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Ecological monitoring and research at the Idaho National Laboratory Site in 2018 was focused on: 1) monitor-
ing the condition and conservation status of vegetation communities and sensitive plant species; 2) annual assess-
ment of sagebrush habitat and restoration-based conservation efforts to support the Candidate Conservation Agree-
ment (CCA) 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 2018 including  analysis and 
reporting of data collected across the INL Site using the Long-term Vegetation (LTV) transects and associated per-
manent plots from 1950 through 2016. The LTV project allows researchers to observe long-term vegetation changes 
and the potential impacts of these changes across the INL Site. Progress also continued on an update to the INL Site 
vegetation mapping effort. In 2108, accuracy assessment data were collected, completing the third step in a three-part 
process. The map and accompanying technical report will be finalized and published in 2019.

Sagebrush habitat monitoring and conservation measures to support the CCA were addressed by two tasks in 
2018. The first entails resampling 75 plots, which have been sampled annually since 2013, to assess habitat condi-
tion. Absolute cover, height, and density of sagebrush and perennial grass/forbs were measured for this task. Sage-
brush habitat restoration continued in 2018 and seedling survivorship assessments of shrubs planted in 2017 were 
completed.

During 2018, two ecological research project were conducted on the Idaho National Environmental Research 
Park; continued studies of ants and ant guests at the INL Site and behavioral ecology of pregnant Great Basin Rattle-
snakes. The INL Site was designated as a NERP in 1975. The National Environmental Research Parks 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. Depart-
ment of Energy (DOE) 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. 

The United States Geological Survey (USGS) has been studying the hydrology and geology of the eastern Snake 
River Plain and eastern Snake River Plain aquifer since 1949. The USGS INL Project Office collects data from re-
search and monitoring wells to create and refine hydrologic and geologic models of the aquifer, to track contaminant 
plumes in the aquifer and improve understanding of the complex relationships between the rocks, sediments and wa-
ter that compose the aquifer. Four reports were published in 2018 by the Idaho National Laboratory Project Office.

9. ENVIRONMENTAL RESEARCH AT 
THE IDAHO NATIONAL LABORATORY 
SITE 

This chapter summarizes ecological monitoring and 
research performed at the Idaho National Laboratory 
(INL) (Sections 9.1 through 9.4) by ESER and research 
conducted on the eastern Snake River Plain and eastern 
Snake River Plain aquifer by the United States Geologi-
cal Survey (Section 9.5) during 2018.

9.1 Ecological Monitoring and Research at 
the Idaho National Laboratory

Ecological monitoring and research on the INL Site 
generally falls into three categories; 

1.  Monitoring the condition and conservation status of 
vegetation communities and sensitive plant species, 

2.   Annual assessment of sagebrush 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 
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3.   Research supported through the National 
Environmental Research Park (NERP).

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 sensi-
tive 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 conse-
quences of vegetation change over time and within a 
greater regional context, to make quantitative data avail-
able for land use planning, and to support environmental 
regulatory compliance (i.e., National Environmental Pol-
icy Act [NEPA]). Component tasks include the long-term 
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 an INL Site 
Vegetation Map update was initiated in 2017.

The second set of ecologically-based tasks and ac-
tivities 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 (FWS) 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 docu-
ment habitat distribution across the INL Site. The habitat 
distribution task is completed periodically, based on 
available imagery, and was not conducted in 2018. 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 previ-
ously planted areas for survivorship.

The INL Site was designated as a NERP in 1975. 
According to the Charter for the National Environmen-
tal Research Parks, NERPs are intended to be outdoor 
laboratories where research can be carried out to achieve 
agency and national environmental goals. Those envi-
ronmental goals are stated in the NEPA, the Energy Re-
organization 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 un-
disturbed sagebrush steppe habitat and restricted public 
access. Universities typically provide their own funding 
and the Environmental Surveillance, Education, and Re-
search (ESER) Program facilitates researcher access to 
the INL Site. There are two ecological research projects 
ongoing through the Idaho NERP, one includes docu-
menting ants and associated arthropods on the INL Site, 
and the other involves tracking rattlesnake movements 
through gestation and dispersal of young. 

9.2 Vegetation Communities and 
Sensitive Plant Species

9.2.1 The Long-term Vegetation Transects
The LTV transects and associated permanent plots 

were established on what is now the INL Site in 1950 
for the purposes of assessing impacts of nuclear energy 
research and production on surrounding ecosystems 
(Singlevich et al. 1951). Initial sampling efforts focused 
on potential fallout from nuclear reactors and the ef-
fects of radionuclides on the flora and fauna of the Up-
per Snake River Plain. After several years of sampling, 
however, the concentrations and any related effects of 
radionuclides on the sagebrush steppe ecosystem of 
the INL Site were determined to be negligible (Harniss 
1968).

Because the LTV plots were widely distributed 
across two transects that bisect the INL Site (Figure 9-1) 
and vegetation abundance data had been collected peri-
odically since their establishment, their utility as a basis 
for monitoring vegetation trends in terms of species 
composition, abundance, and distribution was eventual-
ly recognized. Vegetation data collection has continued 
on the LTV plots on a regular basis, about once every 
five years. Eighty-nine LTV plots are still accessible, 
and most have now been sampled consistently between 
1950–2016, making the resulting dataset one of the 
oldest, largest, and most comprehensive for sagebrush 
steppe ecosystems in North America.

As the mission of the INL Site has grown and 
changed over the past 65 years, so too has the purpose 
and utility of the LTV project. Although the LTV project 
was initiated to address energy development at the INL 
Site, it is unique in its capacity to allow investigators to 
observe long-term vegetation change and the potential 
impacts of that change at the INL Site and across the 
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Site in the past seven years (Figure 9-1). Soil disturbance 
associated with fighting wildland fires and disturbance 
associated with general increases in the use of remote 
back country areas are notable throughout the Intermoun-
tain West. Concurrently, many of the hottest and driest 
years during the 60-year weather record occurred during 
the past decade. All of these factors contribute to increas-
ing stress on native plant communities and potentially set 

region. Abiotic and biotic conditions (conditions created 
by the physical environment and by other living organ-
isms) have been characterized by rapid change over the 
past few decades. These changes include shifts in land 
cover, land use, and weather. Several large wildland fires 
have removed sagebrush from a large portion of the Up-
per Snake River Plain over the past twenty years; nearly 
60,000 hectares (148,263 acres) have burned on the INL 

Figure 9-1.  Long-term Vegetation Transects and Permanent Plot Locations on the INL Site. 
Wildland fires depicted are from 1994-2016.
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spring precipitation on the INL Site over the past decade. 
Changes in the seasonality of precipitation are likely also 
affecting the abundance of introduced annuals, especially 
with respect to the magnitude of change from one sample 
period to the next. Increased pressure from non-native 
species, including annuals like cheatgrass (Bromus tecto-
rum) and perennials like crested wheatgrass (Agropyron 
cristatum), will undoubtedly persist over the next few 
decades. Some of the more recent changes in vegetation 
distribution and structure on the LTV plots may suggest 
the beginning of a shift to INL Site plant communities 
that are less resilient than they have been in the past. 
As sagebrush steppe management across the West faces 
increasing challenges, the LTV will continue to provide 
useful insight to local scientists and regional researchers 
alike. 

A technical report summarizing the results of the 
LTV project through 2016 was completed in 2018 and is 
available on the ESER website (http://www.idahoeser.
com/PDF/2016LTVReport.pdf).

9.2.2 INL Site Vegetation Map Update
The most recent vegetation map for the INL Site 

was based on vegetation classification data sampled 
across the Site and a time-series of digital imagery used 
to produce manual map delineations (Shive et al. 2011). 
This dataset represented a substantial improvement over 
previous maps of the INL Site in terms of resolution, 
accuracy, and statistical rigor. Since its completion, the 
vegetation map has been used extensively to support 
inventory and monitoring of ecological resources on 
the INL Site. Several of the monitoring and adaptive 
management tasks outlined in the CCA for Greater Sage-
grouse (DOE-ID and FWS 2014), including assessment 
of the status of habitat distribution, require an accurate 
vegetation map. The vegetation map is also instrumen-
tal for identifying and prioritizing potential habitat for 
other sensitive species, identifying restoration and/or 
weed control opportunities, and characterizing affected 
environments for NEPA analyses. Over the past decade, 
the vegetation map has become one of ESER’s most im-
portant datasets and is used to support nearly every other 
ecologically based task.

Because the vegetation map is integral to the ESER 
Program, it is important to update the map periodically 
to ensure that both the vegetation classes identified on 
the INL Site and the mapped boundaries of those classes 
remain accurate. There have been many changes in veg-
etation distribution and composition since the map was 

the stage for a period of dramatic change in vegetation 
across the region. The LTV project is documenting this 
change and may provide some context for understanding 
resistance and resilience in local sagebrush steppe.

Data were collected across the 89 active LTV plots 
for the 13th time between June and August of 2016. Plots 
were sampled for cover and density by species according 
to methodologies developed in 1950, with supplemen-
tal sampling protocols added in 1985. See Forman et 
al. (2010) for details of the project sample design. Data 
were analyzed using one- and two-way ANOVAs and 
repeated measures designs were used when possible (Zar 
1999). Significance was determined at α = 0.05 and the 
Holm-Sidak method (Sidak 1967) was used for multiple 
comparisons. Updates to analyses characterizing trends 
in native species abundance and community composition 
were addressed using both point- and line-interception 
cover data on the core plots. Analyses of non-native an-
nual species’ distribution and abundance patterns from 
1950 through the current study period were conducted 
using density/frequency data on all the LTV plots that 
were sampled during each of ten sample periods in which 
all available plots were sampled.

Notable changes between the 2011 and 2016 sample 
periods include decreases in shrub cover, particularly 
big sagebrush (Artemisia tridentata); increases in native 
grass cover; and declines in the densities of introduced 
annual grasses and forbs. In terms of long-term trends, 
big sagebrush cover is at its lowest point in the 66-year 
history of the data set and native, perennial grasses are 
near the upper end of their historical range of variability 
(Figure 9-2). Although the abundance of introduced an-
nuals has declined between the most recent two sampling 
efforts, introduced annuals remain much more abundant 
than native annuals across the LTV plots. Introduced an-
nuals have also been exhibiting fluctuations with greater 
magnitudes of change from one sample period to the next 
over the past two decades when compared with earlier 
sample periods (Figure 9-3). Coincidentally, annual pre-
cipitation was below average for four of the five years 
prior to the 2016 sample period and the seasonal timing 
of precipitation has shifted away from wet spring periods 
to elevated precipitation in late-summer and fall over 
the past five to ten years (see Forman and Hafla 2018 for 
complete description of precipitation patterns).   

Declines in big sagebrush cover are due to direct 
losses from wildland fire and possibly from reduced ger-
mination and establishment because of below average 
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Figure 9-2. Trends in Shrub Cover, Native Perennial Grass Cover, and Total Combined Perennial Grass and 
Shrub Cover from 1950 to 2016 for the Core Subset of Plots on the Long-term Vegetation Project at the INL Site. 
Data were collected using line-interception methods and are represented here as means ± 1 SE. Numbers in parentheses 

at the top of the frame indicate the number of plots for which data were available in each sample year.

Figure 9-3. Density and Frequency Trends for Bromus tectorum on the Long-term Vegetation Project Permanent 
Plots at the INL Site from 1950 to 2016. 

Data are means ± 1 SE. *Frequency data are missing from the 1995 data archives.
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ers (e.g., digital elevation model) were also used during 
the image delineation process to help identify vegetation 
class patterns on the landscape. 

The limitations of applying automated image clas-
sification methods in a semi-arid sagebrush steppe envi-
ronment were identified during previous mapping experi-
ences on the INL Site; therefore, polygons were mapped 
using manual photo interpretation of digital imagery di-
rectly within a GIS. The map delineations were produced 
through manual interpretation and digitizing at a 1:6,000 
mapping scale using a suite of GIS editing tools. To cap-
ture the fine-scale details of five non-vegetation classes 
(e.g., paved roads and borrow sources) and one agricul-
tural class, those classes were digitized at approximately 
a 1:2,000 mapping scale.

After reviewing the vegetation class list resulting 
from statistical classification, it was apparent that several 
vegetation classes were unlikely to be recognizable in 
multispectral imagery. Consequently, there were two sets 
of the original 16 vegetation classes that were combined 
into a single map class resulting in a total of 14 map 
classes. Each of the delineated polygons were assigned to 
one of the 14 map classes (Table 9-1)or to one of the five 
non-vegetation classes.

Once the map delineations were completed, spatial 
topology was implemented to perform the final Quality 
Assurance/Quality Control of the map polygons. Topol-
ogy rules test whether polygons erroneously overlap 
one another or have small gaps between adjacent poly-
gons that should share a common edge. Mapping errors 
were manually edited and corrected, and then topology 
validation was rerun to verify all geometric errors were 
resolved.

The updated INL Site vegetation map contains 7,637 
polygons, of which 7,265 (95.1%) represent vegetation 
classes. The remaining 372 (4.9%) polygons were as-
signed to non-vegetation special classes that accounted 
for only 30.3 km2 (7,478.8 acres) of the total mapped 
area (Table 9-1). The Big Sagebrush – Green Rabbit-
brush (Threetip Sagebrush) Shrubland class contained 
the largest amount of total area mapped with 851.2 km2 
(210,330.9 acres). The second largest class mapped was 
the combined Green Rabbitbrush/Thickspike Wheatgrass 
Shrub Grassland and Needle and Thread Grassland class 
with 570.8 km2 (141,035 acres). The three largest map 
classes cover 73.2% of the vegetated area on the INL 
Site, suggesting the majority of vegetation communities 
are dominated by big sagebrush or species most com-

completed. The most spatially discrete changes were 
caused by four, relatively large wildland fires that burned 
approximately 52,820 ha (130,521 acres), representing 
approximately 23% of the INL Site from 2010–2012. 
More gradual changes in plant community composition, 
like increases in the abundance and distribution of non-
native annual grasses and forbs, have also been occurring 
over the past decade. These changes will affect the way 
vegetation classes are defined and mapped across the 
INL Site and will be an important consideration for all 
ESER tasks that utilize the vegetation map. 

A comprehensive update to the current map was 
initiated in 2017 and involves three steps; 1) plant com-
munity classification to define vegetation classes, 2) map 
delineations of those classes, and 3) accuracy assessment 
of the map. The plant community classification was com-
pleted 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 com-
pleted in 2018, and plots were sampled to collect data for 
an accuracy assessment of the updated map. 

Upon completion of the plant community classifica-
tion, a dichotomous key to INL Site vegetation classes 
was developed using constancy and mean cover values 
for each class. Because specific ranges of cover values 
are difficult to estimate rapidly in the field, dichotomies 
in the key were driven by relative abundance concepts 
like; “dominant,” “co-dominant,” “abundant,” “com-
mon,” and “rare.”  While these concepts facilitate ef-
ficient data collection, they necessarily oversimplify the 
range of variability present in most plant communities. 
The dichotomous key was used to assign vegetation 
classes to accuracy assessment plots sampled during the 
independent map validation data collection. The key will 
also be used to support rapid vegetation characterization 
for NEPA assessments.  

The 2017 Idaho National Agricultural Imaging Pro-
gram color-infrared multispectral imagery was used as 
the primary base map layer for manual map delineations. 
The 2015 Idaho National Agricultural Imaging Program 
imagery was also utilized in regions where water was 
present in the 2017 imagery and obscured the ground. To 
assist with the vegetation class delineations, two vegeta-
tion indices (i.e., the Normalized Difference Vegetation 
Index and the Soil-adjusted Vegetation Index), as well as 
a statistical texture layer (i.e., 3 x 3 Range), were calcu-
lated from the base map imagery. Ancillary GIS data lay-
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given the opportunity to select a second vegetation class 
and note when the field key did not perform well at the 
plot. ESER staff, including plant ecologists and a natural 
resource specialist, reviewed all the plots where the field 
key did not work well to determine whether those data 
should be discarded from the dataset. The internal review 
resulted in a total of 453 validation plots (Figure 9-4) 
that will be used to support the accuracy assessment of 
the final vegetation map.

In 2019, a standard error matrix will be used to cal-
culate map accuracy metrics including user’s and pro-
ducer’s accuracy, overall accuracy and the Kappa statis-
tic. The mapping results will be summarized, and a final 
technical report will be published to document the veg-
etation map update and make the spatial data available to 
support ongoing ESER natural resource and monitoring 
projects.

9.3 Sagebrush Habitat Monitoring and 
Restoration

9.3.1 Sagebrush Habitat Condition
Sage-grouse cannot survive without healthy sage-

brush stands that meet certain criteria related to the con-
dition and distribution of their habitat (Connelly et al. 
2000). Sage-grouse use sagebrush dominated lands year-
round and rely on sagebrush for food, nesting, and con-
cealment from predators. In addition to healthy stands of 
sagebrush, sage-grouse also require a diverse understory 

monly associated with post-fire communities where big 
sagebrush was previously present.  

The Big Sagebrush – Green Rabbitbrush (Threetip 
Sagebrush) Shrubland class also had the greatest number 
of map polygons with 2,388 and an average polygon area 
of 0.36 km2 (88.1 acres). The class containing the second 
largest number of polygons was the Cheatgrass Ruderal 
Grassland class with 1,435 polygons. However, the mean 
area of Cheatgrass Ruderal Grassland class was much 
smaller at 0.06 km2 (15.9 acres) and many of the poly-
gons mapped were isolated individual patches rather than 
larger contiguous areas.

Initially, 400 random plot locations were selected, 
and they were stratified across each map class to support 
the accuracy assessment of the vegetation map. Some of 
the randomly selected points were dropped during field 
data collection for a variety of reasons, such as access 
issues from impassable roads. Around the midpoint of 
the field season current sample sizes were considered 
and additional random points for rare classes were gener-
ated to help achieve minimum sample size requirements, 
and to expand the distribution and number of plots lo-
cated within recently burned areas. Random points were 
dropped for some abundant classes mid-season as those 
classes had already been adequately sampled. 

Field crews used the dichotomous field key to assign 
a vegetation class at each plot location and were also 

Table 9-1. Vegetation Map Class Summary for the INL Site. The two map classes denoted with an asterisk represent 
degraded vegetation communities that were assigned the most closely related map class, but generally contain an abun-

dance of non-native species not well-represented in the dichotomous key.
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Seventy-five habitat condition monitoring plots have 
been sampled annually since 2013. The annual plots are 
split into two groups. The first group consists of 48 plots 
located in areas currently mapped as sagebrush habitat. 
The second group contains 27 plots located in recovering 
habitat where sagebrush has been lost due to wildland 
fires. To increase sample size and to address potential 
habitat threats, specifically fire and livestock use, an ad-
ditional 150 plots were added and are sampled on a ro-
tational basis. Rotational plots are divided into three sets 
of 50 plots that are each sampled once over a five-year 
cycle. Plots are sampled for vegetation cover, height by 
species, sagebrush density, and sagebrush juvenile fre-
quency. In 2018, data were collected on 75 annual and 50 
rotational plots between June and August (Figure 9-5). 
Results from annual plots were summarized and results 
were compared to a site-specific baseline from previous 

of native forbs and grasses which provide protection 
from predators and supply high-protein insects necessary 
for rapidly growing chicks (Connelly et al. 2011).

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 moni-
toring data have been used to track trends in the qual-
ity 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 and their en-
vironment (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 communi-
ties considered to be appropriate habitat for sage-grouse 
on the INL Site.

Figure 9-4. Vegetation Map Accuracy Assessment Plot Locations Sampled During the
 Summer of 2018 on the INL Site.
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to regional guidelines (Connelly et al. 2000) and 2018 
results were interpreted within the context of the new lo-
cal means.

Overall, the newly developed local means do not 
differ drastically from general guidelines (Connelly et 
al. 2000 Table 3; Table 9-2a) for nesting and brood rear-
ing sagebrush habitat. Local means for sagebrush cover 
and height are also within the recommended range from 
regional guidelines (10-25%, 30 - 80 cm, respectively), 
local means for herbaceous cover are slightly lower than 
recommended in regional guidance (≥ 15%), and herba-
ceous height is near the lower end of the generally rec-
ommended range (> 18 cm). Relative to regional habitat 
guidelines, these site-specific departures do not appear to 
be the result of poor ecological condition, but rather the 
effect of soils and climate on the local ecosystem (For-
man et al. 2013).

years and to regional habitat guidelines (Connelly et al. 
2000).

From 2013 through 2017, biologists compared local 
monitoring results to regional sage-grouse habitat guide-
lines (Connelly et al. 2000) to evaluate the status of sage-
brush habitat on the INL Site. However, experts highly 
recommend the development of site-specific standards to 
evaluate the status of local habitat conditions (Connelly 
et al. 2000, Connelly et al. 2011). Beginning in 2018, 
enough locally collected data were available to begin de-
veloping a site-specific standard. Local habitat condition 
values (referred to hereafter as local means) were devel-
oped utilizing vegetation data from 2013 to 2017 on the 
75 annual plots. These values establish a local standard 
against which to better compare current sagebrush habi-
tat conditions on the INL Site. Because this local stan-
dard was new in 2018, the local means were compared 

Figure 9-5. Sage-grouse Habitat Condition Monitoring Plots Sampled in 2018 on the INL Site Displays Both  
Annual and Set 1 of the Rotational Plots.
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absolute cover on recovering burned areas was about 
80% in 2018 and nearly half of that cover was from in-
troduced annual grasses, namely cheatgrass. About 25% 
of the 2018 vegetative cover on recovering burned plots 
is from perennial grasses and forbs and the remaining 
25% is from green rabbitbrush (Chrysothamnus viscidi-
florus). Perennial grass/forb cover in 2018 are compa-
rable to local means. Sagebrush density remains very 
low in recovering burned plots when compared to current 
habitat plots, but 2018 densities are consistent with local 
means.

Herbaceous functional groups have been highly in-
fluenced by precipitation in 2018 and throughout the du-
ration of this monitoring effort. In 2018, total annual pre-
cipitation was above average and May precipitation was 
three times the monthly average, with a total 103 mm. 
Over the past decade, weather patterns have been highly 

In 2018, sagebrush habitat plot data were compared 
to the local means (Table 9-2b, Table 9-2a). Total abso-
lute cover on sagebrush habitat plots was about 70% and 
just under half was from shrubs (Shurtliff et al. 2019). 
Most of the shrub component was from sagebrush, and 
mean cover in 2018 was slightly higher than the local 
means. Perennial grass/forb cover and height were sub-
stantially higher in 2018, by 11% and 11 cm, when com-
pared to the local means. Perennial herbaceous cover and 
height have been increasing since 2014 and both remain 
near the upper end of their range of variability (Shurtliff 
at al. 2019). Sagebrush density was lower in 2018 than 
the local mean (Table 9-2a, Table 9-2b), but it is within 
the recorded range of variability from the 2013-2017 
habitat condition monitoring data. 

Plots from recovering burned areas were also com-
pared to the local means (Table 9-2a, Table 9-2b). Total 

Table 9-2a. Average Local Habitat Condition Values (Local Means) of Selected Vegetation Measurements for 
Evaluating the Condition of Sagebrush Habitat Monitoring Plots and Non-sagebrush Monitoring Plots 

on the INL Site. Local means were generated from 2013-2017 data.  

Table 9-2b. Summary of Selected Vegetation Measurements for Evaluating the Condition of Sagebrush Habitat 
Monitoring Plots and Non-sagebrush Monitoring Plots on the INL Site in 2018.
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tion to the 9,000 seedlings planted with DOE funding, 
an Office of Species Conservation (OSC) grant allowed 
ESER to plant an additional 15,625 seedlings on 39.1 ha 
(96.7 acres; Figure 9-6), and 300 (1.9%) of those were 
marked for future monitoring. There were no seedlings 
planted to mitigate potential sagebrush loss by contractor 
project activities in 2018. Over the past four years, a total 
of 42,000 seedlings have been planted from all funding 
sources (Figure 9-7). Sagebrush restoration has now been 
addressed on a total 135.5 hectares (334.9 acres).

To assess one-year survivorship of seedlings planted 
in 2017, 597 sagebrush seedlings were revisited in Au-
gust 2018. Of the 597 revisited seedlings, 316 (53%) 
were healthy, 33 (6%) were stressed, 67 (11%) were 
dead, and 181 (30%) were missing. Assuming the miss-
ing seedlings were dead, a total of 59% of the seedlings 
survived the first year. For comparison in 2017, 497 
seedlings planted in 2016 were revisited and 240 (48%) 
were healthy, 66 (13%) were stressed, 26 (5%) were 
dead, and 165 (33%) were missing. Therefore, the one-
year survivorship for seedlings planted in 2016 was 62%.  

Precipitation patterns from fall 2017 to fall 2018 
were characteristic of a good recruitment year. Although 
the winter was fairly dry, March through May were un-
characteristically wet, which would have been ideal for 
early spring growth precipitation for the seedlings. The 
summer growing season was slightly below average 
(Shurtliff et al. 2019). Despite the lack of moisture dur-
ing summer, most of the plants relocated were labeled 
as being healthy. Young sagebrush plants experience 
the highest mortality during the first year (Dettweiler-
Robinson et al. 2013). In a review of 24 projects where 
containerized sagebrush seedlings were planted and 
survivorship was measured after one year (Dettweiler-
Robinson et al. 2013), researchers reported first year sur-
vival of stock ranged from 14% to 94% (median = 59%, 
weighted average=57%). Thus, sagebrush establishment 
following every planting on the INL Site thus far was at 
or higher than average, even when the non-located plants 
are considered dead. 

A monitoring report containing the full results of 
the sagebrush habitat restoration project through 2018 is 
available on the ESER website (http://www.idahoeser.
com/LandManagement/PDFs/2018 percent20CCA per-
cent20Full percent20Report_Final_01-30-2019.pdf).

variable with some of the driest years on record and sub-
stantial departures from historical patterns of seasonality. 
These short-term precipitation patterns would certainly 
favor some plant species and functional groups over oth-
ers. Cover from perennial herbaceous species, as well as 
cover from cheatgrass and all annual forbs was probably 
uncharacteristically low in 2013 and 2014 (Shurtliff et 
al. 2015) and was much higher than it would likely be 
under normal conditions in 2015–2018 due to the anoma-
lous precipitation patterns in those years (Shurtliff et al. 
2019).  

A monitoring report containing the full results of 
the habitat condition monitoring project through 2018 is 
available on the ESER website (http://www.idahoeser.
com/LandManagement/PDFs/2018 percent20CCA per-
cent20Full percent20Report_Final_01-30-2019.pdf).

9.3.2 Sagebrush Habitat Restoration
In the CCA for the INL Site (DOE-ID and FWS 

2014), DOE committed to minimize the impact of habi-
tat loss due to wildland fire and fire fighting activities 
by taking steps to accelerate sagebrush reestablishment 
whenever a fire burns >40 hectares (>99 acres). Although 
no wildfires >40 hectares have burned on the INL Site 
since 2012, DOE has 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 9.4.4).

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 10-in3 conetainers, and each fall 
the seedlings are planted into a selected priority restora-
tion 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 isn’t 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 2017 
and again in 2018, sagebrush seedlings were planted at a 
location within the Jefferson Fire (Figure 9-6).

Although DOE committed to growing and planting 
at least 5,000 seedlings every year, the seedlings planted 
have increased every year since 2015 (Figure 9-7). In 
2018, approximately 9,000 seedlings were planted on 
20.2 ha (49.8 acres) and the locations of 1530 (~17%) 
seedlings were marked for future monitoring. In addi-
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Figure 9-7. Funding Sources for Sagebrush Restoration Efforts on the INL Site from 2015-2018.

Figure 9-6. Areas Planted with Big Sagebrush Seedlings in 2018 and in 2017. The stars on the inset map shows the 
general location of all plantings.
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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 INL Site in-
volving cicadas and Pogonomyrmex salinus nests (Blom 
and Clark, in prep). 

An undescribed species of Jerusalem cricket (Or-
thoptera: Stenopelmatidae, Stenopelmatus sp.) has been 
found at the INL Site. The Stenopelmatus 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 
rearing and description. This relationship will require 
more study during future visits to the INL Site.

9.4 Ecological Research at the Idaho 
National Environmental Research Park

9.4.1  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

Clark and Blom (2007) gave a list of ants found at 
the INL Site. This has given us a base to study some eco-
logical 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 (Coleop-
tera: Tenebrionidae, Philolithus elatus) was 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 and scanning electron micro-
scope, and we have observed a Philolithus elatus  female 

Figure 9-8. Typical Nest of the Harvester Ant, Pogonomyrmex Salinus Olsen, at the Circular Butte Site at the 
Idaho National Laboratory Site, Showing Digging, Presumably by Heteromyid Rodents for Plant Seed Caches.  

W.H. Clark Photo. September 12, 2016.
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In 2018, a project was initiated on the INL site to lo-
cate gestation sites used by pregnant C. o. lutosus and to 
conduct a preliminary radio telemetry of a few individu-
als and their corresponding offspring. Results indicate 
that pregnant snakes utilize rocky outcrops or large in-
dividual rocks for gestation. Eighteen different gestation 
sites were discovered in the southeastern portion of the 
INL site. Physical attributes (e.g., length, width, thick-
ness, etc.) of these gestation rocks and nearby random 
rocks were measured and suggests that gravid females 
are not randomly choosing rocks for gestation but rather 
selecting rocks with certain attributes that may make 
them suitable for gestating young. In 2019, these gesta-
tion rocks and additional gestation rocks to be located 
will be measured for their thermal properties to test if 
pregnant snakes may be choosing rocks that maintain 
specific temperature ranges. Thermoregulation at appro-
priate temperatures is a leading hypothesis regarding the 
selection of gestation sites by pregnant snakes. After the 
2019 field season a manuscript will be prepared describ-
ing rock selection by gestating C. o. lutosus on the INL.

Within two weeks following the birth of newborns, 
post-parturient female snakes moved away from gesta-
tion rocks. In several cases, the newborn snakes left the 
rock as well. These females did not move toward the 
overwintering site but rather selected sites with rodent 
activity to apparently forage. This behavior would ne-
gate the hypothesis that newborns are returning to native 
overwintering sites by following pheromone trails of 
their mother. Additionally, no newborn snakes were ob-
served near the foraging mothers. Three different patterns 
of newborn movement behavior were observed. If birth 
occurred near (within a few meters) the overwintering 
site, then newborns would easily move to the communal 
area. If birth occurred distant (e.g., >50 m) to the over-
wintering site, newborns would typically make move-
ment forays away from the gestation rock. Some of these 
newborns would return and apparently overwinter near 
or at the gestation rock. Others would not return to the 
gestation rock area and would evidently have to seek al-
ternative sites for overwintering. This work was prelimi-
nary and requires further research to better understand 
newborn movement behavior.

Two additional observations from 2018 are note-
worthy. One suggests that the American Badger, Taxi-
dea taxus, may be a primary predator of gestating C. o. 
lutosus and their newborns. Three of the 18 gestation 
rocks showed evidence of soil excavation consistent 
with T. taxus digging, and at two of those rocks the oc-

In addition, during 2015, we made field observa-
tions 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 Thomis-
idae (crab spiders). This family and genus are likely new 
records for the INL Site and are predators on Pogono-
myrmex 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 (Fig-
ure 9-8). This interaction has been reported in the litera-
ture by Clark and Comanor (1973) for Pogonomyrmex 
occidentalis, but not yet reported for Pogonomyrmex 
salinus. These stores in ant nests may represent a signifi-
cant food source for the rodents at INL.

Some limited fieldwork was completed in 2018 and 
field research will continue into the foreseeable future.

Acknowledgments
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9.4.2 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

The Great Basin Rattlesnake, Crotalus oreganus 
lutosus, is arguably the most abundant snake species on 
the INL site. And, because of research conducted by the 
Idaho Herpetological Laboratory at Idaho State Univer-
sity over the past three decades, the ecology of this snake 
is well documented. Crotalus o. lutosus form aggrega-
tions of sometimes several hundred individuals for over-
wintering underground. During their activity season, C. 
o. lutosus make a lengthy migration away from and back 
to the overwintering site. The migratory routes taken are 
used for foraging, finding mates, and gestation by preg-
nant snakes. One component of this activity we know 
relatively little about is, what are the defining attributes 
of gestation sites chosen by pregnant snakes and if, and 
how, naïve newborn rattlesnakes born during the summer 
return to communal overwintering sites. 
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tions Warehouse: http://id.water.usgs.gov/projects/INL/
Pubs/index.html.

Four reports were published by the USGS INL Proj-
ect Office in 2018. The abstracts of these studies and the 
publication information associated with each study are 
presented below.

9.5.1 Updated procedures for using drill 
cores and cuttings at the Lithologic Core 
Storage Library, Idaho National Laboratory, 
Idaho (Hodges, M. K. V. et al., 2018)

In 1990, the U.S. Geological Survey, in cooperation 
with the U.S. Department of Energy Idaho Operations 
Office, established the Lithologic Core Storage Library 
at the Idaho National Laboratory (INL). The facility was 
established to consolidate, catalog, and permanently 
store nonradioactive drill cores and cuttings from subsur-
face investigations conducted at the INL, and to provide 
a location for researchers to examine, sample, and test 
these materials.

The facility is open by appointment to researchers 
for examination, sampling, and testing of cores and cut-
tings. This report describes the facility and cores and 
cuttings stored at the facility. Descriptions of cores and 
cuttings include the corehole names, corehole locations, 
and depth intervals available.

Most cores and cuttings stored at the facility were 
drilled at or near the INL, on the eastern Snake River 
Plain; however, two cores drilled on the western Snake 
River Plain are stored for comparative studies. Basalt, 
rhyolite, sedimentary interbeds, and surficial sediments 
compose most cores and cuttings, most of which are 
continuous from land surface to their total depth. The 
deepest continuously drilled core stored at the facility 
was drilled to 5,000 feet below land surface. This report 
describes procedures and researchers’ responsibilities for 
access to the facility and for examination, sampling, and 
return of materials.

9.5.2 Geochemistry of groundwater in the 
eastern Snake River Plain aquifer, Idaho 
National Laboratory and vicinity, eastern  
Idaho (Rattray, G. W. 2018)

Nuclear research activities at the U.S. Department of 
Energy (DOE) Idaho National Laboratory (INL) in east-
ern Idaho produced radiochemical and chemical wastes 
that were discharged to the subsurface, resulting in de-
tectable concentrations of some waste constituents in the 

cupying female had been killed. This suggests T. taxus 
may be able to specifically target gestation sites for for-
aging. Second, is that during rain events C. o. lutosus 
would exhibit rain-gathering behavior. During two rain 
events, multiple C. o. lutosus were observed to expose 
themselves to the rain and form a tight round coil so that 
water pooled between adjacent body coils. The snakes 
would then drink the pooled water. The second observa-
tion occurred on 5 October 2018 at a snake overwinter-
ing site containing snakes that had returned for the win-
ter. In addition to the eight C. o. lutosus observed drink-
ing, eight gopher snakes (Pituophis catenifer) emerged 
from underground or from under rocks to drink pooled 
water. Such unified behavior suggests that the drinking 
of free water during sporadic rain events is significant for 
snakes within the Snake River Plain and the INL site.   
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9.5 U.S. Geological Survey 2018 
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 hydrolo-
gists and geologists have been studying the hydrology 
and geology of the 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 aqui-
fer, to track contaminant plumes in the aquifer, and to 
improve understanding of the complex relationships be-
tween the rocks, sediments, and water that compose the 
aquifer. The USGS INL Project Office publishes reports 
about their studies, available through the USGS Publica-
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geothermal water in model layer 1 or recharge from the 
BLR in the southwestern part of the INL. 

9.5.3	 Localized	late	Miocene	flexure	
near the western margin of the eastern 
Snake River Plain, Idaho constrained by 
regional correlation of Snake River-type 
rhyolites and kinematic analysis of small-
displacement faults (Schusler, K. L., 2018)

The eastern Snake River Plain (ESRP) aquifer is 
contained within the northeast trending volcanic prov-
ince known as the ESRP. The majority of the ESRP 
aquifer flows through rubble zones between basalt lay-
ers. In the western Idaho National Laboratory (INL), the 
base of the ESRP aquifer is likely defined by the contact 
between subsurface Snake River-type rhyolites and over-
lying basalts. Near the western margin of the ESRP, ba-
salts are thought to thin, and the subsurface geology and 
geometry of the basalt-rhyolite contact there are poorly 
constrained. 

A recently drilled rhyolite in borehole USGS 142 is 
tentatively correlated to the Walcott Tuff B in borehole 
WO-2. Another rhyolite, exposed at the surface southeast 
of Arco, Idaho, dips 20 degrees south toward the ESRP, 
and is tentatively correlated to the uppermost Picabo-
aged rhyolite found in borehole INEL-1. These correla-
tions suggest that the tilts of surface and subsurface rhyo-
lites must shallow toward their correlative units from the 
margin to the center of the ESRP; the tilts of subsurface 
rhyolites are localized near the margin of the ESRP and 
northern Basin and Range. 

This research also involved a kinematic analysis of 
northeast-striking, small-offset faults due east of Arco, 
Idaho as a basis for inferring the tectonic evolution of the 
western margin of the ESRP. Northeast-striking faults re-
cord nearly pure dip-slip offset and a northwest-southeast 
extension direction. In addition, faults proximal to the 
ESRP record a northwest-plunging extension direction, 
whereas faults distal to the ESRP record a shallowly 
southeast-plunging extension direction. These observa-
tions suggest that the northeast-striking faults likely 
formed as a result of early stages of flexure from the sub-
sidence of the ESRP and were later rotated similarly to 
Mesozoic fold-hinges. 

eastern Snake River Plain (ESRP) aquifer. These waste 
constituents may pose risks to the water quality of the 
aquifer. In order to understand these risks to water qual-
ity the U.S. Geological Survey, in cooperation with the 
DOE, conducted a study of groundwater geochemistry to 
improve the understanding of hydrologic and chemical 
processes in the ESRP aquifer at and near the INL and to 
understand how these processes affect waste constituents 
in the aquifer.

Geochemistry data were used to identify sources of 
recharge, mixing of water, and directions of groundwater 
flow in the ESRP aquifer at the INL. The geochemistry 
data were analyzed from 167 sample sites at and near the 
INL. The sites included 150 groundwater, 13 surface-wa-
ter, and 4 geothermal-water sites. The data were collect-
ed between 1952 and 2012, although most data collected 
at the INL were collected from 1989 to 1996. Water 
samples were analyzed for all or most of the following: 
field parameters, dissolved gases, major ions, dissolved 
metals, isotope ratios, and environmental tracers.

Sources of recharge identified at the INL were re-
gional groundwater, groundwater from the Little Lost 
River (LLR) and Birch Creek (BC) valleys, groundwater 
from the Lost River Range, geothermal water, and sur-
face water from the Big Lost River (BLR), LLR, and BC. 
Recharge from the BLR that may have occurred during 
the last glacial epoch, or paleorecharge, may be present 
at several wells in the southwestern part of the INL. Mix-
ing of water at the INL primarily included mixing of sur-
face water with groundwater from the tributary valleys 
and mixing of geothermal water with regional groundwa-
ter. Additionally, a zone of mixing between tributary val-
ley water and regional groundwater, trending southwest-
erly, extended from near the northeastern boundary of the 
INL to the southern boundary of the INL. Groundwater 
flow directions for regional groundwater were southwest-
erly, and flow directions for tributary groundwater were 
southeasterly upon entering the ESRP, but eventually 
began to flow southwesterly in a direction parallel with 
regional groundwater. 

Several discrepancies were identified from compari-
son of sources of recharge determined from geochemis-
try data and backward particle tracking with a groundwa-
ter-flow model. Some discrepancies observed in the par-
ticle tracking results included representation of recharge 
from BC near the north INL boundary, groundwater from 
the BC valley not extending far enough south, regional 
groundwater that extends too far west in the southern 
part of the INL, and no representation of recharge from 
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9.5.4. Completion summary for borehole 
TAN-2312 at Test Area North,  Idaho National 
Laboratory, Idaho (Twining, B. V., et al., 
2018)

In 2017, the U.S. Geological Survey, in cooperation 
with the U.S. Department of Energy, drilled and con-
structed borehole TAN-2312 for stratigraphic framework 
analyses and long-term groundwater monitoring of the 
eastern Snake River Plain aquifer at the Idaho National 
Laboratory in southeast Idaho. The location of borehole 
TAN-2312 was selected because it was downgradient 
from TAN and believed to be the outer extent of waste 
plumes originating from the TAN facility. Borehole 
TAN-2312 initially was cored to collect continuous geo-
logic data, and then re-drilled to complete construction 
as a monitor well. The final construction for borehole 
TAN-2312 required 16- and 10-inch diameter carbon-
steel well casing to 37 and 228 feet below land surface 
(ft BLS), respectively, and 9.9-inch. diameter open-hole 
completion below the casing to 522 ft BLS. Depth to 
water is measured near 244 ft BLS. Following construc-
tion and data collection, a temporary submersible pump 
and water-level access line were placed near 340 ft BLS 
to allow for aquifer testing, for collecting periodic water 
samples, and for measuring water levels.

Borehole TAN-2312 was cored continuously, start-
ing at the first basalt contact (about 37 ft BLS) to a depth 
of 568 ft BLS. Not including surface sediment (0–37 ft), 
recovery of basalt and sediment core at borehole TAN-
2312 was about 93%; however, core recovery from 170 
to 568 ft BLS was 100%. Based on visual inspection of 
core and geophysical data, basalt examined from 37 to 
568 ft BLS consists of about 32 basalt flows that range 
from approximately 3 to 87 ft in thickness and 4 sedi-
ment layers with a combined thickness of approximately 
76 ft. About 2 ft of total sediment was described for the 
saturated zone, observed from 244 to 568 ft BLS, near 
296 and 481 ft BLS. Sediment described for the saturated 
zone were composed of fine-grained sand and silt with a 
lesser amount of clay. Basalt texture for borehole TAN-
2312 generally was described as aphanitic, phaneritic, 
and porphyritic. Basalt flows varied from highly frac-
tured to dense with high to low vesiculation.

Geophysical and borehole video logs were collected 
after core drilling and after final construction at borehole 
TAN-2312. Geophysical logs were examined synergisti-
cally with available core material to suggest zones where 

groundwater flow was anticipated. Natural gamma 
log measurements were used to assess sediment layer 
thickness and location. Neutron and gamma-gamma 
source logs were used to identify fractured areas for 
aquifer testing. Acoustic televiewer logs, fluid logs, 
and electromagnetic flow meter results were used to 
identify fractures and assess groundwater movement 
when compared against neutron measurements. Fur-
thermore, gyroscopic deviation measurements were 
used to measure horizontal and vertical displacement 
for borehole TAN-2312.

After construction of borehole TAN-2312, a 
single-well aquifer test was completed September 27, 
2017, to provide estimates of transmissivity and hy-
draulic conductivity. Estimates for transmissivity and 
hydraulic conductivity were 1.51×102 feet squared 
per day and 0.23 feet per day, respectively. During the 
220-minute aquifer test, well TAN-2312 had about 23 
ft of measured drawdown at sustained pumping rate 
of 27.2 gallons per minute. The transmissivity and 
hydraulic conductivity estimates for well TAN-2312 
were lower than the values determined from previous 
aquifer tests in other wells near Test Area North.

Water samples were analyzed for cations, anions, 
metals, nutrients, volatile organic compounds, stable 
isotopes, and radionuclides. Water samples for most of 
the inorganic constituents showed concentrations near 
background levels for eastern regional groundwater. 
Water samples for stable isotopes of oxygen, hydro-
gen, and sulfur indicated some possible influence of 
irrigation on the water quality. The volatile organic 
compound data indicated that this well had some mi-
nor influence by wastewater disposal practices at Test 
Area North.
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