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USGS/DRI BARCASS Project USGS/DRI BARCASS Project 
Public MeetingsPublic Meetings

Ely and Baker, Nevada
Trout Creek, Utah
October 4-5, 2005

Meeting AgendaMeeting Agenda

• History and Goals – Kimball Goddard, USGS
• Project Elements and Progress – Jim Thomas, 

DRI, and Alan Welch, USGS
• USGS Plans for GSLB GW study – Vic 

Heilweil and Pat Lambert, USGS
• Geology Task – Don Sweetkind, USGS

Water Resources of the Water Resources of the BBasin asin aand nd 
RRange ange CCarbonate arbonate AAquifer quifer SSystem    ystem    
in White Pine County Nevada, and in White Pine County Nevada, and 
adjacent areas in Nevada and Utahadjacent areas in Nevada and Utah

BARCAS Study
or                                   

BARCASS

BARCASSBARCASS

• Present study mandated by Lincoln 
County Conservation, Recreation, and 
Development Act of 2004 (short title)

• Funding of $6 million provided by 
amendments to SNPLMA

• Draft Report – June 1, 2007
• Final Report – December 1, 2007 

Lincoln County Land ActLincoln County Land Act
• “(1) IN GENERAL – The Secretary, acting 

through the United States Geological Survey, 
the Desert Research Institute, and a designee 
from the State of Utah shall conduct a study to 
investigate ground water quantity, quality, and 
flow characteristics in the deep carbonate and 
alluvial aquifers of White Pine County, Nevada, 
and any groundwater basins that are located in 
White Pine County, Nevada, or Lincoln County, 
Nevada, and adjacent areas in Utah”.

Study Team ParticipantsStudy Team Participants
• United States Geological Survey                  

- Water Resources Nevada Science Center     
- Water Resources Utah Science Center          
- Geology Denver                                         
- Geology Menlo Park

• Desert Research Institute – Reno and Las 
Vegas

• Designee from Utah – Utah State Engineers 
Office
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Lincoln County Land ActLincoln County Land Act
• “(1) IN GENERAL – The Secretary, acting 

through the United States Geological Survey, 
the Desert Research Institute, and a designee 
from the State of Utah shall conduct a study to 
investigate ground water quantity, quality, and 
flow characteristics in the deep carbonate and 
alluvial aquifers of White Pine County, Nevada, 
and any groundwater basins that are located in 
White Pine County, Nevada, or Lincoln County, 
Nevada, and adjacent areas in Utah”.

BARCASS  BARCASS  
AreaArea

Lincoln County Land ActLincoln County Land Act
• “(1) IN GENERAL – The Secretary, acting 

through the United States Geological Survey, 
the Desert Research Institute, and a designee 
from the State of Utah shall conduct a study to 
investigate ground water quantity, quality, and 
flow characteristics in the deep carbonate and 
alluvial aquifers of White Pine County, Nevada, 
and any groundwater basins that are located in 
White Pine County, Nevada, or Lincoln County, 
Nevada, and adjacent areas in Utah”.

Lincoln County Land ActLincoln County Land Act
• “The study shall–

(A) focus on a review of existing data and may include 
new data;                                                       
(B) determine the approximate volume of water stored in 
the aquifers in those areas;
(C) determine the discharge and recharge characteristics 
of each aquifer system;                                         
(D) determine the hydrogeologic and other controls that 
govern the discharge and recharge of each aquifer 
system; and                                                     
(E) develop maps at consistent scale depicting aquifer 
systems and the recharge and discharge areas of such 
systems.”

BARCASS is/will NotBARCASS is/will Not

• An Environmental Impact Study
• Produce a calibrated transient ground-water 

flow model
• Directly address ground-water development 

or water resource sustainability issues

Public meetingsPublic meetings

• Evening meetings every three months
– Present progress
– Present overall activites and goals of different 

work elements, or workpackages
– Geology will be this evening

• Full day meetings - Ely
– Late November, 2005 - details of all 

workpackages
– Early June 2007 after release of draft report
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BARCASS work packagesBARCASS work packages

• Recharge and Discharge
• Ground-Water Flow
• Geochemistry
• Data Synthesis and Evaluation
• Geology

Recharge and dischargeRecharge and discharge
• Purpose:

– Mean-annual rates of basin recharge and 
discharge

• Ranges of values
• Develop basin water budgets

– Distributions of recharge and discharge
• Develop water-level map
• Improve conceptual understanding of aquifer 

system

Concepts of regional Concepts of regional 
rechargerecharge

• Develop a conceptual 
understanding of the mechanisms 
that lead to recharge
– Based on real world experience
– Based on data from multiple sources 

or methods
• Develop a mathematical model that 

allows extrapolation of these 
concepts to the area of interest

RechargeRecharge
• Data is being compiled from a 

wide variety of sources
– Precipitation
– Soils
– Geology
– Vegetation

• Data will be included in an 
interally consistent model of 
recharge amounts and 
distribution

DischargeDischarge

• Ground-Water 
pumpage –Need to 
determine 
consumptive use

• Spring Discharge –
Upland, local, and 
regional springs; used 
in conjunction with ET

• Ground-water 
evapotranspiration

DischargeDischarge
• Select 

Representative 
Vegetation Groups: 
Density and Type

• Collect Field ET Data 
– Dome and 
Micrometeorological 
Stations

• Distribute ET over 
Areas of GW 
Discharge Using 
Remote Sensing 
Information 

Exchange mechanism

Net radiometer

anemometer

Eddy correlation

Soil instrumentation

Air temperature
Humidity probes

Shallow well

Exchange mechanismExchange mechanism

Net radiometerNet radiometer

anemometeranemometer

Eddy correlationEddy correlation

Soil instrumentationSoil instrumentation

Air temperature
Humidity probes
Air temperature
Humidity probes

Shallow wellShallow well
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Six eddy-flux towers installed and now

operational

Different vegetation types
and densities

Five wells installed at four ET sites

Confined23.7345WRVET02

Confined33.0453WRVET01

DryDry10WRVET01A

Water table7.0125SPVET02

Water table9.4625SPVET01

Comments
Water 
Level 
Depth

Well 
DepthWell Name

REFINEMENT OF PHREATOPHYTE BOUNDARY: Integration 
of previous mapping work, TM imagery, and field reconnaissance

Phreatophyte
Boundary

Th
em

at
ic

 M
ap

pe
ri

m
ag

er
y

WATER USE: Irrigation withdrawals estimated from Thematic 
Mapper imagery verified with Crop Inventory data 

IRRIGATED FIELDS
TM Imagery

Crop Inventory

IMAGERY CROP INVENTORY
FIELD ID 225 30925

ACREAGE 125 122
HA Little Smokey Newark

CROP TYPE Low Use Winter Wheat
TOWNSHIP 17N 17N

RANGE 54E 54E
SECTION 16 16

QUARTER SEC B B

PUBLIC LAND
SURVEY (TRS)

QUARTER
SECTION 

IMAGERY DELINEATED
FIELD

CROP INVENTORY
FIELD

ImagryImagry
IKONOS 4.5 M                  TM 30 M (LS7)

GroundGround--water flowwater flow

• Produce 50’ contour maps for entire area
• More detailed maps in areas affected by 

pumping
– Southern Spring Valley
– Southern Snake Valley
– Central Steptoe Valley
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GroundGround--water flowwater flow

Water elevations
in the BARCASS 
region

GeochemistryGeochemistry

– Support hydrologic evaluations
• Principal ground-water flow paths and source 

areas
• Recharge areas
• Recharge rates
• Interbasin flow

New 
geochemical
sampling

Data synthesis and evaluationData synthesis and evaluation

• Basin water budgets
– Attempt to quantify 

interbasin flow
• Geology
• Water levels
• Geochemistry

– Accounting model
• Recharge
• Discharge
• Chemistry

Data synthesis and evaluationData synthesis and evaluation

Conceptual ‘Model’
• Hydrogeologic 

framework 
model of 
geology

• Series of maps 
showing 
recharge, 
discharge, and 
ground-water 
flow

Recharge

Discharge

GW Flow

Hydrogeology

Conceptual 
Aquifer 
System

Data synthesis and evaluationData synthesis and evaluation

Report
• Document results of 

study
• Draft due June 2007 

to Congress
• Public comment 

period
• Final report due 

December 2007
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Data synthesis and evaluationData synthesis and evaluation

• Recommendations for future monitoring
– Water levels
– Discharge
– Water quality
– Water use
– ET
– Drilling 
– Pump tests

Lehman Creek near Baker, NV
June 2003

Data disseminationData dissemination

• Web page 
dedicated to project
– Background
– Progress
– Quality-assured 

point and spatial 
data

http://nevada.usgs.gov/barcass/index.h
tm

• Knowledge 
exchange meetings

USGS GroundUSGS Ground--Water Resource Programs Water Resource Programs 
Proposed Great Basin/Great Salt Lake Basin GroundProposed Great Basin/Great Salt Lake Basin Ground--

Water Availability Study, Utah and NevadaWater Availability Study, Utah and Nevada

Patrick Lambert, US Geological Survey, 
Utah Water Science Center, Salt Lake 

City

USGS GroundUSGS Ground--Water Resources ProgramWater Resources Program

• The GWRP addresses the increasing complexity of the 
issues by using a multi-theme approach. Program goals 
are achieved through the implementation of the following 
ground-water science themes:
– Regional/National Ground-Water Evaluations
– Field Methods and Models 
– Fundamental Data
– US-Mexico Border Environmental Health Initiative

– Technical Ground-Water Support

GWRP GWRP -- Regional GroundRegional Ground--Water EvaluationsWater Evaluations

• Ground-Water Availability of Selected 
Principal Aquifers
– Documented effects of recent increased ground-

water withdrawals and droughts emphasize the 
need for updated status on the availability of the 
Nation's ground-water resources. 

– Assessing the current state of the ground-water 
flow systems necessary for evaluating ground-
water availability under present conditions. 

GWRPGWRP -- GroundGround--Water Availability of Water Availability of 
Selected Principal AquifersSelected Principal Aquifers

– Projects selected in 2003 -
• Atlantic Coastal Plain aquifers in North and South 

Carolina
• Denver Basin aquifer in Colorado
• Central Valley aquifer in California

– Projects selected in 2005
• Great Basin/Great Salt Lake Basin aquifers
• Mississippi Alluvial and Sparta Aquifers 
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USGS GroundUSGS Ground--Water Resources ProgramWater Resources Program

The GWRP takes advantage of the quantitative 
work previously conducted by the RASA Program 
to provide updated quantitative assessments of 
ground-water availability in areas of critical 
importance

• Modeling study 
focusing on Great 
Salt Lake Basin 

• Findings will be 
expanded to entire 
Great Basin 
carbonate aquifer

• Focus is to address 
availability as part 
of the national 
GWRP effort to 
quantify ground-
water resources

Focus will be Focus will be 
developing methods developing methods 
for:for:

• Connecting existing 
ground-water models 
along the Wasatch front 
of Utah 

• Incorporating flow in 
adjacent mountain blocks

• Investigating interbasin
flow, water budgets, and 
recharge distribution

• Applying findings to 
larger Great Basin 
Carbonate Aquifer

Benefits of GWRP project to BARCASS and Benefits of GWRP project to BARCASS and 
Nevada/Utah resource management needsNevada/Utah resource management needs
• Builds on previous (RASA) and ongoing (BARCASS) data 

collection and conceptual model efforts

• Investigates water budgets and recharge distribution in Great Salt 
Lake basins for evaluating the regional Great Basin Carbonate 
Aquifer; will utilize budget estimates developed in the BARCAS 
study area

• Develops and tests new techniques to define distribution of 
recharge as infiltration

• Techniques developed during study will provide useful tools for 
modeling mountain-block recharge and interbasin mountain-block 
flow systems over the entire, larger, Basin and Range province of 
the Western United States.

Project DetailsProject Details

• 3-year study beginning October 1, 2006
• $1.2 million total funding
• Conducted out of the USGS Salt Lake office with 

technical assistance from Nevada and other
USGS offices

USGS/DRI BARCASS Project USGS/DRI BARCASS Project 
Public MeetingPublic Meeting

Trout Creek, UT; Baker, NV; and 
Ely, Nevada

October 4 and 5, 2005

Geologic StudiesGeologic Studies
Don Sweetkind, Geologic Discipline, USGSDon Sweetkind, Geologic Discipline, USGS
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Two flow systems
Local  =  Basin-fill alluvial aquifer  
Regional  =  Carbonate-rock aquifer  

From Planert and Williams (1995) Ground water atlas of the United States, Segment 1, California and 
Nevada:  U.S. Geological Survey Hydrologic Investigations Atlas 730-B

Surface topography

Sn
ak

e 
   

   
 R

an
ge

Sc
he

ll 
C

re
ek

   
 R

an
ge

Eg
an

   
 R

an
ge

W
hi

te
 P

in
e 

R
an

ge

Thickness of basin deposits

Sn
ak

e 
   

   
 R

an
ge

Sc
he

ll 
C

re
ek

   
 R

an
ge

Eg
an

   
 R

an
ge

W
hi

te
 P

in
e 

R
an

ge

Legend
Depth to basement

50 m to 500 m
0.5 to 1 km
1 to 1.5 km
1.5 to 2 km
2 to 2.5 km
2.5 to 3 km
3 to 3.5 km
3.5 to 4 km
More than 4 km

Modified from Saltus and Jachens (1995), Gravity and basin-depth maps of the 
Basin and Range Province, western United States: U.S. Geological Survey 
Geophysical Investigations Map GP-1012, scale 1:2,500,000

Water table elevation
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Each local basin-fill aquifer has its own elevation  
J.M. Thomas and others (1986) Ground-water levels in the Great Basin region of Nevada,  
Utah, and adjacent states         U.S. Geological Survey Hydrologic Investigations Atlas HA-694-B

“Many of the desert springs in southern Nevada 
derive their flow from distant recharge areas 

rather than from nearby rainfall.”
W.C. Mendenhall (1909) Some desert watering places in southeastern California 
and southwestern Nevada         U.S. Geological Survey Water-Supply Paper 224

Hot Creek, White River Valley

Water budget:  input  = output
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-rock 

province

Carbonate-rock 
province supports 
deep, regional flow

Integrates recharge 
from numerous 
ranges and basins

Ground-water 
resource availability 

Looking E to southern Egan Range
From Sunnyside

Lincoln County Land ActLincoln County Land Act
• “(1) IN GENERAL – The Secretary, acting 

through the United States Geological Survey, 
the Desert Research Institute, and a designee 
from the State of Utah shall conduct a study to 
investigate ground water quantity, quality, and 
flow characteristics in the deep carbonate and 
alluvial aquifers of White Pine County, Nevada, 
and any groundwater basins that are located in 
White Pine County, Nevada, or Lincoln County, 
Nevada, and adjacent areas in Utah”.

Geologic system is the “plumbing”

Karst solution

Fracture permeability

Faulting

Stratigraphy

Looking S down Steptoe Valley
from Monte Neva Road

Looking beneath the valley floors Looking beneath the valley floors –– the the 
basinbasin--fill alluvial aquiferfill alluvial aquifer

Looking S down Steptoe Valley
from Monte Neva Road

Gravity data and modelsGravity data and models

Shallow electrical geophysicsShallow electrical geophysics

Seismic dataSeismic data

Well dataWell data

Geologic dataGeologic data

Looking beneath the valley floors Looking beneath the valley floors –– the the 
basinbasin--fill alluvial aquiferfill alluvial aquifer

Isostatic Gravity 
Map

Map of subtle 
variations in the 
earth’s gravity field; 
related to the 
variations in density of 
the underlying rocks.

Data are reduced to 
isostatic anomalies to 
remove long-wavelength 
variations of gravity 
inversely associated with 
topography.

Data derived from an 
updated version (USGS et al., 
2005) of the statewide 
compilation of Nevada 
(Ponce, 1997) and Utah 
(Bankey et al., 1998).
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Gravity Data Coverage

Showing areas of poor 
data coverage:

Hamlin Valley
Spring Valley
White River Valley

Many mountain ranges

Gravity Data Collection

Base stations

Field data ½ mi spacing

Land surface – digital elevation model

Looking northwest

Snake      
  Range

Schell C
reek      

Range

Egan      
      

     
Range

Depth to basement model; land surface removed

Looking northwest

Egan      
      

     
Range

Schell C
reek      

Range

Snake      
  Range

Magnetotelluric Data Collection

Various electrical methods

Long collection time



11

Relationship Between Electrical Relationship Between Electrical 
Resistivity/Conductivity and GeologyResistivity/Conductivity and Geology

• Profile A
• 12.6 km long
• 200 m spacing

• Profile B
• 2.2 km long
•200 and 400 m 
spacing

AMT Profiles inAMT Profiles in
Southern Spring Southern Spring 

ValleyValley

McPhee(unpub. data, 2005)

COCORP (1982-1984)—Consortium 
for Continental Reflection Profiling.

Nevada Lines 4, 5, and 6; and 
Utah Line 1.

S&B84--Smith and Bruhn (1984)
Snake, Hamlin, and Pine Valleys.

Gans85--Gans et al. (1985)
Spring Valley.

S&P91--Shah Alam and Pilger (1991)
Hamlin Valley, only Line 8 
interpreted.

ECN01--White River, Cave, and 
Lake V.

Industry data, gravity 
interpretation to be led by 
Scheirer (USGS).

Seismic reflection dataSeismic reflection data
Cave Valley seismic data

se
c

0

1

2

3

se
c

0

1

2

3

Cave Valley seismic interpretation

Paleozoic rocksPaleozoic rocks

Tertiary volcanic rocks Alluvial fan deposits

Lake beds

Well data
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Drill-hole Database 
for Nevada

INDEX

Wells

Wells that reach basement

MX wells that reach 
basement (Mankinen, 
2005). Additional MX data
to be compiled.

GEOLOGY INDEX

Volcanic rocks
Paleozoic rocks
Pre-Cambrian rocks
Granitic rocks

Stewart and Carlson (1978)

Two flow systems
Local  =  Basin-fill alluvial aquifer  
Regional  =  Carbonate-rock aquifer  

Looking E to southern Egan Range
From Sunnyside Sevy

Eureka
Pogonip

Laketown

Simonson

Cambrian LS

Guilmette

Paleozoic
Carbonate
platform  

Rocks deposited in 
Cambrian time

Map from the website “Paleogeography of the southwestern 
US” of Dr. Ronald Blakey, Northern Arizona University. 
http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

Rocks deposited in 
Silurian time

Map from the website “Paleogeography of the southwestern 
US” of Dr. Ronald Blakey, Northern Arizona University. 
http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

Rocks 
deposited in 
Mississippian 
time (340 Ma)

Upper 
Paleozoic
depositional
profile

Map from the website 
“Paleogeography of 
the southwestern US”
of Dr. Ronald Blakey, 
Northern Arizona 
University. 
http://jan.ucc.nau.edu
/~rcb7/paleogeogwus.
html
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Looking northwest from above Grassy Pass
to Muleshoe Valley

Chainman Shale

Guilmette LS

Scotty Wash quartzite

Devonian & Mississippian 
stratigraphy Chainman Shale thins eastwardChainman Shale thins eastward

Chainman Shale; 
potential barrier

Chainman Shale; Chainman Shale; 
potential barrierpotential barrier

Chainman Shale 
absent

Chainman Shale Chainman Shale 
absentabsent

Looking west to Emigrant Spring, S. Egan Range

Example of stratigraphic control on flow and discharge  

Chainman Shale
Silurian-Devonian carbonate rocksEureka quartzite

Looking west to Emigrant Spring, S. Egan Range

Example of stratigraphic control on flow and discharge  

Chainman Shale
Silurian-Devonian carbonate rocksEureka quartzite

Emigrant Spring

Looking west to Emigrant Spring, S. Egan Range

Example of stratigraphic control on flow and discharge  
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Sevy Dolomite
(tidal flat)

Laketown Dolomite
(middle shelf)

Electric log analysis

Fractured Less Fractured
Compensated sonic log Outlaw Federal No. 1 well;

Near Baker, NV 

13,000 ft deep, 
penetrated 1,254 ft of 
basin fill and then 11,746 
ft of Paleozoic limestone, 
shale, and sandstone (Ely 
Limestone to the top of 
the Pogonip Group). 

Hole was plugged and 
abandoned with no oil and 
gas shows. However, the well 
yielded fresh water, probably 
from fractured intervals, 
throughout much of its depth. 

Regional Regional 
structurestructure

• Aquifer disruption

• Duplication or 
attenuation of section

• Faults as hydrologic 
entities

• Interplay between 
Central Nevada thrust 
belt, Sevier thrust belt 
and extensional 
structures

Sn
ak

e 
   

   
 R

an
ge

Sc
he

ll 
C

re
ek

   
 R

an
ge

Eg
an

   
 R

an
ge

W
hi

te
 P

in
e 

R
an

ge

B
utte syncline

C
o

n
fu

si
o

n
   

   
sy

n
cl

in
e



15

Eastern flank of northern Snake Range

Example of low-angle detachment fault

Eastern flank of northern Snake Range

Lower plate rocks

Upper plate rocks

Upper plate rocks

Upper plate rocks highly faulted
and steeply dipping

Northern Snake Range detachment

Example of low-angle detachment fault

Eastern flank of northern Snake Range

Lower plate rocks

Upper plate rocks

Upper plate rocks

Northern Snake 
Range detachment

Folded lower plate rocks

Brecciated upper plate rocks

Spring Valley

Spring Valley

Butte Mtns

Butte Mtns

Egan Range

Egan Range Snake Range

Steep fault interpretation (Terrascan Group, 1978)

Low-angle fault interpretation (Bartley and Wernicke, 1984)

Cross section interpretations
Interpretations affect volume calculations  

Main objectives for geologic, geophysical, 
and hydrogeologic work

Create simple 3D 
framework suitable 
for volumetric 
calculation

Cross sections

Thickness maps
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Main objectives for geologic, geophysical, 
and hydrogeologic work

Aquifer properties

Geologic characteristics

Measured hydraulic
properties

Main objectives for geologic, geophysical, 
and hydrogeologic work

Structural controls on ground-water flow
-- Conduits, pathways, interbasin connections
-- Barriers through unit juxtaposition or fault properties

Geology  

Hydrology  

Geochemistry 

Main objectives for geologic, geophysical, 
and hydrogeologic work

• Framework configuration at important 
interbasin areas

• Overall conceptualization of geologic 
framework as it relates to flow

The EndThe End

•Questions?


