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Conversion Factors, Datums, and Abbreviations and

Acronyms

Conversion Factors

Inch/Pound to SI

Multiply By To obtain

Length
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area

acre 4,047 square meter (m?2)
square foot (ft?) 0.09290 square meter (m?2)
square mile (mi?) 2.590 square kilometer (km?)

Volume
gallon (gal) 3.785 liter
million gallons (Mgal) 3,785 cubic meter (m3)
acre-foot (acre-ft) 1,233 cubic meter (m3)

Flow rate
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year (m3/yr)
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
cubic foot per second per square mile 0.01093 cubic meter per second per square
[(ft3/s)/mi?] kilometer [(m3/s)/km?]

million gallons per day (Mgal/d) 0.04381 cubic meter per second (m3/s)

Mass
pound, avoirdupois (Ib) 0.4536 kilogram (kg)

Hydraulic conductivity
foot per day (ft/d) 0.3048 meter per day (m/d)
Hydraulic gradient
foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)
Transmissivity*

foot squared per day (ft2/d) 0.09290 meter squared per day (m?%/d)




Conversion Factors, Datums, and Abbreviations and
Acronyms

Sl to Inch/Pound

Multiply By To obtain
Volume
liter (L) 33.82 ounce, fluid (fl. 0z)
liter (L) 2.113 pint (pt)
liter (L) 1.057 quart (qt)
liter (L) 0.2642 gallon (gal)
Radioactivity
picocurie per liter (pCi/L) 0.037 becquerel per liter (Bg/L)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32

*Transmissivity: The standard unit for transmissivity is cubic foot per day per square foot times
foot of aquifer thickness [(ft3/d)/ftZ]ft. In this report, the mathematically reduced form, foot
squared per day (ft%d), is used for convenience.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm
at 25°C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L)
or micrograms per liter (pg/L).

Datums

Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929
(NGVD 29).

Horizontal coordinate information is referenced to the North American Datum of 1927 (NAD 27).

Altitude, as used in this report, refers to distance above the vertical datum.



Conversion Factors, Datums, and Abbreviations and
Acronyms

Abbreviations and Acronyms

Abbreviation or

acronym Definition

ATR Complex Advanced Test Reactor Complex (formerly RTC, Reactor Technology Complex; and
TRA, Test Reactor Area)

CFA Central Facilities Area

Ci Curie

DOE Department of Energy

ESRP eastern Snake River Plain

ICPP Idaho Chemical Processing Plant

INEL Idaho National Engineering Laboratory (1974-97)

INEEL Idaho National Engineering and Environmental Laboratory (1997-2005)

INL Idaho National Laboratory

INTEC Idaho Nuclear Technology and Engineering Center

LRL laboratory reporting level

LT-MDL long-term method detection level

MCL maximum contaminant level

MDL method detection limit

MRL minimum reporting level

MLMS multilevel monitoring system

NAD normalized absolute difference

NRF Naval Reactors Facility

NRTS National Reactor Testing Station (1949-74)

NWIS National Water Information System

NwaL National Water Quality Laboratory (USGS)

PBF Power Burst Facility

QA quality assurance

RESL Radiological and Environmental Sciences Laboratory (DOE)

RSD relative standard deviation

RWMC Radioactive Waste Management Complex

RWMC PROD RWMC Production Well

s sample standard deviation

SDA Subsurface Disposal Area

TAN Test Area North

TRA DISP TRA disposal well

TSF Technical Support Facility

T0C total organic carbon

USGS U.S. Geological Survey

voC volatile organic compound




An Update of Hydrologic Conditions and Distribution of
Selected Constituents in Water, Eastern Snake River Plain
Aquifer and Perched Groundwater Zones, Idaho National
Laboratory, Idaho, Emphasis 2009-11

By Linda C. Davis, Roy C. Bartholomay, and Gordon W. Rattray

Abstract

Since 1952, wastewater discharged to infiltration ponds
(also called percolation ponds) and disposal wells at the
Idaho National Laboratory (INL) has affected water quality
in the eastern Snake River Plain (ESRP) aquifer and perched
groundwater zones underlying the INL. The U.S. Geological
Survey (USGS), in cooperation with the U.S. Department
of Energy, maintains groundwater monitoring networks at
the INL to determine hydrologic trends, and to delineate
the movement of radiochemical and chemical wastes in the
aquifer and in perched groundwater zones. This report presents
an analysis of water-level and water-quality data collected
from aquifer, multilevel monitoring system (MLMS), and
perched groundwater wells in the USGS groundwater
monitoring networks during 2009-11.

Water in the ESRP aquifer primarily moves through
fractures and interflow zones in basalt, generally flows
southwestward, and eventually discharges at springs along
the Snake River. The aquifer primarily is recharged from
infiltration of irrigation water, infiltration of streamflow,
groundwater inflow from adjoining mountain drainage basins,
and infiltration of precipitation.

From March-May 2009 to March-May 2011, water
levels in wells generally declined in the northern part of the
INL. Water levels generally rose in the central and eastern
parts of the INL.

Detectable concentrations of radiochemical constituents
in water samples from aquifer wells or MLMS equipped
wells in the ESRP aquifer at the INL generally decreased
or remained constant during 2009-11. Decreases in
concentrations were attributed to radioactive decay, changes
in waste-disposal methods, and dilution from recharge and
underflow.

In 2011, concentrations of tritium in groundwater
from 50 of 127 aquifer wells were greater than or
equal to the reporting level and ranged from 200+60 to

7,000£260 picocuries per liter. Tritium concentrations from
one or more discrete zones from four wells equipped with
MLMS were greater than or equal to reporting levels in water
samples collected at various depths. Tritium concentrations in
water from wells completed in shallow perched groundwater
at the Advanced Test Reactor Complex (ATR Complex)

were less than the reporting levels. Tritium concentrations in
deep perched groundwater at the ATR Complex equaled or
exceeded the reporting level in 12 wells during at least one
sampling event during 2009-11 at the ATR Complex.

Concentrations of strontium-90 in water from 20 of
76 aquifer wells sampled during April or October 2011
exceeded the reporting level. Strontium-90 was not detected
within the ESRP aquifer beneath the ATR Complex. During
at least one sampling event during 2009-11, concentrations
of strontium-90 in water from 10 wells completed in deep
perched groundwater at the ATR Complex equaled or
exceeded the reporting levels.

During 2009-11, concentrations of plutonium-238, and
plutonium-239, -240 (undivided), and americium-241 were
less than the reporting level in water samples from all aquifer
wells and in all wells equipped with MLMS. Concentrations of
cesium-137 were equal to or slightly above the reporting level
in 8 aquifer wells and from 2 wells equipped with MLMS.

The concentration of chromium in water from one well
south of the ATR Complex was 97 micrograms per liter (ug/L)
in April 2011, just less than the maximum contaminant level
(MCL) of 100 pg/L. Concentrations of chromium in water
samples from 69 other wells sampled ranged from 0.8 pg/L to
25 pg/L. During 2009-11, dissolved chromium was detected
in water from 15 wells completed in perched groundwater at
the ATR Complex.

In 2011, concentrations of sodium in water from most
wells in the southern part of the INL were greater than the
background concentration of 10 milligrams per liter (mg/L);
the highest concentrations were at or near the Idaho Nuclear
Engineering and Technology Center (INTEC). After the new
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percolation ponds were put into service in 2002 southwest

of the INTEC, concentrations of sodium in water samples
from the Rifle Range well rose steadily until 2008, when the
concentrations generally began decreasing. The increases and
decreases were attributed to disposal variability in the new
percolation ponds. Concentrations of sodium in most wells
equipped with MLMS generally were consistent with depth.
During 2011, dissolved sodium concentrations in water from
17 wells completed in deep perched groundwater at the ATR
Complex ranged from 6 to 146 mg/L.

In 2011, concentrations of chloride in most water samples
from aquifer wells south of the INTEC and at the Central
Facilities Area exceeded the background concentrations of
15 mg/L, but were less than the secondary MCL of 250 mg/L.
Chloride concentrations in water from wells south of the
INTEC have generally increased because of increased
chloride disposal to the old percolation ponds since 1984
when discharge of wastewater to the INTEC disposal well
was discontinued. After the new percolation ponds were put
into service in 2002 southwest of the INTEC, concentrations
of chloride in water samples from one well rose steadily
until 2008 then began decreasing. Chloride concentrations in
water from all but one well completed in the ESRP aquifer
at or near the ATR Complex were less than background and
ranged between 10 and 14 mg/L during 2011, similar to
concentrations detected during the 2006-08 reporting period.
During 2011, chloride concentrations in water from two
aquifer wells at the Radioactive Waste Management Complex
(RWMC) were slightly greater than concentrations detected
during the 2006-08 reporting period. The vertical distribution
of chloride concentrations in wells equipped with MLMS
were generally consistent within zones during 2009-11 and
ranged from about 8 to 20 mg/L. During April 2011, dissolved
chloride concentrations in shallow perched groundwater at
the ATR Complex ranged from 7 to 13 mg/L in water from
three wells. Dissolved chloride concentrations in deep perched
groundwater at the ATR Complex during 2011 ranged from
4 t0 54 mg/L.

In 2011, sulfate concentrations in water samples from
11 aquifer wells in the south-central part of the INL equaled
or exceeded the background concentration of sulfate and
ranged from 40 to 167 mg/L. The greater-than-background
concentrations in water from these wells probably resulted
from sulfate disposal at the ATR Complex infiltration
ponds or the old INTEC percolation ponds. In 2011, sulfate
concentrations in water samples from two wells near the
RWMC were greater than background levels and could have
resulted from well construction techniques and (or) waste
disposal at the RWMC. The vertical distribution of sulfate
concentrations in three wells near the southern boundary
of the INL was generally consistent with depth, and ranged
between 19 and 25 mg/L. The maximum dissolved sulfate
concentration in shallow perched groundwater near the

ATR Complex was 400 mg/L in well CWP 1 in April 2011.
During 2009-11, the maximum concentration of dissolved
sulfate in deep perched groundwater at the ATR Complex was
1,550 mg/L in a well located west of the chemical-waste pond.

In 2011, concentrations of nitrate in water from
most wells at and near the INTEC exceeded the regional
background concentrations of 1 mg/L and ranged from
1.6 to 5.95 mg/L. Concentrations of nitrate in wells south of
INTEC and farther away from the influence of disposal areas
and the Big Lost River show a general decrease in nitrate
concentrations through time.

During 2009-11, water samples from 30 wells were
collected and analyzed for volatile organic compounds
(VOCs). Six VOCs were detected. At least one and up to
five VOCs were detected in water samples from 10 wells.

The primary VOCs detected include carbon tetrachloride,
chloroform, tetrachloroethylene, 1,1,1-trichloroethane, and
trichloroethylene. In 2011, concentrations for all VOCs were
less than their respective MCL for drinking water, except
carbon tetrachloride in water from two wells.

During 2009-11, variability and bias were evaluated from
56 replicate and 16 blank quality-assurance samples. Results
from replicate analyses were investigated to evaluate sample
variability. Constituents with acceptable reproducibility were
stable isotope ratios, major ions, nutrients, and VOCs. All
radiochemical constituents and trace metals had acceptable
reproducibility except for gross beta-particle radioactivity,
aluminum, antimony, and cobalt. Bias from sample
contamination was evaluated from equipment, field, container,
and source-solution blanks. No detectable constituent
concentrations were reported for equipment blanks of the
thief samplers and sampling pipes or for the source-solution
and field blanks. Equipment blanks of bailers had detectable
concentrations of strontium-90, sodium, chloride, and sulfate,
and the container blank had a detectable concentration
of dichloromethane.

Introduction

The ldaho National Laboratory (INL), operated by
the U.S. Department of Energy (DOE), encompasses
about 890 mi? of the eastern Snake River Plain (ESRP) in
southeastern Idaho (fig. 1). Names formerly used for this site,
from earliest to most recent, were National Reactor Testing
Station (NRTS, 1949-74), Idaho National Engineering
Laboratory (INEL, 1974-97), and ldaho National Engineering
and Environmental Laboratory (INEEL, 1997-2005). The
INL facilities are used in the development of peacetime
atomic-energy applications, nuclear safety research,
defense programs, environmental research, and advanced
energy concepts.
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Figure 1. Location of the Idaho National Laboratory, USGS streamgages, and selected facilities, Idaho.
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Radiochemical and chemical wastewater generated
at these facilities has been discharged to onsite infiltration
ponds, evaporation ponds, disposal wells, or a combination
thereof since 1952. Wastewater disposal has resulted in
detectable concentrations of several waste constituents in
water from the ESRP aquifer underlying the INL. Disposal
of wastewater to infiltration ponds and infiltration of surface
water at waste-burial sites resulted in the formation of
perched groundwater in basalts and in sedimentary interbeds
that overlie the ESRP aquifer (Cecil and others, 1991).
Perched groundwater is an integral part of the pathway for
waste-constituent migration to the aquifer.

The DOE requires information about the mobility of
radiochemical- and chemical-waste constituents in the ESRP
aquifer and in perched groundwater above the aquifer to
assess the impact of INL facility operations on water quality,
and to aid in remediation activities. Waste-constituent
mobility is determined, in part, by (1) the rate and direction of
groundwater flow, (2) the locations, quantities, and methods
of waste disposal, (3) waste-constituent chemistry, and (4) the
geochemical processes taking place in the aquifer. This study
was conducted by the U.S. Geological Survey (USGS) in
cooperation with the DOE Idaho Operations Office.

Purpose and Scope

In 1949, the U.S. Atomic Energy Commission, which
later became the DOE, requested that the USGS describe
the water resources of the area now known as the INL.
The purpose of the resulting study was to characterize
these resources before the development of nuclear-reactor
testing facilities. Since that time, the USGS has maintained
water-level and water-quality monitoring networks at the INL
to determine hydrologic trends and to delineate the movement
of radiochemical and chemical wastes in the ESRP aquifer and
in perched groundwater.

Most of the wells in the USGS monitoring network
were constructed as open boreholes and are open to the
aquifer through their entire depth below the water table.
Beginning in 2005, the USGS and the INL contractor
collaborated to instrument two wells (Middle 2050A and
Middle 2051) with multilevel monitoring systems (MLMS)
to collect water samples for analysis in order to describe the

vertical distribution of constituents in the ESRP aquifer. The
USGS expanded the program during 2006-10 to include
seven additional wells (USGS 103, 105, 108, 132, 133,

134, and 135). Water chemistry, vertical hydraulic head,

and water temperature data were collected from the MLMS
during 2005-11 (Bartholomay and Twining, 2010; Fisher and
Twining, 2011; Twining and Fisher, 2012).

This report presents an analysis of water-level and
water-quality data collected from wells in the USGS
groundwater monitoring networks during 2009-11 as part of
the continuing hydrogeologic investigations conducted by
the USGS at the INL. This report describes the distribution
and concentration of selected radiochemical and chemical
constituents in groundwater and perched groundwater at
the INL, the vertical distribution of selected constituents
from samples collected with MLMS, and the changes in the
regional water levels since 2008. The report also summarizes
the history of waste disposal at the Advanced Test Reactor
Complex (ATR Complex; formerly known as the Test Reactor
Area, TRA), Idaho Nuclear Technology and Engineering
Center (INTEC; formerly known as the Idaho Chemical
Processing Plant, ICPP), Radioactive Waste Management
Complex (RWMC), Test Area North (TAN), Naval Reactors
Facility (NRF), and the Central Facilities Area (CFA).

Previous Investigations

Hydrologic conditions and the distribution of selected
wastewater constituents in groundwater and perched
groundwater are discussed in a series of reports describing
the INL. Table 1 summarizes selected previous investigations
of the geology, hydrology, and water characteristics at and
near the INL, and periods included in those investigations.
Numerous previous investigations of the hydrology and
geology at the INL have been done by INL contractors, state
agencies, and the USGS. Copies of most published reports
for previous USGS studies at the INL are available from the
USGS Publications Warehouse Web site at http://pubs.er.usgs.
gov/ (U.S. Geological Survey, 2013a). A list of all the reports
published by the USGS on project work done at the INL can
be found at http://id.water.usgs.gov/projects/INL/pubs.html.
(U.S. Geological Survey, 2013b).
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Table 1. Summary of selected previous investigations on geology, hydrology, and water characteristics of groundwater and perched
groundwater, Idaho National Laboratory, Idaho, 1961-2012.

[Names for the Idaho National Laboratory have changed numerous times since 1949. Names formerly used for this site were: the National Reactor Testing
Station (NRTS), 1949 to 1974; the ldaho National Engineering Laboratory (INEL), 1974-1997; the Idaho National Engineering and Environmental Laboratory
(INEEL), 1997-2005; and the ldaho National Laboratory (INL), 2005 to present (2013). Abbreviations: TRA, Test Reactor Area; INTEC, Idaho Nuclear
Technology and Engineering Center (formerly the ICPP, Idaho Chemical Processing Plant); RWMC, Radioactive Waste Management Complex (formerly the
solid waste burial ground)]

Investigation

Reference h Summary
period
Groundwater
Jones (1961) Hydrology of waste disposal at the NRTS, Idaho.
Olmsted (1962) Chemical and physical character of groundwater at the NRTS, Idaho.
Morris and others (1963, 1964, 1965) Hydrology of waste disposal at the NRTS, Idaho.
Barraclough and others (1967a) 1965 Hydrology of the NRTS, Idaho.
Barraclough and others (1967b) 1966 Hydrology of the NRTS, Idaho.
Nace and others (1975) Generalized geologic framework of the NRTS, Idaho.
Robertson and others (1974) Effects of waste disposal on the geochemistry of groundwater at the
NRTS, Idaho.
Barraclough and others (1976) Hydrology of the solid waste burial ground (now the RWMC).
Barracough and Jenson (1976) 1971-73 Hydrologic data for the INEL, Idaho.
Barraclough and others (1981) 1974-78 Hydrologic conditions for the INEL, Idaho.
Lewis and Jensen (1985) 1979-81 Hydrologic conditions for the INEL, Idaho.
http://pubs.er.usgs.gov/publication/ha674
Pittman and others (1988) 1982-85 Hydrologic conditions for the INEL, Idaho.
http://pubs.er.usgs.gov/publication/wri894008
Orr and Cecil (1991) 1986-88 Hydrologic conditions and distribution of selected chemical constituents
http://pubs.er.usgs.gov/publication/wri914047 in water at the INEL, Idaho.
Bartholomay and others (1995) 1989-91 Hydrologic conditions and distribution of selected radiochemical and
chemical constituents in water, INEL, Idaho.
Bartholomay and others (1997) 1992-95 Hydrologic conditions and distribution of selected radiochemical and
http://pubs.er.usgs.gov/publication/wri974086 chemical constituents in water, INEL, Idaho.
Bartholomay and others (2000) 1996-98 Hydrologic conditions and distribution of selected constituents in water,
http://pubs.er.usgs.qgov/publication/wri004192 INEEL, ldaho.
Davis (2006b) 1999-2001  Hydrologic conditions and distribution of selected radiochemical and
http://pubs.er.usgs.gov/publication/sir20065088 chemical constituents in water, INL, Idaho.
Ackerman and others (2006) Conceptual model of groundwater flow in the eastern Snake River Plain
http://pubs.er.usgs.gov/publication/sir20065122 aquifer, INL, with implications for contaminant transport.
Davis (2008) 2002-05 Hydrologic conditions and distribution of selected radiochemical and
http://pubs.er.usgs.gov/publication/sir20085089 chemical constituents in groundwater and perched groundwater, INL,

Idaho.
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Table 1. Summary of selected previous investigations on geology, hydrology, and water characteristics of groundwater and perched
groundwater, Idaho National Laboratory, Idaho, 1961-2012.—Continued

[Names for the Idaho National Laboratory have changed numerous times since 1949. Names formerly used for this site were: the National Reactor Testing
Station (NRTS), 1949 to 1974; the ldaho National Engineering Laboratory (INEL), 1974-1997; the Idaho National Engineering and Environmental Laboratory
(INEEL), 1997-2005; and the ldaho National Laboratory (INL), 2005 to present (2013). Abbreviations: ATR Complex, Advanced Test Reactor Complex
(formerly the TRA, Test Reactor Area and RTC, Reactor Technology Complex ); INTEC, Idaho Nuclear Technology and Engineering Center (formerly the
ICPP, Idaho Chemical Processing Plant); RWMC, Radioactive Waste Management Complex (formerly the solid waste burial ground)]

Investigation

Reference h Summary
period
Groundwater—Continued
Davis (2010) 2006-08 Hydrologic conditions and distribution of selected radiochemical and
http://pubs.er.usgs.gov/publication/sir20105197 chemical constituents in groundwater and perched groundwater, INL,
Idaho.
Bartholomay and Twining (2010) 2006-08 Vertical distribution of selected constituents in water from wells
http://pubs.er.usgs.gov/publication/sir20105116 equipped with multilevel monitoring systems, INL, Idaho.
Fisher and Twining (2011) 2007-08 Multilevel groundwater monitoring of hydraulic head and temperature in
http://pubs.er.usgs.gov/publication/sir20105253 the eastern Snake River Plain aquifer, INL, Idaho.
Twining and Fisher (2012) 2009-10 Multilevel groundwater monitoring of hydraulic head and temperature in
http://pubs.er.usgs.gov/publication/sir20125259 the eastern Snake River Plain aquifer, INL, Idaho.
Bartholomay and others (2012) 1949-2009  Water-quality characteristics and trends for selected sites at and near the
http://pubs.er.usgs.gov/publication/sir20125169 INL, Idaho.
Perched groundwater
Barraclough and others (1967a) 1965 Extent of perched groundwater and distribution of selected wastewater
constituents in perched groundwater at the TRA.
Barraclough and others (1967b) 1966 Extent of perched groundwater and distribution of selected wastewater
constituents in perched groundwater at the TRA.
Robertson and others (1974) Analysis of perched groundwater and conditions related to the disposal
of wastewater to the subsurface at the INEL.
Barraclough and Jensen (1976) Extent of perched groundwater and distribution of selected wastewater
constituents in perched groundwater at the TRA.
Robertson (1977) Numerical model simulating flow and transport of chemical and
radionuclide constituents through perched groundwater at the TRA.
Barraclough and others (1981) 1974-78 Hydrologic conditions for the INEL, Idaho.
http://pubs.er.usgs.gov/publication/wsp2191
Lewis and Jensen (1985) 1979-81 Hydrologic conditions for the INEL, Idaho.
Pittman and others (1988) 1982-85 Hydrologic conditions for the INEL, Idaho.
http://pubs.er.usgs.gov/publication/wri894008
Hull (1989) Conceptual model that described migration pathways for wastewater and

constituents from the radioactive-waste infiltration ponds at the TRA.
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Summary of selected previous investigations on geology, hydrology, and water characteristics of groundwater and perched

groundwater, Idaho National Laboratory, Idaho, 1961-2012.—Continued

[Names for the Idaho National Laboratory have changed numerous times since 1949. Names formerly used for this site were: the National Reactor Testing
Station (NRTS), 1949 to 1974; the ldaho National Engineering Laboratory (INEL), 1974-1997; the Idaho National Engineering and Environmental Laboratory
(INEEL), 1997-2005; and the ldaho National Laboratory (INL), 2005 to present (2013). Abbreviations: ATR Complex, Advanced Test Reactor Complex
(formerly the TRA, Test Reactor Area and RTC, Reactor Technology Complex ); INTEC, Idaho Nuclear Technology and Engineering Center (formerly the
ICPP, Idaho Chemical Processing Plant); RWMC, Radioactive Waste Management Complex (formerly the solid waste burial ground)]

Reference

Investigation

period

Summary

Perched groundwater—Continued

Anderson and Lewis (1989)
http://pubs.er.usgs.gov/publication/wri894065

Anderson (1991)
http://pubs.er.usgs.gov/publication/wri914010

Ackerman (1991b)
http://pubs.er.usgs.gov/publication/wri914058

Cecil and others (1991)
http://pubs.er.usgs.gov/publication/wri914166

Tucker and Orr (1998)
http://pubs.er.usgs.gov/publication/wri984028

Bartholomay (1998)
http://pubs.er.usgs.gov/publication/wri984026

Orr (1999)
http://pubs.er.usgs.gov/publication/wri994277

Bartholomay and Tucker (2000)
http://pubs.er.usgs.gov/publication/wri004222

Davis (2006a)
http://pubs.er.usgs.gov/publication/sir20065236

Davis (2008)
http://pubs.er.usgs.gov/publication/sir20085089

Davis (2010)
http://pubs.er.usgs.gov/publication/sir20105197

1986-88

1992-95

1996-98

1999-2001

2002-05

2006-08

Correlation of drill cores and geophysical logs to describe a sequence
of basalt flows and sedimentary interbeds in the unsaturated zones
underlying the RWMC.

Correlation of drill cores and geophysical logs to describe a sequence
of basalt flows and sedimentary interbeds in the unsaturated zones
underlying the TRA and ICPP.

Analyzed data from 43 aquifer tests conducted in 22 wells to estimate
transmissivity of basalts and sedimentary interbeds containing perched
groundwater beneath the TRA and ICCP.

Mechanisms for formation of perched groundwater at the TRA, ICPP,
and RWMC, INEL, Idaho; distribution of chemical and radiochemical
constituents in perched groundwater at the TRA, ICPP and RWMC.

Hydrologic conditions and distribution of selected radiochemical and
chemical constituents in perched groundwater, INEL, Idaho.

Hydrologic conditions and distribution of selected radiochemical and
chemical constituents in perched groundwater, INEL, Idaho.

Transient numerical simulation to evaluate a conceptual model of flow
through perched groundwater beneath wastewater infiltration ponds at
the TRA.

Hydrologic conditions and distribution of selected radiochemical and
chemical constituents in perched groundwater, INEEL, Idaho.

Hydrologic conditions and distribution of selected radiochemical and
chemical constituents in perched groundwater, INL, Idaho.

Hydrologic conditions and distribution of selected radiochemical and
chemical constituents in groundwater and perched groundwater, INL,
Idaho.

Hydrologic conditions and distribution of selected radiochemical and
chemical constituents in groundwater and perched groundwater, INL,
Idaho.
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Groundwater Monitoring Networks

The USGS maintains groundwater monitoring networks
at the INL to characterize the occurrence, movement, and
quality of groundwater, and to delineate waste-constituent
plumes in the ESRP aquifer and perched groundwater zones.
Periodic water-level and water-quality data are obtained
from these networks. In addition, data are collected from
MLMS in order to describe the vertical distribution of
selected constituents. Data from these monitoring networks
are available through the USGS National Water Information
System (NWIS) Web site at http://waterdata.usgs.gov/id/nwis/
nwis (U.S. Geological Survey, 2013c).

Water-Level Monitoring Network

The USGS aquifer water-level monitoring network was
designed to determine hydraulic-gradient changes that affect
the rate and direction of groundwater and waste-constituent
movement in the ESRP aquifer, to identify sources of recharge
to the aquifer, and to measure the effects of recharge. During
2005-10, nine wells were equipped with MLMS that allow
pressure and temperature measurements to be acquired
at isolated depths in each of the wells. This multilevel
monitoring provided data that was used to describe the vertical
distribution of pressure and temperature gradients in addition
to the spatial distribution information previously gathered
from open boreholes. A dual piezometer well (NRF 15) was
completed in 2009 to provide additional pressure information
upgradient from the NRF. As of December 2011, water levels
were monitored in 185 aquifer wells. Water levels were
measured annually in 31 wells, semiannually in 62 wells,
triannually in 2 wells, quarterly in 71 wells, monthly in
15 wells, and continuously recorded in 4 aquifer wells.
Figures 2 and 3 show the locations of aquifer wells and the
frequency of water-level measurements as of December 2011.

The USGS perched groundwater-level monitoring
network was designed so that the extent and volume of
perched groundwater in storage could be estimated. Perched
groundwater occurs at the INL because unique features of
the basalt layers and sedimentary interbeds in the unsaturated
zones above the regional aquifer system that lie beneath some
of the facilities provide a mechanism for the development
of zones that hold water for a long time (Cecil and others,
1991, p. 17). As of December 2011, water levels in 29 wells
(fig. 4) were monitored. At the ATR Complex, the network
included 9 wells to monitor shallow perched groundwater
levels and 18 wells to monitor deep perched groundwater
levels. Shallow perched groundwater is considered to be

water perched in surficial sediment deposits, and deep
perched groundwater is water perched at greater depth.
Perching mechanisms are attributed to contrasting hydraulic
properties between sedimentary interbeds and basalts or
between low-permeability basalt-flow interiors and overlying
fractured basalt. Southwest of the INTEC, the network
included one well (ICPP-MON-V-200) to monitor perched
groundwater levels around the new percolation ponds. Perched
groundwater at the RWMC was measured in well USGS 92.
Well locations and frequency of water-level measurements as
of December 2011 are shown in figure 4.

Water-Quality Monitoring Network

The radiochemical and chemical character of
groundwater and perched groundwater in the ESRP aquifer
was determined from analyses of water samples collected
as part of a comprehensive sampling program to identify
contaminant concentrations and to define patterns of waste
migration in the aquifer and perched groundwater zones.
Water samples were collected and analyzed to identify trends
in water quality from wells that penetrate the aquifer at
various depths and with differing well completions (openhole,
screened, or equipped with MLMS). Numerous water samples
were collected from aquifer and perched groundwater wells
near areas of detailed study, such as the ATR Complex,
INTEC, RWMC, TAN, and CFA. Water samples from the
NRF were collected and analyzed as part of a separate study
(most recently, Bartholomay and others, 2001, 2002), and
the results are available on the USGS NWIS Web site at
http://waterdata.usgs.gov/id/nwis/nwis (U.S. Geological
Survey, 2013c).

Beginning in 2005, the USGS and the INL contractor
collaborated to equip two wells (Middle 2050A and
Middle 2051; figs. 5 and 6) with MLMS to collect water
samples for analysis in order to describe the vertical
distribution of constituents in the ESRP aquifer. The USGS
expanded the program from 2006 to 2010 to equip seven
additional wells (USGS 103, 105, 108, 132, 133, 134, and
135; figs. 5 and 6). North Wind, Inc. (2006), Fisher and
Twining (2011), and Twining and Fisher (2012) give detailed
descriptions of the installation of each well. Bartholomay
and Twining (2010, table 1) describe the water sample port
depth and associated intervals sampled from six of MLMS-
equipped wells (USGS 103, 132, 133, 134, Middle 2050A,
and Middle 2051). Water chemistry, vertical hydraulic head,
and water temperature data were collected from the MLMS
during 2005-11 (Bartholomay and Twining, 2010; Fisher and
Twining, 2011; Twining and Fisher, 2012).
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