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SECTION 1.0

EXECUTTVE SUMMARY

In April 1997, the Environmental Protection Agency funded a grant request by the Town of Femley, Lyon
County, Nevada to evaluate water resource options to meet current and future demands. Wateresource
Consulting Engineers, Inc. was selected by the Town to evaluate three water resource options that would
potentially meet the needs of a regional water supply plan serving the Fernley and Wadsworth areas. The
three options evaluated are: utility of developing the flood plain aquifer adjacent to the Truckee River in
the vicinity of Wadswortfu the feasibility of using the groundwater system underlying Dodge Flat for
artificial recharge of Truckee River water, temporary storage of the u/iat€r, and subsequent recovery
through wells for distribution; and the potential for dweloping natural groundwater resources from the
Dodge Flat aquifer system. Key to understanding the complex hydrogeology of the area was the
development of a three dimensional groundwater and surface water flow model that replicates the
hydrogeology as presently understood and simulate not only the movement of groundwater from natural
recharge areas in the mountain blocks to discharge areas along the Truckee River, but also the flow in the
river. Numerous water resource management scenarios were simulated to determine impacts to the
groundwater system and the Truckee River.

Study results found the Truckee River flood plain aquifer has the capaclty to provide 7,500 acre-feet/year
(afly) to serve the regional water needs of Wadsworttr and Fernley and can probably provide larger
volumes for future needs. Virtually all groundwater recharge to the flood plain aquifer comes from the
Truckee River, about l0 cubic feet/second. Model results indicate that under current river flow conditions
withdrawing a total of 7,500 a^fly for ten years from three wells at a ratn of 2,500 afly per well results in a
drawdown of about 20 f@t, virhrally all of the water is supplied from the river. The model was further
tested by pumping the same amount for the same time, but only relying on the groundwater systern, no
recharge from the river or the Truckee Canal and no discharge by evapotranspiration. This scenario
simulates a worst case, long-term drought and shows water levels in the groundwater system declined
slightly over 60 feet; nearly fifty percent (50olo) (35,000 acre-feet) of the water is captured from the Fernley

basin, a third (26,000 acre-feet) of the water is supplied from stor4ge wittrin the flood plain
aquifer and the reinainder (14,000 acre-feet) is supplied by the entire recharge from Dodge Flat. Water
level declines can be easily altered by increasing the number of wells and the distance between them. A
major @ncorn though is the quallty of the groundwater from the Fernley basin which may require
treatment. The source of the groundwater is speculated to be runoff from agricultural inigation that
infiltrates into the groundwater systern and lealcage from the Truckee Canal in the Fernley area.
Additionally, there may be a geothermal component to these flows.

Artificial recharge is simply taking water from one source, usually surface water, and injecting it into tlre
system through wells or allowing the water to infiltrate to the groundwater system from

surface basins. The recharge water can then be recovered at a later time to meet dernand. This technique
and the advantages and disadvantages are widely discussed in the scientific literature and is used by
numerous water managers to enhance existing water resources. The hydrogeolq5r of the Dodge Flat area
is suitable for the storage and recovery of recharged Truckee River water. There is, however, a limited
area of about two square miles in the west central part of the valley that contains the best water quality,
generally below 400 mg4 in total dissolved solids and this should be the target area for recharge. Outside
of this area and towards the river water quality becomes poor, but still within the secondary drinking water
standards. There is ample room in the aquifer to store many thousands of acre-feet of water, but some
water will be degraded by the abundance of salts in the sediments and groundwater and that is the only
adverse impact by mixing Truckee River water with the natural r. However, short-term storage
up to five years of 5,000 to 10,000 acre-feet would probably result in minor degradation and not cause a

l-l



measurable increase in groundwater discharge to the Truckee River. If the recharge project is operated by
injectittg river water during the winter and spring and recovering it during the following sunrner potential
water quality degradation will be minimized.

A water supply scpnario (see Section 10.2.1) was designed and modeled to match expected growth and
water demand in the Wadsworth and Fernley areas starting in 1998 and extending through 2024 with an
artificial recharge project beginning on Dodge Flat by the year 2005. Total pumpage in the last year of the
scenario equals 15,540 acre-feet. The artificial recharge during the simulation period (5,000 afly) provides
a significant amount of water (100,000 acre-feet) which keeps groundwater levels up. Average flow of the
Truckee River at the Nixon gage by the last year of the scenario decreased by approximately 7 cfs, mostly
in response to pumping along the river.

The recharge project is complicated by potential non-project groundwater development in close proximity
to the proposed artificial recharge project. The Dodge Flat groundwater basin is theoretically overdrafted
by existing pumping permits that allow more water to be pumped per year than is recharged naturally by
precipitation. Currently, 1998, there is virtually no pumping from the Dodge Flat aquifer; however, Alta
Gold's mining operation in Olinghouse Canyon will sart soon and they are permitted to withdraw about
500 afly from a well just to the north of the proposed recharge project area. Additionally, Nevada Land
and Resources has groundwater permits to purnp about 3,000 afly, exceeding the entire perennial yield of
the basin.

The natural recharge to the Dodge Flat hydrographic area is estimated by a standard technique at 1,400
afly, about 100 acre-feet of ttrat arnount goes directly to the river from the Truckee Range on the east side
of the valley. The actual recharge may approach 2,000 afly because of groundwater recharge from
precipitation below 5,000 feet altitude (not commonly accqted) and the contribution from mountain front
runoff, but both sources are unproved at this time. An analysis of solute loading to the Trucke River from
Dodge Flat indicates the 1,400 acre-feet of recharge is a reasonable estimate.

The acquisition of groundwater rights on Dodge Flat by a regional water supply entlty increases the
available supply options. A regional entity could use the Truckee River flood plain aquifer for base flow
and during extreme low-flow periods when the river is virtually dry the regional demand could be partially
met with natural groundwater from Dodge Flat or a combination of artificial recharge water if that project
is considered economically feasible. In addition, part of the supply could be fumished by pumping from the
Fernley groundwater basin. Thus, four sources, Truckee River flood plain aquifer, artificial recharge,
Dodge Flat aquifer system, andthe Fernley aquifergive water managers wide latitude to optimize the water
resources.
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SECTION 2.0

INTRODUCTION

Curreirtly, the major source of groundwater for Fernley, Nevada, is secondary recharge from Truckee River

water diverted by the Truckee Canal for irrigation of agricultural lands. Groundwater used by Fernley

undoubtedly has a minor component fumished by natural recharge within the hydrographic basin.

WadswortlU which includes the urbanized area of the Pyramid Lake Paiute Tribe, has approximately six
quasi-municipal wells and numerous domestic wells that tap into the saturated sediments associated with

the flood plain of the Truckee River. Additionally, there is a subdivision that is served by Washoe County

from two wells that pump from this same aquifer, as well as various non-Tribal, private domestic and

irrigation wells.

The competition for limited Truckee River wat€r and difficulties in meeting water quality standards have

required water managers to evaluate different water supply options to satisfu various interests and to

optimize the use of the river. There is concern over the quallty of agricultural return flows in groundwater

that moves from the Fernley area to the Truckee River. This water is high in dissolved solids and degrades

the qualrty of the Truckee River, particularly during low flows. A regional water supply project has been

proposed for the Femley and Wadsworth area, which, if successful, will reduce Femley's dependence on

groundwater in the Fernley Basin and provide additional water resources (including supplemental peak

demand capaclty and drought storage) for both Wadsworttr and Fernley.

There are two principal aquifer syst€ms providing water to users in the Dodge Flat and the Wadsworth

areas. The Dodge Flat aquifer system is made up of saturated sedimelrts starting at about 100 - 200 feet

below land surface, depending on location. The aquifer system underlies the entire valley area, is recharged

by precipitation falling in the Patr Ratr Range to the wesl and discharges to the Truckee River flood plain

aquifer and subsequently to the river. The Truckee River flood plain aquifer system is much smaller in size

than the Dodge Flat aquifer, occupying a narrow strip of saturated river sediments underlying, adjaceif to,

and on both sides of the river. However, the recharge to the flood plain aquifer is much greater than the

Dodge Flat aquifer simply because it is recharged by the river. The Dodge Flat aquifer grades into tlre
flood plain aquifer some unknown distance west of the river.

2.I Acknowledgements

Numerous individuals and agencies have provided valuable assistance, data and interpretations tlnt
assisted greatly in the production of this report, most notably Lronard Crowe, Gail Prockish, and

Mike Widmer, Washoe County Deparhnent of Water Resources. Others who have provided data

and assistance include Ted Fitzpatrick (Nevada Land and Resource Company, NLRC, formerly
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2.2 Location

The Truckee River headrvaters at Iake Tahe in the Sierra Newda Mountains, flows eastrxard past the

Reno-Spa*s mehopolitan ar€4 fums northwa.rd near tlre tovnrs of Femley ard Wadsrorth, and terminates

at B/rarnid Iake on the Pyramid kke Paiute Tribe reserration (Figure 2.1). The lonar Truckoe River

mrridor, for the purpose ofthis repo4 begins at Derby Danr, the divenion dam for the Truckee Canal that

transfers urater from the Truckee River drainage to the Carson River drainagq and eirds at Numana Dam.
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2.3

Derby Dam is about 20 miles east of Sparlcs, Nwada and Numana Dam is appro<imately 30 rirrcr miles

from Derby Dam. The lower Truckee River corridor includes the urbanizerl areas of
Wadsworth and Fernley and the rural area of Dodge Ftat. The region is accessible east of Reno and

Sparks by U.S. Interstate 80 and from the south and north by Afternate U.S. 95. FigUre 2.2 rs a location

map showing the lower Truckee River conidor and otlrer rele.rant features in the project area.

Purpose and Scope

The purpose of this study is to evaluate three water supply options for the Fernley and Wadsworth

-*by a*et ittiog: (l) if it is feasible to ma:rimize the use of the Truckee River flood plain aquifer

for thi combined Wadsworth/Fernley area; (2) the feasibility to artificially recharge untreated

Truckee River water into the groundwater system underlying Dodge Flat and to re@ver the water

through wells for distribution in the Wadsworth/Fernley area; and (3) to evaluate the perennial yield

of the groundwater syst€m underlying Dodge Flat. To assess the viability of each option, it is

necessary to measure and estimate the hydraulic properties of the aquifer systems, evaluate impacts

to these systems and the Truckee River, and to determine the chemical compatibility of the recharged

water with the groundwater. It is also necessary to ascprtain the chemical impacts to the recharged

water as it moves through the unsaturated zone if recharge basins are used.

To perform these evaluations, this report examined: previous geologic mapping and soil

cbarageization studies; stratigraphic information and water table measurernents obtained from well

logs; past surface and groundwater geochemical analyses; and earlier estimates of transmissivity and

other aquifer hydraulic properties. These were integrated with data acquired specifically for the

present investigation that entailed: aerial photographic interpretation; GPS identification of selected

wells and geochemical sample sites; geochemical surface and groundwater sampling and analyses for
major ions, selected minor ions and deuterium-oxygen-I8 isotopes; interpretation of a ground-based

gravity and airborne resistivity-EM geophysical surveys; and aquifer transmissivities obtained from

an aquifer test.

A groundwater model of the area was developed as part of the preselrt investigation to aid

understanding the hydrogeologic processes ttrat control groundwater recharge, movement, discharge,

and geochemistry. The model was used to evaluate the interaction between the Truckee River and

the flood plain aquifer, to help define the artificial recharge proc€ss, and to site recharge facilities and

recovery wells including optimum well locations in the Truckee River flood plain. A geochemical

mi*ing model was used to evaluate the compatibility of the Truckee River water used for artificial
recharge and the groundwater.

Previous Investigations

The first hydrologic work in the area was by Russell (1885, Plate 1) who delineated the exteirt of
Pleistocene Lake Lahontan. The Truckee River, which bounds Wadsworth and the Dodge Flat area

on the south and east and the Femley area on the north during its course to Pyramid Lake, was a

major contributor to ancient Lake LalrontarU not only of water, but also of sediment. Lahontan age

lake sediments attained a thickness of perhaps several hundred feet in the Femley area (W. Ilarrigarl
geologist, Wateresource Consulting Engineers, Inc., oral communication) and approach 200 feet in

the Dodge Flat area. Benson (1978) lists the ma:rimum high stand of the lake at about 4,370 feet

above sea level (rounded), which occurred at 13,800 years before present (y.b.p.), and indicates

(1973) there was a higher stand prior to 40,000 y.b.p. These observations were further refined by
Benson and Thompson (19874 b), and Benson (1993), who detail lake level fluctuations. Melhorn
( I 978) described pre-Lahontan lacustrine sedimentation.

2.4
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The first water resources investigation in the area wirs by Sinclair and Loeltz (1963), who determined
the major source of recharge forthe Fernley area was irrigation water supplied by the Truckee Canal
and that the river gravels underlying the Wadsworth area were recharged from the Truckee River.
Additionally, they described an upper and lower aquifer system and provided data on water quality.

Van Denburglr, et al. (1973) evaluated the water-resources of the entire Truckee River Basin in
Nevada including the Fernley and Dodge Flat areas. These workers estimated water budget
components and were ttre first to quantify return flows to the Truckee River. Subsequently, Van
Denburgh and Arteaga (1979\ revised the water budget and refined the amount of retum flow to the

Truckee River from the Fernley area. The U.S. Soil Conservation Service conducted soil surveys in
tlre area (1975;1980) and evaluated several surfacial hydrologic parameters.

Bratberg (1980) assessed the hydrogeology of Dodge Flat and its relation to flow and qualtty changes

in the Truckee River; he concluded that its input to the river was minor. He also evaluated the
disposal of Reno/Sparks waste water by irrigation in the Dodge Flat area. Water managers in the
Reno and Sparks area during the late 1980's explored the feasibility of improving the lower Truckee

River water qualrty by artificially recharging the groundwater system in the Dodge Flat area with
wastewater at a rate of about 20 million gallons per day (mgd) (about 22,000 acre-feet/year). Their
hope was Orat water qualrty would improve as the recharged water moved down gradient toward the
Truckee River between Wadsworth and Nixon. CII2MHill (1990) conducted the feasibility study
and determined ttrat the transmissivity ofthe sediments was sufficient to recharge the 20 mgd per day
from several basins located near the mountain front. Their investigators (1990, p. 7) estimated the
travel time from the recharge basins to the river to be on the order of 30-70 years and concluded that
the recharged wastewater would not degrade the Truckee River (compared to original concentrations)
when it returned as groundwater. They further predicted that the recharge water would loose about
half of its nitrogen and most of its phosphorus during fansit to the river.

kbo and others (1994) identified and evaluated nonpoint sources of pollution originating on the
Pyramid Lake Paiute Tribe Reservation and discharging to the Truckee River. Shepard Miller, Inc.,
consultants for Alta Gold, prepared four reports (1997ad) that characterize the hydrology of the
mountain block in close proximity to the proposed mining operations in the Olinghouse Canyon
drainage. PTI Environmental (1997) numerically evaluated the impacts to the Truckee River
resulting from Alta Gold's mining operations.

The geology ofthe area was fust mapped by Bonham (1962), who divided the valley-fill sediments in
the project area into two units: older alluvium and the more recent lake sediments of Pleistocene age.

Subsequent mapping by Morrison and Davis (1984a b) and Morrison and Frey (1965) exeirded the
Lalrontan age allostratigraphic units of Morrison (1964) into the eastern part of the Dodge Flat area.

Bell (1984) mapped Quaternary frulting in the alluvium and described the relative age of the earth
movenrents. In the project area these are: older Pleistocene faults ttrat extend into the alluvium in the
extreme western part of the project area; Holocene faults that transect large parts of Dodge Flat; and

more recent historical ground rupture such as the Olinghouse fault (1869) that tails off into the
Dodge Flat alluvium near its contact with the mountain block (Sanders and Slemmons, L979). There
is some controversy over the actual date of movement on this fault, but geomorphic indications
suggest a very recent break (Bell, 1984). Examination of aerial photographs during this project has

identified additional linear features in the valley and on the Olinghouse fan that probably represent
recent faulting.
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The concem with faulting in the alluvium in the project area derives from its potential impacts on the

groundwater system. FJuhs act as conduits for groundwater flow in some qlses, as barriers to flow

in others, and can serve as conduits for hydrothermal fluids. Active faulting during sedimentation

can lead to local variation in aquifer properties such as thickness and conductivity. Moreover' on a

regional scale, fault moveme,lrt has gwerned the evolution of the physiography of basins and their

recharge areas.
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SECTION 3.0

PHYSIOGRAPHIC SETTING

The Fernley-wadsworth-Dodge FIat area and the valleys of the lower Truckee River corridor are within the

Basin and Range physiographic province, describedby Fe'nenran (1931) as a series of north trending

basins bounded by parallel to subparalld -;;tui" ^g"r. 
The prolegt area also.lies within the Alluvial

Basins Groundwater r"gion of ff*O (1984t,;;; paf,:f9! Oreat gastut' a region of internal drahage

within the Basin and Range province oo#, and wibb, 1990). Surface flows from runoffthat reach the

Truckee River terminates at Pyramid l,ate auout 20 miles north and downstream from the community of

wadsworth. Groundwater from natural ,."rr-g. in the mountains and secondary agricult'ral return flows

also discharge into the Truckee River. rr,rort or-tn return flow is from the Fernley area, but all agricultural

land within t},e ,ine' corridor discharges to the river in a like rnanner.

The principal hydrologic feahrre in 9" *-* is the Truckee River, which originates in Lake Tahoe about

100 river mites west-ird 6;*,. from the FeJev-wadsworth area and terminates about 30 river miles

north and Oo*n t ** uipfuia Lake (Figure Z.f i. * t lt-* emerges from the Truckee Canyon on an

east€rly @urse it is bo;ded on the t"tth o:;til tottft t"a of the Pah Rah Range and on the south by the

virginia Mountains. It turns north at *rrut i, referred to locally as 
-the 

'Big Bend" about three miles

northwest of the Town of Femley Gigure i.z). rnr urbanized area of wadsworth,ls concentrated in the

general area of the Big Bend" mostly north and west of the river with some cornmercial development on the

east side. Homes and farmland extend 
"otrrt*ut4 

down-river for several miles' The Truckee Range

bounds the river on the east throughout lO-*urrt north from nig ne4-lo-Pyramid Lake' The princrpal

proje.ct area of Dodge Flat is located ygst of ttre river and northwJst of Wadsworth on fluvial gravels' lake
-seaimettts, 

and detrital material eroded from the Pah Rah Range'
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SECTION 4.0

HYDROGEOLOGIC SETTING

The hydrology of the area is dominated by the Truckee River. There are three key gauging stations that
define its flows as it transits the Dodge Flat hydrologic area. Table 4.1 lists these stations, their locations,
and their flows for the indicated periods of record. According to Elostic, et al. (1996), the annual mean flow at
Wadsworth forthe perid 1965 - 1996 was -529,000 afly or -730 cubic feet/second (cft). The use of means to
describe florm is somewhat misl€ding because they disproportionately reflect ofteme flow welrts common in
the Truckoe River system. Also, the Truckee Canal diverts Truckee River ruater around the gage below Derby
Dam and refirns some of ig in the form of canal spills and irrigation water, to the river upsheam of the gage at
Wadsworth. For calculations witldn the present study, median, ralrer than averagg flows were used. The
Truckee River is partially controlled by numerous upstrearn lakes/reservoirs and diversion canals. It
receives inflow from perennial and ephemeral drainages and groundwater throughout its course. Return
flows reach the river from irrigation and waste water treatnent facilities.

TABLE 4.1

TRUCKEE RIYER GAGING STATIONSI

I
I
I
I
I
t
I
I
I
I
t
I
t
I
I
t
I
t
I

Station
Name

Below Derby Dam
atWadsworth
near Nixon

10351600
10351650
1035 1700

Station Annual Mean Period of
Number2 Flow (cfs) Record3

382 1918-1996
730 1965-1996
518 1958-1996

Location

T2ON R23ENW% SE%
T2ON R24E SW% NW% 53
T22N R24E SW% NW% Sl8

t 
Dara fiorn Bosti c, et al., 1996.

2 Stalion numbers are assigned by the U.S.G.S.3 
Water year is October t - Se$emUer fO. Locatiors slrown cr Figure 2.2.

Local discharge to the river from the Dodge Flat area consists largely of agricultural return flows, both
surface and groundwater, leakage from the Truckee irrigation canal (Van Denburgh, et al., lg73), surface
water runoff, and groundwater flow that originates in the surrounding mountains as recharge. These fault-
bounded mountains are the Pah Rah and Truckee Ranges, which align roughly north by norttrwest and
delimit an alluviated valley roughly 20 miles long by 6 miles across ttrat begins near the town of Fernley
and terminates at Pyramid Lake. The project region (see Figure 4.l) lies within the southern portion of that
valley. It is roughly l0 miles long by 6 miles across, and is bordered on the north by Dead Ox Wash, on
the south by the Truckee River, on the west by the Pah Rah Range, and on the east by the Truckee Range.
The major areas of interest arc Dodge Flat and the Olinghouse alluvial frn, which are rmderlain by valley-fill
alluvial, fluvial, and lacusrine sodiments. Information conceming tlre relationships behrcen these units has been
acquired or derived from a variety ofsources.

4.I Data Sources

Figure 4.1 shows the location ofthe wells and borings used in the present investig4ion, and Table 4.2 lists
their salient features. Most are recorded with the Office of tlre State Engineer. A number of additional
wells are not slrown; although those lqgs were examind due to a combination of topqgraphic relief and

4-I
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location uncortairfy there was insufficielrt control on the wellhead and satic water table elevatios to

permit their incorporation in this sbdy.

Most lithologic data for the olinghouse frn derive fiom diagnms of relatirrcly shallow monitor wells

labeled I thr;ugh z (McCleary, rgqo). Supplemental information was obtained from drillen' lqgs for six

waterwellslocat€donOoagr-nutthatfiavi-beenrecordedwiththeNewdaSuteEngfurcer. Twoshallow

boring logs by Cooper and lssociates (1930) of Portlan4 OregorL were obtained from HydreSearth' Inc'

GrSL-now fiSI Ciotrtnl. One other Cooper hole (S- 20, T.2l N., R 24 E.) describd in Bratb€rg

irqsgl enablod smatigraphic correlation u"i*.rtr the olinghouse frn and tbe units of the wadsworth

Amphithearer, a geoiorphic feature adjoining east side of the Truckee River near Windrnill Canyot

(Figue 5.4). Ngirerous other lqgs tom *eUs along the river provided data defining the Tnrclce River

flood plain aquifer.

Morrison and Davis (1984a) described the stratigraphic section at the Wadsworth Amphitheater

based upon the designations and age determinations of Mortison (1964) for the Carson Sink. This

same work provided the basis for Melhorn's (1978) interpretation of Laho-ntan age and earlier

lacustrine sediments found in the Carson Sink. Benson (1993), B€,nson, et al. (199L), and Benson

and Thompson (1987 a, b) since have modified those prior 4ge estimates. ln this report, wherever

possible a6solute ages derive from these workers, while the stratigraphic usage remains consisle'lrt

wittr that of Morrison and Davis (1984a, b) and Melhorn (1978).

Muhiple information sogrces inrariably produce inconsistencies in litlrologic descriptions. This etr€ct is

.rp""i.ully pronorncod wtrur correlating alluvial stratigraphy from drillers'well lqgs. At Dodge Flat'

iaer*incation of interbodded lacustrine units from such descriptions is partiarlarly importad' since t!9se

probably supply solutes to grorndumter (Bratb€rg; 1980; Sinclair and Inelt4 1963). Alluvial frns

themselves often contain sotuble salts @ull, 1972), but groundu/ater samples on the Olinghouse fut shol

relativd low soltrte mncentrations (CIDN,tr{ill, 1990). Small pla}as formed at the distal ends of frns and

on valley bottoms during periods oldesiccation are a possible salt source, as are ancient soil horizons and

pelludal-units. Given trri present limitd stratigraphic resot"tion, sediments errplaced in plara and pelhrdal

e,lrvironments would be indistfu€uishable frorn lacusrine, finegrained fluviodeltai9 or fluvial overbank

deposits. Ancient soils (palmsols) can not be discemed in the drillem' lqp.

Beca'se of the potential for finegrained sediment to supply salts, in tlre folowing stratigraphic description

it has mnserr,.ativd Ueen assumed that all int€nals with abundant clay or silt represent lacustrine units,

algrough within the-conto<t of a more dstailed surdy the possibility of fluviodeltaic and overbank dePosi8

should be considered for those portions of the basin transgressed by the ancestral Truckee River. It shoild

be bome in mind that the rignin*nr. of finegnirred deposits lies not in the precision of sratigraphic

assigrnnents but in their relationship to solute loadrng and in d€finfug tlr basinal hyd$tratigraphy.

4.2 HydrostratigraphicUnits

The primary objectives of this section are to define specific hydrostratigraphic units in the area

around the Olinghouse fan and to identif possible groundwater solute sour@s. Along with water

balance estimatJ-s, this information has been incorporated into a numerical flow model that will help

waluate the potential for artificial aquifer recharge and its impact on water qualrty on the natural

groundwater system and in the lower Truckee River'

Five principal hydrostratigraphic units have been delineated in the Dodge Flat alluvial basin (Figure

4.2). Atthe base of the Olinghouse fan, the uppermost (HS-l) is dominated by lacustrine sediments

ttrai tocatty contain alluvial and fluvial deposits, the top portion of which is unsahrrated.
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It is this unit that would be saturated first if infiltration basins are used for artificial recharge. This

unit is also situated in the central and eastern parts of Dodge Flal where it entends to depth and

contains sediments of pre-Lahontan 4ge. Unit HS-l overlies and interfingers laterally with HS-2,

saturated alluvial fan deposits comprised of gravel, sand, and minor clay. Unit HS-2 is exposed at

the base of the Pah Range on the west side of the study area, and at depth may extend two miles or

more toward the basin centsr. The third hydrostratigraphic unit, HS-3, underlies HS-l and HS-2,

and was intersected in three deep water wells on and near the base of the Olinghouse fan. It consists

of porous boulder to gravel conglomerate with some sand, is poorly indurate4 and yields water

readily to wells; thus it is considered the principal aquifer system and would be the target unit if wel!

injection is used for artificial recharge. Beneath HS-3 and above bedrock are well-consolidated

alluvial fan gravels containing sand and minor clay that constitute HS4. The fifttr unit, HS-5, forms

a wedge beneath and east of HS-2, and overlies HS-3. It consists of fluvial deposits associated with

the ancestral and present Truckee River. Units HS4 and HS-5 rest upon bedrock.

The upper portions of HS-l, HS-2, I{S-5, and, in mountain block recharge areas, the bedroch lie

within the vadose zone. Bedrock beneath the valley and Units HS-3, HS-4 are below the water table.

Each hydrostratigraphic unit encompasses different groupings of the heterogeneous sediments tbat lie

beneath the area. These sediments result from a complex geologic history that includes intermittent

inundation, desiccation, alluvial fan growth, and contemporaneous subsidence related to block

faulting.

4.3 Tertiary-Quaternary Geologic Summary

Following the collapse of the Mesozoic arc-trench system that lay off the Pacific coast of North

America, subduction south of the Mendocino fracture zone continued until early Oligocene (Norris

and Webb, 1990). In the ensuing quiescent interlude, the highlands formed during that period were

denuded and terrigenous sediments were deposited in what is now California and western Nevada.

Subsequent basin-and-range extension and associated volcanism began in western and central

Nevada about 35 to 39 m.y. ago during late Oligocene time (Tschanz and Pampeyan, 1970:'

Kleirfiampl and Ziony, 1935). This activity is first represented in the Pah Rah Range by the

Hartford Assemblage, which rests on Mesozoic plutonic rocks and metasediments (Frgure 4.3). The

llartford Assemblage is dominated by mafic to acid volcanic rocks, volcaniclastics, and volcanic-

derived sediments, but also contains lacustrine and alluvial fan deposits. Succeeding volcanism and

sedimentation is represented by andesitic flows, breccias, and intercalated sediments of the Kate Peak

and Desert Peak formations, culminated by basalt flows and valley-fill deposits ranging in age from

Tertiary to Recent. Beneath Dodge Flat, Mesozoic and Tertiary units act as bedrock for alluvial,

fluvial, and lacustrine units of Pliocene, Pleistocene, and Holocene age (Bonham and Papke, 1969;

Sinclair and Loeltz, 1963).

Faulting has strongly impacted this stratigraphic succession. The study area lies within the Walker

Lane, a region of tectonism that has remained active from 23 m.y.b.p. until the present (Bonham and

Papke, 1969). Despite its primarily strike slip character, vertical fault movement along that zone has

exceeded 3000 feet adjoining the Pah Ratr mountains (Sinclair and Loeltz, 1963) and 4000 feet

elsewhere (Bonham and Papke, 1969). Geophysical investigation for this project identified gravity

lows that predicated upon a densrty contrast of 0.67 suggest -900 feet of valley-fill sediment above

bedrock at Dodge Flat and as much as -2500 feet wiilrin the basin depocenter, which trends north

northwest - east southeast, parallel to the Walker Lane (Carpenter, 1997; Flartley, 1997). On Dodge

Flat, sediments as young :!s upper Pleistocene show offset (John W. Bell, oral communication;

Sanders and Slemmons, 1979).
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Fringing the basin are alluvial fan deposits which probably range in age from Pliocene to Recent

@onham and Papke, 1969). These fans interfinger with lake sediments and probably with fluvial

ieposits of the antestral Truckee river. The extent to which the fans penetrate the basin center is not

loio*rr, but well logs at the toe of the Olinghouse fan show alluvial deposits within about 2.5 miles of
the deepest part of the basin (Carpenter, 1997; CH2MHill, 1990)'

Alluvial fan depositional processes include sheet flows, transport in braided streanns, and debris

flows that aepoiit pebble to boulder gravel, grit, sand, and silt. These often initially form lobate

sheet-like bodies that are reworked by intermifient Aggfading streams, giving rise to discontinuous

lenses of extremely co:yse to fine sediment (Bull, 1972). Variable but high hydraulic conductivities

and transmissivities frequently characterize such material. On Dodge Flat, alluvial paleofans

containing paleosols interfinger with finer-grained lacustrine sediments. These basin-fill units control

the subsurhce hydrology of the study area and have been penetrated by a small number of wells, the

data from which provide the basis for stratigraphic determinations. Stratigraphic correlations are

depicted in the geologic cross-sections contained in Appendix A.

4.4 Dodge Flat - Olinghouse Fan Stratigraphy

Presumed pre-Lalrontan units have been given arbitrary designations based on lithology, bu1

wherwer possible, sediments thought to be of Lahontan age have been assigned alloformation'

nalnes according to the nomenclature of Morrison and Davis (1984b) and Morrison (1964). That

stratigraphy was infened from lithologic descriptions combined with assumptions regarding the

-ar.i-u. reported thickness of an alloformation, the elevation of a particular unit's base, and the

relationships between alloformations in the Carson Sink from Morrison (1964).

Bedrock: Probable Kate Peak formation andesite was recorded by HSI (1982) during a re-

evaluation of the Mongolo Test Hole (well permit number 19173, assigned by the State Engineer).

Previous examination by Water Development, Inc., had misidelrtified this as blue-green shale, which

is recorded on the State Engineer's 1og. No bedrock was observed in any of the other Dodge Flat

area wells. Examination of provisional geologic maps by Garside and Bonham (1997U b) suggest

ttrat llartford Assemblage and later Tertiary rocks probably underlie the west€rn portion of the study

area. These probably extend beneath its eastern section" though the Desert Peak formation may be

preseirt there (Bonham and Papke, 1969). For groundwater modeling purposes, IGte Peak andesite

and the Hartford Hill formation rhyolite are assumed to be an impermeable basement that lies

beneath poorly consolidated vatley-fill sediments (see Appendix A, Sections B-B').

4.4.L Pre-Lalrontan Sediments

In Washoe County, pre-Lalrontan alluvial, fluvial, and lacustrine deposits of Quaternary age

have been described (Bonham and Papke, 1969; Melhorn, 1978). Much of the Olinghouse

fan is probably of pre-Latrontan Quaternary age. However, well data from Dodge Flat do

not permit distinction between Quaternary and Tertiary, so in the cross-sections appended to

this report all non-Lalrontan deposif are prefixed 'QT" and numbered I through 4 in order

of increasing age (APPendix A).

(lnit OT4: Only three deep wells intersected the lowermost sedimentary unit, QT4, which

is comprised of cemented gravel. ln well 19173, QT4 is about 100 feet thick above andesite

tA 
mappable sfiatiform body of sedimentary rock that is d€find and identified on the basis of ir bounding

discqrtinuities (NACSN, 1983, p. 865)
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bedrock. Elsewhere (wells 42919, and 46908), no bedrock was observe4 though depths
exceed 500 feet. This unit probably represents a series of alluvial deposits, presumably
containing soil horizons, and comprises hydrostratigraphic unit HS-4 (Figure 4.2). Whether
it grades laterally into fluvial or lacustrine sediments beneath the Truckee River or
Wadsworth is assumed but not proveq in the vicinity of Dodge Flat none are apparent. An
age for this unit equivalent to the Tertiary Desert Peak or Coal Valley Formations would be
probable only if olivine basalt boulders were absent within it (Bonham and Papke, 1969), so
in the absence of further information it is presumed to be younger than these formations. Its
contact with overlying alluvial deposits is based upon drillers' estimates of the degree of
induration.

Unit QT3: Locally overlying QT4 are bouldery gmvels of Unit QT3, which beneath the
lower Olinghouse fan equates with hydrostratigraphic unit HS-3. Its thickness ranges from
40 to 80 feet. Drillers' logs suggest ttrat the unit may be less consolidated than QT4, and
thus potantially a good aquifer; this coupled with lithology provides the basis for strati-
graphic correlation. In well 429L9, it immediately underlies units of probable lacustrine
origin. Like QT4, the eastward extent of QT3 is unknowq since it was intercepted only in
wells 19173, 42919, and 46908. For groundwater modeling purposes the regron east of
these wells is assumed to contain fluvial sediments and thus lies within HS-l (Figure 4.2). lt
is conceivable that drill cuttings tlnt were interpreted as QT3 represent instead
discontinuous, poorly indurated gravel intervals in otherwise well-consolidated alluvium.
Transmissivities have been adjusted to account for that possibility.

Unit OT2: Unit QT2 was recorded in only three wells, and may be geographically
restricted. Its clays, clayey silts, and clayey sands are taken to represent pre-Latrontan
lacustrine sedimentation equivalent to the uPEu unit of Morrison and Davis (1984b). They
have been assigned to a distinct lithostratigraphic unit because of their thickness, which in
one well (42919) is approximately 60 feet.

It is possible that QT2 conelates with the lowermost portions of the Pleistocene Eetza
Alloformation of Morrison (1964) and (Monison and Davis, 1984b), but if so the Eetza is at
least rwice as thick at this site (about 200 feet) as reported elsewhere. Because of its
altitude, it is unlikely tlnt QT2 corresponds to the major lacustrine interval described within
the Rye Patch Formation by Melhorn (1978). It is included within Unit HS-l of the
conceptual hydrostratigraphic model (Figure a.2).

Unit OTI: Unit QTI is dominated by consolidated alluvial sediments above and larerally
interfingering with QT2. It may encompass the Paiute Alloformation of Morrison and Davis
(1984b) and Morrison (1964). However, on the west side of the basin it underlies a sandy
zone designated a possible Paiute equivalent on the basis of lithologic similarity to Paiute
Alloformation exposures in the Wadsworth Amphitheater. Probable fluvial deposits on the
east side of Dodge Flat near the Truckee River are also assigned to QTI based on their
projection beneath the Eetza Formation of Morrison and Davis (1984a).

In the vicinity of the Olinghouse fan monitor wells, QTI is composed of gravel locally
containing silt, sand, or boulders and varies in thickness from 25 to 60 feet. It exhibits
intermittent cementation and local indurated zones tlnt may conespond to paleosols. Two
welldeveloped argillic soils have been recognized from a surface trench on the upper
portions of the fan, where QTI may thicken to as much as 400 feet. The principal sediment
transport direction during QTl deposition rnay have been NE to ENE, as infened from
presentday solute contours, water levels, and lithology described in well logs.
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Designation of alluvium as QTI is predicated on the observation of both Eetza and Sehoo
highstand shorelines incised into the Olinghouse fan. Much of the present fan therefore
predates Lake Lahontan. For hydrostratigraphic purposes, the alluvial western portion of
QTI has been grouped with Lahontan age alluvium into unit HS-2. The fluvial eastem
portion is of unknown thickness and is part of hydrostratigraphic unit HS-s.

4.4.2 Lake Lahontan and Equivalent Sediments

Pleistocene climatic fluch.rations resulted in the repeated expansion and desiccation of Iake
Lahontan, with concomitant adjustnent of alluvial fans, shifting of the Truckee River
between basins, and changes in its character from aggradational to degradational (Hostetler
and Benson, L987; Benson and Thompsoq 1987; Benson, et a1.,1991). Primarily alluvial
Lahontan-age deposits on the Olinghouse fan have been designated part of
hydrostratigraphic unit HS-2, while those portions of the Dodge Flat basin dominated by
lake sediments are considered HS-l (Figure 4.2). A fairly small region of fluvial origin near
the river forms a window of HS-5 on the present land surface. In HS-l and HS-2
formational units have been delineated from correlations between the Cooper and Associates
drill hole and the Wadsworth Amphitheater (Morrison and Davis, l9S4b).

Paiute Alloformation: A veneer a few feet thick of Paiute Alloformation sand and gravel is
exposed in the Wadsworth Amphitheater. This unit, representing an interpluve lasting as
much as 150,000 years, is defined in outcrop by a welldeveloped soil horizon (Cocoon
geosol) and its stratigraphic position beneath the ktza Alloformation (Morrison, 1964;
Morrison and Davis, 1984a). Elsewhere, the Paiute can exceed 70 fwt in thickness and
characteristically includes several soil horizons (Morrison and Davis, 1984b). Based on
elevation, a silty sand interval in the Cooper and Associates hole has provisionally been
assigned to this alloformation, but in the absence of a demonstrable soil profile that interval
could equally well lie within the lower part of the Wza. Many of the higher pre-Iahontan
alluvial units recognized in drill holes and designated QT-l could lie within the Paiute
Alloformation.

Eetza Formation: Morrison and Davis' (1984b) Eetza Alloformation represents multiple
pluvial intervals from about 400 to ll0 k.y. ago, during much of which time a relatively
deep lake was present at Dodge Flat. Lowstands during this period may have lowered the
lake elevation below about 4065 feet (1238 m) and exposed much of the Dodge flat area
(Hostetler and Benson, 1987). Several sub-aerial depositional episodes during Eetza time
were designated the S Bars Formation, by Morrison and Frye (1965). At such times,
alluvial fans probably prograded toward the basin c€nter. Deep-water lacustrine sediments
of the Eetza thus probably interfinger with alluvial deposits near the toe of the presentday
Olinghouse fan. However, the latest Eetza higl$tand cut a shoreline ttrat persists today
midway up the fan" and deposited a thin ven@r of silt and clay sediment. Despite some
reworking and aggradation, much of the Olinghouse hn, therefore, must predate late Mza
time. Tentative identification of surficial pre- and post-Eetza alluviation on the Olinghouse
fan has been made based upon aerial photographs.

Units designated as Eetza include lacustrine silt and clay but also contain some bouldery
clay, sand, and gravel deposits, which is consistent with the observations of Morrison and
Davis (1984a, b). In the project are4 delineation of its stratigraphic base derives from a
combination of lithology, elevation, and mo<imum thicknesses reported elsewhere, but it is
somewhat arbitrary in that QT2 clay and silt may represent an unprecedented but
nevertheless plausible thickness of Hza sedimentation. In addition, portions of the

4-Il



underlying QTI alluvium may interfinger with basal Eetza lacustrine deposits' Similarly,

tte opier-contact of the Eetza-with the Wyemaha Alloformation is somewhat arbitrary. The

Wyenraha, a thin layer of which overlies the Eetza in the Wadsworttr Amphitheater, was not

shown on the Olinghouse fan cross-sections, although equivalent alluvial units may be

present, since the Wyemaha represents a significant interpluve (Morrison, 1964)'

Sehoo and Indian Hills Formations: The contact of the Eetza (and Wyemaha) with the

onofyi"g S.tr* *O toA* Hills alloformations was established by coupling lithology with

efeahoi since Morrison's (1964) definitive Churchill soil horizon could not be discerned in

well logs. The lacustrine Sehoo alloformation spa$i a series of pluvial and intelstadial

periods-from about 25,000 y.b.p. to 12,000 y.b.p. and consists of silt and clay with local

minor sand. Its lateral alluvial counterpart is the Indian Hills Formation. Gravel and sand

intervals in drill holes at the base of the Olinghouse fan appear to interfinger with lake

sediments and so have been tentatively designated Indian Hills'

Hydrostratigraphic unit assignments are based upon lithology. Where significant E€tza and

Sitroo are present, all Latrontan age units are assigned to hydrostratigraphic unit HS-l;

otherwise, they are merged with QTI into HS-2.

Younger Deposits: Post-Sehoo fluvial, alluvial, and eolian deposits occur throughout the

rhrdy -*, -d frequelrtly consist of reworked Pleistocene sediments. These generally are of
limited hydrostratigraphic significance, with two possible orceptions, ft: q1+_ t""*t
fluvial mat€rial alJng the Truckee River, is included in hydrostratigraphic unit HS-5. The

second is dune sand situated northeast of Fernley and Wadsworth. Those sands may be

underlain by lacustrine sediments representing pluvial intervals, but if their dwelopment is

representati;e of past interpluves, relatively thick eolian deposits may be present at depth

beneath what appears today to be a topographic and groundwater divide. This area also

coincides with a zone of deep sedimentation along the Walker Lane structure (Carpenter,

1997) and may permit ingresJ of water from east of Fernley norlhward to the Truckee River

near Wadsworth. High solute concentrations reported by ClDMhill (1990) suggest some

groundwater input east of the river.

Results of geophysical surv€ys performed for tltis project geirerally co{n1 the ilferred

stratigrapftic-retation*tips and indicate the presence of good quAity umter within alluvial deposits

on thi O6nghour" frn and elsewhere flanking the westem portion of the Dodge Flat ground\trater

basin. The geophysical investigation encompassed a ground-based gavity surv€y (Carpenter,

l99Z) and i"t".p-otrtion by AOGIS, Inc., of airborne multifrequency EM ditrerential ryittiuity,
ana magn*ic dafa obtained from Dighem SurvEys of Mississaugu4 Ontario, Canad4 fiIartley,
lees).

To interpret tlre gavity data llartley (1998) assumed a density cffitrast of 0.67 and cqrcludsd

that va[i-fiU aeeosits in the Dodge Flat alluvial basin range frdn -900 feet near tlre base of tlp
Oling[rouse fui to -2500 feet at its deepest part about a mile southwest of the S-S Ranctt (S. 8

and-2g, Township 2l Norttr, Range 24Fast; UTM approximately 4 292 000 N, 303 000 E

to 4 297 000 N, fOZ OOO E) Berrcath WadswortlU its d€pth is -1900 feet. Ttrc basin is bowl-

shaped, elorgate in aNNW-ESE direction rougNy parallel to the Truckee River and the tend of
the Walker Lane, and contains a deeper segment that oftends westwad b€neath the transmissive

units of the Olingbouse frn. It shallows north of Dead Ox Canyon and to a lesser oderfi

southward frqn Wadsworth totvard Fernley.
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EM and rcsistivity data are in acmrd with geologic interpretations that indicate the presence of
alluvial units dong the west side of the basin. That part of the basin b€neath Dodge Flat for the

most part is inferred to cqrtain fine grained silty or sandy units, with cqnmon clay-rich strat4
particularly in the upper -150 feet. This is consisteirt with deposition in lacusnfurc, fluvial, ard
fluviodettaic environmeirts. Local geolqgc conditisrs carstrain tlre resolving polver of the

tochniques employd particularly below -150 ftet deptll ard preclude sfatigraphic interpretatiot

below ^400-500 ftet depth. Wet corductive clap which appear to be present in tlrc csrtral parts

of the basin wen furtlrer resrict resistivity data. Hornrcver, visual oraminuiqr of input data for
the ditrerrential resistivity profiles given in I{artley (1998) suggest that $ater of lorv coductivity
and thus potentia[y gmd +rality is irdicated b€neath dre alluvial &posits of the Olinghouse frn
(llartley, I 998, verbal communication).

(-
I ttrere, the zone appears to be betq/een -1500 ad -2000 ftet wide, but because it is presem at the

I nraximum resolrable depth, this figure is subject to error. Its presence is limit€xl in dfter

I resistivity data. If the zone is assumed to have an average widttr of -1000 feet, an erdractable

I rnarer depth of -500 feet, and a distributiqr over about half of the Patr Rah range front (-25,000

I furt), its volume would be -1.25 x l0r0 ft3 1-Z8S,OOO a9. This is equivalqt to -200 years

I recharge. The geophysical interpretations confirm pump test results uilrich suggest that tlrcse units

I are highly transmissive. Their dishibution impacts tlre Dodge Flat groundrvater flow systern.

\
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SECTION 5.0

GROUNDWATER FLOW SYSTEM

In the Great Basin, all groundwater starts out as precipitation in the form of rain and snow frlling on

mountain block recharge arqr. That moisture originates in the Pacific Ocean to the southwest, west, and

northwest. Much recharged water derives from snow although some winter and summer rains contribute
significantly. For the Dodge Flat hydrographic basin, the recharge arqls are the Patr Ratr Range to the west

of Dodge Flat and to a lesser extelrt the Truckee Range east of the Truckee River. The Truckee Range is

not contributory to the Dodge Flat groundwater system in that the little recharge that occurs there

discharges directly into the Truckee River, which is in the Dodge Flat hydrographic basin.

5.1 Dodge Flat

The recharge process is strongly influenced by evaporation. As soon as a precipitation eveNrt is over,

evaporation from the soil moisture zone and the wetted rock surface begins. Sublimation from snow

also begins immediately. Some of the precipitated water thus quickly returns to the atmosphere. A
portion may elrter ephemeral drainages, and some infiltrates the shallow soil mantle overlying the

bedrock. Soil moisture that is used by plant life returns to the atnosphere by way of evapotranspir-

ation. That amount that exceeds the requirements of vegetation and the moisture holding content of
the soil infiltrates into the underlying bedrock. Where the soil cover is thin to non+xistent, as is the

case over large parts of the Pah Rah Range, the water directly enters the bedrock. Some of this
groundwater is intercepted by fractures and reappears on or ne:r the base of the mountain block as

springflow, where it is subject to further evapotranspiration. The remainder reaches the water table
and eventually joins the valley aquifer system. The recharge process for the Dodge Flat
hydrographic area is shown in Figure 5.1.

5. 1. I Groundwater Source

Frgure 5.2 is a groundwater level map for the Dodge Flat area showing the direction of
groundwater flow and well locations used to generate the contours (see Table 4.2 for well
descriptions). The flat gradient results from the ability of the sediments to transmit water
fairly rapidly. The recharge area for the Dodge Flat aquifer system lies for the most part in
the Patr Rah Mountains on its western border. Van Denbur$y et al., (1973) estimate the

total precipitation for the Dodge Flat hydrographic area to be 43,000 acre-feet/year, of
which only about 1400 afly enter the groundwater system. The Dodge Flat hydrographic
area is considerably larger than is contributory to the smaller Olinghouse fan groundwater

systenl which does not include the area south of Olinghouse canyon drain4ge, north of the

Fort Defiance drain4ge, nor any contribution from the Truckee Range east of the Truckee
River. Figure 5.3 shows the topographic sub-basins (isted in Table 5.3) used to calculate
recharge and outlines that portion of Dodge Flat modeled in the present study.

Two perennial streams that reach into ttre Dodge Flat area from the Patt Ratt Range are Fort
Defiance Canyon and Olinghouse Canyon. Both are supported by springflow, and were
flowing during the early part of October, 1997. In Fort Defiance Canyon the springs are

well within the mountain block, while in Olinghouse Canyon the springs are near the eastern

mountain front; local residents indicate that in some years, spring flow is insufficient to
cause stream flow. The portion of these flows not lost to evapotranspiration re-enters the
groundwater system on the alluvial fans.
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Altltude Are,r
Tnnc(ft) (Acrer)

Prh Reh Rrnge
Pierson Canyon

50006000 2990
6000-7000 950
Sub-'Totd 3940

Olinghouse CanYon
500050m 27rc
6000-7000 1550
7000-8000 700
Sub-Totd 496{)

Tiger Canyut

50006000 ll30
6000-7000 80
Sub-'Totrl 1210

TABLE 5.3

POTENTIAL GROUNDWATER RECHARGE TO
DODGE FLAT AND TIIE TRUCKEE RIVER

Estlrnetcd Pncclpltetlon

Rrnge Avcrrge
(ln) (ft) (rflY)

8-12 0.8 2390
t2-t5 l.l 1050

3m

PotcnfiRechr4e

fflff" "lff
0.03
0.07

0.03
0.07
0.15

70
70
l&

65
t20
160
345

20
35
35
q)

35
20
55

60
220
350
630

50fi)5000 900 8-12 0.8
6fiX17000 44 12-15 |'l
70,00-8000 150 15-20 1.5

Sub-Totsl 1490

Urmamed Canyon #l
50006m0 t70 8-12 0.8
Sub-.Totel l7O

White Horse Canvon
50006000 1490
6(x)0-7m0 280
Sub-Totel l77O

Fort Defiance Cuyon
50005000 2490
6000-7000 2870
7qn-8(X)0 1550
SubTotel 6910

Unnamed Canyon #2

0.8
l.l
1.5

0.8
l.l
1.5

0.03
0.07
0.15

2390
1700
1050
51,10

720
480
230
1,f30

140
140

0.03
0.07

0.03
o.o7
0.15

0.03

0.03
o.07

1990
3160
2320
7470

0.03

50006000 2& 8-12 0.8 190

Sub-'Totd 2& 190

Stud Horse Canvon/DeadOx Wash

8-12 0.8
t2-t5 l.l

8-12 0.8
12-15 l.l

I 190
310
1500

900
90

9190

30
5

35

l3{nOR(rcRAPHIC RECHARGE TO IX)DGE FLAT WBST OF THE TRUCI(EE RIVER TOTAL

Tnrclee Rmge
Unnamed Canyon #3

50m5m0

Hill Ranct Canyon
50006000

UrmamedCanyon #4
50006tx)o

Windmill Canyon
50m5000

l0

8-r2 150

Sheepherders'Canyon
50005m0 540 8-12 0.8 430 0.03 15

OROGRAPHIC RECHARGE TO THE TRUCKEE RIVER FROM THE EAST TOTAL 50

VtrglnleRenge 50006000 80 8-12 0.8 & 0.03 <5

OROGRAPHIC RECHARGE TOTIIN TRUCKEE RIVER FROMTHEVIRGIMA RAITGE Minc

TOTAL 22,ffi0 21,t00

Based upon the Maxey-Eakin method applied to individual sub-basins'
Recharge estimates are rounded. Painted Rock sub-basin discharges a minor amount direc'tly to the Truc.kee River.
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5.1.2 GroundwaterMovement

Water ttrat is not intercepted by fractures to feed springs continues its downward course

beneath the valley. Some of this water undoubtedly eNrters the groundwater system high on

the alluvial fans where they lie directly on the mountain bloclq but most appears to enter the
basin-fill aquifers from underlying volcanic rocks that are broken by high angle faults
located near the contact between the mountain front and valley fill deposits. Groundwater
may rise along the mountain front structures because they probably are more permeable than

the surrounding rocks. For Dodge Flat there are no data available to substantiate this
process, but it has been described in other regions.

Though faulting might provide conduits for groundwater to access the Olinghouse fan
aquifers, its impact on horizontal flow within the basin-fill sediments, which are

heterogeneous and anisotropic, can not presently be gauged. Investigators have described

Quaternary faults ttrat behave as conduits, while others act as groundwater barriers and still
others appear to have no control on groundwater flow. For example, Dutcher and Ganelt
(1963) described the hydrologic properties of fault barriers in the San Bernardino area,

California. They auributed the impediment of groundwater flow across those barriers to
several possible conditions: (l) locd and incomplete offset of gravel beds against clay beds;
(2) sharp local folding of beds near the faults, causing impervious clay beds to be upturned

across the direction of water movement; (3) carbonate cementation within the gravel and
sand beds immediately adjacent to the fault; and (a) development of secondary clayey gouge
zones along the faults.

The maximum difference in water levels across faults that these workers report is 120 feet.

Other investigators have reported various groundwater offsets: Durbin (1978) reported a 300

foot water table difference across the Randsburg-Mojave fault in Antelope Vdley,
California; Katzer and others (1984) describe a 40 ft offset in a small basin south of Reno,

Nevada; while Bell and Katzer (1987) were unable to find any groundwater elevation change

across fault scarps in Dixie Valley, Nevada.

Recent structures transecting basin-fill sediments are common in many basins within the
Basin and Range. Based on low-sun-angle photographs, at least two subtle northwest
trending lineaments (not to be confused with Pleistocene beach bars) that appear to be

tectonic in origin are present on the Olinghouse fan about a mile east of the mountain front.
They transect both Lahontan sediments and pre-Lalrontan alluvium, but display no apparent
offset. Similar features cut Lahontan lake beds near the ceNrter of Dodge Flat. Possible
faults have also been delineated during the geophysical investigations conducted for this
project (Carpenter, 1997; llartley, 1998). None of these appear to have impacted
groundwater flow, but the water-level data may not suffice to detect any offset in water table
elevations.

5.1.2.1 Hydraulic Properties

Groundwater aquifers can be thought of as large conduits that transport water
from recharge areas to discharge areas. The movement of groundwater through
the various tlpes of rock (including unconsolidated sediments) is controlled by the
hydraulic properties ofthe rock. The principal properties that can be measured by
conducting aquifer test are conductivity, transmissivity, and storage. Hydraulic
conductivity is a measure of how rapidly a given mass of groundwater moves
through the aquifer. Transmissivity is the property that mquures the capability of
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an aquifer to transmit a given volume of water and is based on the hydraulic
conductivity and the saturated thickness of the aquifer. The storage coefficient is

simply a measure of the arnount of water in the aquifer and is defined as the

volume of water released or taken into storage per unit surhce area of the aquifer
per unit change in head. Table 5.1 lists the values that were determined from
aquifer tests below the Olinghouse fan and from estimates made for other alluvial
arein on Dodge Flat.

TABLE 5.1

TRANSMISSIVITY ESTIMATES FOR ALLTIVIUM
IN THE DODGE FLAT AREA

TRANSMISSIVITY,
in epd/ft

SOURCE

93,000t

95,3002

90,3003

286,0004

12,500s

14,000 - 25,0006

Present Study

NLRC, 1997

NLRC, 1997

NLRC, 1997

Bratberg (1980)

Campana (1978)

Obtained using Cooper-Jacob nrethod andtwo monita wells.

Ohained ap,plying Cooper-Jacob metlrod to early drawdowns on a single well.
Ohained applying Theis mahod to early draurdor*ns qr a eingle well.
Obtaind applying both Theis ad Cooper-Jacob rn€thods to iril€rmediate time drawdowns on a

single well.
E*imated by analory to olher deposits and htenal cottsisency within a flow model.

Estimates r€,ported by Bratberg (1980) as personal oomnunicatioq, d'ta migin not *ared-

There are two q/pes of aquifers in the study are4 confined/semi-confind and

unconfined. The principal system underlying Dodge Flat, termed informally for
this report the Pah Ratr aquifer, is considered confined/semi-confined because the
sediments overlying it have low hydraulic conductivities and restrict the upward
movement of water from the aquifer. The confining unit is comprised mostly of
Quaternary lacustrine silts and clays. The aquifer sedimeNrts underlying the
confining beds are made up of alluvial sand and grzrvel with some interbedded silt
and clay and have very high water transmitting capabilities. The source of most

of these sediments is presumably the Patr Rah Range to the west; it is not known
how far to the west. Fluvial material may have been transported by the ancestral
Truckee River from greater distances, but it is considered unlikely that tlrc river
significantly encroached into the extreme western portions of Dodge Flat.

Two sets of transmissivity data for the alluvial units at the toe of the Olinghouse fut
are available Cfable 5.1). The first comprises sumntary interpretations of constant

drawdown, step drawdoum, and recovery t€sts tlut were performod m tlp old

5-7



Olfu€hous€ production well (Butcher Boy, #23581, IMap No. 8) in 1984 by William E.
Norlg Inc., of Renq on behalf of NLRC (NLRC, 1997). Tlrey concluded that the
aquifen were probably serni{@fined, with transmissivities in the range of 95,000 -
286,000 gNft ?12,700 - -38,000 ft"/O basod respectively on early and lafie

drawdown and recoveries. In the absence of obsenation wells, an aquifer sbr€e
coefficient was nd calculated, but specific capacity was estimated to be -28 - -39
gpn/ft. For their "worst-caseu scenario involvfug a 650 gpm continuous pump rate,

semironfined aquifta ardno recharge, awell pumping indefinitelyworld produce -20
-25 M.of drawdown. These workers also advisedthat better hterpretations could be
obtained iftests were performed using observ'ation wells.

The second data set was obtained for the present investigatior by Canon Pump in
Novernber, 1997 . Anew well (NV I^arxl Nortb #46908) was pumped at 900 gpm for
3 daf. Drawdown and recoveries were measured there, at Nw Land South (t142919),

and MW-3. Transniissivities were calculated to be in the range of 93,000 gpd/ft and
storativity ^.0.018 uslng the Jacob-Straight Line metlrcd. These results are consisterf
with those of William E. Norlq krc. (NLRC 1997) and wlreir compared to other
estimates for Dodge Flat indicate the presence of a highly fransmissive aquifer in ttre
vicinity. This interpretation is also suggested by the groundwater ele\ation map of
Figure 5.2.

Because urater quality is poor at the site ofNewda Land's wells, the potertrial artificial
reclrarge sbrage and recover (ASR) frcility will probably be constructed
approximately one mile to tlrc south, within azone of e,xcellent qudity uater indicated
by moritor wells and geophysical interpretation. Further tests on the Olinghouse frn
(on Mge Ftat) within the zone ofgood quality rlater must be undertaken, prior to the
initiation of an ASR project; tlo\{/e\rer, tlrc lithologic similarity and proximity to the
tested wells suggests this area has a high probability of being a successful ASR site.

5.1.2.2 SystemYield

Total reclurge to the Olinghouse canyon drainage is estirnated for the present study to
be -300 afly (fl.4 cfr), approximately one-fourth ofthe total Pah Rah Ranch recharge
to Dodge Flat (1,400 afly). This is a relatively snall volume compared to tlre estimated
storage requiremeit of 5,000 - 15,000 afly for the proposed ASR systern. A volume
greater than the natural reclnrge is srpectod to be mnsumed by Alta Gold's mining
operation over its anticipated -5 year lift (-500 afly,Wl,1997). A rariable portiqr
will be taken up during pit de\ raterfutg; but for tlre most part mine process water will be
obtained frun the Ala Gold #2 welf wtrich is in a region of poorquality ground$ater
and will draw from Dodge Flat below the base of the Olinghouse frn. Drawdown or
Dodge Flat is predisted to stabilize at -L6 f€et within one year of pumping, and r€tum
to -l I ft during reclamatisr (PTI, 1997).

5.1.2.3 Storage

Apafi from hydrologic considerations, the amount of uater tlrat can be stord in the
Olingbouse frn aquifer depends in large mquure m desrgn criteria such as: method
(well injection vs. infilfration basin), requisite umter volume, well siting, input ard
witldrawal frequencies, and pumping rates. Solute acquisition by the artificially stored
\\mter will derive from mounding into previously unsaturated sodiments, downgradient
movement and mixing with lowerquality waters. These are govemed by additional
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hydrogoologic frctors such as stratigraphy, aquifer transmissivity, the presence of
solute sources such as paleosols, and possible geoth€nnat inputs.

5.1.2.4 Recharge

The ex3elrt of the proposed well injection significantly exceeds recharge to the

Olinghouse fan. As indicated prwiously, precipitation in the form of rain and

.rro* on the mountain block moves downward by the force of gravity and

ultimately reaches the valley-fill groundwater system. Van Denbutgh, et al'

(1973) .5iog ttr Ma:rey-Eakin technique (Ma:<ey and Eakin, 1949; Eakin, et al,'

igst), estimated a total annual recharge of 1,400 acre-feet to the Dodge Flat

hydrographic area. That supposedly derives from 20,700 acre-feet of precipitation

fiffing on 21,870 acres of drainage area above 5,000 feet altitude. Though the

Ma:rey-eahn method has been challenged by some workers (e.g. Watson, et al.,

lgT6i,subsequent studies with an additional 20 years of data have indicated that it
provides reasbnable estimates of recharge (Avon and Durbin, 1994). It therefore

has been used in the present investigation, which estimated the total precipitation

at22,000 acre-feet, the contributing drainage area at abott 22,600 acres, and the

poten-tial recharge also 1,400 afly. Discrepancies between Van Denburgh's (1973)

investigation -a *te present one are slight and are caused in part by use of
different base maps; this study used 1:24,000 scale maps to determine the drainage

areas rather than- 1:250,000 scale maps. Precipitation amounts for both studies

were based on the same U.S. Weather Bureau data. The only new data since that

time was collected by Washoe County for the crest and west slope of the Pah Rah

Range above 5,000 feet altitude. This differs little from that used by the USGS

for the Dodge Flat area and the two valleys to the west, Spanish Springs Valley

and Warm Springs Valley. Table 5.2 shows the calculations used during the

present studyio estimate potential groundwater recharge to the Dodge Flat 9*h.
Table 5.3 slio*r the same calculations determined from the individual sub-basins

shown in Figure 5.3.

TABLE 5.2

DODGE FLAT RECHARGE ESTIMATES

Altitude
Zone (ft)

Area
(Acres) Range

(in)

Estimated Precipitation

Average
Potential Recharge
Fraction of Totd

Precipitation

Volume
(afly)

8000-8366
7000-8000
6000-7000
5000-6000

Totals

<5

2400
6t70
14020

22590

20-25
l5-20
t2-15
8-12

l0
3600
6790
LL22O

22000

0.2s
0.15
0.07
0.03

1.9

1.5

1.1

0.8

2
540
480
340
1400

rounded
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Another technique for computing groundwater recharge is described by Dettinger
(1989) and is called the Chloride Balance Method. This technique assumes that
Cl' ion is conservative and therefore that a mass balance exisg between input of
chloride to and its output from recharge-sourc€ areas. lnput is from atnospheric
dry fallout and that dissolved in precipitation. In the output process, water from
precipitation infiltrates into the mountain block above an altitude of 5,000 feet,
mobilizes the chloride there and transports it to the valley groundwater systern.
Infiltration is calculated from:

tu , PCo
l=-

CI

where I is the average recharge rate (acre-feet/year, af/y), P is the average
precipitation rate (afy), Co is the average chloride concentration of bulk
precipitation on the recharge area (mg/l), and Cr is chloride concentration of
groundwater in the basin (mgn). For a study in Spanish Springs Valley
immediately to the west of Dodge Flat, Berger, et al., (1997) used a total chloride
fall-out value of 0.38 mgll to represent the recharge area in the Patr Rah Range.
The total precipitation on the drainage area determined for the present study is
27,000 afly. The chloride concentration of the groundwater in the mountain block
near the range front was determined from a water supply well for the Olinghouse
mine area and is 8 mdl. Substituting tlrc above values into the above equation
gives:

I2l 22,000afly (0.38 tryn lSmdl) rl 1,000 afly (rounded)

This value is less than the recharge estimated using the Ma:<ey-Eakin method" but
of the same magnitude. Chloride values in the valley-fill aquifers of Dodge Flat
cannot be used because they have been augmented from lithologic or geothermal
sources. These lowauality waters flow beireath Dodge Flat into the Truckee
River aquifer system and ultimately into the river itself.

5.2 Truckee River Flood-Plain Aquifer

Groundwater modeling for the present study incorpoftiles two reaches of the Truckee River as
domain boundaries: Derby to Wadsworth, and Wadsworth to the Nixon gage. Hydrologic
assessmeNf ofttrese reaches required estimating ttre magnitude of water sour@s, which are dominated
by river flows and recharge from groundwater. Water quallty and aquifer properties were also
ascertained during this portion of the present study.

Flows in the Truckee River vary substantially from month to montlq while major changes in
groundwater systerns can be presumed to take place on far longer time scales, perhaps on the order of
years, decades, or even centuries. Groundwater inputs to the Truckee River flood-plain aquifer were
therefore treated as constant to establish boundary conditions for the numerical modeling. To
ctarasteizn the groundwater system using Truckee River solute fluxes, averaging was necessary to
evaluate conditions over the longer time scales appropriate to groundwater movement. This
approach suppressed the effect of erratic river flows while examining the two reaches that bound
Dodge Flat.
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5.2.1 Groundwater Sources

Groundwater souroes within and bordering the Dodge Flat study area include: the Truckee
River itself; orographic recharge to the Pah Ratr" Truckee, and Virginia Ranges; and
subsurhce returns from 4gricultural applications. Leak4ge from the Truckee Canat south of
the Truckee River is a source of water to the river between the Derby and Wadsworth's
gages and to the Fernley area. Geothermal inputs and possible additional subsurhce flows
may be present east of the river, but at this time are speculative. The volume of flows
deriving from each source are different for each reach of the river.

5.2.1.L Derbv-Wadsworth Reach

Natural orographic recharge along the reach between Derby and Wadsworth is not
large and originates in the Virginia and Pah Rah Ranges. This is augmented by a
minor amount of primary and a major arnount of secondary recharge from the
Fernley area. The principal aquifers are within fluvial sediments adjacent to the
Truckee River, but there is minor production from flanking alluvial deposits. In
the upstream portions of this reac[ most water originates from the river itself or,
along its south bank, from leakage along the Truckee Canal (Sinclair and Loeltz,
le63).

Detailed portrayal of the part of the reach that lies between Femley and
Wadsworttr is beyond the scope of this study. Prwious efforts (Sinclair and
I-cr,ltz,1963; Van Denburgh, et al.,1978; Bratberg, 1980) have broadly described
its hydrologic characteristics, but details concerning water balance, head
distributions, groundwater flow paths, and solute loading are complex and
currently the subject of a separate investigation by the Desert Research Institute
(Alan McKay, DN, oral communication" 1998). Although the present study
incorporates this reach as part of a domain boundary in its numerical evaluation, it
relies heavily upon the descriptions of previous workers.

The Fernley-Wadsworth area is dominated by fluvial sediments deposited by the
ancestral Truckee River that are capped by Lahontan age lacustrine units (Sinclair
and I-oeltz, 1963). Stratigraphic relationships at Dodge Flat det€rmined for the
present investigation suggest that sediments from pre-Lahontan lacustrine episodes
may also be present in the Fernley area. Most wells along this reach produce from
within the fluvial units. Sinclair and Loeltz (1963) state tlnt two aquifers are
present in the Fernley :!rea: an upper phreatic aquifer with generally poor water
quality, and a lower confined aquifer contining good water. No further description
was made as to depth or geographic distribution. Examination of well logs
recorded with the State Engineer suggests tlrat a thick sequence dominated by
clays is present roughly between 100 and 200 feet depth. Production from the
zone above the clays takes place at differing depths, usually <-70 feet. Wells that
penetrate the lower aquifer differ from one another, usually producing from
various zones deeper than -200 feet. Variable production depths result from
different wellhead elevations and the heterogeneous nature of fluvial sediments.
For the purposes of groundwater modeling, this study combines hydrologic
properties for both fluvial aquifers. Results are discussed in Section 5.2.2.1.

Recharge to the fluvial aquifers between Fernley and Wadsworth derives largely
from subsurface and possibly surface 4gricultural return flows, Truckee Canal

5-l I



leakage, and the river itself. Currently, the exact means by which these flows
reach the Truckee River is unclear since a groundwater divide is present beneath

Fernley and gradients are to the northeast and northwest in the principal
agricultural areas. Bratberg (1980), using head gradients between this divide and

north to the river combined with transmissivities determined from well tests,

estimated the agricultural component to be -7.3 cfs (-5300 afly), roughly
consistent with earlier figures of -5.8 cfs (-4200 afly) (Van Denburgh, et al.,
1973). Results from the present study indicate inputs of about twice this arnount
(see Section 7.0). The Virginia Range and Dodge Flat may also supply minor
amounts of water to the river between Fernley and Wadsworth, as suggested by
topography and groundwater contours (Figure 5.2). Flows of unlnown magnitude

may possibly enter the river from beneath the dune field northeast of Femley, as

evidenc€d by solute concentrations observed in wells by the DRI (Alan McKay,
oral communication, 1998), CH2lvlhill (1990), and from nearby geothermal areas

(Garside and Schilling, 1979). In the absence of data these are assumd to be

negligibly small, though this may not be the case (McKay and Bohm, 1998).

5.2.I.2 Wadsworth-Nixon Reach

The second model domain boundary, the reach between Wadsworth and the Nixon
gage was divided for the present investigation into two segnents: from the north
side of Wadsworth to Windmill Canyorq and from Windmill Canyon to the Nixon
gage. This division was nec€ssary to retain a number of domestic and agricultural
wells within each segment sufficient to permit transmissivity estimates to be made

for the Truckee River aquifer.

In his investigation, Bratberg (1980) referred to two slightly different segments

along this reach: Wadsworth to the S-S Ranch, and the S-S Ranch to Dead Ox
Wash. The S-S Ranch is located approximately one mile down river from
Windmill Canyon, and the Nixon gage is situated approximately trvo miles down
river from Dead Ox Wash. Bratberg's (1980) segments, thus, correspond

approximately to those used in the present study.

The water budget along this reach is poorly understood, but was estimated first by
Bratberg (1980) and again for this study. Bratberg (1980) assumed that low flows
in the Truckee River of <-50 cfs represented baseflow conditions, and calculated
a net gain to the river of -16 cfs (-14,000 afly) betrneen Wadsworth and the
Nixon gage. Based upon his one-time stream flow measurem€nts, he determined
that the river received -11.8 cfs (-8500 afly) between Wadsworth and the S-S,
which far exceeds the estimated recharge from the Dodge Flat hydrographic area

of -1.9 cfs (-1400 afly; this study). Bratberg (1980) judged the amount of
agricultural return and springflow below Wadsworth to be small, probably <1.3

cfs (-1000 afly), and determined that ttre net gain below Wadsworth of -13 cfs
originated largely from agricultural application in the Femley-Wadsworth areas.

He then extrapolated inflows downstream of the S-S under the assumption that the
inflow per unit length of river was the same. His estimated gains and those of the
present study (Appendix D) are shornn in Table 5.4.
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River Reach

Derby-Wadsworth

Wadsworth-Nixon

TABLE 5.4

TRUCKEE RIVER BASEFLOW GAINS

13.0

t4.9

Low-Flow
tedian. in cfs

Cumulative

Not Calculated

15.0

s'2'r'3 

::"::ff:r#80) estimates orthe averase groundwater input along

ttre Wadsworth-Nixon reach, the present investigation used a mass balance

I'J'"tr'*Tf ":d:T:fi:SH3;:;*rLTTlX#ffyJ*:"n,-,*Appendices B and C). Records of montNy average flows were obtained (USGS,

1997), but the period of record differs for each site. The longest continuous set of
measurements was made at Derby, spanning the water years l9l9 to 1997.

Periods of record at Wadsworth and Nixon overlapped ttrat at Derby for the past

33 and 46 years, respectively. For those intervals, linear regression analyses were

performed using Derby flows as a basis. Results indicate that flows at Derby are

itighly conelated to those at the other stations GL997o) (Table 5.5). Regression

coefficients were then applied to the Derby flows to estimate those at Wadsworth
and Nixon for years when no measurements were made using the expressions:

Wadsworth Flow = [(Derby-Wadsworth X Coefficient) * Derby Flow] + Derby-Wadsworth Constant

Nixon Flow = [(Derby-Nixon X CoefficienQ * Derby Flow] + Derby-Nixon Constant

TABLE 5.5

REGRESSION DATA FOR TRUCKEE RIVER FLOWS

Flow geirs between Wadswqlh and the S-S @ralberg, 1980): I1.8 cfs

Derby-Wadsworth Derby-Nixon

Crnstant 10.885 Constant
Std Err of Y Est. 99.919 Std Err of Y Est.

R Squared 0.991 R Squared

Wadsworth-Nixon

26.520 Constant 30.011

85.700 Std En of Y Est. 1I.240
0.991 R Squared 0.995

X Coefficient 1.0742 X Coefficien(s) 1.0400 X CoefEcient 0.9557

Std En of Coef. 0.0058 Std Err of Coef. 0.0045 Std En of Coef. 0.0038

Linear regession coefiicients relating flows ar Truckee River measuement stations. Becsus€ florm at Derby Darn have the long€{A period

of record, these were selec-ted as fhe independeni variable in the calcllations. Wa&wortbNixqr coeffrcients are shown fa comparisotL

Data source: USGS (1997).
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The regressed data set was used to estimate groundwater input along the

Wadsworth-Nixon reach. Table 5.6 lists the mean, median, sample standard

deviatiorq coefficients of variancp, and flow differences between measurement

stations for all months of the year and for the low-flow, low ET months of
November and December only. As discussed more fully in Appendix D, the best

representation of groundwater input to the Truckee River between Wadsworth and

Nixon was obtained from the difference between median flows, rather than mean

flows. The figure of -14.9 cfs (-10,800 afly) obtained from median flows agrees

well with Bratberg's (1980) determinations, and moreover derives from a much

great€r number of measuremeirts. When used in conjunction with mass fluxes in
the Truckee River, this figure also produces estimates of groundwater solute

concentrations that accord reasonably with observations from Dodge Flat wells

and with Bratberg's (1930) calculations. Additionatly, log-probability plots

suggest a log normal distribution for low volume Truckee River flows, again
indicating the median to be more representative than the mean for the period of
record.

TABLE 5.6

MONTITLY TRUCKEE RrVER FLOW STATISTICS,IN CFS

All Months

Median Mean Standard
Deviation

Months of November
And December Only

Median Mean Standard Coellicient
Deviation of Variance

I
I
I
t
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I

Derby
Wadsworth
Nixon

401.3 756.5
44t.9 814.6
443.9 789.1

Coeflicient
of Variance

47.5
61.9
72.1

1.9
1.8

1.8

24.1

37.1
52.0

247.9 562.5 2.3

277.2 600.0 2.2
284.6 585.9 2.1

Means

29.3

7.4

Differences between flows at the stations:

Medians Means

Derby- 14.4 40.6
Wadsworth
Wadsworth- 10.2 2.0
Nixon

Truckee Riverflow statistics derived frunlhe regr€ssed data set, in ds.
Data source: U.S.G.S. monthly average flow drra, 1918-1997

l3.l

14.9

5.2.L.4 Conclusion

Results of the calculations zummarized in Appendix C suggest that bottt groundilater
flow and solute loadings to the Wadsrorth-Nixon reach rnay be slightly less tban tlrose

estfunated by Bratberg (1980), but of the same general Based on a limitod
set of measurenneirts, Bratb€rg (1980) estimated that grounduater inflow to the lov/er
Truckee River between Wadsworlh and the S-S Ranch is -12 cB (-8700 afly), and the

tcfial betr /een Wadsworth and Nixon is -16 cfs (-l 1,600 afly). The prcsent shrdy uses

a differern set of data to determine base flow and estimates the gain bet\ /eerl
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Wadsworth and Nixon to be -15 cfs (-10,900 afly). Pafi of this gain is frqn
groundwater recttarge to the Dodgs Flat hydrographic area estimated to be -1.9 cft
(-1400 afly), whictr results in a net gain of -13 cB (-9400 afly) from otlrer sources.

During wanner morths, the total garn is diminished by eraponanspiratiot (ET),

estimated totr- 4 cS (5,100 afly) by Van DenburelL et al, (1973), and -5 to ^6 cft
(-3,600 to 4,300 aAy) by this snrdy (Appendix D). Howwer, for rndeling purposes,

the total ET fiom Derby to Nixon was estimated at 14,000 afly.

The principal water source for the Truckee River aquifer is the river itself. Along
the Fernley-Wadsworth reach and near Wadsworth on the Wadsworth-Nixon
reach, groundwater inflow, though volumstrically low compared to river flows, is
significant in terms of solute loading. For Dodge Flat, subsurhce orographic
recharge is -1.9 cfs (-1400 afly), while other groundwater sources, possibly
derived from agricultural applications near Wadsworth and Fernley, input -13 cfs
(-9a00 afly). Groundwater movement within the Truckee River aquifer is
dominated by those processes.

5.2.2 Groundwater Movement

Monthly average Truckee River flows at Wadsworth range between -23 cfs and -7200 cfs,

with an average of 442 cfs and a median of -62 cfs. In the subsurface, these fluctuations
probably dampen within a few hundred feet ofthe river itself.

Principal movement directions inferred on a regional basis geirerally apply to the immediate
vicinity of the river as well. The limited available groundwater elevation data for Dodge Flat
are shown in Figure 5.2. These data originate from water lwel measurements made in wells
surveyed for the present investigation and from levels recorded in drillers' logs with ttre State
Engineer. Because in recorded well logs, sites are described no closer than to the quarter-
quarter sectiorl ttrese are subject to location errors of at least several hundred feet, with
corresponding elevation errors. Accordingly, wells were chosen to minimize the impact of
topography on groundwater elevations.

Groundwater contours correspond broadly to topography, and the dominant moverneNrt on
Dodge Flat generally trends west to east away from the Pah Rah range toward the Truckee
River. Gradients steepen in the northern and extreme southern portions of the study region.
The former probably implies lower transmissivities in ttrat area's alluvial deposits, while the
latter may derive from a combination of elevated bedrock and paucity of data points. The
dominant piezometric feature in the central region is a broad zone of lower water table relief
tlnt trends east by northeast from the Olinghouse fan toward the S-S Ranch indicating major
flow in that direction. This results from the presence of the highly transmissive alluvial
deposits defined by the monitor well field and the Olinghouse production wells (NLRC,
1997). Groundwater flow in this area is thus southeast and northeast toward the well field in
the west central Dodge Flat area, and then east by northeast toward the Truckee River.

Frgure 5.2 also shows a groundwater depression in the Truckee River aquifer southwest of
the Big Bend, just inside the PLPT Reservation boundary. This probably derives from
municipal pumpage for Wadsworth. That recharge largely derives from the river is
suggested by somewhat shallower gradients on the side facing it. Because of the high
transmissivity in the fluvial aquifer, drawdown from pumpage is generally slight.
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5.2.2.1 Hydraulic Properties

Transmissivities within the Truckee River aquifer have been recorded for a

number of Wadsworth area wells (ClDMHill, 1990; SEA, 1994). In the present

sfudy, new transmissivity estimates were made which compared favorably with
these previous values. The procedure involved selection of four calibration wells

for which good aquifer test and lithologic data were available. These wells
provided information 4gainst which estimates for hydraulic properties elsewhere in
the Truckee River aquifer could be compared. Drillers' lithologic logs of each

calibration well were examined and the recorded lithologies were catpgorized. A
hydraulic conductivity was assigned to each lithologic category based on qpical
values reported in Freeze and Cherry (1979). An average hydraulic conductivity
was then computed for the screened portion of the calibration wells based on these

assignments, assuming flow parallel to horizontal layering.

The transmissivity obtained from pump tests of each calibration well was divided

by the thickness of its screened interval to produce a figure for hydraulic
conductivity. For the four calibration wells, these were tabulated and the results

compared to the estimated hydraulic conductivities. To provide a better estimate,

the input conductivity figures derived from Freeze and Cherry Q979) were then

adjusted until a satisfactory fit was obtained between calculated and measured

conductivities. Only minimal adjus&nent was necessary, and moreover the

adjusted input hydraulic conductivities all remained within ranges qpical of their
respective lithology as reported in Freeze and Cherry Q979). Data used for these

computations are shown in Appendix E.

Table 5.7 derives from Appendix E and compares calculated against measured

conductivities for the four wells. Two correspond within -lsyo, one within -30yo,
and the other within 1%. These are extremely close fits since for a given lithology
conductivities can readily vary by two or more orders of magnitude (Freeze and
Cherry, 1979\. Note also that the transmissivities for the wells are within the
range reported by Bratberg (1980) for the Truckee River aquifer.

The adjusted conductivities determined for each lithology were their applied to
selected wells within the Truckee River aquifer. This entailed dividing the aquifer
into five segments: (1) West of Painted Rock in the Truckee Canyon; (2) behileen
Painted Rock and the PLPT reservation boundary; (3) reservation boundary to the
north side of Wadsworth (4) Wadswor0r to Windmill Canyon; and (5) Windmill
Canyon to the fish hatchery at the northern boundary of the study area (Figure

5.4). Within each segment, wells were selected that lay within the fluval aquifer
and were sufficiently deep to provide a reasonable lithologic representation.
Adjusted conductivities were assigned to stratigraphic intervals witftin each well as

determined from drillers' logs. From these, the overall conductivity for the entire
well was computed, again assuming horizontal flow and stratification. Results

from each well in an aquifer segment were then arithmetically averaged to estimate
the hydraulic conductivity for that segment. These are summarized in Table 5.8

and discussed and documented more fully in Appendix E.

Transmissivities used in the numerical modeling were obtained by multiplying the
average conductivity for each aquifer segment with its thickness. Bedrock was
intersected in only a few of the wells used to assess hydraulic conductivity: trro
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TABLE 5.7

ESTIMATED HYDRAULIC CONDUCTIVITIES
WITHIN TITE TRUCKEE RIVER

I Comparison of estimated and calculated hydraulic conductivities for Wadsworth and Stampmill Estates
- we[s. *

Estimated Measured Transrts- Screened Ratio
I Conduaivity Conduaivity sivirtu Intemal (ft) Kmeos/Kat

StamDmill West 187 188 15000 80 l.0l
I Stam;mill East 343 2s4 30000 lO2 0.86
t Wadsworth Prod. #1 196 224 22400 100 l.l4

Wadsworth Prod (New) 1965 2500 50000 20 1.27r Aver4ge 1.002 =Ratio Factor
I

Conductivity estimates based on CH2MHill (1990) transmissivity and well construction data for the
I Wadsworth area (Truckee River Aquifer Segment 3).

t
Arithmdic Geomdric

Mean Mean

r 1756 gpdtt 767 spdlt
235 fttd 103 fl/d

r Transmissivity ranges based on pump test interpretations. Data from Wadsworth and Stampmill Estates

r area (Truckee River Aquifer Segment 3). r

t High Middre Low

r Stampmill West 18,207 15,000 6,336

I Stampmill East 44,000 30,000 8,297r Wadsworth Prod. #l 22,440 22,400 4,803
Wadsworth Prod. (New) 60,000 50,000 50,000

I Transmissivity range given in Bratberg (1980) for Truckee River aquifer: 20,000 - 40,000

I * Units arc gpdlft.2 for conductivity and gpdft. fortransmissivity.

I Meanred and e$imated hydraulic condrctivities within the Truckee River aquifer near Wadsworth. Dala gources: SEA 1993; Washoe Courtry lJtilities,

I 
1995; CH2MHill, 1990; Brarberg, 1980.
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158

L7T

605 81 258
238 32 306
736 98 193
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TABLE 5.8

ESTIMATED HYDRAULIC PROPERTIES
OF THE TRUCKEE RIVER AQUIFER

Segment

Segment I
Segment 2

Segment 3

Segment 4
Segment 5
Mean

Assigned
Conducti-

vities
gpdfi(

118l
631

torT

604
238
734

Conductivities
Adjusted

using Ratio Factor
gpdtff fitttlay

1184 158
632 85

1019 136

Average
Transmissivity

gpd/ft tt/dry

83099 llt36
9992t 13391

173948 233t1

rs5729 20870
727t1 9744
141506 18964

Average
Depth

To
Bedrock

Segment Description

West of Painted Rock Exit
Painted Rock -> Reservation Boundary;
includes Stampmill
Reservation Boundary -> Wadsworttr;
includes Production Well
Wadsworft >Windmill Canyon
Windmill Canyon > Ilatchery
Combined mean for all segments

Segment properties arc av€f,ages obtained from selectcd wells within each Conductivity data are those from Tables E.l, E.2 and E.3.

Note that deflhs to be&ock are minimal: estimat€s fc Segrnenls 3, 4, and 5 are based on maximum drilled dephs and only 3 be&ock iderscc-tions flanking
the course of the Truckee. Gravity data suggest up to 2700 feet of eedim€nt in the rrea adjoining the river on the west. Much of that mry be fluvial.

Conduc'tivities used in the estimation process were selec'ted fiom ranges reported in Freeze rnd Cherry (1979) for the appropriare litholory. These w€re
ndj9"t"d 1o provide a best lit wilh pump tesl data after conversion to English units. Interpretation of pump tests gave a range of possible-transmissivitieq
which are shown on the following page. The most reasonable were selec'ted to represent actual aquifer transmissiviiy. Note that correlation of litholog and
trulmissivity was made only for the screened intervals in the tested wells. To estimate hydraulic properties of the thickness of tlre Truckee River aquifer,
each lithologic unit in a borehole was assigned a conductivity and an average taken for the entire hole assuming flow parallel to horizontal stratificafion
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each from Segments I and2,and one from Segment 3. Within those segments, the

depths to bedrock were exceeded elsewhere by wells that did not reach bedrock, so

aquifer thickness was obtained by averaging the depth to bedrock and the

madmum well penetration. For the remaining segments, aquifer thicknesses was

conservatively taken to be the modmum recorded drill depth. Depths to 
_bedrock

are shown in Table 5.8 and Appendix E. They range between -70 f@t in Segment

I and >300 feet in Segment 4. Particularly for Segmeirts 3, 4, and 5, the tabulated

depth should be considered minimal, since sediment thicknesses downstream from

Wadsworth are substantially in ex@ss of 300 feet (Carpenter, L997; Flartley,

l99S). Estimated transmissivities for eactr segment m ft"ld ars (l) -11,000; (2)

-13,000; (3) -23,000; (4) -21,000; anq (t 4,7}O,with an average of -19,000' In

the model, an average value of 20,000 ft"/d is usd.

5.2.2.2 SystemYield

The morimum system yield depends upon aquifer transmissivity and is limited by

recharge. If, fo; simplicity, a 1000-foot aquifer width, a l0-foot drawdowrU and

Darcian flow are assumed, the ma:<imum possible yield for each segment can be

estimated by multiplying its length, the transmissivity figures from Table 5.8 and a

gradient of O.Ot n.ln. Even with these conservative assumptions, the results,

iho*tr in Table 5.9, indicate ttrat in any segnent the capability of the aquifer to

transmit water is a significant proportion of the total Truckee river flow.

5.2.2.3 Storage

The maximum contained waler within each aquifer segment is the product of its
volume and its average effective porosrty. Aquifer volume depends upon the depth

and areal extent of the fluvial deposits associated with the present and ancestral

Truckee River (Hydrostratigraphic Unit HS5, see Figure 4.2). A minimum

volume can be esii*uted by assuming that fluvial deposi* underlie only the

present channel, and a thickness equal to the average bedrock depth calculated

from.ar.im.r- well penetration. These assumptions are reasonable in that most

wells penetrate only near-surface deposits close to the river. Outside of the

ftoodpiaiq lacustrine sediments comprise most of the upper portion of the

stratigraphic sectiorq and groundwater qualrty is poor, suggesting that its source is

not the Truckee River. Assuming further ttrat effective porosity is -20%o (Freeze

and Cherry, lgTg), the totat amount of wat€r containedwithin the river aquifer

(Segments l-5) is -200,000 acre-feeg or about four times the median annual

Truckee River flow atWadsworth Clable 5.9)'

5.2.2.4 Recharge

Much of the water contained within the aquifer derives from the Truckee River

itself. Limited orographic recharge takes place, mostly from the Pah Rah range

into Dodge Flat and thence to the river (-1.9 cfs). Between Wadsworth and

Nixon, flows in the Truckee River increase by -15 cfs, an arnount subsantially
greater than that orographic recharge. That gain is consistent with solute

concentrations on Dodge Flat and with observed solute fluxes in the river

(Appendix C, Tables C.3 and C.4). Thus, we conclude that approximately 2 of
the 15 cfs gain is from Dodge Flat and the remainder from east and south of the

river. Bratberg (1980) suggests that most of the gain takes place between Fernley
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a) Aquifer yield by segmept assuming Darcy flowr l gradient of 0.01, and transmissivities and
depths from Table s.fr.- o/ t, \ proportion, in

Transmissivity Segment
trn Leneth (ft.) Gradient

11136
13391
233r1
20870
9744

18964
14065

b) Aquifer volume and contained water by segment assuming a porosity ol O.2runconfined
conditions, and depths from Table 5.8.

Segment I
Segment 2
Segment 3
Segment 4
Segment 5

Meatr
Weighted Mean

TABLE 5.9

ESTIMATED POTENTIAL YIELDS OF TRUCKEE RIVER AQTIIFER

Yield
Ff/d

20000 0.01 2.2E+06 19,000
24000 0.01 3.28+06 27,000
15000 0.01 3.5E+06 29,000
16000 0.01 3.3E+06 28,000
40000 0.01 3.9E+06 33,000

115000 0.01 2.28+07 180,000
I15000 0.01 t.6E+07 140.000

Aver4ge
Contained Contained Water

Aquifer Sediment Volume
Thickness VolumeAverage Aquifer

Porositv Width (ft

percent, of
Median Annual

Wads. Flow

Proportion, in
percent, of

Median Annual
Wads. Flowacre-feet

Segment I
Segment 2
Segment 3
Segment 4
Segment 5

Mean
Weighted Mean

c) Truckee River flows at Wadsworth .

Mean Annual Wadsworth Flow Rate
Median Annual Wadsworth Flow Rate

l.4E+09 2.8E+08 6500
5.3E+09 l.lE+09 24000
l.lE+10 2.2E+09 49000
l.6E+10 3.tE+09 72000
1.8E+10 3.7E+09 84000

5.3E+10 l.lE+10 244000
4.4E+10 8.9E+09 204000

trld af/y

3.8E+07 320,000
5.3E+06 45.000

0.2
0.2
0.2
0.2
0.2

1000
1400
4200
3800
1500

70
158
t7l
258
306

193

193

0.2 2400
0.2 2000

14.4
54.5
110.3
160.6
188.0

544.0
453.8

cfs

442
62

Flow rates based on regressed monlhly average flows in cfs

Transmissivities, potential yields, and contained water as volumes and proportions of median annual Wadsworth flows. Calctlntions assume
Darcy flow and a gradient of0.01.
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and Wadsworth, and between Wadsworth and the S-S ranctr" corresponding

roughly to Segments 3 and 4 in the present study. Characterization of that input is

*reiuUject ofongoing investigations by DRI; previous workers have atrributed it

to surtlce and subzurface tetu*t from agricultural application near Fernley

(Sinclair and Loeltz, 1963; Bratberg, 1980; Van Denburgh and A$tnagU 1985).

Because of its magnitude and solute contsnt, it is important in assessing the

regional water resources along the lower river.

5.3 Discharge from Dodge Flat and the Truckee River Aquifer

Discharge from the Dodge Flat region today probably differs little from that of predevelopment

times and is by springflo*, o.pot rtspiration, and groundwater outflow to the Truckee River. On

Dodge Flat proper the depth to water precludes phreatophytes except at the DePaoli stock well where

the depth to water is about 3540 fe& @robabiy a percnea aquifer). Approximately three acres of

greasewood are located immediately aown gradient from this well. The stand is scanty, with about

i5 percent de6sity, and probably does not ut" -ote than about two acre-feet per year. Wjthin the

mountain block, purti"ututty along the mostly perennial Fort Defiance Creelq wapotranspiration is

estimated to be less than 100 acre-feet per year.

Eraporation-induced losses to the major Dodge Flat grourdrrater syst€m are negligible, ard except near

spriags plant rmts do not penetrate the urater table. Thus, there is no major errapotranspirative

-fr*o-"ttt of solute concentrations and associated degndation of uater quality on the lower Olinglrouse

frn or Dodge Flat. Deuteriumoxygen-ls analyses by McIQy and Bohm (1998) suggest tlrat evaporation

is significant only in the mountain block recharge areas and along perurnial streams.

5.3.1 Predevelopment Conditions

No specific data are available concerning predevelopment groundwater conditions in the

Truckee River aquifer or on Dodge Flat. Present consumption on Dodge Flat near th.e

Olinghouse fan is minimal, on the order of -10 afly, mostly from stock wells, and so it is

unlikely that predevelopment conditions differed substantially from current conditions.

present{ay regonal floun are tornrard the river from adjoining areas such as Dodge Flat. Except

for the 6r"dt*t"t depressions near Wadsworth (Figure 5.2), predwelopmerf grounduater

levels ov; much ofthe Truckee River aquifer probably ditrered little from tlrose observod today:

uaier lwels near the river approximately equal the river elsvatioq though in sone areas local

groundwater gradients probablyhave rwersed fromtheirpredevelopment directiots.

Changes in lower Truckee River flows due to agricultural divgnions have probably not

influenced regional groundwater gradients on Dodge Flat to a large _extent, 
though water

levels adjoiniig the iruckee River-may have been affected. For example, in a 300 foot thick

aquifer, u O-foot drop in water-level elevation will induce only a -2o/o gradrurt change.

Similariy, seasonal fluctuations in water levels will damp out within a comparatively short

distance of the river.

5.3.2 Present Condition and Pumpage

presently, groundwater flows within the Truckee River aquifer are generally toward the river

from adjoining recharge areas, apart from localized drawdowns around domestic wells. An

exception to this pattern can be seen in Frgure 5.3, which shows a groundwater depression in

the eastern part ;f aquifer Segmeirt 2 and the western part of Segment 3. This depression
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probably results primarily fromWadsworth municipal pumpage and from the two Stampmill
Estates municipal wells. Because transmissivities are generally high wittdn the aquifer,
drawdowns at the river tend to be small.

5.3.2.1 Pumpage

Ivlaximum pumpage at Stampmill Estates is proposed to be ^600 gpm (-1.4 cfs *
-1000 afly) fortotal buildout (SE\ 1994). The Indian Health Service r€ports thar all
dwellings in Wadsworth are on the municipal systenl which at the same use rate
indicar€s -1.2 cB (-870 aAD withdrawn. This is in reasonable concurrence with
municipal use reported to the BLM (1997) of zg3 afly (-l.l cs). ,rssumiag a 50yo
refim flow, Stampmill Estates and Wadsworth cqnbined consume a nei.. -t4O aftv
(-1.3 cft) and retum a like amount to the river's ground*ater Exst€m.

Elsewhere along the Truckee River aquifer, domestic use is limited: a total of l0
wells of all types are reported for Segment l;24 n Segment 2 (includes Stampmill
Estates); 30 in Segment 3; l8 in Segment 4; and l7 in Segment 5 (includes S-S
Ranch irrigation well). If all were domestic wells, these correspond to 38, 91, 68,
and 65 afly respectively for Segmeirts 1,2,4, and 5, for a total of 262 afly (-0.4
cfs). At a 50yo return flow, these figures would indicate a minimum additional
consumption of -0.2 cfs (-150 afly). Some of these wells are agricultural; some
lie within the municipal areas and have been included trpice in the-above water use
estimates. If the net effect of these inherent erors is relatively small, pumpage
estimates from well data, when summed with municipal pumpage, glve a iotal loss
to the Truckee River aquifer from domestic consumption of -tiOO afty (-l.Z cfs).
Table 4.2 shows use categories for all Dodge Flat wells incorporated in the present
study.

5.3.2.2 Irrigation

Irrigation in the Dodge Flat area is essentially confined to regions on both sides of
the Truckee KYtl sourced by the fluvial aquifer. A large pioportion (-850 af/y)
is used by the S-S Ranch (PTI, 1997). Annual duties appropriated by the State
Engineer total -550 afly @LM, 1997), but a proportion of this (-350 afly) is
assigned to ryrings and is probably unused. van Denburgh, et al., (1973)
estimated -1000 irrigated acres along the river, corresponding to -3000 afly na
evapotranspiration. Assuming a25%o retum flow, irrigation losses to the Truckee
River aquifer in the vicinity of Dodge Flat probably are behreen -SS0 afly (-1.2
cfs) and -3000 afly (-4.1 cfs).

5.3.2.3 Mining

Proposed mining activities by Alta Gold will over a S-year mine life withdraw
-500 afly (-0.7 cfs) of poorauality water from production wells at the base of the
olinghouse fan. This figure may decrease to -400 af/y (-0.6 cfs) for an
additional two years during reclamation (BLM, 1997). A maximum possible
additional five years' pumpage may be required should new develop-.nt" extend
reserv€s beyond the presently estimated limits. current pumpago at the paiute
gravel pits, about a mile north of wadsworth, withdraws an unknown quantity of
water from fluvial deposits adjoining the river on its east bank. This water
apparently is returned directly to the river, so losses there are likely to be small.
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5.3.2.4 Summary

Present consumption exclusive of mining from the Truckee River aquifer between

Derby and Nixon is in the t"ttge oi-2.2, cfs -(-1600 
afly). Most of this

withdrawal tut""pt""" in the vicinity of Wadsworth. -It 
is compensated mainly by

recharge from the river itself, but ottrer sources such as inigation return 
-flows'

TCID *rrut tot ugr, and possible flows of unknown origln alsg contfute locally

(Bratberg, iggo; Iti. shdjr. Characterizing theseadditional flows is beyond the

scope of the present investigation, and is 
-the 

subject of study by DRI (Alan

McKaY, oral communication, 1998)'
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SECTION 6.0

SURFACE WATER RESOURCES

Surfrce unter resources qr ard around Dodge Flat are dominafed by the Tnrckee river. Springs are pres€nt

within the Patr Rah range, but only a few arc found on Dodge Flat itsefi, ard their flows are mall. Other sprhgs

are found adjoining the Truckee River on its east bank benryeen Wadsworth ard the S-S Ranch. Florna to these

orighaf,e largely from agricuttural rehrms and mnstitrte at most -1.3 cft (-1000 aflV) @ratbery; 1980).

Surfrce smeamfloun are minimal. Higlrer within tfr Pah Rah range are several serti-p€r€nnial creels (e.g.,

Olinghouse Creeh Fort Mance Creelc Jones Creek) and a number of ephemeral drainages. Hourcver, only

under odreme runoffconditions do any of these e:rctd significartly onto the alluvial futs bordering Dodge Flat
(BLIvI, 1997). The vast majority of orographic recharge takes place in the mountain block.

6.1 Truckee River

Despite an erdensive reservoir and diversion systefir, floun in the Truckee River are erratic. Mothly
average Truckee river flo$ts are summarized in Appendix C and Table 5.6. The rEgessod data from the

pres€nt study show a minimum monthly flow of '-23 & (-16,500 *ly) at Wadswortlq a maximum of
-7200 c8 (-5,200,000 af,ly), amean of -440 cE (318,000 af,/y), and amedian of 42 c'G (^++,399 afyr.
Evapotranspiration losses, betw€en Wadsworth and Derby, range bstwwn -7 cB (-5000 afly) as

estinrated by Van Denburgtr, et al. (1973) and -13 cft (-9,400 afly) estimatod forthis snrdy.

River flovrn arre augmented by groud$Eler input along the reactr betrveen the Tmckee River gages at

Wadsworth and near Nixon. Bratberg (1980) for the yar 1979 estimated a subsurfrce discttaxgB to tbe

river betrnrcen Wadsworth and the S-S Ranch of -l 1. I cft (-8,000 afly) and behxrcen the S-S and Nixon of
4.4 & (-5350 cft), for a totat of -18.5 cft (-13,400 aAy). Based qr median flows frqn those low-flow
montlrs wlren er"apotranspiratiqr was also minirnal, the preserf inrrestigatiol anived at a figure of -15 cft
(-10,800 afly) betrreur Wad$/orth and Nixor. This gain cannd be observed at high flows, simply

bause oftlre magnitude ofthe river florna. Bratberg (1980) estimated that above -1000 cft, bank storage

mochani$ns temporarily withdraw water, resulting in a net loss bet\nrcen Wadsworth and Nixon.

E:omination of rEgressed monthly average flow data suggests that the loss mechanism is most evid€rf

between -550 cB and -2200 cft.

6.2 Mountain Front Runoff

Mountain front runofi as indicated previously, is one of three components of precipitation that falls
on the mountain block. The other two are groundwater recharge and evapotranspiration. Even

though these are s€parate processes they are greatly interrelated. Mountain front nrnoffis defined as

the volume of surface water that crosses the contact between the consolidated rocks of the mountain
block and the unconsolidated sediments of the alluvial basin. This occurs when the ffiltration
capacity of the soil and rock and the evapotranspiration rate is exceeded by the volume of available
water. Precipitation that infiltrates through the soil mantle, escapes evapotranspiration and moves

down-gradient, may contact a topographic inegularity, forming springs or seeps. Similarly,
fractures in ttre mountain block intercept groundwater flow and provide a conduit to the surfrce
where the water emerges. Thus, groundwater may reappear through specific springflow orifices or
as diffirse springflow and is considered to be surface water. This surface water is subject to
evapotranspiration during its time of exposure. Springflow and nrnoffthat do not reach a drainage
channel in sufficient volume to reach the river either evapotranspire or reinfiltrate to the groundwater

system. Depending on the individual drainage, surface water at the mountain front may have a
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groundwater component. Similarly, groundwater may have been influenced by surface processes

taking place in recharge areas. Isotopic data collected for the present investigation indicate this to be

the case on the Olinghouse fan (McIGy and Bohm, 1998).

For the Dodge Flat hydrographic area Van Denburglq et al., (1973, Table 10, p. 35) estimated the
mountain front runoff at20} afly. This differs significantly from the results presented in Table 6.1

which are based on the methods of Hedman and Osterkamp (1982). The table lists the estimated

runoff from the various drainages tributary to Dodge Flat and shows a total runoff of 1,000 acre-

feeUyear; this is five times greater than the amount estimated by Van Denburglr, et al. (l'973), and

approximately three times that estimated by JBR Environmental in the Environmental Impact Study

for ALTA Gold (BLM,1997).

TABLE 6.1

MOT]NTAIN FRONT RUNOFF FROM SELECTED
DRAINAGES TRIBUTARY TO DODGE FLAT

TOTAL (rounded) 1,000

l. E is epla*ral P is perernial less lhan 80 percent ofth€ tfun€.

2. Based on techniques desctibed by Hedman and O*crkamp (1982)

Both methods are based on regional relationships and channel geometry measurements, but those of
Hedman and Osterkamp (1982) are more widely accepted and take into account the character of the

channel sediments and the estimated length of time a drain4ge flows.

The fate of the 1,000 acre/year is uncertain. In part, it depends on the timing and the character of the
runoff. Flow resulting from summer storms exits the mountain block and mostly evapotranspires back to
the atnosphere. Some of the flow in the drainages resulting from melting snow and winter rain
undoubtedly infiltrates through the channel bed to the water table after passing the mountain front-alluvial
fan contact. Isotopic evidence suggesting that evapotranspiration that has impacted recharge waters on
Dodge Flat has been reported by McKay and Bohm (1998) and support the infiltration of surface water
runoffto the groundwater systern.
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Drainage, listed a *:-.^ ^L- ... _r Aver4ge
from southto T r Active channel ----::3: Channel material

north 
rype 

width, in feet2 ffiHf#t Characteristics

Pierson E 5 100 Bed is ooarse sand, banks are gravel

and 3-5 in diameter rock
Olinghouse E 3 50 Bd and banks gravel and coarse

sand, banks have small cobbles

Frank Free E 4 80 Bed and banl$ mostly sand

Tiger E 4 90 Bed coarse gravel, up to 8 fut" banls
same with cobbles

White Horse E 4 90 Bed and banks gravel and rock up to
5 in diameter

Fort Defiance P 3 400 Bed and banks gravel with small
cobbles 4-6 in diameter

DeadOxET200Bedmostlysandandgravelwith
some 34 in diamet€r rock, banks are

soil and eravel up to 4 in diameter
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SECTION 7.0

WATER RESOURCES BUDGET

The water resources of the hge Flat area are dominated by the Truckee River and its spatially associated
aquifer ryst€rn to the elftent that withdrawals from that aquife; wiu impact river flows a p*rniA-Iake. Any
rEgional rcsource assessment therefore must take irto account the compien budget of the Truckee River aquifer,
many cornponfits of which are urquantifiable at present ny comparisoq the uater resoruce budget f"r D"dg;
Flat is both snaller and sirryler. It is *ote readily quan;ifisd, au.it ottpiti*tty, tio* int€ractior with the
Truckee River aquifer takes place only arong their sharea bounoaries.

7.1 Dodge Flat

Figure 5.1 &picts the groundrmter budget components for Dodge Ftat and Table ?.1 q'amines the urafier
r€sources budget. Grounduater sources_ge dominated by subJurfrce rectrarge firon ihe pah Rah range
(-1300 afly). otlrer contributions are zuffcienfly minor to [e within Ae error lmits for reclrarge Sufice
sheamflow and qpringflorT , all of limitext volumg @uently arise frun eineqgent roctrarge ltmters. part of
this emergent uater is lost to qapotranspiratioq and tie r"ruinao re-€nters [e groundwater E4st€rn. TtF
e'dst€nce of goothermal cortributions on Dodge Ftat remains utproven, Uut if pro"trt th,,e are also likely
to be $nall (see Section S.l.l).

TABLE 7.1

WATER RESOTJRCES' BT'DGET
FOR DODGE FLAT

INILOW

Precipitation (22,N0 acre-feet/year)
Recharge
Mountain FrontRunoff
Groundwabr (fiom Femley Basin)
Truckoe Canal R€tum Flow, Ground- and SurfrceWater
Truckee River, below Derby Dam

Tcal (rounded)

OUTFLOW

Evapotranspiration ( I 9,600 from mountain block)
Phreatophytes Plus Cropland
Urban Use
Truckee River at Nixon

ACRF-FEET

1,400

1,000

9,000
34,000

291,000

336,000

14,0m
700

321,000

Total(roundeil 336,000

Iosses include minor evapotranspiration near springs, surface strealns, and stock wells. Dqnestic
consumption in the amount of l-3 afly is supplied by a localized perclrcd uater table to a handfirl of
residences south ofthe Olinghouse frn. Presently, there is no industrial consumptiorl but in the near fun'e
proposed mining activities in the Olinghouse dishict will withdraw -500 aAy oi oroutty pmrquality
groundvnter for a period o.f ublt five years (pertups as much as l0 years), followed by an additional 500
afly for an unlsrown period of time. This water will be usod for processing; *iur*tion, and dust
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abatement, and thus lost to tlre groundwater system. Alttpugh the volurne witMrawn e'rceeds ttte -300

aAy estimated rocharge to the Olingtrouse C-i* dftrinage, it it not Ereected measurably to impact floun

in the Tnrckee River, according to PTI (1997)'

Based upon basin volumes inferred from galllity data and an aszumed poro$ty of 20yq an order of

,nagnitude estfunate for the total volume of liter *tttuinta b€neath Dodge Flat is -7,000,000 acre-feet' or

rougtrly lg times the annual flow of the Truckee River (Appendix B, Table 8.1)' Because much of this

water is inaccessible, a well pene-bation a.etr, or-roo reet into tlre saturaled zone provides an estimate for

useable volume of -110,000 acre-feet. Tiese figures prelume uncorfined conditions, wh€re tk specific

yield of an aquifer approximately equals its effective poroslty'

A large proportion of Dodge Flat \{Eter is poorquality, b1t grstivitv interpgations suggBst ftat a zm of

good quality nnter may be present itt.ld"t l aeeosiS flanking thoPah nah taoge @a'l ttartley' Adgis'

199g, oral communication). lp preserrce of this water was inAcatea by geochunical-sampling of monitor

and production wells nearthe base of the Olinghouse frn (see Table S'l)' The widft' depth' and water

quality of this zone necessarily must vaxy Ai*aittg 
"p.t- 

lithology and local orographic recharge'

However, the volume of frestr water was..a.rv .*fit*t"d at -lo of total contained basinal water

assuming a volume ofthe fresh water -o, ptopo.tio*t to its width (Appendix B, Figure B'1, Table B'1)'

Groundrvaisr flow undolying Dodge Flat ultimately enters the Truckee River aqtrifer' Transmissivity

estirnates and numerical modelhg indicate that a large proportion of this flow enters the river bet$/o€n

Wadsworth and the S-S Ranch. Similar conclusions werre dmwn by Bratberg (19s0) and during$e

present investigation based upon solute loadings in tlre river. 
. 
Even though these florns from Dodge Flat

corilribute only a minor volume to tlre *.rrt Uoigrt of tlp flwial aquiftr, any consumpion of groundumter

from Dodge ff"t *iff dtinrately result in less water reaching the Tnrckee River'

7.2 Truckee River Flood Plain Aquifer

As indicat€d in Figure ?.1, the unter budget for the Truckee^River aquifer is mmplex' and for the most

part unq'antinanre at the present time. r"rictr ofthat complority arises frsn 4: $* length of the aquifer

and the number of interrElared hydt;lqdc processes'tlrat 
-take 

place wrthin 
^and 

along it' Tt'g"

ctaract€rization is the zubject or*gontg ii"ohgution by the Desert Research ktstitrte. Accordiruly, the

following discussion addresses trre wateiuudgah a conceptual, rarher than quantiative, frshioq dealing

in nrm with inputs, losses, storage, and the i"pu"t of an aquifer recharge, s0oragg and recovery (ASR)

systsn. Problem areas are id€rfiifid'

Inputs to the aquifer include primary -reclrarge, 
mountain front and other surfrce n|Iro4

possible geoth;al flows, spring r..pige and various p"t"ttd"t secondary flows such as leakage fiom

ditctres and canals, errcess inigatim apii*tioU and mrmicipal, domestic, and agdcultural rcilrms' The

geatest single nrater source to tbe aquifer is the Tnrckee River'

7.2.1 Sources and Losses

primary grourdwater recharye takes place in the sunounding mountain nnges' The amount

zupplied frqn the Virginia rti T.trct.. mnges is small" the former €ntering the fluvial aquifer in

the Truckee canyon upstream ofWadsworth(Figure 5.3 and Table 5'3) and the latter downstream

of it. The pah Rah range supplies minor volumes within the canyon' but the majority of its

recharge €Nrters the gl'o*O*#t systern underlyng Dodge Flat. Sl4!f streamflows' mostly

storm 
"runor, 

are miiimal, * uo rptitrgno*r (gLM, lggl\, some of wtrich originate ryP-odtttl.y

ao. rgi.Ji"A applications (B-*b.rg, l9s0). The magninrde of possible geotlrcnnal flows is
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unknowq though probably $nall, based upon the mass balance estknates of Appendix F' The

rernaining inpuf derive diiectly oi i"A*"UV from the river itself in the form of seccrdary flows'

The principal secondary flow derives from rmgafion-,ffit: "fii$." 
diverted from the Truckee

River into the Tnrckee Canal at Derby puttt -i at a few minor dirches near Wadsworth' For the

period tg67-tgg6,tlr";;"*g" Tructee c-a ai*oion was -179,000 af/y (flaT cft) (ICID'

l997Bratberg (1980) ,.porfau"oions at the other ditches to be on the order of 1'000 afly'

Losses from the f-.fdCu*f consist mostly of seepage, and refirm flow fiom canal regulatioU

and for the same time inten"al have been calculated iy-Oftt"to 19 
average 20,5T ayl 9"28'3

cfs) betrreen gages at Wadsworth and Hazen. fte median loss is -20800 
^fly 

(-28'7 cft) (fCD'

lg97\. In the Tnrckee *rrron wlrere the canal parallels the fiver, a larye portion of that see'pagB

directly erfrers the nurial'*tf* -d rldttt t iy the river tt.lf'. At Wadsworth and Femley'

leakage enten the Femley groundrnater *t*t' owiry to ditrering bed characteristia and

cons6uction rnaterialr,-ii i, uttt*tfy U,ui t .pug. is 
'nif-orm 

along the canal' 
-Nwertheless' 

as

shown in Figure 7.t, fomaes of looses ufong.lttJO.tt'-Wua"*otrtt segmert of the canal Cl25

cft) rougtrly .q.r"I g"r* in tt. r*o.., niier along ittut *tnt reach based on median winter

monlh flows (- 13.l cB, see Table 5.6); tlrey also difer fitle from modian gins for all months of

the year (-14.4c,8), thougtr they dirrerge widely frmr average gains (^40'6 cS)' Canal loss

estfunates for the Derby-rilad.sworth ,ugrr*, of trr" canal were-oetermined using the per mile

losses of -1.4 cft (-800 afly per mile) attributed to the wadsworth-Flazen segment' Furlher

analysis of canal losses is frond thl scope of the present inlqtigatioU but is important to

;d;r=t rrdtng groundwafer flow in the Femley basin (see Section 7.3).

other socondary inputs to the Truckee River slrown in Figure 7'1, mnsist of retum flows fiom

agricuttural, municipa! and domestic uses. 
_ 

Tlrese include-errcess inigation applicatioa drainage

water from gravel pits, treated sewagg, and septic dischalgc' The Truckee Canal supplies most

nigation water to tfre iemfey ur"u" but lvater is retumed from several minor dirches above and

beiowWadsworth (Bmtberg, 1980; Lico, et al',1992)'

Known losses to tle river aquifer include: ET from crops and phrcatophytes;.agnculnral'

municipal, and domestic consumptiotU and zurfrce uafier eraporation frun springs' canals'

transient pon&, rrA Or riuo itsefi. ffre hryest of thry lTses 
is ET, uilrich is estimated to be

-14,000 af/y (-lgcft) for the reglon b\ileen-Dsby and Nixott; of this, -9,000 afly is lost below

Wadsworth. It is also conceirable, though *p.u.tU that uater from within the fluvial or

adjoining aquifers enters fractures and later t*pp** asgeotlrermal flow' These losses are likely

tobe small.

The magnitude of river-aquifer interactions relative to other flows indicares that activities atrecting

the river aquifer will irnpact the Truckee River' This is €vids$ frun Figure 5'2' m v'/hich

drawdown n'o* pu.pugi JStu-ptiff Estat€s and Wadsworth produces ryq t'bi: gndietfs

away from tbe rirrer'.irealistic zone of potential dwelopmelrt might e'ftnd about three miles

upsheam and downstream of Wadsworth ffto." ."gn*d of tfre river aquifer (see Table 5'9O)'

Sqgme|ils 3 and 4; uoa iulf. 5.6) contain -120,0d acre-ft of vmfier, rougtrly twice tlp median

(and average annual) Truckee River flow-.at WadswortlU and throe tfunes its baseflow' Depending

on aq'ifer properb; anJhydraulic gTdient, tfre poter;tial yield of that segmert may 5" on the

order of 100,000 w 6qocrsl, coiroraliy in excess of median flows and approxinrately one-

third of average flows (Iables 5'6 and 5'9(a)'
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7.2.2 Water Balance

Presortly, the uater balance in the Trucke River aquiGr between Derby and Nfu<on embraces anumber of frctors requiring additionat quantification. Chief among them a^re ET losses, renms tothe river from that portion of the Truclee Canal south and west of wadswortlq ano zubsurfrce
retums along the reach betrryeen Starnpmill Estates and Windmill Canyon (n*i"fiin rrOo aquifer
sqgm€nts 3 and 4, Figure 5.4). This is termod the Wadsworth-Femley reach, and constihrtes adomain boundary for the numerical -S"tittg effort in ae presert snray. Suusurece florns alongthis boundary involve both agricultural *t"trr and additi^onal canal losses in the Fenrley area.
Bocause the wadsworth gage on the Truckee River is siuraod in the approximate center of thatrcadl an unknown proportion of this subsurfrce flow blpasses the ga;e, ad is r1gt rwordod.
There is thus rp direct way to estinrate those infloun ua"ei putery * ,i6ur*rrrt, of river staggand the magnitude of th" Fernley area subsur&ce florm renrains an open questisr wtrich isprcsently urder investigation by the Desert Researctr Instihrtiqr.

To develop an estimaie for Wadsworth-Femley subsurfrce flow (9000 fly), arEgional ,*terbalance was constnrcted and the amoury obained by difference erir,*gr, dJ *t*a a numberof assumptions, the result comp:res frvorably with otherworkers'efforts (van Denburgh andArteag4 1985). In the waler balance, the net dai" i" average floun be&veen tL o.tty and Nixongages w:ls marched with other combined inputs and loss estimates (Section 10.1.3). Inputs were:reclrarge from Dodge^Flat (1a00 afly);-Truckee Canal leakage and regulating nou,s tar of wlictrreurm to the river) (20,000 t/y); an subsurfrce floun Jorg ae waoswirur-Femley reach.
Recharge was calculatod f9r ttre present shrdy (Sectior 5.t). 

-The 
canat figures were obtainedfromtotal loss figures suppliedbvth. TruckiCarson rrrigatiott District Ocb), p;rabdtotbe

leqgth ofthe canal segment west ofWadsworth. Output t"'G r5"tr* betu/een Derby and Nixqrwas dominared 
-bJ 

srdpohanspiration (14,000-afly); tlrat figure otiginufud *itl, Van Denburgh andArt€aga's (19s5) determinations of phreatoplryte -d c.; ircr€ages (see Section 10.3.1). Thesubsurfrce input of 9000 afly (-n.a.ft) app** t" *nOt- reasonably with other estirnajes ofbaseflow gain for tlre Wadsworth-Nixor rcach. These are -9400 at/y (-14.9 cg) (this snrdy,section 5.2 and Appordices c and D) and:9500 aflv @Jbere l9g0). which figure is corrcct
can not be determined at pl€s€tlt; all can bejustified u*"a opott a rcalistic set of asJmpuons.

To establish inputs (e'xclusive of canal losses and rocrraxge) betlveen Derby and Wadsworth usingTnrckoe River floun, three rariables must be arte*ioed: (l) subsurfrce flow along theWadsworttr-Fernlcy reactr; (2) the percentage of that florv that b),passes dr ego -a (3) wtlich(median or mean) is an appropriate measure of river Aow. Tabie 2.2 lists tfi. iir"".er*i* U,"tarise under different baseflow, bypass percentage, -d%dr*"rd;..hy id;;;*
Baseflows are mexlsu€d or infened for the Truckee River betrroeen Wadsworttr and Nixon, adinclude those of Bratberg (1980) and those from the prcseflt study. The laner are obtainod fiqnthe median winter T*tl,s (14.9 cft), the mean from winter mqrtls (-2.4 cg), and the mean ofmorrhly florrys for all seasons (-2 cft). The median of winter oo** o* 

"r.d;il;it provides thebest nrarch with solute mass balance (section s.0). on th" otlto ttanq tlp wint€r month meanbest marches the vater balance used in the present numeriJsnray. use of a nrean to describebaseflow under these conditions is permissible since anomalously high flows tl't distort theaverage for trte most part are orcludod. The presence of such high floun made use of the orrcrallmean unrealistic.

Because the wadsworth gage-is roughly in the center of the wadsworth-Femley reac[,, tlrcpercerfrage ofgroundvater that bSpasses the gage is assurpd for calculation p,6["! b be either50%o or 60%' This is geologically plausibblfle gage is sirrateo close to 1119 *i, of the Dodge
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Flat baslq as inftrred frqn gavity determinations (carparter, lgg7),and that basin lies dottg the

Walker Lane fr'h zone lnolilram and Papke, 1969). Highlv conductive fluvial and alluvial unia

are therefore likely to be present in that area on both sides of the gage' Furtlrermore' the bedrcck

or""riurt may be'ftulted and conductive. Field observation of saline spffig water dso suggests

some input downsffeam ofthe gge.

Three h)rpothetical inputs are shown in Table 7 -2 for the Wadsworth-Fernley domain boundary:

g000 afly, 16,000 any, ana 18,000 afly Each @ncurs reasonably with a ditrerort set of flo\ E

and bypass assumptions If bas€Aod on the Wadsworth-Nixqr reach are repr€s€Niled by the

winter monthnl* cuurtuntiarv equal to that of Bratberg; 1980), then an additional 5500-7500

afly zubsurfrce flow above fte;ag; can be ass'med. fttis itnpties ttat the total input dmg the

wadswortlr-Femley t*.h r"tffi much as -16,000 to -18,000 afty ?22'25 c'G) Though

these figures require reassessnrers of the water balance, tlrey arc plausible. Appendix D suggests

a maldmum ET loss of -10,100 afty (la cft) below the wadsworth gage is possible' This

LrroponOr to a total ET in ihe t*Otf Ootttuin of -16,500 afly. Similarly, the a'erage per mile

canal leakage figures;y;G representative ofthat along the portion upsheam from Stampmill

Estat€s. A canal 1*;frin th. ratrge of 15,000-17,000 afly added to the higber ET figures muld

easily redress tfre wati balance diffe.ettces obained using median river flows' Afternatively'

ssne of the differences could be cdnp€nsat€d if a higtFr ptopottion of grourxfirater flow entered

tbe river upsheam from the Wadsrorth gage'

By conparison, a 9000 afly inflow along thewadsn'orth-Femley bourdary cotrpledwith a blpass

pioportion of 5}yn60o/o*gt* ttrat ASOO-S+00 afly eirter the river below the Wad-srorth gage'

These figures correspord .ilu *ia the baseflow gain bet$/een !.aasworur 
and Nixon of -5400

"tti eTicft) obtained us'rg winter mondr.tatt flo*t Oable 5'6), but are significantly less than

the -11,000 afly (-15 ct) Oiterminea using solute mass balances (Section 8.2 and Appendix C)'

Resolution of these conflicts is not yet possible, and is beyord the scope of this investigation'

From a geologrc stan@inq there is oo pto.tti justification to adjust blpass percertagBs' To

estinate baseflov gar11 tr",; fundamerfial- alternatives thus presem thenselrrcs: (l) use median

winter river floun that conform to solute mass balanoe calculatists but require adjusnnent of dher

gain-loss pafimeters, or (2) use mean wirfrer river flors that match prwiors wodcers' gin-loss

esti'ates but not sotute rnass balance. Althorgh tlrc latrer was selected for tlre present modoling

effor! the former nevertheless provides a basis Ot oti-utit g solute loadings to the Tnrckee River'
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SECTION 8.0

WATER QUALITY

The rEgional aspects ofthis surdy address uater quality issues, of which ore aspoct considers intpacts to the river
by the diversion of inigCIion umter to an artificial recharge, storagg and reoovery (ASR) systsn. The quality of
artificially reclurged rmfier at the ASR site is also a colrcen! since various processes may dqgrade \4'ater injected

into an aquifer. The secqrd regonal conrponent involves basin*cale emluation and quantificatiot of solute

loadlngs to the lower Truckee River. This is an important first step in assessing which frcton connibutittg to
solute loadiag are controllable. These frcton derive frsn hydrog€olqgic properties and stnmgly influeirce

parameters such as syst€rn siting, capacity, and desigt.

Water quallty evaluation utilizes information generated by hydrologic modeling of groundwater movemeirt
within the Dodge Flat basin, the Truckee River aquifer, and more specifically on the Olinghouse frn itself.
However, a feedback loop exists, in that water quality information has been used to constrain hydrologic
inputs at model boundaries (see Section 5.2.1.3). In particular, to quanti$ groundwater movem€Nrt to and

from the Truckee involved considering solute mass balances derived from stream flow measurernents and

from chemical analyses of surface and groundwater. Justification of this mass balance approach rests on
estimating the magnitude and plausibility of other potential solute sources.

8.1 Determination of Possible Solute Sources

To determine and implement a stratega that enables control of solute loadings requires understanding
input processes and assessment of potential ion sources. This same knowledge also aids engineering
planning, desrgn, and cost optimization. Current man4gement objectives for the Fernley-riladsworth-
Dodge Flat region are predicated upon earlier investigations in which lacustrine sediments are
presumed the principal source of dissolved salts to regional groundwaters. The intent of this section
is to weigh that concept against others, which include geothermal inputs, surface runofl and ion
release and exchange from clays, particularly those in paleosols. Results of this el€mination based qr
coneamtive major ion geochemistry suggest that lacusrine sediments are perbaps the most plaustp"le

sour@ for dissolved salts, but that geothermal contibutions are very possible. hterpretatior of D"O
isotopic analyses by McKay and Botm (1998) zuggests altematively the strurg possibility of a geothermal

solute comibutiorl with a lesser likelihood of a sedimentary orign. A mixed sour@ is therefore highly
probable, with the added complication that ttr groundrnater mmposition may firlher be modified
significantly by ion o<clrange mechanisms, weaflrering reactiors, and mineral dissolution.

The evaluations in this section are based on data derived from prwious shrdies ad fiqn sampling

specifically undertaken for the present project. They relied heavily on determination of grotudruater flow
paths on Dodge Flat and conrparisons between dissolved solute compositiors for a number of uaten. It
should cautiqred that too limit€d a data*st poses the risk of over-interpretation, and that the aszumptiors
usd durfurg the evaluation process always be bome in mind wtrcn drawing conclusims.

8.1.1 Descriptive Geochemistry

The first component of the geochemical investigation was descriptive, and entailed
consolidating the aqueous geochemistry of the Olinghouse fan and the Dodge Flat region into
solute contours and trilinear plots. Perusal of these diagrams provides insight as to the
source and fate of waters on the Olinghouse faq and provided a basis for the second
investigative compone,lrt, which examined poturtial solute sources by undertaking order of
magnitude solute flux and mass balance calculations.
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8.1.1.1 Solute Contours

Geochemical sampling of groundwater was performed by CH2MHill (1990) and

McKay and Bohm (1998) for 7 monitor and 3 production wells located on or near

the base of the Olinghouse fan (see Frgures 4.1 and 5.2. Delineate well nos. for
reference). CH2MHill (1990) reported major ion concentrations for all wells, and

trace elemeirts for the monitor wells only. The present study tested for major
elements, trace elements, and isotopes. Sample results are shown in Table 8.1.

WATERESOURCE, for this report, excerpted groundwater elwations, TDS,
boron, and major ion concentrations from its own meilsurements and from
CH2MHill (1990) and contoured them on a l:24 000 scale topographic overlay
(Figures 8.1 - 8.9). Major ion concentration contours are plotted in Figures 8.2 -
8.8. Figure 8.9 depicts boron O) concentration.

The contour maps show that on the lower Olinghouse fan all ionic species and

TDS increase along an east by northeast to northeast direction, reaching mildma
beneath the present valley floor. That direction parallels the local flowpath
estimated from groundwater contours taken on l0ll4l97 (Frgure 5.4) and in 9/90
(CH2MHill, 1990). The local groundwater contours are consistent with the
regional contours (Figure 5.2). There is little change in pH, which is sligbtly
alkaline (-8), along this flowpath. Low solute concentrations charadsize waters

above the toe of the faa as exemplified by approximately 300-500 ppm TDS
about 50 ppb (B) in MW-l and MW-7. These values increase to over 800 ppm
and 1700 ppb respectively in the area north and east of MW-3. Table 8.2 shows

the proportionate increase of these ions, B, and TDS along line C-C' relative to
their initial concentrations.

TABLE 8.2

SOLUTE PROPORTION CHANGES
DOWN THE OLINGHOUSE FAN

Solute Mole Ratio Change

I
I
I
t
I
I
t
I
t
I
I
I
I
I
I
I
I
I
I

TDS
Na
Ca

Mg
cl

s04
HC03-

B

2.9x
5.4x

2x- L.4x

2.7x- I.3x
3.8x
4.2x

-0.87x
53x

Change in molar proportions of selected solutes along lLrc A-A' relative to initial
cmcemratiqrs. Lin€ A-A' represents a palh dovm the groundwater llow gradient near the

base ofthe Olhghouse fan along which solute concenlrations increas€.
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TABLE 8.1

GROIIND AND SURFACE WATER COMPOSITIONS
IN THE DODGE FLAT REGION

lvlajor Ions (ppm)
Sample Site Collection

Narne Date pH ca Mg Na K Hco3 co3 so4

a) Composition of Dodge Flat Waters Sources: CII2MIlill (1990) and McKay and Bohm (1998)
tu03t97 8.01 38.5 tt.4 t7 3.24 182
rv03l97 7.83 17.9 5.28 l0.l 3.1 95.3
ntBtn 8.03 39.8 13.3 20.8 2.69 2tl
1990 n.r. 77.7 14.8 41.7 2.6 107

Lllt2l97 8.06 64.8 ll.6 37.1 2.45 ll8
1990 8.66 42.6 5.8 206 2.2 94

Ivt2l97 8.22 43 5.53 216 2.26 88.9
1990 8.6 48.3 7.47 201 2.5 99
1990 8.9 43 1.9 206 5.3 82

IUt2l97 8.19 44.3 1.45 221 5.89 E0.2

Minorlons
(ppb)

TDS
lvlajorions B F

by sunr

Df I (spring)
DF 2 (spring)
DF 3 (spring)
MW-l
MWI
MW-2
MW2
MW-3
MW4
MW4

10.8 12.7
4.25 3.75
I1.3 12.3
190 54.4
138 39.6
410 68.3
4M 7l
424 75.3
4t9 72.7
4t2 70.4
333 69.4
285 62.7
93.4 20
84.8 21.4
15.8 12.3
400 7t.4

28 10.5

453 ll.8

47.8 33.4
373 71.4

29.8 9.2
75.8 7.8
437 9.41
170.5 12.5
323 12.8
207.2 10.3

516
160

690

275.U
139.68
3ll.l9
488.2 0.061

4l1.55
828.9 r.72

830.69
857.57 t.7
829.9 1.8

835.24
685.5 0.096
6t4 0.038
3l1.8 0.051

309.18
3r0.23
824.53

NA
NA
NA
0.09
NA
5.87
5.8

5.65
6.35
6.3

0.09
0.09
0.1
NA
NA
4.5

447.23 NA

976.4 NA

436.48 NA
6ffi4 1.96 n.r.

Sr
374.89 1.5
289.4 1.3
l04l.l 2.65
441.79 3.15
642.3t 4.98
557.8 2.7

1000
l02l
1000
939
999

5r7
2098.2
863.7
1239.6
2242
1593

2034.5

530.3
89.4

MW-5 1990 n.r. 116 20 49.7 2.8 94.6
MW5 1990 8.09 102 18.7 45.9 2.5 97.2
MW-7 1990 7.76 44.3 7.r 30.4 2.6 ll4
MW 7 tvt2l97 8.2 47.9 1.Tt 28.7 2.61 116
Dead0x llll3ln 8.23 38 10.5 29.3 1.33 203
Nevada l^ands #2 lllfln 8.12 56.4 7.53 196 3.4 89.8
Well
Alta GoldWells, l2llll97 7.U 61.4 16.8 30 1.53 299
averaged
Frank Free Cyn. l2llll97 8.1 190 39.7 34.2 1.74 246
(spring)
S-SWell
DePaoli

b) Olinghouse Mine \ilell Averoges Souroe: Shepherd Miller (1997)
Production Well I Avg. 7.76 66.6 18.7 33.2 1.39 216
MonitorWell0l Avg. 7.93 47.1 1.62 38.3 6.78 ll2
MW 03 Avg. 7 .67 213 .6 40. I 43.3 I .69 296
MW 04 Avg. 8.14 82.2 292 52 1.97 119.7
MW 06 Avg. 7.79 125 6.3 60.9 l.7l 112.6
Average All Wells 7.858 106.9 13.9 45.5 2.7 171.3

t2nu97 8.38 4.44 1.54
1990 8.06 n.r. n.r.

215

tt7 2.3 230
216 n.r. n.r.

lc)

I
Stoichiometric l)issolution of Mnerals, 10(X) mg/ I liter. Soure for mineral compositions: Gainer et aL (f97)

Gypsum
Trona
Thenadite
Ilalite
Equal Proportions
3:3:3:l Mixture

307
331
397
262
335

45
6l

533

603
358 t62
346 104

t12
t53

t2.3
l9

234.3
49.6

I
I
I
I
I

d) lVaters from Selected Geothermal Sites Source: Garside and Schilling (1979)
Site272 Well
Site 269 Well
Moana Avg. of Selected Wells
Steamboat Avg. of Selected Wells
Eagle Salt Works Avg.
Patua#l (llazen)
Patua #2 (Hazen)

e) Soluter in Truckee Rlver Water. Sources: NDEP (fgyl); Bratberg (1980)
Steamboat Cr. 1988Avg. 3.7 t5.2 104 r2.r
BelowReno,overallAvg. @HighFlows 9.8 3.4 9.4 1.7

16 I 154
239 0.2 tr26
25.7 4.2 238.5
40.7 13.4 348.6
32 2 839
70 550
55 1.5 620

56
168 38
8.6 129.6
l8.s 241.9

6l
67

38 100

168 ll4
339 188
351.8 105.3
t62.6 401.6
334 955
4t 865
400 820

62.7 98.3
8.8 6.7
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TABLE 8.1

GROIJND AND SURFACE WATER COMPOSITIONS
IN TIIE DODGE FLAT REGION

lvlajor Ions (ppm)

CaMgNaK

I
I
I
I
I
I
I
I
I
t
I
I
t
I
I
I
I
t
I

BelowReno,overallAvg. @Moderate 12 4'4 12.8 1.8

Flows
BelowReno,overallAvg. @IowFlows 33.6 l5.l 60.3 7.8

Sample Site Collection
Name Date pH HCO3 CO3 SO4

57.8 128

t34 73.4

48.1 2t.6 93.2 8.5 148.1 5 112.8

26.9 9.9 32.1 4.9 139 0.8 35.7

98 7.2 49
99 l.l 22
88 0.6 16

85 0.93 16

TDS
Cl lvlajor ions

byzum

9.6 226.4

72.2 396.4

t24.7 562

2t 270.3

t2.2 185.5

52 292.2
13 185.1
13 161.6

13 157.93

100 574
r2t 7N
569 1233
199 827

r2.7 456.3
I I 831.8
13 500.5
t3 4ll
13 592.4
19 802
17.5 866.9
17.8 888.5
180 2589.9

199 827
555 1244

Minor Ions
(ppb)

BF

396
640 0.65
493
370 0.3
!)60
1400 0.6
1200
1250
3300 0.4

0.4

NixorU 1988 Avg., Low Flow
Conditions
WadswortlU 1988 Avg., I,ow Flow
Conditions
Tracy, 1988 Avg., LowFlowConditions 22.3 '1.5 26.6 4.6 94.2 l8'l

Nixon,1973-80Avg. 28 ll
Wadsworth, 1973-80Avg. 19 7

Derby,1973-80Avg. 17 6

Tracy,1973-80Avg. 16 6

Site 75, FWA-28 Well 7.6 37 24 20

Site 76, FWA-3A WellAvg. 8.7 2.4 1.5 2.5

434
2t3
183
183

f) Calculated Groundwater Inputs to Lower Tmckee. Source, Bratberg (19E0)

Derby to the S-S Ranch 62 24 83 7 155

Wadsworthto S-S Ranch 76 32 89 7 l&
S-S Ranch to Nixon Gage 65 34 321 17 152

WeightedMear,FenrleyAreaWells 79 37 138 16 166

g) Major Groundwater Constituents, Sites North of TCID Canal Source: Rowe et 1t (1991)_

sireT2,FWA-l WellAvg. 8.4 15.3 3.8 106.7 4.1 287 4.7
SiteT3,FWA-2 WellAvg. 8.6 4.2 2.5 220 9.6 556 7

SiteT4,FWA-2AWellAvg. 7.8 25 18 g 28 333 0
24 273 0
t2 522 20

t43
2tl
69
r92

22
2r.5
19.5
20
l9
24

85.3
84.3
850

192
50

Site 77, FWA-3B Well 8.4 2.2 1.8 220 ll 520 4

Site 78, FWA-3 Well Avg. 8.4 3.4 3.7 230 I I '5 499.5 16

Site 79, FWA4 Well Avg. 2.8 2.5 2375 14.3 525.8 3.5

Site 80, FWA-5 Well Avg. N. of Fenrley 10.4 15.5 735 30 769 0

Ihain
Fernley Well Avg. (Bratberg) 79 37

Fernley Well Avg. (Sinclair & LoelE) 87 26

h) Malor Surfre Water Consdtuenb, Siitec North of TCID Cansl Source: Rowe et aL (1991) tr'ernley Arca Well Averager.

Source: Sinclair and Loeltz (1961); Bratberg (1980)

138 16 166
2t9 30 275 2

Site 45, StleiffDrain
Site 44, Fernley Drain
Site43,A-fhain
Site46,Md-Drain
Site 47, South Pond
Site 48, North Pond
Site 49, Northeast Pond

8.3 24.4 15 134
8.2 29.6 19.6 lll
7.8 31 18.5 108.8

8.36 33.4 l9 203.8
9.4 48.3 75 2326.7
9.1 30 61 1500

9.4 20.3 207.2 8360

17.4 408.7 0 69.2
15.3 322 0 134.3

10.4 255.6 0 29.4
20.4 407 5.6 224.6
98 653 133.2 3100
68 539 65 1900

274.7 874 697.4 8220

2r.2 689.9 754 0.3
47.3 679.1 730
32.6 486.3 606
43.4 957.2 920

1286.7 7720.9 9116
960 5123 6900
5880 24534 32240

Major and selec-ted minor iqr oomponents of gromd and surface wet€f,s. Areas &scribed include the Dodge Flat and Femley areas, the Truckee

River, and seleCed geotherrnal sites fiom the region These were uscd to construc't trilinear plo{s ofFigures 14 - 35.
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Figures 8.10 - 8.15 depict concentration profiles constructed along line C{' for
TDS, SOa=, Cl-, Na*, Na?Cf ratio and Na?SO+= ratio. These were obtained from

the contours in Figures 8.2, 8.3, 8.4 and 8.6, and although generated from

interpolations of a limited data set, are instructive The profiles show a fairly
constant if rapid down-gradient rise in TDS and SO+= (Frgures 8.10 and 8.11).

The Cl'line is somewhat erratic, with jumps at about 1500 feet and again at2900
feet from point C, but nonetheless reasonably linear (Frgure 8.12); Cl'therefore is

not conservative. Near 2,500 feet, Na' increases (Figure 8.13), but its gains are

offset by more a rapid growth in CI concentration, so that Na-/Cl gradually

diminishes before rising (Figure 8.14). This may indicate exchange of Na= for
Ca* in clays, but if so would require precipitation of CaCO: since Ca- does not

increase in proportion and COr= concentrations drop.

The jump in CI near 2900 fu (Figure 8.12) coincides roughly with a majol Nal
increase at-zsDfeet and *rtoponaing sudden increases in ttre Na./Cl and Na*/SO+=

ratios (Figures 8.14 and 8.15). These obsenrations suggest solute (Na*, SOaJ input in

the area between MW6, MW-3, and Well No. 42919. It is in this same vicinity that

the proportion of fnegrained sediments also incrpases dramatically (see Appendi* A
SectionB-B).

Groundwater composition along the down-gradient path appears to reflect ongoing

input of solute from the saturated sediments as opposed to evapoconcentration

infiltration of precipitation. Since at the elevation of the monitor wells infiltration
is negligible (Eakirq et al.,l95L; Maxey and Eakin, 1949), water passing through

vadose zone sedime,lrts probably does not significantly contribute dissolved solids

to the aquifer. Evapoconcentration is precluded because of the deep water table
(-150 fe*). Lacustrine sediments, however, are increasingly abundant within the

saturated stratigraphic section at and beyond the base of the fan, in which region

the water quallty declines. The spatial proximity of increasd solute

concentrations to lacustrine sediments and distal fan deposits suggests that these

units and perhaps associated paleosols may yield salts to groundwater. This will
affect ASR design: even if soluble ions have been flushed from upslope portions of
the fan, mounding into previously unsaturated sediment and increased

downgradient flux may degrade water that is artificially emplaced.

The anomalous boron in some of the Dodge Flat wells may likewise indicate ionic

sources within fine-grained sediments or soils. Because borates are highly soluble,

its presence in sedimelrts also often suggests arid conditions suitable to evaporite

deposition, such as playas or groundwater seeps. I-ocalized ephemeral playas or
pelludal conditions might have existed during periods of desiccation, although

these environments are not described in available geologic references. Field
invesigation undertaken for the present study has, however, identified gJpsum-

bearing horizons within Sehoo clays. Soluble efflorescent crusts also are present

along these strata. Evaporationdominated environments might have retained

fluorine, which is present in elevated concentrations in some saline lakes and is a
constituent of certain evaporate minerals (Jones, 1965; Smith, 1979; Gatnes, et al.
(1ee7).
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It is also possible that boron, fluorine, and perhaps additional ions derive from
sourc.es other than evaporation. One such source is hydrothermal upwelling along
faults, despite the absence of direct field evidence of geothermal activity on the

upper Olinghouse fan, which is transected by a youthful frult zone @onham and

Papke, 1969; Robyn, 1994\. Boron and fluorine are conrmon constitueng of
geothermal waters in western Nevada (Garside and Schilling,1979\. Dodge Flat
lies within the tectonically active Walker Lane, and hot springs are preseNrt

regionally. Mor@ver, temperature readings from wells near the base of the fan
are slightly above normal for the area (McKay and Bohm, 1998; NLRC, 1997).

Geothermal input is therefore conceivable within the Dodge Flat hydrographic
basin. If present along its southern and eastern boundaries, thermal waters may
conhibute significantly to the Fernley system, in which case the
reduction of secondary recharge resulting from agricultural applications may have
little impact on solute loading in the Truckee River. That and related issues are

curre,lrtly under study by DRI.

8.1.1.2 Trilinear Diagrams

To ascertain potential solute sources to ground and surface water, both published
and non-published referenc€s conceming aqueous geochemistry were reviewed.
Results were combined with chemical analyses conduct€d specifically for the
present project. The main objective of these efforts were to characterize the
groundwater and its sources in the Olinghouse fan area; and to establish Truckee
River flow and concentration boundarv conditions that would facilitate
groundwater modeling.

8.1.1.3 Olinghouse Fan Water Sources

The trilinear plots in Figure 8.16 depict the samples from the Olinghouse fan
monitor and production wells that were used to generate the solute profiles. The
plots show trroo fairly distinct clusters: a moderately dilute Ca*-Mg*-SO+=-COr=
water characteristic of the topographically elevated portions of the area, and a
higher TDS, Na" - SOr= water at the base of the fan. This clustering reflects the
same rapid lateral composition and concentration changes shown on tlrc solute
contours, which indicate the presence of good quality water higher on the fra and
lower quality water at its toe.

Water well analyses listed in Table 8.2 are from the Alta Gold Corporation mine
area, on the Olinghouse frn. These vary from dilute Ca*-Mg*-Na-COs= waters
(PW-l) to high-TDS Ca*-Mg*-SOiCOr= (MW-3), which probably indicates
locatized flow through rock that has been differentially dtered and weathered
(Shepherd Miller, 1997d). Some of the samples contained TDS levels that are

unacceptable for drinking water. However, for major ions and TDS, the
arithmstic average of all mine :rql waters is similar to that found on the higher
portions ofthe Olinghouse fan, which meets drinking water standards.

The trilinear diagram shown in Figure 8.17 depicts these compositions and the
arithmetic average of the five mine pit waters. The average (Sample 6) suggests a
moderately dilute Ca-Mg-SOr=.COr= water. Comparison with Figure 8.16 reveals
a general compositional similarity between the mine area water and that of MW-1,
MW-5, and MW-6, the up-gradient wells on the lower Olinghouse fan. Water
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with the mine pit average composition would evolve to that found in the lower fan

monitor wells by acquiring a small amount of SO+= and losing COr=. Such

evolution could readily be accomplished through dissolution of gypsum and

precipitation of calcite. Both are present in the weathered" oxidized propylitic

andesite that hosts the Olinghouse Mine (Shepherd-Miller, 1997). In this

environment, gypsum derives from oxidation of pyrite, which often is abundant in

nonweathered hydrothermally propylitized andesite associated with epithermal

precious metals dePosits.

The compositional similarities and plausibility of the reactive process suggest that

*"rtottthe lower frn is sourced inbedrcckwithinthe mountainblocknearthe head of
the frn. Isotopic analyses by McKay and Bohm (1998) suggest a more corplo<

history including pre-recharge evaporation and mixing with basinal qater that rnay in

pan derive from geothermal sources. Both scenarios nevertheless are consistent with

the conceptual model for natural rectrarge used in the present investigatiorL and witlt

geophysical interpretations that suggest good quality waler within alluvial material

borderingthe Pah Rah range (flartley, 1998).

The next step in the water quallty evaluation was to examine possible origins for

solutes in waters at the base of the Olinghouse fan and on Dodge Flat proper.

This necessitated incorporating solute fluxes and mass balance calculations, and

formed the second component in the investigation of possible groundwater ion

sourc,es.

S.1.2 Sources of Ions to Dodge Flat Groundwater

In the specific area of the Olinghouse fan, investigation by CH2MHill (1990) and Cooper

and Associates (1930) showed no evidence of solute contamination from the slime ponds

emplaced during past placer mining activities. No other anthropogenic sour@s are present in

ttre area. Possible natural solute origins include:

. ion release from soils

. surface water flows

: ffiffim l|t$"p"n* minerals deposited within fine-grained lacustrine

sediments during interpluves

Comparison between waters derived from different sourc€s was undertaken using trilinear

diagrams. In additioru order of magnitude mass balance calculations were performed to

establish limits on the capability of those sources to provide ions.

Dodge Flat groundwater compositions differ somewhat from Bratberg's (1980) calculated

groundwater inputs to the lower Truckee River system which are shown in Appendix C,

iables C.3 and C.4, and plotted in Figure 8.18. Between the S-S Ranch and NixorU the

calcuated input TDS is -50% higher than in wells at the base of the lower Olinghouse fan.

Cation proportions are somewhat alike, but the calculated input contains both a

concentration and a proportion of SO+= that is much higher then that found on Dodge Flat.

Bratberg's estimates of Cl- concentration in groundwater recharged to the Truckee are higher

ttnn in the Dodge Flat samples, but because of the higher TDS the proportion of Cl- is much

the same.
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8.2

8.3

Simply mixing Truckee River water at Wadsworth with ttrat from the lower Olinghouse fan

will not prodrie the loadings of Na* and SO+= observed in the Truckee River at Nixon. This

suggests that the input process at Dodge Flat consists of more than simple inflow of lower

Olilghouse fan water: in particular, additional Na* and SOr= must be supplied. Additional

solute sour@s, either from within sediments or perhaps from geothermal fluids, are

indicated.

The calculations discussed in Appendices B, C, and F indicate that on Dodge Flat

groundwater solutes could derive either from the dissolution of evaporite minerals or from

leothermal waters. Contributions from soluble ions in paleosols are also possible.

Groundwater composition also could be modified significantly by cation exchange reactions.

As a consistency check of Bratberg's (1980) estimates, a composition close to t"pical

Truckee River water at Nixon can be obtained by mixing river water from the Tracy-Fernley

reach (Figure F.5, Appendix F) with his calculated Fernley-S-S and S-S-Nixon input waters

(Figure g.tt). forttle present investigation, solute mass fluxes provided an additional check

onbratberg's (1980) results. These involved estimating flows and solute balances within the

Truckee River (see Section 5.0 and Appendices B, C, and D)'

Truckee River Solute Mass Balances

Table C.3, Appendix C, shows average Truckee River flows, average concentrations of major ions,

and the fluxes of thote ions for the years 1980-1997 atTncy, Wadsworth, and Nixon (NDEP' 1997;

USGS, lggT). Based upon arithmetic averages, the river gains roughly 40 cfs along the reach

between Tracy and Wadiworth. Total flux of most solutes is also higher at Wadsworth than at

Tracy. DMding the differences in flux for each ion by the flow gains provides estimates of requisite

solute concentrations in the input water. These are geologically reasonable.

At Nixon, however, flows average only -1.9 cfs higher than at Wadsworth, though the median flow

gain is -i+.g .ft (Table 5.6). if it i. assumed that all solute remains in tlre river, i'e., that bank

io.ug. and groundwater recharge by the river to surrounding aquifers are negligible, and further,

il1at 6e rolut" loading derives only fro* recharge along the reach (-1200 afly), unrealistically high

solute concentrations are required in the recharge water: -2Yo of halite saturation, and gfossly

supersaturated as regards cAcite and gypsum. Appendix C, Table C.4, Appendix C, lists estimated

solute concpntrations in groundwater inflow under this set of assumptions.

These apparent contradictions indicate that the solute loading process along the lower Truckee is

comploq and consists of more than simple recharge from adjoining mountainblocks Analysis of the

-ugnitoar of additional inflow and contained solute has been canied out in Appendix C and Section

5.2, which describes the Truckee River Aquifer.

Conclusion

Solutes which enter the Dodge Flat aquifer system near the base of the Olinghouse fan rnay originate

from evaporite minerals contained in the enclosing sediments, from geothermal waters, or from a

combination of both. If present, geothermal inputs would probably be volumetrically undetectable,

yet could supply significant dissolved salts to the groundwater in that area. The question of relative

irpotit" -dg*ttt rrA contributions to the Dodge Flat groundurater systern can not be resolved based on

***Uy available data. Sutfur isotopic analyses may prove more valuable in that regar4 but are beysd

the scope ofthis shrdy.
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Simple mass balance calculations and the observed presence of soluble non-silicate mineral phases
suggest, although they do not prove, that evaporite dissolution is the more probable ion source.
These same calculations and hydrogeophysical interpretations indicate that other sour@s, such as
paleosols, could not in themselves supply sufficient solutes to account for the observed
concentrations in groundwater. Stratigraphic similarities elsewhere beneath Dodge Flat and near
Fernley and Wadsworth imply that the same solute loading mechanism may operate in those a.reas as
well.

The interpretation of differential resistivity data hints at a local zone of good quallty water in alluvial
units on the western flank of Dodge Flat. Its volume may be in the order of 100, or more, times
annual recharge. The existence of such a mne also suggests that beneath Dodge Flat solutes are
added to input groundwater, but sheds no light on the mechanism.
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SECTION 9.0

ARTIFICIAL RECHARGE POTENTIAL

Artificial recharge is taking water from one source, usually surface water, and injecting it into the
groundwater system through wells or allowing the water to infiltrate to the groundwater system from
surface basins. The recharge water can then be recovered later to help meet demand. Todd (1965 , p. 252)
list trro rqxons for artificial recharge; relief of overdraft and use of the aquifer as distribution system
storage. These broad categories are consistent with the findings of other investigators. This technique and
the advant4ges and disadvantages are widely discussed in the scientific literature and in Nevada specifically
by Brothers and Katzer (1990), Bemholtz, et al. (1991), Johnsorq et al. (1997), and K^tzar (L997\.
Artificial recharge is widd used across the country by numerous water nuuurgers to enhance existing
water resources. In general this technique is cost effective, however a cost benefit analysis as described by
BoardmaA et al. (1996) should be completed for the specific project presented in this report. Similar
evaluations of artificial recharge have been made by Reichard and Bredehoeft (1984) and Katznr, et al.
(ree8).

It has been proposed that Fernley acquire surface water rights out of the Truckee River and use those rights
to recharge the groundwater sys0em underlying Dodge Flat and recover the water for distribution to Fernley
or additionally, as part of a regional water facility, to also serve Wadsworth. This evaluation is the first
attempt to determine the suitabilrty of the groundwater system to store Truckee River water for later
recovery for municipal uses.

Artificial recharge by well injection into the groundwater system underlying Dodge Flat is feasible and is
the preferred method of augmenting the groundwater resources simply because of the large acreage that
may be required for recharge basins (CH2Mhill, 1990) and the potential for the ffiltrating water to
mobilize solutes in the sediments the recharge water must pass through to reach the groundwater table.
Based on aquifer test data the saturated sediments that make up the aquifer system have the ability to
accept large amounts of water. Artificial recharge through wells will bypass the lacustrine (fine-grained
lake bed) sediments and allow injection into the underlying principal aquifer system. The chemistry of the
lake bed sediments, both saturated and unsaturated, is dominated by various salts that will degnde
recharge water. There is an are4 about two square miles , on the central to west side of Dodge Flat ttrat
contains relatively good water qualrty, less than 500 mg/t total dissolved solids and it is this area that
recharge, from a water quality basis, would be most successful (see Figure 9.1). Outside of this area and
towards the river water quality becomes poorer, but still within the secondary drinking water standards.

Artificial recharge by well injection will require treatneNrt of the river water prior to injection. The cost of
treatnelrt, together with the cost of diverting the water from the river and conveying to the treatnent
facility/recharge wells location, will need to be integrated into the cost benefit analysis noted previously
herein. The cost benefit analysis is beyond the scope of this report.

There is ample room in the aquifer to store many thousands of acre-feet of water, but some water will be
degraded by the abundance of salts in the sediments and groundwater and that is the only adverse impact by
mi*ing Truckee River water with the natural groundwater. A geochemical mixing model called NETPATH
developed by Plummer, et al. (1991) showed virtually no adverse chemical impact caused by mixing
Truckee River water with natural groundwater. Calculations indicate that water from MW-l is slightly
supersaturated with respect to calcite, dolomite and aragonite. This is due to the precipitation kinetics of
these species, and is commonplace (Drever, 1988). On the other hand, both Truckee River water and water
from MW-7 are significantly under-saturated with regards to these phases. An equal mixture of Truckee
River water and ttrat from MW-l will be slightly over-saturated. Because of kinetic effects, it is unlikely
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that precipitation of these carbonates will occur; however, full reaction path geochemical simulations

should be undertaken * p"tt "r* aquifer storage and recovery (ASR) feasibility investigation'

Short-term storage up to five years of 5,000 to 10,000 acre-feeUyear *oulq p.robably result in minor

quality degradation of A, recharrged water, but would not cause a measurable increase in groundwater

discharge to the Truckee River. lr tne ,."tr-g" project is operated by injecting river water during the

winter and spring and recovering it during trre roilowing summer potential water quality degradation will be

minimized.

Groundwater modeling results indicate that with current watpr demand projections developed by

Wateresource CorrsJtiig Eogirreers, lnc. (writt€tl communicatiora 1998) shown-in Table 10'6' and starting

to recharge 5,000 acre-feet/year in the year 2005, there will be no serious overdrafu until about 2025' At

ttrat time artificial recharge will need to be increased'

9.1 Poteltial Impacts from Storage onthe Olingbouse Fan

Although additional modeling in conjunction with subsequent feasibility studies is necessary, order of

*agnitude estimates regarding the er<tent ana shape of the groundwater surfrce zubsequelrt to injection can

be made brrrd;p"" dr rft.t of the Dodge Flat plmp 
ry !f . kt the following examplq injectior wells,

rather than infirdtior, po"ds, are considerolthe optimum ASR mettrod. This is basd qr the latge acreagp

required ro, iogtration (crilwtiu, 1990), associated erraporative losses, and acquisitior of solutes frqn

tfre gnegrained lacusffiine sediments and paleosols througfr uilridr infiltrated water must pass'

The etrects on the umrer table of injection at 900 gpm (-1450 afly) catr be considered ttre opposite of the-

withdrawals performed for the po*p tot , **ffi.uttinity of aq,rifu ptopettio irto tlrose portiors of

the aquifer tlrat receive the 
-injwted .t*t* At *t and Ch€rry, 1979')' ryt"d upon drandown

measuremenrs, the mounding from a rittgt" injoti* well would taiG trte piezometic surhce by -50 ft (q

-100 feet below land surfrce) at the well-site, and by <l fod at -1000 - 1500 f€et' Ttrc additive effects of

fot' identical in:r"tion *r[.'tp."rd -sooiJ apart"rmgbt there,fore raise the water table perhaps as much

as l0 feet midway betrreen them. These dgures are orderof-magnitrde nttt,t* orly, assuming

additivity of injJon curves. Precise impacts must be appraised by a detailed feasibility sbdy'

Assuming a transmissivity of -225,000 gpd/ft and an ryirer thiclo€ss of -500 feet gves a hydraulic

conductivity for the alluvial aquifer or^ed'nya. under a tryorautic gradi€tf of -50/1000, ftat cmductivity

gives a qp."ifir disclrarge of -:o fl/4 and d.20%por*ity, an average linear velocity of -150 ft/d' The

rapi&ty of this flow suggests tfrat Ae iojection wellfield siiould be sinrarcd as frr as possible upfrn from

the lowquality go*afrt"t on ooag"ilut. Hoyever, ion rclease fiom paleosols could oorfribute to the

solute loading 
'or injr"t"a fresh odlr, depending on tlre proportion of 

-paleosols 
in the alluvium'

calc'lations in Appardix B, based on *il ;tnphng by crullthiil indicate tttat upon sanrratioru t t' of

paleosol potertialy could supply -1400 tdkg oi*tut to its pore waier. If paleosols cornprise ten

percerf (l0olo) of a newly saturated Ahuiut-.q;f"t, the solute concentratlon in the injected vater would

increase by - 140 tt/kg This addition of salts will be magnified to tho ersent tbat the grourd\/aier

mound**.rrrt"o frn'g[i".d sodiments, whichpotentiallymay c:use solutes. Althoughthis peliminary

analysis suggests tnat &wngnaient flow of mrtrv injecied wat€r poses a grearer risk of unter qudity

desadation o- aoo *o*iirrg within the aquiftr, furtber modelia dorts are esserfiial to quantify t]te

resp€ctive impacts of the two processes Furtlrermore, AsR feasibility investigatior must include

additio.al drillrrrg and detailed ctrr*t"rl-ti* ofthe olinghouse frn d€posits. kr additior to ttF technical

aspects *ro.iuti with the Oling[rouse frn sorage aleg ot]rer @ncems rwolve around uater acquisitian

options.
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9.2 Water Availability for Recharge

It is assumed for the purposes of this report that the water available for recharge to the Dodge Flat
AsR Project will come from the Truckee River. The water rights for the rechige progam will be
acquired by the Town of Fernley from the Truckee Carson Inigation District (TCID). It was further
assumed that Fernley will be allowed to use the TCID water rights obtained from the Fernley area
TCID irrigation rights ongoing negotiations between the Pyramid Lake paiute Tribe and the Town
of Fernley are addressing this issue. Also, it was assumed-that Fernley will be allowed to use and
store the Truckee Division (of TCID) distribution systern loss. me AstriUution system loss is
estimated to be in the order of l/3 of the water rigirts acquired by the Town of rerntey. It is
emphasized that the state Engineer has NoT ruled on the losses issue.

To evaluate the impact of storing and using these rights by the Town of Femley, Sierra pacific
fower Company's Truckee River modeler (Sierra Hydrotech) modeled various scenarios relating to
the Town of Fernley's storing Truckee River water rights The model utilized for this study was-the
Truckee River monthly operational model used for the Truckee River Operating Agreement
Environmental Impact Statement/Environmental Impact Report (TROA EIS/EIR) analysis. The
analysis period was for 95 years (1901-1995). Several assumptions were utilized inttre performance
of this model. Appendix G contains the May 5, lggT Femley Water system supity Analysis
performed by Sierra Hydrotech for the reader's ieference.

In the analysis, water stor4ge requirements were evaluated based on several altematives, three ofwhich are discussed in this section. The first altemative was a storage requirement usi4g the
agricultural diversion demand schedule which provides for diversion of water from the Truckee River
to the Truckee Canal from March through November of each year. The second alternative utilizd a
municipal and industrial demand schedule which diverts water twelve months of the year. The third
alternative evaluated was a water exchange along with the M & I demand schedule. The M & I
demand schedule, 4gain, diverted water for trpelie months with the mardmum month being in the
order of 13% of the annual diversion and a minimum month a little over S%oof the annual diversion.For the purposes o_f trt modeling study, a diversion requirement from the Truckee River was
assumed to be 4,500 acre feet per year, blsed on a water supply requirement schedule developed bv
wateresource consulting Engineers, Inc., for the Fernley Town utilities.

The 4gricultural demand schedule modeling included limitations on Fernley's storage ability
whenever Truckee River flow was less than necessary for Truckee River Wateiquaity Srttrr**t
Agreement purposes.- The aver4ge annual supply roittre study period was 4,4D5 acre feet with the
smallest annual supply being 2,105 acre feet. 

-The 
numbe, oiyears when the 4500 acre feet could

not be provided was four years. Each of those years' shortages occurred in the month of November
only. The macimum storage requirement for thii demand schfoule was 1,820 acre feet.

The M & I demand schedule analysis provided an average annual supply for the study period of3'792 acre feet with the smallest annual supply beng2,256 acre feet. tio*ru"r, the number of years
when the 4500 acre feet could not be diliverea increased to 69 years. The short4ges occurredprimarily in the winter because either there were storage spills during wet years or the Truckee River
Water Quality Settlement Agreement summer restrictions prevented accumulation of enough s3oragefor Fernley during November through March. The maximum reservoir storage requirernent was
1,370 acre feet.

The M & I demand schedule with water exchanges assumed ttnt it would be feasible to have
leasonal exchanges of water supply among Fernley, TCID and Pyramid Lake. fusuming that theTruckee Division water supply can be relited to pootea water stor4ge in Lake Tarroe and Boca. it
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would then be possible for Fernley to convert and store water during the winter. This would be
based upon assurances that water for Truckee Division rights would be available during the
upcoming irrigation squon using seasonal exchange water borrowed from either the Carson Division
of TCID or from Pyramid Lake. This water would either be diverted to serve Femley's winter
demand or put into Fernley's storage during the winter and conversely, during the summer, an
equivalent amount of water would be released to the Carson Division or ny"a*iC Lake, as
appropriate, through an exchange. This demand schedule analysis provided an annual average
supply of 4,417 acre feet, with a minimum annual supply in the order of 3,717 acre feet. ftre
number of short years when the 4,500 acre feet could not be delivered decreased to 33 years with 3l
of those years occurring in the month of November only. The mo<imum reservoir stor€e required
for this demand schedule was 5,460 acre feet.

An M & I schedule is more desirable for the Town of Fernley because of the l2-month demand
rquireme,lrt; however, an agricultural schedule may be feasible in that the winter demands,
November through March, are the lowest of the year, and the demand requirement could be provided
by groundwater from the Femley area with or without treatnent as required during this period to
meetM&Idemands.
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sEcrroN 10.0

GROUI\DWATER MODEL DEVELOPMENT
AND PROJECT IMPACTS

MODFLOW is a three dimensional groundwater flow model that simulates groundwater movement through
gridded layered cell blocks by solving a series offinite difference equations. These equations preserve the

quantrty of ground water in the modeled area. For any further detail regarding the flow model, the

MODFLOW documentation (McDonald and Harbaugh, 1988) should be consulted.

The first st€p in developing a groundwater flow model is the formulation of a conceptual hydrogeologic

model of the area to be mathematically represented. This conceptual model is based upon the available

hydrologic data, inferences based on observations of similar hydrologic settings, and assumed conditions or
expected ranges of conditions for parameters that have not been measured or are not readily estimated for
the subject hydrologic basin.

The next s0ep in the groundwater flow model development process is to construct a numerical or
mathematical representation of the conceptual model. This requires generation of a grid systern covering

the hydrologic area. The grid syst€rn can be either single or multiple layers with each cell in the model

being identified by grid row, column, and layer designation. Usually the grid size and number of layers are

chosen based on the amount of available hydrologic data for the particular basin. Each cell is given a

number of parameters (i.e. transmissivity, storage (in transient scenarios), conductive characteristics for
river and spring flow, recharge where appropriate, and rates of evapotranspiration when the water levels

are within a set distance from land surface) which control water flow through the model.

The approach taken in the development of the ground- and surfrce water model of the Dodge Flat area,

including the Truckee Canyon area from Derby Dam to Dodge Flat, was to produce a steady state model.

The area eircompassed by the model is shown in Figure 10.1. It includes the Truckee River from Derby
Dam to the Nixon gage, and also shows the steady state groundwater levels. The steady state model is

intended to replicated as closely as possible the hydrologic system such as annual mean Truckee River
flows, groundwater recharge, and evapotranspiration as defined by the USGS (Van Denbur$r" et al.
(1973) while attempting to match existing groundwater levels. Important uconstantsu become the amount

of water entering the system or the recharge, inter-basin groundwater flow, river and canal flow and

leakage, as well as water leaving the area by evapotranspiration and canal and river flow. River gage

re,cords at Derby, Wadsworth, and Nixon as well as groundwater water levels serve as calibration points.

Once the steady state model is calibrated to represent the Dodge Flat and Truckee River flow system,

transient simulations are then condusted to measure the impact of pumping and recharging the groundwater

system over time. The following details the development of the steady state model and then the various
transient scenarios and resulting simulated impacts.

l0.l Steady State Model

A one-half mile grid, 32 rows by 32 columns, consisting of two layers, was constructed to simulate

hydrologic conditions in the Dodge Flat and Truckee Canyon. Both the upper alluvial fill and

surrounding consolidated rock outcroppings and the lower consolidated rocks were modeled as

confined fixed transmissivity units. The flood plain aquifer is considered unconfined. Conceptual
hydrologic budget inflows consisting of groundwater recharge, inter-basin groundwater flow (from

the Fernley area), and measured flows at the Truckee River Derby Dam gage and Truckee Canal
were inputs to the steady state model. Parameters such as transmissivities, vertical leakance between

l0-1
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liayers, and river and canal leakance values, were calculated based on aquifer tests and used in the
model to simulate ground- and surface water flow quantities and paths. Conceptual hydrologic
budget outflow consists of evapotranspiration. Simulated Truckee River flows at the Wadsworth and

Nixon gages (simulating leakage from and gains to the river) compared to the actual gage record and

measured groundwater levels provide for calibration of the pararnsters included in the steady state

model. The simulation of conceptual hydrologic budget inflows and outflow are discussed in detail
below. Then the calculations or estimates used in parameter selection (i.e. transmissivity, vertical
leakance, etc.) which was dependent on geology and aquifer test data are discussed. Finally the

simulated results consisting of Truckee River flows and groundwater levels are discussed and

compared with actual values in the calibration section.

l0.l.l Hydrologic Budget Measurements and Estimates

10.1.1.1 Recharge and Inter-Basin Groundwater Flow

Primary recharge to the Dodge Flat groundwater system occurs from the
infiltration of precipitation occurring in the higher elevations. Dodge Flat receives

the majority of its recharge from the Pah Rah Range bordering the valley on the
west side. Van Denburg$., et al. (1973'1 estimated the recharge, based on the

method described by Eakin, et al. (1951), to Dodge Flat to be about 1,400 afly.
This recharge was confirmed in this study using the most recent larger scale maps
(1:24,000). Digital elevation data were used to generate and distribute recharge

based on the Ma:<ey-Eakin method (Fakin, et ol., l95l) with the factors defining
percent of ffiltration listed for Dodge Flat in the report by Van Denburgfi,, et al.
(1973). Figure 5.3 shows the recharge areas and Table 5.3 shows the recharge

values used in the model. Based on this method, the recharge for Dodge Flat was

simulated in the model to be about 1,400 afly.

Based on difference of median flows between gages, approximately 15 cfs (11,000

afly) is estimated to enter the Dodge Flat area and reach the Truckee River
between Derby and Nixon based on analysis of Truckee River flow described in
Section 5.0. A total of -9000 afly is thought to enter the river from the Femley
area (Van Denburgh and Arteaga" 1985), and this is the figure used in the
numerical simulations (see Section 7.0). The model was allowed to calculate the
amount of interbasin flow entering the Dodge Flat Basin by utili'ing general head

boundaries and conductances. These are discussed in more detail in the hydraulic
parameter section. The model simulated an inter-basin flow from the Fernley area

ofabout 8300 aflv.

10. 1.1.2 Truckee nirrg no*,

The Truckee River flow at Derby Dam was used as an input to the model. The
mean flow data derived from the regressed USGS monthly average flow data from
l9l8 to 1997 for the Derby Dam, Wadswortb and Nixon gages were used as

input and as calibration data. These flow data are 401.3 cfs at the Derby Dam
gage, 441.9 cfs at the Wadsworth gage, and 443.9 cfs at the Nixon g4ge. The
statistical analysis that produced these values is discussed in detail in Section 5.0,
Appendix C.1 and Appendix E.

The modeled results and the comparisons with the gaged data is discussed in detail
in Section 10.1.3.

t0-3



10. 1. 1.3 Evapotranspiration

Evapotranspiration (ET) was simulated in the Dodge Flat and the Truckee Canyon

segment by using the MODFLOW ET module. Maximum rates and extinction

depttrs are specified and ET is calculated linearly, based on depth to water, with

zero ET at the specified extinction depth and madmum ET occuning when the

water table is at land surface.

Van Denburg[ et al. (L973, Table 15) estimates the acreage of phreatophytes and

irrigated lands in Dodge Flat to be 2200 and 950 respectively. They furtlrer

estimated the combined phreatophyte and irrigated acreage in the Truckee Canyon

segment to be 1500 acres for a total acrexrge of 4650. Assuming an annual

consumptive use of 3 feet per year per acre, and local evapotranspiration rates, the

total wapotranspiration equals about 14,000 afly (19.3 cfs) between Derby and

Nixon. Approximately two-thirds of this, or -9400 afly (-13 cfs) takes place

downstream from the Wadsworth gage.

The 7.5 minute USGS topographic maps along with Plate 1 from Van Denburgtl
et al, (1973) were used to estimate the amount of phreatophytes and inigated
lands occurring in each of the model cells. Because the overall evaporation rate

assumed of 3 feet per acre is constant for each area regardless of the actual

variable depth to water, a greater potential ET rate had to be specified in the ET
module to develop the volume calculated based on the areas specified by Van

Denburgh, et al. (1973). An extinction depth of 20 fwt was used with a annual

rate of 5.3 feet per year which is higher than the listed 3 feet per year to
compensate for the overall rate considering depth to water. The total
evapotranspiration in the steady state model equals about 13,500 afly (18.6 cft).

10.1.2 Hydraulic Parameters

The hydraulic parameters govern how the water introduced by recharge, river or canal

leakances, or inter-basin flow moves through the modeled area to the areas of discharge. For
a steady state simulation the important hydrautic characteristics are transmissivity, boundary

conditions (conductances), river and canal leakances and, since this is a two layer model,

vertical lealonce. These parameters are discussed below:

10.1.2.1 Boundarv Conditions

The Dodge Flat basin was modeled as a "free bodyu tied to general head

boundaries outside the existing basin boundary. The water levels specified for the
ge'neral head boundaries were based on Van Denburgh, et al. (1973) and Thomas,

et al. (1986). Conductances were established to simulate the estimates for inflow
as well as match existing water levels.

As stated above, Van Denburgh and Arteaga (1985) estimate approximately 12

cfs to enter the Truckee River between the Wadsworth and Nixon gages. Much of
this water is consumed by evapotranspiration resulting in little difference between
the mean values of the Wadsworth and Nixon gages. The model simulated about

8300 afly, or about 1l cfs entering the Dodge Flat Basin from the Fernley area.

This is essentially the same amount previously estimated, however the simulated
gage at Nixon did not need additional water as explained below. Again the basin
hydrology is driven by evapotranspiration, and the current distribution of
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phreatophytes and irrigated lands does not require any additional water from the
Femley area.

10.L.2.2 Transmissivity

Transmissivity values were assigned based on aquifer test data and geology.
Unpublished maps by the Nevada Bureau of Mines and Geology (Garside and
Bonham, 1997 a, b) and the Washoe County 1:250,000 scale geologic map in
Bonham and Papke (1969) were used to classiff the geology into transmissivity
zones. Figure 10.2 shows a simplified version of the surface geology in the
modeled area :ui obtained from those maps. Because most of the near surhce in
the region is unsaturated, for modeling purposes, a subsurface geologic map was
compiled by combining the surface geology with geophysical, and stratigraphic
interpretations. This provided the second layer for the groundwater flow model,
and is shown in Figure 10.3.

The four lithologies in Figures 10.2 and 10.3, and their transmissivities, are shown
in Table 10.1, for the upper and lower model layers, respectively.

TABLE 10.1

TRANSMISSIVITY VALUES OF DODGE FLAT LITHOLOGIES

Geologic Type

Bedrock Volcanics
Alluvial
Lake Sediments
Fluvial Sediments

Upper Layer n'nay Lower Layer ft'Hay

50 50
10,000 5000
5000 700
20.000 10.000

The values for the alluvial system and the fluvial sediments, in the upper layer, are
most important when considering matching the simulated groundwater levels with
actual measured values. The value of 10,000 fflday is slightly lower than the
transmissivity value calculated from the aquifer test of 93,000 Wdlft or about
12,000 ffna1. The value of 20,000 trcav for the fluvial sediments is based on
the mean value of the various river segments as shown in Table 10.2. The actual
river leakance is calculated for each segment as described below.

An aquifer test was conducted on the Olinghouse fan in the Dodge Flat area as
part of this investigation. A well owned by Nevada Land and Resources (Nevada
Land North) was pumped at 900 gpm for about 3 days. Water level data from
three observation wells, MW-3 (a dishnce of 495 feet from the pumping well), the
Nevada Land South well (a distance of 1423 fest from the pumping well), and the
Olinghouse Well (a distance of 1248' from Alta Gold #2). These wells are
included in Figures l0.l and 4.1. These data were used to prep:re Figure 10.4,
which is a distance drawdown plot at 1000 minutes (0.694 day$. The
transmissivity for this area is calculated to be about 93,000 gpd/ft with a stor4ge
coefficient of 0.018.

Transmissivities of the aquifer along five Truckee River segments in the modeled
arq! were calculated based on estimated conductivities and aquifer thicknesses.

t0-5
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Figure 5.4 shows these segments and Table 10.2 lists their transmissivities and
combined arithmetic mean.

TABLE 10.2

TRANSMISSIVITIES OF THE TRUCKEE RIVER AQUIFER

Segment

#l West of Painted Rock Exit
#2 Painted Rock to Reservation Boundary
#3 Reservation Boundary to Wadsworth
#4 Wadsworth to Windmill Cyn
#5 Windmill Cyn to Hatchery
Combined Weighted Mean for all segments

Oased upon the product of average conductivity
and averase depth to bedrock)

Average T,ransmissivity
ft-lday

I 1,100
13,400
23,300
20,900
9,800
19,000

In calibrathg the model, water lwels from 19 wells were used, as is discussed in
detail in Section 10.1.3. Generally, the simulated groundwater levels on the
Olinghouse fan are slightly lower than the actual measured values, which would
indicate that a lower transmissivity value should be used or there is additional
water in the basin not accounted for in the model. Most probably there is some
mountain front runoffnot accounted for in the model entering the basin. Since the
groundwater recharge in this area only equals about 1400 afly, mountain front
runoff approaching 1000 afly could be significant if 20 percent were recharge.
Because the model was developed to simulate the aquifer responses to artificial
recharge and pumpage, it was thought that the transmissivity values reported
above are appropriate since they closely match values from actual tests.

10. 1.2.3 River Conductance

The MODFLOW "stream module" (Prudic, 1989) was used to simulate the
Truckee River interaction with the underlying aquifer. The stream module allow
the input of river flow rates and calculates stream losses and gains from
interactions with the aquifer.

The Derby Dam, Femley West, Wadswortll and Olinghouse 7.5' USGS
topographic maps were used to estimate the length of the river reaches within each
ofthe grid nodes. The width of the river was also estimated and on average found
to be about 1000 feet. River bed material commonly has a lower hydraulic
conductivity than the underlying aquifer. The vertical conductivity of the Truckee
River bed was assumed to be about 25 percent of the hydraulic conductivity of the
underlying aquifer. The river bed thickness was assumed to be about 10 feet.
These values were used to calculate the conductance for each of the river grid
nodes.

10.L.2.4 Canal Conductance

The MODFLOW "river module" (McDonald and Harbaug[ 1988) was used to
simulate leakage from the Truckee Canal. The simpler river module allows
leakage by specifring a head and vertical conductance.



The Derby Dam and Femley west 7.5' USGS topographic rnaps were used to
estimate the length of the canal reaches within each of the grid nodes. The width
of the canal was specified as 50 feet and the depth at 8 fest. The dimensions were

based on engineering drawing of bridges crossing the canal and are representative

of the canal throughout the modeled area. Conductances were calculated as

specified above for the river reaches, however the vertical conductivity was

thought to be highpr than the vertical conductivity for the river bed and was

assumed to be 50 Od,t** of the aquifer hydraulic conductivity.

10.1.2.5 VerticalLeakance ' \odF'

The vertical leakance value establishes the connertion between the upper and

lower model layers and were calculated as generally specified by McDonald and

Harbaugh (19SS) based on assumptions of an overall general thicknesses. The

layers were simulated as fairly well corurected and for simplicity the value of I x
ld-s was used.

10.1.3 Steady State Simulation

The following discusses the calibrated results of the steady state simulation. Groundwater
levels and Truckee River flows are discussed in detail as well as the simulated basin water
budget.

10.1.3.1 Groundwater Levels

The potentiometric surface resulting from the steady state simulation for Dodge

Flat and the Truckee River Canyon is shown in Figure l0.l with the actual water
levels imposed.

Table 10.3 shows the 19 wells used for calibration and the differences between the

actual and simulated water levels for the Dodge Flat and Truckee Canyon model.
These measurements can be found in the complete well inventory found in Table
4.2 with the same ID numbers.

The 19 wells where chosen because they represeirt the system spatially and many

were located in the field with a Global Positioning System (GPS) (Carpentea

1997; McKay and Bohm, 1998). Of the 19 wells, four wells are located in or near

the mountain block and are probably representative of a localized or perched water
table. If these four wells are not included when evaluating the calibratioru all of
the simulated water levels of the 15 remaining wells are within 50 feet of the

actual level, 73 perc€nt are within 25 f@t, and 50 perc€nt are within 10 feet.

Considering the elevations specified as input and the simulated groundwater

elevations are representative of one node which encompasses a half mile by half
mile area, the match of the simulated values with the actual values appear to be

reasonable. Therefore, the steady state model provides a reasonable simulation of
the potentiometric surface.

I
I
I
I
I
I
t
I
I
I
I
I
I
I
t
I
t
t
Il0-10



TABLE 10.3

SIMULATION CALIBRATION WELLS

I
I
T

t
I
I
t
I
I
I
I
t
I
t
I
I
I
I
I

Location

NE/NE 25
NW/SW 19

NWSE 14

cl30
NWNW 13

swNw l8
SE/SW 8
NEAiE 8

NWSW 4
SWSE 4
NW/SE 8

NIW/NE 33
l.IW 27
NE/NE 16

SE/SW 5
sEc.25
SE/NW 35

NWSE 27
NE/NE 8

ID Number

7
9

t2
T7

22
24
26
32

33
34
35
39
40
4l
42
43
44
45
50

Actual WL

4036
4037

4378
4034
4138
4148
4099
4026
4069
4008
4069
4040
40t2
4010
3988
4255
46t2
4729
4181

Simulated
WL

4022
40t7
4r20
4025
4144
4099
4082
4070
4049
4058
4076
4037

4025
4006
3990
3964
3974
4059
4t44

Difference

L4

20
258

9
24
49
17

44
20
-50
-7
3

-13
4
-2

291
638
670
37

Comments

GPS
GPS
Itral GPS
GPS

GPS

GPS

GPS

Local
I-ocd
I-ocal GPS

10.1.3.2 Truckee River Flows

As stated above the Truckee River gages at Derby Darr, Wadsworth, and Nixon
were used as input and as calibration points. It became evident that the
evapotranspiration is the most sensitive function impacting the hydrologic syst€m.
The simulated flows compard to the actual are listed in Table 10.4.

TABLE 10.4

ACTUAL vs. SIMULATED RMR FLOWS

Actual
Simulated

Derby Dam gage (cfs)

401.3
401.3 (input)

Wadsworth gage (cfs) Nixon gage (cfs)

441.9
415 +27 (canal)

443.9
447.9

When comparing the difference in means between the Derby Dam g4ge and the
Wadsworth gage, it is evident that there has to be another inflow of water besides
the leakage from the canal, provided the ballpark leakage estimate of 1600 afly Wr
mile is close. The model simulated about 2l cfs of canal leakage and only about
14 cfs of ET loss was simulated upstream of the Wadsworth gage, leaving about 7
cfs, or about 5000 afly being consumed by evapotranspiration below the
Wadsworth gage. To match the approximate 442 cfs at the Wadsworth gage and
to compensate for 13 cfs of ET below it, the canal retums had to be estimated at
27 cfs or about 20,000 afly.

10-l I
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Again, evapotranspiration becomes the most important or sensitive parameter to
the calibration of the steady state model. If further refinement is desired, Landsat

TM (thematic mapper) imagery can be obtained to more closely define irrigated
lands and phreatophyte areas.

10.1.3.3 Comparison with Hydrologic Budget

Table 10.5 comp:lres the hydrologic budget simulated by the steady state model

with the actual budget as defined by Van Denburgh, et al. (1973).

The steady state simulation is thought to be an accurate representation of the

hydrologic budget. The MODFLOW model packages were used to formulate

transient simulations of pumpage and recharge to evaluate scenarios including
existing development in the Dodge Flat area and to provide additional water to the

Fernley area.

TABLE 10.5

COMPARISON OF DODGE FLAT AND TRUCKEE
CANYON STEADY STATE MODEL BUDGET WITH USGS

Van Denburglu et al (1973) hydrologic budgd all values af!.

Transient Model Simulations

The steady state model discussed above was utilized to predict potential impacts from groundwater
pumping and recharge in the Dodge Flat area. The following discusses the pumpage and recharge

schedules simulated. Transient simulations require storage coefficients to be specified to predict
recharge and pumping cones of impression and depression. The storage coefficient of 0.018

calculated from the aquifer test discussed above was used for the upper model layer. This is
probably somewhat conservative forthe floodplain aquifer but was used since this aquifer was only a
pumping source not a recharge area. -)

{ F'lryz"
U

t0-t2

1,400
8,300

291,(no
15,400

INFLOW:
Recharge

From FernleyArea
Truckee River at Derby Dam
Canal kalcage
Canal Returns (Outfl ow-Infl ow)

1,400
9,(X)0

291,000
14,(n0

OUTFLOW:
ET
Truckee River at Nixon



10.2.1 Pumpage and Recharge Schedule

Pumpage, recharge and recharge recovery were simulated for the Dodge Flat area while
purnp4ge only was simulated in the Wadsworth, S Bar S Ranch, and Stampmill areas. The
transient scenario begins in 1998 and ends n 2025 with recharge beginning in 2005 and
continuing through 2024 and recovery of recharge water beginning in 2010.

Pumpage was simulated for Alta Gold in the Dodge Flat area beginning at 500 afly in 1998
and increasing to 1000 afly in 2010 and continuing throughout the simulation. Other
pumpage in the Dodge Flat area simulated is the development of a water right by the Town
of Fernley beginning at 350 afly and ramping up to 1400 afly n 2020 as shown in Table
10.6. Recharge in the Dodge Flat area on the Olinghouse fan for the Town of Fernley begins
at 5000 acre-feet in 2005 and continues throughout the simulation, utilizing six wells. These
same wells are used to begin recovery of the recharged water in 2010 for a volume of 2250
afly and ftlmp up to 4500 afly in 2020 until the end of the simulation.

Other pumpage areas in the model are the Town of Wadsworth (including the Pyramid Lake
Paiute Tribe Reservation), pumpage at the S Bar S Ranch, and pumpage to service the
Stampmill development. Pumpage in the Wadsworth area consists of pumpage to serve the
Town of Wadsworth and pumpage in the area developed to serve the Fernley area. All
pumpage and recharge numbers are in afly.

TABLE 10.6

SIMTJLATED PUMPAGE AND RECHARGE ANNUAL VOLUMES

t
I
T

I
I
I
I
I
I
I
I
I
I
I
I
t
I
t
I

199&1999

Alta Gold 500
Wadsworth (town) 400
S Bar S 300
Stampmill 100
Fernlev*
Wadsworth (area\J
Dodge Flat/
Recharge
Recovery./
Residual Recharge

500
430
300
r20
l 100
/- ll

/75q '
[3J0r

500
480
300
t40
1650s

dizsr ''
\zt '"5000i\

I

5000v

1000
585
300
180

6675
2250
1050
5000
3375
1625

1000
640
300
200

8900
3000
1400
5000
4500
500

2fiXt2m4 2005-2fiD 201G2014 2015-20t9 202G2024

1000
530
300
160

44504
lioo) i
Voozl
sooo J

ary
2750

(atlvaluesinacne-feet) Itoo'

t Fernley is the sum of the Wadsworth (Femley) pumpage, the Dodge Flat pumpage and the
recovered recharge water designated Recovery

The following discusses the results of the transient simulation for each increment specified above and
includes a figure illustrating the change in groundwater levels and a table summarizing the change in
Truckee River flows at the Wadsworth and Nixon g4ges.

Years 1998-1999

The first stress period simulates pumpage of 1300 afly for two years, as shown in Table 10.6. The
pumpage from Wadsworttr, Stampmill, and S Bar S is in the fluvial aquifer near the Truckee River. The
Alta Gold pumpage of 500 afly is on Dodge Flat and in this area drawdowns are about 6 feet for the two

10-13



year of pumping. Figure 10.5 shows drawdown at the end of the first stress period. Table 10.7 shows the

minimal'simulaied impact pumpage had on the flow in the Truckee River, reducing the flows at Wadsworth

by about I cfs and at Nixon by about 2 cfs.

TABLE IO.7

ACTUAL vs. SIMULATED RIYER FLOWS THROUGH 1999

Derby Dam gage
(cfs)

401.3

a01.3 (inpuQ

441.9

414 +27 (canal;:441

Wadsworth gage Nixon gage
(cfs) (cfs)

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

I
l
I
T

443.9

443
S imulated(steady state)

Simulated (end I

Years 2AO|J-2W4

The second shess period continues the transient simulation for another five years from 2000 through 2004

for a total simulated time of seven ye:rs. During this five years the fluvial aquifer pumpage increases

slightly 50 afly with additional pumpage of 750 afly in the Wadsworth area" simulated for the Fernley area.

rrie atiuvia aquifer is pumped at 
" -ti of 350 afly (Dodge Flat) to meet Fernley's demands and Alta Gold

pumpage t"*.i* at S00 afly. As shown in Table 10.6 , total pump4ge for Femley equals 1100 afly and

other pumpage equals 1350 afly.

Frgure 10.6 shows the drawdown at the end of 2004 after seveNr years of simulation. The maldmum

drawdawn is about 9 feet with 2 f@t in the fluvial aquifer. Table 10.8 shows the simulated flows at the

gagcs, with about 3 cfs reduction at the Nixon gage.

TABLE IO.8

ACTUAL vs. SIMULATED RIVER FLOWS THROUGH 2m4

Wadsworth gage
(cfs)

44t.9 443.9

Simulated(sready state) 401.3 (input) 414 +27 (canall = 441 M3

Simulated (end 2004) 401.3 (input) 440 ++o

Years 200$2UD

The third stress period continues the transient simulation for another five years from 2005 through 2009 for

a total simulated time of 12 years. During this five years the fluvial aquifer pumpage increases another 70

afly with additional pumpage of 375 afly (for a total of 1125 afly) in the Wadsworth area, simulated for

ttre Femley area. ftte atoniA aquifer is pumped at a rate of 525 afly (Dodge Flat) to meet Fernley's

demands and Alta Gold pumpage remains at 500 afly. However, recharge in the alluvial aquifer begins

during this simulation at a rate of 5000 afly. As shown in Table 10.6, total pumpage for Fernley equals

1650-afly and other pumpage equals 1420 afly (for a total pumpage of 3070) and recharge equals 5000

afly for a net gain to the groundwater system of 1930 afly.

Derby Dam gage
(cfs)

401.3

Nixon gage
(cfs)

l0-14
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Figure 10.7 shows the aquifer response at the end of 2009 after twelve years of simulation. As the figure
indicates, the recharge of 5000 afly for the five years overshadows any impacts from pumping. The
ma:<imum rise in water levels is about 105 feet. Table 10.9 shows the simulated flows at the gages, with
about a 6 cfs increase at the Nixon gage. Therefore, the recharge is masking the impact of pumpage in the
fluvial aquifer and increasing heads in the aquifer satisfying evapotranspiration and increasing leakage into
the river.

TABLE 10.9

ACTUAL vs. SIMULATED RMR FLOWS THROUGH 2m9

I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I

Actud
S imulated(steady state)

Simulated (end 2009)

Derby Dam gage
(cfs)

401.3

401.3 (input)

401.3 0nout)

Wadsworth gage
(cfs)

44t.9
414 +27 (canal) = 441

441

Nixon gage
(cfs)

443.9

443

449

Years 2OLU2O14

The fourth stress period continues the transient simulation for another five years from 2010 through 2014
for a total simulated time of 17 years. During this five years the fluvial aquifer pumpage increases ano&er
70 atly with additional pumpage of 375 afly (for a total of 1500 afly) in the Wadsworth areq simulated for
the Fernley area. The alluvial aquifer is pumped at a rate of 700 afly (Dodge Flat) to meet Fernley's
demands and Alta Gold pumpage increases to 1000 afly (assumes mine expansion). Recharge in the
alluvial aquifer continues at 5000 afly; however, recovery begins for Fernley at a rate of 2250 afly. As
shown in Table 10.6, total pumpage for Fernley equals 4450 af/y and other pumpage equals 1990 afly (for
a total pump€e of 6440) and recharge equals 5000 afly.

Figure 10.8 shows the aquifer response at the end of 2014 after 17 years of simulation. As the figures
indicates, the recharge is counter balancing the impacts from pumping. The mo<imum rise in water levels is
now about 60 feet, about a 45 feet reduction since 2009. Table 10.10 shows the simulated flows at the
gages, with about a 3 cfs increase at the Nixon gage (a 3 cfs reduction from 2009). Therefore, the recharge
is still masking the impact of pumpage in the fluvial aquifer and increasing heads in the aquifer, satisfying
wapotranspiration and still resulting in a slight increase in leakage into the river.

TABLE 10.10

ACTUAL vs. SIMIILATED RMR FLOWS THROUGH 2014

Actual

Simulated(steady state)

Derby Dam gage
(cfs)

401.3

401.3 (input)

Wadsworth gage
(cfs)

441.9

414 +27 (canal; = 441

440

Nixon gage
(cfs)

443.9

443

445.6Simulated (end 2014) 401.3 (input)

l0-17
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Years 2015-2019

The fifth stress period continues the transient simulation for another five years from 2015 through 2019 for

a total simulated time of 22 years. During this five years the fluvial aquifer pumpage increases 75 afly (fot

a total pumpage of 2065) with additional pumpage of 750 afly (for a total of 2250 aAy) in the Wadsworth

area simulated for the Fernley area. The alluvial aquifer is pumped at a rate of 1050 afly @odge FlaQ to

meet Fernley's demands and Alta Gold pumpage remains at 1000 afly. Recharge in the alluvial aquifer

continues uiSOOO afly; however recovery increases for Fernley to3375 afly. As shown in Table 10.6, total

pumpage for Fernlryequals 6675 af/y and other pumpage equals 2065 afly (for a total pumpage of 8740)

and artificial recharge equals 5000 afly.

Figure l0.gshowstheaquiferresponse attheendof 2019after22years of simulation. Asthefigure
inJicates, the recharge is still counter balancing the impacts from pumping; however a slight drawdown of
just over a foot is observed in the fluvial aquifer in the Wadsworth area. The morimum rise in water levels

i, no* about 32 feet, about a 30 feet reduction since 2014 and about a 70 feet reduction since the end of
the first recharge stress period in 2009. Table l0.l I shows the simulated flows at the gages, with about a

2 cfs decrease at the Nixon gage from steady state conditions and a 5 cfs reduction from 2014. Therefore,

the recharge is masking the impact of pumpage and evapotranspiration however, the impacts of pumpage

are reducing the leakage into the river.

TABLE 10.11

ACTUAL vs. SIMULATED RMR FLOWS THROUGH 2019

Derby Dam gage
(cfs)

401.3

401.3 (inpu0

441.9

414 +27 (canal) = 441

Wadsworth gage Nixon gage
(cfs) (cfs)

I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I

Actual 443.9

443Simulated(steady state)

Simulated (end 201

Years 2O2O -2024

The final and sixttr stress period continues the transient simulation for another five years from 2020

through 2024 for a total simulated time of 27 yars. During this five years the fluvial aquifer pumpage

increases another 75 af/y with additional pumpage of ?50 afly (for a total of 3000 afly) in the Wadsworttr

area simulated for the Fernley area. The alluvial aquifer is pumped at a rate of 1400 afly (Dodge Fla| to
meet Fernley's demands and Alta Gold pumpage remains at 1000 afly. Recharge in the alluvial aquifer

continues at5000 afly; howwer recovery increases for Fernley to 4500 afly. As shown in Table 10.6, total

pumpage for Fernley equals 8900 afly and other putnpage equals 2140 afly (for a total pump4ge of I1,040)

and artificial recharge equals 5000 afly.

Frgure 10.10 shows the aquifer response at the end of 2024 after 27 years of simulation. As the figure

indicates, the recharge built up over the simulation is counter balancing the impacts from pumping;

however drawdowns are increasing from the Alta Gold and Dodge Flat pumpage equaling about l0 feet

and 12 feet, respectively. The madmum residual rise in water levels is now about 12 feet, about a 20 foot

reduction since 2019 and a 95 foot reduction since the end of the first recharge stress period in 2009. Table

10.12 shows the simulated flows at the gages, with about a 7 cfs decrease at the Nixon gage from steady

state conditions and a 5 cfs reduction from 2019. Therefore, the recharge is masking the impact of
pumpage and evapotranspiration however, the impacts of pumpage in the fluvial aquifer results in reducing

the Truckee River flows slightly.
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TABLE 10.12

ACTUAL vs. SIMULATED RMR FLOWS THROUGH 2024

Derby Dam gage Wadsworth gage Nixon gage
(cfs) (cfs) (cfs)

Actual 401.3 44I.9 443.9

Simulated(steady state) 401.3 (input') 414 +27 (e,aml) = 441 443

Simulated (end2024l 401.3 (input) 439 436

I 10.3 Other Transient Simulations

I Two other transient simulations were run to evaluate the impacts of pumping 7500 af/y from the

t fluvial aquifer in the Wadsworth area for 10 years. This is the only stress simulated other punpage
was not included and artificial recharge was not simulated. The first simulation included the Truckee

I River, Truckee Canal, and evapotranspiration as simulated in the steady state model discussed

I above. The second simulation did not include the Truckee River, Truckee Cand, or
evapotranspiration, it only simulated the 7500 afly pumpage with only natural recharge from Dodge

r Flat of 1400 afly and general head boundaries. The following discussed these simulations.
Ir 10.3.1 Pumping 7500 Acre-FeeuYear for Ten Years

I As stated above, this scenario simulated the impacts of pumping 7500 afly for ten years
equally from three nodes in the fluvial aquifer near Wadsworth. The steady state model, as

I ffi:1li*:"nfr,T**1lt:1#;';Jffiff;H?H"T'Ti$ 'ffiff:I from the Truckee River is intercepted by the cone of depression resulting in a decline in river
flows as shown in Table 10.13.

I As Table 10.13 indicates, all the pumpage comes essentially from the river with only a few
thousand acre-feet of the total 75,000 acre-feet coming out of storage.

T
TABLE 10.13

ACTUAL vs. SIMULATED RIVER FLOWS THROUGH 2008
PUMPAGE 75fi) afly, NO ARTIFICIAL RECHARGE

Derby Dam gage Wadsworth gage (cfs) Nixon gage
(cfs) (cfs)

Actual 401.3 441.9 443.9

Simulated (steady state) 401.3 (input) 414 +27 (cartp,l\ = 44L 443

Simulated (end 2008) 401.3 (inputl 434 433
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10.3.2 Pumping 7500 Acre-Fest/Year for Ten Years With Natural Recharge and Boundaries Only

As stated above, this scenario simulated the impacts of pumping 7500 afly for ten years

equally from three nodes in the fluvial aquifer near Wadsworth with simulating only the
natural recharge of 1400 afly from Dodge Flat and the general head boundary conditions in
the steady state model. Frgure 10.12 shows the drawdown as a result of this pumpage after
l0 years. As the figure indicates, the maximum drawdown is about 60 feet. Because of the
high transmissivity values, the cone of depression spreads out intercepting all the natural
recharge and reaching the boundaries.

Of the 75,000 acre-feet pumped in the simulation 14,000 acre-feet comes from the natural
recharge, 26,000 acre feet from aquifer storage and 35,000 acre-feet from the general head

boundaries. The majority of the flow from the general head boundaries would come from the
Fernley area.
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CONCLUSIONS AND RECOMMENDATIONS

l1.l Conclusions

The two water supply options for the Fernley and Wadsworth areas, extensive use of the Truckee

River flood plain aquifer and artificial recharge to the Dodge Flat groundwater systern" are feasible

from a hydrogeologic perspective, but each option has certain constraints and peculiarities. The third
water supply option evaluated was the groundwater yield of the Dodge Flat groundwater systeq this
evaluation confirmed previous yields by Van Denburgh, et al. (1973, p. 39), but did define a greater

amount of surface water runoff at the mountain front with an unknown percent4ge ultimately
reaching the groundwater syst€m. These options are discussed as follows:

I l.l.l Truckee River Flood Plain Aquifer

There is about a six mile reach of the Truckee River, centered on Wadsworth, that has

favorable hydrogeologic properties to support extensive pumping from the aquifer system

adjoining the river to the north and west, perhaps up to 10,000 afly. The Truckee River is
the main source of recharge water for this aquifer system with very minor amounts, about 2

cfs, contributed by the recharge from Dodge Flat, most of which eirters the river aquifer
downstream from this targeted reach. Additional groundwater, about 13 cfs, enters the river
aquifer from diffirse points to the south and east, mostly from the Femley area. The sourc€

of this water is uncertain" but previous investigators have attributed it to return flow from
agricultural inigation and seepage loss from the Truckee Canal in the Fernley area. There

may also be a geothermal component to this flow, but regardless of the source the quality of
water degrades the aquifer system particularly on the east side of the river. And when this
water reaches the Truckee River it can degrade the surface water also.

Recharge to the flood plain aquifer takes place throughout the river's bed and banl$ tyittg
the groundwater levels in the aquifer to the water lwel of the river at any particular time.
Water levels in the aquifer do not respond to a level change as frst as the river does simply
because the water has to move through the sediments. The rate of recharge to the aquifer
system is controlled by the ability of the sediments to accept water and the duration and

magnitude of flow inthe river.

Pumping from the flood plain aquifer causes a cone of depression to form around the wells
which in turn induces more flow from the river, about l0 cfs. Modeling results indicate that
constructing three wells equally spaced about one half mile apart in the flmd plain aquifer
with an estimated combined capaclty of 7,500 afly (-1,500 gpm/well) and pumping for ten
years will create a morimum cone of depression of about 20 fwt below land surfrce (see

Section 10.3). Undoubtedly greater pumping capacrty could be achiwed per well, or more
wells could be constructed with wider spacing which would require a fewer number of wells
to be pumping to mest any given demand and probably result in less drawdown per well.
This would also allow greater utilization from the aquifer system by allowing different
groundwater/river segments to be fully recharged by the river and also allow for scheduled
(and unscheduled) well maintenance.

The qualrty of water in the Truckee River and in the flood plain aquifer meets the safe

drinking water standards established by the Environmental Protection Agency.
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There is concern over the inflow of the poorer quallty water from the Femley area to the

aquifer system. Modeling results indicate this water could reach the aquifer syst€rn on tlre

west side of the river during prolong low flow in the river, such as occurs during a drought.

Extensive pumping will induce flow from the aquifer system on the south and east side of the

river that is connected to the Fernley groundwater basin, because the two systems are really

one and in total hydraulic continuity with each other. There is also the potential ttrat the
quallty of water in the west side aquifer system is at risk from waste water disposal in the

Wadsworth area.

ll.l.2 Artificial Recharge, Storage, and Recovery in the Dodge Flat Area

Artificial recharge by well injection into the groundwater system underlying Dodge Flat is

feasible and is the preferred msthod of augmenting the groundwater resources. Based on

aquifer test data the saturated sediments that make up the aquifer system have the ability to
accept large amounts of water. Artificial rerharge through wells will bypass the lacustrine
(fine-grained lake bed) sediments and allow injection into ilre underlying principal aquifer
system. The chemistry of the lake bed sediments, both saturated and unsaturated, is

dominated by various salts ttrat will degrade recharge water. There is an area of about two
square miles on the central to west side of Dodge Flat (see Frgure 9.1) tttat contains
relatively good water qualrty, less than 500 mg/l total dissolved solids and it is this area that
recharge, from a water quality basis, would be most successful. Modeling results indicate
that wi0l current water demand projections Oable 10.6), and starting to recharge 5,000 afly
in the year 2005, there will be no serious overdrafts until about 2025. By that time, total
annual pumpage will equal about 15,000 afly, net pumpage about 10,000 afly, with artificial
recharge of 5000 afly. Groundwater levels at this point are about 12 feet higher since

recharge start€d in 2005 and the derrease in river flow at Nixon is about 7 cfs. At that time,
artificial recharge will need to be increased in order to maintain water levels and not decrease

Truckee River flow.

As water is injected into the principal aquifer, which is confined by the overlying lacustrine

sedime,lrts, it displaces the natural groundwater surrounding the well. Some amount of water
will rise into ttre unsaturated zone and be somewhat degraded by the salts in the sediments.

As the recharge water expands outward there will be a zone of mixing on the leadhg edge

ttlat will also be degraded when poorer water quallty is encountered. The highest total
dissolved solids content of natural groundwater that the recharge water will encounter is

about 900 mg/I. Truckee River water varies in total dissolved solids content from under 100

mgA to about 400 mg/l depending on the flow and the time of the year so when the poorer

water quality is encountered by the inject€d Truckee River water the resultant mixture will
be better than the natural groundwater quality.

Groundwater recharge basins present an alternative to deep well injection overcoming the
requirement for treatnent and potential well clogging problem encountered using turbid
Truckee River water for recharge. To stop well clogging the recharge water should be free

of turbidity, which me:ms the river water must be treated at the well head; an expensive

operation. Recharge basins could be constructed near the mountain front in pre-lacustrine

sediments, but there is no way of insuring the water, during its downward migratiorq would
not move laterally into contact with the lacustrine, high salt content, sediments and dissolve
tlrose salts thus degrading the recharge water before it reaches groundwater. Additionally,
given the uncertainty of the mining industry, it may not be advisable to locate a public water
supply faciltty in somewhat close proximity and down gradient from a gold mining operation
that utilizes cyanide in its recovery process.
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The Dodge Flat groundwater basin is over appropriated and currently under utilized.
However, given the volume of approved groundwater rights (State Engineer's records) it
seerns likely that future development is not far off. Groundwater pumpage in close
proximity to an artificial recharge project creates some additional complexities. First
depending on the location and m4gnitude of the pumping, the recharge water may end up
being pumped by non-ASR project pumpers. Second. this 'other than project pumping'
could easily change the hydraulics of the groundwater system and capture more of the better
quallty groundwater leaving water of poorer quality for recovery by the ASR project. And
third, the non-project pumpers benefit without cost by having higher r levels

caused by recharge which me:ms less energy costs to pump the water.

11.1.3 Perennial Yield of the Dodge Flat Groundwater System

The total groundwater recharge for the Dodge Flat aquifer system was first estimated by Van
Denburgh, et al. (1973) to be about 1,400 afly and there has been scant improvement in
techniques and data since then to refine this number. However, this recharge amount is
supported by an analysis of solute loading to the Truckee River, done for this study (see

Appendix F), that shows this same amount discharges to the river from Dodge Flat. It is
probably conservative in that undoubtedly some amount of the estimated 1,000 afly of
mountain front runoff infiltrates to the groundwater systern. This is supported by isotopic
analyses ilrat show the addition of local surface water to the groundwater system underlying
Dodge Flat. Given the uncertainties of the techniques, the actual recharge is estimated to
range from a minimum of 1,400 to a mudmum of 2,000 afly and can not be subsantiated at
this time.

11.2 Recommeirdations

ll.2.l Truckee River Flood Plain Aquifer

Prior to the initiation of a large scale well construction project to serve the regional water
needs, the following work elements should be completed:

1. To fully understand the hydraulics of aquifer interaction with the river a series of
monitor wells should be construsted and tested for groundwater hydraulics and water
quallty over a range of river flows in each of the river segments selected for
groundwater production. The PLPT is planning on hydrologic testing (in 1999) on the
south side ofthe river which will provide additional insights into ttris problerr.

2. The impacts to the groundwater syston caused by waste water discharge and the
application of commercial fertilizer on agricultural lands will require definition.

3. The distribution, groundwater hydraulics, and water quallty of the return flow to the
flood plain aquifer on the east and south side of the river from the Fernley area needs

to be understood in terms of groundwater production from the aquifer on tlp west and
north side of the river. It is anticipated that the current TDS return flow study in the
Fernley area by Washoe County (DRI) will provide information to address this issue.

4. Dstail rnapping of cropland and areas of phreatophytes using the latest LAIIDSAT
scenes will allow for a more accurate groundwater budget to be developed. The most
recent estimates are over 25 vears old.

I l-3



5. A single groundwater model of the Fernley and Dodge Flat hydrographic basins should

be developed in the future using data from the Dodge Flat model and the model

currently under dwelopment by the Desert Research Institute for the Fernley area.

11.2.2 Artificial Recharge, Storage, and Recovery in the Dodge Flat Area

An engineering and economic feasibility study estimating the costs and benefits of the

project should be completed prior to additional planning utilizing the artificial recharge

concept. Of particular concern is the cost of transporting the water from the river to

the recharge site (including treatnent), recovering it, and the facilities required to
distribute the water.

Hydrogeologic exploration should be initiated to determine the actual extent of the

better quality groundwater on Dodge Flat and to further evaluate the basin recharge

process.

A groundwater management plan is needed to insure potential non-project pumpers do

not adversely impact the project.

LL.2.3 Perennial Yield of the Dodge Flat Groundwater System

A regional water system entity serving both Fernley and Wadsworth should evaluate

the benefits from obtaining most or all of the groundwater water rights in the Dodge

Flat area and develop a water resourc€ plan.

It is highly probable the recharge to Dodge Flat is greater than the 1,400 acre-feet

defined by the standard Ma:<ey-Eakin method. Precipitation data for the east side of
the Pah Rah Range should be further evaluated" utilizing National Weather Service

statistical methods, to refine the available recharge potential. Monitoring sites should

be established on the alluvial fan east of the mountain block to me:nure the downward

movement of natural recharge water.

Mountain front runoff should be monitored particularly during winter/spring runoff
and the fate ofthe runoffwater more closelv evaluated.

l.

2.

3.

l.

2.

3.
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APPEIIDIX B

SOLUTE MASS BALANCE ESTIMATES - DODGE FLAT

Part 1: Equivalent Stratigraphic Thickness of Evaporite

Mass balance estimates were used in the present study to test various conc€pts regarding the source of
groundwater solute on Dodge Flat and to gauge the impact of artificial injection on water qualrty. Some of
tlrese estimates, particularly average width and depth, required knowledge of basin dimensions,
approximations for which were obtained using a variety of simplifuing geometric assumptions.

Dodge Flat Basin Area

For the purpose of calculatiorq it was assumed that the part of the Dodge Flat basin underlain by lacustrine
sedime,nts coincides with groundwater that contains high solute concentrations. This spatial relationship is
evident from geochemical analyses on and near the Olinghouse frn, which is the only information presently
available (CH2MHill, 1990; McKay and Bohm, 1998). The ma<imum elevation of lacustrine deposition
was approximated from aerial photographs to be the 4400-foot elwation contour, about 75 feet below the
Sehoo Alloformation highshnd.

That part of the Dodge Flat study area below this elevation is represented in Figure B.l by two trapezoids
(Al and A,2) with a cornmon baseline and dimensions scaled from 7.5' USGS topographic maps. The
combined area of these trapezoids (-l.2xl0e t'; agrees within -5%o of t}ult obtained from ArcView data
sets. . The conrmon baseline coincides rougNy with geologic cross-section B-B'; the height of the trapezoids
is perpendicular to the baseline and is oriented approximately N 70 W.

Average Basin Section

An average basin width (W) of -21,000 feet was computed by dividing the total area by a length of equal
to the sum of the two trapezoid heights (58,000 feet). Figure B.l illustrates an average basin cross-section
and the geometric simplifications used to represert the position and thickness of its component lithologies.
Alluvial deposits form a blunt trapezoidal wedge -5000 feet long on the west side of the section overlain by
a thin veneer of lake beds; the remaining 16,000 feet of section is assumed to be comprised of a mixture of
lacustrine and fluvial sediments. Elevation differeirces are ignored since the ma:dmum relief along the
section line is only -340 feet. Based on infened stratigraphic relationships, the depth to the base of
Lahontan 4ge sediments @r) is assumed to be -200 feet. The eastern end of the alluvial wedge is thus

-800 feet thick (Dz), since geophysical interpretations for the present study (tlartley, 1998) suggest a total
depth to bedrock of -900 feet at the base of the Olinghouse fan. Eastwar4 the basin deepens to -2700 fwt
(Carpenter, 1998; tlartley, 1998). For purposes ofcalculation, these numbers have been rounded to 1000
feet and 3000 feet, respectively.

For the section east of the alluvial wedge, dre volume of a unit thickness along the 1000-foot deep upper
portion (Vr) is I x 1000 x 16,000 = l6xl0o ft'(Table B.l). The triangular deep portion (Vr) is 0.5 x I x
16,000 x 2,000 = l6xl06 ft3. Similar computations give volume estimates ofb.5xl06 ft3 for the western
lacustrine sediment wedge (Vs) and 4.5x106 t' for the alluvial trapezoid (V+). Assuming saturation and a
porosity (0) of '-25% suggests pore water volumes of 4x106, 4x106, 0.125x106, and 1.125x106 ft3
respectively. An average depth (D' = 2000 ft) for the section east of the alluvial fan is obtained by
summing Vr and Vz and dividing by a width of 16,000 ft. Analogous calculations give average depths of
100 ft for Vr and 900 ft for Vr.

B-l
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The volume of contained water per lineal foot of section for each segment is the product of ie volume and
the porosity. The volume of a unit width and north-south thickness of section equals its average depth.
Thus, a I ft" column of sediment in the eastern segment of the section (Vr + Vz) contains an average of (l x
I x 2000 ft') x 0.25 = 500 ft' of pore water. In a vertical column, the western lacustrine wedge (Vr)
averages 25 ftr of pore water, and the alluvial trapezoid 225 f .

TABLE 8.1

BASIN VOLUME CALCULATIONS, DODGE FLAT

Trapezoids of
Figure C.l

AI
A2

Average Croes-Sec-tion Area Dedh

Vl Rectangle 2E+O7 1000

V2 Triangle 2E+n7 2m0

V3 Reclangle 500000 200

V4 Trapezoid 5E+06 800

Crs.g-Sec'tion 4E+O7

Tdsl
Average Depth 1734.8

Volumc of possible freshwater zone

along range from wilhin northem trapezoid Al mly
Widh Depth Volume

750 500 4E+O9 fl^3

80923 Acre-fr

Freshwater volume as a
hopctio oftcfal
Sahrated basin volume O.0l 15

Area Heigh Bas€ I Base 2

9E+08 47000 10000 30000

3E+08 11000 30000 2&0o

Total lE+09 58m0

Average Width 21328
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Conlained
Volume

widh (Area x Height) PcositY

Sanrratcd Volune
(assurcd below 2(X) fr)

ft^3 Acre-ft

PceVolume

ft^3 acre-ft

16000 9E+ll

16000 9E+ll
5000 3E+10

5000 3E+ll
21328 2E+12

0.2 2E+ll 4E+06 7E+10 281{6

0.2 2E+ll 4E+06 2E+u 4E+06

0.2 6Er09 133150 0 0

O.2 5E+10 lE+06 5E+10 lE+06

o.2 4E+ll lE+07 3E+ll 7E+O6

Accessible Saturafed Volume

ft"3 Acre-ft

lE+ll 3E+06

Ltcludes oily@tlubetween 200-E@ ft
inTrapeoi&Vl urdV4

Tables show estirnrted basin volumcs; volume of corrtrained rrrafer within lhe s$ratod zm; volunre of wrter thaf lies within ths satratd zme atd i8
readily rccessible by wells (@h <800 fr); and the volunrc of possible fiesh watcr flanking the Pah Rah range within the nortb€m portion of lhe
Dodge Flat depositional basin (Irapezoid Al of Figure B.l). Volume cstimares are based or average widhs rnd areas shown in Figure B.l. Areas
shown agree with thoee obtained from GIS measurernerils within about l0% Depth cstimates arc based qr a maximum basin dcflh of 27tD fect
fuferred from gravity data by Hartlry (1998). For prpces of calculatioq this has been rounded to 3000 feet

Contained Solute

From the top to the base of the Olinghouse fan" groundwater gains between -300 and ^400 mg/kg TDS
(CH2MHill, 1990; McKay and Bohnu 1998). Converting units, the latter figure equates to 4x104 lbnb
water or 0.025 lb. of solid/ft' of solution using a density for water of 62.4 lblft'. Densities for gppsum,
halite, ttrenardite, and trona axe between -2100 and 2600 kg/mj (Gaines, et al., lggT). e miO-range
density value of 2300 kg/m3 corresponds to -143 lb/ft3. For a I ft3 volume of solute laden urater, the 0.0iS
lb. of solids gained therefore conesponds to a volume of dissolved solids of O.O25ll43 = 0.00017 ft', or
-0.02% ofthe fluid volume.



Eouivalent Thickness within Lake Beds in Eastern Part of Section

For the lacustrine sediments (Vr+Vz), the fluid volume in a unit width of section is 500 ftr, corresponding to
500 x -0.02%o or 4J ft3 of evaporite. Therefore, in the entire sediment column aver4ging 2000 feet deep,

there needs to have been only -0.1 ft of evaporite deposited to account for the solute loading gained by
groundwater as it moves from the Olinghouse fan onto Dodge Flat. If the evaporite were laterally
discontinuous such tlnt it were found on only llYo of a given stratigraphic horizon, it thickness would be

-l foot for lYo continuity, -10 ft. The above calculations presume constant spatial distribution of solute

within the groundwater. They indicate that dissolution of too small a quantlty of evaporite to be mappable

could account for the solute loading beneath Dodge Flat, provided the groundwater is unmoving.

Sourcing from Lake SedimentWedge (Vi)

The total contained solute mass in ttre eastern portion of the section is (Vr+Vz) x { x 0.025 = 3.2x107 x
0.25 x 0.025 = 0.2x106 lb. To source this from the lacustrine sedime,nt wedge (Vr = 0.5xl0t ft3 x Q) would

require evaporite in the amount of -1.6 lb/ft3, or -0.016 ft3/ft3. This equates to -1.6 ft of evaporite in a
100 foot average vertical section if laterally continuous, or -16 ft if only l0% laterally continuous. This
thick an evaporite section might be recognizable in outcrop, but difficult to notice if dispersed.

Estimated Groundwater Movement

The issue of leactring by moving groundunter is frr more complor and requires additidul assumptions. Anutg
ttrese aretlrat eraporite dissolutiqr is kinetically rapid compared to grounduater movernent, that flowthrmgh the

sectiqr is unifonr\ and that ctrcrnistry as seen in the Olinghouse frn area is repraentative of Dodgp

Flat as a wtrole. To assess goundwater and solute flrur requires knowledge of aquifer thiclsress, hydraulic

coductivity, piezometric gndient, ard solute conc€ntration. Order of nragnitude estimates are all that is possible

at this time, but these serve to test the concept of a sedimentary solute souroe.

For the purposes of calculatio4 aquifer thickness is assumed to be that of the Lahontan age lake beds

(-200 ft), homogeneous, and confined. However, these particular sediments actually lie within the radose

z.ane. The following calculations additionally issume that the characteristics and spatial distribution of
these deposits are comparable to those of the saturated sediments immediately beneath them.

A second assumption is that the climate of the past 50,000 years as inferred by Benson and Thompson
(1987) is representative of the preceding time period though geologic evidence suggests that this may not be

precisely correct (Monisorq 1964). Groundwater gradients are presumed to be comparable to those of
today, and, additionally, to have operated only during those periods when lake levels fell below the base of
the Lahontan section (^4050 ft elevation). According to Benson and Thompson (1987), this was the

situation for roughly 28,000 out of the last 45,000 y€F, or -620/o of the time. For calculation purposes,

groundwater flow is presumed to have been zero at higher lake stands. The piezometric gradient today
between the Oliaghouse fan and the river is -70 ff/16,000 ft es 0.0044.

Aquifel tests for wells on Dodge Flat show high horizontal conductivity, a reasonable figure for which is

-30 ft"lday; estimates for the lower Truckee River aquifer are higher (-50 ft7day) (this study). Between

the two areas are lacustrine deposits, which are likely to be less conductive. For purposes of calculation" a
figure of 30 ff/day was taken to represelrt a typical spatially averaged conductivity for all of the Dodge Flat
section.

Darcy's law provides an estimate of water flux along the average cross-section (Frgure B.l): 200 ft x 30
ff/d x 365 d/y x 0.00aa : -9800 ft3/y. One pore volume of water for the average Lalrontan age section
below the toe of the Olinghouse fan (Vo = 0 D is 0.25 x 200 x 16,000 = 800,000 ft". Thus, the water flux

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
t
I



t
I
I
t
I
I
I
I
I
I
I
I
t
t
I
I
I
I
I

per year is 9800/800,000 = -0.012 pore volumes. Over a 28,000 year perioq this corresponds to -340
pore volumes for a 200 ft thick section, or -34 pore volumes for a 2000 foot section.

These values were checked against estimated recharge from the P4 R.t range. Dividing recharge by basin
length gives: 1300 afly * 43560 ft^3/acre x (47,000 ft)-t r: 1200 fttly. For a unit north-south distance, this
corresponds to 1200 ft", or -0.0015 pore volumes if all flow is through a 200 ft vertical section. If flow is
through the entire 2000 foot average sediment column thickness, -1.5x104 pore volumes are flushed per
year. For a 28,000 year period ttrese equate to -42 and -4 pore volumes, respectively.

The precise magnitudes of subsurface flux were addressed during r modeling; for the present

calculation, the above estimates provide lower limits on waporite thickness. The above calculations
indicate that for groundwater (l pore volume), a 2000 ft vertical section can contain as little as

0.1 ft of evaporite. For moving groundwater, -3 ft of evaporite at 34 pore volumes, -4 ft at 42 pore
volumes, and -0.5 ft at 4 pore volumes are required over the entire 2000 ft average basin depth. These
values increase by a factor of l0 if all groundwater ions in the basin are sourced only from that 200 ft
stratigraphic section, which is roughly what is exposed along the Truckee River gorge north of Big Bend.
Eve,n under those circumstances, the total evaporite proportion in the section is small. Nde that the
calculatims suggest a minimum thickness of erraporite: slow dissolution into moving grounduater or inegular
lat€mal distribution of evaporite would neessitate geater quantities wihin a given soction.

In this conceptual model, the kinetics of evaporite dissolution are important. If rapid, then the entire
volume of sdts within the stratigraphic section would dissolve quickly. Continuing fresh-water recharge
would then flush the solute-laden groundwater from the basin. Only if dissolution is fairly slow with
respect to groundwater flux can evaporites act as a solute source.

Similar flux considerations suggest that sourcing solely from the lacustrine sedimentary wedge
(Vl) is unlikely: the entire section must needs be evaporite at a flux of -200 pore volumes, compared to
-20 feet of the section at 42, and 4 fer;t at 4 pore volumes.

Sourcing from Paleosols

Studies by Cooper and Associates (1980) and by CH2MHill (1990) indicate that soil horizons in the
Olinghouse fan-Dodge Flat area contain water soluble cations. Values were reported in mq/1009 and vary
by more than one order of magnitude. To test the concept of paleosols as solute sources, averages were
taken for Na* and Ca*, and these converted to English concentration units 0b1ft3). In the calculitions, it
has been assumed that the principal cation sources were salts, so anions were pres€Nrt but simply not
reported. To crudely account for these anions (SOr=, HCOI', or Cl), the figure for to0al cations was
multiplied by 2.5. Additionally, it was assumed tlrat paleosols on the Olinghouse fan resemble the preseirt-
day soils tested by Cooper and Associates (1980) and CH2MHill (1990). This may not be the case, since
their reports indicate tlnt with one exception, soil borings were on the portions of Dodge Flat containing
lacustrine sediments. If the sediments in fact supply solute to groundwater, then the non-representative
sample distribution may cause over+stimation of the sourcing capaclty of paleosols.

Reported averages in the soil analyses for Na* and Ca* were 0.44 and 0.23 meq/100g soil, respectively.
These equate to -l0l and -46 mgkg soil, or lOa and 4.6x10'5 kg/kg soil. Converting to fnglish units
gives l0' and 4.6x10-' lb solute/lb soil. Adding these values and multiplying by 2.5 to allow for charge
balancing anions gives -3.8x104 lb solute/lb soil as a figure for total available solute. If a reasonable bulk
density of 94 lb soiynt soil (-1500 kg/*t), i.e., a porosity of a}%@lake and Hartge, 1986), and complete
saturation are assumed, then 94x-3.8x10- = 0.035 lb solute/h- soil can be released into 0.4 ft" of nater.
This is equivalent to 0.035 lb solute in -25 lb of water, or -1.4x10'3 lbnb (1400 a/4). Thus, by saturating
a cubic foot of soil, a modmum of roughly 1400 ppm solute in its pore water could result. This figure



provides an estimate of solute availability to injected fresh water. If, for example, eveir l0% of the section

were paleosols, -140 ppm of dissolved solids could be produced in the newly saturated portions of the

alluvial fan. The total release into injected water presumably would diminish with repetition of the pr@ess,

but it is essential ttrat tests be performed prior to designing an ASR system.

If it is conservatively assumed ttrat the entire alluvial section (Va) is paleosol, the ma:rimum total solute

mass available from the alluvial material is roughly V+ x 0.035 rv 158,000 lb for a unit thickness of cross-

section. For the eastern portion of the section (V-r+Vz), one pore volume of fluid nv 8,000,000 ft3. This

corresponds to -}.Ozlblft3 of water, or -300 ppnr, roughly the observed gain in solute at the base of the

Olinghouse fan. In other words, even if the entire lower Olinghouse fan were paleosol, the transmission of
-l (Vr+Vz) pore volume of water would have depleted it of soluble cations. Water flux estimates during

only Lahontan time suggest that as numy as -30 pore volumes, based on hydraulic properties, or as few as

fouq based upon presentday recharge, may have passed through the average cross-section. It is therefore

highly unlikely ttrat paleosols were the sole sourc€ of solute to the groundwater beneath Dodge Flat.

This argument can be extended further. If one supplements the lower Olinghouse fan with a volume for the

,rpper fatt of -5x106 ft3 and makes the even more unrealistic additional assumption that the entirety of
Vr+Vz is paleosol, the necessary water flux to deplete salts increases to -6 pore volumes during Lahontan

time, quite apart from previous interpluves. If only -20% of the section is paleosol, only about I pore

volume is needed.

Concentrations in Gmthermal Fluid

Measured solute concentrations in geothermal fluids in the Dodge Flat region range from <-400 to as much

as -7500 ppm TDS (Garside and Schilling, LgTg). Taking -+OOO ppm a4 Vet# *.25 b/rso,ia) 
as a rough

average, and disallowing for compositional differences, geothermal water contains -10 times as much

solute per unit volume as is gained by groundwater moving down the Olinghouse fan. Since the flux of that

water essentially equals recharge, a geothermal component of only -L0%of recharge could account for the

entire observed solute gain.

Concentrations in Playa Waters

Similar computatiolls can be made for playa and agricultural recharge waters in the region. Electrical

conductivity measurements by Rowe, et al. (1991), indicate that such waters in the Fernley area contain

from <1000 to >-10,000 ppm TDS. Although these do not discharge into Dodge Flat they are a
potentially important source of ions to the Truckee River, and even small volumes entering the Truckee

systern can carry significant quantities of solute.

Part 2: Lake Mass Balances

The prwiors discussion providod order of magnitude estimates as to the roqulsite minimum sHatigraphic

thickness of evaporite minerals to account for present{ay compositions or Dodge Flat. This

portidt of the appendix considers another approactr as to wlretlrcr lacusrine sediments can plausibly zupply that

solute. Order of nragninr& calculatiqrs bave boen nrade of the solute rnass contained within an ancient lake

overlying Dodge Flat, and estifirates made of the nurnber of lake volumes roquired to supply that nrass. The first
sectiqr determines vrhether prceirtday afinospheric infrll above Dodge Flat suffices to supply the salB. TtF
secdrd sectiqr estirnates the number of lake volumes neded, and the third section uses peserfiay ET
measur€rn€nts to catculate the number of lake volumes of uater lost since the peak of tbe last pluvial interual. It
strould be cautiond tbat many simplifying assumptions were necessary to perform these calculations. Apart
from geometric simplifications, chief among them are the persistence of current climatic and hydrologic

t
I
I
I
I
I
I
I
I
I
I
I
I
t
I
t
I
I
tB-6



I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I

cmditiqrs into tlre past. Another important assumption is the lack of suurg int€racti@ bef\ /een lake uafiers ad
subnrelged sedimems: satts oortained within the sedinsts are assumed rd to re-enter tbe overlying wat€rs.

The first questisr concems wtretlrer presertr infrll could account for observed solute mncenhatiqrs. Jungo (1958)
provides coftour maps indicating major ion concenFatiors in presertday precipiation. Basd or those maps,
precipitation above Dodge Flat contains an estirnatd TDS load of -10* lb solute/ff of solution (-1.6 ppm). At a
precipitation rare of ^{.3 fl/y, this gives a solute mass flux of -3xlO'5 tUlt2-y.

In the previous section, a I ft2 column of sediment 2000 ft thick containing ^400 ppm TDS was estimated to
contain -7.5lb of solute. Dividirs this figure by the flux giras -210,000 y€ars as the minimum tirrc requirod to
accourf for those salts. Note that this prcsunres no flushing of salts by moving groundvimfier. If since the last
glaciatiorU 4 pore volumes have passed through the sedinrents, the requisite infrll duratim increases to -900,000
y; at 30 pore volumes, -6.4x10'g and at 42 pore volumes, -9xl0o y. Because the tfune sinoe the last higbshnd
is -13,000 y, clearly direct precipiation onto Dodge Flat is insufficiert to account for the dissolved salts.

The secord question address€s tlre mass of solute contained within a lake. For purposes of calculatian it is
assumed that the solute concentration of lacusfiine water was similar to the modian Truckee River cqrcenhation
benveen high- ard medium-florr conditions, i.e., -ht' b/ft3 (-160 ppm). h that case, a 3@ ft uater colurm
mntains ^4.3 lb. TDS. This uater depth vras obtained from the difference in elewtion behveen the Setroo
highstad and that of the t5pical Dodge Flat valley flmr. To accourf for 7.5 lbs. of solute therefore requircs -25
lake volunres, assumirg no lateral solute transport as the lake d€siccate4 and no subsequant Aushing by fiestr
rccharge lt/ater. This figure increases to -100 lake volumes if recharge amountod to 4 pore volumes, -200 d.30
pore volumes, and -250 at 42 prcvolumes.

These results suggest the ftfud question: how many lake volumes migln reasonably harre been lost sinoe the last
glaciation. Apptyrng present{ay rates for P},rarnid lake (- 3 f/y; Hostetler ard B€nso'rl 1990) to a
300 ft nmter column suggests that roughly one lake volume is lost per cemry. At that loss rafe, dring tlrc
-13,000 y since the last lalrontan highstand (Benson and Thunpson, 1987), -130 lake volumes rnay barc been
lost to erraporation, and during the past 20,000 y,400 volumes.

These figures are of tlre same order as those required to produce and maintain the groundwater solute
concentrations found beneath Dodge Flat today. Hourwer, the questior as to the ultimate sour@ of dissolrrcd
salts snains open. If precipitation infrll (at presentday rates) u/ere ttre qrly solute source, simple mass balance
suggests it must have been gather€d from an area hundreds oftimes tlrat of the Iahortan Basin to supply wbat is
pesently obsenred.

Part 3: Conclusion

Mass balance estimates suggest that a proportion of evaporite undetectable in wells on field sramination
potentially could source the solutes present in groundwater beneath Dodge Flat, provided there is some
kinetic, transport, or other constraint on dissolution rate. The evaporation of lakes tlrat existed durfug
previous pluvial intervals could plausibly have supplied those solutes, if it is assumed that they gained salts
from large drainage basins. Paleosols alone, even under conservative assumptions, probably could not
supply all ofthe observed solute, though their contribution may be significant.

B-7
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APPENDIX C

TRUCKEE RIVER SOLUTE MASS BALANCES

C.l Truckee River Median Flows

Table C.l lists the m@ns, standard deviations, and median values of monthly flow at each station for

the regressed data set (Table C.2). Also included are the differences in the arithmetic average mean

ana meaian flows betrreen the stations. At Wadswortb the mean flow is ^440 cA (318,000 afly)' the

median is,-62cft (^++,800 afly), and tlre standad deviation is -815 cB (-590,000 afll'), gv"4g -19 T
the coefficient of variance. Fdires for Nixon are: m€ar! ''444 dB (-321,000 afly) ; mediarU 71.5 cfr

(-5200 afly), s6ndard d€viadot -7S9 c8 (-571,000 afly); ana ooefficid of rmriance -1.8. Because of
tiirit i.tw,irurity, the difference of the mean between the Nixon ard Wadsrrorth flors is -1.9 c8 (-1380

afly), while the difference ofthe median is -9.6 cft (^5950 aAy).

TABLE C.l

MONTHLY TRUCKEE RIVER I.LOW STATISTICS

I
I
I
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Derby

Wadsworth

Nixon

Derby-
Wadsworlh
Wadsworth-
Nixon

All Months

Median Mean Standard
Deviation

47.5 401.3 756.5

61.9 441.9 814.6

72.1 443.9 789.1

Medians Means

t4.4 40.6

t0.2 2.0

Coeflicient
of Variance

1.9

1.8

1.8

Median

24.1

37.1

52.0

Months of November
And December Only

Mean Standard Coellicient
Deviation of Variance

247.9 562.5 2.3

277.2 600.0 2.2

284.6 585.9 2.1

Means

29.3

7.4

Differences between flows at the stations:

Medians

l3.l

14.9

Truckee River flow satistics d€rived fromtbe regr€ssed data te{' in c&.

Dda eource: U.S.G.S. morthly average flow datr' 1918'1997

For the months ofNovernber ard Decernber, the respectirrc ditrerences are nrore irrqular. At Wadsworth,

the mean is -277 cB (-200,000 afly), the standard deviatiqr is ^600 c& (^434,000 afry), the coefficier$ of

\rariance is -2.2,and tlrc median is -37 cB (-26,800 afly), wtrile for Nixon the correspondhg values are

-2S5 cft (-206,000 afly), -586 cft (-424,000 afly), -2.1, and -52 cE (37,7N afly). Beturcert

Wadsworth and Nixorl the ditrerence benreen me:ms is -2 cft (-1500 afly) and the modians, 14.9 cft
(-10,900 afly).

Under all conditions, flows are markedly irregular, as indicated by high coefficieirts of variance.

They are not normally distributed since the flow determined from the arithmetic average of logs of
the flows differs significantly from the median. The mean of the logs of flows, however, is

reasonably close to ttte teg of the mediaq which initially suggested that flows might be a lognormally

c-l



TABLE C.2
TRUCKEE RIVER tr'LOWS, REGRESSED DATASET

Dttt Wdrn.ll Nbo
4r.2t2 l/r.g 89

Ddt W.drr.& Nbr
1926 2l

2l
21.9
8.1
23.5
n&

117
t3

21.2
25
25

1927 t3.3
60.4
17.2
n.2
/|&
5t6

t29l
It0,l
1234
32.1
21.1
38.9

t92t 0.6
l8

121
,il5
tn

2195
t(bE
56t

21.4
25.8
25.1
t9.9

lng B
l0
4l

100
I4.6
l7.l
tl

3t.3
26.6
!7.t
N

t3.t
1930 1.65

2'2
89

a

232
t02
3t1

55.9
16.2
t,1.3
t2.5
8.6

l93t t.t4
2.5

3
3
3

7.19
6.93
t6.6

t3
641
5.39
1.37

t932 3.06
2

2.1

2.8
233
70.8
4l

7
380
15.,1

t5.5
&4

1933 1.65
1
4
1

4.21
5.8,1

9.97
98.r
2t6
t2.5
8.,|8
8.93

c-2

I
Bdt-DsbFfqr

AVG
StDv
MEDTAN
Mu

Wota Ycu
t9t8 157

222
.t03

ll62
,193

n.4
tE.9
11.1
98.9

t9t9 24
185
2X
190
279
270

t655
t526
60. I
ll.3
ll

12-6
t920 20.9

t7.8
t8?
t0t
t4

31.9
391
568
9.2
t6.6
13.7

t2
tczt t2

3r.5
t2.3
301
26
9i(3
x4
t23
59
t5.9
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distributed. Using log-probability plots of selected data ponds to t€st this concept yielded graphs with one
approximately lineartr€nd for flornn above -50 c8, and anotlrer with a much flarer slope for floun below
that value (Figure C.l). Analogous results were obtained using only the low-ET morflrs ofNovenrber and
Docernber, but on tlrose plots the ctrange from sballorr to steep slope tmk place at ^40 cfs. Because a
lognormal distribution would have prcduced a single shaiglt lirre, it is possible that Trucke River flows
arc best represeft€d by some othor statistical distribution. Altematively, differcr[ pr@esses, each giving
rise to approximately lqgnonnal flow dishibutions, may govern flows above and below ^40 to -50 cft.
Whether the flow distibutions derive from natural processes or frqn tlre impact of human activities such
as diversions and reservoir sbrage is not a subject ofthe preserf investigation.

Although florrus in the lower Truckee overall are not lognormally distributod, two linear s€nurts are
preser$ m the log-probability plot, one of wtrich describes low-flow, lorv ET mnditions. Because the
presed sudy addresses base flow conditions, the modian, rather than the m€q was therefore corsidered to
be more adrantageous in mass balance calculations since it eliminates the influence of anomalosly high
values when determining solute fluxes. A still more accufale resuh migtt be obtained using an altemative
method describd in Anderson and Meerschaert (1998), which evaluates river florrs in terms of healy-
tailed rafher than normal or lqgnormal statistical distributions. Howwer, use of that technique is b€Vond
the scope ofthe present study, so calculations were performed using median flows.

C.2 Mass Balance Expressions

Average concentrations for each major ion and TDS were determined for each station from data
supplied by the Nevada Deparfinent of Environmental Protection (NDEP, 1997). These data have
been acquired from a monitoring program instituted in 19E0, and were combined with those
preserfied in Bratberg (1980) for the period 1973-1980. Water quallty is assessed near each flow
measureNnent station, except Derby, for which samples are obtained at Tracy, approximately three
miles upstream. However, since solute concentrations change little between Tracy and Wadswortlr"
there is minimal recharge along that reach, and the river flows swiftly, the Tracy data are considered
applicable to Derby.

The flux of solute at a given station must equal that at the preceding station plus inputs or minus
outputs between the stations:

tu QnCo:Q*C* + QiCi

where Q', Cn, Q*, and C* are respectively the flows and concentrations at Nixon and Wadsworth,
while Ci and Q, represent all concentrations and flows gained or lost between the two. From [3]:

Ci=
Q.Cn - Q*C*

Input concentrations between Wadsworttr and Nixon therefore can be calculated provided the solute
fluxes are known at the stations and the input flows are known. Since
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water inputs between Wadsworth and Nixon (Q.-*) can be determined by difference from the flows
measured at those points:

t4l Q.- Q*=Qi=Q n-*

C.3 Altemative Determination of Truckee River Flows

Usittg tlte median Truckee River flows for winter months in mass balance calculations prcduced estfunates

of solute gains comparable to those of Bratberg (1980). hr additioq a process-based altemative rnethod
was afiernpted frat usd the cumulative averages of flows b*rxrcen Wadsworth ard Nixon (Appendi* D).
This method, though norrcl pro&rced results similar to Bratberg (1980) for both inflow ard
eraptranspiration (EI) along the lower Truckee conidor. Regressed morfihly average floum at
Wadsworttt ard Nixon and their difference werc sorted in ascending order based qr the Nixon floun.
When the ditrer€nce uas plclted again* Nixon floun, the graphs were higbly irregular, so mwing averages
encontpassing zuccessively larger sample goups were taken to smooth the data sst. The difference of tbe
ntoving averages (Aw-w), was then plotted against the moving averages for the Nixqr floun. As the grorps
became lalger, the moving average grapts took on the same characteristics as cumulative averages. Plots
incorporatfug qrmulative a\qages were therefore selected for analpis.

Clunges in the processes operating on the lower Truckee river systern are indicated by changes in slope or
the plds. Once the processes are ideffified, it is suggested that their magnitude can be dstermirrcd fiom the
plds. In the analysis, it first was assumed that input was approximately constant frorn rnontr
to month, and that the orly otlrer processes affecting Aw-w were ET and floun at Wad${rorth. Agriculhual
diversions along the Wadsryorth-Nixon reach erdst, but are relatively minor @ratberg; 1980).
Examination of the graphs suggested the o<istence of an additional process that d€p€ndd m the flow
volume; this was wennrally identified as overbank storage within the floodplain ofthe river. Bmuse tlrese
three majorpr@esses - subsur&ce inputs, ET, and this third process - may harre operated concurrerfly in
any particular month, the no<t step in the analysis required identifying those months when one or nrore of
the processes were inactive.

Flous qr the Trucke often are low from late summer through early winter, minimizing the influence of a
flowdependent process. Additionally, both erraporation and transpiratior are minimum during the wirfer
rnonths, ad agdculturat divenions are mininral. Noverrber ard Decenrber were therefore selectd as
mmhs wlren baseflow conditions most ftqueirtly we,rc encourfierp{ i.e., when the sole inputs to the
Wadsworth-Nixon reach were from grormdurater. Nixor flows and Al.rw for Novenrber and Decenrber
wq€ erfiracted frqn the regressed data set, and a plot of cumulative averages made.

E:ramfuntist ofthe low-flow portiqr of the plot zuggested -15 cft (-10,800 afly) of groundrmter input to
tlp Wadsworth-Nixon reach of the lourcr Truckee, similar to, though lonar tlran, Bratberg's estimate of
-16 cfr (-11,600 aAy). At higher floun, tlrc flowdepurdent third process actively diminisha Arw urtil
odnunely high flows are reacH. Since agriottural diversiqrs were nd activg this loss was atfibtrtable
to a hydrologic mechanisnr, for wtrich the most plausible candidates are overbank sur&ce storage and
ptreatic aquifer storage h&cd by a rise in the uraner table adjoining the river. Orrder of magnitude
calculations indicate that aquiftr storage is insufficiently rapid to acquire and disclrarge the necessary
rvder volumes in the appropriare timeframes, but tlut overbank sbrage plausibly could do so (Appendix
D).
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c.5

Mass Balance Results

Brarbery (1980) based his inflow estimate of -16 cS (-14,000 af,ly) on hydraulic properties calculatd
from Femley-Wadsworthareawelltests coupled with drought flow corditions qrthe Tnrckee River, whictt

he aszumed to represent baseflow. The present study dealt with median floun and with cumulative

averages derivod from low-flow months, and anived at a figure of -15 cft (-10,800 aAy). This rmlue is

.-trist"nt with solute fluxes along the lornrcr Truckee. Table C.3 summarizes major ion concentrations

and fluxes in the river for the Derby-Wadsworttr and the Wadsworttr-Nixon reaches. Fluxes and flux
differences were calculated from [3] through [6], based on both median (1a.9 cfs) and average (-1.9

cfs) flows for the months ofNovember and December.

Table C.4 incorporates these solute fluxes and shows estimated groundwater solute concentrations

under various input sc€narios. These scenarios include flow gains based upon: (l) median flows; (2)

mean flows; (3) Bratberg's (1980) inflow estimates; and (a) the assumption that dl gains equal only

recharge from the Pah Rah Range.

The table also lisg: the average groundwater composition on Dodge Flat below the toe of the

Olinghouse farq Bratberg's (1980) average Fernley well water, and Bratbeds (1980) calculated

subsurfrce inputs between Derby and Wadsworth, Derby and the S-S Ranch, and Wadsworth and

the S-S Ranch Clable C.4 (b)). Also included is an estimate of composition for groundwater entering

the Truckee from all of Dodge Flat; this derives from a weighted average of Bratberg's (1980)

concentration estimates for the Wadsworth to S-S and the S-S to Nixon reaches. Note that all
groundwater inflow estimates are considerably greater than recharge to Dodge Flat from the Pah Rah

Range, which illustrates the significance of Fernley-Wadsworth area groundwater and possible

sources east of the river to the lower Truckee system. For comparison, required groundwater input

volumes are calculated based on Bratberg's (1930) solute concentration estimates Cfable C.a (c)).

Examination of Table C.4 (a), indicates ttrat the closest approximation to the Dodge Flat
gtoundwater composition and the average from Fernley area wells is ttrat calculated from median

flows during winter months (14.9 cfs = 10,800 afly). Though somewhat higher than from fluxes

based on Bratberg's (1930) flows, these estimates conform generally. Major ion compositions,

howwer, suggest that flow from Dodge Flat to the river results in considerable relative Cl'increases,

some Mg* a"a CO; gains, and loss of SO+= and Na*. In all scenarios, B is anomalously low. This

patt€rn i-s compatibte with dissolution of halite (and B) from sediments, exchange of Na* for Mg*
and Ca*, and simultaneous precipitation of gypsum or possibly the biogenic reduction of SO+=. A
similar proc€ss without gypsum precipitation might explain Fernley flow system groundwater

chemistry. However, g)'psum is slightly undersaturatd in the Olinghouse fan groundwater samples

(see Section 8.1); but its presence within Lalrontan age sediments near the S-S ranch zuggests that

this might not be the case elsewhere on Dodge Flat. Also, along a recharge flowline groundwater

must fiist lose Ca* and gain Na* on the Olinghouse frn, the,n lose that Na* (and SOO while gaining

Mg* and possibly Ca* along ir pathto the river.

Evapotranspiration

kr addition to providing inflo$r estfunates, interpretation ofthe cumulatirrc average flow graphs of Appaodix

D zuggested ET losses aloog the lower river of betrvsr ^4 and -5 cft (-2900-3600 afly). Howev€r, that
portion of ana\nis incorporated all lor-flow mofhs, wint€r or summer, and thus, implicitly assumed that

ET is an importaff process wheirwerNixon flou/s arc relatirrcly low. Some ofthose floun occrrrpd &ring
wifrer, when ET was at a minimunU and so a similar apprmch was attenrpted usurg only cumulatirre

a\rerages frqn months otlrer than Novenrber and Dcernber. Analfis of these grapbs assumed -15 cE

total groundsater inflow, and suggested an ET of -l l to -14 cft. This compaxes hvorably to th€ -13 cft
obtaind from the phratop\ae use ard cropland acreages ofVan Denburgtt, et al. (1973).



TABLE C.3

CONCENTRATIONS, FLOWS, AND FLUXES
IN THE LOWER TRUCKEE RIVER

a) Concenfations (ppm), MEDIAN flows (cfs), and solute fluxes in the Tnrckee River for the months of November ard December.

Wadsworth Median Niron Median

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T

I

fon
Ca
Mg
Na
HCO3
co3
cl
s04
B
TDS

Ion

Ca
Mg
Na
HCO3
co3
cl
s04
B
TDS

Ion

Ca
Mg
Na
HCO3
co3
cl
s04
B
TDS

22.5
8.4
29.8
lll.3
0.3
18.3

29.9
0.3

177.5

22.5
8.4
29.8
lll.3
0.3
18.3
29.9
0.3

t77.5

29.9
tt.7
55

119.2
6.7
74.4
73

0.31
358.5

Tracy Median
Concentrdion Flae Fhtx

t9.4 24.t 467.5
6.7 24.t 161.5
25.2 24.t 607.3
t0r.2 24.t 2438.9
0.4 24.t 9.6
t7.9 24.t 431.4
23.8 24.r 573.6
0.286 24.1 6.9
167.2 24.t 4029.5

FIag FXnx
37.t 834.8
37.1 311.6
37.t I105.6
37.t 4t29.2
37.t ll.l
37.r 678.9
37.t I109.3
37.t I1.4
37.r 6585.3

Flary FhLr
52.0 1554.8
52.0 608.4
52.0 2860.0
52.0 6198.4
52.0 348.4
52,O 3868.8
52.0 3796.0
52.0 16.l
52.0 18642.0

FIux
8507
3329
15648
33912
1906

2t167
20769

88
101993

b) Flow and flux difrerences and calculated groundwater input concentrations to the Truckee based upon MEDIAN flows.

Tracy - Wadsworth Reach Wadsworth-Niron Reach
Fhx FIon, CalculdcdlnputFhtx FIow

367.2 13.0
150.2 13.0
498.3 13.0
1690.3 13.0
1.5 13.0

247.5 13.0
535.7 13.0
4.5 13.0

2555.7 13.0

Fhx

t428
668

2013
5765
-16
635
2388

t4
7754

Calculcted Input
Concentr6ions

28.2
11.6
38.3
130.0
0.1
19.0
41.2
0.3

196.6

Concentrdions
t4.9 48.3
t4.9 19.9
t4.9 117.7
t4.9 138.9
14.9 22.6
t4.9 2t4.r
t4.9 180.3
14.9 0.3
14.9 809.2

720.1
296.8
t754.4
2069.2
337.3

3189.9
2686.7

4.8
12056.8

c) Concentrations (ppm), MEAN flows (cfs), and solute fluxes in the Truckee River for the months of November and December.

Wadsworth Mean Nixon MeanTrecy Mean
Ion Concenfidion Flart

Ca 19.4 247.9
Mg 6.7 247.9
Na 25.2 247.9
HCO3 101.2 247.9
co3 0.4 247.9
cl t7.9 247.9
so4 23.8 247.9
B 0.3 247.9
TDS t67.2 247.9

Fhtx
4809
166l
6247

25087
99

u37
5900
7l

4t449

29.9
tt.7
55.0
ttg.2
6.7
74.4
73.0
0.3

358.5

FIary
284.5
284.5
284.5
284.5
28/..5
284.5
284.5
284.5
284.5

Flary FXtLx

277.2 6237
277.2 2328
277.2 8261
277.2 30852
277.2 E3

277.2 5073
277.2 8288
277.2 85
277.2 49203

d) Flow and flux differences and calculated groundwater input concentrations to the Truckee based upon MEAN florus.

Trecy - Wedsworth Reech
FIow Calculdcd Input

Wadswofth-Niron Reach
Fhtx FIary Calculded Inpul

29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3
29.3

Concentrdions
48.7
22.8
68.7

196.8
{.5
2t.7
81.5
0.5

264.6

2270
1000
7387
3060
1823

16094
t2480

3

52790

7.3
7.3
7.3
7.3
7.3
7.3
7.3
7.3
7.3

Concentrdions
310.9
t37.0
l0ll.9
419.2
249.7

2204.7
t709.6

0.5
723t.5

Corrcentrationg flows, and fluxes in the lowcr Truckec River for presumed bascflow months ofNovcmber and Deccmber.
Sources: NDEP, U.S.G.S., and DRL
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44
46
t26
23

206
9l

lll

9
9

20
l3

26
l3

ll

239
r74

868

I
I
I
I
I
I
I
I
I
I
I
t
t
I
I
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I
I
I

TABLE C.4

SOLUTES IN GROUNDWATER ENTERING THE TRUCKEE RIVER

(a) Solute Concentrations in Groundwater, in mg/l
Calculated from Truckee River Fluxes based on

Ion

Ca
Mg
Na
HCO3
co3
cl
s04
B
TDS

Ion

Ca
Mg
Na
HC03
co3
cl
s04
B
TDS

46
4.5
209
92

N.R.
7l
414
r.74
8M

45
l9
ll0
t29
2l
t99
168

0.30
754

48
20
ll8
139
23
2t4
180
0.32
809

76
32
89
t64

N.R.
t2l
2tl

N.R.
726

3ll
t37
t0t2
4t9
249

2205
lTto
0.46
7232

Averages of Bratberg Median Mean -l+-ltlt
Ooage fht Flow Estimates low Flows [.ow Flows I|?Ht;T
Groundwater 

Median Flows

(b) Bratberg Groundwater Estimates for Various Reaches
(f980, p.46), in mg/l

424
t75

1032
t217
198

t876
1580
2.80
7092

(c) Required groundwater
input volumes (cfs) based on
Bratberg's Concentration
Estimates

Median
Flows Mean Flows

79
37
138
166

N.R.
199
t92

N.R.
827

62
24
83
155

N.R.
100
t43

N.R.
6ll

49
l5
84

229
N.R.
3l
t28

N.R.
497

Fernley Derby Derbyto
Wells to S-S Wadsworth

All of
Wadsworth Dodge

to S-S Weighted
Averages

73
33
156
16l

(a) Calculared input groundwater solute conceirtrations iflto lhe Wadsworth-Nixon reach boscd upon sotute flux ectimates fr,om Table 9 and
narious volume cstimrtes (b) Bratberg (1980) estirnales for inputs and regional groundwaters inctuied for Conparison (c) Also shown rre thc
input water volumes tlrat are required to prodrce Brarberg's estimaed input conceolratiors for the Wadswo,rth-Nixon reac-ir 

-based 
on median and

mean Truckee River flow differences. Note that the close$ approximation to the average Dodge Flat grounduater is obtaincd 6.om fluxes
&rived using median flows. Difrerences baween this estimate ard those of Bralberg mem in prrt fiom diffcrent edimates of Tru*ce River
baseflow.
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APPEIIDIX D

USE OF CUMULATIVE AVERAGES TO
ESTIMATE THE MAGNITUDES OF PROCESSES

IMPACTING THE LOWER TRUCKEB RTVER
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APPEIIDIX I)

USE OF CTJMULATIVE AVERAGES TO ESTIMATE TIIE MAGNITTJDES OF
PROCESSES IMPACTING THE LOWER TRUCKEE RIVER

Along the Truckee River east of Dodge Flat, the principal water loss mechanism is evapotranspiration
(ET), while input is confined to groundwater recharge except during rare major runoff events. Surfrce

runoff is volumetrically negligible and generally contains little solute. Since ET consumes only water,

solute gains or losses must originate within groundwater, and the net water gain or loss (A"-0 must equal

the difference between ET and subsurface flow, provided no other processes impact the regional flow
systeNn.

Other mechanisms, however, appear to operate that depend on the magnitude of flow. This can be seen in
Frgure D.1, which compares cumulative avenrges of the difference in monthly flows between Nixon and

Wadsworth against the cumulative averages of Nixon flows. To derive the graph, average monthly flows

at Wadsworth and Nixon were sorted in ascending order, with those at Nixon the sort criterion. The

difference in flow (aw-w) was obtained for each of the 956 regressed data poinb. To smooth the results,

cumulative averages were taken beginning at low Nixon flow values. A given value at the left-hand Qow
flow) portion of the plot therefore derives from fewer dafa points than those frrther to the right. Similarly,

ttre effect of greater river flows on An-w becomes more pronounced from left to right along the plot. Cumu-
lative, rather than moving, averages are reported to better smooth irregularities and to view the shape of the

low-flow portion of the curve, but both produced similar results. The data from which this plot derives are

presented in Appendix C.

Because Figure D.l shows cumulative averages, the changes in system behavior should manifest

themselves as changes in slope, though their precise onset rnay be difficult to ascertain. One such change

takes place at at -40 cfs, where the curve levels offafter a steep rise; another can be seen at -100-130 cfs,

above which Aw-w declines in a roughly linear fashion with a slope -0.02. This suggests that a mechanism

or mechanisms rougfiy proportional to flow are operating in this region. To characterize therr requires

consideration of the physical processes that dominate the lower river and its aquifer system. For time

scales on the order of days to months, these are: flows from upstream; groundwater inputs; and

evapotanspiration (ET).

In Figure D.l, for Nixon flows between -35 and -130 cfs, Ar.rw nv ll cfs. This represeirts the combined

influence of all process, including groundwater input and ET losses. The major drop in Ar.rw below -34 cfs

suggests that as flows diminish, losses (ET) rapidly dominate the lower Truckee surhce water system.

However, ET is not truly independent of flow, since both are seasonal. Attempts to ascertain the magpitude

of ET losses using Figure E.l alone were unsuccessful, so a m€ans of separating ET effects wils necessary.

Along the lower Truckee corridor, plant activity diminishes beginning roughly in October, and remains low
through the winter (Klotz, 1998). River flows during this period are generally also low. This suggests that
the 4ggregated data from these months should represent baseflow conditions, and that gains or losses

between Wadsworth and Nixon define river-groundwater interaction in the absence of vegetative

transpiration and for low evaporation rates.

Flow data were extracted from the regressed data set for the months of Noverrber and December for each

year of record and sorted in ascending order based on gage readings at Nixon (Appendix C). Cumulative
averages of these are plotted in Figure D.2, against cumulative averages of corresponding AN-w. Similarly,

Figure D.3 compares cumulative averages of Nixon flows and AN-w for the remaining months of the year.
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Table D.l lists the mean, sample standard deviation, and median values of these 151 flows and for a subset

consisting of the lowest 30 flows. The table also includes AN-w det€rmined from the mean and median of
these low flows. As is the case with the entire data set, the arithmetic mean and standard deviation are

large due to the influence of relatively few extremely high flows. Moreover, both exceed Aw.w by between

one and two orders of magnitude. It should be noted ttrat the flows at v-'hich the change in slope take place

con€spond appro:rimaely to those at wtrich slope ctrangBs were obsewed in the log-probability plots of Appadix
C. Atthough flornn in the lower Truckee are not distribute4 to eliminate the influence of
anomalously high values the median, ratlrer than the mear\ was csrsidered to be more representative ard so was

incorporated in mass balance calculations. Solute mass balance calculations based on this figure correspond well
with major io compositions of Dodge Flat waters.

TABLE D.l

TRUCKEE RIVER FLOW STATISTICS FOR
MONTIIS OF NOVEMBER AI\D DECEMBER

I
I
t
I
t
I
I
I
I
t
I
I
I
I
I
I
t
I
I

Differences in Averages
Wadsworth- Nixon -

Derby Wadsworth
29.3 7.4Average

Stdev
Median

Derby
247.9
562.5

24.1

Wads
277.2
600.0
37.r

Nixon
284.6
585.9
52.0 13.1 t4.9

Data source: U.S.G.S., for period l9l8 - 1996.

The nragnihrde ard nanre ofthe processes that operale beturcen Wadsrorth and Nixsr during wirter flons can

be gauged using Figure D.2, wtrich plcs a very steep increase in &uw with increasing flow up to -30 cB, after

wtrich the rate of increase declines, peaking at43 cft for Nixon flornn of -100 cft. At stil higher flonn, All-w

declines tounrd a possible asymptote of -7.5 c& aborre -250 cft. Examination of major slope clnnges and

inflection points the graph suggests that for Nixon flows >-50 cft a process initiates that progressively reduces

the flow gain betrveen Wadsworth and Nixqr. Its influence beconrcs nrgtrly constant above -2@220 c8.
Since bottr agricuttural diversions and plant transpiration are ^4 during ttrese months, tbe process must be

hydrolqgic as opposed to biological or anthropqgenic. Two possible modranisnrs, bank storage alorg tbe river
ard aquiftr storage, were propos€d for this pK,cess. Their plausibility was tested compuaticrally.

Between -120 and -220 cfs, Frgure D.2 exhibits a constant slope of -97o, sugg€sting that the process

changes relatively little under those flow conditions, and that the process @nsumes -9 cfs of Aw-w for each

100 cfs of flow. At 220 cfs, this implies roughly 20 cfs of consumption. For a l-month qeriod" the

shortest time discretization available in the flow data this corresponds to roughly 5.2x10" ft" of water

stored along the river system. Dividing this by nvice the bank length for a l6-mile stretch of river
orclusive of meanders (-169,000 ft) indicates ttrat -300 ft' of storage is required on each bank per

lineal foot of channel. At a water depth of I foot, that volume of water can be stored within an area of
about 300 nt p"t foot of channel lengttr. This figure is less than the average half-floodptain width of -1000
ft, suggesting that overbank storage could very plausibly account for water losses between Wadsworth and

Nixon during high flow periods in the absence of ET. That same mechanism would permit rapid
reintroduction of the stored water to the river.

Aquifer storage appears insufficient to acquire and discharge comparable water volumes during the
requisite time frames. Conservative order of magnitude calculations suggest times betwee'lr -70 and -500
days to release a similar volume of water from aquifer storage.
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TABLE D.2

AQUIFER STORAGE CALCULATION

I
I
t
I
I
I
T

I
T

I
I
I
I
I
I
I
I
I
t

Distance
Gradient
Conductivity
Avg. Linear Velocity
Time = Di

Conductivity Range

High low
500

0.002
735.7

7.4
68.0

500
0.002

98.4 ff/day
1.0 ff/day

508.2 davs to drain

Surface aquifer storage calculation for high flows using average hy&aulic conductivrty, I'aquifer
lhickness, I'hea4 500'ht€'ral dir[ance of songe, effeclive porcity 0.2, and l)arry now. Units: ft,
f/day, anddays

These computations assumed a oonstant l-foot head, confined flow, and the hydraulic conductivities
estimat€d during this study for the Truckee River aquifer (Appendix E and Table 5.8).

In a manner analogous to Figure D.2, the constant-slope line in Frgure 8.3 for Nixon flows above -15 cfs
indicates that for those months and at those flows there are no changes in the hydrologic processes

operating on the lower Truckee. The decline in stor4ge sesn in Figure E.l above -130 cfs thus derives

from the inclusion of low-flow months in its data set, and indicates that ET and All.w are not completely

independent.

Figures D.2 and D.3 may also supplement inflow estimates based on median flows. In Figure D.2, above

-250 cfs, an asymptotic AN-w of -7.5 cfs app€rs to be reached, at which point the sloragdconsumptive
mechanism no lo4ger changes AN-w. The difference between this asymptote and the madmum Ar.r-w of -23
cfs, which occurs when the cumulative average Nixon flows are in the vicinity of -100 cfs, is -15.5 cfs,

close to the 14.9 cfs input obtained from median flows (Table C.l).

Figures D.l and D.3 suggest ET estfunates for the lorxrcr rirrer. kr Figure D.l, for Nixon flornn baqrcen -35 attd

-130 cfr (-25000-94000 afly), Arw is roughly l&11 cE (-7200-8000 afly). Hornruver, this prcsurres that ET is

an important prooess wlren Nixqr floua are in that relatively lon' range. Some of those flona take place durfutg

wint€r rmths wtren ET is at a minimum.

Figue D.3 derives mly frorn those months of tlre year wlren ET is active. The plot displays a constaft slope for
Nixan gqls >-15 c8, indicating that the pK,cess or processes governing An-w operate steadily urder a wi&
range of florus, ard only cease to do so under erd€mely low flow cqrditims. A Arw of betu/ql ^t ard -10 cft
is seen at the dtange in slope representing the mset of lorr flow cqrditions, below ufiich Aw-w beoqnes sligltly
nqgatirre (-zto 4 cft). Assumiqg that under these low flow cqrditions ET is the govemfug process, subtnacting

the tvio figures gives an estimate for ET of -l I - 14 cfs. This is consistent with the ralues obtained from Figure

D.l, ard with tlrat derived from estfunates of vqgetative cover by Van Denburgb et al. (1973).
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APPENDIX E

IIYDRAULIC CONDUCTIVITY ESTIMATES
FOR THE TRUCKEE RIVER AQTIIFER

To estimate hydraulic conductivities for each segnent of the Truckee River aquifer, drillen' well logs were

oramined ard lithologies grouped into categories. For each category, a hydraulic conductivity was assigned

based upur the ranges slrown in Freeze and Cherry (1979) (metric units). These were later adjustd to optimize

tralsntissi"ides obtained fron pump t€st data. Table E.l lists the lithologic cateqories and the log of initial

conducivity estinrate. The table also shorvs the optimized csrductivities in gd/tr and the logs of optimized

confuctivitv as ergressed in m/s and flday.

The ave,rage conductivity for a well or screened fusenxal cqrsistod of the arithmetic mean of the assigned

csrductivities weighfed according to sftatigraphic thiclnress. Use ofthis apprmch presumed horizurtal flow in all

units.

Four pump tests providod a standard against which initial conductivity assigrrments were adjusted. For each well"

conductivities were assignod only to those units contained within the screened intervd of each well. Table E.2

shows the four wells (Stampmill Estates West and East; and two Wadsrorth production wells), their measured

transmissivity, and the lithology and thickness of each shatigraphic int€rval. The average condrctivity was

obtained by dividing the transmissivity by the thickness ofthe well screen.

Tlrc optimizati@ procedure consisted of adjusting the conductivity of each litholos/ until the averags estfunated

oqrArctiuity of tlrose wells most cloeely approached the arrcrage measur€d conductivity. Ttrcse results were

slrown in Table 5.8.

Once conductivities were determined for each litholqry, these were appliedto well logs within eactr segmert ofthe

Truckee Rivgr aqgifer (see Tables 5.8 and C.t). To obtain the average conductivity for the edire aquifer, ail

snatigraphic unie *€ne considered, not only those that lay within the screened interual. An averago was obtained

for each well, and the mean ofthose was designated tlre cqrductivity for that aqtrifer segment Clable E.3).

Aquiftr thickness was based upon avenge depth to bedrcck in those segmerfs uilrere it was encqufered. For

those wells completed entirely within the aquif€r, the depth was taken as the arrcrage well depth. Since mly the

deeper wells were used to determirr aquiftr properties, this eliminated any bias that migttr be causd by shallor

wells. IMaximum wel @th migh provide an equally appropriale gauge; howerrer, since the aquifer sqgrstts arc

as much as sevenal miles lorg, the average was c,lpsen as a nrore cqsermtive m€ru;ure.

An ave,rage aquifer width was also estimated for each segn€nt Clable E.4). This was obtaind from 1:24,000

scale U.S.G.S. toeogaphic maps by measuring the floodplain width perpurdicular to flow at half+nile interv"dls

within each s€mer11. The median ofthese values was then applied to the segment. This approactr consenatively

assunres tb,at fluvial sedimerts only underlie the floodplain ofthe river.

Table E.5 lists transmissivities reported by CtDMHill (1990). Its intent is to enable calculated to enable

comLparisdl with the estimated transmissivity figures of Tables 5.8 and C.1. For this table bottr the arithmetic

ard geometric means were determined.
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TABLE E.2

THICKNESS AND ESTIMATED CONDUCTIVITIES OF SCREENEI)
INTERVALS IN SELECTED MAJOR WADSWORTH AREA WELLS

Wads. Production

32581 New (I*isek)

75

25
20

Stfipmifl Estates

West East

Total thickness (ft.)

K average (ff/day)

t2
32
l8
40

t02
45.9

343.5

35
35
10

c
CS
slt
s/s
s
SG
G
B

80

24.9

186.5

100

26.2

195.7

20

262.9

1965.3
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TABLE E.4

TRUCKEE RIVER FLOODPLAIN WIDTHS
USED TO ESTIMATE WIDTH OF THE FLUVIAL AQUIFER

I
I

Segment 2

800

600

1000

900

700

1000

1500

1200

1000

Segment 3

2500

1400

1200

I 100

1000

1400

1000

Segment 4

5000

6000

4500
3200

2500

Segment 5

1400

2400

3600

7000

4500

Segment

1600

3300

1200

1600

2400

1700

2000
1300

1200

400

700

400

1483I
I
t
I
T

I
I

Average of all sections

Average of Averages

967 t37l

2368

4240

Segmeirt I is within Truckee River Canyon, upstrearn of Rainbow Rock, and was not included.
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T
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TABLE E.5

AVERAGE TRANSMISSIVITIES FROM CH2MHILL DATA

Aquifer Transmissivity Conductivity

l4pdtf'2l tff/davl

7t l0
261 35

364 49

409 55

446 60

500 67

57r 76

905 l2r
l8l8 243

2t27 365

2t50 368

3000 401

9000 1204

Thickness

tftl

42

56

ll
22

56

l8
56

42

ll
ll
L2

30

30

lspd/ft]

3000

14600

4000

9000

25000

9000

32000

38000

20000

30000

33000

90000

270000

I
t
I
I
I
I
I
T

I
T

I
I
I
I
I
I
I
I
I

235

103

t756
767

44431

19200

With last well - Arithmetic Mean

Geo. Mean

Wo last well - Arithmetic Mean

Geo. Mean

25633

17500

Lt52
700

154

94

E-8
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APPENDIX F

COMPARATIVE GE OCHEMIS TRY
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F.l

APPENDIX F

COMPARATIVE GEOCHEMISTRY

Soluble Paleosol Cations and Ion Exchange

Between the lower Olinghouse frn and its toe, groundwater loses a small amount of Ca*, but

disproportionately gainsha* and SOn=, thereby increasing its TDS. Equilibrium calculations

demonstrate that gypsum .is undersaturated and calcite supersaturatd suggesting calcite

precipitation as a possible Ca* sink.

Cation exchange with Na* in clays may also depl*e Ca*. Studigs by Cooper and Associates (1980)

and cH2MHilt (tggo) tested thi cation exchange capacrty (cEC) and soluble ion release of tpical
Dodge Flat soils. Forthe present investigation, calculations were performed assuming that -10% of
a tO-OO-fmt vertical cross-section is soil, ttrat the CEC of paleosols is comparable to that found by

Cooper and CH2MHill, and that presentday recharge is represe,lrtative of the total water flux

Ar;gh the section since the latest Lake Lahontan highstand (-13,000 y.b.p.) (BensorL 1993). These

show-that more than sufficient CEC exists to account for the differences in Ca- betrreen the

groundwaters on the upper and lower Olinghouse fan (Appendix B)'

Soluble ion release from paleosols is by itself unlikely to account for the observed TDS gains beneath

the base of the Olinghouse fan. Based on the Cooper and fusociates (1980) and CH2MHill (1990)

analyses and using water flux based upon presentday recharge, paleosols must constitute the entire

stratigraphic section beneath the Olinghouse fan to account for the solute concentrations recorded in

ttte OoOge Flat wells. This is geologically unrealistic. Moreover, the capacrty of tlrose soils to

supply.itio* would coincidentally just n"i" U" depteted, which is implausible' Some SO+= and Ca*

*uiapot*tiutly derive from dissolution of gypsum in the paleosols, although there is no specific

evidence for this proc€ss in the soil leach tests'

Soluble ions from paleosols coul4 however, potentially degrade artificially recharged fresh water,

depending upon thi recharge method used. Water moving through unsaturated 1{iment beneath

infiltration basins could release unacceptable amounts of Na* from certain soils (CI{2MHill, (1990),

and groundwater mounding due to artin.iot injection through wells could sattrrate paleosols that

hiil;o hy within the vadoie zone. The extent of that mounding depends on the volume and rate of
recovery, water injected, hydraulic characteristics of the aquifer, well field geometry, and other

factors iAutitrg to iesign and operation. Assuming Orat l0% of an aquifer is paleosol with a bulk

density of 94 lb/ft^l I1SOO kg/m"3) @lake and llartge, 1986) and properties similar to those

reported by CH2MHiti (tgqOj, saturating that soil could supply -140 Plm of ions to fresh

grlunawater (Appendix Bj. Possible future-AsR engineering efforts must establish the magnitude of
Ihis potentiat rofute source; however, it is entirely possible that due to the confined nature of aquifer

mounding may not be significant.

Surface Water Ion Sources

Except for occasional ephemeral runoff during storms, the only surface water near the ASR sites is

Olinghouse Creek, which vanishes a mile or more away. Since infiltration from precipitation events

is inJignincant at the elevations encountered on the lower Olinghouse fan (Morey and EakfuU 1949;

EakirU-et al.,l95L), it can be presumed that surface waters do not impart ions to the aquifer system

in that area.

F.2
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F.3 Geothermal Waters

Some geothermal contribution to the Dodge Flat aquifer system is possible, not only on the
Olinghouse fan but elsewhere within the hydrographic basin. Pleistocene and later faults, possible
conduits, have been identified along the foot of the Pah Rah Range and within the central portions of
Dodge Flat (Sanders and Slemmons, 1979; Bell, 1984; Flartley, 1998; and photographic
interpretation for the present sdy). At presen! the volume of water ttrat might derive from such
sour@s is unquantifiable, but examination of ionic and isotopic compositiorq as well as temperature
data suggests some geothermal influence on Dodge Flat groundwater chemistry (McKay and Bohm,
le98).

The trilinear plot (Figure F.t) shows the composition of selected geothermal waters from Dodge Flat
and surrounding regions. Chemical data were obtained from Garside and Shilling (1979) for sites
that include: Well 272, a low temperature borehole near the Pyrarnid Highway; Needle Rocks, which
represeirts the averages from a group of springs and geothermal wells from around Pyramid Lake;
Eagle Salt Works Spring, situated adjacent to trntersiate 80 about 15 miles NE of Fernley; Patua Hot
Springs, located about 5 miles east of Fernley near llazen; and averages from a number of
measurernents taken at the Moana and Steamboat springs geothermal fields near Reno.

The trilinear diagram shows that Na* is by far the dominant cation and CI the dominant anion in
these waters; SO+= and HCOioccur in varying amounts. Only two areas, Needle Rocks and Moana,
match the Olinghouse fan well samples (Figure 8.16) at all closely in anion proportions, and both of
these show somewhat higher HCOI-. No pure mi*ing of these with Olinghouse frn source waters
will give the precise composition of that found at the toe of the fan, though in some cases the
differences are not large. However, it must be remembered that neither SOn= nor HCOr' are
conservative. The latter in particular is se,nsitive to the presence of COz and to pFI, which varies
within the geothermal waten from which the averages were made. Furthermore, the TDS of these
geothermal wat€rs can exceed by an order of magnitude ttrat in the Dodge Flat wells. Qualitatively,
it would therefore require a relatively small input of saline geothermal water to account for the solute
concentrations observed on Dodge Flat. Whether this has in fact occurred can not delermined based
solely on major ion analyses.

Available data for minor ions also cannot resolve this issue. Silica, for example, averages -30 mg/kg
at the Alta Gold mine and in all of the Olinghouse fan wells o(cept MW4, where it is -48 rnglkg.
Typical of many near-surface groundwaters, these are supersaturated with respect to quartz and
under-saturated as regards amorphous silica @rwer, 1988). The consisteircy of observed
conceirtrations suggests that the silica observed in these wells is probably not geothermal in origitr"
since geothermal input of other solutes would also add SiOz. Supporting evidence was obtained from
the mass balance calculations in Appendix C; though because reactions involving aqueous silica are
governed largely by kinetics and are strongly temperaturedependent @rever, 1988), any conclusions
are at best tenuous.

It would require the addition of -500 mg/kg TDS to upper Olinghouse frn waters to reach a TDS
comparable to those at its base. To acquire this loading from saline geothermal waters would require
-l0o/e20Yo of the estimated recharge. In regional low-temperature geothermal waters, silica
concentrations range from -30 to -150 mg&g, while TDS varies between -3004000 mgl€
(Garside and Schilling, 1979). If silica were added proportionally to the TDS gain shown on tttE
Olinghouse frn, geothermal waters would provide between -3 and -50 mg/kg SiOz. Because more
saline thermal waters generally contain more dissolved silica, the upper figurais perhaps more likely
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for water derived from high-TDS geothermal inputs. The addition of that quantity of silica would
result in higher concentrations than those seen in most waters beneath Dodge Flat. Only in MW4 is
the silica concentration within a range suggestive of possible geothermal input.

Bororq another minor element, can derive from evaporite minerals or geothermally. Its highest
concentrations in the Dodge Flat wells (-0.3 mg/kg) are comparable to those in Steamboat Creek
near Relro, which receives some geothermal flow (NDEP, L997). However, a concentration of 0.3
mg/kg is below that q/pical of many geothermal, ground, and evaporated surface runoffwaters in the
region (Garside and Schilling,1979 McKenna" 1990; Rowe, et al.,l99l) and so does not permit
distinction between these possible sources at Dodge Flat. If boron is assumed to be conservative and
to originate solely from geothermal inpu! its increase from -50 rclkg to -1700 pg/kg down the
Olinghouse fan suggests that the maximum volume of these waters is roughly 3% otiotalrecharge

Like bororL fluorine is conunon in geo'therrnal u/aters. Cpncentrations in regionral hot springs average -3
nlglkg, about twice that found in sea$at€r (Cranide and Sctrilling; 1979; Drever, l9S8). This o<ceeds by a
frc'tor of -50 the rna<imum values for the Olinghouse frn nronitor wells rqported in CI{2MHill (1990), but
is of the same order as that found by McKay and Bohm (1993). Fluorine is highly reactive; but if it is
assun}od to be mnservative and to derirrc solely from hd springs, its obsenrcd cqrcentrations suggest a
lorrer limit or possible geotlrernral input to Dodge F:ht of -2o/oof reclrarge and a ma<imum appro*inraety
equal to reclurge.

Water compositions on the Olinghouse fan enable order of magnitude limits to be placed on possible
geothermal inputs to the aquifer system. Ignoring silica and fluoride, an upper limit on the order of
-10% of recharge can be estimated by assuming all TDS is geothermal. Similarly, the lower limit
suggested by fluoride concentrations is on the order of lo/o. The water volumes for &e entirety of
Dodge Flat (-130 - -13 afly) associated with these numbers are well within the error limits of
recharge estimates, and as such would be undetectable in a regional water balance. It is therefore
possible for a volumetrically small geothermal input to account for a relatively large proportion of
the dissolved salts. Methods other than comparing major ions are required to discern whether this is
the case.

McKay ad Bottrn (1998) performed O-tb isotopic analyses durirs the presem study to test solute
sourcing altematives for Dodge Flat. Their results show uaters isotopically heavier in 6tEO than the global
or local meteoric umier lines (Schulke, 1987) and with cqrsiderably loner 6D and 6ttO values than tlpse
ofthe Truckee River, btrt which are consisteirt with the 6D{t8O [ne esablished for the Truckee drainage
system by McKenn4 et al. (1992). McKay and Bohm (1998) cqrclude that the Dodge Flat resule are
consisteirt with the pres€nce of gedh€rnral naters, whictr suggests a geothermat solute contribution.
Hornrcryer, based on presurtly available information, they do nc nrle out sedimert solute sources, since 6D-
6"0 lines for evaporationdominated eirvirqrments can show relatirre enrichmem in tb 

lCta*and Frita
r997).

F.4 Erraporite Mineral Ion Sources

Previous studies, rather than considering a geothermal contribution, presumed instead that ttre
dominant solute sources to the Dodge Flat aquifer are lacustrine pediments, within which salts would
have been concentrated during periods of desiccation (Sinclair and Loeltz, 1963). This is quite
plausible, and many subsequent works have cited the earlier investigations (e.g., Van Denburg, ei al.,
1973; Bratberg, 1980) without actually testing ttrat assumption. However, its validity is relivant to
the present study.
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Two subordinate objectives of the current investigation are to propose an ASR_ site on or near the

Olinghouse fan and to assess its impact on groundwater resources in ttrat area. Selection of that site

must consider water quallty degradation duJ to solute input as well as increased downgradient solute

movement. Moreovei regionai=water planning objectives propose reducing inigation to lessen solute

loading in the Truckee River between Fernlryand Nixon. Identifying the source of ions garnered by

agricultural runoffand ffiltration is crucial in that regard'

Three approaches were attempted during the present study to test the concept of sedimelrtderived

solutes. Each provides ciicumstantial evidence consiste,lrt wittr ttrat concept, though none

demonstrate it unquestionably. It should be cautioned that the calculations involve a great nuny

simplirying *ro.ptio* and should not be interpreted too rigidly. The intent of this section is to

pt*iOJ oider of-magnitude concept tests. The first approach compares groundwater ionic
'compositions 

to that gJnerateO by stoichiometric dissolution of selected common evaporite minerals.

The second tess whettrcr the presence of the requisite volume of those phases is geologically

reasonable. A third method used mass balance to assess qualitatively whetlrer several desiccation

cycles would have sufEced to source the observed TDS levels'

F.4.1 Stoichiometric Mineral Dissolution

A realistic mix6re of minerals commonly associated with evaporite deposits can provide water

chemisries similar to those observed on Dodge Flat. As a tesl ptrases tJpical of eraporites ard

arid climate soils were ctrosen to o<enrplify possible major ion sources. Ttrese we'rc: rypsum
(caSo+.5I{zO), tnona (Nartco:lFICGl.2H2O), thenadite (NazSo+), and halite (Nacl) (Gaines,

it ol., lgg7). Calcib, though an early-formed precipitarc in many evdporating lake sr/stfits

CfutAir and Eugster, 1970; Eugster and tlardie, 1978), is ubiquitous in tlre Dodge Flat region ad
sup€rsaturat€d L ttt" gfo,r"d,"at€rs on the Olinghouse frn. Uder preserf conditiols, it could

buffer the concentration of Ca* through precipiation but rpt dissolution. Hovvever, its ability to

supply Ca* is cortrolled by pl[ Pcoa ard HCG - Co:- activity. To accourf for present

conc€nhations requires either assuming significant ctranges in gromduraler pH or indeperdem

sourcing of Ca* and COr=. Because gypsum is undersatruated in Olinghouse frn uaters, ard

becagse of the higlr solubility of tona and thenardite, these minerals ratlrer than calcite were

chosento teptesetttttte sources of Ca* and CG-.

Each phase was aszumod to dissolve stoictriometrically, rapidly, ard witln_ut reaction to provide

100 mglkg TDS in the resultant \\ater. Results were plofied on a filinear diagram (Figwe F.2).

Also strown are urafers derived from a$itrary mi$ues of ttrese mfuterals at ratios of l:1:l:l ard

3:3:3:1. These ion ratios are reasonable for some lacusfiine evaporite d€pcits, depending upon

the wolutiorary history of their predicessor lakes (e.g. Iake lvlagadi" Searles lalce) (Eugster ad
llardie, l97S; Smith LgTg). Simih ratios are found in some saline lake umters, thotgh rnost arc

higher in Cl (e.g, Jones, 1965; tlardie and Eugster, l9?0; Eugster and Idardie 1978; llardie, ef

al.,1978).

While it is possible to obtain a wide range of water compositions simply by adjusting the

proportions of the dissolved minerals, those ratios depicted in FiguT F.2 nonetheless

correspond to waters on the lower Olinghouse fan (Frgure S.16). Additionally, these show

considerable similarity to the average for Fernley area wells (Sinclair and Loelta 1963)

(Figure F.3) and to surface waters near the terminus of the Fernley Drain system (Rowe, el

at., tggt) (Frgure F.4). It is therefore plausible that dissolution of evaporite phases provides

solutes to the Dodge Flat aquifers, and possibly those near Wadsworth and Fernley.

F-5
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However, it should be re+mphasized ttrat the waters derived from hypothetical mineral
mixh.rres also fall within the compositional range tJpical of some geothermal areas (Figure

F.l).

F.4.2 Proportion of Evaporites Within the Stratigraphic Column

Order of magnitude mass balance computations indicate that to provide the observed solute

concentrations, mineral salts would constitute a small to a negligible portion of the

stratigraphic column: from <-0.0I%o 4.2o/o depending upon continuity of evaporite beds,

the kinetics of mineral dissolution, and water flux through the section. This proportion

represents -0.2*5 feet total of evaporite in a 2000-foot vertical section, and if dispersed

would be undetectable in water well drill cuttings and nearly so in outcrop.

To perform these calculations, simpli$ing assumptions were made regarding basin

geometry, water fluxo sediment hydraulic properties, and mineralogy. Details are discussed

in Appendix B. Many of these same assumptions were applied when estimating total CEC

and ion release from paleosols, and in estimating the maximum possible solute contribution
&om ancieirt lakes.

F.4.3 Mass Flux from Ancient lakes

If groundwater solute within sediments, and if salts therein resulted from
desiccation of ancielrt lakes, then the evaporite mass within the sediments should equate to
the solute mass within the lakes themselves. Moreover, the total evaporite mass derived
from the lakes must exceed that leached from the sediments by flowing groundwater during
interpluves. Order of magnitude calculations were performed to estimate the mass flux of
salt into ancient lakes and that leached by presentday moving groundwater. These required

significant assumptions regarding solute conservation within the basin" hydraulic properties,

lake water volumes, input solute fluxes, and duration of pluvial intervals, which also are

discussed more fully in Appendix B. Within the constraints imposed by those assumptions,

sufficient solute to account for presentday groundwater concentrations could have been

imparted by lacustrine cycles and subsequent desiccation to Dodge Fla! provided the

duration of pluvial intervals comprised at least -7Yoof ie depositional history.

F.4.4 Conclusions Regarding Evaporite Mineral Solute Sources

The three approaches: comparison of solute compositions, establishment of minimum
evaporite thickness, and mass fluxes to ancient lakes - indicate that lacustrine sediments

plausibly could supply a sufficient quantity of sdts to account for the present{ay
groundwater at the base of the Olinghouse fan. The prese,nce of gypsung calcite, and

efflorescent minerals in Lalrontan-age lacustrine sediments has been verified for the preselrt

study during field activities. Subsequeirt EDS microchemical investigation showed that the

efflorescent contains Na, C4 K Al, Fe, S, and O, possibly indicating some Na-sulfate
species and a phase compositionally similar to alunite-jarosite (M. C. Jenserl personal

communication 3127198'1. The lafter is unusual in that the presencr of carbonate species

suggest alkaline vadose waters, rather than acid one more typically associated wittt alunite
group minerals (Long, et al., 1992).
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F.5 Fernley Area Waters

Poor quality groundwater from the base of the Olinghouse fan (Figure 8.16) resenrbles that of
selecled geothermal waters (Frgure F.l) and that derived from a hypothetical mixhrre of evaporite

minerals (Figure F.2). How closely the Dodge Flat waters resemble recharge to the Truckee

between Wadsworth and Nixon must be addressed for ASR design.

Figure F.3 depicts a trilinear plot of shallow groundwater samples for an area north and

downgradient from the Truckee Canal near Fernley (Rowe, et al., l99L). It also includes Fernley

area domestic water well averages reported by Sinclair and loeltz (1963) and Bratberg (1980).

Sample locations are recorded in Rowe, et al. (L99I). Except for Site 80, none of those samples

resenrble a mixture composed of Dodge Flat water (or hypothetical waters derived from a mixture

of waporite minerals and typical Olinghouse fan recharge water. Similarly, they do not appear to
derive from mixing of evaporite mineral waters with water from the Truckee River (Figure F.5).

Plots conforming to average water well compositions could, however, derive from the input of
high-Cf Patua-type geothermal waters to that from the Truckee. Altematively, differhg
mineralogical composition within the sediments could be assumed to account for the groundwater

differences, e.g., q(cess halite betlveen Fernley and the Truckee Canal. Agricultural impacts such

as evapotranspiration and fertilization may also contribute, and should be evaluated.

The implication is that evaporite minerals in sediments may not have provided solutes to the

Fernley area wells; based solely on composition, surface waters might have done so. This is
evidenced by analyses from groundwater Fernley Sample Site 80 (Rowe, et al.,l99l), which was

taken from sediment immediately underlying a saline portion of the Fernley Drain flow systsm.

Water in that system derives from surface agricultural runoff. Ionic proportions in the downstream

portions of the drains closely resemble that from the evaporites hypothesized for Dodge Flat,

though concentrations are much greater (Frgures F.l and F.3). This is particularly apparent at the

North and Northeast ponds, which adjoin playas. The similarity of preselrtday playa water to that

beneath Dodge Flat supports but does not confirm the hypothesis of evaporitederived solutes.

Though it is beyond the scope of the present investigation, this resemblance also suggests that the

possibility of indirect surface playa water contributions to the Truckee River near Fernley should

be examined.
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To:
Subj ecL :

Date:
From:

FAX No',l'n

George l3al.1
fernleY Water SuPPlY ArralYsis
May 5, L997
Rod Hal 1

Thisisabrieftransmit'La].withsomediscussionofthe
investigat.ion-lnat you and Rebecca Harold have request-ed.

M;y;; tilis will ptottid" something to discuss ' A more

compl.ete a""rriplion of t.he analyses can be provided laber.

Basic AssumPbions

Basicassulnptionsforttreinvest'igationarethoseusedfor
t.he TROA EIS/EIR analysis and for: the February L99't atralysis

ofFernleyandTCIDcreditstora5;e'Afewcharacterishicsof
t.his aPProach are as f ollows:

l.Analysiswasconductedwitht'heT'ruckeemont'hly
operat-,ion model used for EIS/EIR st'udies'
Modifications necessary Lo incorporate items to be

analyzed for ttrese studies were made '

2. AnalYsis Period was 95

climatic condiLions of
years representing the hist'or j c
1901- through 1995 -

3.Tahoebasinfr.rllyutilizedt.heCaliforniaandNevada
water allocatj-ons provided in PL10l-618 '

4.CaliforniaTruckeebasinuEilized].,5ooacre-feet-of
gurface waLer (Ucf sLorage 300 acre-feet and diversion
supply-J',200 acre-feet) plus 7'300 acre-feeL of surface

waLerforrecreationandinstreamflow(from.foirrt
ProgramFishCredit).Thesetwowhencombinedwittt
L,2OOacre-feetofcurrentsurfacewaLeruserepresent
the l.O,0O0 acre-feet allocaLed to California'

5.CaliforniaTruckeebasinutilizedl?,600acre-feetof
groutldwater,whictrj-s1-2,Bo0acre-feetmoret-hant}re
4,80o acre-feeL of groundwaber assumecl to repreFJent

current llse '



6. Sierra Pacific normal year demand is 11-9,000 acre-feef

7. TMWRF production is 67,070 acre-fee[ per year.

8. Newlancls ProjecL is operated |n accordance wit.h ttte
1988 OCAP and Carson Division annual demand is 264,5AO
acre-feeL. The Truckee Division annual demand before
being reduced by acquisiLion of waLer rights for water
quality and Fernley is 23,00o acre-feeL.

g. 'fhe Waber QuaIi f-y Agreement ,i-s fully implernented and
24,OOO acre-feeL of wat,er ri-gtrts have been assigrred t-o

water qualiLy (12,000 from Lhe 'I'ruckee llivision of
Newlands).

10. Sierra,s Orr Dit-ch hydrogeneraLion water rigirt'r were
assumed t o be waived for tltese st.udies -

Fernley Supply and Demand Assumptions

Fernley is assumed Lo acqrt|re 4,500 acre-feet of Truc'l<ee
Division water rights and Fernley j.s allowed to ttse I lte
4,500 acre-feel, pr:ovided from t.he rights directly pltrs the
assumed 1,500 acre-feet of reduct j,on in (1'(:ID) clist-rj l;ution
system losses. Tlrese losses do nol- inclr.rde any losses in
Lhe Truckee Canal

The normal year waLer supply provided by the water r,ighL
acquisition and the trormal year Fernley waler dernatrd
assumptions are tabulaLed below. The Fernley waLer dernand
is provided for two schedules, one t.liat mat-ches the Truckee
Division agricult.ural demand schedule and one t-hat j.s an
assumed M&I demand schedule.

Month
Table No. 1-

Water Demand on Demand on
Supply AgrLcul. M&I

Schedule Schedule
(ac_fr) (ac_ft) (ac_fr)

I
I
I
t
I
t
I
I
I
I
I
I
I
I
I
I
I

January 0

February 0

Marctr 3 0

April 400
May 1110
June 1160
July 1200
August I 05O

0

0
?.o

300
830
B7{)
90(l
790

260
2,40
260
340
450
520
580
550 I

I
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Table No' 1 continued
September 670 500
October 330 25o
November 50 4()

December 0 !
Annual 6000 4500

450
340
260
250

4500

T'e M&r schedure is esLimated based upon t.he assumed demand

schedule of sierra. It may have a somewhat smaller month to
monLh variation thaL should be applicable to Fernley' To

the exLent t-hat is t'he case, the Fernley water supplies
calculatetl in ttris analysis may be a bit conservative'

General DescriPEion of AnalYses

seven analyses were conclucted. The first analysis has no

supply for Fernley. That' was run so that' some of the
results could be comPared.

six analyses wer:e run to provide a Fernley waLer supply'
Fernley waLer supply was provided by first using any waLer

that would have tL"" divert.ed to the Truckee Division to
supplywaLerrightsFernleyisassumedLoacquire'ThaLis'
any warer supplies associaled witS waLer acquisirion listed
in the second column would be used to supply Fernley demand
(as identif j.erl using eicher column three or four) .

when the wal-er supply provided by the column Lwo acquisition
exceecls current monLh Fernley demand, Lhat water may be

stored i-n a 'I'ruckee r:eservoir (Tahoe, Prosser' Starnpede or
Boca) if al.lowed by physical condjtions and operaLion
criteria.

When Lhe colurnrr two water supply would not sttp)p]y Fern.l ey
demand (coltrmns three or four), Fernley sLorage in a Truckee
regervoir was released.

Results of the analyses are summarj.zed in Table 2

(attached) . The sii analyses are briefly described as

follows:

Basic (Ag Demand Sched) #7

This study is comparable to Fernley sLudies presetrted
in February thlt included limitations on Fernley storage
whenever Tnrckee River flow was less than necessary for
waterquali|-ypur.poses.Thesesupp}iesaresomewhatless
than presenrad in Lhe February report. This occurs
primalily because of changes in sLorage prioriLy that' lrave



been negoLiated since t.hose studies were start.ed. As Lhe
t.abulat.ion indicat-es, Lhe least annual supply is 2,Io5 acr:e-
feet and tltere are four years whett [he full 4,5o0 acre'feet-
woulcf not lre prov-ided.

M&I Demand Sched #2

This applies Lhe same criteria as sl:ttdy f[1 except. the
Fernley demand schedul,e is that- listed j-rr eolumn four (tvl6f
schedule) of the above 't'able 1. "ftre rlry year suppJy is
slightly bett-er than ca.l.culaLed fc;r the agri.cult.ural demand
schedule (st-trdy #1) . Frtt, t.he nurnber of short supply years
increases dr:'amatically. The primary wat-er strpply probl.em
occurs in tlre winter. Attached is a table showing Llre
monLhly srrprply for the 1901--1995 analysis period. ShorLage
occurs in l-he winter because eiLher st.orage spil1s dur:ing
weL years, leaving no supply for Fernley, or because summer
wat.er quality restricLions prevent-- accuntulation of enough
storage for: Ferttley to a supply during Novembe:: through
March.

hlat,- Exeh. & M&I Dmd Seh. #2m

T'his analysis applies the same (M[.I) demand and criteria as
st.udy it2 ex<:epL. for one very import-ant. m6clif icat.ion. In
this analys,i-s, there is a seasona-l- exchange of water supply
among Fernley, TCID, and Pyramid Lake.

Iteview of condibions during which the 'fruclcee Division can
receive a water supply indicaLes t-hat. the minitnum l'ruckee
Division wat.er strpply can be relat.ed t.o Pooled Water sLorage.
in Lake Tahoe and lloca. If one assllmes Etrat such
informat.ion is used in an operaLion, then it could be
possible for Fernley to diverL and sLore water during t-he
winter based upon the assurance that water for Truckee
Division right.s would be available during t.he upcominq
irrigation season. Using such seasonal exchange, wat.er was
borrowed from eit.her Lhe Carson Division (of TCID) or from
Pyramid Lal<e. The water was either diverted to serve
Fernley's winter demand or put into Ferrrley storage during
the winter. Then, during bhe summer, drt equivalent. amount
of water was turned over eit.her to the Carson Division or
Pyramid Lake, ds appropriat.e. This provided a dramat,ic
improvement in Fernley water supply, ds is indicated by t.he
attached Table 2. This is also illust.rated by t.he attached
table showing mont.hly Fernley supply for study lf2m.

Unfortunately, November frequenLly ran short. of water in
this analysis. I believe much of t.his problern could lrave
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The FernleY 1-992 and l-993
those for studY fl2m except--
waber than sLudY #2m.

beenavoidedbyalitt'lebetteroperaLion.Rat,herthanmake
addit-iona} anaiysis, that observation is offered for
consideration.

It. can be noted from the aLtached table that the least
annual supply occurs in 1993 ' All storage is used during
Lgg2andbyDecember(Lgg2calendaror1-gg3wateryear)
Ehere is no FernleY water suPPIY'

vI.Q. Crit. Relax. & MeI Seh #3

Thisanalysisisthesalneagstudy#2exceptFernleyis
allowed to sLore (durlng 'June t'hrough Sept'ember) as- long as

Trucl<ee f low at. sparks I" 200 cf s or more. (Several runs

were made using gleater Sparks flow as a limit' but they
pr"tia"a signiiilantly less benefib Lo Fernley' )

This analysis shows improvement in Fernley waLer supply when

comparedtostudy#Z'Although'there-continuetobemany
winter periods when storage i6 noc sufficient and Fernley
runs out. of water.

water suPPIies are ei-milar to
this studY ({t3) has a bit }ess

waE. Exch. & wQ Rlx & MAI S #3m

This study is the same as study #3 except it applies the
cri_teria Lt"tat a1low winL,er diversion and st'orage, ds

descr:ibed for str-rdy #zm' The supply is essent'ially the
same as t.hat calcuiated for study #z*' - The November-March

r"rrrr"v suppry is much bett.er t,han study #3's supply because

study #3 does not include the seasonal exchange of waLer'

No W.Q. CtLE e M&I Dmd' Sch #4

To].ookforthelimitofFernleywatersupplyt,hatcouldbe
obt,ainedifthereweret,obenowat'erqualityrelat'ed
limics, this study was run. The water supply is slig}rtly
better than calculated for study ll3 '

Limits on FernIeY St'orage

Arr studies were run using a rimit of l-0,000 acre-feet upon

the total Fernley storage in Truckee reservoirs ' I was

asked to look at the impacL of raising the limit on toLaL
Fern}eystorage.Asbhe-at'tachedEabulationindicatesno
s.udy "o"u*,rilc"a 

*otu ifhan 6,500 acre-feet' so ic did not
seeln necessary to study a greater lirnit '



Impacts on Newlanda ProJect, Careoa D!-vteion

There is essentially no impact of these operat,ions upon the
Carson Division. Average annual shoitage ls reduced
slightty when Fernley acquires water and uses it as an M&f
supply. That occurs because reduction in Truckee Dj-vision
demand during dry years can result in slightly greater waLer
supply being available for the Carson Division-

Impaets on Pyramid Lake and CuL'ui

The pyramid Lake inflows are modest,ly increased by the
Fernley suppty operation-. This occurs because some of the
waLer acquired by Fernley is not used and there is a
reducLion in Truckee Canal loss associated with reduced
supply t.o the Truckee Division. These watere flow into
eyiimid Lake. Also, the cui-ui index is sl.ightly irnproved.
gut, my judgmenE. would be t.hat, the cui-ui index calculatjon
is too subject to comput.ational fact'ors thaL may not
accuraLely refJ-ect very small changes in cui-ui liabitat. and
no conclusions should be drawn. ( I rreed to add that I have
no expertise in cui-ui biology or habitaL.)
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re-- Jurl- eugst - srptL- - trrurl- I
-.-.Tcrr---0ct}r--- 

llsulr-- Declr Jrrr;-- Felrl . llrrch- elrit-- lh+---- Jure-- Jull- eugst -

1e01 .330 .050 .000 .000 .000 .030 .3{0 . {50 -520 .580 -550 .450 1'199 I
__ 1e02-___.34&__-.260_ ..25tr - .260 , .240-- .160 .3{{L .{50- -520 -.580- .55{L .450 llil -r

1t03 .3{0 .210 .000 .000 .000 .030 .3{0 . {50 .520 .580 .550

190{ .330 .050 .000 .000 .000 .030 .3{0 . {50 .520 .580 .550 .450 3.300

-- 1105 .33tL .050-- .000-- .00tL -.000-, .030 - - .3{0---.450-- .52t1-- .580.. -.550 --.{50_-- 3.300 
I

tt06 .330 .050 .000 .000 . 000 .030 . 3{0 . 450 .520 .580 .550 . 450 3. 300

--- le|}?--.3{lL- .ul - .000 - .000 --.000 .030,- .3{0 -.450- - .520--- .5811---.550 .450 1.111 I
le08 . 330 .050 .000 .000 . 000 .030 . 340 .450 .520 .580 .550 ' 450 1'199 I
1909 .3{0 .260 .250 .260 .248 .260 .3{0 .450 .520 .580 .550 .450 4.501t

_ __ In|l- .330, .050 .000 .000 .00tr .030 .3{0 -.{50- .520- " -.580 .550 .450 3.300. 

I
1911 .3{0 .260 .250 .155 .000 .030 .340 .{50 .520 .580 .550 .450 3.925 r
LrLz. .330 .0S0. .000 .000 .000 .030 .3{0 .450 .520 .580 , .550 .450 3.300 -

te13 .340 .260 .250 .260 .2{0 .260 .3{0 .450 .520 .580 .550 .4s0 I'!!g I
191{ .3{0 .?60 .250 .260 .2rt0 .260 .3.t0 .{50 .520 .580 .550 .{50 {.500 I

_ 1915 , - .330 .050 .000 .000 . 000 .030 .3{0 .450 .520 - . 580 .550 . 450 3.300

FENTTET IEIEN SUPPTT

lur llo. 2

l.Hrroll. ir.2 =- lltl Denrrl$chelule for Ferrlel Iluestig- - - Frge llo- L,

1e21 .340 .260 .250 .260 .24s .260 .3{0 .450 .520 .580 .550 .450 {'lgg I
Le22 - .340 .26s .250 .260 .2{0 .260 .3{0 .{50 .520 .580 .550 .450 !'ryq I
1923 .3{0 .260 .250 .063 . 000 .030 .3{0 . {50 .520 .580 .550 . {50 3.839

192{ .330 .050 .000 .000 .000 .030 .3{0 .450 .520 .580 .550 .450 3'309 r
_ 1925 .340 .260 .250 .260 .2{0 .260 .3{0 .{50 .520 - .580 .5S0 .450 {.500 I

t926 .3{0 .260 .250 .260 .240 .260 . 340 .450 .5?0 .580 .550 .450 4. 500

t92? -. -.3{0 -* .260 - .250 .255 .000 .030 .3{0 . {50 .520 .580 - .5S0 . {50 4. 0?! I
1920 . 3{0 .260 .250 .163 . 000 .030 . 3{0 . 450 .520 .580 .550 . {50 3. t33 I
ttz? . 340 .260 .250 .260 .240 .260 .3{0 .450 . 520 .580 .550 . 450 4.500

__ 1130 .340 -.26tr- .250 .228 .000- .030 .340 .{50 .520 .580 - .550 .{50 l.lt8 
1

1131 .340 .260 .250 .1?3 .000 .030 .3{0 .450 .520 .320 .000 .387 3.0?8 -
193L_ .33r ,. .050 - .000 .000 .000 .030 .3{0 .450 .520 .580 .550 .450 3.301r
1933 .340 .260 .250 .260 .2{0 .260 .3{0 .{50 .520 .580 .550 .{50 {.50! I
193( .3{0 .260 .250 .26A .240 .260 .340 .'t50 .520 .580 .0{0 .387 3.9{7 r
tt35 .332_ .050 __ .000 - .000 .000 .030 - .3{0 .{50- .520- .5S0 - .550--- .450 - 3.302-

tr36 .330 .050 .000 .000 .000 .030 .340 .450 .520 .5S0 .550 .450 3.3001

le{t .s{0 .160 .tso .zzr .000 .030 .3{0 .{50 .520 .580 .550 .{50 1'ryI
lr{t_ .330 -.050 .000 . .000 .000 .030"-, .3{0 .450- .520 .580 .550- .{50 3.300r-
19{3 .330 .050 .000 .000 .000 .030 .3{0 . {50 .520 . S80 .550 .450 3.300

lrrr{ .330 .050 .000 .000 .000 .030 .3{0 .{50 .520 .580 .550 .{50 l.ryI
19{[ _ .3{0 _ .268_ .250 .260 .2{0 - .260 .3{0 .{50 .520 .580 - .550- .450 - {.500J-



I
I

TTRilUT TNTTT SUPPTT

lur llo. 2

t.Hrroll.ir.2 -- iltt 0enrrl schedule for Ferde; ltvesti;-*.--- Prge llo. .2- -.

5 llcl t997
($uPPll ir 1000 rcre-feetl

I - terr 0ctlr - llorrir- 0cclr ,lur1- fclr;- llrrc{u - fipril - ltrl -*- Julr -- ,tulg-- fiugst - $eptf firlurl- -
r 1946 .340 .260 .250 .260 .240 . ?60 . 3{0 . {50 .520 .580 .550 . {50 {.500

I __tr{?_.- .g{o_ _.?60- .zso .l1l--..000--.0t0 --.940- --.{i0. -.520--..580 .550---.451L- 3.881-.-- -
- rr4t . i40 .160 .250 .260 . ?40 . ?60 . r{0 .4i0 .520 .580 .550 . {50 {.500

1949 .340 .260 .250 .11' .000 .030 .3{0 .450 .520 .580 .550 .'150 3.t8,
t __ t9s0-_ .830. __-.050_-- .000.-. .000--.000 - .0s0 - .r{0 -.450 -- -520--- .5s0--- .550--- .450 - 4.300
t

1951 .3{0 .260 .250 .260 .240 .030 .340 .{50 .520 .580 .550 . {50 4.278

I 1952_ .340 .260 .250- .260--. .24t .083 .3{0 .{50-*-.520 -.580- - .550-- .4S0--- 4.323

t 19sg . sgg .0s0 .000 .000 .000 .090 .g{0 .490 . sto .580 .550 . {50 3.300

tts{ .330 .050 .000 .000 .000 .030 .3{0 .450 .520 .580 .550 .450 3.300

I - 1955 .340 .260- .250 .?60- - .240 .260 .3{0 .450 - .520 .580 .550 .{50 {.500

- 1936 .940 . ls6 .000 .000 .000 .0a0 . 340 .450 .520 .580 .550 . {50 3. 416

t95? .330 .050 .000 .000 . 000 .030 .3{0 .450 . 520 , .580 .550 .450 3. 300

I trsg . sso .0s0 .000 .000 .000 .030 . s40 . {s0 . sto .5s0 .550 .450 3.300
I ttst . a40 .050 .000 .000 .000 .0i0 . g{0 .4s0 . szo .580 . s50 .450 3.310

1160 .340 .260 .250-_.260 .24A .260 .3{0 .450 .520 .580 .550 .450 {.500

I t96t .s{0 .260 .2s0 .z2z .000 .090 .g{0 . {s0 . s20 .5s0 .550 . {50 3. ttz
1962 .3{0 .260 .250 .160 .000 .030 .3{0 . 't50 .520 .580 .550 . .150 3.930

- 1t63 .3{0 .258 .250 .163 .000 .030 .3{0 . rl50 .520 .580 .550 . {50 3.933

I 116rr . s40 .z6a .2s0 .160 .000 .0s0 . g{0 . {s0 .520 .580 .550 .450 3. tgO
r 1?6s .s40 .260 .2s0 .260 .240 .260 .a{0 .{s0 .szo .580 .550 .{50 {.500

I
I

lt66 .330 . 050 .000 .000 .000 .030 .340 .450 .520 .580 .550 . {50 3.300

196? .340 .260 .250 .260 .240 .?60 .3{0 .{50 .520 .580 .t50 .{50 4.500

1968 .330 .050 .000 .000 .000 .030 . 3{0 .450 .520 .580 .550 . {50 3.300

1969 . 339 . 260 . 250 .260 . 2{0 .260 .3{0 . {50 .520 .580 .550 . 450 4.499

l9?0 .330 .050 . 000 .000 . 000 .030 . 340 . {50 . 520 .580 .550 . 450 3.300

- tt71 .330 .050 .000 .000 .000 .030 . s{0 .450 .520 .580 .550 . {50 3.300

f_ _ le?z .tso, _ .0$0 .000 .000 .000 .090 .340 .{90 .s20 .580 .550 .{50 3.300
I 19?i .s{0 .260 .2s0 .260 .z4a .160 .3{0 .{s0 .520 .580 .550 .450 '1.5001t?{ .340 .260 .250 .222 .000 .030 .3rt0 .{50 .520 .580 .550 .{50 ?.992

I ______ rrru_- .330 . _ .050 . .000 . _ .000 .000 .0s0 .0{0 . .450 .520 .580 .5S0 .450 S.300

I
t976 .330 .050 .000 .000 . 000 .030 . 340 . {50 .520 .580 .550 .450 3.300

t __ t9?? . .340 .260 .250 .260 . .240 .260 .340 . {50 .520 .580 .550 .450 4.500

I tr?g . t{0 .0r{ .000 .260 .2{0 .176 . 340 .450 .520 .580 .550 .450 4.000r lr?9 . tgo .0r0 .000 .000 . 000 .030 . t40 . {s0 .520 .580 .550 .450 3. 300

_ _ ___ lt80 _ .340 _ .260 _ .250 .2d0 .240 .260 .340 .450 -- .520 .580 .550 . 450 4.500

I tgot .s40 .z6a .lst .000 .000 .090 . t{0 . {50 .520 .580 . s50 .450 9.67L

1982 __ .3{0__ .260 .250 .26t - .240 .030 .3{0 . .{50 .520 .580 .550 .{50 4.274

I 1983 .331 .050 .000 .000 .000 .030 .340 .450 .520 .580 .550 .450 3.301

I tes{ .330 .0s0 .000 .000 .000 .030 . g{0 .450 . s20 .580 .550 . {50 3.300

198S_ .3{0 .260 .250_ .15e - .000 .030 .340 .450 .520 .580 .550 .450 9.122

I lrg6 .g{0 .160 .2s0 .260 .240 .0i0 .g{0 .4s0 .izo .sgo .rg0 .450 4.r?gI ___ tlg? .3{0 '.160_ .2s0 .140 .000 .0i0 .g{0 .450 .520 .sgo .550 .{50 3.t10
1988 .340 .260 . 250 . 260 . 240 . 260 . 340 . {50 .520 .580 .550 .450 4.500

I lgst . 840 . zal .000 .000 .000 .040 . g{0 . 450 .520 .580 .550 . {50 3.491

I __ lttl_ .g40 .260.. _.1s0 _.260 - .140 - .0?t .940 .450 - .520- .s80 .550 .450 4.318



t
fEnilttr lfiTEt suPPtV 1

lur llo' 2 
.ntio- - Prre lro- 3--- I, l.llrroll. ir.2 -- lltl Denul schedula for Ferrle; Investig- - Prge

5 ilef 1rt7
(Supplg ir 1000 rcrc-feet) - I

-.-.lerr gc$r- llovlr- Drclr, Jrlrg relri-llrrctu- egril lh$--- Jure-- JuIg fiugst- Septt firlurl---I

leet . 340 .077 .000 .000 .000 .030 . 340 .450 .520 .580 .550 .450 1'111 I
#l-:lll -:313 :ffif :33fr 333 .ffi8 :llfi :i:3 :lif; .lll :ll3 :i:f 3:iffi r
ltt{ .340 . ?60 .250 .162 .000 .030 .340 . {50 .520 .310 .000 .387 l'ry I
1991-.33L- .050 -.00&--,-.000 .000 - .03tr .340 - .{slL-- .520 -..580 -. .550 - .{50- -3.30r--l

-- euerrge,- .335- .t6t .133 ,122 .08L

llininur .330 .050 .000 .000 .000

.096 .3{0 .rt50 - .520 .5?0 .52? -.447- 3.?t2 
t

.030 .340 .450 .520 .133 .000 .38? 2.?76

I
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I
I

TEIIILET IIRTTT SUPPTT

lur llo. 2n

t-ltrroll-ir.2n-- lltt Qenral $cheduls for- Ferrle; Iruestig. Pllc llo.- t -

I (suppts:"lLlt:i'e-reetl
l-- ycrr- 0c$e-- llorrbr - Dcclr-= Jrrrg febri- llrrch.- cpril ltrg - Jute- --.Julp cugst Scptl- Crrurl

I trot .330 .050 .250 .260 . 240 .260 .3{0 . 450 .520 .5s0 .350 .450 4.280

l_rlor-_.3{tL_.260__.tso.__-..260_.24rL__.t60 .3a0 -4s0--..sztl---.580--..550 -.450--{.500 ---
1903 .340 .20t .230 .260 .240 .260 .3{0 .450 .520 .580 .550 .450 4.449

I tt0{ .330 .050 .250 .260 .249 .260 .340 .450 .520 .590 .s50 .450 4.280

l--re05---.istr-_ .05tr--.2s0--.260 -.2{tL-.260 .t{0 -.450-.520-,-.58tL-*.550 --.{50..4.280 --

I rrzr .a{0 .160 .2F0 .160 .240 .260 .340 .4s0 .s20 .580 .sso .{80 4.s00
r _ __ tgzl . 940 .260 .250 .260 . 2{0 .260 . 340 .4s0 .520 .500 .550 . 450 {.500

tr?3 .340 .260 .250 . 260 .24s . ?60 . 340 .450 .5?0 .580 .550 . {50 {.500

I 1924 . 330 .050 .230 .260 . 240 . 260 . 3{0 .450 .520 .580 .550 . 450 4.280

I lgzs . 3{0 .260 .250 .260 . z{0 . a60 . 940 . 4s0 . rz0 .580 .550 .450 {.500

r L9?6 .340 .260 .250 .260 .240 .260 .3{0 .450 .520 .580 .550 .450 {.500

I _ ltaz _.t{0_ ,.260 _ .290 _ .260 .2{0 .260 - .g{0 .{s0 .szo , .5s0 .550 .{50 {.500

' 19ao .940 .260 . zso .260 .240 . a60 .o{0 . {s0 . r20 .5s0 .550 . {50 {.500
1t29 .3{0 .260 .250 .268 .2{0 .260 .3{0 . {50 .520 .580 .550 . {50 {.500

I __ 1930 __.s{tr_ .260 ,, .250 .260 .240 - .260 .g{0 .itsl .s20 - .soo .550 - .{50- {.500
I

rnt . 340 .260 .250 . 260 .240 .260 .3{0 .450 .520 .580 . 550 . {50 4.500

I----1932. .340_"_.260 _.250- .260 .240 .260 .340 .450 .S20 .580 .550 .450 {.500

I trst . i40 .260 . 2s0 .260 .240 . 260 . t40 .4s0 .520 .580 .550 .450 4. 500

t93{ .340 .260 . 250 .260 .240 . ?60 . 340 . 450 .520 .590 .550 . 450 4.500

r____1935 .340 .160.-_.250 .260 .240 .260 .340 .450 .520-.580 .550 .450 4.500

Ir t9t6 . g{0 .260 .zs0 .260 .240 .260 .g{0 .4s0 .sao . sgo .550 .450 {.500

-____193?__.340___.260 .250__.260. .240_ .260 .3{0 .450-.520* .580 .550 .450---{.500
I ltao . g{0 .260 . zso .260 .240 .260 . s{0 .490 . sao .s80 .5s0 . {50 {.500
I 1m9 .s40 .10t .2s0 .260 .z{0 .160 .940 .4s0 .szo .5s0 .550 .450 {.3{t

- 19{0 .3{0 .260 .250 .260 .240 .260 .3{0 .450 .520 .580 .5S0 .{50 - {.500

I l94t .840 .260 .250 . 260 .240 . ?60 . 940 .450 .5?0 .580 .550 . {50 4. 500

1942-__.330_,.050__-.250 .260 .240 .260-.340_ .450--.520 .580 .550 -.450.4.280-
r 1943 . 330 .050 .250 . 260 . 240 .260 .340 .450 .520 .580 .550 .450 4.280

I te4{ .tso .s50 .zso .260 .zio .260 .340 .450 .520 .5s0 .550 .450 {.2s0
1945 .340 -_ .260 , . 250 .260 .240 .260 . 340 - .450 -- .520--- .5S0 .550 ..450 4.500



I

FTRIIIET HEIEN SUPPTT

tur llo. 2n I
t.Hrroll.il.ln-- tlll Denrll Schedule for Ferlleg lluesti;- Prge llo- 2 --

tsuppls lrtiltlt:t-r-reet) I
------lerr-- gstlr - llovlr- DecS- ,lrlrg Febrg llrrdr - egril- lhl -'- ,lulc-- Julg- lugsl - Septb ' snlurr

1e{6 .3{0 .268 .250 .260 .248 .260 .3{0 .{50 .520 .580 .550 
:l:l lH I

--1942---340-- -.260- .250 --260 .239 .260 - - .3{0 
---45{L --.520- -580---.550--

19{8 . il{o .260 .250 .260 .2{0 .250 .340 . 450 .520 ' 580 ' 550 ' 450 {' 500

-_- i*L iiif :iii :iil :iit- :il[ :lll ::lr :ill- "lll- .;ll-:ill :ll3 llll I
-illl :lll ill :lll :ill il8 .i:! :lll :il[ :lll lll :ll3 ,lil l,ill I1953 .330 .050 .250 .260 .24A .?60 .340 .450 .520 .580 '550

195{ .330 .050 .250 .260 .240 .260 .340 .450 .520 '580 '550 '450 4'280

- tess .g{0 .260 .2s0. .260 .240 .260 .3{0 -450 -520 '580 '550 '450 4'500 
I

1956 .340 .260 .250 .260 .248 .260 . S40 .450 .520 .580 ' 550 ' 450 'l' 500

ilii :iti :iii :*l :* :ffi :ill :ll3 :lll :lll :;13 :ii! :iii i:iil I
195t .3{0 .050 .250 .260 .2{0 . ?60 .3{0 . {50 .520 .580 .550 ' '150 {' 290

. 1e60 .3{0 .260 .250 .260 .2{0 .260 .3{0 .{50 .520 .580 .550 '450 4'500 
I

t96t .340 .260 .250 .268 .24g .260 .340 .450 .520 .580 .550 .450 4'500 r
1962 .340 .260 .250 .260 . 2{0 . ?60 . 340 .450 .520 .5S0 .550 ' 450 4' 500

1e63 .3{0 .260 .250 .260 .240 .260 .340 .450 '520 .580 '550 :lll ll8l I1964 .340 .260 .250 .260 .240 .260 .340 ' 450 .520 . S80 ' 550

-- - 1165 .340 .260 .250 .260 .240 . ?60 .3{0 - 450- .520 .580 .550 ' 450 4' 500

re66 .330 .050 .250 .260 .240 .260 .3{0 '{t50 .520 .580 .550 :i:3 tSll I-, -- Lr67 .3{0 .26A .250 .26s .240 .260 .3{0 .{50 .520 -580 .550- iiii :iii :iii :ilt iti lli ili :lll :lll :;ll :33 :l;l ,t'' i,i* I19?0 .330 .050 .250 .260 .2{0 .260 .340 .450 .520 .580 .550

---#i :ll3 :ffil :lll :;ll lll :ll3 :ll3 :lll :fifi :lll :;13 :ii! i:iil I
l9?3 . t40 .260 .250 .260 .248 .260 . 3{0 .450 .520 .580 . 550 ' 450 {' 500

iiii :iti :iil :;ll lt'i :ll3 :lll :ll3 :ll[ :lil :lll :lll :lll i:ll[;

1981 .340 . 260 .250 . 260 .23t . 260 . 340 .450 .520 .5S0 ' 550 ' 450 4' 499

1982- - ..3{0 .?60 - .250- ,260 .240 - .260 .340- .450 .5211 .580- .550 .450 {'500llll :3ll :;ll- :lll- :ill :ll3 -:ll3 :il! :ffi :ilr :ffi :ffi :ffi iiii I
1t8{ .330 .050 .250 .260 .24A .260 . 340 . {50 .520 .5S0 .5S0 . 450 4. 280 -
1985 -.340 .260 .250..260 .2{0 .160 .340 .450 .520 .580 .550 .450 4'500

1es6 .s40 .460 .2s0 .260 .240 .tf' .s{0 .{s0 's20 .sB' .5s0 {!g I ry I
_-- 190? - .3{0 .260 .250 .260 .240 .260 .340 .450 - .52L .580 .550 -{50 {'500

1e88 .3{0 .260 .250 .260 .2{0 .260 .3{0 .{50 .520 .580 .550 1!9 1':91 r
llll :ll3 :l:l :ll3 :ill :il3 :ill :3ll :lll ::ll ::ll :l;l :lll lffi r



I
I
I - --r.rr-. ltctlr llorrtr

l__lii lil - lll

IENiltET IIfiITI SUPPLY

lul llo. 2n

t.llrroll.ir.2n-- lllL Denrrl Sche{ule fot teralel Investil- -- Prge llo. 3

5 [nr 19t?
(Su;Pl; ir 1000 rare-feet)

0ecft- Jurg felii llrrch- filril- * tlrg June--- Jull- eugst--Septl Crrurl---

.250 . 260 .24s . 260 . 340 .450 .520 .580 .550 . {50 {.500

. .250_.260_ -.24g -.?6lL- .340-- .{50.-.520---.5S0---..550 .450 - {.500----
. rt? .000 .000 .030 .340 .450 .520 .580 .550 .450 3.7t7
.250 . 260 .249 .260 .340 .450 .520 .580 .550 . 450 4.500

.251L__-.2611 -.103 .-.030--.340--.450-,-.520---.580-* .550--.450 - 4.133---'-I
l9t3 .3{0 .260
l9t{ .340 .260
t99L_. 340 . 260 -

I - f,verrse

lli rinun

l-
I
I
I
I
I
I
l-
I
I

.580

.580

.25? .236 .255 .3t10

. 000 .000 .030 .340

.337

.330

.19e. .2{9

.050 .lt?

.450 " _ .520

.450 .5?0

.550, .450 -, {.'117 ----

.550 .450 ?.717

I
T

I


