10. ENVIRONMENTAL RESEARCH AT
THE IDAHO NATIONAL
LABORATORY SITE

Whitestem blazingstar
(Mentzelia albicaulis)

Ecological monitoring and research at the Idaho National Laboratory Site (INL) in 2019 was focused on: 1)
monitoring the condition and conservation status of vegetation communities and sensitive plant species; 2) annual
assessment of sagebrush habitat and restoration-based conservation efforts to support the Candidate Conservation
Agreement for Greater Sage-grouse; and 3) research supported through the National Environmental Research Park
(NERP).
The monitoring of vegetation communities and sensitive plants species continued in 2019 through an update to
the INL Site vegetation classification and map. The new vegetation map dataset was finalized in 2019 and it includes
the most detailed vegetation map ever produced for the INL Site. Key results from this effort are a statistical plant
community classification defining 16 major vegetation types on the INL Site, mapped distributions of each class, and
a comprehensive accuracy assessment for mapped classes. A final report detailing several quantitative and spatial
data products is now available.
Sagebrush habitat monitoring and conservation measures to support the Candidate Conservation Agreement were
addressed by three tasks in 2019. The first entails resampling 75 plots, which have been sampled annually since
2013, and 50 rotational plots, which were last sampled in 2015, to assess habitat condition. Absolute cover, height,
and density of sagebrush and perennial grass/forbs were measured for this task. The second task, sagebrush habitat
distribution, was updated using aerial imagery acquired after the Sheep Fire. The final task, which entails sagebrush
habitat restoration, continued in 2019, and seedling survivorship assessments of shrubs planted in 2018 were completed.
The INL Site was designated as a NERP in 1975. The NERPs provide rich environments for training researchers
and introducing the public to ecological sciences. NERPs have been used to educate grade school and high school
students and the general public about ecosystem interactions at U.S. Department of Energy sites; train graduate and
undergraduate students in research related to site-specific, regional, national, and global issues; and promote collaboration and coordination among local, regional, and national public organizations, schools, universities, and federal
and state agencies. During 2019, three ecological research projects were conducted on the Idaho NERP: continued
studies of ants and ant guests at the INL Site, behavioral ecology of pregnant Great Basin Rattlesnakes, and sagegrouse movements and habitat use through nesting and brood-rearing seasons.
The United States Geological Survey has been studying the hydrology and geology of the eastern Snake River
Plain and eastern Snake River Plain aquifer since 1949. The United States Geological Survey INL Project Office
collects data from research and monitoring wells to create and refine hydrologic and geologic models of the aquifer;
track contaminant plumes in the aquifer; and improve understanding of the complex relationships between the rocks,
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Ecological monitoring and research on the INL Site
This chapter summarizes ecological monitoring and
research performed at the Idaho National Laboratory
(INL) (Sections 10.1 through 10.4) and research conducted on the eastern Snake River Plain and eastern Snake
River Plain aquifer by the United States Geological Survey (Section 10.5) during 2019.

generally falls into three categories; 1) Monitoring the condition and conservation status of vegetation communities
and sensitive plant species, 2) Annual assessment of sagebrush (Artemisia tridentata) habitat and restoration-based
conservation measures to support the Candidate Conservation Agreement (CCA) for Greater Sage-grouse (Centrocercus urophasianus; DOE-ID and FWS 2014), and 3)
Research supported through the National Environmental
Research Park (NERP).

10.2 INL Site Environmental Report
Monitoring tasks in the first category are conducted
to provide information to U.S. Department of Energy
(DOE) about the abundance, distribution, condition, and
conservation status of vegetation communities and sensitive plant species known or expected to occur on the INL
Site. Results from these tasks are used to monitor overall
health and condition of the sagebrush steppe ecosystem
locally, to understand the potential causes and consequences of vegetation change over time and within a
greater regional context, to make quantitative data available for land use planning, and to support environmental
regulatory compliance (i.e., National Environmental
Policy Act [NEPA]). Component tasks include the longterm vegetation (LTV) survey, major vegetation classification and map updates, sensitive species reports, and
any other monitoring necessary to address current concerns. Many of these tasks are completed on a rotational
schedule, once every several years. Vegetation surveys
to support the LTV were last conducted in 2016 and a
technical report was completed in 2018. An INL Site
Vegetation Map update was initiated in 2017 and a final
map and technical report with supporting documentation
were completed in 2019.

agency and national environmental goals. Those environmental goals are stated in the NEPA, the Energy Reorganization Act, and the Non-nuclear Energy Research
and Development Act. These goals dictate that the task
is to understand our environment sufficiently that we
may enjoy its bounty without detracting from its value
and eventually to evolve an equilibrium use of our natural resources. The desirability of conducting research
on the NERP is enhanced by having access to relatively
undisturbed sagebrush steppe habitat and restricted
public access. Universities typically provide their own
funding and the Environmental Surveillance, Education,
and Research (ESER) Program facilitates researcher access to the INL Site. There are three ecological research
projects ongoing through the Idaho NERP; one includes
documenting ants and associated arthropods on the
INL Site, one involves tracking rattlesnake movements
through gestation and dispersal of young, and one addresses sage-grouse movements and habitat use through
nesting and brood-rearing seasons.

The second set of ecologically based tasks and activities include sagebrush habitat assessments, evaluation
of risks to habitat, and conservation measures to improve
habitat. These activities support the voluntary agreement
U.S. Department of Energy, Idaho Operations Office
(DOE-ID) entered into with the U.S. Fish and Wildlife
Service to conserve sage-grouse and the habitat they depend on across the INL Site (DOE-ID and FWS 2014).
There are currently two habitat monitoring tasks, one to
assess annual habitat condition and one to document habitat distribution across the INL Site. The habitat condition task is completed annually and the distribution task
is completed periodically, based on available imagery. In
2019, imagery was acquired for the area affected by the
Sheep Fire and the habitat distribution task was updated
accordingly. There is also a task associated with habitat
restoration. This task supports the CCA and is a conservation measure that includes planting sagebrush seedlings to hasten the return of viable habitat in burned areas
and monitoring previously planted areas for survivorship.
Sagebrush seedlings have been planted since 2015 and
survivorship has been monitored every year since 2016.

The new vegetation map dataset was finalized in
2019 and it includes the most detailed vegetation map
ever produced for the INL Site. The most recent vegetation map prior to this update (Shive et al. 2011) represented a significant improvement over earlier mapping
because the vegetation classes were statistically defined,
and a quantitative accuracy assessment of the map was
conducted. The current map was essentially an update
to the Shive et al. (2011) map, and because the same
general methods were used, the function and utility of
the new map will seamlessly continue to support conservation monitoring and land management on the INL
Site. The key improvements to the updated map are
more straightforward vegetation and map classes and a
finer mapping scale.

The INL Site was designated as a NERP in 1975.
According to the Charter for the National Environmental Research Parks, NERPs are intended to be outdoor
laboratories where research can be carried out to achieve

10.2 Vegetation Communities and
Sensitive Plant Species
10.2.1 INL Site Vegetation Map Update

The comprehensive update to the current map was
initiated in 2017 and involved three steps; 1) plant
community classification to define vegetation classes,
2) map delineations of those classes, and 3) accuracy
assessment of the map. The plant community classification was completed in 2018 and the results were used to
generate a list of current vegetation classes for the INL
Site. A total of 16 unique vegetation classes resulted
from the statistical classification. The draft map delineations were also completed in 2018, and plots were
sampled to collect data for an accuracy assessment of
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the updated map. The final step of the process, an accuracy assessment of the draft map, was completed in
2019.
One of the fundamental elements of a mapping
project is an independent accuracy assessment that adds
validity to the project and provides a basis for evaluating
the utility of the map for potential applications. There
have been a number of proposed statistical methods for
validating image classification accuracy, but the error
matrix remains the most commonly used method to calculate map accuracies and serves as the basis for most
descriptive and analytical statistics (Congalton 1991,
Congalton and Green 1999). The error matrix, also
known as a confusion matrix or contingency table, is a
square array organized in rows and columns where predicted data is compared to measured data through crosstabulation. The columns in an error matrix represent the
reference data collected on the ground, and the rows in
an error matrix represent the classified (or map) data.
The error matrix supports the calculation of numerous measures of map and class accuracy. The most reported measures of classification accuracy are the user’s
accuracy, producer’s accuracy, and overall accuracy.
User’s accuracy represents the probability that a classified image pixel or map polygon is that category on the
ground (Story and Congalton 1986). Producer’s accuracy represents the probability that a true positive location on the ground is correctly classified (Congalton and
Green 1999). Overall accuracy provides a measure of
the agreement among all map classes and reference data
and serves as a single metric that collectively represents
the entire classified map (Congalton and Green 1999).
One critique of the overall accuracy metric is that it
does not account for agreement between map and reference data that can occur by chance alone. Cohen (1960)
introduced a discrete multivariate technique called the
Kappa coefficient as a novel method to evaluate overall
map accuracy which allows for compensation due to
chance agreement. Calculation of the Kappa coefficient
represents a measure of the agreement between predicted
and reference data with values ranging from -1 to +1.
To assess accuracy for the most recent vegetation
map update, field crews were provided GPS receivers
with plot point locations uploaded as waypoint files.
Each waypoint was assigned a nondescript plot identification number and information about the identity of the
polygon class was excluded to avoid influencing crews
about the class they were sampling. Because the valida-

tion plot locations were randomly selected, some ended
up in a transition zone between vegetation classes or in
a locally unique spot that was not representative of the
surrounding landscape. Field crews were instructed to
visually scan the landscape within the local vicinity to
determine whether the plot was located within a homogenous region. Homogenous did not necessarily mean all
the same species present, but rather all the same general
vegetation class was present within the anticipated plot
extent. Whenever appropriate, the field crew shifted the
plot center point into an area more representative of the
surrounding landscape, but they were limited to a 40 m
(131.2 ft) total distance the plot could be relocated. This
restriction was placed to avoid violating sample independence from other potentially close random plot locations.
Once the plot center point was located either by
navigating to a GPS waypoint or after a shifting the plot
into a more representative area, a stake was inserted into
the ground. Then the plot perimeter was established and
marked by extending a thin rope attached to the center
stake and placing reference poles in the ground in the
four cardinal directions. After suggested plot sizes for
semi-arid shrublands and herbaceous vegetation were
considered (Lea and Curtis 2010), a plot size that accounted for the range of variability across most vegetation classes on the INL Site was chosen. The standard
plot area sampled for nearly all vegetation classes was
0.25 ha (28 m radius [91.9 ft]; Figure 10-1). The only
exception was the Juniper Woodland class where plot
size was increased to accommodate interspace distances
between tree canopies that required a larger plot size to
encompass natural tree spacing in this vegetation class.
All Juniper Woodland accuracy assessment plots were
denoted with a unique plot identification number and plot
area was increased to 0.5 ha (40 m radius [131.2 ft]; Figure 10-1).
Once the general plot boundary was established,
each field crew member walked around the plot noting
the dominant and co-dominant species present. After
each field crew member finished their visual assessment,
they both worked through a dichotomous field key, developed during the plant community classification step of
the map development process, to assign the most appropriate vegetation class to the plot. The field crews were
given the opportunity to mark ‘Yes’ under a field called
Key Agreement if the plot was accurately characterized
by the dichotomous key, or ‘No’ to denote when the plot
was difficult to fit into a class using the dichotomous key.
Because the purpose of classification is to organize plant
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the determination subjective. Consequently, whenever either class Big Sagebrush – Green Rabbitbrush
(Threetip Sagebrush) Shrubland or Big Sagebrush Shrubland was recorded in the field or assigned to map polygons, they were combined prior to the accuracy assessment calculations. Two herbaceous vegetation classes
were also combined into one map class due to difficulties
in differentiating them in the imagery. Combining these
two sets of vegetation classes resulted in 13 total map
classes for the INL Site.
During the summer of 2018, a total of 453 validation
plots were collected and used to support the accuracy assessment of the final vegetation map. The Spatial Join
function in ArcGIS was used to add the vegetation class
code assigned to the polygon that contained the plot locaFigure 10-1. Idaho National Laboratory Site Vegetation tion to the database table. Once the error matrix tabulation was competed, both user’s and producer’s accuracy
Map Accuracy Assessment Plot Schematic. Plot size
were calculated for each map class including 90% confiwas 0.25 ha (28 m radius) for all semi-arid shrubland and
herbaceous vegetation classes, or 0.5 ha (40 m radius) for all dence intervals. Overall accuracy and Kappa were also
woodlands. The ‘X’ marks the locations of four reference calculated as representative measures of map accuracy.
poles that were visual aids for plot boundaries. Global
The accuracy assessment resulted in an overall acPositioning System (GPS) coordinates were collected at the
curacy of 77.3% and a Kappa value of 0.75 (Table 10-1).
plot center, and representative plot photos were taken from
Considering there were 13 map classes distributed across
the center aimed towards each reference pole.
the large extent of the INL Site, the results suggest the final vegetation map is a good representation of vegetation
communities into generalized vegetation classes, the key
classes found on the ground. The map accuracy result
may not have performed well for identifying the rare or
values were higher than three of the four methods used to
unique vegetation classes on the INL Site. There were
validate the previous vegetation map (Shive et al. 2011).
two optional fields to record a second vegetation class if
The Kappa value is close to the 0.8 threshold which can
the key did not work well, and a data field for comments
be interpreted as strong agreement (Landis and Koch
to provide context of the issues encountered at the plot
1977); it is rarely achieved over large areas such as the
or anything else that may help data interpretation. Once
INL Site, and is also higher than three of the four error
the plot data were recorded, reference photos were taken
matrix results from the previous vegetation map accuracy
looking in the four cardinal directions from the plot cenassessment (Shive et al. 2011).
ter.
The Juniper Woodland class had the highest user’s
Initially, there were two big sagebrush classes
and producer’s accuracy at 100% with no documented
(i.e., Big Sagebrush – Green Rabbitbrush [Threetip
mapping errors (Table 10-1). This map class is an excepSagebrush] Shrubland and Big Sagebrush Shrubland)
tion compared to most of the others because it is unmismaintained as separate, distinct classes that were each
takable in the imagery and does not overlap with other
allocated the appropriate number of random field validavegetation classes spectrally. Utah Juniper (Juniperus
tion plots. But as field sampling progressed throughout
osteosperma) is the only native tree species commonly
the summer, there were two instances where independent
found on site, although there are some individual cottonfield crews sampled the same plot location at differwood (Populus sp.) trees along the Big Lost River and
ent times. In both cases, the field crews chose different
historic Birch Creek drainages.
big sagebrush classes. There was considerable statistical classification overlap between these two vegetation
The map class with the next highest user’s accuracy
classes and it was anticipated that these two could likely
was the combined Big Sagebrush – Green Rabbitbrush
be difficult to distinguish in the field and could be distrib- (Threetip Sagebrush) Shrubland and Big Sagebrush
uted as a patchwork mosaic across the landscape making Shrubland class at 93.9% (Table 10-1). This result is no-

Table 10-1. Idaho National Laboratory Site Vegetation Map Accuracy Assessment Error Matrix and Associated Metrics including User’s
and Producer’s Accuracy, Overall Accuracy, Kappa Coefficient Values, and 90% Confidence Intervals for Individual Classes. The columns
in the error matrix represent field validation data, and the rows represents map data. Vegetation class codes: (1) Green Rabbitbrush / Sandberg
Bluegrass – Bluebunch Wheatgrass Shrub Grassland, (2) Cheatgrass Ruderal Grassland, (3/5) Green Rabbitbrush / Thickspike Wheatgrass Shrub
Grassland and Needle and Thread Grassland, (4) Green Rabbitbrush / Desert Alyssum (Cheatgrass) Ruderal Shrubland, (6/8) Big Sagebrush
– Green Rabbitbrush (Threetip Sagebrush) Shrubland and Big Sagebrush Shrubland, (7) Crested Wheatgrass Ruderal Grassland, (9) Western
Wheatgrass Grassland, (10) (Basin Wildrye) – Mixed Mustards Infrequently Inundated Playa/Streambed, (11) Juniper Woodland, (12/14) Indian
Ricegrass Grassland and Gardner’s Saltbush (Winterfat) Shrubland, (13) Shadscale Saltbush – Winterfat Shrubland, (15) Black Sagebrush
Shrubland, (16) Low Sagebrush Shrubland.
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table as the map is used extensively to define the extent
and location of sagebrush habitat on the INL Site. There
were five other classes that all had a user’s accuracy
above 80%. The lowest user’s accuracy was the Green
Rabbitbrush / Desert Alyssum (Cheatgrass) Ruderal
Shrubland class at 37.1% (Table 10-1).
The second highest producer’s accuracy was the
Black Sagebrush Shrubland class at 94.7% (Table 101). The Shadscale Saltbush – Winterfat Shrubland class
was also very high with a producer’s accuracy of 93.3%
(Table 10-1). There were four additional classes that had
producer’s accuracy above 80%. The lowest producer’s
accuracy was also in the Green Rabbitbrush / Desert
Alyssum (Cheatgrass) Ruderal Shrubland class at 44.8%
(Table 10-1).
The update to the INL Site Plant Community Classification and Mapping project was completed in 2019. A
final technical report summarizing the results of the project and including all major data products derived from
the project, like the vegetation map, the dichotomous key
to plant communities, and fact sheets describing each
vegetation class, are available on the ESER website:
(www.idahoeser.com/LandManagement/VegMap/Vegetation%20Community%20Classification%20and%20Mapping%20of%20the%20INL%20Site%202019.pdf).

and their environment (i.e., nest site selection or foraging behaviors related to brood-rearing), they do provide
an index of the overall condition and composition of the
plant communities considered to be appropriate habitat
for sage-grouse on the INL Site.
Seventy-five habitat condition monitoring plots have
been sampled annually since 2013. The annual plots are
split into two groups, one group consists of plots located
in areas currently mapped as sagebrush habitat and the
second group contains plots located in recovering habitat where sagebrush has been lost due to wildland fires.
During the 2019 monitoring field season, the Sheep Fire
caused a slight disruption to sampling efforts. Data were
collected from 71 annual plots between June and August
reflecting the loss of four plots from sampling this year
due to the wildland fire. Enough data were collected
to conduct planned comparative analyses on the annual
plots; however, two sagebrush habitat plots were burned
and will have to be allocated to the recovering habitat
group for future monitoring.

Sage-grouse cannot survive without healthy sagebrush stands that meet certain criteria related to the condition and distribution of their habitat (Connelly et al.
2000). Sage-grouse use sagebrush dominated lands yearround and rely on sagebrush for food, nesting, and concealment from predators. In addition to healthy stands of
sagebrush, sage-grouse also require a diverse understory
of native forbs and grasses which provide protection
from predators and supply high-protein insects necessary
for rapidly growing chicks (Connelly et al. 2011).

To increase sample size and to address potential
habitat threats, specifically wildland fire and livestock
use, an additional 150 plots were added and are sampled
on a rotational basis (Figure 10-2). Rotational plots are
divided into three sets of 50 plots that are each sampled
once over a five-year cycle. Set 2 of the rotational plots
were scheduled to be sampled in 2019 and 48 of the 50
rotational were sampled; the remaining two plots were
affected by the Sheep Fire prior to sampling. Rotational
plots are analyzed, and results are reported once every
five years, after all rotational plots have been sampled;
the next scheduled analyses of the rotation plots will be
reported in the 2021 CCA Monitoring Report. Annual
and rotational plots are sampled for vegetation cover,
height by species, sagebrush density, and sagebrush juvenile frequency. In 2019, results from annual plots were
summarized and compared to site-specific (local) baseline values and to regional habitat guidelines (Connelly
et al. 2000).

The CCA between the DOE-ID and the FWS (2014)
outlines a monitoring task to support ongoing assessment of sage-grouse habitat condition. Habitat condition
monitoring data have been used to track trends in the
quality of habitat available to sage-grouse on the INL
Site through time, as well as to identify the effects of
threats that may impact habitat condition (e.g., increases
in non-native plants). Although the surveys were not
designed to address specific interactions between birds

Total absolute cover on sagebrush habitat plots in
2019 was about 67% and just under half of the total
cover was from shrubs (Shurtliff et al. 2020). Most of
the shrub component was from sagebrush, and mean
sagebrush cover in 2019 was slightly higher than the local baseline (Table 10-2a, Table 10-2b). Perennial grass/
forb cover and height were substantially higher in 2019,
when compared to the local baseline. Perennial herbaceous cover and height have been increasing since 2014

10.3 Sagebrush Habitat Monitoring and
Restoration
10.3.1 Sagebrush Habitat Condition
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Figure 10-2. Annual and Rotational Set 2 of the Sage-grouse Habitat Condition Monitoring Plots on the Idaho
National Laboratory Site. Seventy-one of the annual plots and 48 of the rotational plots were sampled in 2019; the
remaining six plots were not sampled due to the Sheep Fire.
and both remain near the upper end of their range of
variability (Shurtliff et al. 2020). Sagebrush density was
lower in 2019 than the local baseline (Table 10-2a, Table
10-2b), but it is within the recorded range of variability
from data collected since the beginning of this project.

plots with about 13% total cover (Shurtliff et al. 2020).
Overall, perennial grass/forb cover were higher in 2019
than the baseline and sagebrush density remained very
low in plots recovering from wildland fire, but it was
slightly higher in 2019 when compared to the baseline.

Plots from recovering burned areas (non-sagebrush
plots) were also compared to the baseline values (Table
10-2a, Table 10-2b). Total absolute cover on recovering burned areas was about 74% in 2019 and most of the
vegetative cover was from herbaceous species (Shurtliff
et al. 2020). Perennial grasses and forbs provided about
25% of the total cover on recovering burned plots and
cheatgrass contributed a nearly equal amount of vegetative cover. It is notable, however, that cheatgrass cover
declined from 37% in 2018 to 27% in 2019 (Shurtliff et
al. 2020). Green rabbitbrush (Chrysothamnus viscidiflorus) was the most abundant shrub in the non-sagebrush

Herbaceous functional groups are highly influenced
by precipitation; therefore, habitat condition monitoring
data can be interpreted within the context of local precipitation data. Precipitation data have been collected from
Central Facilities Area (CFA) since 1950 comprising
a long-term data set which is summarized by monthly,
seasonal, and annual averages. Over the past decade,
weather patterns have been highly variable with some of
the driest years on record and with substantial departures
from historical patterns of seasonality. These short-term
precipitation patterns would certainly favor some plant
species and functional groups over others. In 2019, pre-
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Table 10-2a. Summary of Selected Vegetation Measurements for Evaluating the Condition of Sagebrush
Habitat Monitoring Plots and Non-sagebrush Monitoring Plots on the Idaho National Laboratory Site in 2019.

Table 10-2b. Local Baseline Values of Selected Vegetation Measurements for Evaluating the Condition of
Sagebrush Habitat Monitoring Plots and Non-sagebrush Monitoring Plots on the Idaho National Laboratory
Site. Local baseline values were generated from 2013-2017 data.

cipitation was slightly below average due to a drier summer season but cover from perennial and annual species
remained above the baseline, possibly due to a lag effect.
However, cheatgrass cover was lower in 2019 than in
2018, after several years of trending upward (Shurtliff et
al. 2020).
A monitoring report containing the full results of
the habitat condition monitoring project through 2019
is available on the ESER website (www.idahoeser.com/
Wildlife/PDF/2019%20CCA%20Full%20Report.pdf).

10.3.2

Sagebrush Habitat Distribution

Loss of sagebrush-dominated habitat has been
identified as one of the primary causes of decline in
sage-grouse populations (Idaho Sage-grouse Advisory
Committee 2006). Direct loss of sagebrush habitat on
the INL Site has occurred through several mechanisms
including wildland fire and infrastructure development.

In the future, the total area and extent of sagebrush habitat will continue to change following wildland fires, as
new facilities are developed on the INL Site, and as lands
recover naturally or are restored following decommissioning of existing facilities. Changes in land cover can
be determined using airborne or satellite imagery that is
readily available at little or no cost. ESER geographic
information system (GIS) analysts routinely compare
new imagery as it becomes available with results from
the most current vegetation classification and mapping
project. Ground-based point surveys and changes in
plant species cover and composition documented through
an associated habitat condition monitoring task are also
used to provide spatial information to assist with periodic
map updates needed to monitor sagebrush habitat distribution.
The Sage Grouse Conservation Area (SGCA) was
defined as a portion of the INL Site where conservation
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of sage-grouse and their habitat is considered a priority,
and in which a 20% loss of sagebrush habitat from the
2013 baseline has been identified as a conservation trigger in the CCA (DOE-ID and FWS 2014). The purpose
of the habitat distribution monitoring task is to maintain
and update regions of the INL Site vegetation map to accurately document changes in sagebrush habitat area and
distribution within and outside of the SGCA. This task
documents changes in sagebrush habitat following losses
due to wildland fire or other disturbances that remove
or significantly alter vegetation across the landscape.
In addition to documenting losses of sagebrush habitat,
this monitoring task also maps the addition of sagebrush
habitat when sagebrush cover increases within a mapped
polygon and warrants a new vegetation map class designation, or to refine existing vegetation map class boundaries when changes in species cover and composition are
documented through associated habitat condition monitoring. Lastly, this task supports post-fire mapping when
the fire extent is unknown and allows for modifying
existing wildland fire boundaries and unburned patches
of vegetation when mapping errors are observed on the
ground.
There was one large wildland fire that burned on
the INL Site in 2019 and it altered existing vegetation
map class distribution, including sagebrush habitat. The
Sheep Fire was first reported in the evening of July 22,
2019. The lighting-caused fire started in the east-central
region of the INL Site within the 2010 Jefferson Fire
footprint and initially spread primarily south and southwest. High, sustained winds the following day promoted
the continued expansion generally to the southwest towards the Critical Infrastructure Test Range Complex
and Idaho Nuclear Technology and Engineering Center
facilities. The fire was fully contained on July 27 and it
was one of the largest fires in INL Site history.
The initial boundary for the Sheep Fire was produced
from limited field data collected by the BLM and some
data from INL. However, experience with other recent
large fires suggests the actual burned area boundary
typically differs from the generalized boundary created
immediately post-fire. To assist with post-fire evaluation and mapping, high resolution commercial satellite
imagery was acquired on September 15, 2019 by Digital
Globe’s GeoEye-1 sensor. The GeoEye-1 sensor collected four spectral bands in the visible and near-infrared
region of the electromagnetic spectrum with 2 m resolution, and a panchromatic band with 0.5 m resolution.
Digital Globe delivered raw and processed imagery data

products that were radiometrically corrected, pan-sharpened, orthorectified, and georeferenced for easy integration into a GIS.
A GIS Analyst first investigated the spatial accuracy
by overlaying the GeoEye-1 imagery on the 2017 Idaho
National Agricultural Inventory Program image dataset.
Reference points around facilities were compared and the
new satellite imagery was so closely aligned that no further coregistration spatial adjustments were deemed necessary. The Sheep Fire perimeter and burned area were
manually digitized in a GIS at a 1:6,000 mapping scale.
This matches the mapping scale used to produce the most
recent INL Site vegetation map (Shive et al. 2019) and
will enable the fire boundary to be used to clip the vegetation map for future post-fire mapping updates. The
color-infrared image composite was used as the primary
data source to help identify areas that burned or partially
burned in the Sheep Fire. The color-infrared imagery
displays recently burned areas with a blue hue while unburned vegetation appears as red tones.
There were multiple regions within the burned area
where a mosaic of observable unburned patches of vegetation remained after the fire. The vast majority of the
Sheep Fire moved through areas previously burned in
the 2010 Jefferson and 2011 T-17 Fires. In areas where
sagebrush habitat had already been removed and vegetation communities were in good ecological condition
before the fire, the post-fire vegetation classes most
likely to naturally establish after the fire will be the same
vegetation classes mapped before the fire (Ratzlaff and
Anderson 1995, Blew and Forman 2010). Therefore,
we focused mapping efforts in the southwest region of
the Sheep Fire that had not been burned previously, and
where large stands of sagebrush habitat were recently
mapped (Shive et al. 2019). After each patch of unburned vegetation was delineated, we used the Intersect
geoprocessing tool in ArcGIS to automatically assign the
class codes and boundaries from the vegetation map to
each mapped polygon.
Mapping results indicated the Sheep Fire burned approximately 40,403.3 ha (99,838.8 acres), which is a reduction from the initial estimate of 45,368 ha (112,106.7
acres) using the original BLM boundary (Figure 10-3).
Throughout the northern region of the Sheep Fire, there
were many unburned patches of vegetation in previously
burned areas where sagebrush is absent and were therefore not a focus for our mapping effort. Thus, the mapping results, while improving upon the initial estimate,
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Figure 10-3. Sheep Fire Boundary on the Idaho National Laboratory Site Mapped from High Resolution
Satellite Imagery Plotted over the Original Fire Boundary Produced by the Bureau of Land Management.
Areas within the Sheep Fire footprint that have burned since 1994 and removed sagebrush
habitat are denoted with cross-hatching.
still overestimate the actual burned area. There were
4,753.8 ha (11,746.9 acres) of vegetation burned within
the SGCA, representing 11.8% of the total burned area
(Figure 10-4). The only sagebrush habitat lost within the
SGCA were a few unburned patches of sagebrush that
remained within the footprint of the 2010 Jefferson Fire
boundary totaling 2.3 ha (5.7 acres).
The sagebrush habitat outside of the SGCA is considered a “conservation bank” (DOE and FWS 2014, pg.

55) that could be incorporated into the SGCA to replace
lost sagebrush habitat resulting from wildland fire or new
infrastructure development (DOE and FWS 2014). Prior
to the Sheep Fire, the total area of sagebrush habitat outside the SGCA was 38,742.5 ha (95,734.8 acres). The
Sheep Fire burned 10,401.7 ha (25,703.1 acres) of sagebrush habitat outside the SGCA thus reducing the “bank”
by 28.6% (Figure 10-4).
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Figure 10-4. Distribution of Sagebrush Habitat Burned in the 2019 Sheep Fire on the
Idaho National Laboratory Site.
There were three other small fires that burned on
the INL Site in 2019, none of which were located within
sagebrush habitat. On July 13, 2019, the Howe Junction
fire burned 0.1 ha (0.25 acre) on the north side of Highway 20/26. On September 11, 2019, there were two separate lightning-caused fires near the ATR Complex. The
Monroe 1 Fire was a small creeping fire totaling approximately 0.2 ha (0.5 acre). The Monroe 2 Fire occurred
west of the ATR Complex and burned approximately 21
ha (52 acres).
Currently, the SGCA sagebrush habitat baseline
value is defined as 78,558 ha (194,120 acres) and has
remained virtually unchanged since the signing of the

CCA. In 2018, infrastructure expansion removed 2.3 ha
(5.7 acres) of sagebrush habitat. The Sheep Fire burned
another 2.3 ha (5.7 acres), resulting in a current estimated
sagebrush habitat area of 78,553.4 ha (194,109.7 acres).
The reduction in sagebrush habitat within the SGCA was
less than a 0.01% change from the baseline value, and
even though a significant amount of habitat was burned
in the Sheep Fire, the losses did not impact the habitat
trigger status.
A monitoring report containing the full results of
the habitat distribution monitoring project through 2019
is available on the ESER website (www.idahoeser.com/
Wildlife/PDF/2019%20CCA%20Full%20Report.pdf).
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10.3.3 Sagebrush Habitat Restoration
In the CCA for the INL Site (DOE-ID and FWS
2014), DOE committed to minimize the impact of habitat
loss due to wildland fire and firefighting activities by taking steps to accelerate sagebrush reestablishment whenever a fire burns >40 hectares (>99 acres). Although no
wildland fires >40 hectares (>90 acres) occurred between
signing the CCA and the Sheep Fire of 2019, beginning
in 2015 DOE voluntarily initiated an annually recurring
task to plant at least 5,000 sagebrush seedlings each fall
in priority habitat restoration areas (DOE and FWS 2014,
Section 10.4.4). This ongoing habitat restoration effort
has taken place annually over the past five years.
In 2014, and again in 2018, sagebrush seeds were
collected from a representative sample of stands across
the INL Site. Every year, seeds are germinated and
grown in greenhouses in 6 in3 or 10 in3 containers, and
each fall the seedlings are planted into a selected priority
restoration area, or an area that meets most of the criteria and is readily accessible. Seedlings are planted at a

rate of about 198 sagebrush/hectare (80 sagebrush/acre).
The goal of planting at this rate is not necessarily to replace sagebrush at natural densities across a few acres,
but rather to establish a seed source to hasten sagebrush
reestablishment across larger restoration areas. In 2019,
sagebrush seedlings were planted at a location in the
northwest corner of the Jefferson Fire (Figure 10-5).
Although DOE committed to growing and planting
at least 5,000 seedlings every year, more than the minimum number of seedlings have been planted every year
since 2015. In 2019, approximately 10,000 seedlings
were planted on 36.8 ha (91 acres) and the locations of
501 (~5%) seedlings were marked for future monitoring.
Over the past four years, a total of 52,000 seedlings have
been planted and sagebrush restoration has now been addressed on a total 172.3 hectares (425.9 acres).
In addition to planting seedlings, survivorship of previous planting efforts is monitored every year. Survivorship monitoring occurs at each planting location one- and
five-years post-planting. To quantify 2018 seedling sur-

Figure 10-5. Area Planted with Big Sagebrush Seedlings in 2019.
The stars on the inset map shows the general location of all year’s plantings.
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vivorship and condition, 899 sagebrush seedlings were
revisited in August 2019. The seedlings were assessed
as 509 (57%) were healthy, 85 (9%) were stressed, 108
(12%) were dead, and 197 (22%) were missing. Assuming the missing seedlings were dead, a total of 66% of
the seedlings survived the first year. For comparison,
years 2015-2019 are also shown in Figure 10-6.
Many of these seedlings planted in 2018 and assessed in 2019 were growing in a lateral direction (Figure 10-7). Some were lying directly on the ground but
were alive. While the cause is ultimately unknown, these
seedlings were exceptionally tall at the time of planting
and were snowed on almost immediately after planting
(5+ in of heavy wet snow). The weight of the snow combined with the lack of structure of the plant may have
been partially at fault for the more decumbent growth
than seen in the seedlings planted in 2018 and prior. The
unusual growth orientation of the seedlings does not appear to be affecting survivorship.
Precipitation patterns from fall 2018 to fall 2019
were characteristic of average growth conditions. Both
timing and amount of precipitation did not depart substantially from normal, long-term averages. Spring pre-

cipitation was ideal for helping the seedlings planted in
2018 to establish. Late summer (July and August) was
drier than normal, but a wetter than average September
normalized the precipitation totals. Despite the lack of
moisture during summer, many of the plants relocated
were labeled as being healthy (57%) and very few were
stressed or dead (9% and 12%, respectively). In a review
of 24 projects where containerized sagebrush seedlings
were planted and survivorship was measured after one
year, researchers reported first year survival of stock
ranged from 14% to 94% (median = 59%, weighted average = 57%; Dettweiler-Robinson et al. 2013). Thus,
sagebrush establishment one-year post planting on the
INL Site is at or above average even when the missing
plants are considered dead. Young sagebrush plants
experience the highest mortality during the first year
(Dettweiler-Robinson et al. 2013), therefore survivorship
of the seedlings surviving one year should remain high.
A monitoring report containing the full results of
the sagebrush habitat restoration project through 2018
is available on the ESER website (www.idahoeser.com/
Wildlife/PDF/2019%20CCA%20Full%20Report.pdf).

Figure 10-6. One-year Post Planting Survivorship Results for Sagebrush Seedlings Planted from 2015-2018 at
the Idaho National Laboratory Site. The solid line depicts total annual precipitation.
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Figure 10-7. Examples of Sagebrush Seedling Conditions for Seedlings Planted on the Idaho National
Laboratory Site in 2018. Left: laterally growing healthy seedling. Right: stressed upright seedling.

10.4 Ecological Research at the Idaho
National Environmental Research Park
10.4.1 Studies of Ants and Ant Guests at
the INL Site
William H. Clark, Orma J. Smith Museum of Natural
History, The College of Idaho, Caldwell, ID, 83605
bclark@collegeofidaho.edu

Funding is by the principal investigator with some
assistance and collaboration with the Orma J. Smith Museum of Natural History.
Clark and Blom (2007) gave a list of ants found at
the INL Site. This has given us a base to study some
ecological relationships between some of the ant taxa at
the INL Site and a variety of ant guests.
One such ant guest taxa, a desert beetle (Coleoptera:
Tenebrionidae, Philolithus elatus; Figure 10-8, Figure
10-9) is not previously known from the INL Site (Stafford et al. 1986). We have collected in Pogonomyrmex
salinus nests and is the subject of study and description

(Clark et al. in prep). We have now taken photographs
with light microscopes and SEM, and we have observed
a Philolithus elatus female ovipositing on a Pogonomyrmex salinus nest. The results will be published in Clark
et al. (in prep) and have been presented in Clark et al.
(2015).
We are also working on a publication relating to past
research at the site involving cicadas and Pogonomyrmex
salinus nests (Blom and Clark, in prep).
An undescribed species of Jerusalem cricket (Orthoptera: Stenopelmatidae, Stenopelmatus sp.) has been
found at the INL Site. The Stenopelmatus sp. was found
in the ant nests during previous fieldwork. A series of
live individuals, including both males and females, were
needed for a proper species description. Live specimens
were collected in July 2013, and additional specimens
were collected during September 2014. In addition, one
specimen was found in one of the excavated ant nests.
They have been shipped to the specialist in the group for
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During July 2018 we observed numerous examples
of the beetle Disonycha latifrons Schaeffer (Coleoptera,
Chrysomelidae) feeding on the shrub, low narrowleaf
rabbitbrush (Chrysothamnus viscidifloris [Hook.] Nutt.
ssp. viscidifloris var. stenophyllus [Gray] Hall). The beetles were dense on the shrubs, often numbering 50-100 or
more per plant.
July 22, 2019, we spent part of the night at the Circular Butte site searching for a rare cactus feeding beetle
(Moneilema sp.). We did not find the beetle, but our
field work was cut short by the Sheep Fire. We plan to
continue searching areas at INL that contain cacti (Opuntia) this summer and see if we can find the beetles here.
They were not reported from the INL Site by Stafford et
al. (1986). We were able to find the beetles near Oakley
in Cassia County, so it may be possible to find them at
the INL Site.

Figure 10-8. Museum Specimen of Philolithus elatus
from the Circular Butte Site at the Idaho National
Laboratory. W.H. Clark Photo.
rearing and description. This relationship will require
more study during future visits to the INL Site. The species will be described in the next couple of years as part
of a North American study, by Dr. David Weissman of
the California Academy of Sciences.

Voucher specimens collected at the INL Site have
been deposited in the insect collection at the Orma J.
Smith Museum of Natural History, The College of Idaho
and are available for research.
Field research will continue into the foreseeable future.

In addition, during 2015, we made field observations of predation on Pogonomyrmex salinus, and this
turns out to be a different spider species as predator of
the ant from what we have previously reported for the
site (Clark and Blom 1992). The spider has since been
identified as Xysticus, a member of the family Thomisidae (crab spiders). This family and genus are likely new
records for the INL and as predators on Pogonomyrmex
salinus.
During the 2016 field season, we continued research
relating to the projects listed above. We observed many
(most) nests of Pogonomyrmex salinus with small holes
dug into them, presumably by heteromyid rodents. This
interaction has been reported in the literature by Clark
and Comanor (1973) for Pogonomyrmex occidentalis,
but not yet reported for Pogonomyrmex salinus. These
seed stores in ant nests may represent a significant food
source for the rodents at INL Site.

Figure 10-9. Living Specimen of Philolithus elatus
from the Circular Butte Site at the Idaho National
Laboratory Site, September 6, 2017, midday.
W.H. Clark Photo.
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10.4.2 Studies of Great Basin Rattlesnakes
on the INL Site: Behavioral Ecology of
Pregnant Snakes
Vincent A. Cobb, Department of Biology, Middle
Tennessee State University, Murfreesboro, TN 37132,
vincent.cobb@mtsu.edu

More ecological studies have been conducted on
the Great Basin Rattlesnake, Crotalus oreganus lutosus
than any other reptile species on the INL Site. This species occurs in large numbers in several areas on the INL
Site and is best known for their large aggregations, of
sometimes several hundred individuals, at underground
overwintering sites (hibernacula). During their activity season, C. o. lutosus make a lengthy migration away
from and back to a hibernaculum. While adult male and
non-pregnant female rattlesnakes travel several km during their active season to forage and find mates, pregnant
individuals move less and generally remain within 1 km
of their hibernaculum. These pregnant snakes spend
most of their active season gestating under rocks until
they give birth. The selection of an appropriate gestation
site is important for pregnant snakes to avoid predators
such as badgers and hawks but also to provide proper
thermoregulatory opportunities because embryonic development is influenced by temperature. Although any
given female rattlesnake may only give birth once every
3-4 years, there is strong observational evidence that
these gestation rocks are used frequently by multiple females. Therefore, one can hypothesize that the distribution and abundance of appropriate rocks is important for
this species.
In 2018 and 2019, a project was conducted on the
INL Site to locate gestation rocks used by pregnant C.
o. lutosus and to measure their attributes to determine if
pregnant rattlesnakes were selecting specific rocks. A
total of 22 gestation rocks were identified by the continued presence of pregnant rattlesnakes at these rocks
throughout their active season. Transects were set up at
each of these gestation sites to measure the physical attributes of the gestation rocks and other nearby rocks that
were available (n = 327) and could potentially be used.
Results indicate that gestation rocks fall within a specific
size range and have attributes that are a subset of the
available rocks; this suggests pregnant snakes are likely
making choices to use specific rocks. While the available rocks ranged in size from 20 - 200 cm2 the majority
were less than 80 cm2 (mean = 49 cm2). Pregnant snakes
selected larger rocks (mean = 114 cm2) and never chose
rocks less than 71 cm2. Additional rock features pre-

ferred by pregnant snakes were slightly thicker rocks,
rocks with soil underneath (instead of rock on rock),
and rocks with little or no vegetation cover. One
potential benefit of larger rocks is that they provide
greater thermal inertia, retaining heat throughout the
night whereas smaller rocks would cool more quickly
at night. Another benefit is that larger rocks may
provide better protection from predators than smaller
rocks. Nevertheless, badgers are a formidable predator of rattlesnakes and three observations were noted
on the INL Site of badgers attempting to dig out rattlesnakes from under rocks; all three attempts appeared
to be successful. From a management and conservation perspective, once identified, the persistence and
non-destruction of gestation rocks could be important
for maintaining Great Basin Rattlesnake populations
because these rocks have specific characteristics that
allow yearly success in reproduction.
Acknowledgments
I thank William Doering (University of Idaho undergraduate student) for assistance in locating gestation rocks and Derek Schleicher (Craters of the Moon
student intern) for assistance in the measuring rock
attributes.

10.4.3 Effects of Cattle Grazing on SageGrouse Demographic Traits
Courtney J. Conway, U.S. Geological Survey &
University of Idaho, 875 Perimeter Dr., MS 114,
Moscow, ID 83844, cconway@uidaho.edu

Despite many studies of greater sage-grouse
(Centrocercus urophasianus) habitat requirements,
surprisingly little is known about the effects of livestock grazing on sage-grouse populations and habitat
characteristics. As a result, unsubstantiated claims are
often made about the presumed effects (both positive
and negative) of livestock grazing on sage-grouse,
and litigation over this issue is common. A review
of the effects of grazing on sage-grouse identified the
paucity of information on the topic and the need for
replicated field experiments to determine the effects
of grazing on sage-grouse demographic traits (Beck
and Mitchell 2000). Past and current studies that have
evaluated the relationship between cattle grazing and
sage-grouse have used a correlative rather than an
experimental approach and have included insufficient
replication and relatively small sampling plots.
To address this priority information need, we
began implementing a series of replicated field ex-
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periments in Idaho during 2014 to rigorously evaluate
the effects of different livestock grazing regimes on
demographic traits and habitat characteristics of sagegrouse. Our experiments particularly focus on examining the effects of spring cattle grazing because spring is
often considered the most crucial period for sage-grouse
survival (Connelly et al. 2000, Wik 2002), and spring is
often considered the season when grazing poses the biggest threat to sage-grouse. Results from our study will
help guide management actions and inform policy and
litigation decisions regarding the relationship between
livestock grazing and sage-grouse habitat throughout the
species’ range. Results will also provide land managers

and livestock operators with a credible answer to a commonly debated question and support science-based management actions when they are challenged by litigation.
Currently, our project encompasses five study sites
(i.e., grazing allotments) in Idaho – see Figure 10-10.
Each of the five study sites includes four pastures managed for livestock grazing, and we randomly assign them
to four grazing treatments where we experimentally
manipulate grazing intensity. One of the four grazing
treatments is a control pasture where livestock grazing is
completely removed for >4 years. Although this experimental design is robust, it is unable to address one of the

Figure 10-10. Idaho Study Sites for Study on Effects of Cattle Grazing on Sage-grouse Demographic Traits.
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challenges inherent to any study that seeks to understand
the potential effects of livestock grazing on Intermountain West rangelands. The challenge is that nearly all
sagebrush steppe (including our five control pastures)
have been grazed by livestock for over a century (West
1996, cited in Noss et al. 1995). Hence, we sought a
study site that had not been grazed in many years so that
we could assess the effects of long-term removal from
grazing. If long-term residual effects of past grazing
affect our five control pastures, our results might be discounted by some critics.
One of the very few places (if not the only place)
within sage-grouse nesting habitat in Idaho that has not
been grazed by livestock for many years is the INL Site
where livestock grazing has not been allowed since at
least 1950 (Harniss and West 1973). Hence, we initiated
a 6th study site on portions of the INL Site in 2019. Specifically, our objective is to document sage-grouse demographic traits (e.g., daily nest survival, brood survival
and movements) and vegetation features (e.g., sagebrush
canopy cover) that contribute to sage-grouse habitat suitability. These data will provide a baseline to the larger
grazing study and will allow us to better assess if removing livestock grazing for a few years from the other sites
results in measurable differences in sage-grouse demographic traits and vegetative features.
In March and April 2019, we drove on two-track
roads at night near several known lek locations on the
INL Site, continually scanning the area using spotlights
and binoculars. When we spotted a roosting sage-grouse
hen, we continued to focus the spotlight beam on the bird
while we approached and captured her with a hand-held
net (Wakkinen et al. 1992). We attached a necklace style
very high frequency transmitter on each bird, recorded
capture location, body weight, and age, and released the
bird at the capture site. In total, we captured seven adult
and four yearling female sage-grouse on the study site
(i.e., in areas that had not been grazed by livestock in decades) or elsewhere on the INL Site.
We were able to track four females until they nested,
and then we monitored them at least once each week until their clutch hatched, or the nest was depredated. For
a fifth hen, we obtained ≥1 location during at least 50%
of monitoring weeks, but we never detected a nesting
event. Of the six other females captured, one died before
she initiated a nest and the other five were not tracked for
long because we were unable to detect their collar signals
soon after they were released or they moved off the study
site into areas currently grazed by livestock.

Based on our observations of individual females,
we estimate that nest incubation for the four nests was
initiated between 17 April and 14 May 2019. Two nests
(50%) were successful, with at least one chick hatching.
We were unable to verify the cause of nest failure on
the other two. For the two successful nests, clutch size
was 7 and 8 eggs, and estimated hatch date was the 21st
and 30th of May. We tracked successful hens and their
broods until 42 days after hatching, and in both cases at
least one chick survived to the end of that period.
We established 20 plots on the INL Site to sample
arthropods, which are important for growth and development of sage-grouse chicks. Each plot had four pitfall
traps that were opened approximately May 23 and closed
approximately June 13. Each of four weeks, we visited
the plots to empty captured arthropods from the traps and
to conduct two sweep-net transects per plot. Additionally, we conducted ant mound surveys at each arthropod
sampling plot. These data have not yet been analyzed, so
a summary of results cannot be provided here.
In 2019, we completed the sixth year of field work
on our Idaho sage-grouse and livestock grazing project.
We added the INL Site in 2019 as a 6th study site to
serve as an important baseline because areas in the interior of the INL Site have not been grazed by livestock for
many decades. Unfortunately, we encountered few sagegrouse hens and, consequently we were unable to deploy
as many radio collars as we had hoped. One possible
reason for the low number of encounters is that sagegrouse abundance was relatively low in 2019. Across
the INL Site, male attendance at a subset of 27 leks was
down approximately 17% in 2019 compared to 2018, and
peak male attendance on those leks had decreased at least
11% each of the past three years (Shurtliff et al. 2020).
Another factor contributing to low encounter rates was
that sagebrush height and density near target leks were
relatively tall and dense, making it difficult to detect
roosting sage-grouse at night. Moreover, we are permitted to drive off-road at the other 5 study sites to search
for roosting sage-grouse, but we are restricted to roads at
INL and that likely reduced our ability to find and capture grouse at INL.

10.5 U.S. Geological Survey 2019
Publication Abstracts
In 1949, the USGS was asked to characterize water
resources prior to the building of nuclear-reactor testing
facilities at the INL Site. Since that time, USGS hydrologists and geologists have been studying the hydrology
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and geology of the eastern Snake River Plain (ESRP)
and the ESRP aquifer.
At the INL Site and in the surrounding area, the
USGS INL Project Office:
•

Monitors and maintains a network of existing wells

•

Drills new research and monitoring wells,
providing information about subsurface water,
rock, and sediment

•

Performs geophysical and video logging of new
and existing wells

•

Maintains the Lithologic Core Storage Library.

Data gathered from these activities are used to create and refine hydrologic and geologic models of the
aquifer, to track contaminant plumes in the aquifer, and
to improve understanding of the complex relationships
between the rocks, sediments, and water that compose
the aquifer. The USGS INL Project Office publishes
reports about their studies, available through the USGS
Publications Warehouse: https://prd-wret.s3.us-west-2.
amazonaws.com/assets/palladium/production/atoms/
files/INL_Bibliography3.pdf
Three reports were published by the USGS INL
Project Office in 2019. The abstracts of these studies
and the publication information associated with each
study are presented below.

10.5.1 Iodine-129 in the eastern Snake
River Plain aquifer at and near the Idaho
National Laboratory, Idaho, 2017–18
(Maimer and Bartholomay, 2019)
From 1953 to 1988, approximately 0.941 curies of
iodine-129 (129I) were contained in wastewater generated at the Idaho National Laboratory, with almost all
of it discharged at or near the Idaho Nuclear Technology and Engineering Center (INTEC). Until 1984,
most of the wastewater was discharged directly into
the eastern Snake River Plain (ESRP) aquifer through
a deep disposal well; however, some wastewater was
also discharged into unlined infiltration ponds or leaked
from distribution systems below the INTEC.
During 2017–18, the U.S. Geological Survey, in
cooperation with the U.S. Department of Energy, collected samples for 129I from 30 wells that monitor the
ESRP aquifer to track concentrations and changes of
the carcinogenic radionuclide that has a 15.7 million-

year half-life. Concentrations of 129I in the aquifer
ranged from 0.000016 ± 0.000001 to 0.88+/- 0.03 picocuries per liter (pCi/L), and concentrations generally
decreased in wells near the INTEC as compared with
previously collected samples. The average concentration of 15 wells sampled during 5 different sample
periods decreased from 1.15 pCi/L in 1990–91 to 0.168
pCi/L in 2017–18, but average concentrations were
similar to 2011–12 within analytical uncertainty. All
but four wells within a 3-mile radius of the INTEC
showed decreases in concentration, and all samples had
concentrations less than the U.S. Environmental Protection Agency’s maximum contaminant level of 1 pCi/L.
These decreases are attributed to the discontinuation of
disposal of 129I in wastewater and to dilution and dispersion in the aquifer. Some wells southeast of INTEC
showed increasing trends; these increases were attributed to variable transmissivity.
Although wells near INTEC sampled in 2017–18
showed decreases in concentrations compared with
data collected previously, some wells south of the INL
boundary showed small increases. These increases are
attributed to historical variable discharge rates of wastewater that eventually moved to these well locations as a
pulse of water from a particular disposal period.

10.5.2 Evaluation of chemical and
hydrologic processes in the eastern Snake
River Plain aquifer based on results from
geochemical modeling, Idaho National
Laboratory, eastern Idaho (Rattray, G. W.
2019)
Nuclear research activities at the U.S. Department
of Energy (DOE) Idaho National Laboratory (INL)
produced liquid and solid chemical and radiochemical
wastes that were disposed to the subsurface resulting in
detectable concentrations of some waste constituents in
the eastern Snake River Plain (ESRP) aquifer. These
waste constituents may affect the water quality of the
aquifer and may pose risks to the eventual users of the
aquifer water. To understand these risks to water quality the U.S. Geological Survey, in cooperation with the
DOE, conducted geochemical mass-balance modeling
of the ESRP aquifer to improve the understanding of
chemical reactions, sources of recharge, mixing of water, and groundwater flow directions in the shallow (upper 250 feet) aquifer at the INL.
Modeling was conducted using the water chemistry
of 127 water samples collected from sites at and near
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the INL. Water samples were collected between 1952
and 2017 with most of the samples collected during the
mid-1990s. Geochemistry and isotopic data used in geochemical modeling consisted of dissolved oxygen, carbon dioxide, major ions, silica, aluminum, iron, and the
stable isotope ratios of hydrogen, oxygen, and carbon.

recharge of groundwater from the BLR valley that extended to the west INL boundary. The results from geochemical modeling probably were more accurate because
major ion concentrations, but not isotope ratios, were
available to characterize groundwater from the BLR valley and the Lost River Range.

Geochemical modeling results indicated that the
primary chemical reactions in the aquifer were precipitation of calcite and dissolution of plagioclase (An60) and
basalt volcanic glass. Secondary minerals other than calcite included calcium montmorillonite and goethite. Reverse cation exchange, consisting of sodium exchanging
for calcium on clay minerals, occurred near site facilities
where large amounts of sodium were released to the
ESRP aquifer in wastewater discharge. Reverse cation
exchange acted to retard the movement of wastewaterderived sodium in the aquifer.

Sources of recharge identified with a groundwater
flow model (using particle tracking) and geochemical
modeling were similar for the Northeast and Southeast
INL Areas. However, differences between the models
were that the geochemical model represented (1) recharge of groundwater from the Lost River Range in the
western part of the INL, whereas the flow model did not,
(2) recharge of groundwater from the BC and BLR valleys extending farther south and east, respectively, than
the flow model, and (3) more recharge from the BLR in
the Southwest INL Area than the flow model.

Regional groundwater inflow was the primary source
of recharge to the aquifer underlying the Northeast and
Southeast INL Areas. Birch Creek (BC), the Big Lost
River (BLR), and groundwater from BC valley provided recharge to the North INL Area, and the BLR and
groundwater from BC and Little Lost River (LLR) valleys provided recharge to the Central INL Area. The
BLR, groundwater from the BLR and LLR valleys and
the Lost River Range, and precipitation provided recharge to the Northwest and Southwest INL Areas. The
primary source of recharge west and southwest of the
INL was groundwater inflow from BLR valley. Upwelling geothermal water was a small source of recharge at
two wells. Aquifer recharge from surface water in the
northern, central, and western parts of the INL indicated
that the aquifer in these areas was a dynamic, open system, whereas the aquifer in the eastern part of the INL,
which receives little recharge from surface water, was a
relatively static and closed system.

Mixing of aquifer water beneath the INL included
(1) mixing of regional groundwater and water from the
BC valley in the Northeast and Southeast INL Areas
and (2) mixing of surface water (primarily from the
BLR) and groundwater across much of the North, Central, Northwest, and Southwest INL Areas. Localized
recharge from precipitation mixed with groundwater in
the Northwest and Southwest INL Areas, and localized
upwelling geothermal water mixed with groundwater in
the Central and Northeast INL Areas. Flow directions of
regional groundwater were south in the eastern part of
the INL and south-southwest at downgradient locations.
Groundwater from the BC and LLR valleys initially
flowed southeast before changing to south-southwest
flow directions that paralleled regional groundwater, and
groundwater from the BLR valley initially flowed south
before changing to a south-southwest direction.

Sources of recharge identified from isotope ratios
and geochemical modeling (major ion concentrations)
were nearly identical for the North, Northeast, Southeast, and Central INL Areas, which indicated that both
methods probably accurately identified the sources of
recharge in these areas. Conversely, isotope ratios indicated that the BLR and groundwater from the LLR
valley provided most recharge to the western parts of the
Northwest and Southwest INL Areas, whereas geochemical modeling results indicated a smaller area of recharge
from the BLR and groundwater from the LLR valley, a
larger area of recharge from the Lost River Range, and

Wastewater-contaminated groundwater flowed south
from the Idaho Nuclear Technology and Engineering
Center (INTEC) infiltration ponds in a narrow plume,
with the percentage of wastewater in groundwater decreasing due to dilution, dispersion, and (or) degradation from about 60‒80 percent wastewater 0.7‒0.8 mile
(mi) south of the INTEC infiltration ponds to about 1.4
percent wastewater about 15.5 mi south of the INTEC infiltration ponds. Wastewater contaminated groundwater
flowed southeast and then southwest from the Naval Reactors Facility industrial waste ditch, with the percentage
of wastewater in groundwater decreasing from about 100
percent wastewater adjacent to the waste ditch to about 2
percent wastewater about 0.6 mi south of the waste ditch.
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10.5.3 Transmissivity and geophysical data
for selected wells located at and near the
Idaho National Laboratory, Idaho, 2017–18
(Twining and Maimer, 2019).
The U.S. Geological Survey, in cooperation with the
U.S. Department of Energy, conducted aquifer tests during 2017–18 on 101 wells at and near the Idaho National
Laboratory, Idaho, to define the hydraulic characteristics
for individual wells. These were short-duration aquifer
tests, conducted with a limited number of observations
during routine sampling. Pumped intervals (water columns) for individual wells ranged from 12 to 790 feet
(ft). Semi-constant discharge rates during aquifer testing
ranged from 1 to 45 gallons per minute, water-level response to pumping ranged from no observed drawdown
to 52.4 ft, and length of aquifer tests for individual wells
ranged from 10 to 160 minutes. Individual well data
were analyzed to estimate the capacity of the well to produce water (specific capacity) and to estimate values for
transmissivity. Estimates of specific capacity for individual wells ranged from less than 1.0 to greater than (>) 3.0
× 103 gallons per minute per foot; estimates of transmissivity for individual wells ranged from 2.0 to >5.4 x 105
feet squared per day.
Geophysical log data, well construction information,
and general geology for individual wells were presented
and included in this report. Basic hydrogeologic features
for individual wells were described, along with a composite of natural gamma, neutron, gamma-gamma dual
density, and acoustic televiewer data (when available).
The geophysical and geologic data were used to suggest
the location and thickness of sediment layers along with
fractured and dense basalt areas for individual wells.
Geophysical data were used to describe the general geology where geologic descriptions and (or) driller notes
were not available.
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