the proportiOn of existmg 
water nghts that would be allowed for transfer are not 
known, the amount of water that needs to be obtamed 
IS speculative 

The posstble effects on the hydrologic system 
m the Carson Desert expected under the water-nghts 
acqUisitiOn program by the USFWS depend on several 
factors (1) the bench/bottom-land designation of 
acqmred water nghts, (2) locatiOn of land where water 
nghts will be obtamed, (3) whether water nghts wtll be 
obtamed from large blocks of land or scattered, mdi­
vidual parcels, ( 4) changes m the operation of the dis­
tnbutiOn system necessary to dehver the water to 
wetland areas, (5) the type of land use that will take 
place on lands removed from productiOn, and (6) con­
current changes m ProJect efficiency All of these fac­
tors are unknown 

As discussed previOusly, hydrologic controls on 
surface-water and ground-water flow vary greatly from 
place to place m the Carson Desert For thts reason and 
reasons hsted above, quantitative estimation of the 
potential effects of changes m water use ts difficult and 
tenuous The conceptual models for the western, cen­
tral, and eastern parts of the basm can be used to qual­
Itatively discuss potential effects of greatly decreasmg 
seepage losses from the distnbutiOn system and remov­
mg large tracts of Imgated land from productiOn 

West of Fallon, losses from the surface-water sys­
tem recharge the shallow, mtermediate, and basalt 
aqmfers Losses from trrtgated lands west of Fallon 
probably also recharge these aqmfers In thts area, the 
shallow aqmfer recharges the mtermedtate aqmfer 
Whether the mtermediate aqmfer recharges the deep 
aqmfer west of Fallon Is not known, but all three aqUI­
fers are thought to recharge the basalt aqmfer Changes 
m tmgation practices that would decrease seepage 
losses or the area of Irrigated land west of Fallon have 
the potential to decrease recharge to the shallow, mter­
mediate, and basalt aqmfers m that area 

Near the center of the basm, the surface-water 
system recharges the shallow aqmfer However, 
recharge from the shallow aqmfer to the mtermediate 
aqmfer IS hmtted by clay beds that separate the two 
aqmfers except where the clay beds are breached by 
rehct channels of the Carson River The shallow and 

mtermediate aqmfers recharge the basalt aquifer m the 
area where a downward potential for flow to the basalt 
aqmfer exists (fig 12) Changes m IrrigatiOn practices 
that decrease etther seepage losses or the amount of 
Imgated land near the area wtth a downward flow 
potential could affect water levels m the shallow and 
basalt aqmfers, but might have less effect on water lev­
els m the mtermediate aqmfer 

Near the eastern part of the basm, the surface­
water system also recharges the shallow aqmfer, and 
water levels m the shallow aqmfer could be affected by 
decreases m seepage losses or m the area of trrtgated 
land However, the verttcal gradient IS upward from 
the mtermedtate to the shallow aqmfer so that the mter­
medtate and basalt aqutfers would probably not be 
dtrectly affected 

Water levels would declme m response to 
decreases m seepage from the dtstnbutiOn system 
caused by canal hmng As shown by Setler and 
Allander (1993, p 15), water levels m the shallow 
aqmfer near the T-Lme Canal dechned more than 10ft 
over a penod of about 9 years adJacent to a sectiOn of 
the canal that was hned wtth concrete The amount of 
decrease m recharge to the shallow aqmfer from hnmg 
mdtvtdual canals ts equal to thetr total seepage rates, 
whtch range from 12,000 acre-ft/yr to 19,000 acre-ft/yr 
for the L-, T-, S-, V-, and A-Lme Canals (Bureau of 
ReclamatiOn, wntten commun , 1993) The magmtude 
of water-level decline from a decrease m seepage 
depends on the spectfic yteld of the adJacent aqmfer 
and on the dtstance that recharge moves from the 
canals, whtch are not known However, data from Sta­
bler ( 1904) show that pnor to wtdespread Irrigation the 
depth to water mcreased to more than 10 ft below land 
surface Withm 1 to 2 mt of extstmg nver channels 
When maJor canals are hned wtthm areas taken out of 
production, water levels could dechne similarly to 
more than 1 0 ft below land surface wtthm 1 to 2 mt of 
the hned canals Near areas where tmgatiOn contmues, 
hnmg canals mtght cause smaller dechnes because 
water levels would be mamtamed tf applicatiOn to 
nearby fields Is m excess of consumptive use 

The relative magmtude of changes caused by 
hmng maJor canals compared with changes caused by 
hnmg only secondary canals and laterals cannot be 
determmed, because the amount of water lost to seep­
age from the two sources Is not known Also, the 
relative amounts of recharge to the shallow aqmfer 
from the surface-water dtstnbutiOn system, compared 
wtth recharge beneath trrtgated fields, are not known 
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Thus, the relattve magmtude of changes caused by 
canal IInmg compared wtth those caused by removmg 
land from productton cannot be determmed wtthout 
addttiOnal data 

The effects of lmmg canals and removmg land 
from productiOn could be preferentially propagated 
downgradtent through relict sand channels Removmg 
the source of seepage to a relict sand channel m upgra­
dtent areas could cause water-level declmes downgra­
dtent along the course of the channel 

Water-level changes m the shallow aqmfer from 
decreasmg the area of trngated land depend on (I) the 
current net recharge to the shallow aqmfer from Irri­
gated fields and (2) the amount of ground water that 
currently supplies consumptive use 

If the amount of water applied to trrtgated fields 
exactly equals the amount consumed by crops, the net 
effect of removmg land from productiOn would be 
zero However, because seepage from the dtstnbutiOn 
system supplymg the fields mtght be decreased, water 
levels beneath fields could declme The amount of 
decline depends on the dtstance from hned and unlined 
supply canals m the distnbutiOn system 

The amount of water apphed to trngated fields 
compared wtth the amount consumed by crops has 
been shown to vary greatly m the Carson Dtvtston The 
shallow aqmfer IS recharged beneath Irrigated fields 
where the amount of water apphed exceeds consump­
tive use [f these fields are removed from productiOn, 
recharge to the shallow aqmfer would decrease, and 
water levels m the shallow aqmfer would declme The 
amount of declme depends on the dtstance from lined 
and unlined supply canals m the dtstnbutwn system 

Beneath fields where the amount of water applted 
does not meet consumptive-use demands, the shallow 
aqmfer supplies part of the consumptive-use demand 
If these fields are removed from production, dtscharge 
from the shallow aqmfer would decrease, and water 
levels m the shallow aqutfer could temporanly nse, 
dependmg on the dtstance from drams 

Because the existence of, rates of, and mecha­
msms for crop consumptive use from ground water are 
all uncertam, a nse m water levels caused by removmg 
land from production IS hypothetical If vegetatiOn 
becomes established m areas removed from produc­
tiOn, water levels would declme as the established veg­
etation draws water from the shallow water table 
Declmmg water levels m the shallow aqmfer could 

cause an mcrease m the drawdown m pumped wells 
Rtsmg water levels m the shallow aqutfer would 
mcrease flow to extstmg drams 

The effect of removmg land from trngatiOn also 
depends on the mechamsm that supplies water from the 
shallow aqmfer for crop consumptive use If ground 
water ts supplied to consumptive use by flow from 
upgradtent areas, changes m the dtstnbutwn of trnga­
tiOn could cause ground-water levels to temporanly 
nse m areas removed from productiOn or to declme m 
areas downgradtent from the change, dependmg upon 
the htstoncal rate of applicatiOn compared wtth con­
sumptiVe use The changes m water level would tend 
to decrease wtth time as the ground-water system 
reaches a new eqmiibnum If ground water IS supplied 
to consumptive use from water applied to fields early m 
the IrrigatiOn season, change m the dtstnbutton of Irri­
gatiOn mtght have little effect on water levels downgra­
dtent from areas of change However, changes m 
trngatiOn practices early m the season that decrease the 
amount of water applied to fields could decrease the 
amount of ground water available for consumptive use 
later m the season and cause net water-level declmes m 
areas of change 

Estimates listed m the section "Water Budget for 
Carson Desert" mdtcate that recharge to the shallow 
aqmfer from the surface-water system could range 
from 50,000 to I 00,000 acre-ft/yr A hypothetical 
example can be used to estimate the magmtude of 
water level declmes that mtght be expected from 
changes m water use If (I) the amount of seepage 
from the dtstnbution system and recharge from trn­
gated land ts reduced m dtrect proportion to the amount 
of land removed from production and (2) the reductiOn 
ts 50 percent, recharge to the shallow aqutfer could 
decrease by 25,000 to 50,000 acre-ft/yr beneath about 
30,000 acres of land removed from productiOn If spe­
cific yteld m the shallow aqutfer IS I 0 percent, water 
levels m the shallow aqutfer could dechne from about 
8ft to as much as 17ft If the average specific yield m 
the shallow aqutfer ts closer to 20 percent, the estimate 
of water-level declmes would range from about 4 to 
8ft 

Application of the Thtem equatiOn can provtde an 
estimate of the effect of water-level declmes on pump­
mg wells The Thiem equation can be used to deter­
mme the head at any two pomts on the cone of 
depressiOn around a pumpmg well (Lohman, 1972, 
p II) In thm, unconfined aqmfers where the draw­
down ts a large part of the aqutfer thickness, Jacob 
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( 1963) showed how to correct drawdown to what 
would have occurred had there been no reductiOn m 
aqutfer thtckness caused by pumpmg Trescott and 
others (1976, p I 0, eq 16) presented a versiOn of thts 
equation wntten m terms of aqmfer thickness as 

2 R 
H - Q In___:_ 

r w R 
w nK 

(1) 

where, 
Hw Is saturated thickness at radms of pumped well, 

Rw, 
Hr IS saturated thickness of aqmfer at radms of Rr> 

Qw IS pumpmg rate of well, 

K IS honzontal hydraulic conductiVIty of aqmfer, 
Rr ts radms to pomt on cone of depression that IS 

far enough away from pumped well for 
draw down to be small compared with H r 

(examples used m this report meet this cnte­
non), and 

Rw IS radms of pumped well 

If H r represents the general saturated thickness of 
the aqmfer pnor to pumpmg and the drawdown at 
radms Rr IS considered small enough compared to Hr to 
be negiigtble, thts equatiOn can be used to calculate an 
estimate of the saturated thtckness of the aqmfer at the 
pumped well Included m thts equation are assump­
tions that (1) the well fully penetrates the aqmfer and 
(2) there Is no head loss associated with well construc­
tion 

The equatiOn can be applied to a hypothetical 
example near the center of the Carson Desert where 
wells are pumpmg from a relattvely thm near-surface 
zone overlymg a clay bed m the shallow aqmfer Usmg 
values of 

Hr IS 30ft, 

Qw IS 20 gal/mm (3,850 ft3/d), 

K IS 40 ft/d, 
Rr IS 300ft, and 

Rw IS 0 25ft, 

the saturated thtckness at the pumped well IS about 
26ft If water levels decline untformly by 5 ft, the 
thtckness of the aqmfer Hr would decrease to 25ft 
The saturated thtckness at the pumped well calculated 
usmg an H r of 25ft ts about 20ft, a difference of about 
6ft The resultmg value for aqmfer thtckness at the 
pumped well depends mostly on the values used for 

pumpmg rate, hydraulic conducttvtty, and aqmfer 
thtckness Hydraulic conductiVIty and aqutfer thtck­
ness are not well known m most parts of the Carson 
Desert Because R/Rw IS a natural-loganthm functiOn, 
changes m etther Rr or Rw values do not greatly affect 
results of the calculatiOn 

Usmg the values hsted above for Qw, K, R,., and 
Rw, the followmg values for saturated thtckness at the 
pumped well (Hw), rounded to the nearest foot, are 
obtamed for the followmg aqutfer thtcknesses (H r) 
shown 

when Hr IS 20ft, Hw IS 14ft, 

when Hr IS 15ft, Hw IS 3ft, and 

when Hr IS 14ft, Hw IS 0 

The calculatiOns show that the effect of declmmg 
water levels on drawdown m pumped wells mcreases 
as the thickness of the near-surface zone decreases For 
the values used m the calculatiOns above, when H r 

approaches 14ft, Hw decreases to zero However, If 
pumped wells do not completely penetrate the near­
surface zone or have loss associated wtth Improper 
well construction, drawdown m these wells would be 
greater than that calculated by the equatiOn given 
above Also, because the values used m the calcula­
tions are assumptiOns based on sparse data and proba­
bly vary greatly from place to place m the Carson 
Desert, the resultmg values for Hw are only hypotheti­
cal However, a generalizatiOn can be made Where 
the near-surface zone m the shallow aqmfer ts thtckest, 
wells that are properly constructed and that tully pene­
trate the entire thtckness of the near-surface zone mtght 
not be greatly affected by water-level declmes m the 
shallow aqmfer Where the near-surface zone IS thm, 
shallow or poorly constructed pumped wells could go 
dry 

Water-quality data mdicate that trngatwn has 
resulted m decreased concentratiOns of sulfate, chlo­
nde, and dtssolved solids beneath Irrigated lands 
Thus, removmg land from Irngatwn could cause a 
change m the concentratiOn of these constituents 
However, additiOnal water-quality data showmg the 
change m water quality from changes m Irngatwn 
practices could determme tf concentratiOns would 
mcrease or decrease AddttiOnal water-quality data 
m affected areas are needed to determme whether 
changes m Irngatwn practices would affect water 
quality 
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SUGGESTIONS FOR FUTURE STUDY 

Current understandmg of ex1stmg water 
resources, movement of water, and potential effects of 
changes m water use m the Carson Desert could be 
Improved by detailed study References to additional 
data that would Improve understandmg of these factors 
are made throughout thts report The followmg sec­
tiOns present suggestions for addtttonal study 

Existing Water Resources and Ground-Water 
Movement 

• The mtermedtate aqmfer IS potentially the 
largest source of potable water m the Carson 
Desert The vertical and lateral extent of 
potable ground water m the mtermedtate 
aqmfer remam unknown A program of 
exploratory dnllmg would help refine the 
hmtts of thts resource 

• Mechamsms for recharge to the basalt aqmfer 
and the volume of potable water available in 
the basalt aqmfer remam poorly understood, 
because available data are limited to the 
uppermost part of the aqmfer In the basalt 
aqmfer and m adJacent aqutfers both above 
and below the basalt, more data on water 
levels and water quality could allow deter­
mmatiOn of the volume of potable water 
available m the basalt and the mechamsms 
for recharge 

• Contmued measurements of water levels m the 
shallow, mtermed1ate, and basalt aqmfers 
would show how gradtents dnvmg flow 
between the aquifers have changed from 
those measured by Glancy ( 1986) m the 
mid-1970's AdditiOnal measurements of 
the vertical gradients between the shallow, 
mtermedtate, and basalt aquifers west of 
Fallon, and between the shallow and mter­
medJate aqmfers east of Fallon, would more 
precisely delmeate flow paths between the 
aquifers 

• Additional water-quality data could be used to 
show the locatiOns of recharge and dis­
charge between aqmfers m the Carson 
Desert The area southeast of Soda Lake ts 
one of transitiOn for water quality m the 
mtermedtate aqmfer More detatled water-

quahty data m this area would mcrease the 
understandmg of recharge flow paths from 
the shallow to the mtermed1ate aqmfer and, 
m turn, from the mtermed1ate to the basalt 
aqmfer Data on tntwm actiVIty and stable­
Isotope compositiOn for water m the shal­
low, mtermed1ate, and basalt aqmfers have 
shown that these constituents could be used 

to trace ground-water flow between the 
three aqmfers A samplmg program that tar­
gets rehct channels of the Carson Rtver 
could provide data to aid analysts of how 
water moves through these permeable zones 
that are probably preferential ground-water 
flow paths 

• The movement of ground water m the shallow 
aqmfer and between the shallow and mter­
mediate aqmfers IS controlled by changes m 
hthology m the upper 50 ft of Quaternary 
basm-fill deposits Detailed analysis of all 
available lithologic logs would allow fur­
ther delmeatwn of areas wtth htgh and low 
potential for vertical flow, and dehneat1 m 
of areas where changes m water use might 
have the greatest effects 

• Detailed study of the rates of recharge to and 
discharge from the basm would allow 

refinement of the overall water budget of the 
basm Topics for study mclude more 
closely measunng the rate of recharge from 
precipitatiOn m areas covered wtth sand 
dunes and where the depth to water IS shal­
low, the rate of discharge from playas, and 
the rate of dtscharge by phreatophytes and 
other non-crop vegetatiOn m the Carson 
Desert 

• Further refinement of estimates for water-bud­
get components could be made by usmg 
remote Imagery ClassificatiOn of remote 
Images would provide more accurate esti­
mates for the vanat1on of areas covered by 
sand dunes, playas, open-water bodies, 
areas where the water table IS shallow, and 
the distnbution and density of phreato­
phytes m the basm and non-crop vegetation 
near Irrigated lands 
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Potential Effects of Changes in Water Use 

• Accurate maps showmg the locatiOn of canals, 
laterals, and drams combmed wtth data on 
the dtrectiOn and depth of flow, wetted 
pen meter, and altitude of the channel bed 
would permtt the destgn of detailed data­
coiiectiOn networks 

• A compilatiOn of monthly surface-water flow 
data for the longest penod of record avail­
able would ail ow a detailed analysts of flow 
through the dtstnbutton system and provtde 
the basts to destgn a data-collectiOn pro­
gram 

• Accurate measurements of surface-water 
applicatiOn, runoff, and crop consumpttve 
use on Irrigated fields throughout the Car­
son Dtvtston could allow estimatiOn of the 
effects of changes m water use 

• Detailed measurements of flow at numerous 
pomts along canals, laterals, and drams 
would ail ow closer esttmatton of the magm­
tude of seepage losses, the amount of oper­
atiOnal sptll, and the ground-water 
contnbut10n to dram flow Targetmg loca­
tions where canals and drams mtersect relict 
channels of the Carson Rtver for measure­
ments would show thetr effect on seepage 
rates Synoptic surface-water measure­
ments made along three to four arcs of 
mcreasmg radms perpendicular to the dtrec­
tiOn of surface-water flow could show the 
amount of loss as flow moves from west to 
east across the basm Test releases dunng 
the non-trngatwn season would allow more 
accurate measurements of seepage from the 
dtstnbutwn system 

• Establishmg a surveyed network of sttes where 
the water-level altitude m the shaiiow aqUI­
fer can be compared wtth the altitude of 
stream stage m canals, laterals, and drams 
could show the locatiOns of recharge to and 
dtscharge from the shaiiow aqmfer 

• Esttmates of recharge and dtscharge from 
observed water-level changes and esttmates 
of the potential changes m water levels that 
mtght accompany changes m water use 
requtre knowledge of the range and dtstnbu­
tion of specific yteld After analysts of 
extstmg lithologic data, a program of 

exploratory dnllmg would provtde addi­
tiOnal lithologic data, samples of aqutfer 
matenal that could be tested to determme 
the dtstnbutiOn of spectfic yteld, and mom­
tonng wells 

• As the processes of mcreasmg ProJect effi­
ctency and transfernng water nghts to wet­
lands proceed, the opportumty extsts for 
dtrectly momtonng the effects on the hydro­
logic system Thts would allow closer eval­
uatiOn of contmued changes m water use m 
the Carson Desert Momtonng surface­
water quality and flow and ground-water 
quality and levels at mcreasmg distances 
from ( 1) reservoirs removed from use, (2) 
canals that are hned, (3) drams taken out of 
operatiOn, or ( 4) land removed from produc­
tiOn would document the effects of such 
future activity Water-quahty data collected 
usmg consistent, reproductble sampling and 
analytical methods are essential for compar­
ative analyses 

SUMMARY AND CONCLUSIONS 

Operatmg Cntena and Procedures (OCAP) estab­
lished for the Newlands ProJect m 1988 and the dtrec­
ttves of Public Law 101-618 could result m reductiOn 
of water used for agnculture by about 125,000 acre­
ft/yr Such a reductiOn could potenttally affect ground­
water supplies m the Carson Desert Extstmg studtes 
were compiled to determme ( 1) how the aqmfer sys­
tems are recharged, (2) what controls ground-water 
flow through the systems, (3) how changes m water 
use mtght affect the systems, and (4) data collectiOn 
and studies that would refine estimates of the potential 
effects 

Rocks of MesozOic age exposed m the eastern 
part of the Carson Desert underlie the valley floor at 
depths as great as 12,000 ft Thick sequences of volca­
mc flows, tuffs, and sedimentary rocks overlie the 
Mesozotc basement beneath the vaiiey floor Volcamc 
rocks of Quaternary age form Isolated cones exposed at 
land surface In the subsurface, basalt of Rattlesnake 
Htll extends over 30 mt2 and IS enclosed by basm-fiii 
deposits 

Sedtments of Quaternary age are tmportant aqm­
fers m the Carson Desert, and differences m thetr lithol­
ogy provtde an Important control on ground-water flow 
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m the ba-sm DepositiOnal environments m the basm 
dunng the Quaternary Penod were controlled by dra­
matic changes m the level of ancient Lake Lahontan, 
from deep-lake mtervals to mtervals of complete desic­
cation Inflow of the Carson River depostted coarse­
gramed sediments m the western part of the basm, and 
thick clay beds were formed beneath lakes m the center 
and m the eastern part of the basm Changes m lake 
levels produced laterally extensive beds of beach and 
eolian sand, mterbedded with clay beds near the center 
of the ba~m and deltaic deposits m the western part 
Relict sand-filled channels of the Carson River exist 
over much of the western and central parts of the basm 

Lahontan Reservoir stores flow from the mam­
stem of the Carson River and from the Truckee River 
through the Truckee Canal Flow released from the 
reservmr IS dtstnbuted through about 340 mi of canals 
and laterals to an estimated 1,500 farm headgates 
About 350 mi of open drams dtrect return flow and 
shallow ground water to wetlands covermg about 
45,000 acres m wet years and about 7,000 acres m dry 
years 

Uncertamttes m the estimates of surface-water 
flow volumes through the distnbutiOn system do not 
allow precise determmatton of the fate of surface water 
released from Lahontan Reservotr Htstoncally, about 
370,000 acre-ft/yr has been released from the reservOir 
Of that volume, about 200,000 acre-ft/yr has been lost 
to operatiOnal spill, seepage to shallow ground water, 
and evaporation from the dtstnbutwn system before 
delivery of about 170,000 acre-ft/yr to farm headgates 
The on-farm loss of the delivered water IS poorly 
known but could be about 60,000 acre-ft/yr Consump­
tive use by crops and non-crop vegetatiOn on trrtgated 
land IS about 180,000 acre-ft/yr, and prectpttatwn and 
shallow ground water could supply about 20,000 acre­
ft/yr and 50,000 acre-ft/yr, respectively, to consump­
tive use Outflow from trrtgated land of 170,000 to 
190,000 acre-ft/yr supplies flow to wetland areas and 
the Carson Smk, where more than 210,000 acre-ft/yr IS 

lost to evaporation and evapotranspiratiOn 
Annual vanattons m surface-water flow show 1m­

ear relatwns for years when releases from Lahontan 
ReservOir were less than about 350,000 acre-ft/yr 
between ( 1) head gate delivery, losses above farm head­
gates, and total loss from trrtgated land, compared with 
releases from Lahontan and (2) losses above farm 
head gates, compared wtth outflow from trrtgated lands 
For years when releases are greater than 350,000 acre­
ft, a large part of the water flows dtrectly to wetlands at 

or near Carson Lake, Sttllwater WMA, and the Carson 
Smk dunng wmter and early spnng Because outflow 
from trngated land ts a mtxture of operatiOnal spill 
from the dtstnbution system, on-farm losses, and 
ground-water seepage to drams, conclusiOns about the 
magmtude of these lo~ses compared With releases from 
the reservOir are hmtted Headgate dehvenes and the 
amount lost above farm headgates vary wtth precipita­
tiOn m Fallon, Implymg that sotl-mmsture conditiOns 
have some control on seepage losses and on-farm use 

Surface water generally has low dtssolved-solids 
concentratiOns except m drams near areas of ground­
water dtscharge where dissolved-solids concentrations 
are as much as mne ttmes greater than those found m 
Lahontan Reservoir The concentratiOns range from 
2,000 mg/L near Carson Lake to as much as 
120,000 mg/L near Stillwater WMA Near areas of 
ground-water dtscharge, dram flow ts representative of 
water quality m the adJacent shallow aqutfer dunng the 
non-trrtgatton season The total dtssolved-solids load 
to Stillwater WMA m 1989 was about 122 ton/d 

Ground-water flow m the Carson Desert ts found 
mamly m unconsolidated sediments and volcamc rocks 
beneath the floor of the valley Mesozotc rocks m the 
Sttllwater and Sand Sprmgs Ranges form a barrier to 
most ground-water flow to the east and below the 
unconsolidated and volcamc depostts of the basm 
Volcamc rocks formmg the topographic dtvtdes on 
the south and west stdes of the basm could be perme­
able to ground-water flow Water m basm-fill sedi­
ments ranges m depth from more than 400 ft near 
moun tam blocks to less than 1 0 ft below trrtgated land 

Surface-water trrtgatiOn has caused a nse m water 
levels beneath trrtgated land over large areas of the 
Carson Desert The result of thts nse m the water table 
was an mcrease m the gradtent dnvmg flow toward the 
north, east, and south from the pomt where the Carson 
Rtver enters the basm 

Glancy ( 1986) defined a basalt aqmfer and three 
alluvtal aqutfers-shallow, mtermedtate, and deep­
on the basts of water quality and depth Other studtes 
descnbe aqutfer systems m slightly dtfferent ways, but 
Glancy's defimtwns are common to most 

The shallow aqmfer extends to a depth of 50ft 
below land surface and IS charactenzed by hard water 
and abrupt changes m lithology and 'water quality m 
both the honzontal and vertical directiOns Near the 
center of the basm, sediments of the Fallon FormatiOn 
and the upper part of Sehoo FormatiOn form the shal­
low aqutfer A near-surface zone could exist m the 
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upper part of Glancy's shallow aqmfer where verttcal 
flow ts tmpeded by clay bed~ of the Sehoo Formation 
Water levels m the shallow aqutfer show that flow 
moves from west to east, although locally, flow dtrec­
tiOn m the shallow aqutfer ts htghly vanable Measure­
ments m 1992 show that declmes caused by drought 
conditiOns pnor to 1992 were generally less than 1 ft 
and more than 2 ft at one locatiOn compared wtth water 
levels m the mtd-1970's, whtch also were drought 
years Water levels m 1992 declined from t' ft to 
slightly more than 4ft compared 'A-tth those measured 
m the mtd-1980's, whtch were extremely wet years 

Water-level fluctuatiOns show that the shallow 
aqmfer ts recharged by surface-water seepage dunng 
the trngatiOn season Drams provtde a condmt for dts­
charge from the shallow aqutfer to the surface-water 
system MaJor components of discharge from the shal­
low aqmfer are evapotranspiratiOn and bare-soil evap­
oratiOn from playas Water-level changes m the 
shallow aqmfer have been noted after changes were 
made m the IrngatiOn system Ground water m the 
shallow aqmfer has a median pH of7 4, IS hard, and has 
dtssolved-sohds concentratiOns rangmg from less than 
1 00 mg/L near recharge areas to more than 1 00,000 
mg/L near ground-water dtscharge areas 

The mtermedtate aqutfer could be the largest 
resource of potable ground water m the Carson Desert 
It extends from 50ft below land surface to 500 to 1 ,000 
ft deep and ts charactenzed by generally soft, fresh 
water Near the center of the basm, the Wyemaha For­
matiOn represents at least the upper part of the mterme­
dtate aqmfer The base of the mtermedtate aqmfer, as 
defined by water quality, could be deeper than 1,000 ft 
and mtght correspond with the boundary between 
basm-fill depostts of Quaternary and Tertiary age 
Pnor to the mtd-1970's, It was not recogmzed that the 
mtermediate aqmfer contamed potable water Smce 
1985, more than 500 wells have been dnlled to depths 
of 50 to 200ft west of Fallon along the channel of the 
Carson RIver and 80 to 140 ft near the center of the 
basm, suggestmg that permeable zones exist at these 
depths 

Water-level altitudes m the mtermediate aquifer 
have the same general configuration as those m the 
shallow aqmfer However, the water-level gradient IS 
not as steep as m the shallow aquifer, creatmg a poten­
tial for downward flow from the shallow to the mterme­
dtate aqmfer west of Fallon, and a potential for upward 
flow from the mtermediate to the shallow aqmfer m the 
remamder of the basm Vertical gradients between the 

shallow and mtermediate aquifers and Withm the mter­
mediate aqutfer mcrease durmg wet years, decrease 
dunng dry years, and can change m magmtude and 
directiOn With depth at some locatiOns Ground water 
m the mtermedtate aquifer ts hundreds of years old 
west of Fallon, thousands of years old near Fallon, and 
several thousand years old about 5 mi northeast ofFal­
lon The Intermediate aqmfer IS also dtstmgmshed 
from the shallow aqmfer by a medtan pH of 9 1 and 
generally soft water, although hard water IS found on 
the western margm of the basm The concentratiOn of 
dissolved sohds ranges from about I 00 to 1 ,000 mg/L 
Withm 5 to 12 mi of Fallon and mcreases to as much as 
8,000 mg/L near Stillwater WMA 

The deep aqmfer as defined by Glancy ( 1986) 
IS charactenzed by water contammg high dissolved­
solids concentratiOns and could range m depth from 
1,000 to greater than 8,000 ft The deep aqmfer may 
consist of a deep sedimentary zone and a deeper volca­
mc zone Dissolved-solids concentratiOns could range 
from 1,000 to greater than 5,000 mg/L Very ltttle ts 
known about the deep aqmfer 

The basalt aqmfer IS the mam source of supply for 
pubhc use m Fallon and at the Naval Air Statton The 
aqmfer IS a mushroom-shaped volcamc plug enclosed 
by basm-fill sediments The basalt IS exposed at Rat­
tlesnake Hill and encountered nearby at depths from 
200 to 600ft The aquifer has a high transmiSSIVIty and 
water levels mdicate a shght gradient to the northeast 
Water levels m the shallow and mtermediate aqmfers 
are 30ft above and 20ft below those of the basalt aqm­
fer m the southwestern and northeastern parts of Its 
extent, respectively Present withdrawals from the 
basalt aqmfer total about 3,000 acre-ft/yr, causmg 
draw down of about 1 0 feet compared with reported 
pre-pumpmg levels Pumpmg has been shown to 
mduce recharge from the shallow aqmfer, and the mter­
mediate and deep aqmfers are thought to also recharge 
the basalt aqmfer 

Water qualtty of the basalt aqmfer vanes over a 
much narrower range than the alluvial aqmfers It has 
a median pH of 9 3, Is soft, and has dtssolved-sohds 
concentratiOns from 300 to 700 mg/L The carbon-14 
age of the water ranges from about 1 ,000 to 4,000 years 
near the southwestern part of tts extent, and as much as 
8,000 years near the northeastern part of Its extent 
InterpretatiOn of water-quality data shows an mcreas­
mg trend of chlonde and arsemc concentratiOns and 
decreasmg calciUm concentratiOns from 1962 to 1992 
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m the basalt aqmfer The source of chlonde and arsemc 
could be mflow from the surroundmg aqutfers or from 
deeper m the basalt aqutfer Itself 

Geothermal aqmfer systems have been descnbed 
m the Soda Lake/Upsal Hogback, Sttllwater, Carson 
Lake, and Salt Wells areas Both the Soda Lake/U psal 
Hogback and Stillwater geothermal systems are 
thought to be recharged by shallow ground water from 
wtthm the basm that has ctrculated to depths greater 
than 10,000 ft The geothermal flmds nse mto the shal­
low and mtermedtate aqutfers along faults Geother­
mal flow near Carson Lake nses from depths of over 
8,000 ft and contnbutes an unknown amount of flow to 
the deep and mtermedtate aqmfers m that area Little 
IS known about the geothermal system near Salt Wells 
Geothermal water at Soda Lakes/Upsal Hogback and 
Sttllwater areas has dtssolved-solids concentratiOns 
rangmg from 4,000 to 6,000 mg/L and IS dtstmgmshed 
from non-thermal water by htgher concentratiOns of 
dtssolved stlica Upflow from geothermal aqmfers IS 
esttmated to be about 4,000 acre-ft/yr 

Ground-water quality m the Carson Desert vanes 
greatly from a dilute calcmm btcarbonate type m the 
western part to a saline sodmm chlonde type near 
ground-water dtscharge areas Rtsmg water levels 
caused by trngatton have probably mobthzed tons 
adsorbed on sedtment grams m previOusly unsaturated 
sedtments, causmg mcreased concentratiOns of dis­
solved tron, manganese, and uramum Dnnkmg-water 
standards for the State of Nevada are exceeded as fol­
lows for arsemc, almost everywhere m the basm, for 
sulfate, chlonde, dtssolved solids, and fluonde, near 
Upsal Hogback, Stillwater WMA, Carson Lake (down­
gradient along an arc about 9 to 10 mt from Fallon), for 
tron, generally west of US Route 95, and for manga­
nese, at many locatiOns throughout the Carson Desert 

Interpretation of water-quality data suggests that 
trngatiOn may have caused a decrease m sulfate, chlo­
nde, and dtssolved-solids concentratiOns Concentra­
tions of arsemc are greater m the upper 20 ft than from 
20 to 50 ft below land surface and are greater m non­
permeable than permeable deposits Data are not avail­
able that would allow determinatiOn of whether 
concentratiOns of dtssolved constituents would 
Increase or decrease from a change In the amount of 
water applied for trngatton 

The water budget calculated for the basin does 
not balance because of uncertainties In estimated rates 
for components of mflow and outflow and should be 
constdered prehmmary Inflow conststs of surface 

water released from Lahontan ReservOir, seepage from 
the Truckee Canal and trngated land along the Truckee 
Canal, recharge from prectpttatiOn on surrounding 
mountain blocks, In areas of sand dunes, and areas of 
where depth to water ts shallow, and ground-water and 
surface-water Inflow from adJacent basins Outflow 
from the basin conststs of evaporatiOn and evapotrans­
piration from open-water bodtes, crops, and non-crop 
vegetatiOn on trngated lands, open-water bodtes and 
vegetatiOn near wetland areas, dtschargmg playas, and 
phreatophytes outstde trrtgated land and wetland areas 
Estimates for Inflow range from 400,000 to 420,000 
acre-ft/yr, whereas esttmates for outflow range from 
630,000 to 680,000 acre-ft/yr 

Estimates of mflow to and outflow from the sur­
face-water system and the shallow aqmfer and between 
mdiVtdual aqmfers show that mflow to and outflow 
from the shallow aqmfer could be greater than 
120,000 acre-ft/yr, wtth most takmg place m the verti­
cal dtrectiOn Flow through the basalt aqmfer IS estt­
mat~d to be about 4,000 acre-ft/yr, agam mostly In the 
vertical dtrectiOn Flow through the Intermediate aqUI­
fer could be from 25,000 to over 30,000 acre-ft/yr, wtth 
a large component of honzontal flow These estimates 
were determined to obtain an approximate tdea of the 
amount of flow that could take place through the aqUI­
fers, and they could be greater or less by an order of 
magmtude or more Upflow from geothermal aqmfers 
IS esttmated to be about 4,000 acre-ft/yr 

Conceptual models of how water moves through 
the Carson Desert show tdeahzed and hypothetical 
dtrectiOns of flow based on the extstmg understanding 
of recharge mechamsms and flow paths through the 
system Although flow between the surface-water and 
ground-water systems takes place m all parts of the 
basm, the potenttalts probably greater for recharge to 
the shallow aqmfer from surface-water sources In the 
western part of the basin and discharge from the shal­
low aqmfer to surface-water sources In the eastern part 
of the basin Recharge In the western and central parts 
of the basin dnves flow toward the northern, eastern, 
and southern parts of the basin, where ground-water 
dtscharges The dtstnbutton of lithology In the shal­
low, mtermedtate, and deep aqmfers controls the move­
ment of ground water Relict channels of the Carson 
Rtver are probably Important avenues for ground-water 
recharge to the shallow aqutfer, where they underlie 
canals and trrtgated fields, and to the Intermediate and 
basalt aqmfers 
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Because the Carson Rtver entered the basm from 
the west dunng depositiOn of Quaternary basm fill, sed­
Iments are coarser there and decrease m gram stze and 
permeability toward the eastern half of the basm West 
of Fallon, the shallow aqmfer supplies recharge to the 
mtermedtate aqutfer In thts area, permeable sedtments 
m the upper 50ft of basm-fill depostts allow lateral 
flow m the shallow aqmfer and downward flow from 
the shallow to the mtermedtate aqutfer Near the center 
of the basm, where the potent tal for ground-water flow 
ts downward, recharge from the shallow aqmfer to the 
mtermedtate aqmfer could be hmtted by the presence 
of laterally extenstve clay beds of the Sehoo Forma­
tiOn, except where they are breached by relict channels 
of the Carson Rt ver In the eastern part of the basm, the 
verttcal gradtent IS upward, but clay beds of the Sehoo 
FormatiOn restnct verttcal flow except where they are 
breached by rehct channels Extensive sand beds of the 
Fallon FormatiOn allow lateral flow over most of the 
basm to and from pomts of recharge and dtscharge and 
verttcal flow 

Deposits of the Wyemaha FormatiOn form at least 
the upper part of the mtermedtate aqutfer near the cen­
ter of the basm The mtermedtate aqmfer provtdes 
recharge to the basalt aqutfer from the west, and east of 
the basalt aqutfer the mtermedtate aqmfer ts recharged 
by flow out of the basalt Near ground-water dtscharge 
areas, the mtermedtate aqmfer recharges the shallow 
aqmfer 

Ltttle ts known about flow paths from the shallow, 
mtermedtate, and deep aqmfers to the basalt aqmfer 
However, mterpretatton of water-quality data shows 
that the basalt aqmfer ts recharged by all three aqmfers 
Recharge from the shallow aqmfer probably ts mduced 
by mumctpal pumpmg of the basalt aqmfer, although 
details of how water moves from the surface-water sys­
tem to the shallow, mtermedtate, and deep aqmfers and 
then to the basalt aqmfer are not known The dtrectwn 
and volume of ground-water flow through the deep 
aqutfer are largely unknown 

Conceptual models of the ground-water systems 
m the Carson Desert are IImtted by the lack of detailed 
analysts of changes m lithology m basm-fill deposits of 
Quaternary age, data showmg where and how much 
water moves between the surface-water and ground­
water systems, and uncertainties m estimates for rates 
of recharge and discharge 

Potenttal changes m water use m the Carson 
DivisiOn mclude those from 1988 OCAP and Public 
Law I 01-618 Changes from 1988 OCAP mel ude 

mandatory regulations and discretionary methods to 
mcrease ProJect effictency These regulatiOns would 
decrease flow through the Truckee Canal, decrea~e 
releases from Lahontan ReservOir, reduce operatiOnal 
spills and seepage, reduce evaporatiOn losses from the 
distnbutton system, and decrease the area of trrtgated 
land and amount of water applied for IrngatiOn The 
effects of the changes mclude reductiOn of (I) flow to 
wetland areas by as much as 55 percent, (2) recharge to 
the Carson Desert from Truckee Canal seepage by as 
much as 8,000 acre-ft/yr, and (3) recharge to the shal­
low aqutfer of posstbly 600 acre-ft/yr wtth consequent 
reductiOn m recharge to the mtermedtate and basalt 
aqmfers that would probably not be measurable Also, 
about 5,600 acres of land wtthout water nghts wtll no 
longer be trngated under 1988 OCAP regulatiOns The 
effect of thts change depends on the locatiOn of that 
land 

Posstble changes because of Public Law I 01-618 
mclude ( 1) removal of land from productiOn under the 
water-nghts acqmsitiOn program, and (2) decreases m 
seepage from the dtstnbutwn system assoctated wtth 
mcreasmg ProJect effictency to 7 5 percent These 
changes could potentially affect the hydrologic system 
m the Carson Desert Many factors regardmg Imple­
mentatiOn of these programs are unknown These fac­
tors mclude ( 1) the bench/bottom-land designatiOn of 
acqmred water nghts, (2) where the acqmred water 
nghts wtll be obtamed, (3) 1f they will be obtamed m 
large blocks of land or scattered, mdivJdual parcels, ( 4) 
changes m the operatiOn of the dtstnbutlOn system nec­
essary to deliver the water to wetland areas, (5) the type 
of alternative land use m areas removed from produc­
tiOn, and (6) concurrent changes m ProJect efficiency 
Because hydrologic controls on surface water and 
ground water vary greatly m the Carson Desert and are 
not completely understood, the quantitative esttmates 
of the effects of the programs are dtfficult to make With 
certamty 

West of Fallon, changes m IrrigatiOn practices 
that decrease seepage or the area of 1rngated land have 
the potenttal to decrease recharge to the shallow, mter­
mediate, and basalt aqutfers Near the center of the 
basm, changes could affect water levels m the shallow 
and basalt aqmfers, but might have less effect on water 
levels m the mtermed1ate aqutfer Near the eastern part 
of the basm, changes could affect water levels m the 
shallow aqmfer but probably would not affect the mter­
medtate and basalt aqmfers 
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Decreasmg the seepage by lmmg canals could 
cause ground-water levels to declme, espectally where 
canals are dtstant from ongomg trngatton In areas 
where trngatton ts removed, the amount of declme 
could be about 10ft at a dtstance of I to 2 mt from lined 
canals 

The declme or nse of water levels m the shallow 
aqutfer as a result of removmg land from trngatiOn 
depends on whether surface-water applications have 
htstoncally been greater or less than consumptive use 
by trngated crops Water levels would declme tf appli­
cations htstoncally have been greater than consump­
tive use and could nse temporanly tf applications have 
been less than consumptive use As vegetation 
becomes established on land removed from production, 
water levels would agam decline to a new eqmhbnum 

The dechr.e or nse of water levels as a result of 
removmg land from trrtgatton also depends upon how 
consumptive use IS supplied from the shallow aqmfer 
If the consumptive use htstoncally had been supplied 
by ground water upgradtent from fields removed from 
production, water levels could temporanly nse where 
land IS removed from production or declme m areas 
downgradtent from the change If consumptive use 
htstoncally had been supphed to fields by surface water 
applied early m the season, removmg land from pro­
ductiOn mtght have little effect on water levels, 
although decreasmg the ttme and frequency of trrtga­
tion early m the season could cause water levels to 
decline 

A hypothetical example shows that tf seepage 
from the surface-water syl;)tem ts decreased m propor­
tiOn to the amount of land removed from productiOn, 
water levels beneath about 30,000 acres of land could 
declme from 8 to 17 ft tf the average specific yteld IS 1 0 
percent, and from 4 to 8 ft tf the average specific yteld 
IS 20 percent The effect of water-level changes on 
pumped wells depends on the thickness of the near­
surface zone m the shallow aqmfer from whtch they 
are pumped, and the condttton of the pumped well 

Understandmg of the water resources and 
ground-water movement m the Carson Desert can be 
refined by study of the extent of potable water m the 
mtermedtate and basalt aqmfers, collectiOn of water­
level and water-quality data from the basalt and sur­
roundmg sedimentary aqmfers, compilatiOn of all 
available lithologic data, and study of the rates of 
recharge to and dtscharge from the basm 

EvaluatiOn of the potential effects of changes m 
water use can be Improved by developmg maps show­
mg the locatiOn and altitude of canals, laterals, and 
drams, compared wtth the altttude of adJacent ground­
water levels The maps could al~o be used to destgn 
networks for the collection of data showmg the dtrec­
tiOn and rate of flow through the dtstnbutiOn system, 
the rate of surface-water applicatiOn and runoff from 
fields, and the specific yteld of aqmfer matenals The 
effects of changes m water use can be documented by 
momtonng surface-water quality and flow and ground­
water quality and levels 
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GLOSSARY 

The followmg definitiOns are from Lohman and others 
( 1972), Amencan Geologtcal Institute ( 1976), Htllel ( 1980), 
Bates and Jackson ( 1984, 1987), Johnson ( 1988), and other 
sources 

Aquifer. A formation, group of formations, or part of 
formation that contams suffictent saturated permeable 
matenal to yteld stgmficant quantities of water to wells 
or spnngs 

Available water-holding capacity Dtfference between 
amount of water m sotl at field capac tty (saturatiOn) and 
amount at wtltmg pomt, also capactty of sotl to hold 
water avatlable for use by most plants 

Bench/bottom land. A des1gnat10n that determmes the 
maxtmum allowable water dehvery to trngable, water­
nghted lands accordmg to the Alpme Decree Bench 
lands have sotls wtth an available water-holdmg 
capacity of less than 8 mches, wtth a seasonal high 
water table of greater than 5 feet below land surface, 
and are allowed annual d1vers10n of 4 5 acre-foot per 
acre Bottom lands have smls wtth an available 
water-holding capacity of greater than or equal to 8 
mches, w1th a seasonal high water table of less than or 
equal to 5 feet below land surface, and are allowed an 
annual dtversiOn of 3 5 acre-ft/acre (Bureau of Recla­
mation, 1992~p 7) 

Central tendency. In stattsttcs, measures of central 
tendency descnbe dtstnbutiOn m terms of central 
value In nonparametric stattsttcs, medtan ts central 
value 

Confined ground water Ground water that ts under pres­
sure stgmficantly greater than atmosphenc Wells 
tappmg confined ground-water systems commonly 
flow wtthout pumpmg 

Consumptive use. Net amount of water consumed by 
vegetatiOn 

Discharging playa. Ephemeral lake bed where water 
table ts sufficiently shallow to allow ground-water 
dtscharge to atmosphere 

Eolian. Satd of depostts, such as sand, that are arranged or 
formed by wmd 

Extension. ExpansiOn, or stretchmg of the Earth's crust 
For example, an area ongmally 50 miles w1de that 
undergoes 1 00-percent extension becomes 100 mtles 
wtde 

Facies Mappable, aenally restncted rock body, dtffenng 
m lithology or fosstl content from other beds deposited 
at the same ttme and m hthologtc contmmty 

Felsic. Satd of tgneous rock havmg abundant hght-colored 
mmerals, such as feldspar and sthca (quartz) Examples 
of felsic rocks rhyolite and gramte 

Formation. Pnmary untt of formal geologtc mappmg 
Body of rock that has certam dtstmcttve hthtc charac­
tensttcs and that etther ts tdenttfiable also by strati­
graphic pos1t10n or ts dtstmctly mappable Formations 
may be combmed together mto groups or subdtvided 
mto members and may contam more than one facies 

Head. Hetght, above standard datum, of the surface of a 
column of water that can be supported by stattc pressure 
at a gtven pomt, a measure of flmd potential at a gtven 
pomt, or an altttude of standmg water level m a well 

Hydraulic gradient. Change m head, water level, or 
stream stage wtth dtstance, m etther a verttcal or hon­
zontal dtrectwn 

Hydraulic conductivity. Volume of water that w1ll move 
m a umt time under a untt hydraulic gradient through 
a umt area of aquifer matenal at nght angles to the 
dtrectton of flow 

Isostatic rebound. Upward eqmhbnum adJustment of 
land surface after removal of a large mass, such as 500-
foot-deep anctent Lake Lahontan 

ka. Thousand years ago 

Lysimeter. Generally a large tank of sml set m field to 
represent prevathng sml and chmattc cond1t10ns and 
allow more accurate measurement of phystcal 
processes than can be determmed m the open field 
Water mflow, water level, and sml mmsture can be 
closely momtored m a lysimeter, whtch generally 
contams the growmg crop A lysimeter provtdes reh­
able measurements only when sml or above-ground 
cond1t10ns do not markedly dtffer from those of the 
field ttself 

Ma. Mtlhon years ago 
Mafic. Satd of Igneous rock composed of ferromagnestan, 

dark-colored mmerals Relatively nch m tron, magne­
SIUm, and calcmm Examples of mafic rocks basalt, 
gabbro 

Newlands Project area. Includes trrtgated lands of both 
the Truckee Dtvtston, whtch are tmgated with flow 
from the Truckee R1ver, and the Carson Divtsion, which 
are 1mgated wtth flow released from Lahontan Reser­
vmr The ProJect uses water stored and transmitted 
along the channels of the Carson and Truckee Rtvers 
and the Truckee Canal 

Nonparametric tests. Stattstlcal tests that do not assume 
data have a particular dtstnbut10n These tests use 
ranked data rather than ongmal data values These tests 
are also called "dtstnbutiOn-free " 

OCAP. Acronym for Operatmg Cntena and Procedures 
tor the Newlands ProJect 

On-farm loss Volume ot water deltvered to farm head­
gates that does not supply consumptive use 

Operational spill. Water lost from the surface-water 
dtstnbut10n system dunng dehvery for Irrigation 
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Parametric tests. Stattsttcal tests that assume data have a 
spectfic dtstnbuttOn 

Permeability (permeable). Measure of relative ease wtth 
whtch porous medmm can transmit hqutd under a 
hydraulic gradient 

Phreatophyte. Plant that denves water from zones of satu­
ratton 

Potentiometric surface. Surface representmg head m 
wells relattve to the standard datum 

Seasonal high water table. Shallowest depth at whtch 
free water ts first found dunng wet season, also shown 
by presence of gray mottles m sml structure 

Specific capacity. Rate of dtscharge of water from a well 
dtvtded by drawdown of water level wtthm the well 
dunng pumpmg 

Spectfic yield. Ratto of ( 1) the volume of water that 
aqutfer matenal wtll yteld by gravtty to (2) the volume 
of aquifer matenal 

Surface-water distribution system. The network of 
ca~als (maJor conveyances whtch route flow to trrtga­
ttOn subdtstncts), laterals (smaller conveyances whtch 
route flow to head gates), drams (conveyances whtch 
route excess water to wetlands), regulatmg reservOirs 
(holdmg areas whtch allow addtttOnal control on 
routmg surface-water flow), and natural channels of the 
Carson Rtver 

TCID. Acronym for Truckee-Carson Irngatwn Distnct 

Tectonic. Pertammg to forces mvolved m or structures 
resultmg from deformatiOn of the Earth's crust As 
applied to earthquakes, tt IS used to descnbe shocks that 
are not due to volcantc actton or to collapse of caverns 
or landslides 

Transmissivity. Rate at whtch water ts transmttted 
through a umt wtdth of aquifer under a untt hydraulic 
gradient Product of hydraulic conductivity of an 
aquifer multtplted by tts saturated thtckness 

Tuffaceous. Satd of sedtments that have as much as 50 
percent volcantc fragments that were eJected dunng a 
volcantc explosiOn or eruptiOn 

Unsaturated zone Zone between land surface and water 
table where pore space m the aquifer matenal IS not 
completely filled with water 

Water table. Surface m a ground-water body at whtch 
water pressure ts atmosphenc, or level at whtch water 
stands m a well that JUSt penetrates a water body In 
wells that penetrate to greater depths, the water level 
stands above or below the water table tf an upward or 
downward component of ground-water flow extsts 
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