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Conversion Factors

U.S. customary units to International System of Units

Multiply By To obtain

Length

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

Area

square foot (ft?) 0.09290 square meter (m?)

square mile (mi?) 2.590 square kilometer (km?)
Volume

gallon (gal) 3.785 liter (L)

Radioactivity

picocurie per liter (pCi/L) 0.037 becquerel per liter (Bg/L)

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

International System of Units to U.S. customary units

Multiply By To obtain

Length

meter (m) 3.281 foot (ft)

Volume

liter (L) 0.2642 gallon (gal)

Hydraulic conductivity

meter per day (m/d) 3.281 foot per day (ft/d)

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

Datums

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).



Supplemental Information

Concentrations of chemical constituents in water are given in milligrams per liter (mg/L).
Select data analysis units are provided as nanograms per liter (ng/L). Activities for radioactive
constituents in water are given in picocuries per liter (pCi/L), which is equal to 0.037 becquerel
per liter, or one radioactive decay per second.

Abbreviations
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AMS accelerator mass spectrometry
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Ci curie
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DOE U.S. Department of Energy
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INTEC Idaho Nuclear Technology and Engineering Center
MCL maximum contaminant level

MLMS multilevel monitoring systems

PRIME Purdue Rare Isotope Measurement Laboratory
QA quality assurance

ac quality control

HZ coefficient of determination

RWMC Radioactive Waste Management Complex
TRA Test Reactor Area

USGS U.S. Geological Survey
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lodine-129 in the Eastern Snake River Plain Aquifer at and
near the Idaho National Laboratory, Idaho, 2021-22

By Kerri C. Treinen,’ Allison R. Trcka,! Nick Krohe,2 and Genene Lehotsky?

Abstract

Between the 1950s and 1980s, wastewater generated at
the Idaho National Laboratory contained Iodine-129 (12°1);
this wastewater was discharged directly into the eastern
Snake River Plain (ESRP) aquifer through a deep disposal
well, unlined infiltration ponds, or leaked from distribution
systems below industrial facilities. During 2021-22, the U.S.
Geological Survey, in cooperation with the U.S. Department
of Energy and the Idaho Department of Environmental
Quality Idaho National Laboratory Oversight Program,
collected groundwater samples from 64 monitoring wells
in the ESRP aquifer, 6 of which are part of a multilevel
monitoring system, to determine the concentration of 12°I in
the groundwater. These samples were analyzed by accelerator
mass spectrometry as part of a long-term ongoing study to
track trends and occurrences of this carcinogenic, long-lived
radionuclide in the environment. Concentrations ranged
from slightly above the locally determined background
concentration of 5.4x107¢ picocuries per liter, to just below
the U.S. Environmental Protection Agency’s maximum
contaminant level of 1 picocurie per liter. Discharge of
wastewater containing '?°I has been discontinued to the
aquifer, and long-term trends from a subset (n=15) of
sampled wells show decreasing '?°I concentrations over the
last three decades. Concentrations of 29I in groundwater
from monitoring wells near facilities at the Idaho National
Laboratory are affected by episodic recharge from an
ephemeral surface-water source and by the fracture-flow
dominated hydrologic regime in the ESRP aquifer. The
spatially focused sampling effort has also identified a
low-level 121 plume that affects long-term water quality near
and downgradient from the Advanced Test Reactor Complex
in the southwestern part of the facility that had not been
clearly defined in previous sampling efforts, although the
definition of the plume is somewhat limited by available data.

'U.S. Geological Survey

2[daho Department of Environmental Quality

Introduction

The Idaho National Laboratory (INL), encompassing
about 890 square miles of the eastern Snake River Plain
(ESRP) in southeastern Idaho (fig. 1), is operated by the
U.S. Department of Energy (DOE). The INL was established
in 1949 to develop atomic energy, conduct nuclear safety
research, and carry out defense program research. Presently,
the INL is developing advanced energy concepts and novel
energy solutions to ensure the future security of the Nation’s
energy resources and technologies. As part of nuclear research
at the INL, the Idaho Nuclear Technology and Engineering
Center (INTEC, fig. 1) recovered uranium from spent nuclear
fuel elements from government-owned reactors until the
early 1990s. As part of the fuel reprocessing activities at the
INL, fission products, including Todine-129 (12°T), which is
produced by the fission of uranium-235 and plutonium-239,
were released as a reprocessing by-product (Mann and
Beasley, 1994b).

129]-bearing wastewater generated at the INL between
the 1950s and 1990s was mostly discharged to the ESRP
aquifer at or near the INTEC facility (Mann and Beasley,
1994b). This wastewater was discharged to the aquifer either
through a 598-foot (ft) deep disposal well (before 1984; CPP
3, fig. 3); via unlined infiltration ponds (beginning in 1984); or
leaked from distribution systems below the INTEC. Records
from the late 1970s suggest 12°I was also discharged into
the unlined radioactive waste ponds at the Advanced Test
Reactor Complex (ATRC; figs. 2-3) but published annual
concentrations of ' in the wastewater were generally much
less than 1 picocurie per liter (pCi/L); for example, in 1978,
Batchelder (1979) showed an average annual concentration of
1.3x107° pCi/L of ?I in wastewater.
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Mann and Beasley (1994a) reported that between 1953
and 1990, the wastewater discharged into the injection well
and infiltration ponds at the INTEC contained an estimated
0.56-1.18 curies (Ci) of '?°I. For scale, results in this study
are given as pCi, where 10'2 pCi are equivalent to 1 Ci. In
2004, the DOE Idaho Operations Office performed a detailed
estimate of wastewater discharge in the area and estimated
that a maximum of 0.86 Ci of '] was discharged to the
aquifer through the injection well between 1952 and 1984
(U.S. Department of Energy, 2004, app. D). Furthermore,
between 1984 and 1988, about 0.08 Ci of '2°] was discharged
to the infiltration ponds (Litteer, 1988; Mann and others, 1988,
table 2; Litteer and Reagan, 1989). Additionally, from 1958 to
1986, about 0.001 Ci of 12T was released at the INTEC tank
farm (Cahn and others, 2006, table 5-2). As a result, traces
of 12°I may still be in remnant perched zones or sorbed to
sediment interbeds beneath the INTEC.

Iodine-129 ('*°I) in the ESRP aquifer has three potential
sources, both natural and anthropogenic: atmospheric
deposition, rock weathering, and wastewater disposal (Mann
and Beasley, 1994a). The quantities of '2°] from atmospheric
deposition and rock weathering were considered low but were
factored as minor contributors in the ambient local background
concentration estimate of 5.4x107¢ pCi/L for the ESRP aquifer
in eastern Idaho (Cecil and others, 2003), which is represented
by the 95th percentile value from samples from 30 wells and
springs considered to be unaffected by disposal practices
at the INL. This ambient local groundwater background
concentration estimate is used as the baseline for comparison
with the samples collected in 2021-22.

The migration of '2° within the hydrological cycle
is influenced by several processes that affect its fate and
transport. These processes, both chemical and physical, can
include chemical reactions controlled by mineral assemblages
or microbial communities, adsorption onto sediments
that are interbedded with basalt flows at various depths,
co-precipitation into iron oxide or calcium carbonate minerals,
or interactions with organic matter (Neeway and others, 2019).
The fate and transport of 12°I within the ESRP aquifer also
likely depends on many factors including the redox conditions
of the aquifer, sorption onto various aquifer materials,
hydrogeological flow constraints, and localized geochemical
conditions.

Because of its very long half-life of 15.7 million years
(Emery and others, 1972), when %I is released into the
environment, it becomes a permanent addition to the global
inventory (Mann and Beasley, 1994a) and can effectively be
used as a “stable,” non-hazardous tracer of anthropogenic
nuclear activities (Rao, 1997). However, ' is a carcinogen,
and communities downgradient from the INL may be
concerned that '?I disposed to groundwater at the INL
could be a hazard to their health. The U.S. Environmental
Protection Agency maximum contaminant level (MCL)
for 12l in drinking water is 1 pCi/L (U.S. Environmental
Protection Agency, 2022). The MCL is based on the average
concentration of 12 that will yield an annual whole-body
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dose equivalent to 4 millirem for man-made beta-particle and
photon-emitting radionuclides (U.S. Environmental Protection
Agency, 2022).

In response to historical releases of anthropogenic
1291, efforts have been taken to monitor its presence in the
subsurface environment. The ESRP aquifer, which serves
as a vital source of drinking water for 300,000 residents in
southern Idaho, has been closely monitored (Idaho Department
of Environmental Quality, 2021). To assess potential
risks, several agencies have periodically monitored '*I in
groundwater from the ESRP aquifer at and downgradient from
the INL since 1977. The monitoring efforts done in 1977,
1981, 1986, 1990-91, 2003, 2007, 2010-12, and 2017-18
are summarized by Mann and others (1988); Mann and
Beasley (1994b); Bartholomay (2009, 2013); and Maimer and
Bartholomay (2019). The definition of the locally determined
ambient background level of '2°1 was most recently evaluated
by Cecil and others (2003).

Although select facilities at the INL have historical
records that indicate a release of '2°I to the aquifer, the
historical records at the ATRC facility indicated very minimal
12T was introduced at the ATRC. The evaluation of 12°1
concentrations in old groundwater at the INL, as determined
from low-level tritium analyses, and in groundwater near
the ATRC, indicates an incomplete understanding of the
concentrations in the wastewater discharged at the ATRC. For
example, in 2007, the concentration of '?°I in groundwater
from well EBR 1 was measured at 8x1073 pCi/L, about three
orders of magnitude higher than the presumed background
concentration, indicating that well EBR 1 likely contains
wastewater discharged from an upgradient facility, for
example, ATRC or INTEC. However, in 1996, the trititum
concentration from the same well measured as non-detect,
indicating that groundwater from this well is largely devoid
of wastewater from facilities such as INTEC or ATRC and
probably contains mostly old groundwater (Rattray, 2018).
This apparent discrepancy of groundwater with an 2°1
signature (suggesting wastewater inputs) and a non-detect
tritium measurement (suggesting potentially old groundwater)
cannot be resolved because of the lack of data to support
potential sources of 2] from ATRC. Additional sampling
in this area might provide insight into why background
concentrations of '2°I in groundwater in the southwestern
part of the INL are greater than the estimated background
groundwater concentrations.

While records of 12°I in wastewater discharged at the
ATRC are incomplete, available historical records indicate
that the 12°I concentration in discharged wastewater was
approximately 1.3x107° pCi/L in 1978 (Batchelder, 1979).
However, in 1990-91, an initial evaluation of the Test
Reactor Area disposal well (TRA DISP; fig. 3) showed '*°1
concentrations of 1.1x1072 pCi/L, four orders of magnitude
greater than background concentrations (Mann and Beasley,
1994b). This result indicates that much larger concentrations
of 12T were likely discharged in wastewater, or injected via



6 lodine-129 in the Eastern Snake River Plain Aquifer at and near the Idaho National Laboratory, Idaho, 2021-22

a disposal well, in the past from the ATRC. Consequently,
wastewater discharged at the ATRC may be a source of '*[ in
the groundwater of the southwestern part of the INL.
Groundwater sampling was done to provide an updated
assessment of '2°] groundwater concentrations across the INL,
especially in the southwestern part of the INL, including at or
near the ATRC. During 2021-22, the U.S. Geological Survey
in cooperation with the DOE and the Idaho Department of
Environmental Quality (DEQ) Idaho National Laboratory
Oversight Program (INLOP) collected groundwater samples
from 64 monitoring wells in the ESRP aquifer, 6 of which
are multilevel monitoring systems (MLMS), and one perched
well, to determine the concentration of '2°I (table 1). All
samples in this study were analyzed by accelerator mass
spectrometry (AMS) and data are available in Fisher and
others (2024) and Idaho Department of Environmental Quality
(2022a; 2022b). This sampling is part of an ongoing study to
track trends and occurrences of this carcinogenic, long-lived
radionuclide in the local environment.

Purpose and Scope

During the fall of 2021 and spring and summer of 2022,
the U.S. Geological Survey (USGS) collected groundwater
samples from various types of wells, including wells
completed in the ESRP aquifer, a well screened in a perched
aquifer, and MLMS wells, to evaluate the concentrations of
129 in the ESRP aquifer and perched groundwater. This report
describes the 2°I concentrations in groundwater and compares
these findings with historical data to document concentrations
and identify trends in '?°I concentrations over time at select
wells. USGS personnel collected samples during three events:
in October 2021, 29 samples were collected; in April 2022, 22
samples were collected; and lastly, in June 2022, 8 samples
were collected from 6 MLMS wells (figs. 2-3). The DEQ
INLOP also collected samples at select sites from March to
October 2022. For quality assurance, USGS collected seven
replicate or quality control (QC) samples sequentially during
the three sampling events and evaluated the normalized
absolute difference. The DEQ INLOP program collected
one replicate QC sample to evaluate quality assurance for
this study. All samples collected by USGS and DEQ INLOP
for this study were analyzed by AMS at the Purdue Rare
Isotope Measurement (PRIME) laboratory, located at Purdue
University, West Lafayette, Indiana.

The primary objective of this sampling effort is twofold:
first, to investigate the discrepancy of previous results of 121
greater than background at the ATRC, and if this potential
source is distinct from the known source at INTEC; and
second, to provide an updated assessment of '2°] groundwater
concentrations across the INL.

Geohydrologic Setting

The INL is in the west-central part of the ESRP. The
ESRP is a northeast-trending structural basin about 200 miles
(mi) long and 50-70 mi wide (fig. 1). The subsided basin
is filled with basaltic lava flows, silicious volcanoclastic
sediments, and interbedded sediments from fluvial, alluvial,
and aeolian processes (Rodgers and others, 2002; Ackerman
and others, 2006; Schusler and others, 2020). The basaltic
rocks and sedimentary deposits in the basin combine to form
the ESRP aquifer, the main source of groundwater in the basin.

The ESRP aquifer is one of the most productive
aquifers in the United States (Maupin and Barber, 2005). Its
groundwater typically flows from the northeast to southwest,
ultimately discharging to springs along the Snake River,
downstream from Twin Falls, Idaho, approximately 100 mi
southwest of the INL (fig. 1).

Groundwater movement is both horizontal, through basalt
interflow zones, and vertical, through joints and overlapping
edges of basalt flows. Factors such as surface-water
infiltration, heavy pumping, geohydrologic conditions, and
seasonal variations in recharge and discharge rates locally
influence groundwater movement (Garabedian, 1986).
Recharge to the ESRP aquifer is primarily from infiltration
of irrigation water, streamflow, inflow of groundwater
from adjacent mountain drainage basins, and precipitation
infiltration (Ackerman and others, 2006).

At the INL, depth to water in wells in the ESRP aquifer
ranges from about 200 feet (ft) below land surface in the
northern part of INL to more than 900 ft below land surface in
its southeastern part (for recent water level data, see Treinen
and others, 2024). Most of the groundwater flows through the
upper 200-800 ft of basaltic rocks (Mann, 1986). Twining
and Maimer (2019) reported an estimated transmissivity for
the upper part of the aquifer to be 2 to 540,000 feet squared
per day. The hydraulic gradient of the aquifer ranges from
2 to 10 feet per mile, with an average of about 4 feet per mile
(Twining and Maimer, 2019).

Horizontal flow velocities calculated based on the
movement of various constituents in different areas of the
aquifer at and near the INL (Robertson and others, 1974;
Mann, 1986; Cecil and others, 2000; Plummer and others,
2000; Busenberg and others, 2001), range from 2-26 feet
per day. These velocities correspond to a travel time of
approximately 50-700 years for water beneath the INL to
reach the springs discharging at the terminus of the ESRP near
Twin Falls, Idaho (Robertson and others, 1974). Localized
groundwater tracer tests at the INL have revealed vertical
and horizontal transport rates as high as 60—150 feet per
day (Nimmo and others, 2002; Duke and others, 2007). The
effective base of the aquifer is about 815 to 1,710 ft below the
surface in the western half of the INL and could exceed 1,900
ft in the eastern half (Anderson and Liszewski, 1997).



Previous Investigations

Previous investigations of 2°I in water from the ESRP
aquifer include those by Barraclough and others (1982),
Lewis and Jensen (1985), Mann and others (1988), Mann
and Beasley (1994a; 1994b), Cecil and others (2003), U.S.
Department of Energy (2004, 2007, 2008, 2012), Hall (2006),
Forbes and others (2007), Bartholomay (2009; 2013), and
Maimer and Bartholomay (2019). A comprehensive listing
of publications by the USGS at the INL is available at https:
//rconnect.usgs.gov/INLPO/inlpubs-main/ (Fisher, 2022).

One of the first monitoring efforts for 12T at the INL was
initiated in April 1977. Results from this sampling indicated
concentrations of 12T in 14 wells ranged from 0.9 to 27 pCi/L
for statistically positive values (Barraclough and others, 1982,
fig. 42). lodine-129 was identified in wells less than 3 miles
from the disposal well In October 1981, concentrations of 121
ranged from 0.05 to 41 pCi/L for statistically positive values
(Lewis and Jensen, 1985), where 1291 was identified in wells
about 6.3 mi from the disposal well. The major difference
between the 1977 and 1981 results was that the sample size
increased in 1981 from 1 to 4 liters for a fourfold reduction
in the reporting level. The increase in sensitivity of analyses
(Lewis and Jensen, 1985), along with a more extensive set of
wells sampled (20 in 1977 and 32 in 1981) were the primary
reasons for the increase in the mapped [spatial] extent of the
1297 plume.

In August 1986, 12°T concentrations from 20 wells
sampled ranged from 0.49+0.12 to 3.6+0.4 pCi/L, with
concentrations greater than the reporting level (greater than
3 times the standard deviation; Mann and others, 1988), and
129T migrated about the same distance (6.3 miles) from the
disposal well as in 1981. The large decrease in the maximum
concentration between 1981 and 1986 was attributed to
changes in disposal practices at the INTEC, to the reduction
in the mass of 12°T in wastewater, and to increased dilution of
1297 in the mid-1980s because of a large amount of flow in the
Big Lost River (Mann and others, 1988), which is a source of
recharge.

Before the 1990-91 data collection, analytical methods
using neutron activation were used to quantify 2T in
groundwater samples. During 1990-91, Mann and Beasley
(1994b) collected samples from 51 wells at and near the
INL and analyzed samples using the AMS method, which
allowed for an analytical sensitivity that was (2—6 times)
more sensitive than neutron activation (Elmore and Phillips,
1987). This increased sensitivity allowed a background '2°1
concentration of 0.9x10-6+£0.2x107¢ pCi/L to be detected in a
groundwater sample taken upgradient from the INTEC. The
increased sensitivity also resulted in detectable concentrations
of 12T downgradient from the INL that were used to calculate
groundwater flow velocities of at least 6 feet per day (Mann
and Beasley, 1994b). The maximum !?° concentration
detected in samples collected during 1990-91 was 3.82+0.19
pCi/L, which was like the maximum concentration detected
in 1986; however, mean concentrations from 18 wells
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sampled in 1986 and 1990-91 decreased from 1.30+0.26 to
0.81£0.19 pCi/L (Mann and Beasley, 1994b). This decrease
was attributed largely to declining disposal rates (Mann and
Beasley, 1994b).

In 1992, Mann and Beasley (1994a) collected
groundwater and surface-water samples to determine
background concentrations of '2°I. They collected samples
from 16 sites that were not likely to have been affected by
wastewater disposal at INTEC. These sites encompass a
variety of sources, including nine groundwater wells, four
springs, and three stream sites that were either on the ESRP
or were tributaries flowing onto the plain. The concentrations
of 12 in these samples ranged from 0.1+0.1x1076 to
8.1£0.6x107¢ pCi/L (average of 3.3+0.2x107¢ pCi/L). At
the 99-percent confidence level, background concentrations
for the 16 sites were estimated to be less than or equal to
8.2x107¢ pCi/L (Mann and Beasley, 1994a).

Cecil and others (2003) reevaluated the background
concentrations by analyzing the results of 52 samples collected
between 1992 and 1994 from various groundwater and
surface-water locations in the ESRP in southeastern Idaho,
including the samples collected by Mann and Beasley (1994a).
They determined that surface-water samples generally
contained larger '*°I concentrations than groundwater samples
because of anthropogenic fallout and evapotranspiration.

To determine the background concentrations, they used

a subset of 30 water samples from wells in the aquifer

that were in areas considered to be unaffected by disposal
practices at the INL. The 95th percentile '] concentration
was 5.4x107 pCi/L and was defined as the background
concentration, and the 95-percent nonparametric confidence
interval was 5.2x1076 to 10.0x107¢ pCi/L (Cecil and others,
2003). This local ambient background '?°I value of 5.4x107°
pCi/L is used as the baseline concentration for comparison
with the samples collected from 2003 forward, including those
from this study in 2021-22.

Hall (2006) collected samples from 13 wells
downgradient from the INL in 1997 and 1998. Using AMS
methods, Hall (2006) determined that concentrations in four
of the sites—USGS 11, 14, 124, and 125 (fig. 2)—were
greater than estimated background concentrations of Cecil and
others (2003). Hall (2006) hypothesized that the 1958 peak
12T concentrations in the ESRP aquifer had already passed
these wells. Concentrations of the four sites ranged from
6.1£0.18x107¢ to 7+0.3x10~* pCi/L, but they were less than
concentrations measured in 1991 and 1993.

INL contractors routinely collect '2°T from monitoring
wells throughout the INL for INL’s Waste Area Group
monitoring programs. In 2002, samples were collected
from four wells south of INTEC (ICPP wells 1795-1798)
from three zones in the aquifer to determine concentrations
above and below the H-I interbed, a sedimentary interbed
located at depth at INTEC (U.S. Department of Energy,
2004). Concentrations of 2 in well ICPP-1795 increased
from 0.34+0.04 pCi/L at 560 ft below land surface to
0.43+0.07 pCi/L at 620 ft below land surface. The three wells


https://rconnect.usgs.gov/INLPO/inlpubs-main/
https://rconnect.usgs.gov/INLPO/inlpubs-main/
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farther to the south showed a decrease in '] concentrations
with depth; concentrations in the upper zone ranged from
0.58+0.1 to 0.88+0.08 pCi/L and concentrations in the lower
zone ranged from less than the method detection limit (not
detected) to 0.33+0.05 pCi/L. The U.S. Department of Energy
(2004, fig. 5-5) also presented results from analyses of 49
wells sampled in 2001; concentrations ranged from less

than the method detection limit to approximately 0.1 to 1.06
pCi/L. All analyses used gamma spectroscopy methods and
all 20 sites sampled were below the MCL of 1 pCi/L (U.S.
Department of Energy, 2004, fig. 6-1).

Forbes and others (2007) presented results of 25 wells
sampled in 2006 near the INTEC; concentrations ranged from
less than the reporting level, or 3 times the standard deviation
(3s), t0 0.65+0.097 pCi/L in well USGS 67. Analyses of the
data collected from 2004—06 at wells around INTEC indicated
no discernible change in the concentrations during that time
when the analytical uncertainty of the data (+18 percent) was
considered (Forbes and others, 2007).

U.S. Department of Energy (2007) presented results
of 1] data collected in 2005 and 2006 from 24 wells
downgradient from INTEC and the ATRC. Included were
several wells south of the INL, along with results from five
zones, each from two MLMS wells (Middle 2050A and
Middle 2051). Samples were analyzed using the AMS method
at the PRIME Lab, and a selected comparison was made to
the 2003 USGS data, which is in Bartholomay (2009). Results
were used to speculate on the source of ' in wells around
the Radioactive Waste Management Complex (RWMC).
Concentrations in most southern wells were greater than
background concentrations.

The U.S. Department of Energy (2008) presented results
of 1] data collected in 2007 from six zones in one MLMS
well (USGS 132). Samples were analyzed using the AMS
method at the PRIME Lab, and the results from the six zones
ranged from 4+0.13x107* to 2.0+£0.09x1073 pCi/L. Results for
all six zones were more than two orders of magnitude less than
the MCL, but all were greater than the established background
concentration of Cecil and others (2003).

Bartholomay (2009) presented results of '2° data
collected in 2003 from 36 wells and data collected in 2007
from 36 wells along with concentrations from 31 zones
sampled from 6 MLMS wells. Samples were analyzed using
the AMS method at the PRIME Lab, and concentrations
ranged from 6.6+0.2x107° to 1.16+0.04 pCi/L. Their report
highlighted concentration increases and decreases through
time at various parts of the INL. Decreases were attributed
to discontinued disposal and dilution and dispersion in the
aquifer. Increases were attributed to variable discharge
amounts of wastewater that eventually moved to well locations
as a mass of water from a particular disposal period and from
the possible movement of remnant concentrations in perched
aquifers around INTEC being moved to the ESRP aquifer.

The U.S. Department of Energy (2012) presented results
of 12 data collected in 2011 from wells in and around INTEC.
Concentrations were less than the MCL at all the monitoring

wells, and most of the wells had concentrations below

the laboratory detection levels. The highest concentration
(0.537 pCi/L) was detected in well USGS 67. Trend plots
indicated that '*°I concentrations declined significantly from
concentrations in the 1980s and 1990s (U.S. Department of
Energy, 2012, p.27).

Bartholomay (2013) presented results of '2°I data
collected from 2010 through 2012 at and downgradient
from the INL from 62 wells. Eleven of the 62 wells were
MLMS wells and had 25 samples collected from their
various zones. Concentrations of 2 in the wells ranged from
1.3£0.5x107¢ to 1.02+0.04 pCi/L and generally decreased
near INTEC, relative to previous sampling events. The
smallest concentration was collected in a first-time sample
from a well near Kimama, Idaho, and first-time samples were
also collected from wells near the Naval Reactors Facility
(fig. 1), the ATRC, and several MLMS wells (figs. | and 3).
An elevated concentration of 12°T (2.9x1073) was identified at
well USGS 136 immediately to the south of the ATRC and at
several nearby MLMS wells.

Maimer and Bartholomay (2019) presented results of
12T concentrations in well samples between 2017—18. This
sampling campaign was focused on the area downgradient
from INTEC to evaluate trends in '*°I concentrations over
time. The concentrations of '?°I in the aquifer ranged from
1.6+0.1x107° to 0.88+0.03 pCi/L. They observed that while
wells sampled in 2017-18 near INTEC showed decreasing
concentrations compared with historical data, some wells
south of the INL boundary showed slightly increased
concentrations compared with previous sampling efforts.
These increases are attributed to historically variable discharge
rates of wastewater that eventually moved to these well
locations as a pulse of water from a particular [historical]
disposal period. Comparisons of results from the 2021-22
sampling event and results from Maimer and Bartholomay
(2019) are given in figure 4.

Methods and Quality Assurance

This study presents results and sample collection
methods from two independent entities: the USGS INL Project
Office (INLPO) and the Idaho Department of Environmental
Quality (DEQ) Idaho National Laboratory Oversight Program
(INLOP). Each sampling entity’s sample collection method
is detailed as well as established quality assurance practices.
Finally, the analytical method and data evaluation are
described for all analyses presented in this study.

Sample Collection Methods

Sample collection by the INLPO generally followed the
guidelines established by the USGS National Field Manual
(U.S. Geological Survey, variously dated) and Bartholomay
and others (2021). The DEQ INLOP field staff followed the



sampling protocol of the co-sampling organization that led
each individual sampling event, either the INLPO or the Idaho
Cleanup Project Contractor, Idaho Environmental Coalition,
during separate sampling events.

Water samples were mainly collected from wells that
are equipped with dedicated submersible pumps. In general,
samples are collected from the upper 250 feet (ft) of the
aquifer and consist of mixtures of regional valley groundwater,
tributary recharge water, old groundwater, and intermittent
surface water recharged in or near the INL (Rattray, 2018).

In addition to samples taken from standard monitoring wells,
samples were also collected from wells that are a part of the
multilevel monitoring system (MLMS) and have sampling
ports that are at various depth(s) within each well (Twining
and others, 2021).

At wells equipped with a dedicated pump, a volume of
water, equivalent to at least one borehole volume, is extracted.
Throughout the extraction process, parameters such as
temperature, pH, dissolved oxygen, and specific conductance
are measured using a multiparameter sonde. The monitoring
techniques used to quantify the samples are those outlined
by Wood (1981), Claassen (1982), and the U.S. Geological
Survey (variously dated). Only after the parameters have
stabilized are samples collected into corresponding '2°I-sample
bottles through a disposable 0.45-micrometer filter cartridge
that had been pre-rinsed with at least 2 liters of deionized
water. A water sample is collected when pH measurements are
within +/—0.1 standard units, water temperature is +/—0.2 °C,
and specific conductance readings are within 5 percent of
each other for three consecutive readings (Bartholomay and
others, 2021).

For MLMS wells, samples are collected using a
pre-cleaned stainless-steel thief sampling device. This device
is lowered into the well to a predetermined depth, either at
a sampling port or slightly above the completion depth and
filled with water. Upon retrieval of the water to the surface,
field parameters are promptly measured and recorded. Once
samples are collected, they are then filtered, using a peristaltic
pump, through a pre-rinsed disposable 0.45-micrometer
filter cartridge and collected into corresponding '*°I sample
bottles. Samples needed to be filtered to remove particulate
matter that could affect the laboratory preparation of the
sample targets used in the AMS measurements of '2°I (Cecil
and others, 2003). No preservation was necessary for the ']
samples, including either chemical preservation or minimum
temperature storage accommodations.

The following description is the sample collection
method adopted by DEQ INLOP program when sampling with
the IEC group. Before sample collection, monitoring wells
undergo purging operations and a multiparameter sonde is
used to measure various water-quality parameters, including
pH, temperature, specific conductance, dissolved oxygen, and
turbidity. Purging continues until at least one well volume
is purged, and three consecutive measurements fall within
specified limits for their particular constituent: pH within
+0.2 units, temperature within +0.5 degrees Celsius, and
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specific conductance within +5 percent of the previous value.
Should any of these parameters fail to stabilize, sampling will
take place once a three-well volume purge is achieved. Wells
with insufficient yields will be purged dry and sampled on the
subsequent working day. All '2°I samples were sampled using
certified clean polypropylene bottles. Samples were delivered
to the Environmental Monitoring Laboratory at Idaho State
University before analysis at PRIME Laboratory.

Analytical Methods

All USGS and DEQ INLOP collected samples were
ultimately sent to the Purdue Rare Isotope Measurement
(PRIME) laboratory, located at Purdue University, West
Lafayette, Indiana, where '2°1 concentrations were determined
by Accelerator Mass Spectrometry (AMS) methods described
on the PRIME Lab website (https://www.physics.purdue.edu/
primelab/ams/index.php). These methods were described
by Sharma and others (1997, 2000), and quality control
requirements were described by Mark W. Caffee, Director of
the PRIME Lab (https://www.physics.purdue.edu/primelab/
user-information/quality-control.php).

In the laboratory, environmental and quality control (QC)
sample aliquots are weighed and spiked with a carrier isotope
solution ('?7) at a known concentration. These samples then
undergo a chemical purification process to produce a silver
iodide (Agl) target material that is mixed with an equal
volume of Niobium (Nb), which serves as a binder material.
The samples are then loaded into aluminum cathodes for
AMS analysis. Analyses of the targets produce a ratio of the
radionuclide '2°T (unknown) to stable 127 (carrier), along with
chemistry and mass spectrometry associated uncertainties.
Calculated concentrations (as atoms per gram) and analytical
uncertainties are derived from the 129I/127] ratios, masses of
sample used, carrier mass added, and finally, are converted
into units of picocuries per liter (pCi/L).

The PRIME laboratory reported results in pCi/L based on
the equation:

(R, = Ry) x (W, = W)

Ci -7 1
pT(sample) - x18 x IIS)V (M
t
where
R, is the measured sample ratio of >°I atoms to

1271 atoms,
R,  is the ratio of the chemistry blank,

is the mass of 1?71 in sample (in mg),

W, isthe mass of 1?7 added as carrier
(in mg), and
W,  is the mass of sample aliquot (in mg).


https://www.physics.purdue.edu/primelab/ams/index.php
https://www.physics.purdue.edu/primelab/ams/index.php
https://www.physics.purdue.edu/primelab/user-information/quality-control.php
https://www.physics.purdue.edu/primelab/user-information/quality-control.php
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The mass of the 127I carrier, in milligrams, is determined
by the PRIME Lab as the product of the carrier volume and
carrier concentration. The concentration of iodine in most
samples was less than 0.002 milligrams per liter, which was
used as the estimate for the concentration for all samples to
add the appropriate amount of carrier solutions, except for
those that had higher estimated or reported concentrations.

Guidelines for Interpreting Analytical Results

Guidelines for interpreting analytical results are based
on an extension of a method proposed by Currie (1984) and
given in Mann and Beasley (1994b). Concentrations of 129
are reported with an estimated sample standard deviation, s,
obtained by propagating sources of analytical uncertainty from
sample preparation and the analytical method. In this report,
129T concentrations less than 3s (three times the standard
deviation) are considered less than a “reporting level.” The
reporting level is different than the analytical method detection
limit, which is based on laboratory procedures (Bartholomay,
2013). Method detection limits for AMS at PRIME were
not determined or reported by the laboratory; therefore,
the reporting level was used to determine the presence (or
absence) of ¥ in collected environmental and QC samples.

The laboratory calculations do not consider the
concentration of iodine in the sample because the
concentration is typically negligible; the concentrations are
estimated from previous data at each site, as available (using
equations in Rao, 1997). When measured sample 2°1/1%7] ratios
are less than the ratio for the carrier blank sample, calculations
based on the Rao (1997) equation produce negative results.

Guidelines for Quality Assurance Evaluation

Quality assurance and reproducibility were assessed with
replicate samples. The USGS collected seven quality control
(QC) replicate samples sequentially to the environmental
samples and submitted them for AMS analyses. The DEQ
INLOP collected one QC sample and submitted it for AMS
analyses.

Williams (1996) provided a detailed explanation
of a method defined by Volk (1969) used to determine
the statistical equivalency of radiochemical-constituent
concentrations in sample-replicate pairs. In this method,
statistical equivalence is determined within a specified
confidence level. A value for the standard deviate, Z, is
calculated, and then the significance level of the result is
evaluated (evaluating the level of significance assumes that
the sample population is distributed normally). For this report,
concentrations of individual constituents in sample-replicate

pairs (constituent pairs) were considered equivalent when the
results were within two standard deviations of each other. At
this confidence level (95-percent), the level of significance,
determined from a standard normal probability curve, was
0.05 for a two-tailed test, and it corresponded to a Z-value of
1.96 (Bartholomay, 2013).

The equation used to determine the Z-value was adapted
from Volk (1969):

P o

(5)? + (s,)?

where
X is the concentration of a constituent in the
environmental sample,

y is the concentration of the same constituent in
the sequential replicate sample,

s is the standard deviation of x, and

s, is the standard deviation of y.

When the population is distributed normally, and
the standard deviation is known, the analytical results of
replicate pairs can be considered statistically equivalent at the
95-percent confidence level if the Z-value is less than or equal
to 1.96. When the population is not distributed normally, or
an approximation of the standard deviation is used, a Z-value
less than 1.96 must be considered as a guide when testing
for equivalence (Williams, 1996). The use of equation 2,
therefore, is considered a guide to determine if the results of
129] analyses of sample-replicate pairs were equivalent.

lodine-129 Concentration Evaluation Approach

Kendall Trend Test

The Kendall trend test, a nonparametric method used
to identify monotonic trends, was used to evaluate the *I
results from selected wells during six different sample periods
between 1990 and 2022 (table 2). This statistical technique
is used to ascertain whether a monotonic trend exists, either
increasing or decreasing, between the constituent variable
“y” and the time variable “t” (Helsel and others, 2020). The
subset of wells that had (at least) six '*I results were included
in the trend evaluation. The R program, EnvStats, was used
to evaluate the change in '2°I pCi/L over time, and the results
are provided in table 2 (R Core Team, 2024). A confidence
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level, o, of 0.95 was set, with the alternative hypothesis being
no change over time. The Kendall’s S statistic was computed
for each pair of 1°] (y) sample and sample year (t). In this
evaluation, the units of the S-statistic represent the change
(either increase or decrease) in pCi/L of '2°I over time (in
years). If the S-statistic is negative, the trend is decreasing,
whereas a positive S-statistic indicates an increasing trend.
The temporal trend, which is related to the S-statistic,

was determined using the Theil-Sen slope estimator (Sen,
1968; Helsel and others, 2020). Thus, a positive S-statistic
corresponds to a positive Theil-Sen slope, and conversely, a
negative S-statistic corresponds to a negative Theil-Sen slope.
If the p-value is less than 0.05 (0=0.95), the trend estimation
is deemed significant. The coefficient of determination (R?)
value, which is provided in figure 5 and table 2, serves to
quantify the correlation of the variation in one variable
(dependent) by variation in the other variable (independent).

Kriging Interpolation

The areal distribution of the '*°I concentration was
created using a kriging (quantile kriging) interpolation method
used by Fisher and others (2021) and the ObsNetQW package
in the R programming language (Fisher, 2021; R Core Team,
2024). Quantile kriging was applied to '?°I concentrations
from water samples collected in 202122, and negative values
were set equal to zero.

Kriging estimates of 12°I concentrations, as the natural
log in nanograms/liter, are predicted at points on an evenly
spaced grid, with a spacing of 100 meters, within the active
part of the interpolation grid that is defined within the figure
extent. The kriging analysis results in a predicted average
concentration value for each cell on the grid. Contour lines of
the prediction grid were created and overlain on the measured
data. The concentration contours are spaced at 2 natural
log units. Kriging predictions are evaluated by graphing a
sample variogram, which estimates the spatial correlation of
a constituent concentration, that is, the concentration variance
by lag distance, in miles. Estimates of variance between values
of predicted '*° concentrations separated by varying lag
distances are allocated into lag bins and averaged within each
bin (Fisher and others, 2021). The lag-bin settings for iodine
vary spatially because of multiple plume sources caused by
facilities coalescing.

The sample variance is compared with the theoretical
(predicted) variance to determine the spatial correlation.

The numerical values assigned to the symbols in figure 68
represent the number of theoretical (sampled) data pairs that
were evaluated for the quantile kriging application to the
129] dataset. The variogram is drawn as an estimated curve

and shows variance lags in distance (miles). Equations used
for this method are described in detail in Fisher and others
(2021). The variograms for '2°I showed good correlation, or
model fit (R?=0.66). The kriging interpolation method, applied
to 29I samples collected during 2021 and its corresponding
variogram, suggest that this method of interpretation is
appropriate for estimating the areal concentration distribution.
The limitations of quantile kriging and the corresponding
estimates of variance in the context of this dataset, could arise
from large local variability in constituent concentrations,
potentially overlapping plumes, or spatial proximity of
sampling sites (Fisher and others, 2021).

Concentrations of lodine-129 in the
Eastern Snake River Plain Aquifer

The USGS and DEQ INLOP collected samples from 64
monitoring wells, including 1 perched groundwater well and
6 MLMS wells in and around the INL between October 2021
and June 2022 (table 1). The DEQ INLOP program also
collected samples from 10 wells in the ESRP aquifer between
March—October 2022. All samples collected by the USGS and
DEQ INLOP had '?° concentrations that were greater than the
reporting level of 3s and exceeded the estimated background
level of 5.4x107¢ pCi/L for the ESRP aquifer (Cecil and others,
2003), except one sample collected by DEQ had a negative
129] concentration (non-detect) value. Of the remaining
samples above the reporting level (3s), concentrations ranged
from 8.68+0.64x107¢ pCi/L at TRA 3 to 0.968+0.023 pCi/L
at USGS 67 (table 1). All samples collected for this current
study had concentrations less than the U.S. Environmental
Protection Agencies’ maximum contaminant level (MCL) of
1 pCi/L (U.S. Environmental Protection Agency, 2022).

An analysis of 1?°I sample-replicate pairs and calculated
Z-values for USGS and DEQ collected QC samples are
reported in table 1. Results for six of the eight sample-replicate
pairs had Z-values less than or equal to 1.96 and are
considered statistically equivalent. The two sample-replicate
pairs that were not within the 1.96 threshold (95-percent
confidence interval) had Z-values of 2.2 and 3.1, with results
in the 10~# and 1073 pCi/L concentration range; however,
these sample-replicate pairs were within the 99 percent
confidence interval (3-sigma) for reproducibility. Results for
the sample-replicate pairs generally indicated that the sample
collection and laboratory procedures used were appropriate for
the analytical data obtained. However, with the criteria used in
this study here, there may be some concern about statistically
significant values being able to be reproduced at very low
concentration levels, such as for USGS 79 (table 1).
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Table 1. lodine-129 concentrations in groundwater at the Idaho National Laboratory and vicinity, 2021-22.

[Site information is available from the U.S. Geological Survey National Water Information System at https://waterdata.usgs.gov/nwis (U.S. Geological Survey,
2024). Water-quality data are available in Fisher and others (2024) and Idaho Department of Environmental Quality (2022a; 2022b). See figures 2 and 3 for
well locations. Uncertainties are 1-sigma. Dates are given in month/day/year. Abbreviations; ft, foot; '2°I, lodine-129; pCi/L, picocurie per liter; —, no data
available; USGS, U.S. Geological Survey; INL, Idaho National Laboratory; DEQ, Department of Environmental Quality]

Well name Site number Well depth Date sampled 12?' :;?I?:t?;: Z-value
(ft) (pCi/L) (1-sigma)
Advanced Test Reactor Complex Area
Middle 2050A zone 15 433409112570515 1517 6/30/2022 0.00001134 0.00000039 —
Middle 2051 zone 3 433217113004903 11,019 6/15/2022 0.00547 0.00020 —
Middle 2051 zone 9 433217113004909 1749 6/15/2022 0.000535 0.000017 —
MTR Test 433520112572601 588 4/13/2022 0.00001767 0.00000065 —
3PW-9 433500112575401 200 10/21/2021 0.0396 0.0013 —
TRA 3 433522112573501 602 10/13/2021 0.00000868 0.00000064 —
TRA DISP 433506112572301 1,267 10/13/2021 0.00206 0.00012 —
USGS 133 zone 10 433605112554312 1469 6/13/2022 0.0003117 0.0000059 —
4USGS 133 zone 10 433605112554312 469 6/13/2022 0.0003222 0.0000061 0.71
USGS 136 433447112581501 560 10/6/2021 0.00290 0.00014 —
USGS 140 433441112581201 564 10/18/2021 0.002454 0.000095 —
USGS 146 433359113042501 800 10/7/2021 0.0001983 0.0000076 —
USGS 58 433500112572502 503 4/13/2022 0.000352 0.000051 —
USGS 65 433447112574501 498 4/12/2022 0.000542 0.000010 —
USGS 76 433425112573201 718 4/25/2022 0.0002144 0.0000076 —
USGS 79 433505112581901 702 4/13/2022 0.00003130 0.00000092 —
4USGS 79 433505112581901 702 4/13/2022 0.00003538 0.00000094  3.10
Central Facilities Area
CFA 1 433204112562001 639 4/18/2022 0.422 0.016 —
CFA2 433144112563501 681 11/4/2021 0.0853 0.0036 —
4CFA 2 433144112563501 681 11/4/2021 0.0790 0.0037 1.10
CFA LF 2-10 433216112563301 716 4/2/2022 0.0877 0.0021 —
ICPP-MON-A-166 433300112583301 527 4/13/2022 0.0000909 0.0000037 —
PBF-MON-A-003 433203112514201 575 10/12/2021 0.00000916 0.00000065 —
Rifle Range Well 433243112591101 620 10/18/2021 0.001292 0.000047 —
USGS 104 432856112560801 700 10/18/2021 0.00454 0.00018 —
USGS 128 433250112565601 615 10/7/2021 0.0383 0.0014 —
SUSGS 128 433250112565601 615 10/7/2021 0.0364 0.0018 1.00
USGS 130 433130112562801 636 10/6/2021 0.0351 0.0012 —
USGS 131A zone 12 433036112581815 1616 6/29/2022 0.01109 0.00036 —
USGS 131A zone 8 433036112581810 1811 6/29/2022 0.0797 0.0022 —
USGS 20 433253112545901 658 4/4/2022 0.0555 0.0014 —
USGS 84 433356112574201 505 10/18/2021 0.000891 0.000030 —
4USGS 84 433356112574201 505 10/18/2021 0.000786 0.000034 2.21
USGS 85 433246112571201 614 4/4/2022 0.0681 0.0016 —
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[Site information is available from the U.S. Geological Survey National Water Information System at https://waterdata.usgs.gov/nwis (U.S. Geological Survey,
2024). Water-quality data are available in Fisher and others (2024) and Idaho Department of Environmental Quality (2022a; 2022b). See figures 2 and 3 for

well locations. Uncertainties are 1-sigma. Dates are given in month/day/year. Abbreviations: ft, foot; 12°I, Iodine-129; pCi/L, picocurie per liter; —, no data

available; USGS, U.S. Geological Survey; INL, Idaho National Laboratory; DEQ, Department of Environmental Quality]

Standard
Well name Site no. Well depth (ft) Date sampled 129] (pCi/L) deviation Z-value
(1-sigma)
Idaho Nuclear Technology and Engineering Center Area
USGS 111 433331112560501 560 4/5/2022 0.2046 0.0045 —
USGS 112 433314112563001 507 10/4/2021 0.2447 0.0066 —
SUSGS 112 433314112563001 507 10/3/2022 0.2174 0.0058 —
USGS 113 433314112561801 556 4/5/2022 0.3496 0.0074 —
4USGS 113 433314112561801 556 4/5/2022 0.3565 0.0086 0.88
USGS 114 433318112555001 560 10/4/2021 0.1201 0.0040 —
SUSGS 115 433320112554101 581 10/3/2022 0.0326 0.0019 —
USGS 116 433331112553201 572 4/4/2022 0.1585 0.0039 —
SUSGS 123 433352112561401 515 3/2/2022 0.0260 0.0014 —
256USGS 123 433352112561401 515 3/2/2022 0.0250 0.0014 0.51
USGS 37 433326112564801 572 10/15/2021 0.1598 0.0047 —
USGS 38 433322112564301 724 4/6/2022 0.1220 0.0030 —
USGS 42 433404112561301 678 4/6/2022 0.1683 0.0048 —
USGS 43 433415112561501 564 10/6/2021 0.0417 0.0013 —
USGS 47 433407112560301 651 10/5/2021 0.1893 0.0053 —
SUSGS 47 433407112560301 651 3/28/2022 0.2270 0.0071 —
USGS 51 433350112560601 647 4/7/2022 0.1461 0.0028 —
USGS 52 433414112554201 602 10/5/2021 0.1340 0.0040 —
USGS 57 433344112562601 582 10/6/2021 0.1880 0.0050 —
USGS 67 433344112554101 694 10/5/2021 0.968 0.023 —
SUSGS 67 433344112554101 694 3/29/2022 0.833 0.015 —
USGS 77 433315112560301 586 10/4/2021 0.407 0.014 —
USGS 82 433401112551001 693 4/5/2022 0.00580 0.00016 —
Radioactive Waste Management Area
Highway 3 433256113002501 750 10/18/2021 0.000266 0.000012 —
RWMC M14S 433052113025001 645 10/12/2021 0.01637 0.00067 —
SRWMC M1S 432956113030901 638 5/3/2022 0.00018 0.00035 —
SRWMC M6S 432931113015001 668 5/2/2022 —0.00013 0.00027 —
RWMC Prod 433002113021701 685 10/19/2021 0.01526 0.00053 —
SRWMC Prod 433002113021701 685 4/14/2022 0.0178 0.0014 —
SRWMC Prod 433002113021701 685 10/18/2022 0.0152 0.0014 —
USGS 106 432959112593101 760 10/13/2021 0.02408 0.00067 —
USGS 120 432919113031501 705 10/19/2021 0.000617 0.000018 —
4USGS 120 432919113031501 705 10/19/2021 0.000613 0.000026 0.22
SUSGS 120 432919113031501 705 10/18/2022 0.00209 0.00082 —
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Table 1.

lodine-129 concentrations in groundwater at the Idaho National Laboratory and vicinity, 2021-22.—Continued

[Site information is available from the U.S. Geological Survey National Water Information System at https://waterdata.usgs.gov/nwis (U.S. Geological Survey,
2024). Water-quality data are available in Fisher and others (2024) and Idaho Department of Environmental Quality (2022a; 2022b). See figures 2 and 3 for
well locations. Uncertainties are 1-sigma. Dates are given in month/day/year. Abbreviations: ft, foot; '2°I, Iodine-129; pCi/L, picocurie per liter; —, no data
available; USGS, U.S. Geological Survey; INL, Idaho National Laboratory; DEQ, Department of Environmental Quality]

Standard
Well name Site no. Well depth (ft) Date sampled 129] (pCi/L) deviation Z-value
(1-sigma)
Radioactive Waste Management Area—Continued
USGS 132 zone 14 432906113025018 1765 6/21/2022 0.001458 0.000032 —
USGS 147 432851113001401 729 10/20/2021 0.00730 0.00027 —
USGS 87 433013113024201 673 4/20/2022 0.00692 0.00030 —
SUSGS 87 433013113024201 673 4/20/2022 0.00635 0.00056 —
Southern area of INL site
Cross Roads 432128113092701 796 4/20/2022 0.00002111 0.00000062 —
USGS 103 zone 1 432714112560702 11,258 6/16/2022 0.01390 0.00050 —
USGS 11 432336113064201 704 4/19/2022 0.0000727 0.0000035 —
USGS 124 432307112583101 800 4/19/2022 0.002427 0.000096 —
USGS 14 432019112563201 752 10/19/2021 0.0000399 0.0000017 —
USGS 144 433021112552501 620 4/7/2022 0.00000934 0.00000039 —

Depth noted is port depth for multilevel monitoring system wells.
2Z-value for DEQ-collected quality control samples.

3Perched well.

4Quality control samples collected by USGS.

SSamples collected by Idaho Department of Environmental Quality.

%Quality control samples collected by DEQ.

Historically, concentrations of '2° in select wells
generally decreased over time. The average concentration of
129T in a subset of wells that were sampled by the USGS during
all six sample periods between 1990 and 2022 decreased
from 1.15 pCi/L in 1990-91 to 0.15 pCi/L in 2021-22
(table 2). The average '*°I concentration, in pCi/L, of the
same 15 wells sampled during six different sample periods
are: 1.15 (1990-91), 0.270 (2003), 0.264 (2007), 0.173
(2011-12), 0.168 (2017-18), and 0.149 (2021-22; table 2).
These decreases are attributed to the discontinuation of the
disposal of 12° in wastewater and to dilution and dispersion
in the aquifer (Bartholomay, 2013). Variable increasing and
decreasing concentrations in samples between collection
periods at individual wells may be attributed to changes in
surface-water recharge either from flow in the Big Lost River
or from local snowmelt and anthropogenic sources. To gain
additional insight into '2°I trends over time, two additional
well trends were evaluated because of sampling by DEQ,
USGS 47 and USGS 67; however, these wells are not included
in the average concentrations over time because they were not
sampled during every sampling event.

Although most wells sampled in 2021-22 near INTEC
showed decreases in concentrations compared with data
collected previously (fig.4), some wells south and east of
the Central Facilities Area (CFA) (CFA-1, CFA-2) and south
of the INL (USGS 11, USGS 14, and USGS 124) showed
small increases (table 2). These slight increases are attributed
to variable rates of wastewater release, which eventually
migrated to these well locations in the form of a water pulse
from a specific disposal period. This movement was facilitated
by surface-water flow from the Big Lost River or artificial
recharge at individual sites caused by wastewater disposal
activities.

Between the two most recent sampling events in
2017-18 and 202122, USGS 14, south of the INL boundary
(fig. 2), showed the largest increase of 122 percent in '>]
concentrations (table 2). On the other hand, USGS 116 showed
the largest percentage decrease during the period, with a
decrease of 60 percent. In this study, the highest concentration
of 1291 was at USGS 67, southeast of the INTEC (table 1;
fig. 3) in 2021-22. This concentration was 0.968 pCi/L, an
increase of 0.091 pCi/L or 10 percent from the 2017—18 study
(Maimer and Bartholomay, 2019).
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Table2. Concentrations of lodine—129 in water from selected wells near Idaho National Laboratory and its vicinity, 1990-2022.

[Water-quality data are available in Fisher and others (2024) and Idaho Department of Environmental Quality (2022a, 2022b). See figures 2 and 3 for well locations. Concentrations and analytical uncertainties are in picocuries per liter
(pCi/L). All samples were measured by Accelerator Mass Spectrometry at IsoTrace Lab, 1990-91, or Prime Lab, 2003, 2007, 2011-12, 2017-18, 2021-22); uncertainties are 1-sigma (1s). See Mann and Beasley(1994b); Bartholomay (2009,
2013); Maimer and Bartholomay (2019) for more information. % change, percent change between 2017—18 and 2021-22. Abbreviations: ID, identification; %, percent; +, plus or minus; R2, coefficient of determination; NS, not sampled;
—, no data available; NC, no change; USGS, U.S. Geological Survey; Avg. conc., Average concentration]

Sample ID 1990-91 2003 2007 2011-12 201718 2021-22 % change Trend S statistic p-value Significant R
ICFA-1 0.2440.05 NS 0.318+.015 0.37+0.017 0.403+0.012 0.422+0.016 4.7 — — — — —
ICFA-2 0.10+0.03 NS 0.13140.006 0.0798+0.0024 0.082+0.003 0.085+0.004 NC — — — — —
USGS 11 0.00001+0.000001  0.000018+0.0000005 NS 0.000046+0.0000025  0.000066+0.000003  0.000073+0.000004 11 — — — — —
'USGS 14 0.00003+0.000002  0.00004+0.000002 NS 0.0000177+0.000001  0.000018+0.000001  0.000040+0.000002 122 — — — — —
2USGS 20 0.033+0.002 0.026+0.0011 0.0282+0.0009 0.037+0.0021 0.056+0.002 0.055+0.001 NC Increasing 1.502 0.13 No 0.56
2USGS 37 1.80+0.08 0.452+0.025 0.395+0.017 0.31+0.016 0.171+0.006 0.160+0.005 —6.4 Decreasing —2.63 0.008 Yes 0.81
2USGS 38 2.00+0.07 0.556+0.019 0.281+0.008 0.202+0.018 0.140+0.005 0.122+0.003 -13 Decreasing —-2.63 0.008 Yes 0.81
2USGS 42 3.82+0.19 0.216+0.0064 0.325+0.01 0.214+0.013 0.22140.006 0.168+0.005 —24 Decreasing -1.503 0.133 No 0.67
'USGS 45 0.3240.01 NS NS 0.359+0.012 0.292+0.010 NS — — — — — —
USGS 47 0.83+0.04 0.621+0.022 NS 0.349+0.019 0.206+0.008 0.189+0.005; 3-8.3 Decreasing —-1.879 0.06 No 0.97

0.230+0.007
2USGS 51 0.28+0.01 0.164+0.0071 0.231£0.01 0.151+0.01 0.133+0.004 0.146+0.003 9.8 Decreasing -1.879 0.06 No 0.74
1USGS 52 0.38+0.03 NS 0.284+0.014 0.165+0.008 0.151+0.006 0.13440.004 —11 — — — — —
2USGS 57 1.38+0.07 0.64+0.023 0.521+0.023 0.333+£0.021 0.144+0.006 0.188+0.005 31 Decreasing —2.254 0.024 Yes 0.94
USGS 67 1.43+0.04 NS 1.16+0.04 1.02+0.04 0.877+0.032 0.968+0.023; 310 Decreasing —2.254 0.024 Yes 0.93

0.833+0.015
2USGS 77 1.37+0.06 0.586+0.0193 0.71+0.04 0.153+0.007 0.372+£0.013 0.407+0.014 9.4 Decreasing -1.127 0.25 No 0.72
2USGS 82 0.119+0.002 0.0112+0.0004 0.011+0.0004 0.007+0.0005 0.0073+0.0002 0.0058+0.0002 -21 Decreasing —2.254 0.024 Yes 0.67
2USGS 85 1.64+0.08 0.283+0.009 0.173+0.006 0.113+0.008 0.079+0.002 0.068+0.002 -14 Decreasing —-2.63 0.008 Yes 0.76
2USGS 104 0.0036+0.0001 0.0049+0.0002 0.00540.00023 0.027+0.007 0.0045+0.0004 0.0045+0.0002 NC Increasing 0.191 0.848 No 0.02
2USGS 106 0.025+0.001 0.034+0.001 0.0274+0.0013 0.0288+0.0012 0.027+0.001 0.024+0.001 —11 Decreasing —0.751 0.452 No 0.03
2USGS 111 0.86+0.09 0.138+0.007 0.192+0.007 0.166+0.009 0.235+0.009 0.205+0.005 -13 No trend — 1 No 0.55
IUSGS 112 2.40+0.25 0.617+0.067 NS 0.43+0.03 0.239+0.008 0.245+0.007 NC — — — — —
2USGS 113 3.25+0.14 0.7240.051 0.75+0.04 0.477+0.026 0.402+0.011 0.350+0.007 -13 Decreasing —2.254 0.024 Yes 0.77
2USGS 114 0.28+0.01 0.153+0.0063 0.173+0.006 0.141+0.004 0.12940.006 0.120+0.004 -6.9 Decreasing —2.254 0.024 Yes 0.85
2USGS 116 0.45+0.01 0.069+0.0026 0.144+0.005 0.242+0.011 0.39540.0150 0.158+0.004 —60 No trend — 1 No 0.08
USGS 124 NS 0.0023+0.0001 0.00225+0.00007  0.00186+0.0001 0.0022+0.0001 0.00242+0.00001 10 — — — — —
'USGS 125 NS 0.00013+0.0000008 NS 0.000293+0.00001 0.00039+0.00001 NS — — — — — —
2Avg. conc.  1.15 0.270 0.264 0.173 0.168 0.149 — — — — — —

ITrends not determined for wells.

2Average concentration calculated from 15 wells with concentrations from all 6 sample periods.

3Percent change between 2017-18 and 2021-22 calculated from USGS-collected sample results.
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Figure 4. Change in lodine-129 concentrations between select samples collected
between 2017-18 and 2021-22 at select wells at the Idaho National Laboratory. pCi/L,

picocuries per liter; R?, coefficient of determination.
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Wells USGS 20 and 104 are the only two wells with
long-term measurements that show an increasing trend
(table 2), although USGS 104 does have one measurement
outside of the 2-sigma confidence interval. Maimer and
Bartholomay (2019) also evaluated trends and showed
USGS 20 had an increasing trend. Iodine-129 concentrations
have fluctuated over the 32-year sampling period, showing
increases and decreases at several wells, likely depending
on disposal practices, surface-water recharge, and localized
flow dynamics (fig. 5). Although the trends at wells USGS 20
and 104 are classified as increasing, they are not statistically
significant according to the Kendall Trend (Thiel-Sen slope)
evaluation (table 2). Of the 17 wells evaluated for trend
over time (using DEQ data for USGS 47 and USGS 67), a
large majority (13) show a decreasing trend, and 8 of these
wells had statistically significant decreasing trends. The
remaining two wells, USGS 111 and USGS 116, did not have
a statistically discernible trend over this period.

Mirus and others (2011) indicated that streamflow
from the Big Lost River provides recharge to the shallow,
intermediate, and deep perched zones within about 150 m
of the river and suggested other perched water dynamics,
including local snowmelt and anthropogenic sources (such as
leaky pipes and drainage ditches), contribute to the recharge
of shallow and intermediate perched zones throughout much
of INTEC. Water flowed in the Big Lost River channel, below
the INL diversion, during the spring of 2017-19; however,
very little water flowed below the diversion in 2020; and no
water flowed below the diversion between 2021 and 2022
(Bartholomay and others, 2020; Treinen and others, 2024).

Although most of the wells south of INTEC showed
a decrease in '] concentrations between the 2017-18 and
2021-22 studies, some showed increasing concentrations
(USGS 51, USGS 57, USGS 67, and USGS 77). Davis and
others (2015) suggested that the aquifer southeast of INTEC
has lower transmissivity, locally, which may account for the
slower wastewater movement and the consequent increase in
concentrations at select wells in this area in 2021-22. Previous
studies have evaluated the mobility of different isotopes
in the ESRP and found that '>°I is lessened by sorption in
fine-grained material and sediment layers at depth resulting in
slower (attenuated) movement in the system (Mann and others,
1988; Beasley and others, 1998). During higher-than-average
precipitation years, surface-water recharge may mobilize
constituents in perched groundwater and move them into the
aquifer, which can result in increasing concentrations of '2°I in
the aquifer between discrete sampling periods.

By expressing the spatial distribution of '2°I as the
natural log (in nanogram/L), the 1?°I plume generally follows
the groundwater flow south of INTEC (fig. 6). This plume
direction is consistent with observations from previous studies
(Bartholomay, 2013; Maimer and Bartholomay, 2019). This

spatial distribution method also aids in identifying a lower
concentration plume that originates from the ATRC. Despite
the late 1970s records (Batchelder, 1979) indicating extremely
low concentrations (10-¢ pCi/L) being discharged at the ATRC
infiltration ponds, a distinct low-level '2°I plume is observed,
separate from the known plume at INTEC. The location of the
plume downgradient from ARTC is based on '*°I concentration
results greater than 0.00035 pCi/L obtained in 2021-22 from
wells USGS 58, 65, 136, and 140, and well PW-9 (table 1),
directly south and southwest of the ATRC (figs. 3 and 6). An
elevated '2° concentration of 2.9x1073 pCi/L was identified
from well USGS 136 immediately to the south of the ATRC by
Bartholomay (2013), and an identical value was obtained from
sampling in 2021 (table 1). The targeted sampling campaign
at the wells south of ATRC, along with the high-precision,
low-level detection capability of AMS methods, offers a more
comprehensive understanding of this low-level '2° plume.

By grouping the I results according to the geographical
regions associated with facilities as defined in table 1, we
can compare the median concentrations of '?°I at various
geographic areas such as around INTEC, ATRC, CFA,
RWMC, and the area south of the INL facilities. Boxplots
are used to display the log (pCi/L) concentrations in each
major area, displaying the median concentration (bar), and
the maximum distribution, interquartile range, and minimum
distribution of each location-defined dataset (fig. 7). The
median '] concentrations vary from 0.2315 pCi/L at INTEC
(n=23) to 0.0027 pCi/L south of the INL area (n=6). Wells near
INTEC exhibit the highest overall median '*°I concentration
and the narrowest distribution, reflecting the known source
and temporal migration of '?I from this facility. Median '2°1
concentrations at ATRC facility wells are marginally higher
than the median concentrations south of the INL. All observed,
129] concentrations across all regions and facilities exceed the
background '?° concentration of 5.4x107¢ pCi/L (Cecil and
others 2003) for groundwater, suggesting that the groundwater
quality at these locations as well as downgradient locations
have been adversely affected.

Multilevel Monitoring System Well Discussion

The INL groundwater monitoring network used a
network of MLMS wells to acquire water-quality data
at various depths to evaluate the vertical distribution of
constituents in the ESRP aquifer (Twining and others, 2021).
This study focused on eight zones from six MLMS wells
(table 3) near various facilities and along the ephemeral Big
Lost River channel. Sampling these various vertical zones at
defined port depths allows *°I to be analyzed at various depths
within the ESRP aquifer and may inform '?°T mobilization and
or migration behavior from sources, both at the surface and
at depth.
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Figure 5. Concentration trends of long-term lodine-129 data in wells at Idaho National Laboratory. USGS, U.S.

Geological Survey.

USGS 103 zone 1 is the deepest sampling zone at this
well and is near the southern boundary of the site, about
8 miles from INTEC (fig. 2). High tritium concentrations
in the deepest sampling zones of this well indicate that
wastewater from INTEC has affected these zones (Rattray,

the 12°T signature in groundwater originating from injected
water at INTEC could reach USGS 103 around 2010, which is
consistent with previous '2°I results from 2012.

USGS 131A is southwest of CFA (fig. 2). The two
shallower zones sampled at USGS 131A, zone 12 and zone

2023). The concentration of '2° in this well (table 3) increased 8, had only slightly decreasing '2°I concentrations between

between 2012 and 2022 and is four orders of magnitude
greater than groundwater background concentration (table 3;
Cecil and others, 2003). Assuming '?°] wastewater was
discontinued in 1984 (Mann and Beasley, 1994b) and the
groundwater velocity (1.3 meter per day) and age (26 years)
determined by Busenberg and others (2001) are appropriate,

2012 and 2022; however, these are within 1-sigma (table 3).
Geochemical modeling suggests water in these zones travels
south from sources at INTEC and has wastewater signatures
including high tritium and high chloride concentrations
(Rattray, 2023) and most likely travels south from sources
at INTEC.
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Figure 6.

(A) Kriging estimates of the lodine-129 prediction surface in water overlain on the empirical concentrations from

wells at and near the Advanced Test Reactor Complex (ATRC) and the Idaho Nuclear Technology and Engineering Center
(INTEC). (B) Variogram analysis of lodine-129 transformed into standardized rank space for wells at the Idaho National
Laboratory, Idaho. USGS, U.S. Geological Survey; pCi/L, picocuries per liter. R% coefficient of determination.
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Well USGS 132 is near the spreading areas and RWMC,
and zone 14 is the second sampling zone below land surface at
this well (fig. 2). The ?°I concentration increased in this zone
between 2012 and 2022 (table 3). Geochemical mass-balance
modeling suggests the sources of recharge to this zone are
from surface-water from the Big Lost River when it inundates
the spreading areas as well as groundwater from the tributary
valley. A geochemical mass-balance modeling study used the
tritium and chloride concentrations from this zone as evident
that wastewater originating from ATRC travels south to affect
this well (Rattray, 2023).

USGS 133 is the northernmost MLMS well; it is north
of INTEC and northeast of ATRC (fig. 2). The most recent
129T concentration measurement at USGS 133 zone 10 (the
uppermost sampling zone) was an order of magnitude higher
than what was measured in 2012 (table 3). Given the location
of this well and that the latest measurement at this sampling
zone is greater than the groundwater background of Cecil
and others (2003), the source of '2°I at this well is not well
understood. More data would be needed to determine if an
air-born source of 12° from ATRC or INTEC was contributing
1297 to the soil and, ultimately, the groundwater.

The '?°I concentration of 1.13x1075 pCi/L observed at
Middle 2050A zone 15 (table 3; fig. 3), which represents the
uppermost sampling zone within the well, was above the

background concentration for the ESRP aquifer defined by
Cecil and others (2003) and was higher than that measured
in 2012 (Bartholomay, 2013). Results from geochemical
mass-balance modeling, the proximity of the well to the Big
Lost River, and stable isotope signatures all indicate the water
in this uppermost zone is likely affected significantly by
surface-water recharge, with a small percentage of wastewater
coming from ATRC or INTEC (Rattray, 2023).

Two sample zones at Middle 2051, zone 3 and zone
9, had very similar concentrations between 2012 and 2022
(fig. 2; table 3). These two Middle 2051 zones represent
deeper groundwater near the Big Lost River channel and
south of ATRC, in the direction of downgradient groundwater
flow. Geochemical mass-balance modeling has shown that
wastewater [using chemical signatures] in these deep sampling
zones supports the concept that groundwater moves downward
along groundwater flow paths (Rattray, 2023). The 12°1
concentrations are about one order of magnitude greater in
the deeper zone 3 than in the shallower zone 9. The observed
129T concentrations in this well may be because %I bearing
wastewater was released at ATRC (Batchelder, 1979).
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Table 3. Concentrations of lodine-129 in groundwater from select multilevel monitoring wells at Idaho National Laboratory and vicinity,
Idaho, 2012-22.

[Site information is available from the U.S. Geological Survey National Water Information System (NWIS) at https://waterdata.usgs.gov/nwis (U.S. Geological
Survey, 2024). Water-quality data are available in Fisher and others (2024). See figures 2 and 3 for well locations. Concentrations and analytical uncertainties
are in picocuries per liter (pCi/L); uncertainties are 1-sigma (1s). Dates given in month/day/year. Abbreviations: MLMS, multilevel monitoring systems; no.,
number; ft, foot; 12°1, lodine-129; +, plus or minus; USGS, U.S. Geological Survey]

. Port 129 . 129 .
Well name Site number depth (ft) 2012 I (pCi/L) 2021-22 I (pCi/L)
USGS 103 432714112560702 1,258 6/25/2012 0.0117+0.0007 6/16/2022  0.0139+0.0005
zone 1
USGS 131A 433036112581815 616 10/28/2012 0.0151+0.0008 6/29/2022  0.01109+0.00036
zone 12
USGS 131A 433036112581810 811 10/28/2012 0.082+0.003 6/29/2022  0.0797+0.0022
zone 8
USGS 132 432906113025018 765 6/19/2012 0.00105+0.00004 6/21/2022  0.001458+0.000032
zone 14
USGS 133 433605112554312 469 6/21/2012 0.000029+0.000003  6/13/2022  0.0003117+0.0000059
zone 10
Middle 2050A 433409112570515 517 6/19/2012 0.000006+0.000004  6/30/2022  0.00001134+0.00000039
zone 15
Middle 2051 433217113004903 1,019 6/20/2012 0.00507+0.00021 6/15/2022  0.00547+0.0002
zone 3
Middle 2051 433217113004909 749 6/20/2012 0.00057+0.00008 6/15/2022  0.000535+0.000017

zone 9



https://waterdata.usgs.gov/nwis

Summary

From 1953 to 1988, the Idaho National Laboratory
(INL) in southeastern Idaho generated wastewater containing
approximately 0.94 curies of lodine-129 (12°1). This
wastewater was a by-product of fuel reprocessing activities
at the Idaho Nuclear Technology and Engineering Center
(INTEC) at the INL. Most of the wastewater was discharged
directly into the eastern Snake River Plain (ESRP) aquifer
through a deep disposal well until 1984; however, some
wastewater was also discharged into unlined infiltration
ponds or leaked from distribution systems below INTEC.
There is historical documentation that a small amount of 12°1
was also discharged at the Advanced Test Reactor Complex
(ATRC) as well.

The U.S. Geological Survey (USGS) monitored *°T in
the ESRP aquifer at the INL in 1977, 1981, 1986, 1990-91,
2003, 2007, 2010-12, and 2017—18 before sample collection
in 2021-22. Additional sampling was done in the 1990s
to help determine an estimated local ambient background
concentration for '2°I in the ESRP of 5.4x107¢ picocuries
per liter (pCi/L). Recently collected '2°I concentrations
in the ESRP aquifer at the INL are compared to the local
ambient background concentration for the aquifer and to
the U.S. Environmental Protection Agency’s maximum
contaminant level of 1 pCi/L.

In 2021-22, the USGS, in cooperation with the
U.S. Department of Energy and the Idaho Department of
Environmental Quality (DEQ) INL oversight program
collected groundwater samples from 64 monitoring wells
to determine '*°I concentrations in them. Seven quality
control samples were collected by the USGS, and one quality
control sample was collected by DEQ during this study.
Concentrations of 12°I above the reporting level in the aquifer
ranged from 8.68+0.64x10°¢ pCi/L in the TRA 3 well at
the ATRC to 0.968+0.023 pCi/L in well USGS 67 south of
INTEC. A focused sampling effort around the ATRC was
done to evaluate '*°I concentrations in the aquifer near this
facility because less frequent sampling has been done there
previously. The low-level analytical methods and spatial
interpolation methods elucidated an independent low-level 2°1
plume at ATRC, although detailed information could be gained
by additional sampling.

Summary 23

The average concentration of 15 wells sampled by the
USGS during six different sample periods decreased from
1.15 pCi/L in 1990-91 to 0.145 pCi/L in 2021-22. Evaluating
a Kendall Trend test of 17 wells sampled by the USGS and
DEQ, sampled from 1990 to 2022, showed that concentration
trends are decreasing in 13 wells (statistically significant
in eight), increasing in 2 wells, and no trend was identified
in 2 wells.

Monitoring multilevel monitoring (MLMS) wells
for this study were compared to monitoring results last
collected in 2012 from the same sampling zones. 2 did
not consistently increase or decrease in these sampling
zones between sampling periods. The uppermost sampling
zones (closest to the land surface) did show an impact from
variable surface-water recharge between 2012 and 2021-22.
The deeper zones sampled showed very little change in
concentrations between sampling periods, evidence that
wastewater from facilities upgradient is continuing to affect
these wells.

Decreasing trends in '] over time are attributed to >
no longer being disposed of in wastewater and to '*°I’s dilution
and dispersion throughout the aquifer. Variable [increasing
or decreasing] concentrations between sample collection
periods at individual wells may be attributed to variable
surface-water recharge either from temporally controlled flow
in the Big Lost River or from local snowmelt or wastewater
sources. Surface-water recharge can either dilute groundwater
wastewater signatures, remobilize water from past disposal
periods, or make adsorbed '*°I from fine-grained material or
interbedded sedimentary layers available for transport.

Overall, this recent sampling effort provides a snapshot
of 1] concentrations in 64 monitoring wells at the INL,
including one perched groundwater well and six multilevel
monitoring wells. With this data, it became possible to
statistically evaluate the long-term '2°I concentration
trends at a subset of wells, with many showing decreasing
concentrations. The spatially focused sampling effort has also
identified a previously not defined low-level '*°I plume that
affects long-term water quality near and downgradient from
the ATRC.
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