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CONVERSION FACTORS and VERTICAL DATUM

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 0.001233 cubic hectometer
acre-foot per year (acre-ft/yr) 0.001233 cubic hectometer per year
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot per foot (ft/ft) 1 meter per meter
foot per year (ft/yr) 0.3048 meter per year
inch (in.) 25.4 millimeter
inch per year (in/yr) 254 millimeter per year
mile (mi) 1.609 kilometer
square foot (ftz) 0.09290 square meter
square mile (miz) 2.590 square kilometer

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called “Sea-Level

Datum of 1929”), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.
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Water-Budget Estimates for the 14 Hydrographic Areas in the
Middle Humboldt River Basin, North-Central Nevada

by David L. Berger
ABSTRACT

Water budgets were developed for the 14
hydrographic areas in the middle Humboldt River
Basin of north-central Nevada. The water budgets
include estimates of average annual precipitation,
runoff, water yield, ground-water recharge and
subsurface flow, and evapotranspiration (ET)
determined from recently developed or revised
methods. Ground-water pumping is not included
in the budget estimates. The estimated budgets
represent average annual volumes over a 30-year
reference period (1961-90) and are compared to
water budgets developed more than 30 years ago.

Annual inflow to the middle Humboldt
River basin is about 5 million acre-feet. An esti-
mated 4.6 million is from precipitation in the 14
hydrographic areas and about 350,000 acre-feet is
inflow from the Humboldt River. Annual outflow
is about 5.1 million acre-feet, of which ET
accounts for 4.8 million acre-feet, and outflow of
the Humboldt River is about 300,000 acre-feet.

Average annual precipitation in the hydro-
graphic areas for 1961-90 ranged from 105 to 128
percent of that for the 1912—63 period. The annual
volume of ET in the 14 areas was 102 to almost
134 percent of that previously estimated, although
the percentage of annual precipitation lost to ET is
similar. About 15 percent of the annual precipita-
tion in mountain-block areas becomes water yield
(either ground water or runoff) as compared to pre-
vious estimates of 11 percent. On the basis of
mass-balance calculations, ground-water recharge
on average is about 145 percent of previous esti-
mates.

INTRODUCTION

The Humboldt River Basin (fig. 1), in north-cen-
tral Nevada, is the only major river basin whose drain-
age area lies entirely within the State. The area of the
Humboldt River Basin covers 16,900 mi? and encom-
passes about 15 percent of the State. Precipitation is the
principal source of all the water that flows in the basin.
Traditional water users in the basin rely heavily on sur-
face water and to a lesser extent on ground water. How-
ever, ground-water withdrawals in the basin have
increased over the last 10 to 15 years, mostly as a result
of the development of large open-pit gold mines.

Background

In 1995, the U.S. Geological Survey (USGS), in
cooperation with the Nevada Department of Conserva-
tion and Natural Resources, began the Humboldt River
Basin Assessment. The overall objectives of the assess-
ment are to (1) provide scientific appraisals of surface-
water and ground-water resources of each hydro-
graphic area in the Humboldt River Basin, (2) deter-
mine the interactions between surface water and
ground water among contributing areas and the main
stem of the Humboldt River, and (3) determine the
effects of all major water uses in the basin on the quan-
tity, quality, and beneficial use of the basin’s water
resources. The assessment has focused on the middle
Humboldt River Basin, which consists of 14 hydro-
graphic areas' and includes large land areas irrigated
for agriculture as well as most of the large mining oper-
ations in northern Nevada. In general, the middle Hum-
boldt River Basin is defined by the hydrographic areas
that are tributary to the Humboldt River from about 10
mi downstream from Carlin to about 5 mi upstream
from Golconda (fig. 1).

!Formal hydrographic areas in Nevada were delineated systemati-
cally by the USGS and Nevada Division of Water Resources in the late
1960’s for scientific and administrative purposes (Cardinalli and others,
1968; Rush, 1968). The official hydrographic-area names, numbers, and
geographic boundaries continue to be used in USGS scientific reports and
Division of Water Resources administrative activities.

ABSTRACT 1
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Figure 1. Locations of middle Humboldt River Basin and the 14 hydrographic areas, north-central Nevada.

2 Water-Budget Estimates for the 14 Hydrographic Areas in the Middie Humboldt River Basin, North-Central Nevada



The Humboldt River Basin Assessment was
planned as a series of phases. Activities of phase 1
(completed in September 1998) were to (1) make
hydrologic data for the Humboldt River Basin more
easily accessible by publishing it on the web site, which
has the URL <http://nevada.usgs.gov/humb>, (2)
define the hydrogeologic framework and shallow
ground-water conditions in the middle Humboldt River
Basin, (3) quantify ground-water withdrawals for agri-
culture, generation of electricity, industrial use, min-
ing, and municipal use in the middle Humboldt River
Basin, and (4) develop and revise methods for estimat-
ing water-budget components. Activities for phase 2,
which began in October 1998, are to (1) continue quan-
tifying ground-water withdrawals in the middle Hum-
boldt River Basin, (2) estimate water budgets for the 14
hydrographic areas in the middle Humboldt River
Basin by methods developed in phase 1 and (3) develop
a numerical model to simulate effects of water use and
climate variability on the water resources of the middle
Humboldt River Basin.

Purpose and Scope

The purpose of this report is to present estimated
average annual water budgets for the 14 hydrographic
areas within the middle Humboldt River Basin. The
report describes the results of applying a systematic
approach for estimating water budgets for individual
hydrographic areas by recently developed or revised
methods (Berger, 2000). The water budgets include
estimates of precipitation, runoff, water yield, ground-
water recharge and subsurface flow, and evapotranspi-
ration that represent average annual volumes over a
30-yr reference period, 1961-90. The report also
describes the relative distribution and movement of
water among the major landforms within each hydro-
graphic area. Budget estimates derived from this study
are compared briefly to those developed in earlier stud-
ies (Zones, 1961; Crosthwaite, 1963; Eakin and others,
1965; Rush and others, 1971; Olmsted and Rush, 1987,
Maurer and others, 1996).

Location and General Features of Study Area

The areal extent of the middle Humboldt River
Basin, which is in north-central Nevada, is nearly 7,500
mi? (fig. 1). The drainage basin is characterized by
northwest-trending mountain ranges separated by
broad alluvial valleys. Altitudes within the basin range
from about 4,350 ft, where the Humboldt River leaves
the basin near Golconda, to almost 11,800 ft, in the
Toiyabe Range south of Austin (fig. 1). The basin is
sparsely populated and includes portions of Pershing,
Humboldt, Lander, Eureka, Nye, and Elko Counties.

The geology of north-central Nevada is complex
and is the major control on water movement through
the hydrologic systems within the area. Consolidated
rock ranging in age from Precambrian to late Tertiary
makes up the mountainous regions. The intervening
valleys are filled with unconsolidated deposits of Ter-
tiary and Quaternary age that commonly are several
thousand feet thick. The hydrogeologic framework of
the Humboldt River Basin was summarized by Plume
and Carlton (1988), Plume (1996), and Plume and
Ponce (1999).

The climate of the study area is arid in the valleys
to subhumid in the mountains and is characterized by
hot summers and cold winters. Average annual precip-
itation over the 30-yr reference period (1961-90) is
commonly less than 10 in. on the valley floors and as
much as 30 in. at the higher altitudes in the mountains
(Owenby and Ezell, 1992). Because of the large range
in annual precipitation between valley floors and sur-
rounding mountains, the vegetation in north-central
Nevada is diverse.

Each of the 14 hydrographic areas that make up
the middle Humboldt River Basin (fig. 1 and table 1) is
a single topographic basin. The boundaries of the
hydrographic areas, initially delineated by Cardinalli
and others (1968) and Rush (1968), were refined fur-
ther by using topographic-drainage boundaries inter-
preted from 1:24,000-scale maps. Of the 14
hydrographic areas, 9 are south of the Humboldt River:
Pine Valley, Carico Lake Valley, Crescent Valley,
Whirlwind Valley, Upper Reese River Valley, Ante-
lope Valley, Middle Reese River Valley, Lower Reese
River Valley, and Pumpernickel Valley (fig. 1). These

INTRODUCTION 3



nine areas south of the river appear to function as sep-
arate ground-water systems, although four are hydrau-
lically connected by streamflow and subsurface flow.
Boulder Flat, Willow Creek Valley, Rock Creek Val-
ley, the Clovers Area, and the Kelly Creek Area are
north of the Humboldt River (fig. 1 and table 1). These
five areas appear to function as a single, extensive
ground-water flow system in which ground-water
divides do not coincide with topographic divides (Mau-
rer and others, 1996; Plume and Ponce, 1999). The
Humboldt River and its associated flood plain hereafter
is referred to as the Humboldt River valley. This valley
comprises the seven hydrographic areas, Boulder Flat,
Crescent Valley, Whirlwind Valley, Lower Reese
River Valley, Clovers Area, Pumpernickel Valley, and
Kelly Creek Area.

Previous Investigations

In 1959, the Nevada State Legislature authorized
the Humboldt River Research Project (Statutes, Chap-
ter 97, 1959). The purposes of the project, in part, were
to identify available hydrologic data and information
for the Humboldt River Basin, quantitatively describe
the hydrologic processes in the basin, and develop
techniques needed to evaluate the water resources of
the Humboldt River Basin. Information from the period
1912-63 was used to analyze the hydrologic conditions

Table 1. Hydrographic areas in middle
Humboldt River Basin, north-central Nevada

Area

Figure 1 Name (square miles)
PN  Pine Valley 1,010
CV  Crescent Valley 750
CL  Carico Lake Valley 380
UR  Upper Reese River Valley 1,140
AV Antelope Valley 450
MR  Middle Reese River Valley 320
LR  Lower Reese River Valley 600
WV  Whirlwind Valley 100
BF  Boulder Flat 540
RL  Rock Creek Valley 450
WL  Willow Creek Valley 410
CA  Clovers Area 720
PV Pumperickel Valley 310
KC  Kelly Creek Area 300

Lot e 7,480

within the Humboldt River Basin. Research results
were published in a wide variety of reports; one of the
resulting publications was a reconnaissance-level eval-
uation of the Humboldt River Basin by Eakin and
Lamke (1966).

Additionally, in 1960, the USGS began a cooper-
ative study with the Nevada Department of Conserva-
tion and Natural Resources to provide preliminary
appraisals of Nevada’s water resources. These apprais-
als were published as a series of reconnaissance reports
authorized by the Nevada State Legislature (Statutes,
Chapter 181, 1960). Published within that series were
brief water-resources appraisals for Pine Valley (Eakin,
1961), Antelope and Middle Reese River Valleys
(Crosthwaite, 1963), Upper Reese River Valley (Eakin
and others, 1965), and Grass and Carico Lake Valleys
(Everett and Rush, 1966).

Water budgets for other hydrographic areas were
appraised for Crescent Valley (Zones, 1961); for parts
of Whirlwind Valley and Crescent Valley (Olmsted
and Rush, 1987); and for Willow Creek Valley, Rock
Creek Valley, and Boulder Flat (Maurer and others,
1996). Estimates of annual surface- and ground-water
flows between hydrographic areas of Nevada and,
where data were available, estimates of annual runoff,
perennial yield, and water storage were summarized by
Rush and others (1971).

As aresult of activities from phase 1 of the Hum-
boldt River Basin Assessment, Plume and Ponce
(1999) described the hydrogeologic framework,
ground-water levels, and water-level changes in the
middle Humboldt River Basin. Also as a result of phase
1, Berger (2000) described methods for developing
annual water budgets and presented the results of
applying those methods to three hydrographic areas in
the middle Humboldt River Basin.

Development of Annual Water Budgets

The approach taken for the development of water
budgets for the 14 hydrographic areas in the middle
Humboldt River Basin was described in detail by
Berger (2000). Each hydrographic area was subdivided
on the basis of three general landforms and associated
patterns of ground-water flow. A water budget for each
landform was estimated and then combined to develop
a water budget for the entire hydrographic area.

4 Water-Budget Estimates for the 14 Hydrographic Areas in the Middle Humboldt River Basin, North-Central Nevada



Data management and processing procedures
used to regionalize point measurements were facili-
tated by using geographic information systems (GIS).
The spatial-data sets developed and used in this inves-
tigation include land-surface altitude, determined from
1-degree digital elevation models (U.S. Geological
Survey, 1987); land-use and land-cover digital data,
derived from high-altitude photography collected in
1980 and 1983, at a scale of 1:250,000 (U.S. Geologi-
cal Survey, 1986); Landsat Thematic Mapper (TM) sat-
ellite data, collected in June 1989 and June 1995;
hydrographic areas and watershed boundaries digitized
from 1:24,000-scale topographic maps; and distribu-
tion of geologic units, modified from Plume and Carl-
ton (1988) and Hess and Johnson (1997).

Conceptualization of a Hydrologic System

Mountain blocks, piedmont slopes, and valley
lowlands are three easily identifiable landforms in the
hydrographic areas (Peterson, 1981, p. 4). The land-
forms are interconnected in terms of water movement
but differ in their relative positions in an area and in the
characteristics of ground-water flow. Schematic dia-
grams and general patterns of ground-water flow for a
typical hydrographic area underlain by permeable and
poorly permeable bedrock are shown in figure 2. The
diagrams depict ground-water movement perpendicu-
lar to the long axis of a hydrographic area. In the study
area, ground water also moves parallel to the long axis
and commonly supports subsurface outflow.

Mountain-block areas represent the zone of
recharge and were delineated by the topographic divide
along the mountain crest and by the contact between
bedrock of the mountain block and the alluvial sedi-
ments of the upper piedmont slopes. Patterns and char-
acteristics of ground-water flow are controlled by the
permeability of the hydrogeologic units and the aridity
of the area. Poorly permeable bedrock enhances runoff
to adjacent piedmont slopes. In the Humboldt River
Basin, mountain blocks receive a large part of the
annual precipitation and are the principal source areas
of inflow.

Piedmont slopes represent the zone of lateral flow
and commonly form the largest part of a hydrographic
area. Piedmont slopes typically make up the transition
between the mountain block and the nearly level land
of the valley lowlands (fig. 2). For most hydrographic
areas, the zone of recharge extends to the upper parts of
the piedmont slope, where runoff is concentrated and
sediment permeability tends to be more favorable for
infiltration. Textures of sediments that are on pied-
mont-slope surfaces typically grade from coarser
grained near the mountain front to finer grained down-
slope toward the valley lowlands. Because of the
coarse grain size of the upslope sediments, runoff that
issues from the mountain block commonly infiltrates
before reaching the valley lowlands. Consequently,
piedmont slopes are favorable areas for ground-water
recharge. Basin-fill aquifers, which make up part of the
principal hydrogeologic unit beneath piedmont slopes,
consist of unconsolidated to semiconsolidated deposits
of poorly sorted gravel, sand, and silt.

In most hydrographic areas, the valley lowland is
in the axial part and typically contains the principal
tributary of the drainage basin. These tributaries are
mostly ephemeral in the middle Humboldt River Basin.
For this study, valley lowlands include the zone of dis-
charge. However, in hydrographic areas where ground-
water flow is part of a regional flow system and where
depth to ground water is too great to sustain phreato-
phyte vegetation or large amounts of ground-water dis-
charge by direct evaporation, valley lowlands may not
correspond to the zone of ground-water discharge. In
general, population and agricultural development are
concentrated in the valley lowlands, where depth to
ground water commonly is shallow. Because of the
shallow water table in these generally undeveloped
areas, ground-water discharge by bare-soil evaporation
and phreatophytic transpiration are the dominant
hydrologic processes. Unconsolidated deposits, which
typically are several thousand feet thick, form the prin-
cipal hydrogeologic unit beneath the valley lowlands.
The basin-fill aquifers beneath piedmont-slope and val-
ley-lowland areas are the primary aquifers developed
in most hydrographic areas of the middle Humboldt
River Basin.

Development of Annual Water Budgets 5
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Summary of Methods for Estimating Water-
Budget Components

The water budgets were developed assuming
approximate equilibrium and no long-term average
annual change in ground-water storage (steady-state
conditions). However, stresses that include changing
patterns of inflow and outflow would disrupt this
hydrologic equilibrium and cause ground-water levels
to fluctuate. In turn, such fluctuations would cause
changes in ground-water storage.

The general relation for a steady-state water bud-
get equates inflow to outflow. This general assumption
of equilibrium was used to develop relations between
inflow and outflow for each landform. The equations
used to estimate average annual water budgets for a
typical hydrographic area in the middle Humboldt
River Basin are presented in table 2. The equations for
each landform are described in terms of inflows bal-
anced by outflows, where an outflow from one land-
form commonly represents an inflow to another
landform. Relations among the budget components are
illustrated schematically in figure 3.

By definition, a method is a regular and system-
atic way of accomplishing a given task, and the
assumption is that the set of procedures can be applied

elsewhere and produce similar results. Thus, the meth-
ods applied to one hydrographic area should be appli-
cable to other areas in the middle Humboldt River
Basin without significant modification. Nonetheless,
the procedures discussed herein are subject to refine-
ment as more information about the identified water-
budget components becomes available. In addition, the
use of these methods is limited by uncertainties inher-
ent in measured or estimated values of the budget com-
ponents and in the techniques used to areally distribute
those values. Although the water budgets derived by
these methods are subject to uncertainty, the overall
estimates are believed to represent the proportional dis-
tribution of those components within each landform
averaged over a selected reference period.

For this investigation, the water budgets were
considered on an average annual basis. Therefore, esti-
mates of precipitation, runoff, water yield, ground-
water recharge, and ET represent average quantities for
a 12-month period. The water year, which begins on
October 1 and ends on September 30 of the following
calendar year, is used to represent an average year. The
30-year period 1961-90 is used as the reference period
for analyses in this investigation.

Table 2. Equations of hydrologic equilibrium for average annual water budgets for land-
forms and typical basin in middle Humboldt River Basin, north-central Nevada

[Water-budget components (inflow equals outflow; see fig. 3 for hydrologic relations): Esw, evaporation from open-water bodies;
ETgw, evapotranspiration of ground water by phreatophyte vegetation and through areas of bare soil in valley lowland; ETmb, evapo-
transpiration and sublimation of precipitation and soil moisture and from riparian areas in mountain block; ETps, evapotranspiration
and sublimation of precipitation and soil moisture from piedmont slope; ETrps, evapotranspiration from vegetated flood plains of
piedmont slope; ETV, evapotranspiration of precipitation and soil moisture from valley lowland; Pmb, precipitation on mountain
block; Pps, precipitation on piedmont slope; Pvl, precipitation on valley lowland; ROmb, runoff from mountain block; ROps, runoff’
from piedmont slope; ROV, runoff from valley lowland; SFin, subsurface flow from adjacent hydrographic areas; SFmb, subsurface
flow from bedrock aquifer in mountain block; SFout, subsurface flow to adjacent hydrographic areas; SFps, subsurface flow from
basin-fill aquifer beneath piedmont slope; SFtot, total outflow as subsurface flow at hydrographic-area boundary; SFvl, subsurface
flow from basin-fill aquifer beneath valley lowland; SWin, surface-water flow from adjacent hydrographic areas; SWtot, total outflow
as surface water at hydrographic-area boundary (may include ground-water discharge as baseflow)]

Average annual water-budget components

Inflow » Outflow
Landforms:
Mountain block Pmb+SFin = ROmb + SFmb + SFout + ETmb
Piedmont slope Pps + ROmb + SWin + SFmb + SFin = ROps + SFps + SFout + ETps + ETrps
Valley lowland Pvi + ROps + SWin + SFps + SFin = ROVl + SFvi + ETvl + ETgw + Esw
Hydrographic area....... Pmb + Pps + Pvi+ SWin + SFin =  SWtot + SFtot + ETmb + ETps + ETrps + ETvI + ETgw + Esw
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Figure 3. Interrelations among water-budget components and landforms for simplified hydrologic-flow system, middle Humboldt River Basin, north-central Nevada.
Modified from Eakin and Lamke (1966, p. 14).



Precipitation, in the form of either rain or Snow, is
the principal source of inflow to the Humboldt River
Basin. A precipitation map derived from a statistical—
topographic model (Daly and others, 1994) was used to
estimate average annual precipitation in the 14 hydro-
graphic areas. The model, called a precipitation—eleva-
tion regressions on independent slopes model
(PRISM), uses average annual precipitation over the
30-year reference period 1961-90. Methods for esti-
mating average annual runoff, water yield, and ground-
water recharge were developed, in part, as functions of
the distribution and quantity of annual precipitation
simulated by PRISM. The methods were regionalized
by using GIS techniques (Berger, 2000). A summary of
the area and distribution of average annual precipita-
tion simulated by PRISM for each landform in the 14
hydrographic areas is presented in table 3.

Runoff is defined as that part of the precipitation
that eventually appears in streams (Langbein and Iseri,
1960, p. 17) and that can be divided, with respect to the
water source, into direct runoff or baseflow runoff
(Wilson and Moore, 1998, p. 172). The water yield
from mountain-block areas consists of runoff generated
in the watershed and of ground water that flows from
the bedrock aquifer along the mountain front. The rela-
tion between runoff and water yield was used to
develop estimates of subsurface flow from mountain-
block areas (Berger, 2000). The difference between
runoff and water yield was assumed equal to the sub-
surface-flow component from the mountain block.

For selected watersheds in western Nevada, a
regression analysis was developed for estimating
annual runoff and water yield as a function of average
annual precipitation (Maurer and Berger, 1997, p. 30).
This analysis was modified by Berger (2000) to include
six watersheds in north-central Nevada for application
in the Humboldt River Basin Assessment. Average
annual-runoff values for the six watersheds in north-
central Nevada were adjusted to represent a common
31-year time period (1966-96) on the basis of available
records from the South Twin River gaging station in
north-central Nevada. Annual volumes of precipitation
and estimates of average annual runoff and water yield
were divided by the area of each watershed to account
for differences in area. Simple least-squares regression
analyses of average annual runoff and water yield
(dependent variables) and average annual precipitation
(independent variable) was done. The regression equa-
tion used to describe the relation between average

annual runoff and average annual precipitation in the
14 hydrographic areas of the middle Humboldt River
Basin (Berger, 2000) can be written as

ROmb = 0.0000228(P,,)*% (1)

where ROmb is estimated average annual runoff in
mountain block, in inches per year; and

P, isaverage annual precipitation in
mountain block, in inches per year.

On the basis of the coefficient of determination
for equation 1 (?= 0.887), about 89 percent of the vari-
ance in annual runoff from the selected watersheds can
be explained by the regression relation. In addition, the
significance of probability (p = 0.0001) indicates a sta-
tistically significant relation between average annual
precipitation simulated by PRISM and adjusted aver-
age annual runoff.

The equation that best approximates the relation
between average annual water yield and precipitation
in the 14 hydrographic areas of the middle Humboldt
River Basin (Berger, 2000) can be written as

W = 0.00273(P,,)*>% )

where W isaverage annual water yield in mountain
block, in inches per year;
and

P, isaverageannual precipitation in mountain
block, in inches per year.

According to the coefficient of determination (r2 =
0.863), about 86 percent of the variance in average
annual water yield can be accounted for by this regres-
sion equation. The small p-value, 0.0008, indicates a
strong predictive relation between average annual
water yield and precipitation. Estimates of average
annual runoff and water yield for mountain-block
areas of the 14 hydrographic areas are presented in
table 4. The coefficients derived for equations 1 and 2
are applicable only to the distribution of precipitation
simulated by PRISM and acquired from G.H. Taylor
(Oregon Climate Service, Oregon State University,
written commun., 1997). Relations represented by
equations 1 and 2 are applicable for watersheds with
PRISM-simulated average annual precipitation of not
more than about 30 in.
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Table 3. Area of landforms and distribution of simulated average annual precipitation on landforms
in the 14 hydrographic areas of middle Humboldt River Basin, north-central Nevada

[Simulation based on 1961-90 data. Model simulated no I precipitation of less than 8 inches or greater than 30 inches. Precipitation
zones based on Nichols (2000). Data for individual landforms rounded to nearest 100 acres or acre-feet per year; totals, to nearest 1,000.

10

PRISM, precipitation—¢levation regressions on independent slopes model (Daly and others, 1994). <, less than]

PRISM-simulated average annual precipitation by precipitation zone

(acre-feet per year)

Landform (:JreeZ) Zone of Zone of Zone of Zone of
at least 8 at least 12 at least 16 at least 20 Total
but <12 but <16 but <20 but <34
inches inches inches inches
Pine Valley Hydrographic Area
Mountain block 261,800 10,600 177,600 117,200 21,000 326,000
Piedmont slope 350,100 174,700 151,400 7,700 0 334,000
Valley lowland 32,800 26,300 1,500 0 0 28,000
Total...... 645,000 212,000 330,000 125,000 21,000 688,000
Crescent Valley Hydrographic Area
Mountain block 179,800 65,200 95,200 22,200 1,500 184,000
Piedmont slope 224,000 161,000 31,400 4,300 0 197,000
Valley lowland 78,100 65,100 0 0 0 65,000
Total...... 482,000 291,000 127,000 26,000 2,000 446,000
Carico Lake Valley Hydrographic Area
Mountain block 111,400 20,200 77,300 22,100 3,400 123,000
Piedmont slope 120,400 82,300 25,300 0 0 108,000
Valley lowland 9,700 8,100 0 0 0 8,000
Total...... 242,000 111,000 103,000 22,000 3,000 239,000
Upper Reese River Valley Hydrographic Area
Mountain block 339,200 32,600 200,600 135,400 45,300 414,000
Piedmont slope 352,100 78,800 269,600 6,100 0 354,000
Valley lowland 36,000 5,500 29,500 0 0 35,000
Total...... 727,000 117,000 500,000 142,000 45,000 803,000
Antelope Valley Hydrographic Area
Mountain block 114,000 26,700 86,500 7,000 0 120,000
Piedmont slope 145,300 88,200 45,800 100 0 134,000
Valley lowland 30,300 25,300 0 0 0 25,000
Total...... 290,000 140,000 132,000 7,000 0 279,000
Middle Reese River Valley Hydrographic Area
Mountain block 113,500 44,800 65,200 0 0 110,000
Piedmont slope 54,200 42,100 4,300 0 0 46,000
Valley lowland 36,200 30,100 0 0 0 30,000
Total...... 204,000 117,000 70,000 0 0 186,000
Lower Reese River Valley Hydrographic Area
Mountain block 151,200 66,000 80,900 0 0 147,000
Piedmont slope 123,700 101,000 3,100 0 0 104,000
Valley lowland 107,600 89,700 0 0 0 90,000
Total...... 382,000 257,000 84,000 0 0 341,000
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Table 3. Area of landforms and distribution of simulated average annual precipitation on landforms
in the 14 hydrographic areas of middle Humboldt River Basin, north-central Nevada—Continued

PRISM-simulated average annual precipitation by precipitation zone

(acre-feet per year)

Landform (:J;as) Zone of Zone of Zone of Zone of
at least 8 at least 12 at least 16 at least 20
but <12 but <16 but <20 but <34 Toul
inches inches inches inches
Whirlwind Valley Hydrographic Area
Mountain block 38,300 25,400 8,700 0 0 34,000
Piedmont slope 12,800 10,000 900 0 0 11,000
Valley lowland 11,500 9,600 0 0 0 10,000
Total...... 63,000 45,000 10,000 0 0 55,000
Boulder Flat Hydrographic Area
Mountain block 150,400 80,000 54,700 7,200 0 142,000
Piedmont slope 77,000 59,200 6,800 0 0 66,000
Valley lowland 119,700 99,700 0 0 0 100,000
Total...... 347,000 239,000 62,000 7,000 0 308,000
Rock Creek Valley Hydrographic Area
Mountain block 221,500 141,300 53,800 4,200 0 199,000
Piedmont slope 56,300 45,600 2,200 0 0 48,000
Valley lowland 10,300 8,300 400 0 0 9,000
Total...... 288,000 195,000 56,000 4,000 0 256,000
Willow Creek Valley Hydrographic Area
Mountain block 196,200 37,300 137,600 33,800 7,800 216,000
Piedmont slope 57,300 26,600 22,500 4,900 1,400 55,000
Valley lowland 10,700 8,900 200 0 0 9,000
Total...... 264,000 73,000 160,000 39,000 9,000 280,000
Clovers Area
Mountain block 138,300 65,400 49,800 22,100 0 137,000
Piedmont slope 193,400 151,600 7,900 400 0 160,000
Valley lowland 130,300 103,600 0 0 0 104,000
Total...... 462,000 321,000 58,000 22,000 0 401,000
Pumpernickel Valley Hydrographic Area
Mountain block 78,900 35,300 37,600 1,200 0 74,000
Piedmont slope 67,700 46,700 11,600 0 0 58,000
Valley lowland 49,100 36,600 0 0 0 37,000
Total...... 196,000 119,000 49,000 1,000 0 169,000
Kelly Creek Area
Mountain block 60,800 7,600 35,700 16,800 12,700 73,000
Piedmont slope 81,000 59,700 9,800 200 0 70,000
Valley lowland 51,000 37,600 0 0 0 38,000
Total...... 193,000 105,000 46,000 17,000 13,000 181,000
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Table 4. Simulated average annual precipitation and estimated average annual runoff, water yield, subsurface
flow, and evapotranspiration in mountain-block areas in the 14 hydrographic areas of middle Humboldt River

Basin, north-central Nevada

[PRISM, precipitation—elevation regressions on independent slopes model (Daly and others, 1994)]

Average annual
precipitation’

Average annual

Average annual  Average annual Average annual

- runof water yield® subsurface flow*  evapotranspiration®

Hydrographic area Rate Volume (acre-feet (acre-feet (acre-feet (acre-feet

(inches (acre-feet per year) per year) per year) per year)
per year) per year)

Pine Valley 14.96 326,400 22,400 60,600 38,200 265,800
Crescent Valley 12.29 184,100 7,000 25,200 18,200 158,900
Carico Lake Valley 13.25 123,000 5,900 18,900 13,000 104,100
Upper Reese River Valley 14.64 413,900 26,600 74,300 47,700 339,600
Antelope Valley 12.65 120,200 5,000 17,200 12,200 103,000
Middle Reese River Valley 11.63 110,000 3,600 13,800 10,200 96,200
Lower Reese River Valley 11.66 146,900 4,800 18,500 13,700 128,400
Whirlwind Valley 10.68 34,100 900 3,700 2,800 30,400
Boulder Flat 11.32 141,900 4,300 17,100 12,800 124,800
Rock Creek Valley 10.80 199,300 5,200 22,300 17,100 177,000
Willow Creek Valley 13.24 216,500 10,300 33,200 22,900 183,300
Clovers Area 11.91 137,300 4,800 17,900 13,100 119,400
Pumpernickel Valley 11.27 74,100 2,200 8,800 6,600 65,300
Kelly Creek Area 14.37 72,800 4,400 12,700 8,300 60,100

! PRISM simulation based on 1961-90 data; rate rounded to nearest 0.01 inch per year, and volume, to nearest 100 acre-feet per year.

2 ROmb, estimated from equation 1 (see text); rounded to nearest 100 acre-feet per year.

3 Estimated from equation 2 (see text); rounded to nearest 100 acre-feet per year.

4 From bedrock aquifers in mountain-block areas to basin fill underlying piedmont-slope areas and to adjacent hydrographic areas. SFmb, estimated as
difference between average annual water yield and average annual runoff; rounded to nearest 100 acre-feet per year.

5 ETmb, estimated as difference between average annual precipitation in mountain-block areas and average annual water yield; includes sublimated

precipitation and soil moisture; rounded to nearest 100 acre-feet per year.

The portion of precipitation that falls on piedmont
slopes and becomes runoff is largely unknown. Runoff
generated in piedmont-slope areas from short periods
of high-intensity storms or low-altitude snowmelts is
erratic in occurrence and probably accounts for less
than 10 percent of the total runoff but could be greater.
Eakin and Lamke (1961, p. 32) estimated that about 7
percent of the total runoff occurs in valley-upland
areas. To develop a generalized water budget, average
annual runoff originating from precipitation on pied-
mont-slope areas was estimated to range from 0 to 10
percent of the total runoff generated in the hydro-
graphic area (table 5). The low end of this range reflects
the possibility that all the annual precipitation on pied-
mont-slope areas is lost to either ET or ground-water
recharge. Runoff generated in valley-lowland areas
was assumed to be negligible; consequently, total sur-
face-water outflow at the hydrographic-area boundary
equaled the net sum of runoff generated in the moun-
tain block and on the piedmont slope and the volume
contributed by ground-water discharge.

12

Ground-water recharge takes place by direct infil-
tration of precipitation in excess of ET and soil-mois-
ture requirements and by indirect infiltration from
channelized or nonchannelized runoff or ponded water.
Although, in terms of total ground-water recharge,
indirect processes of recharge tend to be seasonal, they
are significant to the overall water budget of a basin.

Two approaches were taken to estimate ground-
water recharge. The first approach is based on an
empirical relation between precipitation and ground-
water recharge similar to that developed by Maxey and
Eakin (1949) and Eakin and others (1951). For each
basin, average annual precipitation was distributed into
four zones. Multiple-regression analysis then was used
to develop recharge coefficients to describe the relation
between precipitation and ground-water recharge in
each zone. The regression equation that best approxi-
mates this relation was derived by Nichols (2000) from
16 basins in eastern Nevada where ground-water out-
flow by ET and interbasin flow had been estimated pre-
viouely. The regression equation can be written as
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Table 5. Estimated average annual runoff, evapotranspiration, and subsurface flow from piedmont-slope
areas in the 14 hydrographic areas of middle Humboldt River Basin, north-central Nevada

[All values rounded to nearest 100 acre-feet per year. Bold symbols (in footnotes) correspond to those used in table 2 and fig. 3. PRISM, precipitation—

elevation regressions on independent slopes model (Daly and others, 1994); RAWS, remote automatic weather station; TM, Thematic Mapper]

Average annual

Average annual

Average annual
evapotranspiration

Average annual

e R b
per year) per year) (acre-feet per year)
per year)
Pine Valley 0-2,500 306,300-333,800 3,200-4,100 52,500-79,300
Crescent Valley 0-800 196,000-196,700 500-1,900 25,500-26,500
Carico Lake Valley 0-700 105,400-107,600 1,100-1,200 21,700-23,400
Upper Reese River Valley 0-3,000 308,100-354,500 10,900-11,700 71,400-110,000
Antelope Valley 0-600 127,100-134,100 200-600 17,200-25,200
Middle Reese River Valley 0-400 46,400 300-800 13,300-13700
Lower Reese River Valley 0-500 104,100 100 18,500-19,000
Whirlwind Valley 0-100 10,900 0 3,700-3,800
Boulder Flat 0-500 66,000 300-700 19,100-19,300
Rock Creek Valley 0-600 47,800 600-800 17,100
Willow Creek Valley 0-1,100 50,100-55,400 3,300-4,200 27,500
Clovers Area 0-500 159,900 4,400-7,600 17,900-18,400
Pumpernickel Valley 0-200 58,300 500-700 8,800-9,000
Kelly Creek Area 0-500 69,700 1,600-2,300 12,700-13,200

Rgw = 0.008(P,) + 0.130(Py) + 0.144(P.) + 0.158(Py) (3)

where Rew

Py

! ROps, estimated assuming runoff generated on piedmont-slope areas represents 0 to 10 percent of total annual runoff in hydrographic area.

2 ETps, evapotranspiration of precipitation and soil moisture estimated as ranging from 10.5 inches per year, which is average rate derived by

applying Penman-Monteith equation (Monteith, 1965) to 1987-95 RAWS data, to total annual precipitation on piedmont slope as simulated by PRISM.
P P P

3 ETRps, estimated from Landsat TM data (Nichols, 2000).

4 From basin-fill aquifer beneath piedmont slope to basin fill in valley lowland (SFps), estimated as sum of (1) subsurface flow from bedrock

aquifer in mountain block that remains in hydrographic area (SFmb), (2) difference between sum of mountain-block runoff (ROmb) plus piedmont-slope
runoff (ROps) and surface-water outflow at hydrographic-area boundary (SWtot), (3) difference between precipitation on piedmont slope (Pps) and sum
of average annual runoff (ROps) and average annual evapotranspiration, including that from vegetated flood plains (ETps and ETRps), and (4) subsurface
inflow from adjacent hydrographic areas (SFin).

is average annual ground-water recharge,
in acre-feet per year;
is average annual volume of precipitation

in hydrographic area in zone of at least 8
but less than 12 in., in acre-feet per year;

Py, isaverage annual volume of precipitation

in hydrographic area in zone of at least 12
but less than 16 in., in acre-feet per year;
is average annual volume of precipitation
in hydrographic area in zone of at least 16
but less than 20 in., in acre-feet per year;
is average annual volume of precipitation

in hydrographic area in zone of at least 20
but less than 34 in., in acre-feet per year.

Similar to the original method developed by
Maxey-Eakin (1949), this revised relation (eq. 3) pro-
vides a bulk estimate of recharge and assumes that
ground-water recharge is negligible if annual precipita-
tion is less than 8 in. The recharge coefficients derived
by Nichols (2000) for estimating average annual
ground-water recharge are applicable only to the distri-
bution of precipitation simulated by PRISM and
acquired from G.H. Taylor (Oregon Climate Service,
Oregon State University, written commun., 1997).

The second approach, based on mass-balance cal-
culations among several budget components, provides
an indication of the quantity of ground-water recharge
contributed by individual processes (Berger, 2000).
This approach was used to evaluate the ground-water
budget for each hydrographic area and individual bud-
get components, particularly subsurface flow between
aquifers underlying adjacent landforms.
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Although the quantity of subsurface flow that
moves across hydrographic-area boundaries is gener-
ally unknown, it could represent a significant compo-
nent of the water budget. Results from a study by
Plume and Ponce (1999) provided most of the informa-
tion needed for estimating subsurface flow by using
Darcy’s law. As modified from Heath (1989, p. 12),
Darcy’s law can be expressed as

Q =0.0084 K A(dh/dI), 4

Q is quantity of subsurface flow, in acre-feet
per year;

where

K is average hydraulic conductivity for cross
section, in feet per day;

A is saturated cross-sectional area through
which flow occurs, perpendicular to
the direction of flow, in square feet;

(dh/dl) is hydraulic gradient, in feet per feet; and

0.0084 is factor to convert cubic feet per day into
acre-feet per year.

Derived from Plume and Ponce (1999), a value of
10 ft/d was used to represent an average hydraulic-con-
ductivity value for basin-fill sediments. Cross-sec-
tional areas of basin fill beneath hydrographic-area
boundaries were estimated on the basis of interpreta-
tion of gravity data (D.A. Ponce, U.S. Geological Sur-
vey, written commun., 1997, 1999). Water-level data
collected in the spring of 1996 (Plume and Ponce,
1999) were used to estimate hydraulic gradients.

Currently, no data to determine directly the loss
of water by ET and sublimation are available for moun-
tain-block areas of the Humboldt River Basin. For this
investigation, ET was estimated as the difference
between average annual precipitation that falls in
mountain-block areas and the estimated average annual
water yield (eq. 2). Average annual ET in piedmont-
slope areas was derived, in part, by applying the Pen-
man—Monteith equation (Monteith, 1965) to available
climatic data collected at remote automatic weather
stations (Berger, 2000). An average value of 10.5 in/yr,
derived from the Penman—Monteith equation, was used
as a minimum rate, and the annual quantity of precipi-
tation that falls on piedmont-slope areas was used as a
maximum rate.

In valley-lowland areas, total ET is assumed
equal to the sum of average annual precipitation that
falls within the area plus the consumptive use of ground
water by phreatophyte vegetation. A method for esti-
mating ground-water ET at regional scales by using
Landsat TM satellite data was developed by Nichols
(2000) and was applied to the valley lowlands to esti-
mate average annual ground-water ET. The Landsat
TM data were collected in June 1989 and June 1995.
Estimates of ground-water discharge by phreatophyte
vegetation in the 14 hydrographic areas is presented in
table 6. The average annual ET determined for the val-
ley lowlands in each basin was less in 1989 than in
1995. Although the total area of phreatophyte vegeta-
tion in each basin was essentially the same for the two
periods, the greater ET in 1995 was due to an increase
in plant cover in the at-least-10-but-less-than-20-per-
cent zone and a corresponding decrease in plant cover
in the less-than-10-percent zone (table 6; Berger, 2000,
p.22).

ET from vegetated flood plains in piedmont-slope
areas also was estimated from Landsat TM data. The
methods using Landsat TM data may not be entirely
appropriate for estimating ET in vegetated flood plains
because of the smaller area covered by these areas
compared to phreatophyte vegetation in the valley low-
lands. However, the method does provide a lower ET
limit for vegetated flood plains. The consumptive use
of water in vegetated flood plains was assumed to rep-
resent ground-water discharge.

Evaporation from open-water bodies (table 6)
was estimated on the basis of pan-evaporation mea-
surements collected at Beowawe and Rye Patch Dam in
the Humboldt River Basin and at Ruby Lake in north-
eastern Nevada (fig. 1; Shevenell, 1996, p. 5). An aver-
age of 4.2 ft/yr was used for estimating average annual
evaporation from open-water bodies and included in
the water budget for the valley lowlands. Areas of
open-water bodies in the study area were determined
from Landsat TM data collected in June 1989 and
June 1995.
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Table 6. Average annual evapotranspiration rates from areas of bare soil or phreatophyte vegetation, evaporation
rates from open water, and annual volume of ground-water evapotranspiration from valley lowlands, 1989 and 1995,
in the 14 hydrographic areas of middle Humboldt River Basin, north-central Nevada

[ET, evapotranspiration; MSAVI, modified soil-adjusted vegetation index; TM, Thematic Mapper]

! Average evapotranspiration®
Zone (acres) Rate Volume
(feet per year) (acre-feet per year)
1989 1995 1989 1995 1989 1995
Pine Valley Hydrographic Area
Bare soil 170 70 0.15 0.15 30 10
Plant cover:
Less than 10 percent 15,360 5,500 .50 .62 7,710 3,380
At least 10 but less than 20 percent 9,450 17,530 1.35 1.36 12,720 23,810
At least 20 but less than 35 percent 3,610 5,190 2:17 2:17 7,820 11,280
At least 35 but less than 50 percent 1,990 3,130 2.55 2.55 5,080 7,980
At least 50 percent 2,320 1,470 2.64 2.64 6,120 3,870
Estimated total annual ground-water ET>......................coooeceisimssossssssssssssssesessssesassssssssssesssssssessesessansssse 39,500 50,300
Open-water bodies 16 15 4.2 4.2 70 60
Crescent Valley Hydrographic Area
Bare soil 7,690 5,190 0.15 0.15 1,150 780
Plant cover:
Less than 10 percent 43,740 33,360 28 .38 12,120 12,740
At least 10 but less than 20 percent 4,090 15,660 1.22 1.24 5,000 19,500
At least 20 but less than 35 percent 550 1,830 2.10 2.12 1,150 3,880
At least 35 but less than 50 percent 60 80 2.50 247 150 200
At least 50 percent 10 10 2.58 2.58 30 30
Estimated total annual/ground-Water ET ... ...c....uiiseuiomssimssssssesessssisssssessesssssssesssoissesssvistsiivasssssisosssssssses 19,600 37,100
Open-water bodies 103 114 42 42 430 480
Carico Lake Valley Hydrographic Area
Bare soil 520 160 0.15 0.15 80 20
Plant cover:
Less than 10 percent 7,870 4,680 31 .57 2,460 2,660
At least 10 but less than 20 percent 820 4,120 1.27 1.25 1,040 5,150
At least 20 but less than 35 percent 260 430 2.19 2.14 570 920
At least 35 but less than 50 percent 190 140 2.54 2.55 480 360
At least 50 percent 80 190 2.64 2.64 210 500
Estimated total annual ground-water ET ................ccooooiovevvuuumnmnesssssimsnsssssssesesssssssssssssssssssssssnsssssssssens 4,800 9,600
Open-water bodies 0 9 4.2 4.2 0 40
Upper Reese River Valley Hydrographic Area
Bare soil 220 710 0.15 0.15 30 110
Plant cover:
Less than 10 percent 14,890 9,900 A4 47 6,630 4,670
At least 10 but less than 20 percent 10,420 16,390 1.40 1.36 14,600 22,340
At least 20 but less than 35 percent 6,420 5,870 2.18 2:17 13,980 12,760
At least 35 but less than 50 percent 2,510 1,600 2.54 253 6,380 4,050
At least 50 percent 830 690 2.64 2.64 2,190 1,820
Estimated total annual ground-water ET>................cccooorirrvovioioimisireessesssesesssseeeseesessss s sssssissssssssssssn 43,800 45,800
Open-water bodies 4 150 42 4.2 20 630
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Table 6. Average annual evapotranspiration rates from areas of bare soil or phreatophyte vegetation, evaporation
rates from open water, and annual volume of ground-water evapotranspiration from valley lowlands, 1989 and 1995,
in the 14 hydrographic areas of middle Humboldt River Basin, north-central Nevada—Continued

Average evapotranspiration?

Area’
Zone (acres) Rate Volume
(feet per year) (acre-feet per year)
1989 1995 1989 1995 1989 1995
Antelope Valley Hydrographic Area
Bare soil 60 0 0.15 0.15 10 0
Plant cover:
Less than 10 percent 6,970 1,690 23 .69 1,620 1,160
At least 10 but less than 20 percent 200 5,460 1.20 1.26 310 6,890
At least 20 but less than 35 percent 10 140 2.09 2.08 20 290
At least 35 but less than 50 percent 10 247 245 0 20
At least 50 percent 0 0.00 0.00 0 0
Estimated total annual ground-water 5 g L L N el I i SN e 2,000 8,400
Open-water bodies 0 0 4.2 4.2 0 0
Middle Reese River Valley Hydrographic Area
Bare soil 230 30 0.15 0.15 30 0
Plant cover:
Less than 10 percent 9,360 3,240 A7 .54 1,560 1,730
At least 10 but less than 20 percent 370 5,530 1.34 1.39 500 7,751
At least 20 but less than 35 percent 100 1,110 2.10 2.06 210 2,290
At least 35 but less than 50 percent 20 110 2.51 2.51 50 280
At least 50 percent 0 60 2.58 2.59 0 160
Estimated total annual ground-water ET>............coooo.coosovirenseessssessssssssessesssmsessssssssssesssssssmseesssssesessesssin 2,400 12,200
Open-water bodies 2 8 42 - 4.2 10 30
Lower Reese River Valley Hydrographic Area
Bare soil 7,600 2,360 0.15 0.15 1,140 350
Plant cover:
Less than 10 percent 76,020 44,720 24 45 17,940 20,300
At least 10 but less than 20 percent 5,420 40,210 1.30 1.27 7,070 50,900
At least 20 but less than 35 percent 1,230 2,990 2.15 2.15 2,650 6,420
At least 35 but less than 50 percent 550 520 2.51 249 1,380 1,300
At least 50 percent 210 160 2.58 2.59 540 410
Estimated total annual ground-water ET I e e Sl ey T L NN 30,700 79,800
Open-water bodies 129 185 4.2 4.2 540 780
Whirlwind Valley Hydrographic Area
Bare soil 730 740 0.15 0.15 110 110
Plant cover:
Less than 10 percent 4,220 3,010 .35 .38 1,470 1,160
At least 10 but less than 20 percent 3,220 3,510 1.40 1.44 4,520 5,050
At least 20 but less than 35 percent 2,080 2,830 2.18 2.16 4,540 6,120
At least 35 but less than 50 percent 870 940 2.50 2.50 2,180 2,350
At least 50 percent 410 480 2.58 259 1,060 1,240
Estimated total annual ground-water ET..............ccooomvovvvuiossososecooesesssecsssssssssssssesssssssssesossssessssessssses 13,900 16,000
Open-water bodies 16 34 4.2 4.2 70 140
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Table 6. Average annual evapotranspiration rates from areas of bare soil or phreatophyte vegetation, evaporation
rates from open water, and annual volume of ground-water evapotranspiration from valley lowlands, 1989 and 1995,
in the 14 hydrographic areas of middle Humboldt River Basin, north-central Nevada—Continued

S Average evapotranspiration?
Zone (acres) Rate Volume
(feet per year) (acre-feet per year)
1989 1995 1989 1995 1989 1995
Boulder Flat Hydrographic Area
Bare soil 670 890 0.15 0.15 100 130
Plant cover:
Less than 10 percent 56,450 12,700 44 .56 25,060 7,100
At least 10 but less than 20 percent 24,570 56,240 1.38 1.47 33,830 82,900
At least 20 but less than 35 percent 10,820 22,970 2.15 2.11 23,240 48,510
At least 35 but less than 50 percent 2,950 2,870 2.50 2.49 7,370 7,140
At least 50 percent 950 620 2.59 2.59 2,460 1,600
Estimated total annmal ground-water BT 5 o oo BU LR 92,100 147,400
Open-water bodies 108 243 4.2 42 450 1,000
Rock Creek Valley Hydrographic Area
Bare soil 10 0 0.15 0.15 0 0
Plant cover:
Less than 10 percent 6,830 670 .59 73 4,020 490
At least 10 but less than 20 percent 2,730 8,250 1.19 1.40 3,240 11,530
At least 20 but less than 35 percent 200 880 2.18 2.07 440 1,820
At least 35 but less than 50 percent 40 50 2.51 2.49 100 120
At least 50 percent 10 0 2.58 2.58 30 0
Estimated total annual ground-water ET2................ccoooviessoimssissssssssssssmsssasnssissssssssssssssmssssssssoestssssssssssssenns 7,800 14,000
_Open-water bodies 0 0 4.2 4.2 0 0
Willow Creek Valley Hydrographic Area
Bare soil 30 20 0.15 0.15 0 0
Plant cover:
Less than 10 percent 840 140 .68 48 570 70
At least 10 but less than 20 percent 5,000 4,260 1.37 1.60 6,860 6,810
At least 20 but less than 35 percent 2,130 3,290 2.20 2.14 4,680 7,060
At least 35 but less than 50 percent 1,920 1,780 2.51 2.51 4,820 4,470
At least 50 percent 880 1,310 2.58 2.59 2,270 3,390
Estimated total annual ground-water ET>...................cooimrrveesmmnsssssssssansssossssesssssssssssessssssssssssoessssssssson 19,200 21,800
Open-water bodies 2 3 42 4.2 10 10
Clovers Area
Bare soil 11,340 4,670 0.15 0.15 1,700 700
Plant cover:
Less than 10 percent 94,210 59,120 21 .50 20,160 29,500
At least 10 but less than 20 percent 6,980 49,470 1.38 1:21 9,600 60,060
At least 20 but less than 35 percent 6,110 7,070 221 2.14 13,480 15,100
At least 35 but less than 50 percent 2,990 1,050 2.50 2.49 7,470 2,610
At least 50 percent 570 100 258 2.58 1,470 260
Estintited:total ainal ground-Waten BT e et o s s o osospssssisbs i sdostoes s op et 53,900 108,200
Open-water bodies 125 849 42 4.2 520 3,570
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Table 6. Average annual evapotranspiration rates from areas of bare soil or phreatophyte vegetation, evaporation
rates from open water, and annual volume of ground-water evapotranspiration from valley lowlands, 1989 and 1995,
in the 14 hydrographic areas of middle Humboldt River Basin, north-central Nevada—Continued

Average evapotranspiration®

Area’
Zone (acres) Rate Volume
(feet per year) (acre-feet per year)
1989 1995 1989 1995 1989 1995
Pumpernickel Valley Hydrographic Area
Bare soil 6,820 3,140 0.15 0.15 1,020 470
Plant cover:
Less than 10 percent 26,520 19,520 13 %) 3,450 6,830
At least 10 but less than 20 percent 4,480 15,210 1.44 1.34 6,450 20,380
At least 20 but less than 35 percent 3,680 3,830 2.18 2.14 8,020 8,200
At least 35 but less than 50 percent 780 490 2.49 2.48 1,940 1,220
At least 50 percent 80 30 2.58 2.58 210 80
Estimated total annual ground-water [ b T CCCL TR o AN ) W s Y 21,100 37,200
Open-water bodies 99 242 4.2 4.2 420 1,020
Kelly Creek Area
Bare soil 2,200 780 0.15 0.15 330 120
Plant cover:
Less than 10 percent 33,420 20,680 AT .50 5,680 10,340
At least 10 but less than 20 percent 2,210 16,180 1.39 1.23 3,070 19,900
At least 20 but less than 35 percent 1,900 2,020 2.18 2.15 4,140 4,340
At least 35 but less than 50 percent 400 450 249 249 1,000 1,120
At least 50 percent 120 40 2.58 2.58 310 100
Estimated total annual ground-water ET ...............cccooiommoomvoueeoossionssesiosesssssssssssssssssesssssssseeseesesssssssesssssen 14,500 35,900
Open-water bodies 2 93 4.2 42 10 390

! Derived from MSAVI from 1989 and 1995 Landsat TM images and from field measurements. Bare-soil and plant-cover values rounded to nearest 10 acres.

2 Includes both ground-water ET (Nichols, 2000) and surface-water evaporation. Annual ET rates and volumes were derived from computer spreadsheet
programs that display set number of digits after decimal point but retain number of digits originally in spreadsheet cell during calculations. Data values tabulated for each
zone were rounded appropriately: ET rate, to nearest 0.01 feet; ET volume, to nearest 10 acre-feet.

3 ETgw (table 2 and fig. 3). Rounded to nearest 100 acre-feet.
Discussion of Water-Budget Estimates

The preceding methods applied to the hydro-
graphic areas resulted in water budgets that represent
average annual conditions over the period 1961-90 and
do not account for ground-water pumping. Although
the newly estimated water budgets are subject to a
number of qualifications and uncertainties, they illus-
trate the relative distribution and movement of water in
the hydrographic areas. Components of inflow and out-
flow estimated for the 14 hydrographic areas are pre-
sented in tables 7 through 20. Some budget
components are presented as a range based on two sets
of data collected at different times. The range in values
illustrates the uncertainty in estimating water-budget
components, some of which may be due to climatic

variability. The distribution of estimated average
annual precipitation and of landforms in the 14 hydro-
graphic areas is presented in figures 4 through 17.

On average, total annual inflow to the middle
Humboldt River basin is estimated to be about
5,000,000 acre-ft. Of the total inflow, 4,600,000 acre-ft
is from precipitation that falls in the 14 hydrographic
areas, and about 350,000 acre-ft is inflow from the
Humboldt River. Average annual outflow is estimated
to be about 5,100,000 acre-ft, of which ET accounts for
about 4,800,000 acre-ft. Average annual outflow of
the Humboldt River is about 300,000 acre-ft. The
imbalance between estimates of inflow and outflow
is about 100,000 acre-ft per year, a difference of about
2 percent.

Water-Budget Estimates for the 14 Hydrographic Areas in the Middle Humboldt River Basin, North-Central Nevada



Upper Reese River Valley Hydrographic Area
has the largest water budget; the estimated annual
inflow is 803,000 acre-ft, and outflow, is 744,000 to
794,000 acre-ft (table 10). The smallest water budget is
for Whirlwind Valley Hydrographic Area, where the
estimated inflow is 55,000 acre-ft per year and outflow
is 66,000 to 68,000 acre-ft per year, if Humboldt River
flow is ignored (table 14). The greatest water-budget
imbalance among the 14 areas is for Boulder Flat
Hydrographic Area (table 15). Estimated annual out-
flow is 55,000 to 112,000 acre-ft greater than inflow,
due in part to the additional availability of Humboldt
River water for ET.

Generally, for hydrographic areas of the Hum-
boldt River valley where the river makes up part of the
area boundary or transverses the area (Boulder Flat,
Crescent Valley, Whirlwind Valley, Lower Reese
River Valley, Clovers Area, Pumpernickel Valley, and
Kelly Creek Area) estimates of outflow are greater than
estimates of inflow (fig. 184); Total ET in these areas
represents more than 97 percent of the total outflow.
Due to insufficient data about surface- and ground-
water flow at hydrographic-area boundaries, contribu-
tion to ET from the Humboldt River was not included
in the water budgets. River water that has infiltrated
upstream and moves parallel to the river is available to
phreatophyte vegetation downstream. Regional analy-
ses of ground-water ET based on Landsat TM data can-
not be used to distinguish the source of ground water
consumed by phreatophyte vegetation, particularly in
areas where inflow components cannot be quantified.
Because of the unaccounted river water consumed by
phreatophyte vegetation in these seven areas, outflow
is greater than inflow. Except for Rock Creek Valley
and Willow Creek Valley Hydrographic Areas, the
remaining areas whose boundaries do not include the
Humboldt River valley have inflow estimates within
range of estimated outflow or slightly greater (fig.
184).

Surface-water outflow from Rock Creek Valley
and Willow Creek Valley represent 12 and 6 percent of
the total outflow, respectively, from these hydro-
graphic areas. The mountain block makes up nearly 75
percent of the total drainage area (table 3) and conse-
quently receives the greatest proportion of annual pre-
cipitation. Both of these characteristics are conducive
to runoff generation, which results in slightly greater
outflow than inflow (fig. 18).

Estimated ground-water budgets for the 14 hydro-
graphic areas are summarized in table 21. Ground-
water inflow to an area consists of ground-water
recharge that originates within the hydrographic area as
either precipitation or runoff and subsurface inflow
from adjacent areas. Data necessary to estimate inter-
basin flow may not be available or may be insufficient.
In areas where interbasin flow was estimated, the flow
represents 3 to 47 percent of the total inflow (table 21).
However, more detailed analysis in each hydrographic
area is needed to evaluate this component of the water
budget more completely.

Estimates of ground-water recharge based on
mass-balance calculations were simplified into three
components on the basis of recharge processes and
locations where recharge takes place (table 21 and fig.
3). On average, about 70 percent of total ground-water
recharge in the 14 hydrographic areas occurs in the
mountain block. The remaining 25 to 30 percent occurs
from infiltration of runoff on piedmont-slope areas.
Ground-water recharge from direct precipitation on
piedmont slopes is small and estimated to be negligible
in eight of the hydrographic areas. Estimates of ground-
water recharge based on the revised Maxey—Eakin
coefficients (eq. 3) generally agree with the mass-bal-
ance calculations (table 21).

For hydrographic areas not influenced by the
Humboldt River ground-water ET estimates range
from 1 to about 8 percent of the total annual precipita-
tion. Ground-water inflow generally is greater than out-
flow for those areas (fig. 18). For the seven hydro-
graphic areas that the river either bounds or transverses,
ET estimates range from 9 to more than 48 percent of
the total annual precipitation and ground-water outflow
is greater than inflow (fig. 18). Consequently, the Hum-
boldt River may provide as much as 40 percent of the
water for ground-water ET.

Comparison of Previous Water Budgets

Eakin and Lamke (1966) provided the most com-
prehensive study for making comparisons of water
budgets for the 14 hydrographic areas discussed in this
report. The generalized budgets presented by Eakin and
Lamke (1966, p. 11) represent average conditions for
the 1912-63 reference period, whereas budgets pre-
sented in this report represent average annual condi-
tions for the 1961-90 reference period.
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Average annual precipitation for 1912—-63 was 6
to 19 percent less than that for 1961-90, based on data
from four long-term weather stations in the Humboldt
River Basin (at Austin, Battle Mountain, Elko, and
Lovelock; fig. 1). The distribution of annual precipita-
tion used in most of the earlier studies of the Humboldt
River Basin, including the reconnaissance study by
Eakin and Lamke (1966), was estimated by Hardman
and Mason (1949). The Hardman and Mason precipita-
tion map was developed from weather records and
other data collected over several decades, through 1936
(Hardman and Mason, 1949, p. 13) and correlated with
data on altitude and topography, latitude, and vegeta-
tion type. The PRISM-simulated precipitation distribu-
tion was derived from 30 years of weather-station data
(1961-90) collected throughout Nevada. Dettinger and
Schaefer (1995, p. 195) suggested that since the 1960°s
north-central Nevada has experienced wetter-than-nor-
mal conditions due to greater variation in summertime
precipitation. This wetter-than-normal period was pre-
ceded by drier-than-normal or near-normal conditions
from the 1920’s through the 1950’s.

Because the 14 hydrographic areas were grouped
into only 8 areas (or subareas) by Eakin and Lamke
(1966, p. 32), direct comparison of water budgets
between individual hydrographic areas is not entirely
possible. For easier comparison, the budget estimates
for the 14 hydrographic areas presented herein were
grouped in the same manner: subarea 5 corresponds to
Pine Valley; subarea 6, to Carico Lake Valley and
Crescent Valley; subarea 7, to Rock Creek Valley and
Willow Creek Valley; subarea 8, to Boulder Flat; sub-
area 9, to Upper Reese River Valley; subarea 10, to
Antelope Valley and Middle Reese River Valley; sub-
area 11, the Lower Reese River Valley, Buffalo Valley,
and Whirlwind Valley; and subarea 12, to Pumper-
nickel Valley, Clovers Area, and Kelly Creek Area.
Subarea 11 also includes Buffalo Valley, but because it
is not part of the middle Humboldt River Basin as
defined by the current study, subarea 12 is not consid-
ered in the comparison.

Although whether the boundaries of the 14 hydro-
graphic areas that make up the 8 subareas as defined by
Eakin and Lamke (1966) are totally consistent with
those used in this study, some general comparisons can
be made. Average annual precipitation in each subarea
for 1961-90 was 5 to 28 percent greater than that esti-
mated for 1912-63 (Eakin and Lamke, 1966, p. 58).
The greatest difference is in the valleys of each subarea.

The term “valley areas,” as used by Eakin and Lamke
(1966, p. 58), was assumed to be similar to the com-
bined areas of piedmont slope and valley lowland as
described in this report. In all subareas except subarea
7 (Rock Creek Valley and Willow Creek Valley), the
valley areas receive as much as or more than the total
annual precipitation of the mountain-block areas (table
3). This precipitation pattern is due, in part, to the rela-
tively large valley areas, which typically make up more
than 50 percent of the total drainage area of a hydro-
graphic area.

The annual volume of ET estimated in each sub-
area is 2 to nearly 34 percent greater than estimated by
Eakin and Lamke (1966, p. 59), although the percent-
age of annual precipitation lost to ET is similar. In gen-
eral, less ET was estimated in mountain-block areas
and considerably more in valley areas compared to the
earlier study. Mountain-block ET was estimated indi-
rectly as the residual between annual precipitation and
water yield in both studies. In most subareas, water
yields (table 4) were greater than the estimates made by
Eakin and Lamke (1966, p. 58); the higher values
resulted in lower estimated ET in the mountain block
(table 4). About 15 percent of the total precipitation in
mountain-block areas was assumed to become a com-
ponent of water yield (either ground water or runoff),
whereas Eakin and Lamke (1966, p. 58) had estimated
this component to have been only 11 percent. The
larger estimates of water yield from the mountain
blocks resulted in greater ground-water recharge
because runoff was nearly the same in both estimates.

Mass-balance calculations of ground-water
recharge (table 21) were on average about 45 percent
greater than previous estimates (Eakin, 1961; Zones,
1961; Crosthwaite, 1963; Eakin and others, 1965;
Everett and Rush, 1966; Olmsted and Rush, 1987; and
Maurer and others, 1996). For most areas, recharge
estimates derived from the revised Maxey—Eakin
method (eq. 3); parenthetic value shown in table 21 is
within the range of recharge estimated from mass-bal-
ance calculations. However, the two methods used to
estimate ground-water recharge are not entirely inde-
pendent because both methods are functions of the dis-
tribution and quantity of the same precipitation data
set. Whether the estimated increase in ground-water
recharge is the result of greater precipitation or the
result caused by assumptions used in estimating
recharge is uncertain.
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Table 7. Average annual water budgets for Pine Valley Hydrographic Area, middle Humboldt River Basin, north-central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000

acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Water-budget components (alcr:"el?f‘zet (gzurg!?ev;t
per year) per year)
Mountain-block water budget
Inflow:
Precipitation on mountain block (Pmb)' 326,400 -
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) — —_
Outflow:
Runoff from mountain block to piedmont slope (ROmb)2 — 22,400
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? - 38,200
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) i ==
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? i 265,800
O] i cicriyussosirsipsis 326,000 326,000
Piedmont-slope water budget
Inflow:
Precipitation on piedmont slope (Pps)’ 333,800 —
Runoff from mountain block to piedmont slope (l"lOrnb)2 22,300 -
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 38,300 —
Subsurface flow from adjacent hydrographic areas (SFin) - —
Outflow:
Runoff generated on piedmont slope (ROps)® - 0-2,500
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)* — 52,500-79,300
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) — e
ET and sublimation of precipitation and soil moisture (ETps)® — 306,300-333,800
ET from vegetated flood plains (ETrps)? — 3,200-4,100
Fotalicisivnvsmesmsssoniss 394,000 362,000-420,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (Pvl)' 27,800 —
Runoff from piedmont slope to valley lowland (ROps)* 0-2,500 =
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (sFps)®  52,500-79,300 —_
Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:
Runoff generated on valley lowland (ROv) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to adjacent hydrographic areas (SFvi) — 4300
ET of precipitation and soil moisture (ETv) — 27,800
ET of ground water from valley lowland (ETgw)® — 39,500-50,300
Evaporation from open-water bodies (Esw)° — 60-70
41007 G M 80,000-110,000 68,000-78,000
Pine Valley Hydrographic Area water budget
Inflow:
Precipitation in Pine Valley Hydrographic Area (Pmb, Pps, Pvl) 688,000 —
Surface-water flow from adjacent hydrographic areas (SWin) 0 —-
Subsurface flow from adjacent hydrographic areas (SFin) 0 —
Outflow:
Surface-water flow from Pine Valley Hydrographic Area at hydrographic-area boundary (SWtot) — 63, 100
Subsurface flow from Pine Valley Hydrographic Area at hydrographic-area boundary (SFtot) — 9,300
ET and sublimation from Pine Valley Hydrographic Area (ETmb, ETps, ETrps, ETVI, ETgw, Esw) - 642,700-681,900
Total e nsurisiassa 688,000 660,000-699,000
! See table 3.
2 See table 4.
3 See table 5.
4 Eakin (1961, p. 24).
5 See table 6.

% Derived from continuous-stage-recording gage on Pine Creek (1947-58) and adjusted to long-term record at Martin Creek (1922-95).
7 Combined values: 9,000 acre-feet per year estimated by Harrill (1968, p. 26) to exit from Garden Valley, subbasin in southeastern part of Pine Valley Hydrographic Area, and
additional 300 acre-feet per year estimated by Eakin (1961, p. 24) to exit Pine Valley beneath north hydrographic-area boundary. Because assignment to landform is uncertain, this sub-

surface flow is accounted for only in overall hydrographic-area budget.
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Table 8. Average annual water budgets for Crescent Valley Hydrographic Area, middle Humboldt River Basin, north-central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000
acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Inflow Outflow
Water-budget components (acre-feet (acre-feet
per year) per year)
Mountain-block water budget
Inflow:
Precipitation on mountain block (Pmb)’" 184,100 =
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) — —
Outflow:
Runoff from mountain block to piedmont slope (ROmb)® — 7,000
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? — 18,200
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) — —
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? — 158,900
Ve | 184,000 184,000
Piedmont-slope water budget
Inflow:
Precipitation on piedmont slope (Pps)I 196,700 —
Runoff from mountain block to piedmont slope (ROmh)2 7,000 —
Surface-water flow from adjacent hydrographic areas (SWin) 3200-300 —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)2 18,200 —
Subsurface flow from adjacent hydrographic areas (SFin) 4300 —
Outflow:
Runoff generated on piedmont slope (ROps)® — 0-800
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)° - 25,500-26,500
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) — —
ET and sublimation of precipitation and soil moisture (ETpo)s — 196,000-196,700
ET from vegetated flood plains (ETi ps)° — 500-1,900
Total, i aieeimpvinnnst 222,000 222,000-226,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (Pvi)! 65,100 —
Runoff from piedmont slope to valley lowland (ROps)° 0-800 =
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)® 25,500-26,500 —
Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:
Runoff generated on valley lowland (ROv) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to adjacent hydrographic areas (SFvl) - 6<300
ET of precipitation and soil moisture (ETvi) - 65,100
ET of ground water from valley lowland (ETgw)’ — 19,600-37,100
Evaporation from open-water bodies (Esw)’ — 400-500
TatBlieiiaisoes o 91,000-92,000 85,000-103,000
Crescent Valley Valley Hydrographic Area water budget
Inflow:
Precipitation in Crescent Valley Hydrographic Area (Pmb, Pps, Pvi) 446,000 —_
Surface-water flow from adjacent hydrographic areas (SWin) 8200-300 =
Subsurface flow from adjacent hydrographic areas (SFin) 9700 —
Outflow:
Surface-water flow from Crescent Valley Hydrographic Area at hydrographic-area boundary (SWtot) — 101 000
Subsurface flow from Crescent Valley Hydrographic Area at hydrographic-area boundary (SFtot) — 6<300
ET and sublimation from Crescent Valley Hydrographic Area (ETmb, ETps, ETrps, ETV, ETgw, Esw) - 440,500-460,200
fotalivs bn fyosimsieranianss 447,000 442,000-461,000
! See table 3.
2 See table 4.

3 Zones (1961, p. 20)

4 Everett and Rush (1966, p. 17)
5 See table 5.

6 Zones (1961, p. 23)

7 See table 6.

§ Zones (1961, p. 20).

9 Combined values: 300 acre-feet per year estimated by Everett and Rush (1966, p. 17) to enter from Carico Lake Valley Hydrographic Area and additional 400 acre-feet per year

estimated by Olmsted and Rush (1987, p. 32) to enter from Whirlwind Valley Hydrographic Area.
10k akin and Lamke (1966, p. 36).
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Table 9. Average annual water budgets for Carico Lake Valley Hydrographic Area, middle Humboldt River Basin, north-central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000 acre-

feet per year. ET, evapotranspiration. —, no data or not applicable; <, less than]

Water-budget components (a::r:fela\z«at (g:l:g!?e:l
per year) per year)
M in-block water budg
Inflow:
Precipitation on mountain block (i'ml))l 123,000 —
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) — —
Outflow:
Runoff from mountain block to piedmont slope (ROmb)? —_ 5,900
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? —_ 13,000
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) — =
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? — 104,100
Fotal oot natrminams 123,000 123,000
Piedmont-slope water budget
Inflow:
Precipitation on piedmont slope (Pps)’ 107,600 —
Runoff from mountain block to piedmont slope (ROmb)? 5,900 —
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 13,000 —
Subsurface flow from Upper Reese River Valley Hydrographic Area to basin-fill aquifer beneath piedmont slope (SFin) 33,000 —
Outflow:
Runoff generated on piedmont slope (ROps)* - 0-700
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)* — 21,700-23,400
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) —_ =
ET and sublimation of precipitation and soil moisture (ETps)4 — 105,400-107,600
ET from vegetated flood plains (ETrps)* — 1,100-1,200
EROMAL: s coriesesismuvisrmsssssiss 130,000 128,000-133,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (Pvi)! 8,100 —
Runoff from piedmont slope to valley lowland (Rops)* 0-700 e
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)* 21,700-23,400 —
Subsurface flow from adjacent hydrographic areas (SFin) T —
Outflow:
Runoff generated on valley lowland (ROVI) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to Crescent Valley Hydrographic Area (SFvl) — 6<300
ET of precipitation and soil moisture (ETvl) — 8,100
ET of ground water from valley lowland (ETgw)® —_ 4,800-9,600
Evaporation from open-water bodies (Esw)® = 0
] e e S 30,000-32,000 13,000-18,000
Carico Lake Valley Hydrographic Area water budget
Inflow:
Precipitation in Carico Lake Valley Hydrographic Area (Pmb, Pps, Pvl) 239,000 -
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from adjacent hydrographic areas (SFin) 33,000 =
Outflow:
Surface-water flow from Carico Lake Valley Hydrographic Area at hydrographic-area boundary (SWtot) — 7200-300
Subsurface flow from Carico Lake Valley Hydrographic Area at hydrographic-area boundary (SFtot) — <300
ET and sublimation from Carico Lake Valley Hydrographic Area (ETmb, ETps, ETrps, ETvi, ETgw, Esw) - 223,500-230,600
Potalirs el annma . 242,000 224,000-231,000
! See table 3.
2 See table 4.
3 Estimated from equation 4 (see text).
4 See table 5.
3 See table 6.

6 Everett and Rush (1966, p. 17).
7 Zones (1961, p. 20).
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Table 10. Average annual water budgets for Upper Reese River Valley Hydrographic Area, middle Humboldt River Basin, north-central

Nevada

[Bold symbols in parentheses correspond to those used in table 1 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000 acre-

feet per year. ET, evapotranspiration. —, no data or not applicable]

Inflow Outflow
Water-budget components (acre-feet (acre-feet
per year) per year)
Mountain-block water budget
Inflow:
Precipitation on mountain block (Pmb)’ 413,900 s
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) 0 fe
Outflow:
Runoff from mountain block to piedmont slope (ROmb)? — 26,600
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? — 47,700
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) = i
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? — 339,600
Totalicusmsssmsisig 414,000 414,000
Piedmont-slope water budget
Inflow:
Precipitation on piedmont slope (Pps)! 354,500 -
Runoff from mountain block to piedmont slope (ROmb)? 26,600 —
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 47,800 —
Subsurface flow from adjacent hydrographic areas (SFin) 0 —
Outflow:
Runoff generated on piedmont slope (ROps)> - 0-3,000
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)’ — 71,400-110,000
Subsurface flow from basin-fill aquifer beneath piedmont slope to Carico Lake Valley Hydrographic Area (SFout) — 43,000
ET and sublimation of precipitation and soil moisture (ETps)? — 308,100-354,500
ET from vegetated flood plains (ETrps)? = 10,900-11,700
Totalic o 429,000 393,000-482,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (Pvi)! 35,000 —
Runoff from piedmont slope to valley lowland (Flt)pc)3 0-3,000 —
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)> 71,400-110,000 —
Subsurface flow from adjacent hydrographic areas (SFin) — =
Outflow:
Runoff generated on valley lowland (ROV) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to Middle Reese River Valley Hydrographic Area — 6500
ET of precipitation and soil moisture (ETvl) — 35,000
ET of ground water from valley lowland (ETgw)® - 43,800-45,800
Evaporation from open-water bodies (Esw)’ = 0-600
Total.....cconbamnsn 106,000-148,000 79,000-83,000
Upper Reese River Valley Hydrographic Area water budget
Inflow:
Precipitation in Upper Reese River Valley Hydrographic Area (Pmb, Pps, Pvi) 803,000 —
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from adjacent hydrographic areas (SFin) 0 —
Outflow:
Surface-water flow from Upper Reese River Valley Hydrographic Area at hydrographic-area boundary (Swtot) — 63,000
Subsurface flow from Upper Reese River Valley Hydrographic Area at hydrographic-area boundary (SFtot) — 73,500
ET and sublimation from Upper Reese River Valley Hydrographic Area (ETmb, ETps, ETrps, ETvi, ETgw, Esw) — 737,300-787,100
L OTRIIE S vt fonrs o 803,000 744,000-794,000
! See table 3.
2 See table 4.
3 See table 5.
4 Estimated from equation 4 (see text).
5 See table 6.

6 Eakin and others (1965, p. 24).

7 Combined values: 3,000 acre-feet per year to Carico Lake Valley Hydrographic Area, estimated from equation 4 (see text), and less than 500 acre-feet per year to Middle Reese River

Valley Hydrographic Area, estimated by Eakin and others (1965).
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Table 11. Average annual water budgets for Antelope Valley Hydrographic Area, middle Humboldt River Basin, north-central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000

acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Water-budget components (a:‘,g?ae, (aocu,:!?;t
per year) per year)
Mountain-block water budget
Inflow:
Precipitation on mountain block (Pmb)' 120,200 =
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) - —
Outflow:
Runoff from mountain block to piedmont slope (ROmb)? — 5,000
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? — 12,200
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) = —
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? — 103,000
LOMAL e oiivamiaeprivsmsivasens 120,000 120,000
Piedmont-slope water budget
Inflow:
Precipitation on piedmont slope (Pps)’ 134,100 —
Runoff from mountain block to piedmont slope (ROmb)? 5,000 =
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 12,200 —
Subsurface flow from adjacent hydrographic areas (SFin) =i e
Outflow:
Runoff generated on piedmont slope (Rops)® — 0-600
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? — 17,200-25,200
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) —_ —
ET and sublimation of precipitation and soil moisture (ETps)® - 127,100-134,100
ET from vegetated flood plains (ETrps)? — 200-600
Totall.iiinminmimnssies 151,000 144,000-160,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (Pv)! 25,300 —_
Runoff from piedmont slope to valley lowland (R()pl)3 0-600 —
Surface-water flow from adjacent hydrographic areas (SWin) 0 =
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? 17,200-25,200 -
Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:
Runoff generated on valley lowland (ROVl) = 0
Subsurface flow from basin-fill aquifer beneath valley lowland to Middle Reese River Valley Hydrographic Area (SFvi) — 46,000
ET of precipitation and soil moisture (ETvl) — 25,300
ET of ground water from valley lowland (ETgw)° — 2,000-8,400
Evaporation from open-water bodies (Esw)® — 0
TOtRL s s ersaesssosreamsses 42,000-51,000 33,000-40,000
Antelope Valley Hydrographic Area water budget
Inflow:
Precipitation in Antelope Valley Hydrographic Area (Pmb, Pps, Pvl) 279,000 =
Surface-water flow from adjacent hydrographic areas (SWin) 0 ==
Subsurface flow from adjacent hydrographic areas (SFin) = s
Outflow:
Surface-water flow from Antelope Valley Hydrographic Area at hydrographic-area boundary (SWtot) — 0
Subsurface flow from Antelope Valley Hydrographic Area at hydrographic-area boundary (SFtot) = 46,000
ET and sublimation from Antelope Valley Hydrographic Area (ETmb, ETps, ETrps, ETVi, ETgw, Esw) — 257,600-271,400
Totall 5. o mdis 279,000 264,000-277,000
! See table 3.
2 See table 4.
3 See table 5.
4 Crosthwaite (1963, p. 15). Estimate not supported by recent work (Plume and Ponce, 1999).
3 See table 6
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Table 12. Average annual water budgets for Middle Reese River Valley Hydrographic Area, middle Humboldt River Basin, north-
central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000
acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Inflow Outflow
Water-budget components (acre-feet (acre-feet
per year) per year)
Mountain-block water budget

Inflow:

Precipitation on mountain block (Pmb)' 110,000 —
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) — —

Outflow:

Runoff from mountain block to piedmont slope (ROmb)? — 3,600
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? — 10,200
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) = —
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? — 96,200
Totaliusitmtanmis 110,000 110,000

Piedmont-slope water budget

Inflow:

Precipitation on piedmont slope (Pps)! 46,400 —
Runoff from mountain block to piedmont slope (ROmb)? 3,600 —
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 10,200 —
Subsurface flow from adjacent hydrographic areas (SFin) — =
Outflow:
Runoff generated on piedmont slope (I\Opt)3 — 0-400
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? — 13,300-13,700
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) — —
ET and sublimation of precipitation and soil moisture (ETps)? — 46,400
ET from vegetated flood plains (ETrps)> = 300-800
Tofalismsmsssmmans 60,000 60,000-61,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (Pvi)! 30,100 —
Runoff from piedmont slope to valley lowland (R()ps)3 0-400 —
Surface-water flow from adjacent hydrographic areas (SWin) 43,000 —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)®  13,300-13,700 —
Subsurface flow from adjacent hydrographic areas (SFin) 56,500 —
Outflow:
Runoff generated on valley lowland (ROV) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to Lower Reese River Hydrographic Area (SFvl) — 69,000
ET of precipitation and soil moisture (ETvi) S 30,100
ET of ground water from valley lowland (ETgw)’ — 2,400-12,200
Evaporation from open-water bodies (Esw)’ — 0
MOtALL G G s 53,000-54,000 42,000-51,000
Middle Reese River Valley Hydrographic Area water budget
Inflow:

- Precipitation in Middle Reese River Valley Hydrographic Area (Pmb, Pps, Pvi) 186,000 —
Surface-water flow from adjacent hydrographic areas (SWin) 43 000 —
Subsurface flow from adjacent hydrographic areas (SFin) 56:500 —

Outflow:
Surface-water flow from Middle Reese River Valley Hydrographic Area at hydrographic-area boundary (SWtot) — 81,000
Subsurface flow from Middle Reese River Valley Hydrographic Area at hydrographic-area boundary (SFtot) — 69,000
ET and sublimation from Middle Reese River Valley Hydrographic Area (ETmb, ETps, ETrps, ETVi, ETgw, Esw) — 175,400-185,700
3 1T R S 195,000 185,000-196,000
! See table 3.
2 See table 4.
3 See table 5.

4 Eakin and others (1965, p. 24).

5 Combined values: 6,000 acre-feet per year estimated by Crosthwaite (1963, p. 15) to enter from Antelope Valley Hydrographic Area and additional 500 acre-feet per year estimated
by Eakin and others (1965, p. 24) to enter from Upper Reese River Hydrographic Area. Estimate of 6,000 acre-feet per year not supported by recent work (Plume and Ponce, 1999).

6 Crosthwaite (1963, p. 15).

7 See table 6.

§ Eakin and Lamke (1966, p. 59).
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Table 13. Average annual water budgets for Lower Reese River Valley Hydrographic Area, middle Humboldt River Basin, north-

central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000

acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Inflow Outflow
Water-budget components (acre-feet (acre-feet
per year) per year)
Mountain-block water budget
Inflow:
Precipitation on mountain block (Pmb)" 146,900 —
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) — =
Outflow:
Runoff from mountain block to piedmont slope (ROmb)2 — 4,800
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? — 13,700
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) — v
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)2 — 128.400
BB s sssissirganssi 147,000 147,000
Piedmont-slope water budget
Inflow:
Precipitation on piedmont slope (Pps)’ 104,100 —
Runoff from mountain block to piedmont slope (ROmb)? 4,800 —_
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 13,700 —
Subsurface flow from adjacent hydrographic areas (SFin) —_ —
Outflow:
Runoff generated on piedmont slope (I!Opo)3 — 0-500
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? - 18,500-19,000
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) — o
ET and sublimation of precipitation and soil moisture (ETps)* — 104,100
ET from vegetated flood plains (ETrps)3 — 100
TOtBL s msnssipsmsonrives 123,000 123,000-124,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (Pvi)" 89,700 —
Runoff from piedmont slope to valley lowland (ROps)® 0-500 —
Surface-water flow from adjacent hydrographic areas (SWin) = —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)®  18,500-19,000 —
Subsurface flow from adjacent hydrographic areas (SFin) 417,000 ~—
Outflow:
Runoff generated on valley lowland (ROV) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to adjacent hydrographic areas (SFvi) — —
ET of precipitation and soil moisture (ETvi) — 89,700
ET of ground water from valley lowland (ETgw)® - 30,700-79,800
Evaporation from open-water bodies (Esw)5 — 500-800
Totalieitmaousen 125,000-126,000 121,000-170,000
Lower Reese River Valley Hydrographic Area water budget
Inflow:
Precipitation in Lower Reese River Valley Hydrographic Area (Pmb, Pps, Pvl) 341,000 —
Surface-water flow from adjacent hydrographic areas (SWin) = —
Subsurface flow from adjacent hydrographic areas (SFin) 417,000 —
Outflow:
Surface-water flow from Lower Reese River Valley Hydrographic Area at hydrographic-area boundary (SWtot) — 65,000
Subsurface flow from Lower Reese River Valley Hydrographic Area at hydrographic-area boundary (SFtot) — —
ET and sublimation from Lower Reese River Valley Hydrographic Area (ETmb, ETps, ETrps, ETvi, ETgw, Esw) — 353,500-402,900
Totalsiasesssussssasississs 353,000 358,000-408,000
! See table 3.
2 See table 4.
3 See table 5.

4 Combined values: 9,000 acre-feet per year estimated by Crosthwaite (1963, p. 15) to enter from Middle Reese River Valley Hydrographic Area and 8,000 acre-feet per year
esitmated by Rush and others (1971) to enter from Buffalo Valley Hydrographic Area. Estimate of 8,000 acre-feet per year not supported by recent work (Plume and Ponce, 1999).

5 See table 6.
SEakin and Lamke (1966, p. 36).
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Table 14. Average annual water budgets for Whirlwind Valley Hydrographic Area, middle Humboldt River Basin, north-central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000 acre-
feet per year. ET, evapotranspiration. —, no data or not applicable]

Inflow Outflow
Water-budget components (acre-feet (acre-feet

per year) per year)

Mountain-block water budget

Inflow:
Precipitation on mountain block (Pmb)’ 34,100 =
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) — —
Outfiow:
Runoff from mountain block to piedmont slope (ROmla)2 — 900
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? - 2,800
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) — —
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? — 30,400
T B et s 34,000 34,000

Piedmont-slope water budget

Inflow:
Precipitation on piedmont slope (Pps)’ 10,900 —
Runoff from mountain block to piedmont slope (ROmb)? 900 —
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 2,800 —
Subsurface flow from adjacent hydrographic areas (SFin) — ==
Outflow:
Runoff generated on piedmont slope (ROps)? — 0-100
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (sFps)? - 3,700-3,800
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) — —
ET and sublimation of precipitation and soil moisture (ETps)* = 10,900
ET from vegetated flood plains (ETrps)® — 0
TOtAL. dosiraversasrasssssion 15,000 15,000

Valley-lowland water budget

Inflow:
Precipitation on valley lowland (Pvi)! 9,600 -
Runoff from piedmont slope to valley lowland (ROpo)3 0-100 —
Surface-water flow from adjacent hydrographic areas (SWin) 0 —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)> 3,700-3,800 —
Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:
Runoff generated on valley lowland (ROVI) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to Crescent Valley Hydrographic Areas (SFvl) — 4800
ET of precipitation and soil moisture (ETv) - 9,600
ET of ground water from valley lowland (ETgw)’ — 13,900-16,000
Evaporation from open-water bodies (Esw)® — 100
Fotal e rmmsssmsssvnnans 13,000-14,000 24,000-26,000

Whirlwind Valley Hydrographic Area water budget

Inflow:
Precipitation in Whirlwind Valley Hydrographic Area (Pmb, Pps, Pvi) 55,000 —
Surface-water flow from adjacent hydrographic areas (Swin) 0 —
Subsurface flow from adjacent hydrographic areas (SFin) - -
Outflow:
Surface-water flow from Whirlwind Valley Hydrographic Area at hydrographic-area boundary (Swtot) — 60
Subsurface flow from Whirlwind Valley Hydrographic Area at hydrographic-area boundary (SFtot) — 4800
ET and sublimation from Whirlwind Valley Hydrographic Area (ETmb, ETps, ETrps, ETvl, ETgw, Esw) - 64,900-67,000
Lolsts e bt I, 55,000 66,000-68,000

! See table 3.
2 See table 4.
3 See table 5.
4 Olmsted and Rush (1987, p. 38)
3 See table 6.

6 Olmsted and Rush (1987, p. 32).
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Table 15. Average annual water budgets for Boulder Flat Hydrographic Area, middle Humboldt River Basin, north-central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and Tig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000

acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Inflow Outflow
Water-budget components (acre-feet (acre-feet
per year) per year)
Mountain-block water budget
Inflow:
Precipitation on mountain block (Pmb)" 141,900 —
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) = =
Outflow:
Runoff from mountain block to piedmont slope (ROmb)? — 4,300
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? — 12,800
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) — =
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)2 — 124,800
ISP Lt o Jec e 142,000 142,000
Piedmont-slope water budget
Inflow:
Precipitation on piedmont slope (Pps)’ 66,000 —_
Runoff from mountain block to piedmont slope (ROmb)? 4,300 —
Surface-water flow from adjacent hydrographic areas (SWin) = —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 12,800 —_
Subsurface flow from adjacent hydrographic areas (SFin) — ==
Outflow:
Runoff generated on piedmont slope (ROps)? — 0-500
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)* — 19,100-19,300
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) —_ —
ET and sublimation of precipitation and soil moisture (ETps)* — 66,000
ET from vegetated flood plains (ETrps)’ = 300-700
otaliy = st e 83,000 85,000-86,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (Pvi)! 99,700 —
Runoff from piedmont slope to valley lowland (Rops)? 0-500 =
Surface-water flow from adjacent hydrographic areas (SWin) 434 400 —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)®  19,100-19,300 —
Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:
Runoff generated on valley lowland (ROV) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to adjacent hydrographic areas (SFvi) — 512,000
ET of precipitation and soil moisture (ETvi) — 99,700
ET of ground water from valley lowland (ETgw)® — 92,100-147,400
Evaporation from open-water bodies (Esw)® — 400-1,000
otallos S e e e 153,000-154,000 204,000-260,000
Boulder Flat Hydrographic Area water budget
Inflow:
Precipitation in Boulder Flat Hydrographic Area (Pmb, Pps, Pvl) 308,000 —_
Surface-water flow from adjacent hydrographic areas (SWin) 434,400 ==
Subsurface flow from adjacent hydrographic areas (SFin) = =
Outflow:
Surface-water flow from Boulder Flat Hydrographic Area at hydrographic-area boundary (SWtot) — 72,000
Subsurface flow from Boulder Flat Hydrographic Area at hydrographic-area boundary (SFtot) — 512,000
ET and sublimation from Boulder Flat Hydrographic Area (ETmb, ETps, ETrps, ETvi, ETgw, Esw) — 383,300-439,600
3 163 1 TR s 342,000 397,000-454,000
! See table 3.
2 See table 4.
3 See table 5.

4 Average annual flow of Rock Creek (1961-90) entering Boulder Flat Hydrographic Area from Rock Creek Valley Hydrographic Area.

5 Maurer and others (1996, p. 46).
®See table 6.

7 Based on Maurer and others (1996, p- 27) and on estimated average annual flow of Humboldt River between Dunphy and Battle Mountain for the period of 1961-90.
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Table 16. Average annual water budgets for Rock Creek Valley Hydrographic Area, middle Humboldt River Basin, north-central
Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000
acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Inflow Outflow
Water-budget components (acre-feet (acre-feet
per year) per year)

Mountain-block water budget

Inflow:
Precipitation on mountain block (Pmb)' 199,300 =
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) — —
Outflow: )
Runoff from mountain block to piedmont slope (ROmb)? — 5,200
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? - 17,100
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) — —
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? - 177,000

Totalisamavamercasiosis 199,000 199,000

Piedmont-slope water budget

Inflow:
Precipitation on piedmont slope (Pps)’ 47,800 —
Runoff from mountain block to piedmont slope (ROmb)? 5,200 =
Surface-water flow from adjacent hydrographic areas (SWin) — —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 17,100 —
Subsurface flow from adjacent hydrographic areas (SFin) — =
Outflow:
Runoff generated on piedmont slope (ROpc)3 — 0-600
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? - 17,100
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) — —
ET and sublimation of precipitation and soil moisture (ETps)® — 47,800
ET from vegetated flood plains (ETrps)® - 600-800
TOtHL e rsersmesisinissassinesa 70,000 66,000

Valley-lowland water budget

Inflow:
Precipitation on valley lowland (Pvi)" 8,700 =
Runoff from piedmont slope to valley lowland (Rops)? 0-600 —
Surface-water flow from adjacent hydrographic areas (SWin) —_ —_
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? 17,100 —
Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:
Runoff generated on valley lowland (ROV) = ==
Subsurface flow from basin-fill aquifer beneath valley lowland to adjacent hydrographic areas (SFvl) — —
ET of precipitation and soil moisture (ETvl) — 8,700
ET of ground water from valley lowland (ETgw)* — 7,800-14,000
Evaporation from open-water bodies (Em)‘ — 0
Tobiliseen i 26,000 16,000-23,000

Rock Creek Valley Hydrographic Area water budget

Inflow:
Precipitation in Rock Creek Valley Hydrographic Area (Pmb, Pps, Pvi) 256,000 —
Surface-water flow from adjacent hydrographic areas (SWin) 517,800 =
Subsurface flow from adjacent hydrographic areas (SFin) —_— —
Outflow:
Surface-water flow from Rock Creek Valley Hydrographic Area at hydrographic-area boundary (Swtot) — 634,300
Subsurface flow from Rock Creek Valley Hydrographic Area at hydrographic-area boundary (SFtot) —_ 72,800
ET and sublimation from Rock Creek Valley Hydrographic Area (ETmb, ETps, ETrps, ETvl, ETgw, Esw) — 241,900-248,300

TOWLinenssmrssse 274,000 278,000-285,000

! See table 3.

2 See table 4.

¥ See table 5.

4 See table 6.

5 Estimated as 52 percent of estimated average annual flow (1961-90) of Rock Creek in Boulder Flat Hydrographic Area.
6 Derived from contineous-stage-recording gage on Rock Creek (1961-90) in Boulder Flat Hydrographic Area.

7 Maurer and others (1996, p. 46).
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Table 17. Average annual water budgets for Willow Creek Valley Hydrographic Area, middle Humboldt River Basin, north-central
Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000
acre-feet per year. ET, evapotranspiration. —, no data or not applicable)

Inflow Outflow
Water-budget components (acre-feet (acre-feet
per year) per year)

M A

in-block water budg

Inflow:
Precipitation on mountain block (Pmb)" 216,500 —_
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) — =
Outflow:
Runoff from mountain block to piedmont slope (ROmb)? - 10,300
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? — 22,900
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) — -
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? — 183,300

Total, s tanmpraens 216,000 216,000

Piedmont-slope water budget

Inflow:
Precipitation on piedmont slope (Pps)" 55,400 —
Runoff from mountain block to piedmont slope (ROmb)? 10,300 —
Surface-water flow from adjacent hydrographic areas (SWin) e S
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 22,900 —
Subsurface flow from adjacent hydrographic areas (SFin) — o
Outflow:
Runoff generated on piedmont slope (ROps)® — 0-1,100
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? — 27,500
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) —_ —
ET and sublimation of precipitation and soil moisture (ETps)? — 50,100-55,400
ET from vegetated flood plains (ETrps)? — 3,300-4,200
TOtEL s ccomissimmensivos 89,000 81,000-88,000

Valley-lowiand water budget

Inflow:
Precipitation on valley lowland (Pvi)" 9,100 -
Runoff from piedmont slope to valley lowland (R()pc)3 0-1,100 -
Surface-water flow from adjacent hydrographic areas (SWin) — —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)® 27,500 e
Subsurface flow from adjacent hydrographic areas (SFin) —_— =
Outflow:
Runoff generated on valley lowland (ROW) — =
Subsurface flow from basin-fill aquifer beneath valley lowland to adjacent hydrographic areas (SFvl) —— —
ET of precipitation and soil moisture (ETvl) — 9,100
ET of ground water from valley lowland (ETgw)* —— 19,200-21,800
Evaporation from open-water bodies (Esw)* — 0

Total oo 37,000-38,000 28,000-31,000

Willow Creek Valley Hydrographic Area water budget

Inflow:
Precipitation in Willow Creek Valley Hydrographic Area (Pmb, Pps, Pvi) 280,000 —
Surface-water flow from adjacent hydrographic areas (SWin) —_ —
Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:
Surface-water flow from Willow Creek Valley Hydrographic Area at hydrographic-area boundary (SWtot) — 517,800
Subsurface flow from Willow Creek Valley Hydrographic Area at hydrographic-area boundary (SFtot) — 64,300
ET and sublimation from Willow Creek Valley Hydrographic Area (ETmb, ETps, ETrps, ETvi, ETgw, Esw) — 265,000-273,800

Totalass... caimdiaem sy 280,000 287,000-296,000

! See table 3.

2 See table 4.

3 See table 5.

4 See table 6.

5 Estimated as 52 percent of average annual flow (1961-90) of Rock Creek in Boulder Flat Hydrographic Area.
6 Maurer and others (1996, p. 46).
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Table 18. Average annual water budgets for Clovers Area, middle Humboldt River Basin, north-central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000

acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Water-budget components

Inflow
(acre-feet
per year)

Outflow
(acre-feet
per year)

Mountain-block water budget

Inflow:
Precipitation on mountain block (Pmb)’
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin)
Outflow:
Runoff from mountain block to piedmont slope (FIOmb)2
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)?
Subsurface flow from mountain block to adjacent hydrographic areas (SFout)
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ET mb)2

137,300

4,800
13,100

119,400

137,000

137,000

Piedmont-slope water budget

Inflow:
Precipitation on piedmont slope (Pps)’
Runoff from mountain block to piedmont slope (ROmb)?
Surface-water flow from adjacent hydrographic areas (SWin)
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)?
Subsurface flow from adjacent hydrographic areas (SFin)
Outflow:
Runoff generated on piedmont slope (ROps)?
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)?
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout)
ET and sublimation of precipitation and soil moisture (E‘l‘ps)3
ET from vegetated flood plains (ETrps)3

159,900
4,800

13,100

0-500
17,900-18,400
159,900
4,400-7,600

178,000

182,000-186,000

Valley-lowland water budget

Inflow:
Precipitation on valley lowland (Pvl)!
Runoff from piedmont slope to valley lowland (ROps)®
Surface-water flow from adjacent hydrographic areas (SWin)
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)>
Subsurface flow from adjacent hydrographic areas (SFin)
Outflow:
Runoff generated on valley lowland (ROVI)
Subsurface flow from basin-fill aquifer beneath valley lowland to adjacent hydrographic areas (SFvi)
ET of precipitation and soil moisture (ETv)
ET of ground water from valley lowland (ETgw)4
Evaporation from open-water bodies (Esw)*

103,600
0-500

17,900-18,400

0
103,600
53,900-108,200
500-3,600

122,000

158,000-216,000

Clovers Area water budget

Inflow:
Precipitation in Clovers Area (Pmb, Pps, Pvl)
Surface-water flow from adjacent hydrographic areas (SWin)
Subsurface flow from adjacent hydrographic areas (SFin)

Outflow:
Surface-water flow from Clovers Area at hydrographic-area boundary (SWtot)
Subsurface flow from Clovers Area at hydrographic-area boundary (SFtot)
ET and sublimation from Clovers Area (ETmb, ETps, ETrps, ETvi, ETgw, Esw)

401,000

519,100

441,700-502,300

420,000

442,000-502,000

! See table 3.
2 See table 4.
3 See table 5.
#See table 6.
5 Maurer and others (1996, p. 46).
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Table 19. Average annual water budgets for Pumpernickel Valley Hydrographic Area, middle Humboldt River Basin, north-central
Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000
acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Inflow Outflow
Water-budget components (acre-feet (acre-feet
per year) per year)
Mountain-block water budget
Inflow:
Precipitation on mountain block (Pmb)‘ 74,100 —
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) — —
Outflow:
Runoff from mountain block to piedmont slope (ROmb)? — 2,200
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? - 6,600
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) — —
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? — 65,300
TOfAL:, 5mivsisassisirassoars 74,000 74,000
Piedmont-slope water budget
Inflow:
Precipitation on piedmont slope (Pps)! 58,300 —
Runoff from mountain block to piedmont slope (ROmb)? 2,200 —-
Surface-water flow from adjacent hydrographic areas (SWin) — —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 6,600 —
Subsurface flow from adjacent hydrographic areas (SFin) — —_—
Outflow:
Runoff generated on piedmont slope (ROpc)3 - 0-200
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? — 8,800-9,000
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) — —
ET and sublimation of precipitation and soil moisture (ETps)® — 58,300
ET from vegetated flood plains (ETrps)* = 500-700
Ol Nouzssmirropronsse 67,000 68,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (Pv))! 36,600 —_
Runoff from piedmont slope to valley lowland (ROpc)3 0-200 —

Surface-water flow from adjacent hydrographic areas (SWin) —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? 8,800-9,000 —
Subsurface flow from adjacent hydrographic areas (SFin) — —

Outflow:
Runoff generated on valley lowland (ROVI) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to adjacent hydrographic areas (SFvi) — —
ET of precipitation and soil moisture (ETv) - 36,600
ET of ground water from valley lowland (ETgw)* = 21,100-37,200
Evaporation from open-water bodies (Esw)* = 400-1,000

LOtals i et seass 45,000-46,000 58,000-75,000
Pumpernickel Valley Hydrographic Area water budget

Inflow:

Precipitation in Pumpernickel Valley Hydrographic Area (Pmb, Pps, PVi) 169,000 —

Surface-water flow from adjacent hydrographic areas (SWin) — —

Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:

Surface-water flow from Pumpemickel Valley Hydrographic Area at hydrographic-area boundary (SWtot) — —

Subsurface flow from Pumpernickel Valley Hydrographic Area at hydrographic-area boundary (SFtot) — —

ET and sublimation from Pumpermickel Valley Hydrographic Area (ETmb, ETps, ETrps, ETvI, ETgw, Esw) — 182,200-199,100
Totabl .. S 2 s 169,000 182,000-199,000

! See table 3.

2 See table 4.

3 See table 5.

4 See table 6.
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Table 20. Average annual water budgets for Kelly Creek Area, middle Humboldt River Basin, north-central Nevada

[Bold symbols in parentheses correspond to those used in table 2 and fig. 3. Values for separate flow components rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000

acre-feet per year. ET, evapotranspiration. —, no data or not applicable]

Inflow Outflow
Water-budget components (acre-feet (acre-feet
per year) per year)
Mountain-block water budget
Inflow:
Precipitation on mountain block (Prrm)l 72,800 —_
Subsurface flow from adjacent hydrographic areas to bedrock aquifer (SFin) - —
Outflow:
Runoff from mountain block to piedmont slope (ROmb)? — 4,400
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? e 8,300
Subsurface flow from mountain block to adjacent hydrographic areas (SFout) — =
ET and sublimation of precipitation and soil moisture and ET from riparian areas (ETmb)? - 60,100
TOtL G ettt rassmaniis 73,000 73,000
Piedmont-slope water budget
Inflow:
Precipitation on piedmont slope (F’po)l 69,700 —
Runoff from mountain block to piedmont slope (ROmb)? 4,400 —
Surface-water flow from adjacent hydrographic areas (SWin) — —
Subsurface flow from bedrock aquifer in mountain block to basin-fill aquifer beneath piedmont slope (SFmb)? 8,300 —
Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:
Runoff generated on piedmont slope (ROps)* — 0-500
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)? - 12,700-13,200
Subsurface flow from basin-fill aquifer beneath piedmont slope to adjacent hydrographic areas (SFout) — -—
ET and sublimation of precipitation and soil moisture (ETps)> - 69,700
ET from vegetated flood plains (ETrps)? — 1,600-2,300
Totalecisinausnmmmns 82,000 84,000-86,000
Valley-lowland water budget
Inflow:
Precipitation on valley lowland (P! 37,600 —
Runoff from piedmont slope to valley lowland (ROps)* 0-500 —
Surface-water flow from adjacent hydrographic areas (SWin) —_ —
Subsurface flow from basin-fill aquifer beneath piedmont slope to basin-fill aquifer beneath valley lowland (SFps)3 12,700-13,200 —
Subsurface flow from adjacent hydrographic areas (SFin) — —
Outflow:
Runoff generated on valley lowland (ROVI) — 0
Subsurface flow from basin-fill aquifer beneath valley lowland to adjacent hydrographic areas (SFvi) — —
ET of precipitation and soil moisture (ETv) — 37,600
ET of ground water from valley lowland (ETgw)* — 14,500-35,900
Evaporation from open-water bodies (Esw)* — 0-400

50,000-51,000

52,000-74,000

Kelly Creek Area water budget

Inflow:
Precipitation in Kelly Creek Area (Pmb, Pps, Pvi)
Surface-water flow from adjacent hydrographic areas (SWin)
Subsurface flow from adjacent hydrographic areas (SFin)

Outflow:
Surface-water flow from Kelly Creek Area at hydrographic-area boundary (SWtot)
Subsurface flow from Kelly Creek Area at hydrographic-area boundary (SFtot)
ET and sublimation from Kelly Creek Area (ETmb, ETps, ETrps, ETvi, ETgw, Esw)

181,000

183,500-206,000

184,000-206,000

! See table 3.
2 See table 4.
3 See table 5.
4 See table 6.
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Table 21. Estimated average annual ground-water budget for the 14 hydrographic areas, middle Humboldt River Basin, north-central Nevada

[Values for separate flow components and subtotals rounded to nearest 100 acre-feet per year; totals rounded to nearest 1,000 acre-feet per year. Bold symbols (in footnotes) correspond to those used in table 2 and fig. 3.

—, no data or not applicable; <, less than]

Ground-water-budget component

Estimated flow
(acre-feet per year)

PineValley  Crescent Valley Ca"}";‘l’lxk" %‘:5::\7:1?6? Antelope Valley "gﬂ:ﬂfﬁ;ﬁf’ il 3;:’:;'
Inflow
Ground-water recharge:
To mountain block' 38,200 18,200 13,000 47,700 12,200 10,200 13,700
To piedmont slope, from runoff® 14,200-16,700 7,000-7,800 5,700-6,300 23,600-26,600 5,000-6,000 2,600-3,000 4,800-5,300
To piedmont slope, from precipitation’ 0-24,300 0-200 0-1,100 0-35,600 0-7,000 0 0
Subtotal ground-water recharge®................. 52,500-79,300  25,200-26,200  18,700-20,400  71,400-110,000  17,200-25,200  12,800-13,200  18,500-19,000
(66,000) (21,000) (18,000) (93,000) (19,000) (10,000) (13,000)
Subsurface inflow from adjacent hydrographic areas 0 5700 63,000 0 0 76,500 817,000
TR INBOW. .. nscasiimamasamnirsemesse 52,000-79,000  26,000-27,000  22,000-23,000  71,000-110,000  17,000-25,000  19,000-20,000 36,000
Outflow
Ground-water evapotranspiration in valley lowlands’ 39,500-50,300  19,600-37,100 4,800-9,600 43,800-45,800 2,000-8,400 2,400-12,200 30,700-79,800
Ground-water discharge from vegetated flood plains'® 3,200-4,100 500-1,900 1,100-1,200 10,900-11,700 200-600 300-800 100
Ground-water discharge as surface-water outflow at 115,000 129 - 11<1,000 - — —
hydrographic-area boundary.
Subsurface outflow to adjacent hydrographic areas 139 300 142300 15<300 163 500 176,000 179,000 =
Total oMo . sisssivessstiimsrenirecstrisirise 57,000-69,000  20,000-39,000  6,000-11,000 59,000-62,000 8,000-15,000 12,000-22,000  31,000-80,000
Continued
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Table 21. Estimated average annual ground-water budget for the 14 hydrographic areas, middle Humboldt River Basin, north-central Nevada—Continued

Estimated flow
(acre-feet per year)

Ground-water-budget component —
W\r;;r:lv:;\d Boulder Flat Rosl;uceryeek Mllszlce:;eek Clovers Area Purr\\/%e"r:)i’ckel Kellxrgareek
Inflow
Ground-water recharge:
To mountain block' 2,800 12,800 17,100 22,900 13,100 6,600 8,300
To piedmont slope, from runoff® 900-1,000 6,300-6,500 0 0 4,800-5,300 2,200-2,400 4,400-4,900
To piedmont slope, from precipitation’ 0 0 0 4,600 0 0 0
Subtotal ground-water recharge®.................... 3,700-3,800 19,100-19,300 17,100 v 20500 17,900-18,400 8,800-9,000 12,700-13,200
(2,000) (11,000) (9,000) (28,000) (13,000) (7,500) (11,000)
Subsurface inflow from adjacent hydrographic areas - — — - — — —_
TROtAMADIIOW, . ss0iasifess massinitreresssissssrmssiunsmosns 4,000 19,000 17,000 28,000 18,000 9,000 13,000
Outflow
Ground-water evapotranspiration in valley lowlands® 13,900-16,000  92,100-147,400 7,800-14,000 19,200-21,800  53,900-108,300  21,200-37,200 14,600-35,900
Ground-water discharge from vegetated flood plains'® 0 300-700 600-800 3,300-4,200 4,400-7,600 500-700 1,600-2,300
Ground-water discharge as surface-water outflow at — — — — — -— —
hydrographic-area boundary.
Subsurface outflow to adjacent hydrographic areas 18800 1912,000 192,800 194,300 = — e
TotalloMtIOW: s amimsiminonsssssssissssssusiorssssasss 15,000-17,000  104,000-160,000 11,000-18,000  27,000-30,000  58,000-116,000  22,000-38,000  16,000-38,000

1

See table 4.
2 Estimated as difference between sum of mountain-block runoff (ROmb; table 4) plus piedmont-slope runoff (ROps; table 5) and total runoff at hydrographic-area boundary (SWtot; tables 7-20).
3 Estimated as difference between piedmont-slope precipitation (Pps; table 3) and sum of piedmont-slope runoff (ROps; table 5) plus evapotranspiration components (ETps and ETRps; table 5).

4 Estimated from mass-balance calculation. Values in parentheses estimated from revised recharge Maxey-Eakin method (equation 3 in text; values shown for comparison only, not used in ground-water budget
calculations).

5 Combined values; 300 acre-feet per year estimated by Everett and Rush (1966, p. 17) to enter from Carico Lake Valley Hydrographic Area and additional 400 acre-feet per year estimated by Olmsted and Rush (1987,
p. 32) to enter from Whirlwind Valley Hydrographic Area.

6 Estimated from equation 4 (see text).

7 Combined values: 6,000 acre-feet per year estimated by Crosthwaite (1963, p. 15) to enter from Antelope Valley Hydrographic Area and additional 500 acre-feet per year estimated by Eakin and others (1965, p. 24) to
enter from Upper Reese River Valley Hydrographic Area.

§ Combined values: 9,000 acre-feet per year estimated by Crosthwaite (1963, p. 15) to enter from Middle Reese River Valley Hydrographic Area and 8,000 acre-feet per year estimated by Rush and others (1971) to enter
from Buffalo Valley Hydrographic Area.

? See table 6.

10 See table 5.

! Estimated by hydrograph-separation analysis (Rorabaugh, 1964) and from Eakin (1961, p. 10)
12 Zones (1961, p.11) and Olmsted and Rush (1987, p. 32).

13 Combined values: 9,000 acre-feet per year estimated by Harrill (1968, p. 28) to exit from Garden Valley, subbasin in southeastern part of Pine Valley Hydrographic Area, and additional 300 acre-feet per year estimated
by Eakin (1961, p. 26) to exit Pine Valley beneath north hydrographic-area boundary.

14 Zones (1961, p. 23).
15 Everett and Rush (1966, p. 17).

16 Combined values: 3,000 acre-feet per year to Carico Lake Valley Hydrographic Area estimated from equation 4 (see text) and less than 500 acre-feet per year to Middle Reese River Valley Hydrographic Area, estimated
by Eakin and others (1965).

17 Crosthwaite (1968, p. 15)
18 Olmsted and Rush (1987, p. 38).
19 Maurer and others (1996, p. 46).
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Figure 4. Distribution of precipitation (1961-90) and landforms in Pine Valley Hydrographic Area, middle Humboldt River Basin,
north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on independent slopes

model, or PRISM (Daly and others, 1994).
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Figure 5. Distribution of precipitation (1961-90) and landforms in Crescent Valley Hydrographic Area, middle Humboldt
River Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on

independent slopes model, or PRISM (Daly and others, 1994).
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Figure 6. Distribution of precipitation (1961-90) and landforms in Carico Lake Valley Hydrographic Area, mid-
dle Humboldt River Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-
elevation regressions on independent slopes model, or PRISM (Daly and others, 1994).
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Figure 7. Distribution of precipitation (1961-90) and landforms in Upper Reese River Valley Hydro-
graphic Area, middle Humboldt River Basin, north-central Nevada. Average annual-precipitation data
derived from precipitation-elevation regressions on independent slopes model, or PRISM (Daly and

others, 1994).
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Figure 8. Distribution of precipitation (1961-90) and landforms in Antelope Valley Hydrographic Area, middle Humboldt River
Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on indepen-

dent slopes model, or PRISM (Daly and others, 1994).
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Figure 9. Distribution of precipitation (1961-90) and landforms in Middle Reese River Valley Hydrographic Area, middle Humboldt
River Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on indepedent

slopes model, or PRISM (Daly and others, 1994). 7
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Figure 10. Distribution of precipitation (1961-90) and landforms in Lower Reese River Valley Hydrographic Area, middle Humboldt
River Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on independent

slopes model, or PRISM (Daly and others, 1994).
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Figure 11. Distribution of precipitation (1961-90) and landforms in Whirlwind Valley Hydrographic Area, middle Humboldt
River Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on

independent slopes model, or PRISM (Daly and others, 1994).
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Figure 12. Distribution of precipitation (1961-90) and landforms in Boulder Flat Hydrographic Area, middle Hum-
boldt River Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation
regressions on independent slopes model, or PRISM (Daly and others, 1994).

Discussion of Water-Budget Estimates



116° 45

41°
EXPLANATION

Landforms

Valley lowland

Piedmont slope

Mountain block

= - - = Hydrographic-area boundary

——20 —  Line of equal average annual precipitation—
Contour interval varies: 2 inches for 20 inches
or less, 4 inches for greater than 20 inches

6 9 12 MILES
J

1 L

9 12 KILOMETERS

Base from U.S. Geological Survey digital data, 1:100,000, 1977-88
Universal Transverse Mercator projection
Zone 11

Figure 13. Distribution of precipitation (1961-90) and landforms in Rock Creek Hydrographic Area, middle Humbolc.jt River
Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on indepen-
dent slopes model, or PRISM (Daly and others, 1994).
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Figure 14. Distribution of precipitation (1961-90) and landforms in Willow Creek Valley Hydrographic Area, middle Humboldt River
Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on independent
slopes model, or PRISM (Daly and others, 1994).
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Figure 15. Distribution of precipitation (1961-90) and landforms in Clovers Area Hydrographic Area, middle Humboldt River
Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on independent

slopes model, or PRISM (Daly and others, 1994).
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Figure 16. Distribution of precipitation (1961-90) and landforms in Pumpernickel Valley Hydrographic
Area, middle Humboldt River Basin, north-central Nevada. Average annual-precipitation data derived from
precipitation-elevation regressions on independent slopes model, or PRISM (Daly and others, 1994).
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Figure 17. Distribution of precipitation (1961-90) and landforms in Kelly Creek Area Hydrographic Area, middle Humboldt River
Basin, north-central Nevada. Average annual-precipitation data derived from precipitation-elevation regressions on independent

slopes model, or PRISM (Daly and others, 1994).
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SUMMARY AND CONCLUSIONS

Traditional water users in the Humboldt River
Basin in north-central Nevada rely mostly on surface
water and to a lesser extent on ground water. However,
ground-water withdrawals in the basin have increased
over the last 10 to 15 years, mostly as a result of the
development of large open-pit gold mines. In 1995, the
U.S. Geological Survey, in cooperation with the
Nevada Department of Conservation and Natural
Resources, began the Humboldt River Basin Assess-
ment. This study is part of the overall assessment
designed to address concerns about regional and long-
term effects of open-pit mine dewatering. Because
most of the large mine-dewatering operations in north-
ern Nevada are in the middle Humboldt River Basin,
the assessment has focused on this part of the basin.
The middle Humboldt River Basin is defined by the 14
hydrographic areas tributary to the Humboldt River
valley from about 10 miles downstream from Carlin to
about 5 miles upstream from Golconda.

Each hydrographic area was subdivided on the
basis of three general landforms and ground-water flow
patterns. Mountain blocks form the main zone of
recharge, piedmont slopes the main zone of lateral
flow, and valley lowlands the main zone of ground-
water discharge. For many basins in the study area, the
zone of recharge extends to the upper parts of the pied-
mont slope. Water budgets were developed assuming
approximate equilibrium (steady-state conditions). The
estimated budgets represent average annual volumes
over a 30-year reference period (1961-90).

Runoff and water yield from mountain-block
areas were estimated from regression analyses among
average annual runoff, water yield, and precipitation.
Ground-water recharge was estimated by a revised
Maxey-Eakin method and by a mass-balance calcula-
tion. Water loss by evapotranspiration (ET) and subli-
mation in mountain-block areas was determined
indirectly as the difference between average annual
precipitation and average annual water yield. Average
annual ET from piedmont slopes was derived, in part,
by the Penman—Monteith equation using weather-sta-
tion data. Ground-water ET in valley-lowland areas
was estimated from a recently developed method using
micrometeorological techniques and remotely sensed
Landsat Thematic Mapper (satellite) data.

On average, total annual inflow to the middle
Humboldt River basin was estimated to be about
5,000,000 acre-ft. Of the total inflow, 4,600,000 is
from precipitation that falls in the 14 hydrographic
areas, and about 350,000 acre-ft is inflow from the
Humboldt River. Average annual outflow was esti-
mated to be about 5,100,000 acre-ft, of which ET
accounts for about 4,800,000 acre-ft of the total.
Average annual outflow of the Humboldt River is
about 300,000 acre-ft.

Estimated total outflow from hydrographic areas
where the Humboldt River either makes up part of the
area boundary or transverses the area is greater than
estimated total inflow. The contribution of Humboldt
River water to the total estimate of ET could not be sep-
arated from ET of ground water that originated as pre-
cipitation within the boundary of the hydrographic
area. Without additional information about flow of the
Humboldt River at area boundaries, regional analysis
of ET could not distinguish the source of ground water
consumed by phreatophyte vegetation in these areas.
However, for basins isolated from the effects of the
Humboldt River, inflow estimates were either within
range of estimated outflow or slightly greater.

In mountain-block areas, about 15 percent of the
total precipitation was estimated either to recharge
ground water or to become runoff. Although mountain
blocks are the source areas for the greatest proportion
of ground-water recharge, about one-third of the total
recharge was estimated to be from infiltration of runoff
on piedmont slopes. However, ground-water recharge
from direct precipitation on piedmont slopes is small.

Comparison of the newly derived water budgets
to those developed in earlier studies indicate that both
precipitation and ground-water ET are greater than pre-
viously estimated. Estimated precipitation is 5 to 28
percent greater, and estimated ET, 2 to 34 percent
greater, although the proportion of the annual precipi-
tation assumed to be lost to ET is similar in the current
and earlier studies. Based on current mass-balance cal-
culations, estimates of ground-water recharge are about
45 percent greater than previously estimated.
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GLOSSARY

Some of the technical terms and acronyms used in this report
are defined for the convenience of the reader. Most of
the following definitions were modified from
(1) Langbein and Iseri (1960), (2) Tomlinson (1994),
(3) Horton (1998), and (4) Wilson and Moore (1998).

Aquifer. Formation, group of formations, or part of forma-
tion that contains sufficient saturated permeable mate-
rial to yield significant quantities of water to wells and
springs (4).

Average conditions. Conditions under which numerical
value for hydrologic variable, such as precipitation or
streamflow, is equal to arithmetic mean for selected
time period. Also see definition of “natural conditions.”

Baseflow. Sustained or fair-weather flow of stream, whether
or not affected by works of man. That part of stream
discharge that is not attributable to direct runoff from
precipitation or melting snow (4).

Coefficient of determination (+%). Measure of proportion of
total variance of dependent variable that is accounted
for by independent variables in regression analyses.

Dewatering (mining). Removal of ground water in conjunc-
tion with mining operations when excavation has pene-
trated below water table (3).

Evaporation. Process by which water passes from liquid
state to vapor state (4).

Evapotranspiration (ET). Loss of water from land area
through transpiration by plants and evaporation from
soil and surface-water bodies (4).

Geographic information system (GIS). Computer program
and associated data bases that organize data in layers
which can be integrated, queried, and analyzed (3, 4).

Ground water. That part of subsurface water that is in satu-
rated zone (4).

Ground-water discharge. Release of water from saturated
zone (4).

Ground-water recharge. Process of downward movement
of water to saturated zone and addition of water to
ground-water reservoir (4).

Ground-water storage. Quantity of water in saturated
zone (4).

Hydraulic conductivity. Volume of water that will move
in porous medium in unit time under unit hydraulic
gradient through unit area measured at right angles to
direction of flow (4).

Hydraulic gradient. In aquifer, rate of change of total head
per unit of distance of flow at given point and in given
direction (4).

Hydrologic equilibrium. Expression of law of mass conser-
vation for water budgets. State in which inflow equals
outflow, corrected for changes in storage.

Hydrologic processes. Physical operation or series of oper-
ations that result in movement of water within hydro-
logic system.

Hydrologic system. Complex of related parts—physical,
conceptual, or both—forming orderly working body of
hydrologic units and interacting hydrologic processes
.

Inflow. Process of flowing in or into; includes all water that
enters hydrologic system (4).

Landsat. Series of United States satellites that collect multi-
spectral images of Earth’s surface in visible, reflected,
and thermal-infrared bands (4).

Natural conditions. Conditions under which hydrologic
processes and variables are not affected by man. For
water budgets, such conditions commonly are assumed
to represent long-term steady state.

Open-pit mining. Process of removing mineral deposits that
are found sufficiently close to surface that tunnels are
unnecessary.

Outflow. Process of flowing out; includes all water that
leaves hydrologic system (4).

Permeability. Property or capacity of porous rock, sedi-
ment, or soil for transmitting water (4).

Phreatophyte. Plant that obtains its water supply from satu-
rated zone (4).

Residual. Difference between measured station value and
value predicted by regression equation.

Runoff. That part of precipitation appearing in surface
streams (4).

Spring. Place where ground water flows naturally from rock
or soil onto land surface or into body of surface water
.

Steady state. State of balance in hydrologic system where
little or no change in hydraulic head occurs through
time (4).

Streamflow. Type of channel flow; applies to that part of
surface runoff traveling in stream whether or not it is
affected by diversion or regulation (4).

Surface water. All waters on surface of Earth (1).

Transpiration. Process by which plants give off water vapor
through their leaves (4).

Water budget. Accounting of inflow to, outflow from, and
storage in hydrologic unit such as drainage basin, aqui-
fer, soil zone, lake, or reservoir (4).

Watershed. Region drained by, or contributing water to,
stream, lake, or other body of water (4).

Water table. Upper surface of saturated zone (4).

Water year. Period of 12 months from October 1 through
September 30; term used by federal agencies in refer-
ence to surface-water supply (4).

Water yield. Runoff from drainage basin; includes ground-
water outflow that appears in stream plus ground-water
outflow that bypasses gaging station and leaves basin
underground. May be expressed as precipitation minus
evapotranspiration (4, 1).
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