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Estimates of Natural Ground-Water Discharge and

Characterization of Water Quality in Dry Valley,

Washoe County, West-Central Nevada, 2AA2-2003

byDavidl. Berger, Dougtas K. Maurer, ThomaS J. Lopes, and Keith J. Halford

Abstract

The Dry Valley Hydrographic Area is being considered as a potential source for

additional water supplies for the Reno-Sparks area, about 25 miles to the south. Current

estimates of annual ground.-water recharge to Dry Valley have a considerable range. In

undeveloped valleys, such as Dry Valley, long-term ground-water discharge can be

assumed the same as.long-term ground-water recharge. Because estimating ground-

water d.ischarge is technically easier than estimating ground-water recharge, the U.S.

Geological Survey, in cooperation with Washoe County, began a study to estimate

natural ground-water discharge and characterize ground-water quality in Dry Valley.

In Dry Valley, natural ground-water discharge occurs as subsurface outflow and by

ground-water evapotranspiration. Subsurface outflow from the upper part of Dry Valley

to Winnemucca and Honey Lake Valleys likely is small. Subsurface outflow from Dry

Valley westward to Long Valley, California was estimated using Darcy's Law. Analysis

of three aquifer tests show the transmissivity of poorly sorted sediments near the western

side of Dry Valley is 1,200 to 1,500 tP / aay.The width of unconsolidated sediments is

about 4,000 ft between exposlrres of non-welded tuffs along the state line, and decreases

to about 1,500 ft 0.5 mi west of the state line. The hydraulic gradient east and west of the

state line ranges from 0.003 to 0.005 tt/ tt.Using these values, subsurface outflciw to Long

Valley is estimated to be 50 to 250 aae-ft/yt.

'fhis rnaterial is prclinrinary and lras nol bcen approrfud rcgarding confomrit-v rtidl
U!iGS tcchnicol or cditorial stanclords; it mnst not be quoted or cited'
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Areas of ground-water evapotranspiration were field mapped and partitioned into

zones of plant cover using relations derived from Landsat imagery acquired lt ly 8, 2002.

Evapotranspiration rates for each plant-cover zone were multiplied by the conesponding

hrea and summed to estimate annual ground-water evapotranspiration. About 640 to790

aee-ft/yt of ground water is lost to evapotranspirationin Dry Valley. Combining t

subsurface-outflow estimates with ground-water evapotranspiration estimates, total

natural ground-water discharge from Dry Valley ranges from a minimum of about 700 to

a maximum of about 1,000 acre-ft annually.

Water quality in Dry Valley is generally good and primary drinking-water

standards were not exceeded in any samples collected. The secondary standard for

manganese was exceeded in three ground-water samples. One spring sample and two

surface-water samples exceed.ed the secondary standard for pH. Dry Valley has two

primary types of water chemistry that are distinguishable by cation ratios and related to

the fwo volcanic-rock units that make up much of the su:rounding mountains. In

addition, two secondary types of water chemistry appear to have evolved by evaporation

of the primary water types. Ground water near the state line appears to be an equal -

mixture of the two primary water chemistries and has as an isotopic characteristic similar

to evaporated surface water.

lntroduction

Lrcreasing population growth in west-central Nevada has resulted in urban

expansion to valleys generally north of the Reno-Sparks area (fig. 1). Although the.

Truckee Rivel provides most of the water to the Reno-Sparks area, ground water is the

primary source for the northem valleys. Further development in several of the more

urbanized valleys has been lirnited because additional ground-water resources are not

available. Concems about the availability of good quality ground water to sustain

continued growth has led regional water planners to look for additional resources in other

valleys that are currently undeveloped.

2

Thjs mattrial is prelinrinary anr'l has not'becn apprtrvcd re$arding conforarit-v with
USGS technicol or editorial standards: it must not be quoted or cited.



DRAFT-I: \Drli/alley \Report\dryvalleyrp t.fut MODIFIED-luly 6,200a

The Dry Valley Hydrographic Area1, a valley north of the Reno-sparks area,

currently has little ground-water development and is being considered. as a Potential

source afea for additional water supplies. Precipitation that falls within Dry Valley is the

primary source of ground water. A previous water-resources investigation made in the

late 1960's, estimated ground-water recharge to Dry Valley from precipitation to be about

2,400 aae-ft/yt (Rush and Glanry,t967,p. 20).This estimate was derived from a

reconnaissance-level technique, known as the Maxey-Eakin Method, which estimates

ground.-water recharge as a function of fixed fractions of precipitation (Maxey and Eakin,

1g4g, p.  }a\.Rush and Glancy (1967,p. 20) use.d aL965 revised version of the

..precipitation map developed by Hardm an(1936,1g65)to estimate annual precipitation in

Dry Vatley to be M,000 acre-ft.

A statistical-topographic model used to estimate regional precipitation (Daly and

others, Lgg4) suggests that annual precipitation it Dry Valley may be as much as 80,000

acre-ft and the resultant ground-water recharge more than 4 times the estimate of Rush

and Glanry gg67).Thomas and Albright (2003), using the chloride mass-balance method,

estimate between 'J,,4OO to 4,800 aae-ft/yr of ground-water recharge from precipitation in

Dry Valley. Estimates of ground-water recharge based on the mass balance of chloride, in

part, is a direct function of the amount of precipitation that is assumed to fall in recharge

source areas within a ground-water basin (Dettinger,t989). Thomas and Albright (2003,

p. 7) estimate that nearly 66,000 acre-ft/y of precipitation falls in the recharge source

areas in Dry Valley and is based on a relation between short-term, local precipitation data

and regional, long-term precipitation data. Consequently, current estimates of annual

ground-water recharge to Dry Valley have a considerable range and are a direct function

of the particular precipitation data used in the redrarge estimate.

l The U.S. Geological Survey and Nevada Division of Water Resources delineated formal h1'drographic areas-in

Nevada systematicalllii" tt," late t960's for scientific and administrative purposes (Cardinalli and other, 1958; Rush,

196S). Th; official hydrographic-area names, numbers, and geographic boundaries continue to be used in Geological

Survey scientific .upo.tr-*a Division of Water Resources administrative activities. Hydrographic-area boundaries

generalll' coinci de rn'ith dra ina ge-area boundaries'
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Ground-water discharge can be estimated with much more certainty than ground-

water recharge from precipitation (Adar and others, L988). Processes of natural Sround-

water discharge; evapotranspiration (ET) and subsurface outflow, typically vary only

slightly both aerially and temporally. In contrast, ground-water recharge is

unpredictable, particularly in arid and semi-arid envirorunents where recharge from

precipitation is episod.ic and often of short duration. For ground-water systems in

undeveloped basins, like Dry Valley, long-term average recharge can be assumed to

approximate long-term average discharge (Theis, 1g40,p.277).This assumption suggests

that natural ground-water discharge from Dry Valley can be equated to ground-water

recharge from precipitation and that long-term changes in ground-water storage are

negligible (Watson and others, 1975, p. U2).

In Nevada, glound-water withdrawals from a basin are limited by law to the

estimate of perennial yield. Perennial yield is defined as "the maximum amount of

natural discharge that can be salvaged each year over the long term by pumping without

bringing about some undesired result" (Nevada State Engineer, L974,p.L2). Previous 
,

estimates of ground-water discharge in D:y Valley were made by Rush and Glancy (1967)

in their reconnaissance-level study that included LL valleys north of the Reno-Sparks area.

Rush and Glanry (1967,p.33 and 37) estimated natural ground-water discharge from Dry

Valleyto be about 2,300 acre-ft /yr as ground-water outflow and ET. Assuming that about

half the estimated discharge could be salvaged, Rush and Glancy (1967,p.49) estimated

the perennial yield in Dry Valley to be abouj 1,000 aee-ft/yt Because no hydrologic data

were avlilable in Dry Valley during the investigatiol their discharge estimates are based

on assnmed values of transmissivity, ground-water gradients, and ET rates. Ground-

water quality was not assessed because no wells existed in Dry Valley (Rush and Glancy,

1s67).

4
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An updated estimate of the arnount of natural ground-water disdrarge and

evaluation of water quality will allow for more effective planning of the water resources

in Dry Valley and help determine the potential of Dry Valley as a source of ground water

for continued regional growth.In the surnmer of 2002,the U.S. Geological Survey (USGS),

in cooperation with Washoe County, began a 3-year study to re-evaluate the ground-

water resources it Dry Valley, with emphasis on estimating natural ground-water

discharge.

Purpose and Scope

The purposes of this report are to present estimates of natural ground-water

discharge and characterize the quality of ground water it Dry Valley. The study area

includes that part of Dry Valley that lies entirely in Nevada. Field work began in July 2002

and included seismic-refraction profiling, installation of monitoringwells and collection

of borehole geophysical data, water-level measurem'ents, aquifer tests, mapping of

phreatophytic vegetation and geology,and chemical arialysis of water sampled from

wells and springs.

Ground-water dischargeby outflow throughthebasin fill to LongValley, Calif., was

estimated using Darcy's Law. The estimate was based on modified geologic maPs of the

area,water levels measured in 23we11s, and three aquifer tests made infanuary, May, and

fuly 2003. Ground-water discharge by ET was estimated. using areas of mapped

phreatophytic vegetation and the application of remote sensing techniques for deriving

ET rates. Field mapping was enhanced using satellite imagery acquired ]uly 8, 2003.

5
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. Water quality was characterized and compared to primary and secondary drinking-

water standards using data from 3 wells and 5 springs sampled fromfanu ary z}Ozto ]une

2003 and from other water chemistry data collected during previous studies. Constituents

analyzed,included major ions, trace elements, nutrients, dissolved solids, and isotopes of

oxygen and hydrogen. The geochemistry of ground water and streams is described using

these analyses.
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Geographic Setting

Dry Valley is a slightly rectangular east-west trending basin in west-central Nevada,

about 25 rniles north of the Reno-Sparks area (fig. 1). The boundary of the hydrographic

area, which generally coincides with the drainage-area boundary, encompasses about 82

mi2 in Washoe County, Nev., and about 3 mi2 in Lassen County, Calif.

Figure 1. General location of Dry Valley, west-[eneal Nevada.

Currently, the population in Dry Valley consists of one part-time resident in the

southwest part of the valley. The principle industry in the area is open-range cattle

grazing, which is supported by small areas of natural meadow grass and rangeland

vegetation. Near the cenfral part of the valley floor along Dry Valley Creek, a small

commercial gravel pit is operated iirfrequently (h5.2).

Tlris material is pre linrimry and lras nolbeo appr<lved regarding confomrifv wi0r
USG.9 hrchnical or t'ditrrial standards; it mrrst not be quoted or cited.



DRAFI-I: \DryValley \Report\ dryvalleyrpt.fin MODIFIED-IuIy 6,2004

Dry Valley is topographically open to the west and is bounded on the north, east,

and south by fault-controlled mountain blocks. Although a small area of Dry Valley

extends into CaliforniA the Nevada-Califomia state line was chosen as the westem

boundary of the study area to provide a practical location for estimating ground-water

outflow (n5.2). Dry Valley Creek, which drains Dry Valley, flows across the westem

boundary and is tributary to Long Valley Creek in California. Honey Lake, w,hich is about

20 miles northwest of Dry Valley, is the terminal lake for Long Valley Creek (fig. 1). The

altitude of.the valley floor ranges from 4430 ft above sea level, where Dry Valley Creek

crosses the state line, to nearly 4,60}ft about 3 mile east.

Figure 2. Geographic features of study area, distribution of geologic units and faults,
and location of wells and springs used in this study.

The northern boundary of the study area is made up of the northwest-trending Fort

Sage Mountains. State Line Peak, the highest lreak in the range, readres 7,990 ft. A small

topographically closed subbasin (about 9 *i2) referred to by Rush (1968,p. 18) as the

Newcomb Lake Hydrographic Area completes the northernboundary (fig. 1). The

Virginia Mountains, with altitudes approachin g8,200ft, make up the entire eastern

boundary and separates Dry Valley from Pyramid Lake, another terminal lake. Seven

Lakes Mountain (about 6,000 ft) and the northern extension of Dogskin Mountain (about

6,600 ft) make up the southernboundary.

Climate and vegetation

The principal sources of moisture to west-central Nevada are the Pacific Ocean and

Gulf of Mexico. The mostimportant source is the Pacific Ocean, which produces moisture

from October to fune; the Gulf of Mexico produces most of the moisture fromJuly to mid-

September (Houghton,!969,p. 5; Brenner,L974). The study area lies in the rain shadow

of the Sierra Nevada and, as a result, has a arid to semiarid climate.

7
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No long-term precipitation stations operate within the study area; however, long-

termprecipitafiondata are available fromtwoweather stations nearDoyle California, one

station at Sutcliff, a small community along the western shore of Pyramid Lake, and one

at Sand Pass, about 17 miles north of the study area (fig. 1; Western Regional Climate

Ce1ter,2003). Average annual precipitation, based on the 30-year ricord (1971-2000) at

Doyle (4,240ft) is 11.81 inches, for Doyle 4 SSE (4,390 ft) is lT.Minches and for Sutcliff

(4,000 ft) is 8.33 in. Average annual precipitation determined for Sand Pass (3,900) is 7.81

inclres for the previous 30-year record (Lg61-lgg}). More than 60 percent of the annual

precipitationoccurs duringthe period of November throughMarch. Annualprecipitation

recorded at both Doyl" stations and Sufcliff for several water years prior to the study and

during the study (Iggg through 2003) was between 15 and 83 percent bi:low the 30-year

average of !97'J'-2000.

Temperatures in the study.area vary greatl/, as is typical in arid to semiarid climates.

. Maximum sununertime temperatures can reach L00oF but normally range from 80 to 90oF.

Minimum temperatures in the winter can often fall below 0oF, but range from about 22to

30'F. The average annual growing seasonis about L40 days (Rush and Glancy,1967,P.7).

I
Tllis mti:rial Ls prelinrinary and has not beor apprcrvc'd regarding crn(ormilv wiul

USGS tcchnical or c'ditorial standards; it mttst not be quoted or cited.
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The pattern of natural vegetation in Dry Valley reflects the general long-term

distribution of precipitation, the physical and dremical ProPerties of the soil, and depth

to ground water. The sagebrush community is the principal vegetation it Dty Valley and

covers much of the alluvial slopes adjacent to the valley floor. Mixe.d woodlands of

pinyon and juniper sparsely cover the surrounding mountains and isolated juniper trees

are scattered across the valley floor. Vegetation on the valley floor, where the water table

is shallow, consists *:raty of saltgrass with small isolated stands of greasewood,

rabbitbrush, and big sagebrush. Vegetation growingin areas where the water table or

capillary fringe above the water table is shallow and within reach of their root system are

called. phreatophytes (Meinzer,1927,p. 1).Phreatophytic vegetation has a limited areal
:

extent in Dry Valley. Based on field mapping and satellite imagery acquired on July 8,

z11S,phreatophytic vegetation on the valley floor covers about 620 acres. Riparian type

vegetation found along stream channels and near springs and ground-water seePs

includes cottonwood trees, willows, and a variety of shrubs and grasses.

Geologic Setting

The study area lies on the very western edge of the Great Basin region of the Basin

and Range physiographic province. The Great Basin region is characterizedby internal '

drainage and the Basin and Range province is characteri zed.by generally north-south

trending mountain ranges separated by vatleys. Extensional faulting that began about l-7

million years ago (Ma; Stewart, Lg80,p. 110) produced the present day physiography.

This far-rlting was caused by extension of the earth's crust that uplifted the mountain

blocks and down dropped the valley floors. Erosion of materials from the mountain

blocks has partly filled the valleys with unconsolidated sediments which form the

principal aquifers in the Great Basin.

I
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Structural History

Dry Valley is near the intersection of two maior zones of faulting. One is northwest-

trending strike-slip movement along the Walker Lane fault zone and the other is north-

south trending normal faulting of the Sierra Nevada frontal fault zone (hg.I;FlelI,1984,

p. 35; Bonham, t969,p.52, Grose and Merger, 2000). Strike-slip faults typically have

horizontal movement, whereas normal faults have vertical movement. The Walker Lane

fault zone is a broad zone of faulting that extends from Las Vegas, Nev. to Honey Lake

Valley, Calif. (fig. f i Bonham, tg6g , p. a3as).Although large vertical d.isplacements along

the Walker Lane fault zone have been noted, the domineint sense of displacement has

been right-lateral, strike-slip, with as much as 20 mi of displacement (Bonham, 1969,p.

45). The Sierra Nevada frontal fault zone extends from just west of the valleys north of

Reno, southward to Carson Valley, south of Carson City, Nev. (Bell, 1984, p .32, Grose and

Mergner, 2000). Vertical offsets along the Sierra Nevada frontal fault zone are as great as

5,000 ft (Bonham, \969, p.50).

Just southwest of Dry Valley, northeast to north-south trending faults are abruptly

truncated by the right-lateral northwest trending Honey Lake fault zone which is part of

the Walker Lane fault zone, as mapped by Grose and Mergner (2000). Movement along

the Honey Lake fault zone is active as shown by displaceme:rt in the Holocene epoch, less

than L0 thousand years ago (Ka), 4nd may have formed the sedimentary basin beneath

the lower part of Long Valley Creek (Grose and Mergner, 2000). Northwest trending

sfrike-slip faults are mapped near where Dry Valley Creek crosses the state line and

continues along a zone through the center of valley (fig. 1).Movement along these faults

is also vertical, producing the uplift of Dogskin Mountain (Bonham, 1969, p. 52).

10
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hr consolidated rocks, faults may be barriers to, or conduits for ground-water flow

(Goodwin and others ,Lggg,p.I-2;Caine and Forste r,1999,p.124;Antonellini and others,

1999 , p. 24; Nelson and other s, L999 , p. 69).[r unconsolidated sediments, faults are

usuallybarriers to ground.-water flow (Goodwin and others ,Lggg,P.27;Heyrekamp and

others, t999,p.27).

Geologic Units

Geologic units in Dry Valley have been ma.pped most recently by Grose and

Mergner (2000) in California, and by Bonham (1969) in Nevada. The mapping in

California'is at a scale of L:62,500, whereas the mapping in Nevada is at a scale of
.'.

1:250,000. Neither of the two maps cover an area about L,000 ft wide along the state line.

Resolutibn of discrepancies between the two geologic maPs and extrapolation across the

1,000 ft wide data gap required reconnaissance mappittg by the authors. This was

accomplished by collecting samples, locating geologic contacts with a Global Positioning

System, and using aerial photography. The reconnaissance mapping was done along the

state line about 1.5 mi north and about 3 mi south from Dry Valley Creek (fig.z).

Discrepancies in geologic mapping within the mountain blocks north and south of this

area were not resolired. Geologic units beyond the area of reconnaissance mapping are

shown on figure 2 as originally mapped by Grose and Mergner (2000) and Bonham (1969).

The mountain blocks surrounding Dry Valley are composed of granitic rocks of pre-

Cenozoic age (>66 Ma), overlain by two volcdnic-rock units of Tertiary age (1..6 to-66 Ma;

Bonham, 1969,p.sz).Near Dry Valley the granitic rocks are exPosed near the center of

Fort Sage Mountain, on the southem part of Dogskin Mountain (Bonham, 1969 , P. 52,

plate 1), and on the western flank of Seven Lakes Mountain (Grose and Mergner, 2000).

The granitic rocks like1y are thousands of feet thick and form an impermeable basement

to ground-water flow.

11
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The oldest volcanic rocks directly overlying the granitic rocks are rhyolitic tuffs of

early to middle Miocene age, about 23 to 28Ma (Bonh arn, Lg6g , P. 2l;Grose and Mergner,

2000). The ash-falland ash-flow tuffs range fromwelded to non-welded and are maPPed

as the Hartford Hills by Bonham (1969 , p . 2g). Both Bonh ai (1969, p . 23) and Grose and

Mergner (2000) describe interbedded sandstone and conglomerate near the base of the

tuffs. As mapped by Grose and Mergner (2000) ir:r Calif., the tuffs are non-welded where

exposed on low hills on the northern and southern sid.es of the western part of Dry Valley

@g.2). I:r Nevada, the tuffs are exposed on the flanks of the Fort Sage and Seven Lakes

Mountains, md on the northern end of Dogskin Mountain (hg.z;Bonham Lgflg,plate 1).

Bonham (1969,p.23) states the maximum thickness for the tuffs to be about 4,000 ft near

Dogskin Mountain.Grose and lVlergner (2000) estimate the tuffs may reach great

thicknesses and extend into the subsurface beneath Long Valley. Based. on exposures neir

thewesternpartof DryValley, non-welded tuffs mayunderlie mudr of thevalley floor in

that area. Where welded and fractured, the tuffs may be capable of transmitting ground

water. br contrast, non-welded tuffs likely are fairly impermeable to ground-water flow.

Figure 3. Distribution of geologic units and faults in western part of the study area,
locations of seismic-refraction profile (A) and hydrogeologic cross section (B), and
contours of ground-water levels and measured depth to ground water in
unconsolidated Quaternary sediments, ]anuary 2004, Dry Valley, west-central
Nevada.

12

Tbis mattnial Ls prelinrinary and lra-< notbec'n a1:proved re$arding conforlr:ily H'itlr
USCS technical rr editorial stanclards; it mrrst ntrt be quoted or cited,



DRAFT-I: \DryValley\Report\ dryvalleyrp t.ftn MODIFIED-luly 6,2004

Overlying the rhyolitic tuffs are rocks informally assigned to the Pyramid Sequence

by Bonharn(1969,p.28).The Pyramid Sequence consists of a complex mixture of basalt,

basaltic andesite, andesite flows, and flow breccias. These rocks are interbedded with

sedimentary rocks of diatomite and shale, rhyolitic tuffs and tuffbreccias, and dacite

welded. tuffs (Bonham, Ig6g,p. 28).The Pyramid Sequence is late Miocene in age, ranging

from 5 to L5 Ma (Bonham,!g6g,p. 30).The Pyramid Sequence covers large areas of the

Virginia Mountains and is exposed on the southern and northern flanks of the Fort Sage

and Seven Lake Mountains, respectively (fig.2). Bonham (L969,p.28 and 29) states the

ihickness of the unit may range from 2,000 to 3,000 ft. Basaltic rocks of the Pyramid

Sequence form an important aquifer in the southeastem corner of Honey Lake Valley with

a horizontJ-nya."rrtic conductivity of greater than 100 ftld where fractured (Handman

and others,1990,p. 14 and 15).

Henry and others (2002) have completed. a preliminary geologic maP at a scale of

1.;24,000covering the southeastern corner.of DryValley. Th"y map the Pyramid Sequence

in more detail than provided by the map of Bonham (L969), and map Tertiary tuffaceous

rocks of Oligocene age (24-38Ma), older than the Hartford Hill lthyolite. Lr addition, they

provide a geologic cross,section approximately parallel to the topographic divide

betweenDryValley andWinnemuccaValley. Rocks shownto underliethe divideinclud,e

sandstone, conglomerate, and breccia of the Pyramid SLquence, and tuffaceous rocks of

Oligocene age. Descriptions of the degree of welding of the tuffaceous rocks are not

provided. Basaltic and andesitic lavas of the Pyramid Sequence, along with the zone of

faulting between Dry Valley and Winnemucca Valley, are maPPed southeast of the

geologic section.
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Unconsolidated sediments beneath and along the margins of the floor of Dry Valley

overlie the consolidated rocks previously described (figs. 2 and 3). In Nevad.a, Bonham

(1969,plate 1) describes the unconsolidated sediments near the center of Dry Valley as

sheam and alluvial-fan deposits of Quaternaty age,less than 1.6 Ma. Irr California,

adjacent to Dry Valley Creek, Grose and Merger (2000) mapped Quaternary alluvium to

extend abou! 0.5 mi west of the s.tate line. West of this point they describe the Quaternary

sediments bounding Dry Valley Creek as semi-consolidated lake deposits of sand and silt

derived from Lake Lahontan

Pluvial Lake Lahontan filled many western Nevada basins during the late

Pleistocene, reaching high stands of about 4,364 ft above sea level from about 130 to 180

Ka, and againfrom L2.5to 13.5 Ka (Bensonand Thompson,L987,p.78;Reheis and others,

2002,p.s4).This high-stand altitude is reached about 1.2 mi west of the state line near the

mouth of Dry Valley. More recently, Reheis and others (2002) have presented evidence

that stands of Lake Lahontan reached  ,sggin the middle Pleistocerie, about 650 Ka. This

altitude is reached about 2.7 r'nteast of the state line, extending into Dry Valley.The

-ahontan in the lower reaches of Dry Valley produced poorly sorted

sediments near its mouth. As the levels of Lake Lahontan rose and fell, deposition near

the western part of Dry Valley alternated between fine-grained sil."t and clay dtrring high

stands, and coarse-grained beadr and stream deposits during low stands.

Lithologic descriptions of drill cuttings from boreholes iristalled for this study note

rounded cobbles, gravel, and sand intermixed. with qilt and clay throughout the upper 200

ft of unconsolidated sediments along the state line. Cobbles were noted to depths of 80 ft,

and gravel to depths of M}ft. Lrcreasing amounts of clay were noted below depths of 200

ft. Near a depth of about 650 ft, drill rates decreased markedly in very stiff clays. These

clays couldbe saturated,non-welded tuffs similar to those exposednorthand south of the

mouth of Dry Valley
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Geophysical logs collected from the boreholes show the vertical distribution of

interbedded coarse- and fine-grained sediments near the state line (borehole with sites l-4,

L5, and 16). Figure 4 shows an example of typical borehole geophysical and lithological

logs collected for this study. In general, caliper logs show the average diameter and

rugosify of the drilled borehole. Natural-garruna logs show clay as relatively high activity

values (counts per second) caused by naturally occurring radioactive clay particles. On

resistivity logs, coarse-grained sand and gravel are indicated by high resistivity values

(ohm-meters), whereas fine-grained silt and day are indicated by relatively low

resistivity values. The logs on figure 4 show sand and gravel layers alternating with clay

through t\e upper_200 to 250 ttof the borehole. Below that depth, sediments become

progressively more clayey as indicated by a general decrease in resistivity and increase in

gamma aciivity. Ffowever, a sand and gravel layer about 20 ft thick is indicated near 400

ft (fig. 4), along with relatively thin stringers of sand near 490 and 5L0 ft. Below this depth

to 778ft, sediments are mostly clay. An increase in clay decreases the effective porosify

and permeability of the sediments (Keys, 1990,P-20)-

Figure 4. Example of borehole-geophysical and lithologrcal logs collected from a
boiehole where well sites L4,L5, and 15 were installed along the state line from
boreholes installed for this study.
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Seismic-refraction data were collected near the mouth of Dry Valley, about 1,500 ft

east of the state line, in ord.er to determine the vertical extent of sediments (fig. 3). The

seismic-refraction data initially were interpreted in the field from time-distance curves

using the intercept-time formula (Dobrin, L976,p.297). Subsequent interpretations were

guided by * inversion algorithm that uses the delay-time method (Barthelmes,l946;

Pakiser and Black, 1-95n to obtain a first-approximation depth model, then enhanced by

a series of ray-tracing iterations (Scott, LggS}The resultantvelocify-depth profile (fig. 5)

shows seismic velocities of 3,200 to 6,600 ft/s, which are typical velocities for unsaturated

and saturated unconsolidated sediments, extending to a depth of about 200 ft below land

surface. Beneath 2OO ft,seismic velocities are about 8,000 ft/s, more typicd of saturated

semi-consolidated sediments which could be representative of saturated non-welded

tuffs (Healy and Press, I964,p.347;Zohdy and others ,1974,p. 81; Berger and others,200L,

p. 8). Minimum depths to the underlying granitic basement were computed assuming

thatthe latest recorded traveltime was refracted fromaninterface with a velocity of 12,000

to L7,000 ft/s, as representingbaseme4t velocities. Based on minimum-depth

computations, the thickness of semi-consolidated sediments with avelocity of about 8,000

ft/s is estimated to be at least 800 to 1,000 ft beneath the western side of Dry Valley.

Figure 5. Time-distance curves and resultant velocity-depth cross section for seismic-
refraction profile A,Dty Valley, west-central Nevada.
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The seismic-velocify change near 200 ft, approximately corresponds to the depth

where sediments become predominantly clay as determined from the drill cuttings and

borehole geophysical logs collected about L,500 ft west of the seismic profile. This depth

rrny correspond to the top of saturated, non-welded tuffs beneath unconsolidated

sediments alolg the state line. The increase in drill rates near a depth of 650 ft may have

been caused. by a slightly'more welded. section of the tuffs. Altematively, the upper

surface of the tuffs may slope towards the west with their top near a depth of 650 ft. The

sand and gravel layers encountered at depths of 400 to 510 ft could be interbedded

sand.stone and conglomerate noted by Bonham (lg6g,p.2g) and Grose and Mergner

(2000) within the tuffs. Regardless of the relative age and original lithology of the

sed.iments,.aquifer materials are poorly sorted, have low permeability, and are largely

fine-grained below depths of 200 to 250 ft. The sediments become more dense below

depths of 200 ft, about L,500 ft east of the state line, and below depths of 650 ft along the

state line.

Hydrologic Setting

Surface Water

The entire drainage area (about 82 mi2) of Dry Valley is tributary to Dry Valley Creek

whose confluence with Long Valley Creek is about 4 miles northwest of the state line in

Long Valley, Calif. (fig. 1). Most streams in Dry Valley are ephemeral, although some

streams in their upper reaches may be perennial. The generally rectangular pattern of the

drainage system in Dry Valley, particularly in the upper reaches, suggests that stream

development is structurally controlled (fig. 2; Ritter, 1982, p. 170-17t).
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Streamflorar in Dry Valley Creek was ephemeral between jul-y 2002 and September

z}}4.Streamflow observations and miscellaneous d.ischarge measurements collected

from Dry Valley Creek, about L mile west of the state line, indicate streamflow began near

the end of Octobe r 2002and had ceased by early May 2003. During this period, average

streamflow was less.than 0.5 f{ /""".Assuming an average discharge of 0.5 ft3/sec was

sustained for 7 months, a maximum of about 2L0 acre-ft of surface-water outflow from

Dry Valley occurred in the 2003 water year (October 2002 through September 2003).

Precipitation in the region during the 2003 water year was about 78 percent of the lo.g-
term average, which may account for the low streamflow from Dry Valley. Using

chanrrel-geometry methods, Rush and Glancy (1967,i.gOl suggest thit the long-term

average annual streamflow gxiting Dry Valley at the state line is 4,000 aae-ft/yt.

Numerous springs and seeps occur mostlir in the mountainblocks surounding Dby

Valley, however the spring (site 25; hg.2)near the center of the valley discharges from the

basin fill. The proximify of a north-west trending fault just north of the site, suggests that

spring discharge is probably fault controlled. During this study, most springs discharged

less than 2 gal/mn, were stagnant, or were dry. In 2003, several springs that were'dry or

stagnate in March began discharging in June or July, because of precipitation in April.
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Source and Movement of Ground Water

All ground water in the study area originates as precipitation. Some PreciPitation

infiltrates to recharge the ground-water system and some runs off as sheamflow,

however most is lost to evaporation. The springs.in the surrounding mountainblocks

discharge ground water that is either lost to evaporation or infiltrates back into the

subsurface down gradient of the spring. In Dry Valley, ground water moves along Paths

of least resistance, from areas of high hydraulic head in the mountain blocks, to areas of

low hydraulic head in Quatemary sediments beneath the valley floor. On the valley floor,

much of the ground water is consumed by phreatophytic vegetation or lost direcfly

throughbare-soil evaporation. The remainder of the ground water flows westward

towards Long ValleY.

Early in the study the need for additional wells near the mouth of Dry Valley was

recognized. Eight wells were installed in 5 boreholes that penetrated unconsolidated

euaternary sed.iments near.the mouth of Dry Valley to provide data on ground-water

levels,lithology, aquifer properties, and water quality. Sites L0 and Ll were installed in

Septembe r 2002at shallow depths usir,g u hollow-stem auger. The remaining wells were

installed in Novemb er 2002using mud.-rotary methods to depths of L40 to 547 ft (table 1).

All wells were cased with polyvinyl-chloride casing with 10 to 40 ft of well screen having

0.02 inch slots. At two boreholes, the wells are 2-inch diameter nested piezometers

screened at different depths within the same borehole. At sites 8 and 9, the wells were

installed to depths of 150 and 385, respectively. At sites 14,15, and 16, the wells were

installed to depths of 40,250, and S4T,respectively. For the nested piezometers, bentonite

grout was emplaced below, between, and above each well screen and 0-25-indr silica

gravel was emplaced around the well screen. One well (site 3; fig. 2), was constructed with

6-inch diameter casing and well screen to allow installation of a 4-inch submersible pump.

All wells were developed by air-lifting and surging'

Table L. Site number,location, well construction, and type of data available for well
and spring sites, Dry Valley, west-central Nevada'
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Efsting wells in the study €uea consist of irrigation wells, domestic and stock wells,

monitoring wells installed for a previous study, and several shallow hand-dug wells

(table 1). Most of these wells and those installed for this study were surveyed to a

conrmon datum in November 2002.

Water levels in wells near the floor of Dry Valley indicate ground-water flow is

westward, toward LongValley (fig. 3; app. 1).Water-level contours in figure 3 were

developed using water-level data only from wells screened in ihe upper L00 ft of

unconsolidated Quaternary sediments. The water-table gradient increases from 0.003

ft/ ft east of the state line to 0.005 ft/f,t west of the state line. The increase in gradient may

be caused by the combination of less permeable lake deposits to the west and a restriction

of ground-water flow through the narrow width of unconsolidated sediments west of the

state line (fig. 3). In additiory the non-welded rhyolitic tuffs exposed on the northern and

southern sides of the unconsolidated sediments have a low permeability and may

produce a damrning effect on ground water up grad.ient (east) from the state line. The

water level in site 1-, on the northern sid.e of Dry Valley, ind.icates a steep gradient, about

0.I3 ft/ft,through rhyoliticiuff southwestward toward Dry Valley Creek (fig. 3).The

steep gradient suggests that the tuffs have a low permeability and likely transmit little

ground water '

Depth to water is less than 10 ft below land surface in wells near the floor of Dry

Vallep and increases to 30 ft or more in sites 17 and4near the toe of the alluvial fans on

the southern and northern sides of the valley floor (figs.2 artd3; app. L). Depth to water

is more than 100 ft in site 1, near the upper contact of the rhyolitic tuffs.
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h,, Fu nested piezometers, water levels decrease with depth, indicating the potential

for downward flow (app. 1). Dividing the difference in water levels by the distance

between the mid-point of the screened intervals, vertical hydraulic gradients measured in

sites 14-L6 average about 0.02tt/ft.Similarly for sites 8 and 9, the vertical hydraulic

gradient is about 0.014. Although the water levels indicate a potential downward

gradient, the presence of interbedded clays suggest a low vertical hydraulic conductivity

The low vertical hydraulic conductivity of the clays would impede downward ground-

water flow at those locations near the state line.

Water levels measured duringthe study show seasonal fluctuations are small,less

than 3 ft from 2002 through 2003 (fig. 6).Site 19 shows the greatest fluctuation,likely

because it is near the South Fork of Dry Valley Creek and in an area of phreatophytic

vegetation (hg.2).Conversely, sites 4 and L2 show fluctuations of less than L ft, probably

due to the greater distance from Dry Valley Creek and not being in an area of '

phreatophytes. Sites 3 and L0, near the center of the valley floor, show fluctuations of

about L.5 to 2 ft. Water levels at sites showing the greatest seasonal fluctuations were'

highest in Spring of 2003 after recharge from winter precipitation, and lowest in late

surruner and fall of 2003 as ground water is discharge by phreatophytic vegetation and

bare-soil evaporation near the valley floor.

Figure 6. Water-level fluctuations fot 2002 through 2003 in selected wells in Dry
Valley, Dry Valley, west-central Nevada. '"
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The location of northwest-hending faults suggests there may be potential for

ground-water outflow through faulted and fractured basaltic rocks along the

southeastem part of upper Dry Valley to adjacent Winnemucca Valley (fig. 1). Numerous

springs.on the northwestern end of Winnemucca Valley also indicate.the potential for

subsurface flow across the study-area boundary. The lack of wells for measurement of

water levels on either side of the hydrographic-area boundary makes determination of

this possibility d.ifficult. However, the altitude of areas of phreatophytes in upper Dry

Valley and Winnemucca Valley are similar, about 5,250 ft. Assuming the depth to water

is similar beneath both areas of phreatophytes, there is not a significant water-table

gradient between upper Dry Valley and Winnemucca Valley. This suggests that no

significant ground-water outflow southeastward from upper Dry Valley takes place.

Similarly, there is potential for subsurface outflow through faulted and. fractured

basaltic rocks along northwest-trending faults towards Honey Lake Valley, where the

valley floor lies at an altitude of about 4,100 ft. The northwest-trending faults intersect the

floor of Honey Lake Valley near the California-Nevada state line where there are no

springs or detectable areas of seepage. This fact suggests the lack of subsurface outflow

from Dry Valley northwestward towards Honey Lake Valley.

G rou nd-Water Discharge

Natural ground-water discharge from Dry Valley occurs by subsurface outflow to

Long Valley and ET by phreatophytic vegetation in areas of shallow ground water.

Estimates of subsurface outflow 
_are 

made by applpng Darry's Law (Heal th, !989 , P . 26)

and using measured and estimated hydraulic properties of unconsolidated sediments

through which flow takes place. Estimates of ET are made from the mapped. d.istribution

of phreatophytes and application of ET rates derived from remote sensing techniques

developed by Nichols (2000).
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Subsurface Outflow

Subsurface outflow beneath the western boundary of the sfudy area can be

estimated directly from Darry's Law using estimates of transmissivify, the width of

unconsolidated sediments through which flow takes place, and the slope of the water

table perpendicular to the direction of flow. Subsurface outflow was estimated using the

following equation for Darcy's Law as modified from Health (1g8g,p.26):

a=0.0084Twdh/dl

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

T is the transmissivity in squared feet per day;

W is the widih of the flow section in feeU

dh/dl isthe hydraulic gradient, in feet of water-level change per foot of horizontal
distance; and

O.OOga is the factor to convert cubic feet per day into acre-feet Per year.

Equation 1 was apptied to a hydrogeologic cross section across the mouth of Dry

Vatley coincident with the California-Nevada state line (fig. 7). The cross section was

approximately perpendicular to ground-water flow through the mouth of Dry Valley.

The section extends from non-welded rhyolitic tuffs on the northem side of the valley

' floor, through unconsolidated sediments beneath Dry Valley Creek, and into non-welded

rhyolitic tuffs on the southern side of the valley (fig. 3).'The section is in close proimity

to wells installed for this study where lithologic, borehole geophysical, and aquifer-test

data are available.
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. Estimates of the transmissivity of unconsolidated sedirnents were made from 3

aquifer tests using wells near the mouth of Dry Vatley comPleted in unconsolidated

sediments (fig. 3). The first aquifer test was a single-wel test on January 22,2OO3of S-hour

duration, where an irrigation well near the state line (site 13) was PumPed at an average

rate of 150 gal/min. The second tebt was amultiple-well test of 24-hour duration from

May 5 io May 6,2}0g.For this test, the irrigation well (site 13) was pumped at an average

rate of ALS gal/mn, while water levels werd recorded at a total of 9 observation wells-

The observation wells ranged. from L00 to L,TOOft from the pumping well and were

screened at depths from 30 to 550 ft. The third aquifer test consisted of pumping a single

well for a period of 4 hours on |uly 10, 2003. For this test, a 6-inch diameter well (site 3)

installed for this study was pumped at an average rate of a3 gal/mtn Watei levels were

recorded at an observation well about !,L00 ft from the pumped well, but did not respond

to pumping during the test.

At 
"tysis 

of the first, single-well aquifer test was accomplished using a Cooper-Jacob

(1946) analysis. Analysis of the following two aquifer tests-was accomplished using the

numerical ground.-water flow mod.el MODFLOW (McDonald and Harbaugh, 1988;

Harbaugh and McDonald, 1gg6)to simulate two-dimensional radial flow. Aquifer

parameters were estimdted by minimizing weighted sum-of-squares differences between

simulated and measured values iarith an opti4ization routine linked to th9 numerical

model (Gill and others, 1981). Transmissivity of the hydrogeologic section was estimated

by fitting simulated drawdowns to measured drawdowns fromboth aquifer tests. The

wells and the aquifer system were simulated with an asymmetric, radial geometry in a

single MODFLOW layer. The aquifer tests were simulated with two 10-day stress periods,

the first representing pumping of the irrigation well, the second representing pumping of

the 6-indr well.
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The Cooper-Jacob analysis of drawdowns in the single-well test resulted in a

rransmissiviry of 1,500 # t a. Results of the model analysis of the 
luttinte-1ell 

tests

resulied in a similar transmissivity for the entire modeled section of 1,200 t+ / d:These

values provide reasonable estimates for the transmissivity of the poorly sbrted

unconsolidated sediments near the mouth of Dry Valley.
.1

The approximate width of unconsolidated Quaternary sediments between

' exposures of the non-welded tuff is about 4,000 ft (figs. 3 and 7). However, 0.5 mi. west of

the state line the width of the unconsolidated Quaternary sediments is about l-,500 ft, (hg.

3). To provide a range of estimate3 for subsurface flow, both widths were applied using

equation L.

Figure T.Hydrogeologic cross section (B) near the mouth of Dry Valley, west-central
*""T:"d 

on equation 1, subsurface outflow toward. Long Valley from Dry Valley

ranges from 50 to 250 acre-ft /yr (tabte 2). Hydraulic gradients through the cross section

ranged from 0.003 to 0.005 tt/ ft (hg.3). Transmissivity estimates ranged from 1,200 to

1,500 # ta.The width of unconsolidated Quaternary sediments ranged from 1,500 to

4,000 ft.

Table 2. Estimates of subsurface outflow from Dry Valley, west-central Nevada;
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Evapotranspiration

Satellite data has been used. in Nevada to estimate ground-water discharge by bT

based on relations between vegetation indices derived from Landsat data and measured

plant cover (Nichols,2000). Nichols (2000, p.'4.6) determined that ground-water

discharge by ET could be estimated as a function of plant cover. Plant cover, in turn, can

be determined from Landsat jata using easily calculated vegetation indices (Nichols,

2000, p. 86). The relation between vegetation indices and plant cover was used together

with the relation between plant cover and ET rates to determine annual estimates of

ground-water discharge by phreatophytic vegetation in Dry Valley.

Ground-water diicharge by ET ranges from 640 to 790 aee-ft/ yr in Dry Valley (table,

3). The area of ground-water discharge by ET in Dry Valley was fietd mapped during the

suruner of 2002 and 2003 (fig. 8). Outside the boundary of the mapped area, the depth of

ground water was assurned to be too deep for phreatophyteg to grow. Within the

boundary, depth of water is shallow enough so that plants growing there are using

ground water or ground water c€rn evaporate d.irectly throughbare soil. The mapped area

consisted of about 620 acres of phreatophytic vegetation and about 1,500 acres of bare soil.

Landsat data used to derive plant cover and compute annual ET rates were obtained ]uly

8,20}3.Areas of plant cover corresponding to less than L0 percent,20 to 35 percent,35 to

greater than 50 percent, and bare soil were determined from the Landsat image and field

mapping. Estimated ET rates for mapped plant covers in Dry Valley ranged from 0.17 to

2.6 ft/yr, with an average rate for all zones about L.5 ft/yr. Using the relations developed

by Nidrols (2000, p.B6), ET rates for each plant-cover zone were multiplied by tl"
corresponding area to estimate annual ground-water d.ischarge by.ET.

Figure 8. Area of phreatophytic vegetatiory Iuly 8, 2003, Dry Valley, west-central
Nevada.

Table 3--Estimates of evapotranspiration in areas of phreatophytic vegetation, Dry
Valley, west-central Nevada.
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Discussion of Discharge Estlmates

Estimates of natural ground-water discharge from Dry Valley range from a

minimum of about 700 to a maximum of about L,000 ase-ft/yr (table 4). The estimate of

50 to 250 acre-ft /yr of subsurface outflow (table 2) to Long Valley, Calif. is smaller than

the discharge estimate s of 2,3'00 aee-ft/yrby Rush and Glanry (1967,P.37)and 4,500

aae-ft/yr by Stantec Consulting brc.and Cordilleran Hydrology (2000, p. 16).Although

the hydraulit gradient is similar, the flow width is less.than half and estimates of

transmissivity are only aboutt2to 20 percent of.that used by the previous studies (Rush

and Glancy,1967,p.37;Stantec Consulting Inc. and Cordilleran Hydrology,2000, p. 16).
...

The shorter flowwidthisbased onmore recent geologicmapping of thepoorlypermeable

non-welded rhyolitic tuffs that lie along the state line. Transmissivity values used in this

study for sediments near the state line are based.on the results of drilling, borehole-

geophysical logs, and 3 aquifer tests in boreholes along the state line.

Ground-water discharge by ET of 640 to790 ase-ft/yr (table 3) is greater than the

discharge of 80 acre-ft/yt by Rush and Glancy (1967,p. 33) and similar to the estimate of

500 acre-ft /ytby Stantec Consulting Lrc.and Cordilleran Hydrology (2000, p. 21). The

difference in estimates is due to a greater and more detailed mapped area of

phreatophytic vegetation and higher ET rates being used in this report. The higher ET

rates are based on Nichols (2000), which in turn are based, in part, on field-measurement

studies. Areas of bare soil, where ground-water discharge by ET takes place from the

shallow water table, was apparently not considered by either sfudy, and accounts for

'more than one third of the estimate.

1
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Thomas and Albright (2003, p.t9-22) estimate average ground-water recharge from

precipitation to range from L,400to 4,800 ao:e-ft/yr and suggest that an overall range is 0

to 12000 aee-ft/yr. Their redmrge estimates are based on the chloride mass-balance

method and assumes that about 63,000 acre-ft of precipitation falls in recharge source

areas and is available for ground-water recharge. As part of this study, the maximum

estimate of natural ground-water disdrarge from Dry Valley of about 1,000 aue-ft/yr is

in fairly good agreement with the average minimum estimate of 1400 aee-ft/yr of

Thomas and Albright (2003, p.22).

.Table 4--Estimates of natural ground-water discharge from Dry Valley, west-central
Nevada.

Water Quatity and Geochemistry

Ground-water samples were collected from 5 springs during ]anuary and March

2003 and from 3 wells streened in unconsohdated sediments during May and fune 2003

(h1.z;table 5). Field parameterr (pE dissolved oxygen, specific conductance, and water

temperature) were measured on site. Samples were collected directly from actively

flowing springs and as close to the orifice as possible. At each well, a minimum of three

well volumes were pumped prior to sample collection. Ground water was pumped

through a flow-through cell and field parameters were monitored. until they stabilized.

(Wilde and other s,1999).

Samples for dissolved constituents were filtered in the field using 0.45 micron filters.

Samples for cations and trace elements were preserved to a pH less than 2 using

concentrated, ultra-pure nitric acid, and samples for nutrients were chilled on ice. .

Alkalinity was measured in the field by incremental titration. Samples were analyzedfor

major ions, trace elements, nutrients, and dissolved solids at the USGS National Water-

Quality l-aboratory in Denver, Colorado. Stable isotopes of oxygen and hydrogen were

analyzedat the USGS Stable Isotope Laboratory in Reston, Virginia.
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Data collected by previous investigations were examined for a more comPlete

characterizatLonof water quali? and geochemical interpretation of the ground-water

system, but are not reproduced in this report (table 5). The Desert Research Lrstitute

(Thomas and A1bright,2003,p.9-10) analyzed major ions and isotopes of oxygen and

hydrogen in an add.itional2l sample s (hg.2;DRI1 thrlugh 2L) collected from springs in

june and fuly 2003. Three of the springs sampled by Thomas and Albright (2003) also

were sampled for this study (table 5; sites 24,25,26). Constituent concentrations and field

parameters measured by the USGS and Thomas and Albright (2003) were similar for the

3 springs, indicating results are comparable. In March 2}}},Bootlegger Spring (DRI 15)

and Upper and Lower Willow Springs (DRI 16 andl7) were dty *d Gooseberry Sptiog

and Higgens Spring (DRI1 and 7) were stagnant and were not sampled. However,

Thomas and Albright (2003,p. 9-10) collected samples fromthese springs inJune andJuly

2003. Spring discharge apparently resumed after heavy precipitation in April2003.

Stream samples from the lower reaches of Dry Valley Creek and North Fork Dry

Valley Creek were sampled on April5,2000 (Stantec Consulting, Lrc. and Cordilleran

Hydrology,2O00,p. 19).Samples were analyzed for major ions, nitrate, dissolved solids,

and trace elements by the Nevada State Health Laboratory. Except for high pH (8.9 and

q.3S), concentrations of all other constifuents were similar to ground-water samples.

Table 5. Results of chemical analysis forwater samples from selected springs and well
sites, Dry Valley, west-central Nevada.
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Water Quality

Concentrations of selected constituents were compared to primary and secondary

drinking-water standards (table 6). Primary standards are an enforceable, maximum

concentration allowed in public water supplies; secondary standards are not enforceable.

Noprimary drinking-water standardswere exceeded for anyof the constituents thatwere

analyzed. Samples from the three wells exceeded the secondary standard for manganese.

One spring sample (site 24) and both stream samples were outside the range for the

secondary standard for pH.

Manganese can discolor water, cause black staining, andleaves a bitter taste. Low

pH water can leave a bitter, metallic taste and corrode metal pipes. High pH water can

have a slippery feel, asoda taste, and cause deposits in pipes. Samples were not analyzed

for all inorganic constituents that have a primary drinking-water standard or for organic

contaminants. Organic contaminants were not analyzed because Dry Valley is

undeveloped and has no known sources of pesticides, volatile organic comPound.s, or

other anthropogenic contaminants.

Table 5. Selected inorganic constituents for primary and secondary drinking-water
standards

30

'fhis mat'*rial is prclinrirnry and lra-< notbetlralErol'ed rcgarding confonrri['u'ith
USGS technical or edjtcdal standarls; it mtust not be quoled or cited.



DRAFT-I: \Dryvalley\Report\ dryvalleyrpt. 6m MODIFIED-IuIy 6,200i1

Geochemistry of Ground Water and Streams

Dry Valley has two primary types of water chemistry that are distinguishable by

ratios of cations, and which are related to the lithology of the geologic units. The first

primary water type is characterizedbythe sodium-bicarbonate chemistry of a springnear

an outcrop of welded tuff of the Hartford Hill l{hyolite in the center of the basin (site 25,

DRI 2i.; figs.2and 9). The second primary water type is represented by samples from Dry

Valley Creek and several springs in lhe Virginia, Seven Lakes, and Fort Sage Mountains,

and has a calcium-magnesium-bicarbonate chemistry (fig. 9).Much of these mountains

are comprised of basaltic rocks of the ryramid Sequence which overlie the Hartford Hill

Rhyotite. The higher ratio of calcium and magnesium to sodium observed in the second

primary *.t-"t type likely is due to the mafic to intermediate chemistry associated with

the pyramid Sequence. The different chemistry represented by site 25 indicates a different

source area of recharge than that of the second primary water tyPe. Ground water

discharging at the spring (site 25) has probably moved through the Hartford Hill tthyolite

exposed up gradient over the entire northern end of Dogskin Mountain. The absence of

the pyramid Sequence along this flow path would explain this unique chemistry

observed. in the center of the basin.

Figure 9. Ratios of major ion chemistry for water sampled in Ory Valley, west-central

Nevada.

The Hartford Hill fthyolite has about two times more sodiurn than calciurn or

magnesium (Bonham, 1969,p.24).The sodium-bicarbonate chemistry of site 25 likely is

due to dissolution of albite, a sodium feldspar that is a conunon silicate mineral in rhyolite

(Hurlbert and Klein ,!g77,p.430). Hydrolysis of silicate minerals occurs by a sequence of

reactions that begin when carbon diodde in the atmosphere forms carbonic acid in water

(eq. 2). Carbonic acid d.issociatds to yield hydrogen and bicarbonate ions (eq. 3).

Hydrogen ions then react with albite, forming kaolinite and releasing silica and sodium

ions (eq. 4; Hem, 1985, P.62):
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COz(g)+H2O=HzCOg(aq)

2H2COs(aq) = 2H++2HCOi

MODImD-]uly6,20M

(2)

(3)

2NaAlSi3Oe(c) + 2*I+ + 9H2O(1) ='AlzSizO5(OH)a(c) + 4H4SiO4(uq) + 2IrIa+ (4)

The sodium and bicarbonate produced by these reactions explain the chemistry of site

25. Asimilar reaction ocflrrs during hydrolysis of other silicate minerals. Alternatively,

rocks with a mafic to intermediate composition, similhr to the Pyramid Sequence, would

produce large amounts of calcium, magnesium, and bicarbonate.

Evaporation appears to have altered the two primary types of water chemistry at

certain springs. Springs sampled in the southern Fort Sage Mountains have a calcium-

magnesium-sulfate chemistry, which is not typical of springs that discharge from the

Pyramid Sequence (fig.g;DRI L5, '1,6,In. Springs sampled in the eastern Seven Lakes

Mountain (site27 and DRI 1) and in the northern Dogskin Mountains (site 24 artdDRI 8,

9) have a sodium-bicarbonate-sulfate chemistry, which is not typical of springs that

discharge from the Hartford Hill Rhyolite. Most of these springs were dry 
"T 

stagnant in

March 2003, but f low resumed in April and were sampled in ]une 2003by Thomas and

Albright (2003). Evaporation of spring discharge would concentrate dissolved ions and,

if discharge completely stopped, precipitate carbonate, sulfate, and drloride salts. When

dischargb resumes, the spring chemistry would change due to preferential dissolution of
/

chloride first, then sulfate, and finally carbonate salts (Drever,19"88, p.2aQ. As salts are

flushed out, concentrations and ratios of ions would approach the primary water

chemistry. This would explain the high ratios of sulfate to bicarbonate in these samples

as compared to the primary water types.
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Ion ratios in ground water of the basin-fill aquifer (sites 9,14, and 19) and in

streamflow (Stantec Consulting,Inc. and Cordilleran Hydrology,2000,p. fe; plot

between the.two primary water fires, indicating a mixture of water (fig. 9). Springs with

secondary chemistry have little to no affect on the chemibtry of ground water in the basin-

fi}] aquifer and streamflow. Ion ratios in shallow ground water near Dry Valley Creek in

the center of the basin (site 19), deep ground water near the state line (site 9), and

streamflow are similar to springs that discharge from the Pyramid Sequence. Ion ratios in

shallow ground water near the mouth of Dry Valley (site 14) aPPear to be about an equal

mixture of the two primary water fi>es, indicating -ixing of ground water that has

moved throughboth the Pyramid Sequence.and Hartford Hill Rhyolite. Additional

grotrnd water could be discharging along a fault or fault zorte at shallow depths into the

unconsolidated sediment, resulting in the mixed chemistry observed in the shallow

ground water near the state line.

Chloride is a good indicator of evaporation because it behaves conservatively

relative to other major ions. If evaporation is the main Process affecting constituent

concentrations, then there should be a positive, linear relation between chloride and

dissolved-solids concentrations. This assumes that redrarge is the only source of chloride

and minerals do not precipitate along ground.-water flow Paths. Precipitation and dry

fallout is likely the only source of chloride it Dty Valley because mafic rocks and rhyolite"

are not significant sources. If chloride salts were present in the unconsolidated sediments,

then concentrations and ratios of chloride to other anions should be higher in ground

water than in spring disdrarge
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Calcite is commonly the first salt to reach safriration and subsequently PreciPitate

from solution. To determine if calcite could precipitate from ground water in Dry Valley,

saturation indices (Sl"ur"itu) were calculated using WATEQ4F (Ball and Nordstrom ,1991).

If calcite has not reached satr.lration, it is unlikely that other salts have reached saturation.

Slctatevalues of zero (+/- 0.3) indicate that the water is at or near equilibrium and that

calcite could precipitate. Slcalcite values indicate only three springs (DRI 5, \5, andIT;

Thomas and Albright,2003) and one ground-water sample (site 19) are at equilibrium

with respect to calcite and the remaining samples are urider saturated (table 7). Therefore,

it is unlikely that significant amounts of salts are precipitating along ground-water flow

paths. However, minerals likely will precipitate around spring orifices as discharge

evaporates.

Table 7. Saturation indices of calcite for ground water in Dry Valley' west-central
Nevada.
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The relation between chloride and dissolved-solids concentrations for samples

collected in Dry Valley generally is positive and linear, but exhibit different slopes for

primary and secondary water chemistries (fig. 10). Springs with primary water chemistry,

ground water in unconsolidated sediments, and streamflow all plot along the same trend.

Sites 9, !4,:.|9,25, and 27 havethe highest chloride and dissolved solids concentrations

(table 5). This relation and the ratios of major ions (fig. 9) indicate that ground water has

evolved by evaporation of primary waters and mixing with water that is characterizedby

the chemistry observed at site 25. The mean and median chloride concentration for

springs with a primary water chemistry is 4.5 and 4.8 mg/L,respectively. Chloride

concenfrations in streamflow were 7 artdg mg/L.Chloride concentrations in deep
j'

ground water (site 9) and in the spring on the valley floor (site 25) were 10.4 and 10.8

mg/L,respectively. Concentrations of chloride in shallow ground water (sites 14 and 19)

are 14.g and 19.6 rng/L.If spring discharge represents recharge to the deeper ground

water and streamflow infiltration recharges the shallow ground water, then about 50

percent of spring discharge and streamflow would need to evaporate to obtain the

chloride concentrations that were measured in ground water.

Figure 10. Chloride as a function of dissolved-solids concenfration, Dry Valley' west-

..ie"l Nevada.
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Compared to the relation for primary water chemistries, springs that were stagnant

have high chloride concentrations and springs that had. ceased to flow have low

concentrations for the sarne dissolved-solids concentrations. These differences could be

due to the nature of spring disdrarge and flushing of salts that had accumulated around

the spring orifice. Soils around springs that are stagnant are moist, indicating that

evaporationis continually accumulating salts inthe disdrarge zone evenwhen there is no

. visible flow. Carbonate salts could precipitate in the diffuse discharge zone without

precipitation of chloride salts, which could explain the high chloride to d.issolved.- solids

ratio for these springs. Soils were dry around springs that ceased to flow, so all salts

would have precipitated in the discharge zone. When spring discharge resumes,

preferential dissolution of chloride salts could result in initially high chloride to

d.issolved-solids ratio for these springs. Continued discharge would flush the chloride

salts from the discharge zone resulting in low chloride to dissolved-solids ratios for

springs that had been previously dry.

. Stable isotopes of oxyge" Td hydrogen of water are useful in determining if
' different sources of water are hydraulically connected and if water has evaporated. The

stable isotopes evaluated were oxygen-L8 relative to orygen- 16 (t}g leO) and deuterium

(hydrogen-2) relative to hydrogen-t (ll/lH). Each ratio is determined for a sampled

water and then related mathematically to the comparable ratio for an international

reference standard known as Vienna-Standard Mean Ocean Water (V-SMOW;Fitz and

Fontes, 1980). By convention, the computed results are expressed. as delta oxygen-18

15taO) and delta deuterium (6D) in parts per thousand (abbreviated "permil" or %o). The

delta notation is computed from the equation:

6 = [(R, - &tdl&td] *1,000 (5)

where 6 is the delta notation of 6180 or 6D

R* is the ratio of 18C./1'60 orzH/LTmeasured in sample;

Ilta is the ratio of L8O/16O orzH/LHin standard.
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Water that is enriched in lighter isotopes 11H and 160) relative to V-SMOW has

negative values. Evaporation and condensation EIre the most significant processes that

change delta values. Variations in 18C 1t6g arrdzH/LHin ground water reflect differences

in latitude, altitude, and seasonal variations, whidr are factors that affect recharge

temperature. The ratios of these isotopes are virtually unaffected by low-temperature

geochemical processes in ground water (Muir and Coplen, t98t), such as in Dry Valley.

6D and 6180 values in Dry Valley are linearly related (fig. 11), indicating springs and

ground water are part of the same flow system. In general, high altitude springs have the

most negative values and ground water from the unconsolidated sediments has the least

negative valiies. The slope of 6D%o versus 6180%o in ground water and springs in Dry-

Valley is 4.2:'compared to a slope of 8 for global meteoric water (Craig, !96t; fig.11). In

contrast,6D%o versus 6180%o in ground water from Spanish Springs Valley plots nearly

parallel to the global meteoric water line (Berger,t997,p.34; Seiler, L999). A slope

between 3 and 6 is characteristic of evaporation from surface water (Coplen and others,.

2000,p.87),indicating springs and ground. water i* Dry Valley are more like a surface-

water than a t)"i"d ground-water system

Isotopes and concentrations of major ions and their ratios indicate that a large 
.

volume of water is evaporated along ground-water flow paths in Dry Valley.

Evapotranspiration of ground water by phreatophytic vegetation was estimated to be

about 640 to 790 ase-ft/yr, which is a small fraction of the total precipitation that fa1ls in

Dry Valley and could not explain the chemistry indicating evaporation throughout the

basin. Most of the springs in Dry Valley discharge from bedrock areas in the surrounding

mountain blocks. The amount of subsurface discharge directly from be&ock areas to the

basin-fill aquifer is unknown, but the chloride concentration and isotopes from deep

ground water suggest it is small. It is possible that much of the spring disdrarge

evaporates before it recharges the basin-fill aquifer. If evaporation of spring discharge is

significant before it recharges the basin-fill aquifer, then using chgmistry data from

springs would overestimate ground-water redrarge.

Figure 11. Relation of deuterium to oxygen-18 in sampled ground water and springs,
Dry Valley, west-central Nevada.
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Summary

The Dry Valley Hydrographic Area is being considered as a source area for

additional water supplies for the Reno-Sparks area, about 25 mi-les to the south. Current

estimates of annual ground-water recharge to Dry Valtey have a considerable range and

are a direct function of the particular precipitation data used.in the recharge estimate.

Because estimating ground-water discharge is technically easier than estimating ground-

water recharge from precipitation, the USGS, in cooperatiol with Washoe County, began

a 3-year study to re-evaluate the ground-water resources in Dry Valley, with emphasis on

estimating natural ground-water discharge. Field work began in Iuly 2002 and included

seismic-refraction profiling, installation of 8 monitoring wells, collection of borehole-

geophysical data and water-level measurements, analyzing aquifer-test data, mapping of

phreatophytic vegetation and geology, and analysis of water-quality data from water

sampled from wells and springs.

The boundary of the Dry Valley Hydrographic Area encornpasses about 82 mi2 in

Washoe County, Nevada and about 3 mi2 in Lassen County, California.Dty Valley is

topographically open to the west and is bounded on the north, east, south by fault-

controlled mountain blocks. The Nevada-Califomia state line was chosen as the western

boirndary of the study area to provide a practical location for estimating ground-water

outflow. Dry Valley Creek, which &ains the entire area of Dry Vallep flow across the

western boundary and is tributary to Long Valley Creek in California.

Phreatophytic vegetation on the valley floor consists of saltgrass with small isolated

stands of greasewood, rabbitbrush, and big sagebrush. Based on field mapping and

satellite imagery acquired onJuly 8,2002, phreatophytic vegetation covers about 620

acres. Areas of bare soil, where ground-water ET takes place from the shallow water table,

covers about 1,500 acres. Riparian type vegetation found along stream channels and near

springs and ground-water seeps includes cottonwood trees, willows, and a variety of

shrubs and grasses.
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DryValtey is near the intersection of the northwest-trending sfrike-slip Walker Lane

fault zone and the north-trending normul-typ" Sierra Nevada frontal fault zone.

North*"rt trending sfrike-slip faults are mapped. near the mouth of Dry Valley on the

we'stem side and along a zortethrough the center of Dry Valley. Movement along these

faults also is vertical, producing the uplift of Dogskin Mountain. I:r unconsolidated

sediments, faults usually are barriers to ground-water, whereas the effect of faulting on

ground-water flow in consolidated rocks is variable and difficult to predict without

water-level data near the fault.

Current maps of geologic units in Dry Valley are at different scalbs, have large

discrepancie's, and an area about L,000 ft wide along the state line is not maPPed.

.Resolution <if these discrepancies was accomplished by collecting samples, locating

geologic contacts with a Global Positioning System, and using aerial photography near

the mouth of Dry Valley and along the state line about 1.5 mi north and about 3 mi south

from Dry Valley Creek.

The mountain blcicks surrounding Dry Valley are comPosed of granitic rocks of pre-

Cenozoic age, overlain by fwo volcanic rock units of Tertiary age. Granitic rocks make up

the bulk of the Sierra Nevada west of Dry Valley. Near Dry Valley they are exposed near

the center of Fort Sage Mountain, on the southern part of Dogskin Mountain, and on the

western flank of Seven Lakes Mountain. The granitic rocks likely are thousands of feet

thick and form a relatively impermeable basement to ground-water fl6w'

The oldest volcanic rocks overlying the granitic rocks are welded to non-welded

rhyolitic tuffs of early to middle Miocene age, mapped as the Hariford Hill Rhyolite. The

maximum thickness of the tuffs is about4,000 ft and they may extend into the subsurface

beneath Long Valley and western Dry Valley. Near the mouth of Dry Valley, the tuffs

appear to be largely non-welded. Where welded, the tuffs may be capable of transmitting

ground water. Where non-welded, the tuffs are likely relatively impermeable.
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Overlying the rhyolitic tuffs is a complex mixture of basalt, basaltic andesite,

andesite flows, and flow breccias, interbedded with sedimentary rocks of diatomite and

shale, rhyolitic tuffs and tuffbreccias, and dacite welded tuffs. These rocks are informally

assigned to the Pyramid Sequence of late Miocene age. They cover large areas of the

Virginil Mountains and are exposed on the southern and northern flanks of the Fort Sage

and Seven Lakes Mountains, respectively. The thickness of the unit may range from 2,000

to 3,000 ft. Basaltic rocks of the Pyramid Sequence form an important aquifer in the

southeasterrr corner of Honey Lake, with a horizontal hydraulic conductivtty of greater

than L00 ft/day where fractured.

Unconsolidated sediments beneath and along the margins of the floor of Dry Valley

consist of stream and alluvial fan deposits of Quaternary age and deposits derived from

Pleistocene Lake Lahontan. High stands of Lake Lahontan extended about 2.7 mi east of

the state line into the mouth of Dry Valley. As the levels of Lake Lahontan rose and fell,

deposition ne# the western side of Dry Valley alternated between fine-grained silts and

clay during high stands, and coarse-grained beach and stream deposits during low

stands, producing poorly sorted sediments

Geophysical logs collected fromboreholes of wells installed near the state line show

sand and gravel layers alternating with day throughout the upper 200 to 250 ftof the

boreholes. Below that depth, sediments become progressively more clayey with a sand

and gravel layer about 20 ft thick near 400 ft, and relatively thin stringers of sand near 490

and 510 ft. Below that depth, sediments are mostly clay. Seismic-refraction d.ata show

velocities typicat of unsaturated and saturated unconsolidated sediments,3,200 to 6,600

ft / s to a depth of about 200 ft below land surface. Beneath 200 ft, velocities are about 8,000

ft/s, more typical of saturated semi-consolidated sediments, possibly representing non-

welded tuffs. Regardless of the relative age of the sediments, the aquifer material likely

are poorly permeable at depth more than 200-250 ft beneath the floor of Dry Valley.
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Streamflow observations and miscellaneous discharge measurements collectedfrom

Dry Valley Creek, about L mile west of the state line, indicate a maximurn of about 2l-0

acre-ft of surface water outflow from Dry Valley in 2003 water year. Precipitation in the

r6gion during the 2003 water year was about 78 percent of the long-term average, whidr

may account for the low streamflow from Dry Valley. Rush and Glanry (1967,P. 30),

suggest that the long-term average annual streamflow exiting Dry Valley at the state line

is 4,000 aee-ft/yr.

Water levels in wells near the floor of Dry Valley confirm that ground-water flow is

toward the west. The water-table gradient near the state line changes from 0.003 east of

the stateline to 0.005 westof the state line. The change in gradientacross the state line may

be caused by the combination of less permeable lake deposits to the west and restriction

of ground-water flow through the narrow width of unconsolidated sediments west of the

state line. The non-welded rhyolitic tuffs on the northem and southern sides of the

unconsolidated sediments are poorly permeable and produce a damrning effect on

ground-water upgradient from the state line.

Ground-water flow from the upper part of Dry Valley to Winnemucca Valley likely

is not sig4ificant based on similar altitudes for phreatophytes in eadr valley. Ground-

water outflow from the upper part of Dry Valtey to Honey Lake near the California-

Nevada state line is not likely because of a lack of springs in that part of Honey Lake

Valley.
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Subsurface outflowbeneath the westernboundary of the study area was estimated

from Darcy's Law with site specific estimates of transmissivity, width of uncongolidated

sediments through which flow.takes place, and hydraulic gradient perpendicular to the.

direction of flow. Analysis of three aquifer tests show the transmissivity of poorly sorted

sediments near the western side of Dry Valley is 1,200 to,1,500 t* / aay.The width of.

unconsolidated sediments ranges from 1,500 to 4,000 ft near the state line. The hydraulic

gradient east and west of the state line ranges from 0.003 to 0.005. Using these values,

estimates of subsurface outflow to Long Valley ranges from 50 to 250 aae-ft/yr.

Areas of ground-water evapotranspiration were field mapped and partitioned into

zones of plant cover using relations derived from Landsat imagery acquired l,tly 8, 2002.

Evapotranspiration rates for eachplant-cover zone were multipliedby the corresponding

area and summed to estimate annual ground-water evapotranspiration. About 640to790

aae-ft/yr of ground water is lost to evapotranspiration in Dry Valley. Combining

subsurface-outflow estimates with ground-water evapotranspiration estimates, total

natural ground-water discharge from Dry Valley ranges from a minimum of 690 to a

maximum of '1,040acre-ft annually.

Water qualify in Dry Valley generally is good and primary &inking-water

standards were not exceeded in any samples collected. The secondary standard for

manganese was exceeded in three ground-water samples. One spring sample and}

surface-water samples were outside the range for the secondary standard for pH. Dry

Valley has two primary types of water chemistry that are distinguishable by cation ratios

and related to the two volcanic units that make up much of the surrounding mountains.

Lr addition, two secondary types of water chemistry appear to have evolved by

evaporation of the primary water fypes. Ground water near the state line aPPears to be

almost an equal mixture of the two primary water chemistries and has as an isotopic

characteristic similar to evaporated surface water.
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Figure l. General location of Dry Valley, west-central Nevada.
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Figure 2. Geographic features of study area, distribution of geologic units and faults, and

locations of wells and springs used in this study

EXPLANATION

E Basin-fill sediments (QuaternaryFUnconsolidated to poorly consolidated interbedded clay, silt, sand,

gravel, and boulders.

(Grose and Mergrer, 2000).

I Volcanic rocks (Tertiary)- Basalt, basaltic andesite, andesite flows, and flow breccias of Pyramid Sequence
(Bonhara 1969, p.28).

m Rhyolttic tuffs (Tertiary)-Welded and unwelded ash-fall and ash-flow tuffs of Hartford Hill Rhyolite
(Bonham, 1969,p.23; Grose and Mergner, 2000).

fffil Granitic rocks (pre-Tertiary)-Undifferentiated plutonic rocks, principally biotite-hornblende granodiorite

in composition (Bonham, 1969, p. 8).

I Area of unmapped geology

Boundary of hydrographic area-Modified from Rush (1968).

Fault

a 25 Well sites-Number corresponds to table l.

O^.28 Spring sites- Number corresponds to table I (DRI indicates spring data from Thomas and Albright, 2003).
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Figure 3. Distribution of geologic units and faults in westem part of study area,locations

of seismic-refraction profile (A) and hydrogeologic cross section (B), and contours of
ground-water levels and measured depth to ground water in unconsolidated Quaternary
sediments, January 2004.

EXPLANATION

gravel, and boulders.

Lahontan (Grose and Mergner, 2000).

l:1 Volcanic rocks (Tertiary)-- Basalt, basaltic andesite, andesite flows, and flow breccias of Pyramid
Sequence (Bonham, 1969, p. 28).

l:1 Rhyolitic tuffs (Tertiary)-Welded and unwelded ash-fall and ash-flow tuffs of Hartford Hill Rhyolite
(Bonham, 1969,p.23; Grose and Mergner,2000).

Boundary of hydrographic area-Modified from Rush (1968).

Fault

A 

- 

A' Locations of seismic-refraction profile (A) and hydrogeologic cross section (B)-see figures 5 and 7.

Water-level contour, January 2004-Shows altitude of water level in well screened in Quaternary
sediments. Contour interval is l0 feet; dashed where approximately located. Datum is sea level.

4,407

O Weil sites-Location of well used as control point. Upper number is water-level altitude in feet above sea

level and bottom number is depth to water in feet.
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Figure 6. Water-level fluctuations for 2002 through 2003 in selected wells in Dry
Valley, west-central Nevada
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Figure 6. Water-level fluctuations for 2lO2through 2003 in selected wells in Dry
Valley, west-central Nevada
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Figure 9. Ratios of major ion chemistry forwater sampled in Dry Valley,-
west-central Nevada.
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Table 2. Estimates of subsurface outflow from Dry Valley, west-central Nevada.

MODIFIED-IIIy 6, 20M

Hydraulic gradlent Subsurface outflow' roundedi

(ft1ft) (acre'fUyr)

Transmlsslvity Wldth
(ftzlday) (ft) Minlmum Maxlmum Mlnlmum Maximum

1,200 4,000 1 0.003 0.005 120 200

t,500 4,000 0.003 0.005 150 250

t ,200 1,500 0.003 0.005 50 80

1,500 1,500 0.003 0.005 60 100

I Calculated using equation l, see section titted "subsurface Outflow".
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Table 4. Estimates of natural ground-water discharge from Dry Valley,

west-central Nevada.

Natural ground-water discharge
(acre-fUyr)

Discharge component mlnlmum maximum

Subsurface outflow 50 250

Evapotranspiration 640 790

Total (rounded) 700 1,000

1

Tlts rnarerial is prelinrinary and lra-s nol beenaPProvqd regardingcnnfomriry widr
uSGS krchnicnl or edilorial standards; it mu-st ntrt be quoted trr cited'
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Table 6. Comparison of selected inorganic qonstituents for primary and secondary drinking-water
standards, in Dry Valley, west-central Nevada

[Abbreviations and symbols: mgll-, milligra.ms per liter; pgll., micrograms per titer; <, less than; TT, a required process

intended to reduce the level ofa contaminant in drinking water.]

Contamlnant
Maxlmum allowed

concentration

Maximum measured
concentratlon
(see table 5)

Primary drinking water standards

Antimony (pglL)

Arsenic (pgll.)

Barium (pgll.)

Beryllium (pgll)

Cadmium (pgll.)

Chromium (total, pgll-)

Copper (pglL)

Fluoride (mglL)

Lead (pgll-)

Nihate (mgll,)

Nihite (mg/L)

Selenium (pgll.)

Thallium (pgll.)

Uninium (pg/L)

6

l0r

2000

4

)

r00

1,300 (TI)

4

rs (rr)

l0

"t

50

2

302

<.35

9.4

0.0s0

<0.05

0.07

l.l

).)

0.40

0.r0

|.79

<0.008

t.0

<0.04

5.12

Secondary drinking water standards

Aluminum (pgll,)

Chloride (mg/L)

Copper (pgil)

Fluoride (mg/L)

Iron (pgll.)

Manganese (pgll-)

pH (standard units)

Silver (pgll-)

Sulfate (mg/L)

Zinc(pglL)

Dissolved solids (mg/L)

50 to 200

250

I,000

2

300

50

6.5 - 8.5

100

250

5,000

s00

9

23.1

).)

0.40

t9

407

6.3 - 7.5

<0.2

29.8

239

3s3

1

Th.is material is prelinrinary antl ha-q nol been apPr.Jvcd regarding cr.tnfornri r,v n'itlt
US]S ttrchnical or t'ditorial standarcls; it must not be quoted or cited.

I Effective date lt23l}6.
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Table 7. Saturation indices of calcite (Slcanite) for ground water in Dry Valley, west-central Nevada.

Slte number
(fis.2) Slcatcltel Slte number Slcatcttcl Slte number Stcatcttel

-0.1

-0.4

l9

26

.9

24

27

DRI-I

DRI-4

DRI.7

DRI.IO

DRI-I3

DRI-I6

pru-rs

-0.4

-3.2

-2.4

-0.6

-0.4

-1.3

-1.6

-0.9

-2.1

DRI-5

DRI-8

DRI-II

DRI.I4

DRI-I7

0.2

-2.2

-2.4

-1.4

-0.2

DRI-3

DRI-6

DRI-9

DRI.I2

DRI-I5

DRI-I8

DRI-2I

-0.4

-2.8

-3.2

-t.3

-0.2

-1.6

-2.1

Well sites (fig. 2)

t4 -0.6

Spring sites (fig. 2)

25 -2.1

DRI-2 -0.8

-t.0 28 -0.5

Spring Sites (Thomas and Albrigh! 2003, table 4)

DRI-20 -2.2

I Sanration index = log [Activity product]/Kr

wheae Kr= equilibrium constant at temPeratwe f.

By convention, a positive value indicates a mineral can precipitate from solution, and a negative value indicates a mineral can dissolve if
present.

Ff:$Vl:i;ililq.qi. i,,..;*..
l".ln di l$ r*\li.t r:lc l,An fl nun{rcrn rri, .}. : .r

i,ietilb,.iilpn to tha Fui:lis
flt[i6.$E BO s{oT e!.,ofg oriftise,r+sr

1

This maturial is prelinrinary and has not been approvcd regarding confornritv widr
U*15 ttrchnical or editorial stlndarAs; it must not be qutlted or cited.
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Appendix L. Selected ground-water-levels measured in wells,Dry Valley, west-central

Nevada.

Site number is a short identification number in this report.

Each U.S. Geological Survey data-collection site is assigned a unique identification on
the basis of geographic location. Wells and springs are identified by a local system
(Nevada and California) and a standard latitude-longitude system. For convenience/
short site number (L - 28) also are used for sites discussed in this report. Lr California
wells are numbered according to their location in the rectangular system for subdivision
of public lands. Identification consists of the township number, north or south (N or S);

the range number, east or west (E or W); and the section number. Eadr section is divided
into sixleen 40-acre tracts lettered consecutively (except I and O) beginning with " A" irL
the northeast corner of the section and progressing in a sinusoidal manner to "R" in the
southeast corner. Within the 40-acre tract, wells are sequentially numbered in the order
they are inventoried. The final letter (M) refers to the Mount Diablo base lihe and
rneridian. In Nevada, a local site designation is used to identify a site by hydrographic
area (Rush,L968) and by the official rectangular subdivision of the public lands
referenced to the Mount Diablo base line and meridian. Eadr site designation consists of
four units. The first unit is the hydrographic area number. The second unit is the
township, preceded by N to indicate location north of the base line. The third unit is the
range, preceded by "E" to indicate location east of the meridian. The fourth unit consists
of the section number and letters designating the quarter section, quarter-quarter section
and so on (A, B, C, and D indicate the northeast, northwest, southwest, and southeast
quarter, respectively), followed by a number indicating the sequence in which the site
was recorded.

The standard identification is based on the grid system of latitude and longitude. The
number consists of L5 digits. The first six digits denote the degrees, minutes, and seConds

of latitude; the next seven digits denote the degrees, minutes, and seconds of longitude;
and the last two digits (assigned sequentially) identify the sites within a L-second grid.
Tlre assigned number is retained as a permanent identifier even if a more precise latitude
and longitude are later determined.

Measurement method: S, steel tape; T, electric tape.

Ft'O? ll.il. i:q,*tl. L,-' !,
F"::iiCing O Iil $c ! .qn r:{?uni.{rr!r rl'lt *. r'.n

ijiEiiibr;ih:n !o rh* {"oliliu
ilf'H4\$E Ge sEoT @LtOtS gbt fGiHesE

1

'l}is maltrial ir prclinrina:1- and lta-s not bcen apPKtved rcgarding cc'nfornf tv with
USCS technicrl or editrrial strndards; it must not be quoted or cited.
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United States Department of the Interior

U.S. GEOLOGICAL SURVEY

WATER RESOURCES
Nevada District

333 West Nye Lane, Room 203

Carson City, Nevada 89706

June 1,2004

Mr. Gabriel Venegas

Hydrologist
Bureau of Land Management
5665 Morgan Itlill Road
Carson City, Nevada 89701

Dear Mr. Venegas:

Dr. Keith Halford, the Nevada District Ground-Water Specialist, has reviewed your memo,
..Evaluation of Comments and Responses to Original Data Needs Request foi North Valleys EIS

- Water Resources and Modeling" and supporting documents. In bur opinion,'USGS findings

have been interpreted incbrrectly by InterFlow Hydrology, lnc. in their letters of March' 8,2004

and April 14,ZOO4'. Most of the questions posed by BLM and Maxirn are relevant but several

could be more specific.

The..DRI, USGS, and Boise State University" model as described does not exist. Dave Berger

of the USGS collaboratively wrote the abstrac! "Quantification of the erors associated with

recharge estimates to desert basins in Nevada," with Greg Pohll, Justin Huntington, and Brian

Epstein for the 2004 NWRA meeting: Mr. Berger reported the historical development of the

Maxey-Eakin and Nichols models that were developed at the USGS. This was the limit of
Mr. Berger's collaboration.

USGS estimates of annual ground-water discharge from Dry Valley are about 1,000 ac-ft, not

4,000 ac-ft as implied Uy Owigtrt Smith. Mr. Smittr evidently mistook ourtotal ground-water

discharge estimaie for our estimate of subsurface discharge, which ranges from 100-200 ac-ft.

The usGS estimate of 1,000 ac-ft of ground-water discharge also is a ground-water recharge

estimate for Dry Valley because steady-state conditions were assumed'

The reported uncertainties of the Maxey-Eakin, Nichols, and DRI recharge models sebm

optimistic. Estimates of a single component of eithe,r the ground-water discharge or chloride

ratio approaches typically diff; by m-ore than a factor of two. Annual ground-water discharge

rates becom. -or" rrn"ertain where local evapotranspiration and precipitation are similar'

Chloride concentations in buik precipitation vary more than an order of rnagnitude. For

example, chloride concentrationi in bulk precipitation frorn Spanish Springs V-alley ranged from

0.07 fo 1.3 mgA, averaged 0.38 mg/1, and had a standard deviation of 0'26 mgA'

e



Monitoring must assess the adequacy of drawdown predictions before greatly changing the

ground-water flow system. Transient predictions are needed because water released from:

ito.ug" will exceed capture from phreatophytes for many years after withdrawals commence.

Predictive abilities of the applicant's flow models cannot be evaluated without hansient

simulation results. BLM and Maxim rightly have requested transient results and should not cede

this issue.

Transient simulations are necessary and useful despite the lack of specific yield and storage

coefficient estimates. Specific yield will be the primary source of watei released from storage so

a single storage coefficilnt of 0.001 would be reasonable to assign. A pair_of simulations with

rp""ifi" yields of 5 and 20 percent would bracket the likely range of specific yields.

Uncertainty of subsurface discharge estimates on model bbundaries must be assessed

independently. A sensitivity analysis can investigate how different model boundary assignments

affect the model, not the likelihood of error in the assigned properties. For example,

uncertainties about subzurface discharge from Honey Lake Valley are assessed best by reviewing

aquifer test results, geologic descriptions, and waterJevel measurements through Astor Pass and

Sand Pass.

WM
Nevada District Chief

Terri Knutson, Buteau of Land Management, Carson City, NV
Chron & File Cys ;
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