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Hydrology of 
Railroad Valley
• Water Resources Reconnaissance Report 

from 1974:
 Data collected primarily between 1970-1972
 Ancillary data between 1960s-1970s
 Measured groundwater levels in about 80 

wells 

• Water budget 

• Conceptual flow model
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How does water flow through Railroad Valley?

Preliminary Information-Subject to Revision. 

Simplified schematic - Not drawn to scale

Modified from Heilweil and Brooks (2010)

Fault

Fault



What have we been 
doing?

• Well reconnaissance (~150 wells)

• Groundwater levels measured at 100 
wells in Fall 2023

• Link to groundwater level database

Preliminary Information-Subject to Revision. 

https://maps.waterdata.usgs.gov/mapper/nwisquery.html?URL=https://waterdata.usgs.gov/usa/nwis/inventory?multiple_site_no=375644116033301%2C375751116030201%2C375820115442301%2C380059115441201%2C380418116045301%2C380652116200901%2C380906116050502%2C381107115341101%2C381217115562501%2C381421115315501%2C381427115470801%2C381430115283901%2C381444115301201%2C381453115325601%2C381459115470801%2C381505115375101%2C381506115490801%2C381517115484701%2C381519115473901%2C381523115470601%2C381528115321901%2C381547115470601%2C381651115405901%2C381656115505701%2C381805115520101%2C381940115413401%2C382404115355601%2C382511115281901%2C382516115425201%2C382735115474101%2C382829115465201%2C382855115321801%2C383011115460901%2C383011115462301%2C383011115465201%2C383317115462601%2C383712115420301%2C383730115352501%2C383836115295701%2C384042115400301%2C384335115173401%2C384338115283601%2C384342115283501%2C384343115174001%2C384426115283101%2C384432115281901%2C384557115292701%2C384604115291701%2C385045115391201%2C385048115382101%2C385106115386001%2C385209115394801%2C385251115400601%2C385326115404601%2C385419115402101%2C385521115432201%2C385606115432801%2C385657115431001%2C385721115430301%2C385745115425801%2C385746115421401%2C390706115341601%2C390730115382301%2C390730115382501%2C391110115511301%2C391135115512401%2C391812115390501&format=sitefile_output&sitefile_output_format=xml&column_name=agency_cd&column_name=site_no&column_name=station_nm&list_of_search_criteria=multiple_site_no&column_name=site_tp_cd&column_name=dec_lat_va&column_name=dec_long_va&column_name=agency_use_cd


Groundwater 
Elevation Map

• Contoured-groundwater levels show 
the direction of groundwater 
movement

• Used to verify conceptual flow model

• Generally, groundwater levels lower 
today than in 1974

Preliminary Information-Subject to Revision. 

Fall 2023



Groundwater 
Elevation Map

• Contoured-groundwater levels show 
the direction of groundwater 
movement

• Used to verify conceptual flow model

• Generally, groundwater levels lower 
today than in 1974

Preliminary Information-Subject to Revision. 



Biannual 
Groundwater-level 
Monitoring
• Network of 55 wells, measured every 

Fall (Nov) and Spring (March)

• Generally, groundwater-levels 
increased between 2023-2024

• Largest groundwater-level rebounds 
occurred in eastern alluvial slopes (near 
mountain front)

Preliminary Information-Subject to Revision. 



What else have we 
been doing?

• Equipment installations



Precipitation

Grided Precipitation: Climate Hazards Group 

InfraRed Precipitation with Station data (CHIRPS) 

Preliminary Information-Subject to Revision. 



Streams

Preliminary Information-Subject to Revision. 



Streams

Preliminary Information-Subject to Revision. 



Springs

Preliminary Information-Subject to Revision. 



Nevada Water Resources Initiative: 
Investigating Interbasin Flow

USGS/NDWR, 1960-1975; Rush, 1971; Harrill, 1988; Anning and Konieczki, 2005

 In Nevada, subsurface flows between 
hydrographic basins are recognized across the 
state.

 Many interbasin flow estimates rely on old 
water budget components that are out of date.

 NDWR needs better data on interbasin flow in 
Nevada so the state can manage water 
resources using the best possible information.

Randy Paylor, rpaylor@usgs.gov

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The information has not received final 
approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting 
from the authorized or unauthorized use of the information.



Preliminary Information-Subject to Revision. Not for Citation or Distribution.
Heilweil and Brooks, 2010.

The Great Basin’s water cycle

 Permeable limestone 
and volcanic rocks in 
mountain ranges can 
transmit water from 
one closed basin to 
another

 Groundwater flow 
between basins can 
take decades to 
centuries or more



Sampling for Environmental Tracers
Taking water samples for environmental tracers allow us to:
1. Estimate groundwater movement using age tracers like carbon 14 and dissolved gasses.
2. Figure out recharge temperature and elevation using dissolved noble gasses.
3. Identify recharge sources (snowmelt or monsoon) from oxygen and hydrogen isotopes.
4. Evaluate lithology along groundwater flow paths using geochemistry (dissolved elements) and strontium isotopes.

Groundwater samples demonstrate geochemical evolution related to age, 
transport, and recharge source.

Modified from Peter Cook, The Groundwater Project

Conceptual Model of Groundwater 
Transport 

Preliminary Information-Subject to Revision. Not for Citation or Distribution.



Interbasin flow – Railroad Valley
7.2 - 13

2.3-5.5

0.7 - 4

Preliminary Information-Subject to Revision. Not for Citation or Distribution.

1-1.5

0.7

Estimated interbasin flow from previous work. 
Eakin and others (1951); Rush and Everett (1966); Van Denburgh and Rush (1974); Harril and other (1988); Prudic and 

others (1995); Nichols (2001); Lopes and Evetts (2004)

 Sampling is targeting estimated flow paths 
from previous studies. 
 Estimates of interbasin flow from past 

studies vary, and our sampling will figure 
out if these connections are likely.

0.7 - 4

Estimated interbasin flow direction

Estimated interbasin flow, thousands of 
acre-feet per year

Basin boundary favorable to interbasin flow

Basin boundary unfavorable to interbasin flow

Boundary favorability undetermined



 29 sites have been sampled in Railroad 
Valley and surrounding areas so far.

 Locations in green are springs or wells we 
have visited and may still need to sample.

Sites sampled – Railroad 
Valley area

Full sample suite

Full suite minus dissolved 
gas

Stable isotope samples

Field parameters

Reconned locations

Preliminary Information-Subject to Revision. Not for Citation or Distribution.



 Oxygen and hydrogen isotopes of water can be 
used to identify groundwater source areas.

 Preliminary results suggest distinct sources for 
water in north, southwest, and southeast Railroad 
Valley.

Example results– Railroad 
Valley area

Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Oxygen isotopes

Lighter - higher 
elevation or more 
northern source

Heavier - lower 
elevation or more
southern source



Gwen Davies
(775) 431-4140
gdavies@usgs.gov  

Randy Paylor
(859) 420-5541
rpaylor@usgs.gov  

mailto:gdavies@usgs.gov
mailto:gdavies@usgs.gov


Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS), 
https://www.chc.ucsb.edu/data/chirps 

Heilweil, V.M., and Brooks, L.E., eds., 2011, Conceptual model of the Great Basin 
carbonate and alluvial aquifer system: U.S. Geological Survey Scientific Investigations 
Report 2010-5193, 191 p.
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• DRI is developing and supporting statewide updates of
• Agricultural Consumptive Use Inventory and Database
• Groundwater Discharge Database
• Meteorological and Hydrologic Monitoring
• Recharge and Water Availability

• This information is fundamental for ensuring adequate water 
supplies, supporting economic development, and protecting 
existing rights and the environment.

T H E  N E V A D A  W A T E R  I N I T I A T I V E

Railroad Valley

P R O J E C T  A C T I V I T I E S



C O N S U M P T I V E  U S E
I N V E N T O R Y  &  D A T A B A S E

• Comprehensive Consumptive Use Database
• Through time (Landsat satellite archive 1985-pres.)
• Field boundaries
• Irrigation status mapping
• Irrigation system type
• Water source mapping
• Water Use Database Middle Reese River

Snake Valley

1990 2022

Desert Valley

Railroad Valley



P H R E A T O P H Y T E  P L A N T  G R O U N D W A T E R  U S E  

“….discharge is of much more pragmatic concern than recharge.”
- John Bredehoeft - USGS

• Update Groundwater Discharge and Water Budgets
• Groundwater discharge from phreatophytes is used as a 

basis for determining groundwater budgets
• Satellite and aerial imagery and field mapping used to revise 

the extent and amount of groundwater discharge 
• Constrain recharge estimates
• Compare to previous estimates



METEOROLOGICAL DATA AND MONITORING
• Monitoring weather and water use to compare with satellite-based water 

use, and support on-farm conservation, irrigation scheduling, and water use 
reporting.

• Upgrading Nevada Integrated Climate & Evapotranspiration Network 
(https://NICENet.dri.edu)

Carson Valley

Railroad Valley

Diamond Valley

Railroad Valley

https://nicenet.dri.edu/


*  P R E L I M I N A R A Y  R E S U L T S  *  
C O N S U M P T I V E  U S E

I N V E N T O R Y  &  D A T A B A S E

Middle Reese River

Snake Valley
Desert Valley

Net ET  (acre-ft) AR (acre-ft) Net ET (ft) AR (ft)

1985-1994 611 789 1.89 2.15

2012-2023 7,169 8,566 2.59 2.90

Mean groundwater 
use by period

Railroad Valley North



Middle Reese River

Snake Valley
Desert Valley

Diamond Valley Humboldt River Basin

Diamond Valley

*  P R E L I M I N A R A Y  R E S U L T S  *  
C O N S U M P T I V E  U S E

I N V E N T O R Y  &  D A T A B A S E



*  P R E L I M I N A R Y  R E S U L T S *  G R O U N D W A T E R  D I S C H A R G E  

Railroad Valley 
Pine Valley

• Update Groundwater Discharge and Water Budgets
• Satellite and aerial imagery used to define groundwater discharge areas and compute rates of 

groundwater use by phreatophyte plants



• Update Groundwater Discharge and 
Water Budgets

• Preliminary updates compared to 
previous work 

Railroad Valley Recon Report 60

0.1 ft/yr

0.2 ft/yr

0.2 ft/yr

0.4 ft/yr

0.4 ft/yr

Recon Recharge ~ 55,000 – 60,000 ac-ft

Van Denburgh & Rush, 1974

Railroad Valley 

?

0.2 ft/yr0.4 ft/yr

*  P R E L I M I N A R Y  R E S U L T S *  G R O U N D W A T E R  D I S C H A R G E  



• Update Groundwater Discharge and Water Budgets
• Preliminary updates compared to previous work 

Jackson et al. (2018) - Groundwater

*  P R E L I M I N A R Y  R E S U L T S *  G R O U N D W A T E R  D I S C H A R G E  



• Update Groundwater Discharge and Water Budgets
• Preliminary updates compared to previous work 

Preliminary groundwater discharge as percentage of mean annual precipitation 

*  P R E L I M I N A R Y  R E S U L T S *  G R O U N D W A T E R  D I S C H A R G E  



• Update Groundwater Discharge and Water Budgets
• Preliminary updates compared to previous work 

From Van Denburgh and Rush 1974 (RR 60)

*  P R E L I M I N A R Y  R E S U L T S *  G R O U N D W A T E R  D I S C H A R G E  



* PRELIMINARY RESULTS * - METEOROLOGICAL DATA AND MONITORING

• Comparison of two independent sensors look good

• LICOR-710 is $5K and IRGASON is $35K

Carson Valley

Railroad Valley

Railroad Valley



NEXT STEPS

• Investigate and finalize preliminary groundwater 
discharge and agricultural water use estimates

• Compile basin pumping inventories and data where 
available

• Continue to measure ET at weather stations

• Compare satellite-based estimates of ET to weather 
station data and basin pumping data and inventories

• Summarize future climate and hydrology projection 
information for each basin

• Summarize flow system water budgets in 
coordination with USGS

• Continue development and application of hydrology 
models for demo basins in coordination with USGS

• Draft reports for internal review Q4 2025 - Q1 2026



THANK YOU
JUSTIN.HUNTINGTON@DRI.EDU

MURPHY.GARDNER@DRI.EDU
EUGENE.LONG@DRI.EDU
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