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Silver Lupine (Lupinus argenteus)
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To OurReaders

The Idaho National Laboratory Site Environmental
Report for Calendar Year 2018 is an overview of
environmental activities conducted on and in the
vicinity of the Idaho National Laboratory (INL) Site
from January 1 through December 31, 2018. This report
includes:

» Effluent monitoring and environmental surveillance
of air, water, soil, vegetation, biota, and agricultural
products for radioactivity. The results are compared
with historical data, background measurements, and/
or applicable standards and requirements in order to
verify that the INL Site does not adversely impact
the environment or the health of humans or biota.

* A summary of environmental management systems
in place to protect air, water, land, and other natural
and cultural resources potentially impacted by INL
Site operations.

* Ecological and other scientific research conducted on
the INL Site that may be of interest to the reader.

The report addresses three general levels of reader
interest:

»  The first level is a brief summary with a take-
home conclusion. This is presented in the chapter
highlights text box at the beginning of each
chapter. There are no tables, figures, or graphs in
the highlights. This section is intended to highlight
general findings for an audience with limited
scientific background.

*  The second level is a more in-depth discussion
with figures, summary tables, and summary graphs
accompanying the text. The chapters of the annual
report represent this level, which requires some
familiarity with scientific data and graphs. A person
with some scientific background can read and
understand this report after reading the section
entitled “Helpful Information.”

*  The third level includes links to supplemental and
technical reports and websites that support the
annual report. This level is directed toward scientists
who would like to see original data and more in-
depth discussions of the methods used and results.

The links to these reports may be found in the Quick
Links section of the annual report webpage (http://
www.idahoeser.com/Annuals/2018/index.htm).

The Environmental Surveillance, Education, and
Research Program is responsible for contributing to
and producing the annual Idaho National Laboratory
Site Environmental Report. In April 2016, U.S.
Department of Energy awarded a five-year contract to
Wastren Advantage, Inc., to manage the Environmental
Surveillance, Education, and Research Program. Wastren
Advantage, Inc. was purchased by VNSFS on January
17,2018.

Other major contributors to the annual Idaho
National Laboratory Site Environmental Report
include the INL contractor (Battelle Energy Alliance,
LLC); Idaho Cleanup Project Core contractor (Fluor
Idaho, LLC); U.S. Department of Energy, Idaho
Operations Office; National Oceanic and Atmospheric
Administration; and U.S. Geological Survey. Links to
their websites and the ESER website are:

* INL (https://www.inl.gov/)

» Idaho Cleanup Project Core (https://fluor-idaho.
com/About/About-Idaho-Cleanup-Project/Project-
Overview)

* U.S. Department of Energy, Idaho Operations Office
(http://www.id.doe.gov/)

* Field Research Division of National Oceanic and
Atmospheric Administration’s Air Resources
Laboratory (www.noaa.inel.gov/)

» U.S. Geological Survey (https://www.usgs.gov/
centers/id-water)

*  ESER Program (http://www.idahoeser.com/)

Included in the chapter headings of this report are
photographs, as well as common and scientific names
of birds and flora native to the INL Site. Photo credits:
ESER Program and Tom Haney, Kara Cafferty and
Peggy Scherbinske from BEA.
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From atop East Butte on the INL Site.
Photo by: Kara G. Cafferty



Introduction

In operation since 1949, the Idaho National
Laboratory (INL) Site is a U.S. Department of Energy
(DOE) reservation located in the southeastern Idaho
desert, approximately 25 miles west of Idaho Falls
(Figure ES-1). At 890 square miles (569,135 acres),
the INL Site is roughly 85 percent the size of Rhode
Island. It was established in 1949 as the National
Reactor Testing Station, and for many years was the
site of the largest concentration of nuclear reactors
in the world. Fifty-two nuclear reactors were built,
including the Experimental Breeder Reactor-I which, in
1951, produced the first usable amounts of electricity
generated by nuclear power. Researchers pioneered
many of the world’s first nuclear reactor prototypes and
advanced safety systems at the INL Site. During the
1970s, the laboratory’s mission broadened into other
areas, such as biotechnology, energy and materials
research, and conservation and renewable energy.

Today the INL is a science-based, applied
engineering national laboratory dedicated to supporting
the DOE’s missions in nuclear and energy research,
science, and national defense.

The INL mission is to discover, demonstrate and
secure innovative nuclear energy solutions and other
clean energy options and critical infrastructure with a
vision to change the world’s energy future and secure the
nation’s critical infrastructure.

In order to clear the way for the facilities required
for the new nuclear energy research mission, the Idaho
Cleanup Project (ICP) Core has been charged with the
environmental cleanup of the legacy wastes generated
from World War I[I-era conventional weapons testing,
government-owned reactors, and spent fuel reprocessing.

6§

- Idaho

Figure ES-1. Regional Location of the Idaho National Laboratory Site. .
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The overarching aim of the project is to reduce risks to
workers and production facilities, the public, and the
environment and to protect the Snake River Plain aquifer.

Purpose of the INL Site Environmental
Report

The INL Site’s operations, as well as the
ongoing cleanup, necessarily involve a commitment
to environmental stewardship and full compliance
with environmental protection laws. As part of this
commitment, the INL Site Environmental Report is
prepared annually to inform the public, regulators,
stakeholders, and other interested parties of the INL
Site’s environmental performance during the year. This
report is published for the U.S. Department of Energy,
Idaho Operations Office (DOE-ID) in compliance with
DOE Order 231.1B, “Environment, Safety and Health
Reporting.” Its purpose is to:

*  Present the INL Site, mission, and programs

*  Report compliance status with applicable federal,
state, and local regulations

* Describe the INL Site environmental programs and
activities

e Summarize results of environmental monitoring

* Discuss potential radiation doses to the public
residing in the vicinity of the INL Site

*  Report on ecological monitoring and research
conducted by contractors and affiliated agencies
and by independent researchers through the Idaho
National Environmental Research Park

*  Describe quality assurance methods used to ensure
confidence in monitoring data

*  Provide supplemental technical data and reports that
support the INL Site Environmental Report (http://
www.idahoeser.com/Annuals/2018/Data.htm).

Major INL Site Programs and Facilities

There are two primary programs at the INL Site:
the INL and the ICP Core. The prime contractors at the
INL Site in 2018 were: Battelle Energy Alliance, the
management and operations contractor for the INL; and
Fluor Idaho, which managed ongoing cleanup operations
under the ICP Core and operated the Advanced Mixed
Waste Treatment Project.

The INL Site consists of several primary facilities
situated on an expanse of otherwise undeveloped terrain.
Buildings and structures at the INL Site are clustered
within these facilities, which are typically less than a few
square miles in size and separated from each other by
miles of undeveloped land. In addition, DOE-ID owns or
leases laboratories and administrative offices in the city
of Idaho Falls, some 25 miles east of the INL Site border.
About 30 percent of employees work in administrative,
scientific support, and non-nuclear laboratory programs
and have offices in Idaho Falls.

The major facilities at the INL Site are the
Advanced Test Reactor (ATR) Complex; Central
Facilities Area (CFA); Critical Infrastructure Test
Range Complex (CITRC); Idaho Nuclear Technology
and Engineering Center (INTEC); Materials and Fuels
Complex (MFC); Naval Reactors Facility (NRF);
Radioactive Waste Management Complex (RWMC);
and Test Area North (TAN), which includes the Specific
Manufacturing Capability (SMC). The Research and
Education Campus is located in Idaho Falls. The
locations of major facilities are shown in Figure ES-2
and their missions are outlined in Table ES-1.

Environmental Protection Programs

Directives, orders, guides, and manuals are
DOE’s primary means of establishing policies,
requirements, responsibilities, and procedures for
DOE offices and contractors. Among these are a
series of Orders directing each DOE site to implement
sound stewardship practices that are protective of the
public and the environment. These orders require the
implementation of an environmental management
system (EMS), a Site Sustainability Plan, radioactive
waste management, and radiation protection of the
public and environment. Battelle Energy Alliance and
Fluor Idaho have each established and implemented an
EMS and each contributes to the INL Site Sustainability
Plan, as required by DOE and executive orders.

Each EMS integrates environmental protection,
environmental compliance, pollution prevention, and
waste minimization into work planning and execution
throughout all work areas. The INL Sustainability

Plan contains strategies and activities that will lead to
continual greenhouse gas reductions as well as energy,
water, and transportation fuels efficiency at the INL
Site. Plan requirements are integrated into each INL Site
contractor’s Integrated Safety Management System and
EMS.
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Figure ES-2. Idaho National Laboratory Site Facilities.

Environmental Restoration each WAG is divided into smaller cleanup areas called
operable units. Since the FFA/CO was signed in 1991,
Environmental restoration at the INL Site is the INL Site has cleaned up sites containing asbestos,
conducted under the Federal Facility Agreement and acids and bases, radionuclides, unexploded ordnance and
Consent Order (FFA/CO) among DOE, the state of explosive residues, polychlorinated biphenyls, heavy

Idaho, and U.S. Environmental Protection Agency (EPA). metals, and other hazardous materials.
The FFA/CO governs the INL Site’s environmental

remediation. It specifies actions that must be completed Comprehensive remedial investigation/feasibility
to safely clean up sites at the INL Site in compliance studies have been conducted at all WAGs and closeout
with the Comprehensive Environmental Response, activities have been completed at six WAGs. In 2018, all
Compensation, and Liability Act and with the corrective  institutional controls and operational and maintenance
action requirements of the Resource Conservation and requirements were maintained and active remediation
Recovery Act. The INL Site is divided into ten Waste continued on WAGs 1, 3, 7, and 10.

Area Groups (WAGs) as a result of the FFA/CO, and
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Table ES-1. Major INL Site Areas and Missions.

Operated By

INL

INL
INL

ICP Core

INL

ICP Core

INL

INL

Mission

Research and development of nuclear reactor technologies.
Home of the ATR, a DOE Nuclear Science User Facility and
the world's most advanced nuclear test reactor.

INL support for the operation of other INL Site facilities.

Supports National and Homeland Security missions of the
laboratory, including program and project testing (i.e., critical
infrastructure resilience and nonproliferation testing and
demonstration).

Dry and wet storage of spent nuclear fuel; management of high-
level waste calcine and sodium-bearing liquid waste; and
operation of the Idaho Comprehensive Environmental
Response, Compensation and Liability Act Disposal Facility
including a landfill, evaporation ponds, and a staging and
treatment facility.

Research and development of nuclear fuels. Pyro processing,
which uses electricity to separate waste products in the
recycling of nuclear fuel, is also researched here. Nuclear
batteries for use on the nation's space missions are made at
MEC.

Environmental remediation; and waste treatment, storage, and
disposal for wastes generated at the INL Site and other DOE
sites. Advanced Mixed Waste Treatment Project characterizes,
treats, and packages transuranic waste for shipment out of
Idaho to permanent disposal facilities.

Located in Idaho Falls, is home to DOE’s Radiological and
Environmental Sciences Laboratory, INL administration, the
INL Research Center, the Center for Advanced Energy Studies,
and other energy and security research programs. Research is
conducted at INL Research Center in robotics, genetics,
biology, chemistry, metallurgy, computational science, and
hydropower. Center for Advanced Energy Studies is a research
and education partnership between Boise State University, INL,
Idaho State University, and University of Idaho to conduct
energy research and address the looming nuclear energy work-
force shortage.

Several historic nuclear research and development projects
were conducted at TAN. Major cleanup and demolition of the
facility was completed in 2008 and the current mission is
manufacture of tank armor for the U.S. Army's battle tanks at
the Specific Manufacturing Capability for the U.S. Department
of Defense.

a. The NREF is also located on the INL Site. It is operated for Naval Reactors by Fluor Marine Propulsion
Corporation. The Naval Nuclear Propulsion Program is exempt from DOE requirements and is therefore not

addressed in this report.
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Radiation Dose to the Public and Biota
from INL Site Releases

Humans, plants, and animals potentially receive
radiation doses from various INL Site operations. The
DOE sets dose limits for the public and biota to ensure
that exposure to radiation from site operations are not a
health concern. Potential radiological doses to the public
from INL Site operations were calculated to determine
compliance with pertinent regulations and limits (Table
ES-2). The calculated dose to the maximally exposed
individual in 2018 from the air pathway was 0.01 mrem
(0.1 uSv), well below the 10-mrem standard established
by the Clean Air Act. The maximally exposed individual
is a hypothetical member of the public who could receive
the maximum possible dose from INL Site releases.
This person was assumed to live just south of the INL
Site boundary. For comparison, the dose from natural
background radiation was estimated in 2018 to be 383
mrem (3,830 uSv) to an individual living on the Snake
River Plain.

The maximum potential population dose to the
approximately 337,643 people residing within an 80-km
(50-mi) radius of any INL Site facility was calculated
as 0.0075 person-rem (0.0000075 person-Sv), below
that expected from exposure to background radiation
(129,317 person-rem or 1,293 person-Sv). The 50-mi

population dose calculated for 2018 is slightly lower than
that calculated for 2017 (0.0106 person-rem or 0.000106
person-Sv).

The maximum potential individual dose from
consuming waterfowl contaminated at the INL Site,
based on the highest concentrations of radionuclides
measured in edible tissue of samples collected near the
ATR Complex ponds, was estimated to be 0.016 mrem
(0.16 uSv). There were no gamma-emitting radionuclides
detected in big game animals sampled in 2018, hence
there was no dose associated with consuming big
game. When the dose estimated for the air pathway was
summed with the dose from consuming contaminated
waterfowl, assuming that the waterfowl is eaten by the
same hypothetical individual, the representative person
off the INL Site could potentially receive a total dose of
0.026 mrem (0.26 uSv) in 2018. This is 0.026 percent of
the DOE health-based dose limit of 100 mrem/yr (1 pSv/
yr) from all pathways for the INL Site.

Tritium has been previously detected in two U.S.
Geological Survey (USGS) monitoring wells located on
the INL Site along the southern boundary. A hypothetical
individual ingesting the maximum concentration of
tritium (5,100 pCi/L) via drinking water from these
wells would receive a dose of approximately 1 mrem
(0.01 mSv) in one year. This is an unrealistic pathway

Table ES-2. Contribution to Estimated Dose to a Maximally Exposed Individual by Pathway (2018).

Annual Estimated
Dose to Maximally Percent Estimated Background
Exposed Individual of DOE Population Dose Radiation
100 Population  Population
mrem/yr (person- (person-  within 80 Dose
Pathway (mrem) (uSv) Limit* rem) Sv) km (person-rem)”
Air 0.01 0.1 0.01 0.0075  0.000075 337,643 129317
Waterfowl 0.016 0.16 NA® NA NA NA NA
Biggame d K NA NA NA NA NA
animals -
Towl 0.026 0.26 0.026 0.0075  0.000075 NA NA
pathways

a. The DOE public dose limit from all sources of ionizing radiation and exposure pathways that could contribute
significantly to the total dose is 100 mrem/yr (1 mSv/yr or 1,000 puSv/yr) total effective dose equivalent. It does

not include dose from background radiation.

b. The individual dose from background radiation was estimated to be 383 mrem (3.8 mSv) in 2018 (Table 6-8).

NA = Not applicable

°

d. No radionuclide was detected in 2018, so no dose was calculated.
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to humans because there are no drinking water wells
located along the southern boundary of the INL Site.
The maximum contaminant level established by EPA
for tritium (20,000 pCi/L) corresponds to a dose of
approximately 4 mrem (0.04 mSv [40 puSv/yr]).

A dose to a maximally exposed individual located in
Idaho Falls near the DOE Radiological and Environmental
Sciences Laboratory and the INL Research Center, within
the Research and Education Campus, was calculated for
compliance with the Clean Air Act. For 2018, the dose
was conservatively estimated to be 0.006 mrem (0.06
uSv), which is 0.06 percent of the 10-mrem/yr federal
standard.

Doses were also evaluated using a graded approach
for nonhuman biota at the INL Site. Based on the
conservative screening calculations, there is no evidence
that INL Site-related radioactivity in soil or water is
harming populations of plants or animals.

Environmental Compliance

One measure of the achievement of the
environmental programs at the INL Site is compliance
with applicable environmental regulations, which
have been established to protect human health and the
environment. INL Site compliance with major federal
regulations is presented in Table ES-3.

Environmental Monitoring of Air

Airborne releases of radionuclides from INL Site
operations are reported annually in a document prepared
in accordance with the Code of Federal Regulations, Title
40, “Protection of the Environment,” Part 61, “National
Emission Standards for Hazardous Air Pollutants,”
Subpart H, “National Emission Standards for Emissions
of Radionuclides Other than Radon from Department
of Energy Facilities.” An estimated total of 1,477 curies
(5.46 x 10" Bq) of radioactivity, primarily in the form of
short-lived noble gas isotopes, were released as airborne
effluents in 2018. These airborne releases of radionuclides
are reported to comply with regulatory requirements and
are considered in the design and conduct of INL Site
environmental surveillance activities.

The INL Site environmental surveillance
programs, conducted by the INL, ICP Core, and the
Environmental Surveillance, Education, and Research
(ESER) contractors, emphasize measurement of airborne

radionuclides because air transport is considered the
major potential pathway from INL Site releases to human
receptors. During 2018, the INL contractor monitored
ambient air at 16 locations on the INL Site and at five
locations off the INL Site. The ICP Core contractor
focused on ambient air monitoring of waste management
facilities, namely INTEC and the RWMC. The ESER
contractor monitored ambient air at three locations on the
INL Site, at seven locations bounding the INL Site, and
at six locations distant from the INL Site.

Air particulate samples were collected weekly by
the ESER and INL contractors and biweekly by the ICP
Core contractor. These samples were initially analyzed
for gross alpha and gross beta activity. The particulate
samples were then combined into monthly (ICP Core
contractor), or quarterly (ESER and INL contractors)
composite samples and were analyzed for gamma-
emitting radionuclides, such as cesium-137 (**’Cs).
Particulate filters were also composited quarterly by
the INL, ICP Core, and ESER contractors and analyzed
for specific alpha- and beta-emitting radionuclides,
specifically strontium-90 (*°Sr), plutonium-238 (***Pu),
plutonium-239/240 (**°?*Pu), and americium-241
(**'Am). Charcoal cartridges were also collected
weekly by ESER and INL contractors and analyzed for
radioiodine.

All radionuclide concentrations in ambient
air samples were below DOE radiation protection
standards for air. In addition, gross alpha and gross beta
concentrations were analyzed statistically, and there
were no differences between samples collected on the
INL Site, at the INL Site boundary, and off the INL Site.
Trends in the data appear to be seasonal in nature and do
not demonstrate any INL Site influence. This indicates
that INL Site airborne effluents were not measurable in
environmental air samples.

The INL contractor collected atmospheric moisture
samples at three stations on and one station off the INL
Site in 2018. The ESER contractor collected atmospheric
moisture at one location on and three locations off the
INL Site. Precipitation was collected at the same four
locations. The INL and ESER samples were all analyzed
for tritium. The results were within measurements made
historically by the EPA and were below DOE standards.
Tritium measured in these samples is most likely the
result of natural production in the atmosphere and not the
result of INL Site effluent releases.
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Table ES-3. Major Federal Regulations Established for Protection of Human Health and the Environment.

[]:::::ll‘:::::;): Regulatory Program Description Compliance Status ‘Ef:)‘({::ﬁ
EPA/40 The Clean Air Act is the basis for The INL Site is in compliance, as 2 21
CFR 61 national air pollution control. reported in National Emission 35

Emissions of radioactive hazardous  Standards for Hazardous Air ’
air pollutants are regulated by EPA, Pollutants — Calendar Year 2018. Ta2i1
via the National Emission Standards
for Hazardous Air Pollutant, (40
CFR 61, Subpart H).
DOE/Order  The Order establishes requirements  The INL Site maintains and Chapter 3
458.1, to protect the public and the implements several plans and Chapter 4
Change 3 environment against undue risk programs for ensuring that the
from radiation associated with management of facilities, wastes, Chapter 5
radiological activities conducted effluents, and emissions does not Chapter 6
under the control of DOE pursuant present risk to the public, workers, or
to the Atomic Energy Act of 1954,  environment. Environmental Chapter 7
as amended. The Order requires monitoring plans are well
establishment of an Environmental ~ documented and the results are
Radiological Protection Program to  published in the annual INL Site
cnsurc protcction of the public and Environmental Report.
the environment against undue risk
from radiation associated with
radiological activities conducted at
DOE facilities.
EPA/40 The Comprehensive Environmental = Nuclear research and other operations 2.1
CFR 300 Response, Compensation, and at the INL Site left behind
Liability Act provides the contaminants that pose a potential risk
regulatory framework for to human health and the environment.
remediation of releases of In 1991, the DOE-ID entered into a
hazardous substances and tri-party agreement, the Federal
remediation (including Facility Agreement and Consent
decontamination and Order, with EPA and the state of
decommissioning) of inactive Idaho. INL Site remediation is
hazardous wastc disposal sitcs. conducted by the ICP Core.
EPA/40 The Clean Water Act establishes The INL Site complies with an 231
CFR 109- goals to control pollutants Industrial Wastewater Acceptance
140 discharged to U.S. surface waters. permit issued by the state of Idaho for
discharges to the City of Idaho Falls’
publicly owned treatment works. All
discharges in 2018 were within
compliance levels established in the
permit.
EPA/40 The Safe Drinking Water Act The INL Site has 12 active drinking 5.6
CEFR 141- establishes primary standards for water systems that are routinely 232
143 public water supplies to ensure it is ~ sampled and analyzed as required by "
safe for consumption. the state of Idaho and EPA.
EPA/40 The Resource Conservation and The Idaho Department of 2:12
CFR 270.13  Recovery Act established Environmental Quality conducted two

regulatory standards for generation,
transportation, storage, treatment,
and disposal of hazardous wastc.

unannounced Resource Conservation
and Recovery Act inspections of the
INL Site in June and October of 2018.
There were no violations cited.
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Environmental Monitoring of
Groundwater, Drinking, and Surface
Water for Compliance Purposes

The INL and ICP contractors monitor liquid
effluents, drinking water, groundwater, and storm water
runoff at the INL Site, primarily for nonradioactive
constituents, to comply with applicable laws and
regulations, DOE orders, and other requirements.
Wastewater is typically discharged from INL Site
facilities to infiltration ponds or to evaporation ponds.
Wastewater discharges occur at percolation ponds
southwest of INTEC, a cold waste pond at the ATR
Complex, and a sewage treatment facility at CFA.
DOE-ID complies with the state of Idaho groundwater
quality and wastewater rules for these effluents through
wastewater reuse permits, which provide for monitoring
of the wastewater and, in some instances, groundwater
in the area. During 2018, liquid effluent and groundwater
monitoring were conducted in support of wastewater
reuse permit requirements. An annual report for each
permitted facility was prepared and submitted to the
Idaho Department of Environmental Quality. No permit
limits were exceeded.

Additional liquid effluent monitoring was performed
at the ATR Complex, INTEC, and MFC to comply with
environmental protection objectives of DOE orders.

Most results were within historical measurements.
All radioactive parameters were below health-based
contaminant levels.

Drinking water parameters are regulated by the state
of Idaho under authority of the Safe Drinking Water Act.
Drinking water was sampled in 12 drinking water systems
at the INL Site in 2018. Results were below limits for all
relevant drinking water standards. The CFA distribution
system serves 500 workers daily and is downgradient
from a historic radioactive groundwater plume resulting
from past wastewater injection directly into the aquifer.
Because of this, a dose was calculated to a worker who
might obtain all their drinking water from the CFA
drinking water system during 2018. The dose, 0.134
mrem (1.34 pSv), is below the EPA standard of 4 mrem/yr
(0.04 mSv [40 uSv/yr]) for public drinking water systems.

Surface water flows off the Subsurface Disposal
Area (SDA) following periods of heavy precipitation
or rapid snowmelt. During these times, water may be
pumped out of the SDA retention basin into a drainage

canal, potentially carrying radionuclides originating
from radioactive waste or contaminated surface soil off
the SDA. Surface water is collected when it is available.
Americium-241, 27%0Py, and *°Sr were detected in
2018 samples within historical levels. The detected
concentrations are well below standards established

by DOE for radiation protection of the public and the
environment.

Environmental Monitoring of the Eastern
Snake River Plain Aquifer

The eastern Snake River Plain aquifer beneath the
eastern Snake River Plain is perhaps the single-most
important aquifer in Idaho. Composed of layered basalt
lava flows and some sediment, it covers an area of
approximately 27,972 km? (10,800 square miles). The
highly productive aquifer has been declared a sole source
aquifer by the EPA due to the nearly complete reliance on
the aquifer for drinking water supplies in the area.

The USGS began to monitor the groundwater below
the INL Site in 1949. Currently, the USGS performs
groundwater monitoring, analyses, and studies of the
eastern Snake River Plain aquifer under and adjacent
to the INL Site. These activities utilize an extensive
network of strategically placed monitoring wells on and
around the INL Site. In 2018, the USGS continued to
monitor localized areas of chemical and radiochemical
contamination beneath the INL Site produced by past
waste disposal practices, in particular the direct injection
of wastewater into the aquifer at INTEC and the ATR
Complex. Results for monitoring wells sampled within
the plumes show nearly all wells had decreasing trends of
tritium and °°Sr concentrations over time.

Volatile Organic Compounds are present in water
from the eastern Snake River Plain aquifer because of
historical waste disposal practices at the INL Site. Several
purgeable (volatile) organic compounds (VOCs) were
detected by USGS in 27 groundwater monitoring wells
and one perched well sampled at the INL Site in 2018.
Most concentrations of the 61 compounds analyzed
were either below the laboratory reporting levels or their
respective primary contaminant standards. Trend test
results for tetrachloromethane concentrations in water
from the RWMC production well show a decreasing
trend in the RWMC production well since 2005. The
more recent decreasing trend indicates that remediation
efforts designed to reduce VOC movement to the
aquifer are having a positive effect. Concentrations of



Executive Summary xv

tetrachloromethane from USGS-87 and USGS-120,
south of the RWMC, have had an increasing trend since
1987, but concentrations have decreased through time at
USGS-88. Trichloroethylene (TCE) was detected above
the contaminant standard in one well sampled by the
USGS at TAN, which was expected as there is a known
groundwater plume at this location.

Groundwater surveillance monitoring continued
for the Comprehensive Environmental Response,
Compensation, and Liability Act WAGs on the INL Site
in 2018. At TAN (WAG 1), groundwater monitoring
continues to monitor the progress of remediation of
the plume of TCE. Remedial action consists of three
components: in situ bioremediation; pump and treat; and
monitored natural attenuation. Strontium-90 and '*’Cs
were present in wells in the source area at levels higher
than those prior to starting in situ bioremediation. The
elevated concentrations of these radionuclides are due
to in situ bioremediation activities. The radionuclide
concentrations will continue to be evaluated to determine
if they will meet remedial action objectives by 2095.

Data from groundwater in the vicinity of the ATR
Complex (WAG 2) show no concentrations of chromium,
%Sr, and tritium above their respective drinking water
maximum contaminant levels established by the EPA.

Groundwater samples were collected from 18
aquifer monitoring wells at and near INTEC (WAG 3)
during 2018. Stronium-90, technetium-99, and nitrate
exceeded their respective drinking water maximum
contaminant levels in one or more aquifer monitoring
wells at or near INTEC, with *°Sr exceeding its maximum
contaminant level by the greatest margin in a well south
(downgradient) of the former INTEC injection well. All
other well locations showed *Sr levels similar or slightly
lower than those reported in previous samples.

Monitoring of groundwater at CFA (WAG 4)
consists of CFA landfill monitoring and monitoring of a
nitrate plume south of the CFA. Wells at the landfills were
monitored in 2018 for metals (filtered), volatile organic
compounds, and anions (nitrate, chloride, fluoride, and
sulfate). These contaminants were either not detected or
below their respective primary drinking water standards,
except that nitrate continued to exceed the EPA maximum
contaminant level in one well in the plume south of the
CFA in 2018, and overall the data show a downward trend
since 2006.

Groundwater samples were not collected from
monitoring wells near the RWMC (WAG 7) in 2018
because of adverse weather conditions and equipment
issues. The monitoring will resume in 2019.

Wells at MFC (WAG 9) were sampled for
radionuclides, metals, and other water quality parameters.
Overall, the results show no evidence of impacts from
MEC activities.

Wells along the southern INL Site boundary (part
of WAG 10) were not sampled in 2018. Sampling will
resume in 2019.

Drinking water and surface water samples were
sampled downgradient of the INL Site, as well as from
the Big Lost River on the INL Site, and analyzed for
gross alpha and beta activity, and tritium. The Big Lost
River samples were also analyzed for gamma-emitting
radionuclides. Tritium was detected in some samples at
levels within historical measurements and below the EPA
maximum contaminant level for tritium. Gross alpha
and beta results were within historical measurements
and the gross beta activity was well below the EPA’s
screening level. No human-made gamma radionuclides
were detected in Big Lost River samples. The data appear
to show no discernible impacts from activities at the INL
Site.

Monitoring of Agricultural Products,
Wildlife, Soil and Direct Radiation
Measurements

To help assess the impact of contaminants released
to the environment by operations at the INL Site,
agricultural products (milk, lettuce, grain, and potatoes)
and wildlife were sampled and analyzed for radionuclides
in 2018. The agricultural products were collected on,
around, and distant from the INL Site by the ESER
contractor.

Some human-made radionuclides were detected
in agricultural products. However, measurements were
consistent with those made historically. Strontium-90,
a radionuclide measured in fallout, was detected at low
levels in most lettuce, alfalfa, and milk samples collected
regionally.

No gamma-emitting radionuclides were detected in
the two big game animals sampled in 2018. Cobalt-60,
05Zn, *°Sr, 37Cs, #3*Pu, 2***Pu and **' Am were detected in
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some composited bat samples indicating that bats may
have visited radioactive wastewater ponds, such as those
at the ATR Complex. Cobalt-60, *Zn, *°Sr, and *’Cs
were detected in tissues of waterfowl collected near the
ATR Complex ponds indicating that they accessed the
contaminated ponds.

Soil samples were collected off the INL Site by
the ESER contractor in 2018. Cesium-137, *°Sr, >**Pu,
239240py, and 2*' Am were detected in soil. The presence
of these radionuclide is most likely due to global fallout
and not INL Site operations. The INL contractor did not
collect soils in 2018.

Direct radiation measurements made at offsite,
boundary, and onsite locations were consistent with
historical and/or natural background levels.

Monitoring of Wildlife Populations

Field data are routinely collected on several key
groups of wildlife at the INL Site for information that
can be used to prepare National Environmental Policy
Act documents and to enable DOE to make informed
decisions for planning projects and compliance with
environmental policies and executive orders related to
protection of wildlife. Surveys are routinely conducted
on bird and bat populations on the INL Site. Monitoring
in 2018 included sage-grouse lek surveys, raven nest
surveys, midwinter raptor, corvid and shrike surveys,
and breeding bird surveys. During 2018, operation
and monitoring of permanent bat monitoring stations
continued at the INL Site.

Forty-five sage-grouse leks were classified as
active on or near the INL Site prior to the 2018 field
season. After the field season, reclassification resulted in
a net loss of one active lek. The total number of known
active leks at or near the INL Site is currently 44.

The total number of active raven nests recorded on
the INL Site was 5 percent higher in 2018, compared
to 2017 with a total of 43 observed. Thirty-one of the
43 nests were located on powerline structures and eight
located within facility boundaries, and four on cell or
meteorological towers.

The 2018 midwinter raptor, corvid, and shrike
count on the INL Site recorded lower golden eagle
observations (6) than in 2017 (36), higher rough-legged

hawk counts for the third year, and a continued high
number of ravens.

The 2018 breeding bird survey showed that
two sagebrush-obligate species (sagebrush sparrow
and Brewer’s sparrow) are at historically low levels,
most likely due to losing large amounts of sagebrush-
dominated communities during large wildfires in 2010
and 2011.

Passive acoustic monitoring at long-term stations
operating at caves and facilities continues to reveal
patterns of bat activity across the INL Site.

Environmental Research at the INL Site

The ESER Program maintains several ecological
monitoring and research projects on the INL Site. The
purpose of these projects is to assess the condition
and conservation status of local vegetation, to monitor
sagebrush habitat and conservation efforts to improve
habitat, and to facilitate independent ecological research
through the National Environmental Research Park
(NERP). In 2018, ecological research and monitoring
projects conducted through the ESER program included
publication of the most recent data collected at 89 active
long-term vegetation (LTV) plots, ongoing efforts to
update a comprehensive INL Site vegetation map, and
annual sagebrush habitat monitoring and sagebrush
restoration.

Data are collected on the LTV plots are collected
once every five years are were most recently collected in
2016. In 2018, a technical report describing the results
of the 2016 data collection was published. Notable
findings include continued decreases in sagebrush
cover and perennial grass cover at the upper end of its
historical range of variability.

Over the past decade, the INL Site vegetation map
has become one of ESER’s most important datasets and
is used to support nearly every other ecologically based
task, but it has become outdated due to wildland fire and
shifts toward increased non-native species dominance.
An update to the INL Site vegetation map was initiated
in 2017. Through 2018, a new vegetation class list
was developed, polygons were delineated from aerial
photo interpretation, and accuracy assessment data were
collected. The final updated map and accompanying
report will be completed in 2019.
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Two sagebrush habitat monitoring and restoration
tasks were ongoing in 2018. Sagebrush habitat
monitoring was completed on 125 plots and over the
past six years sagebrush cover has been stable while
cheatgrass cover has continued to increase. Sagebrush
restoration efforts included planting over 25,000
seedlings on the Jefferson Fire. One-year survivorship
monitoring of seedlings planted in 2017 indicated a
minimum survivorship of 62 percent.

The land within the INL Site’s borders became
DOE’s second National Environmental Research Park in
1975. All lands within the NERP serve as an ecological
field laboratory where scientists from government
agencies, universities, and private foundations may set
up long-term research. On the INL Site, this research
has covered a broad range of topics and issues, from
studies on the basic ecology of native sagebrush
steppe organisms to the potential natural pathways of
radiological materials through the environment. The
NERP also provides interpretation of research results
to land and facility managers to support the National
Environmental Policy Act process for natural resources
management There are two ecological research projects
ongoing through the Idaho NERP, one includes
documenting ants and associated arthropods on the
INL Site, and the other involves tracking rattlesnake
movements through gestation and dispersal of young.

USGS Research

The USGS INL Project Office drills and maintains
research wells which provide information about
subsurface water, rock and sediment, and contaminant
movement in the eastern Snake River Plain aquifer at
and near the INL Site. In 2018, the USGS published four
research reports.

Quality Assurance

Quality assurance and quality control programs are
maintained by contractors conducting environmental
monitoring and by laboratories performing
environmental analyses to help provide confidence in the
data and ensure data completeness. Programs involved in
environmental monitoring developed quality assurance
programs and documentation which follow requirements
and criteria established by DOE. Environmental
monitoring programs implemented quality assurance
program elements through quality assurance project
plans developed for each contractor.

Adherence to procedures and quality assurance
project plans was maintained during 2018. Data
reported in this document were obtained from several
commercial, university, government, and government
contractor laboratories. To ensure quality results, these
laboratories participated in a number of laboratory
quality check programs. Quality issues that arose with
laboratories used by the INL, ICP Core, and ESER
contractors during 2018 were addressed with the
laboratories and have been or are being resolved.
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Long-eared Owl (Asio otus)
Photo by: Tom Haney



Red-winged Blackbird

Agelaius phoeniceus

Much of the Annual Site Environmental
Report deals with radioactivity levels measured in
environmental media, such as air, water, soil, and plants.
The following information is intended for individuals
with little or no familiarity with radiological data or
radiation dose. It presents terminology and concepts
used in the Annual Site Environmental Report to aid the
reader.

What is Radiation?

Matter is composed of atoms. Some atoms are

energetically unstable and change to become more stable.

During this transformation, unstable or radioactive
atoms give off energy called “radiation” in the form of
particles or electromagnetic waves. Generally, we refer
to the various radioactive atoms as radionuclides. The
radiation released by radionuclides has enough energy
to eject electrons from other atoms it encounters. The
resulting charged atoms or molecules are called ions,
and the energetic radiation that produced the ions is
called ionizing radiation. lonizing radiation is referred
to simply as “radiation” in the rest of this report. The
most common types of radiation are alpha particles, beta
particles, X-rays, and gamma-rays. X-rays and gamma-
rays, just like visible light and radio-waves, are packets
of electromagnetic radiation. Collectively, packets of

electromagnetic radiation are called photons. One may,
for instance, speak of X-ray photons or gamma-ray
photons.

Alpha Particles. An alpha particle is a helium
nucleus without orbital electrons. It is composed of
two protons and two neutrons and has a positive charge
of two. Because alpha particles are relatively heavy
and have a double charge, they cause intense tracks of
ionization, but have little penetrating ability (Figure
HI-1). Alpha particles can be stopped by thin layers of
materials, such as a sheet of paper or piece of aluminum
foil. Examples of alpha-emitting radionuclides include
radioactive atoms of radon, uranium, plutonium, and
americium.

Beta Particles. Beta particles are electrons that are
ejected from unstable atoms during the transformation or
decay process. Beta particles penetrate more than alpha
particles but are less penetrating than X-rays or gamma-
rays of equivalent energies. A piece of wood or a thin
block of plastic can stop beta particles (Figure HI-1). The
ability of beta particles to penetrate matter increases with
energy. Examples of beta-emitting radionuclides include
tritium (*H) and radioactive strontium.

Figure HI-1. Comparison of Penetrating Ability of Alpha, Beta, and Gamma Radiation.
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X-Rays and Gamma-Rays. X-rays and gamma-rays
are photons that have very short wavelengths compared
to other electromagnetic waves, such as visible light,
heat rays, and radio waves. Gamma-rays and X-rays have
identical properties, behavior, and effects, but differ only
in their origin. Gamma-rays originate from an atomic
nucleus, and X-rays originate from interactions with the
electrons orbiting around atoms. All photons travel at
the speed of light. Their energies, however, vary over
a large range. The penetration of X-ray or gamma-ray
photons depends on the energy of the photons, as well as
the thickness, density, and composition of the shielding
material. Concrete is a common material used to shield
people from gamma-rays and X-rays (Figure HI-1).

Examples of gamma-emitting radionuclides include
radioactive atoms of iodine and cesium. X-rays may be
produced by medical X-ray machines in a doctor’s office.

How are Radionuclides Designated?

Radionuclides are frequently expressed with a one or
two letter abbreviation for the element and a superscript
to the left of the symbol that identifies the atomic weight
of the isotope. The atomic weight is the number of
protons and neutrons in the nucleus of the atom. Most
radionuclide symbols used in this report are shown in
Table HI-1. The table also shows the half-life of each
radionuclide. Half-life refers to the time in which one-
half of the atoms of a radioactive sample transforms or
decays in the quest to achieve a more energetically stable
nucleus. Most radionuclides do not decay directly to a
stable element, but rather undergo a series of decays until
a stable element is reached. This series of decays is called
a decay chain.

How are Radioactivity and Radionuclides
Detected?

Environmental samples of air, water, soil, and
plants are collected in the field and then prepared and
analyzed for radioactivity in a laboratory. A prepared
sample is placed in a radiation counting system with a
detector that converts the ionization produced by the
radiation into electrical signals or pulses. The number of
electrical pulses recorded over a unit of time is called a
count rate. The count rate is proportional to the amount of
radioactivity in the sample.

Air and water samples are often analyzed to
determine the total amount of alpha and beta-emitting
radioactivity present. This is referred to as a gross

measurement because the radiation from all alpha-
emitting and beta-emitting radionuclides in the sample is
quantified. Such sample analyses measure both human-
generated and naturally occurring radioactive material.
Gross alpha and beta analyses are generally considered
screening measurements, since specific radionuclides

are not identified. The amount of gross alpha and beta-
emitting radioactivity in air samples is frequently
measured to screen for the potential presence of man-
made radionuclides. If the results are higher than normal,
sources other than background radionuclides may be
suspected, and other laboratory techniques may be used
to identify the specific radionuclides in the sample. Gross
alpha and beta activity also can be examined over time
and between locations to detect trends.

The low penetration ability of alpha-emitting
particles makes detection by any instrument difficult.
Identifying specific alpha-emitting radionuclides
typically involves chemical separations in the laboratory
to purify the sample prior to analysis with an alpha
detection instrument. Radiochemical analysis is very time
consuming and expensive.

Beta particles are easily detected by several types of
instruments, including the common Geiger-Mueller (GM)
counter. However, detection of specific beta-emitting
radionuclides, such as *H and strontium-90 (*°Sr), requires
chemical separation first.

The high-energy photons from gamma-emitting
radionuclides are relatively easy to detect. Because
the photons from each gamma-emitting radionuclide
have a characteristic energy, gamma emitters can be
simply identified in the laboratory with only minimal
sample preparation prior to analysis. Gamma-emitting
radionuclides, such as cesium-137 ('¥’Cs), can even be
measured in soil by field detectors called in-situ detectors.

Gamma radiation originating from naturally
occurring radionuclides in soil and rocks on the earth’s
surface is a primary contributor to the background
external radiation exposure measured in air. Cosmic
radiation from outer space is another contributor to the
external radiation background. External radiation is
easily measured with devices known as environmental
dosimeters.
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Table HI-1. Radionuclides and Their Half-lives. .

Symbol Radionuclide Half-life""
*1Am  Americium-241 4322 yr
Am  Americium-243 7,370 yr
15Gh  Antimony-125  2.75856 yr
HAr Argon-41 109.61 min
'¥'mBa  Barium-137m 2.552 min
1408, Barium-140 12.752d
"Be Beryllium-7 53.224d

MG Carbon-14 5,700 yr
41Ce Cerium-141 32.508d
14Ce Cerium-144 28491d
B4Cs Cesium-134 2.0648 yr
31Cs Cesium-137 30.1671 yr
Ik Chromium-51 27.7025d
“Co Cobalt-60 52713 yr
2By Europium-152 13.537 yr
4Eu Europium-154 8.593 yr
H Tritium 1232 yr
1291 Iodine-129 1.57x 107 yr
| Iodine-131 8.0207 d
>Fe Iron-55 2.737 yr
PFe Iron-59 44495 d
SKr Krypton-85 10.756 yr
87Kr Krypton-87 76.3 min
8Kr Krypton-88 2.84 hr
212pp Lead-212 10.64 hr

Symbol Radionuclide Half-life*"
*Mn Manganese-54  312.12d

INi Nickel-59 1.01 x 10° yr
&Ni Nickel-63 100.1 yr

B8py Plutonium-238  87.7 yr

239py Plutonium-239 2411 x 10% yr
0Py Plutonium-240 6,564 yr
#Mpy Plutonium-241 14.35 yr

242py Plutonium-242 3.75x10° yr
i Potassium-40 1.251 x 10° yr
226Ra Radium-226 1,600 yr
2%Ra Radium-228 575 yr

220Rn Radon-220 55.6s

222Rn Radon-222 3.8235d
1%Ru Ruthenium-103  39.26d

10Ry Ruthenium-106  373.59d

Sr Strontium-90 28.79 yr

PTc Technetium-99 2,111 x 10°yr
Z2Th Thorium-232 1.405 x 101 yr
=y Uranium-233 1.592x 10° yr
By Uranium-234 2.455x 10° yr
V) Uranium-235 7.04 x 10 yr
B8y Uranium-238 4.468 x 10° yr
' Yttrium-90 64.1 hr

8Zn Zinc-65 24406 d

SZr Zirconium-95 64.032d

a. From ICRP Publication 107 (ICRP 2008)

b. d=days; hr = hours; min = minutes; s = seconds; yr = years

How are Results Reported?

by the number of places equal to the exponent. In this
case, 1.0 x 10°represents one million and may also be

Scientific Notation. Concentrations of radionuclides
detected in the environment are typically quite small.
Scientific notation is used to express numbers that are
very small or very large. A very small number may be
expressed with a negative exponent, for example, 1.3 x
10 (or 1.3E-06). To convert this number to its decimal
form, the decimal point is moved left by the number
of places equal to the exponent (six, in this case). The
number 1.3 x 10° may also be expressed as 0.0000013.
When considering large numbers with a positive exponent,
such as 1.0 x 109, the decimal point is moved to the right

written as 1,000,000.

Unit Prefixes. Units for very small and very large
numbers are often expressed with a prefix. One common
example is the prefix kilo (abbreviated k), which means
1,000 of a given unit. One kilometer, therefore, equals
1,000 meters. Table HI-2 defines the values of commonly
used prefixes.

Units of Radioactivity. The basic unit of
radioactivity used in this report is the curie (abbreviated
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Table HI-2. Multiples of Units. '

Multiple Decimal Equivalent Prefix Symbol
10° 1,000,000 mega- M
10 1,000 kilo- k
102 100 hecto- h
10 10 deka- da
10! 0.1 deci- d
102 0.01 centi- c
107 0.001 milli- m
16° 0.000001 micro- 1
107 0.000000001 nano- n
Jo:t2 0.000000000001 pico- P
1013 0.000000000000001 femto- f
108 0.000000000000000001 atto- a

Ci). The curie is based on the disintegration rate
occurring in 1 gram of the radionuclide radium-226,
which is 37 billion (3.7 x 10'°) disintegrations per second
(becquerels). For any other radionuclide, 1 Ci is the
amount of the radionuclide that produces this same decay
rate.

Units of Exposure and Dose (Table HI-3).
Exposure, or the amount of ionization produced by
gamma or X-ray radiation in air, is measured in terms of
the roentgen (R). Dose is a general term to express how
much radiation energy is deposited in something. The
energy deposited can be expressed in terms of absorbed,
equivalent, and/or effective dose. The term rad, which
is short for radiation absorbed dose, is a measure of the
energy absorbed in an organ or tissue. The equivalent
dose, which takes into account the effect of different
types of radiation on tissues and therefore the potential
for biological effects, is expressed as the roentgen
equivalent man or “rem.” Radiation exposures to the
human body, whether from external or internal sources,
can involve all or a portion of the body. To enable
radiation protection specialists to express partial-body
exposures (and the accompanying doses) to portions of
the body in terms of an equal dose to the whole body, the
concept of “effective dose” was developed.

The Systéme International (SI) is the official system
of measurement used internationally to express units
of radioactivity and radiation dose. The basic SI unit of

radioactivity is the Becquerel (Bq), which is equivalent
to one nuclear disintegration per second. The number
of curies must be multiplied by 3.7 x 10'° to obtain the
equivalent number of becquerels. The concept of dose
may also be expressed using the SI units, Gray (Gy)
for absorbed dose (1 Gy = 100 rad) and sievert (Sv) for
effective dose (1 Sv =100 rem).

Concentrations of Radioactivity in Environmental
Sample Media. Table HI-4 shows the units used to
identify the concentration of radioactivity in various
sample media.

There is always uncertainty associated with the
measurement of radioactivity in environmental samples.
This is mainly because radioactive decay events are
inherently random. Thus, when a radioactive sample is
counted again and again for the same length of time, the
results will differ slightly, but most of the results will be
close to the true value of the activity of the radioactive
material in the sample. Statistical methods are used to
estimate the true value of a single measurement and
the associated uncertainty of the measurement. The
uncertainty of a measurement is reported by following
the result with an uncertainty value which is preceded
by the plus or minus symbol, = (e.g., 10 + 2 pCi/L).

The uncertainty is often referred to as sigma (or ¢). For
concentrations of greater than or equal to three times
the uncertainty, there is 95 percent probability that the
radionuclide was detected in a sample. For example, if a
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Table HI-3. Names and Symbols for Units of Radioactivity and Radiological Dose Used in this Report.

Svmbol Name

Bq Becquerel

Ci Curie (37,000,000,000 Bq)
mCi Millicurie (1 x 107 Ci)
uCi Microcurie (1 x 10°¢ Ci)
mrad Millirad (1 x 107 rad)
mrem Millirem (1 x 10 rem)

R Roentgen

mR Milliroentgen (1 x 107 R)
uR Microroentgen (1 x 10° R)
Sv Sievert (100 rem)

mSv Millisievert (100 mrem)
uSv Microsievert (0.1 mrem)

Table HI-4. Units of Radioactivity. '

Media

Air
Liquid, such as water and milk
Soil and agricultural products

Annual human radiation exposure,
measured by environmental

dosimeters factor

Microcuries per milliliter (uCi/mL)

Picocuries per liter (pCi/L)

Picocuries per gram (pCi/g) dry weight

Milliroentgens (mR) or millirem (mrem), after being
multiplied by an appropriate dose equivalent conversion

radionuclide is reported for a sample at a concentration
of 10 £ 2 pCi/L, that radionuclide is considered to be
detected in that sample because 10 is greater than 3 x 2
or 6. On the other hand, if the reported concentration of
a radionuclide (e.g., 10 = 6 pCi/L) is smaller than three
times its associated uncertainty, then the sample probably
does not contain that radionuclide (i.e., 10 is less than 3

x 6 or 18). Such low concentrations are considered to be
undetected by the method and/or instrumentation used.

Mean, Median, Maximum, and Minimum Values.
Descriptive statistics are often used to express the
patterns and distribution of a group of results. The most
common descriptive statistics used in this report are the
mean, median, minimum, and maximum values. Mean
and median values measure the central tendency of the
data. The mean is calculated by adding up all the values
in a set of data and then dividing that sum by the number

of values in the data set. The median is the middle value
in a group of measurements. When the data are arranged
from largest (maximum) to smallest (minimum), the
result in the exact center of an odd number of results

is the median. If there is an even number of results, the
median is the average of the two central values. The
maximum and the minimum results represent the range
of the measurements.

Statistical analysis of many of the air data reported
in this annual report indicate that the median is a more
appropriate representation of the central tendency
of those results. For this reason, some of the figures
present the median value of a data group. For example,
Figure HI-2 is a box plot which shows the minimum,
maximum, and median of a set of air measurements.
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Comparison of Gross Alpha Concentrations Measured in Air
at Boundary, Distant, and INL Site Locations
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Figure HI-2. A Graphical Representation of Minimum, Median, and Maximum Results with a Box Plot. The 25th
and 75th percentiles are the values such that 75 percent of the measurements in the data set are greater than the 25th
percentile, and 75 percent of the measurements are less than the 75th percentile.

How are Data Represented Graphically? A column or bar chart can show data changes
over a period of time or illustrate comparisons among
Charts and graphs often are used to compare data items. Figure HI-4 illustrates the maximum dose (mrem)

and to visualize patterns, such as trends over time. Four calculated for the maximally exposed individual from
kinds of graphics are used in this report to represent data: 2007 through 2018. The maximally exposed individual

pie charts, column graphs, line plots, and contour lines. is a hypothetical member of the public who is exposed
to radionuclides from airborne releases through various

A pie chart is used in this report to illustrate environmental pathways and the media through which

fractions of a whole. For example, Figure HI-3 shows the radionuclides are transported (i.e., air, water, and

the approximate contribution to dose that a typical food). The chart shows the general decreasing trend of

person might receive while living in southeast Idaho. the dose over time.

The percentages are derived from the table in the lower

left-hand corner of the figure. The medical, consumer, A plot can be useful to visualize differences

and occupational/industrial portions are from National in results over time. Figure HI-5 shows the **Sr

Council on Radiation Protection and Measurements measurements in two wells collected by USGS for 21

Report No. 160 (NCRP 2009). The contribution from years (1998-2018). The results are plotted by year. The

background (natural radiation, mostly radon) is estimated  plot shows a decreasing trend with time.
in Table 7-7 of this report.
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Sources of Dose to the Average Individual Living in Southeast Idaho

Ce Occupati 1Eind 1al

0.1%

Effective dose (mram) % of Total
Background 383 55
Medical 300 43
Consumer 13 19
Occupational/industrial 0.8 0.1
TOTAL 637 100

Figure HI-3. Data Presented Using a Pie Chart.
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Figure HI-4. Data Plotted Using a Column Chart.
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Contour lines are sometimes drawn on a map to
discern patterns over a geographical area. For example,
Figure HI-6 shows the distribution of *°Sr in groundwater
around INTEC. Each contour line, or isopleth,
represents a specific concentration of the radionuclide
in groundwater. It was estimated from measurements
of samples collected from wells around INTEC. Each
contour line separates areas that have concentrations
above the contour line value from those that have
concentrations below that value. The figure shows the
highest concentration gradient near INTEC and the
lowest farther away. It reflects the movement of the
radionuclide in groundwater from INTEC where it was
injected into the aquifer in the past.

How Are Results Interpreted?

To better understand data, results are compared in
one or more ways, including:

*  Comparison of results collected at different
locations. For example, measurements made at
Idaho National Laboratory (INL) Site locations are
compared with those made at locations near the

50

boundary of the INL Site and distant from the INL
Site to find differences that may indicate an impact
(Figure HI- 2).

Trends over time or space. Data collected during
the year can be compared with data collected at the
same location or locations during previous years to
see if concentrations are increasing, decreasing, or
remaining the same with time. See, for example,
Figure HI-4, which shows a general decrease in
dose over time. Figure HI-6 illustrates a clear
spatial pattern of radionuclide concentrations in
groundwater decreasing with distance from the
source.

Comparison with background measurements.
Humans are now, and always have been,
continuously exposed to ionizing radiation from
natural background sources. Background sources
include natural radiation and radioactivity as well as
radionuclides from human activities. These sources
are discussed in the following section.

® USGS 47

B USGS 57

A USGS113

Strontiu-90 Concentration (pCi/L)

Figure HI-S. Data Plotted Using a Linear Plot.
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What Is Background Radiation?

Radioactivity from natural and fallout sources is
detectable as background in all environmental media.
Natural sources of radiation include: radiation of
extraterrestrial origin (called cosmic rays), radionuclides
produced in the atmosphere by cosmic ray interaction
with matter (called cosmogenic radionuclides), and
radionuclides present at the time of the formation of
the earth (called primordial radionuclides). Radiation
that has resulted from the activities of modern man
is primarily fallout from past atmospheric testing
of nuclear weapons. One of the challenges to
environmental monitoring on and around the INL
Site is to distinguish between what may have been
released from the INL Site and what is already present
in background from natural and fallout sources. These
sources are discussed in more detail below.

Natural Sources. Natural radiation and
radioactivity in the environment, that is natural
background, represent a major source of human
radiation exposure (NCRP 1987, 2009). For this reason,
natural radiation frequently is used as a standard of
comparison for exposure to various human-generated
sources of ionizing radiation. An individual living in

southeast Idaho was estimated in 2018 to receive an
average dose of about 383 mrem/yr (3.8 mSv/yr) from
natural background sources of radiation on earth (Figure
HI-7). These sources include cosmic radiation and
naturally occurring radionuclides.

Cosmic radiation is radiation that constantly
bathes the earth from extraterrestrial sources. The
atmosphere around the earth absorbs some of the cosmic
radiation, so doses are lowest at sea level and increase
sharply with altitude. Cosmic radiation is estimated,
using data in NCRP (2009), to produce a dose of about
57 mrem/yr (0.57 mSv/yr) to a typical individual living
in southeast Idaho (Figure HI-7). Cosmic radiation also
produces cosmogenic radionuclides, which are found
naturally in all environmental media and are discussed
in more detail below.

Naturally occurring radionuclides are of two
general kinds: cosmogenic and primordial. Cosmogenic
radionuclides are produced by the interaction of cosmic
radiation within the atmosphere or in the earth. Cosmic
rays have high enough energies to blast apart atoms
in the earth’s atmosphere. The result is the continuous
production of radionuclides, such as *H, beryllium-7,
sodium-22 (**Na), and carbon-14 (**C). Cosmogenic

Total = 383 mrem

m External - Terrestrial radiation
from primordial radionuclides

External - Cosmic radiation
Internal (ingestion) -
Potassium-40

» Internal (ingestion) - Thorium-
232 and uranium-238

® |nternal (ingestion) - Others:
carbon-14 and rubidium-87)

m |nternal (inhalation) - Radon-
222 (radon) and its short-lived
decay products

Figure HI-7. Calculated Doses (mrem per year) from Natural Background Sources for an Average Individual
Living in Southeast Idaho (2018).
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radionuclides, particularly *H and *C, have been measured
in humans, animals, plants, soil, polar ice, surface

rocks, sediments, the ocean floor, and the atmosphere.
Concentrations are generally higher at mid-latitudes

than at low- or high-latitudes. Cosmogenic radionuclides
contribute only about 1 mrem/yr to the total average dose,
mostly from *C, that might be received by an adult living
in the United States (NCRP 2009). Tritium and "Be are
routinely detected in environmental samples collected by
environmental monitoring programs on and around the INL
Site (Table HI-5), but contribute little to the dose that might
be received from natural background sources.

Primordial radionuclides are those that were present
when the earth was formed. The primordial radionuclides
detected today are billions of years old. The radiation dose
to a person from primordial radionuclides comes from
internally deposited radioactivity, inhaled radioactivity,
and external radioactivity in soils and building materials.
Three of the primordial radionuclides, potassium-40
(*°K), uranium-238 (***U), and thorium-232 (**Th), are
responsible for most of the dose received by people from
natural background radioactivity. They have been detected
in environmental samples collected on and around the
INL Site (Table HI-5). The external dose to an adult living
in southeast Idaho from terrestrial natural background
radiation exposure (74 mrem/yr or 0.74 mSv/yr) has been
estimated using concentrations of *°K, 28U, and 2Th
measured in soil samples collected from areas surrounding
the INL Site from 1976 through 1993. This number
varies slightly from year to year based on the amount of

snow cover. Uranium-238 and »*Th are also estimated to
contribute 13 mrem/yr (0.13 mSv/yr) to an average adult
through ingestion (NCRP 2009).

Potassium-40 is abundant and measured in living
and nonliving matter. It is found in human tissue and is
a significant source of internal dose to the human body
(approximately 15 mrem/yr [0.15 mSv/yr] according
to NCRP [2009]). Rubidium-87, another primordial
radionuclide, contributes a small amount (< 1 mrem/yr)
to the internal dose received by people but is not typically
measured in INL Site samples.

Uranium-238 and #*?Th each initiate a decay chain
of radionuclides. A radioactive decay chain starts with
one type of radioactive atom called the parent that decays
and changes into another type of radioactive atom called
a progeny radionuclide. This system repeats, involving
several different radionuclides. The parent radionuclide of
the uranium decay chain is 2*¥U. The most familiar element
in the uranium series is radon, specifically radon-222
(**Rn). This is a gas that can accumulate in buildings.
Radon and its progeny are responsible for most of the
inhalation dose (an average of 200 mrem/yr [2.0 mSv/yr]
nationwide) produced by naturally occurring radionuclides
(Figure HI-7).

The parent radionuclide of the thorium series is
22Th. Another isotope of radon (**°Rn), called thoron,
occurs in the thorium decay chain of radioactive atoms.
Uranium-238, 2*?Th, and their progeny often are detected in
environmental samples (Table HI-5).

Table HI-5. Naturally Occurring Radionuclides that Have Been Detected in Environmental Media
Collected On and Around the INL Site.

Radionuclide Half-life
Beryllium-7 ("Be) 53.22da
Tritium (*H) 12.32 yr
Potassium-40 (*’K) 1.2516 x 10° yr
Thorium-232 (***Th) 1.405 x 10" yr
Uranium-238 (**U) 4.468 x 10° yr
Uranium-234(*%U) 2.455 x 10° yr
Radium-226 (***Ra) 1,600 yr

How Produced?

Cosmic rays

Detected or Measured in:
Rain, air

Cosmic rays Water, rain, air moisture

Primordial Water, air, soil, plants,
animals

Primordial Soil

Primordial Water, air, soil

238U progeny Water, air, soil

28J progeny Water
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Global Fallout. The United States, the USSR, and
China tested nuclear weapons in the atmosphere in the
1950s and 1960s. This testing resulted in the release
of radionuclides into the upper atmosphere, and such a
release is referred to as fallout from weapons testing.
Concerns over worldwide fallout rates eventually led
to the Partial Test Ban Treaty in 1963, which limited
signatories to underground testing. Not all countries
stopped atmospheric testing with the treaty. France
continued atmospheric testing until 1974, and China until
1980. Additional fallout, but to a substantially smaller
extent, was produced by the Chernobyl and Fukushima
nuclear accidents in 1986 and 2011, respectively.

Most of the radionuclides associated with nuclear
weapons testing and the Chernobyl and Fukushima
accidents have decayed and are no longer detected in
environmental samples. Radionuclides that are currently
detected in the environment and typically associated
with global fallout include *Sr and *’Cs. Strontium-90,
a beta-emitter with a 29-year half-life, is important
because it is chemically similar to calcium and tends to
accumulate in bone tissues. Cesium-137, which has a
30-year half-life, is chemically similar to potassium and
accumulates rather uniformly in muscle tissue throughout
the body.

The deposition of these radionuclides on the earth’s
surface varies by latitude, with most occurring in the
northern hemisphere at approximately 40°. Variation
within latitudinal belts is a function primarily of
precipitation, topography, and wind patterns. The dose
produced by global fallout from nuclear weapons testing
has decreased steadily since 1970. The annual dose rate
from fallout was estimated in 1987 to be less than 1
mrem (0.01 mSv) (NCRP 1987). It has been nearly 30
years since that estimate, so the current dose is assumed
to be even lower.

What are the Risks of Exposure to Low
Levels of Radiation?

Radiation protection standards for the public
have been established by state and federal agencies
based mainly on recommendations of the International
Commission on Radiological Protection and the National
Council on Radiation Protection and Measurements. The
International Commission on Radiological Protection
is an association of scientists from many countries,
including the United States. The National Council on
Radiation Protection and Measurements is a nonprofit

corporation chartered by Congress. Through radiation
protection standards, exposure of members of the general
public to radiation is controlled so that risks are small
enough to be considered insignificant compared to the
risks undertaken during other activities deemed normal
and acceptable in modern life.

A large amount of data exists concerning the effects
of acute delivery (all at once) of high doses of radiation,
especially in the range of 50 to 400 rem (0.5 to 4.0 Sv).
Most of this information was gathered from the Japanese
atomic bombing survivors and patients who were treated
with substantial doses of X-rays. Conversely, information
is limited and therefore it is difficult to estimate risks
associated with low level exposure. Risk can be defined
in general as the probability (chance) of injury, illness,
or death resulting from some activity. Low-dose effects
are those that might be caused by doses of less than 20
rem (0.2 Sv), whether delivered acutely or spread out
over a period as long as a year (Taylor 1996). Most of the
radiation exposures that humans receive are very close
to background levels. Moreover, many sources emit
radiation that is well below natural background levels.
This makes it extremely difficult to isolate its effects. For
this reason, government agencies make the conservative
(cautious) assumption that any increase in radiation
exposure is accompanied by an increased risk of health
effects. Cancer is considered by most scientists to be the
primary health effect from long-term exposure to low
levels of radiation while each radionuclide represents
a somewhat different health risk. A 2011 report by the
U.S. Environmental Protection Agency estimated a 5.8
x 102 Gy! cancer mortality risk coefficient for uniform
whole-body exposure throughout life at a constant dose
rate. Given a 1 gray (100 rad) ionizing radiation lifetime
exposure this corresponds to 580 deaths, above normal
cancer mortality rates, within an exposure group of
10,000 people. For low-linear energy transfer radiation
(i.e., beta and gamma radiation) the dose equivalent in
Sv (100 rem) is numerically equal to the absorbed dose
in Gy (100 rad). Therefore, if each person in a group of
10,000 people is exposed to 1 rem (0.01 Sv) of ionizing
radiation in small doses over a lifetime, we would expect
around six people to die of cancer than would otherwise.
For perspective, most people living on the eastern Snake
River Plain receive over 383 mrem (3.8 mSv) every year
from natural background sources of radiation.

U.S. Department of Energy limits the dose to a
member of the public from all sources and pathways to
100 mrem (1 mSv) and the dose from the air pathway
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only to 10 mrem (0.1 mSv) (DOE Order 458.1). The doses
estimated to maximally exposed individuals from INL Site
releases are typically well below 1 mrem per year.
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Torrey's milkvetch (Astragalus calycosus)
Photo by: Kara Cafferty
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Sunrise over East and Middle Buttes
Photo by: Peggy Scherbinske
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1.Introduction

1. INTRODUCTION

This annual report is prepared in compliance with the
following U.S. Department of Energy (DOE) orders:

* DOE O 231.1B, “Environment, Safety and Health
Reporting”

*  DOE 0 436.1, “Departmental Sustainability”

DOE 0 458.1, “Radiation Protection of the Public
and the Environment.”

The purpose of the report, as outlined in DOE O
231.1B, is to present summary environmental data to:

*  Characterize site environmental performance

*  Summarize environmental occurrences and
responses during the calendar year

*  Confirm compliance with environmental standards
and requirements

*  Highlight significant facility programs and efforts.

This report is the principal document that demon-
strates compliance with DOE O 458.1 requirements and,
therefore, describes the DOE Idaho National Laboratory
(INL) Site impact on the public and the environment
with emphasis on radioactive contaminants.

1.1 Site Location

The INL Site encompasses about 2,305 square kilo-
meters (km?) (890 square miles [mi®]) of the upper Snake
River Plain in southeastern Idaho (Figure 1-1). Over
50% of the INL Site is located in Butte County and the
rest is distributed across Bingham, Bonneville, Clark,
and Jefferson counties. The INL Site extends 63 km (39
mi) from north to south and is approximately 61 km (38
mi) at its broadest east-west portion. By highway, the
southeast boundary is approximately 40 km (25 mi) west
of Idaho Falls. Other towns surrounding the INL Site
include Arco, Atomic City, Blackfoot, Rigby, Rexburg,
Terreton, and Howe. Pocatello is 85 km (53 mi) to the
southeast.

Federal lands surround much of the INL Site, includ-
ing Bureau of Land Management lands and Craters of
the Moon National Monument and Preserve to the south-
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west, Challis National Forest to the west, and Targhee
National Forest to the north. Mud Lake Wildlife Manage-
ment Area, Camas National Wildlife Refuge, and Market
Lake Wildlife Management Area are within 80 km (50
mi) of the INL Site. The Fort Hall Indian Reservation is
located approximately 60 km (37 mi) to the southeast.

1.2  Environmental Setting

The INL Site is located in a large, relatively undis-
turbed expanse of sagebrush steppe. Approximately 94%
of the land on the INL Site is open and undeveloped. The
INL Site has an average elevation of 1,500 m (4,900 ft)
above sea level and is bordered on the north and west
by mountain ranges and on the south by volcanic buttes
and open plain. Lands immediately adjacent to the INL
Site are open sagebrush steppe, foothills, or agricultural
fields. Agriculture is concentrated in areas northeast of
the INL Site.

About 60% of the INL Site is open to livestock graz-
ing. Controlled hunting is permitted but is restricted to a
very small portion of the northern half of the INL Site.

The climate of the high desert environment of the
INL Site is characterized by sparse precipitation (about
21.5 cm/yr [8.45 in./yr]), warm summers (average daily
temperature of 18.4°C [65.1°F]), and cold winters (aver-
age daily temperature of -7.4°C [18.7°F]), based on ob-
servations at Central Facilities Area from 1950 through
2017 (NOAA 2019). The altitude, intermountain setting,
and latitude of the INL Site combine to produce a semi-
arid climate. Prevailing weather patterns are from the
southwest, moving up the Snake River Plain. Air masses,
which gather moisture over the Pacific Ocean, traverse
several hundred miles of mountainous terrain before
reaching southeastern Idaho. Frequently, the result is dry
air and little cloud cover. Solar heating can be intense,
with extreme day-to-night temperature fluctuations.

Basalt flows cover most of the Snake River Plain,
producing rolling topography. Over 400 different kinds
(taxa) of plants have been recorded on the INL Site (An-
derson et al. 1996). Vegetation is dominated by big sage-
brush (Artemisia tridentata) with grasses and wildflow-
ers beneath that have been adapted to the harsh climate.
The INL Site is also home to many kinds of animals.
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Vertebrate animals found on the INL Site include
small burrowing mammals, snakes, birds, and several
large mammals. Published species records include six
fishes, one amphibian, nine reptiles, 164 birds, and 39
mammals (Reynolds et al. 1986).

The Big Lost River on the INL Site flows northeast,
ending in a playa area on the northwestern portion of
the INL Site, called the Big Lost River Sinks. Here, the
river evaporates or infiltrates to the subsurface, with no
surface water moving off the INL Site. Normally the
river bed is dry because of upstream irrigation and rapid
infiltration into desert soil and underlying basalt (Fig-
ure 1-2). The river rarely flows onto the INL Site. Good
carry over of water in the Mackay Reservoir paired with
a large snowpack and above-normal water levels behind
the Mackay Reservoir allowed the river to flow onto the
INL for most of 2018 and fill the Big Lost River Sinks
(Figure 1-2). River samples were collected in both 2017
and 2018 after being mostly dry since 2012.

Fractured volcanic rocks under the INL Site form a
portion of the eastern Snake River Plain aquifer (Figure
1-3), which stretches 320 km (199 mi) from Island Park
to King Hill, which is 9.7 km (6 mi) northeast of Glenns
Ferry and stores one of the most bountiful supplies of
groundwater in the nation. An estimated 247 to 370 bil-
lion m? (200 to 300 million acre-ft) of water is stored
in the aquifer’s upper portions. The aquifer is primarily
recharged from the Henrys Fork and the South Fork of
the Snake River, and to a lesser extent from the Big Lost
River, Little Lost River, Birch Creek, and irrigation. Be-
neath the INL Site, the aquifer moves laterally southwest
at a rate of 1.5 to 6 m/day (5 to 20 ft/day) (Lindholm
1996). The eastern Snake River Plain aquifer emerges in
springs along the Snake River between Milner and Bliss,
Idaho. Crop irrigation is the primary use of both surface
water and groundwater on the Snake River Plain.

1.3  History of the INL Site

The geologic events that have shaped the modern
Snake River Plain took place during the last 2 million
years (Ma) (Lindholm 1996; ESRF 1996). This plain,
which arcs across southern Idaho to Yellowstone Na-
tional Park, marks the passage of the earth’s crust over a
plume of melted mantle material.

The volcanic history of the Yellowstone-Snake River
Plain volcanic field is based on the time-progressive
volcanic origin of the region, characterized by several
large calderas in the eastern Snake River Plain, with di-
mensions similar to those of Yellowstone’s three giant

Pleistocene calderas. These volcanic centers are located
within the topographic depression that encompasses the
Snake River drainage. Over the last 16 Ma, a series of
giant, caldera-forming eruptions occurred, with the most
recent at Yellowstone National Park 630,000 years ago.
The youngest silicic volcanic centers correspond to the
Yellowstone volcanic field that are less than 2 Ma old
and are followed by a sequence of silicic centers at about
6 Ma ago, southwest of Yellowstone. A third group of
centers, approximately 10 Ma, is centered near Pocatello,
Idaho. The oldest mapped silicic rocks of the Snake
River Plain are approximately 16 Ma and are distributed
across a 150-km-wide (93-mi-wide) zone in southwest-
ern Idaho and northern Nevada; they are the suspected
origin of the Yellowstone-Snake River Plain (Smith and
Siegel 2000).

Humans first appeared on the upper Snake River
Plain approximately 11,000 years ago. Tools recovered
from this period indicate the earliest human inhabitants
were hunters of large game. The ancestors of the present-
day Shoshone and Bannock people came north from the
Great Basin around 4,500 years ago (ESRF 1996).

People of European descent began exploring the
Snake River Plain between 1810 and 1840; these explor-
ers were trappers and fur traders seeking new supplies of
beaver pelts.

Between 1840 and 1857, an estimated 240,000 im-
migrants passed through southern Idaho on the Oregon
Trail. By 1868, treaties had been signed to relocate the
native population to the Fort Hall Reservation. During
the 1870s, miners entered the surrounding mountain
ranges, followed by ranchers grazing cattle and sheep in
the valleys.

In 1901 a railroad was opened between Blackfoot
and Arco, Idaho. By this time, a series of acts (the Home-
stead Act of 1862, the Desert Claim Act of 1877, the
Carey Act of 1894, and the Reclamation Act of 1902)
provided sufficient incentive for homesteaders to build
diversionary canals to claim the desert. Most of these
canal efforts failed because of the extreme porosity of the
gravelly soils and underlying basalts.

During World War 11, large guns from U.S. Navy
warships were retooled at the U.S. Naval Ordnance Plant
in Pocatello, Idaho. These guns needed to be tested, and
the nearby uninhabited plain was put to use as a gun-
nery range, known then as the Naval Proving Ground.
The U.S. Army Air Corps also trained bomber crews out
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Figure 1-2. Big Lost River. Dry riverbed in 2016 (upper). Flowing river in May 2017 (lower).

of the Pocatello Airbase and used the area as a bombing In 1951, Experimental Breeder Reactor-1 became
range. the first reactor to produce useful electricity. In 1955, the
Boiling-Water Reactor Experiments-I1I reactor provided
After the war ended, the nation turned to peace- electricity to Arco, Idaho — the first time a nuclear reactor
ful uses of atomic power. DOE’s predecessor, the U.S. powered an entire community in the United States. The
Atomic Energy Commission, needed an isolated location laboratory also developed prototype nuclear propulsion
with ample groundwater supply on which to build and plants for Navy submarines and aircraft carriers. Over

test nuclear power reactors. In 1949, the Naval Prf)ving time, the Site evolved into an assembly of 52 reactors,
Ground became the National Reactor Testing Station. associated research centers, and waste handling areas.



Introduction

State of Idaho

Snake River Plain Aquifer

Legend

. Snake River Plain Aquifer  Surface Elevation
— Direction of groundwater > 10,000 ft
« flow

-~ Snake River

-~ |ntermittent river or stream 5,000 ft

=5 Lake

(~, Playa or spreading areas

] INL Site boundary

= State boundary <1.000 ft

C City ortown

0 15 30 &0 80 120
T — -
Miles

0 25 50 100 NORTH

GI5 Analyst: Dan Mahnami

Diate Drawn: 44/2019

Path: X \gis_praj omantal_monitoring\2019_ASER_Maps

File Name: Fig_1-3-Snake_River_Plain_Aquifer_FY18-AP_V1.mxd

J Twin Falls

g, ) Y ENY

Figure 1-3. INL Site Relation to the Eastern Snake River Plain Aquifer.




1.6 INL Site Environmental Report

The National Reactor Testing Station was renamed
the Idaho National Engineering Laboratory in 1974 and
Idaho National Engineering and Environmental Labo-
ratory in 1997 to reflect the Site’s leadership role in
environmental management. The U.S. Atomic Energy
Commission was renamed the U.S. Energy Research and
Development Administration in 1975 and reorganized to
the present-day DOE in 1977.

With renewed interest in nuclear power, DOE an-
nounced in 2003 that Argonne National Laboratory-West
and the Idaho National Engineering and Environmental
Laboratory would be the lead laboratories for develop-
ment of the next generation of power reactors. On Febru-
ary 1, 2005, Battelle Energy Alliance took over opera-
tion of the laboratory, merged with Argonne National
Laboratory-West, and the facility name was changed to
Idaho National Laboratory. At this time the site’s clean-
up activities were moved to a separate contract, the Idaho
Cleanup Project, which is currently managed by Fluor
Idaho, LLC. Research activities, which include projects
other than nuclear research such as National and Home-
land Security projects, were consolidated in the newly
named Idaho National Laboratory.

1.4 Human Populations Near the INL Site

The population of the region within 80 km (50 mi)
of the INL Site is estimated, based on the 2010 census
and projected growth, to be 337,643. Over half of this
estimated population (180,806) resides in the census di-
visions of Idaho Falls (112,013) and northern Pocatello
(68,793). Another 30,969 are projected to live in the
Rexburg census division. Approximately 21,692 are esti-
mated to reside in the Rigby census division and 15,974
in the Blackfoot census division. The remaining popula-
tion resides in small towns and rural communities.

1.5 Idaho National Laboratory Site
Primary Program Missions and Facilities

The INL Site mission is to operate a multi-program
national research and development laboratory and to
complete environmental cleanup activities stemming
from past operations. The U.S. Department of Energy,
Idaho Operations Office (DOE-ID) receives implement-
ing direction and guidance primarily from two DOE
Headquarters offices, the Office of Nuclear Energy and
the Office of Environmental Management. The Office of
Nuclear Energy is the Lead Program Secretarial Office
for all DOE-ID-managed operations on the INL Site. The
Office of Environmental Management provides direction
and guidance to DOE-ID for environmental cleanup on

the INL Site and functions in the capacity of Cognizant
Secretarial Office. Naval Reactors operations on the INL
Site report to the Pittsburgh Naval Reactors Office, fall
outside the purview of DOE-ID, and are not included in
this report.

1.5.1 Idaho National Laboratory

The INL mission is to discover, demonstrate and
secure innovative nuclear energy solutions, other clean
energy options, and critical infrastructure. Its vision is to
change the world’s energy future and secure our nation’s
critical infrastructure. To fulfill its assigned duties during
the next decade, INL will work to transform itself into a
laboratory leader in nuclear energy and homeland securi-
ty research, development, and demonstration. This trans-
formation will be the development of nuclear energy and
national and homeland security leadership highlighted
by achievements such as demonstration of Generation IV
reactor technologies; creation of national user facilities,
including the Advanced Test Reactor National Scientific
User Facility, Wireless, and Biomass Feedstock National
User Facilities; the Critical Infrastructure Test Range;
piloting of advanced fuel cycle technology; the rise to
prominence of the Center for Advanced Energy Studies;
and recognition as a regional clean energy resource and
world leader in safe operations. Battelle Energy Alliance,
LLC, is responsible for management and operation of the
INL.

1.5.2 Idaho Cleanup Project

The Idaho Cleanup Project (ICP) Core involves the
safe environmental cleanup of the INL Site, which was
contaminated with waste generated during World War
II-era conventional weapons testing, government-owned
research and defense reactor operations, laboratory re-
search, fuel reprocessing, and defense missions at other
DOE sites. The project focuses on meeting Idaho Settle-
ment Agreement (DOE 1995) and environmental cleanup
milestones while reducing risks to workers. Protection
of the Snake River Plain aquifer, the sole drinking water
source for more than 300,000 residents of eastern Idaho,
was the principal concern addressed in the Settlement
Agreement. Fluor Idaho, LLC, is responsible for the ICP
Core.

The majority of cleanup work under the contract is
driven by regulatory compliance agreements. The two
foundational agreements are: the 1991 Comprehensive
Environmental Response, Compensation, and Liability
Act (CERCLA)-based Federal Facility Agreement and
Consent Order (DOE 1991), which governs the cleanup
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of contaminant releases to the environment; and the

1995 Idaho Settlement Agreement (DOE 1995), which
governs the removal of transuranic waste, spent nuclear
fuel and high-level radioactive waste from the state of
Idaho. Other regulatory drivers include the Federal Facil-
ity Compliance Act-based Site Treatment Plan (treatment
of hazardous wastes), and other environmental permits,
closure plans, federal and state regulations, Records of
Decision and other implementing documents.

The ICP Core involves treating a million gallons of
sodium-bearing liquid waste; removing targeted trans-
uranic waste from the Subsurface Disposal Area; plac-
ing spent nuclear fuel in dry storage; treating high-level
waste calcine; treating both remote- and contact-handled
transuranic waste for disposal at the Waste Isolation Pilot
Plant in New Mexico; and demolishing and disposing of
more than 200 contaminated structures, including reac-
tors, spent nuclear fuel storage basins, and laboratories
used for radioactive experiments.

1.5.3 Primary Idaho National Laboratory
Site Facilities

Most INL Site buildings and structures are located
within developed areas that are typically less than a few
square miles and separated from each other by miles of
undeveloped land. DOE controls all land within the INL
Site (Figure 1-4). In addition to the INL Site, DOE owns
or leases laboratories and administrative offices in the
city of Idaho Falls, 40 km (25 mi) east of the INL Site.

Central Facilities Area — The Central Facilities Area
is the main service and support center for the INL Site’s
desert facilities. Activities at the Central Facilities Area
support transportation, maintenance, medical, construc-
tion, radiological monitoring, security, fire protection,
warehouses, and instrument calibration activities. It is
operated by the INL contractor.

Critical Infrastructure Test Range Complex — The
Critical Infrastructure Test Range Complex encom-
passes a collection of specialized test beds and train-
ing complexes that create a centralized location where
government agencies, utility companies, and military
customers can work together to find solutions for many
of the nation’s most pressing security issues. The Critical
Infrastructure Test Range Complex provides open land-
scape, technical employees, and specialized facilities for
performing work in three main areas: physical security,
contraband detection, and infrastructure testing. It is op-
erated by the INL contractor.

Idaho Nuclear Technology and Engineering Center
— The Idaho Chemical Processing Plant was established
in the 1950s to recover usable uranium from spent nucle-
ar fuel used in DOE and Department of Defense reactors.
Over the years, the facility recovered more than $1 bil-
lion worth of highly enriched uranium that was returned
to the government fuel cycle. In addition, an innovative
high-level liquid waste treatment process known as cal-
cining was developed at the plant. Calcining reduced
the volume of liquid radioactive waste generated during
reprocessing and placed it in a more stable granular solid
form. In the 1980s, the facility underwent a moderniza-
tion, and safer, cleaner, and more efficient structures
replaced most major facilities. Reprocessing of spent
nuclear fuel was discontinued in 1992. In 1998, the plant
was renamed the Idaho Nuclear Technology and Engi-
neering Center. Current operations include startup and
operation of the Integrated Waste Treatment Unit, de-
signed to treat about 3,406,871 liters (900,000 gallons) of
sodium-bearing liquid waste and closure of the remain-
ing liquid waste storage tank, spent nuclear fuel storage,
environmental remediation, disposing of excess facilities,
and management of the Idaho CERCLA Disposal Facil-
ity. The Idaho CERCLA Disposal Facility is the consoli-
dation point for CERCLA-generated wastes within the
INL Site boundaries. The Idaho Nuclear Technology and
Engineering Center is operated by Fluor Idaho, the ICP
Core contractor.

Materials and Fuels Complex — The Materials and
Fuels Complex is a prime testing center for advanced
technologies associated with nuclear power systems.
This complex is the nexus of research and development
for new reactor fuels and related materials. As such, it
will contribute to increasingly efficient reactor fuels and
the important work of nonproliferation — harnessing
more energy with less risk. Facilities at the Materials
and Fuels Complex also support manufacturing and as-
sembling components for use in space applications. It is
operated by the INL contractor.

Naval Reactors Facility — The Naval Reactors Facil-
ity (NRF) is operated by Fluor Marine Propulsion Corpo-
ration.

As established in Executive Order 12344 (1982),
the Naval Nuclear Propulsion Program is exempt from
the requirements of DOE O 436.1, 458.1, and 414.1D.
Therefore, NRF is excluded from this report. The direc-
tor of the Naval Nuclear Propulsion Program, establishes
reporting requirements and methods implemented within
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the program, including those necessary to comply with

appropriate environmental laws. The NRF’s program is
documented in the NRF Environmental Monitoring Re-
port (BMPC 2018).

Radioactive Waste Management Complex — Since
the 1950s, DOE has used the Radioactive Waste Manage-
ment Complex (RWMC) to manage, store, and dispose
of waste contaminated with radioactive elements gener-
ated in national defense and research programs. RWMC
provides treatment, temporary storage, and transportation
of transuranic waste destined for the Waste Isolation Pi-
lot Plant.

The Subsurface Disposal Area is a 39-hectare (96-
acre) radioactive waste landfill that was used for more
than 50 years. Approximately 14 of the 39 hectares (35
of 96 acres) contain waste, including radioactive ele-
ments, organic solvents, acids, nitrates, and metals from
historical operations such as reactor research at the INL
Site and weapons production at other DOE facilities. A
CERCLA Record of Decision (OU-7-13/14) was signed
in 2008 (DOE-ID 2008) and includes exhumation and
off-site disposition of targeted waste. Cleanup of RWMC
is managed by the ICP Core contractor.

Advanced Test Reactor Complex — The Advanced
Test Reactor (ATR) Complex was established in the early
1950s and has been the site for operation of three major
test reactors: the Materials Test Reactor (1952—-1970),
the Engineering Test Reactor (1957-1982), and the
Advanced Test Reactor (1967—present). The current pri-
mary mission at the ATR Complex is operation of the
Advanced Test Reactor, the world’s premier test reac-
tor used to study the effects of radiation on materials.
This reactor also produces rare and valuable medical
and industrial isotopes. The ATR is a National Scientific
User Facility. The ATR Complex also features the ATR
Critical Facility, Test Train Assembly Facility, Radiation
Measurements Laboratory, Radiochemistry Laboratory,
and the Safety and Tritium Applied Research Facility — a
national fusion safety user facility. The ATR Complex is
operated by the INL contractor.

Research and Education Campus — The Research
and Education Campus (REC), operated by the INL
contractor, is the collective name for INL’s administra-
tive, technical support, and computer facilities in Idaho
Falls, and the in-town laboratories where researchers
work on a wide variety of advanced scientific research
and development projects. As the name implies, the REC
uses both basic science research and engineering to apply

new knowledge to products and processes that improve
quality of life. This reflects the emphasis INL is placing
on strengthening its science base and increasing the com-
mercial success of its products and processes. Two new
laboratory facilities, the Energy Systems Laboratory and
the Energy Innovation Laboratory, were constructed in
2013 and 2014. Other facilities envisioned over the next
10 years include a national security building, a visitor’s
center, visitor housing, and a parking structure close to
current campus buildings. In 2018, the Idaho Board of
Education and INL will begin construction of two new
research facilities: the Cybercore Integration Center and
the Collaborative Computing Center. Facilities already
in place and those planned for the future are integral for
transforming INL into a renowned research laboratory.

The DOE Radiological and Environmental Sciences
Laboratory (RESL) is located within the REC. RESL
provides a technical component to DOE oversight of
contractor operations at DOE facilities and sites. As a
reference laboratory, RESL conducts cost-effective mea-
surement quality assurance programs that help ensure
key DOE missions are completed in a safe and environ-
mentally responsible manner. By ensuring the quality
and stability of key laboratory measurement systems
throughout DOE, and by providing expert technical as-
sistance to improve those systems and programs, RESL
ensures the reliability of data on which decisions are
based. RESL’s core scientific capabilities are in analyti-
cal chemistry and radiation calibrations and measure-
ments. In 2015, RESL expanded their presence in the
REC with the addition of a new building for the DOE
Laboratory Accreditation Program. The new DOE Labo-
ratory Accreditation Program facility adjoins the RESL
facility and provides irradiation instruments for the test-
ing and accreditation of dosimetry programs across the
DOE Complex.

Test Area North — Test Area North (TAN) was estab-
lished in the 1950s to support the government’s Aircraft
Nuclear Propulsion program with the goal to build and
fly a nuclear-powered airplane. When President Kennedy
cancelled the nuclear propulsion program in 1961, TAN
began to host a variety of other activities. The Loss-
of-Fluid Test (LOFT) reactor became part of the new
mission. The LOFT reactor, constructed between 1965
and 1975, was a scaled-down version of a commercial
pressurized water reactor. Its design allowed engineers,
scientists, and operators to create or recreate loss-of-fluid
accidents (reactor fuel meltdowns) under very controlled
conditions. The LOFT dome provided containment for
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a relatively small, mobile test reactor that was moved

in and out of the facility on a railroad car. The Nuclear
Regulatory Commission incorporated data received from
these accident tests into commercial reactor operating
codes. Before closure, the LOFT facility conducted 38
experiments, including several small loss-of-coolant ex-
periments designed to simulate the type of accident that
occurred at Three Mile Island (TMI) in Pennsylvania. In
October 2006, the LOFT reactor and facilities were de-
contaminated, decommissioned, and demolished.

Additionally, TAN housed the TMI-2 Core Offsite
Examination Program that obtained and studied techni-
cal data necessary for understanding the events leading
to the TMI-2 reactor accident. Shipment of TMI-2 core
samples to the INL Site began in 1985, and the program
ended in 1990. INL Site scientists used the core samples
to develop a database that predicts how nuclear fuel will
behave when a reactor core degrades.

In July 2008, the TAN Cleanup Project was com-
pleted. The TAN Cleanup Project demolished 44 excess
facilities, the TAN Hot Shop, and the LOFT reactor.
Environmental monitoring continues at TAN. See Waste
Area Group 1 status in Table 2-1.

The Specific Manufacturing Capability Project is
located at TAN. This project is operated for the Depart-
ment of Defense by the INL contractor and manufac-
tures protective armor for the Army M1-A1l and M1-A2
Abrams tanks.

1.6 Independent Oversight and Public
Involvement and Outreach

DOE encourages information exchange and public
involvement in discussions and decision making regard-
ing INL Site activities. Active participants include the
public; Native American tribes; local, state, and federal
government agencies; advisory boards; and other entities
in the public and private sectors.

The roles and involvement of selected organizations
are described in the following sections.

1.6.1 Citizens Advisory Board

The Idaho Cleanup Project Citizens Advisory Board
is a federally appointed citizen panel formed in 1994 that
provides advice and recommendations on ICP activities
to DOE-ID. The Citizens Advisory Board consists of 12
to 15 members who represent a wide variety of key per-
spectives on issues of relevance to Idaho citizens. They
come from a wide variety of backgrounds, including

environmentalists; natural resource users; previous INL
Site workers; and representatives of local government,
health care, higher education, business and the general
public. Their diverse backgrounds assist the ICP Envi-
ronmental Management program in making decisions
and having a greater sense of how the cleanup efforts are
perceived by the public. Additionally, one board mem-
ber represents the Shoshone-Bannock Tribes. Members
are appointed by the DOE Environmental Management
Assistant Secretary and serve voluntarily without com-
pensation. Three additional liaisons (nonvoting) include
representatives from DOE-ID, Environmental Protection
Agency Region 10, and the Idaho Department of Envi-
ronmental Quality (DEQ). The liaisons provide informa-
tion to the Citizens Advisory Board on their respective
agencies’ policies and views.

The Citizens Advisory Board is chartered by DOE
through the Federal Advisory Committee Act. The Citi-
zens Advisory Board’s charter is to provide input and
recommendations to DOE on topics such as cleanup
standards and environmental restoration, waste manage-
ment and disposition, stabilization and disposition of
nonstock pile nuclear materials, excess facilities, future
land use and long-term stewardship, risk assessment and
management, and cleanup science and technology activi-
ties. More information about the Board’s recommenda-
tions, membership, and meeting dates and topics can be
found at https://www.energy.gov/em/icpcab.

1.6.2 Site-wide Monitoring Committees

Site-wide monitoring committees include the INL
Site Monitoring and Surveillance Committee and the
INL Site Water Committee. The INL Site Monitoring
and Surveillance Committee was formed in March 1997,
and meets every other month, or as needed, to coordinate
activities among groups involved in environmental moni-
toring on and off the INL Site. This standing committee
includes representatives of DOE-ID; INL Site contrac-
tors; the Environmental Surveillance, Education, and
Research (ESER) contractor; Shoshone-Bannock Tribes;
the state of Idaho DEQ-INL Oversight Program; the Na-
tional Oceanic and Atmospheric Administration; NRF;
and U.S. Geological Survey. The INL Site Monitoring
and Surveillance Committee has served as a valuable fo-
rum to review monitoring, analytical, and quality assur-
ance methodologies; to coordinate efforts; and to avoid
unnecessary duplication.

The INL Site Water Committee was established
in 1994 to coordinate drinking-water-related activities
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across the INL Site and to provide a forum for exchang-
ing information related to drinking water systems. In
2007, the INL Site Water Committee expanded to include
all Site-wide water programs: drinking water, waste-
water, storm water, and groundwater. The committee
includes monitoring personnel, operators, scientists,
engineers, management, data entry, and validation rep-
resentatives of the DOE-ID, INL Site contractors, U.S.
Geological Survey, and NRF. The committee serves as a
forum for coordinating water-related activities across the
INL Site and exchanging technical information, exper-
tise, regulatory issues, data, and training.

The INL Site Water Committee interacts on occasion
with other committees that focus on water-related topics
or programs, such as the INL Site Monitoring and Sur-
veillance Committee.

1.6.3 Environmental Oversight and
Monitoring Agreement

A new five-year Environmental Oversight and Moni-
toring Agreement (DOE-ID 2015) between DOE-ID,
Naval Reactors Laboratory Field Office/Idaho Branch
Office, and the Idaho DEQ was signed September 2015.
The 2015 version is the latest in a succession of agree-
ments that were first implemented in 1990. The new
Environmental Oversight and Monitoring Agreement
governs the activities of the DEQ-INL Oversight Pro-
gram and DOE-ID’s cooperation in providing access to
facilities and information for non-regulatory, indepen-
dent oversight of INL Site impacts to public health and
the environment. The first agreement established in 1990
created the state of Idaho INL Oversight Program.

The DEQ-INL Oversight Program’s main activities
include environmental surveillance, emergency response,
and public information. More information can be found
on the DEQ-INL Oversight Program website at www.
deq.idaho.gov.

1.6.4 Environmental Education Outreach

The ESER program provides the DOE-ID with
technical support on National Environmental Policy Act
environmental analyses, such as wildlife surveys; eco-
logical compliance, including threatened and endangered
species assessment; and offsite environmental sampling
of air, surface water, soil, plants, and animals. The ESER
Educational Program’s mission is to:

* Increase public awareness of the INL Offsite
Environmental Surveillance Program and ESER
ecological and radioecological research

* Increase public understanding of surveillance and
research results

e Provide an education resource for local schools.

This program accomplishes this mission by provid-
ing communication and educational outreach relating
to data gathered and evaluated in the performance of all
ESER tasks. Priority is placed on those communities sur-
rounding the INL Site, touching other parts of southeast
Idaho as resources allow. Emphasis is placed on provid-
ing the public and stakeholders with valid, unbiased in-
formation on qualities and characteristics of the INL Site
environment and impacts of INL Site operations on the
environment and public.

Involvement of students, especially K—12, is em-
phasized. During 2018, ESER created and presented
educational programs to over 15,000 students in their
classrooms. Presentations covering physical science,
biological science, and ecological science subjects, are
adapted for grade level, and are aligned with Idaho State
Science Standards.

The ESER Education Program worked together with
DOE, INL contractor, ICP Core contractor, and other
businesses and agencies to present community outreach
programs including Earth Day, Idaho Wild and Wonder-
ful River Day, STEM Day at the Zoo, and the Idaho Falls
Water Festival.

The ESER Education Program, the Museum of Ida-
ho, and Boise State University collaborated on teacher
outreach program development. This program is de-
signed to educate teachers about native Idaho habitats, to
provide tools and hands-on activities that can be adapted
to their classrooms, and to introduce them to experts who
may serve as classroom resources. The team taught four
two-day workshops for Idaho State University credit: 1)
Contrast: Idaho Mountains and Deserts, 2) Wonderful
Wetlands, 3) Water of the West (river and stream habi-
tats), and 4) Energy Sources.

An additional teachers’ workshop through Boise
State University was initiated in 2017 after receiving
a grant from the Idaho Department of Education. This
workshop, called “Bring Idaho Alive in Your Class-
room,” consisted of four seminars presented by local
scientists during the spring semester: 1) Idaho Geology,
2) Idaho Weather, 3) Idaho Plants, and 4) Idaho Animals.
The summer semester for this two-credit class included
a day at the INL Site with the INL Cultural Resources
team, a day in Idaho Falls with Museum of Idaho and
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City of Idaho Falls historians, and a day learning global
positioning system/geographic information system tech-
nology with ESER scientists.

In 2018, the ESER Program also partnered with the
Idaho Falls Zoo to present a teacher workshop called
“Exotics and Natives in Idaho.” The ESER Program
presented native Idaho animals and their adaptations to
life in this sagebrush-steppe desert. The zoo personnel
presented exotics living at the Idaho Falls Zoo and adap-
tations to their native habitat. Teachers learned skills to
compare and contrast characteristics from these animals
and were given tools to teach their students these skills in
accordance with Idaho State Science Standards (Figure
1-5).

In 2018, the ESER Education Program participated
in the Idaho iSTEM Conference at Eastern Idaho Techni-
cal College (now College of Eastern Idaho). As well as
working on the organizing committee, ESER organized
and presented one of the six tracks available for teach-
ers at the conference. The track, entitled “In the News:
Teaching Ecology in Context,” included 20 hours of
coursework presented by the ESER Program and Idaho
DEQ, Idaho Department of Water Resources; and U.S.
Geological Survey.

The ESER Education Program and the Museum of
Idaho offered the Rocky Mountain Adventure (RMA)
summer science camp to educate students about envi-
ronmental issues in their community and to encourage
environmental careers. This week long summer camp
for children in Grades 4-9 is designed to provide an ap-
preciation for and understanding of southeastern Idaho’s
native habitats (Figure 1-6). The ESER Education Pro-
gram and the Museum of Idaho also offered the RMA
High Adventure Camp. This camp is for students who
have previously taken the RMA camp. High Adventure
participants learn how to become better at observing and
questioning the world around them so that they can take
the next step of improving their surroundings. The hikes
and activities for this camp are a little more difficult than
the other camps, thus the name High Adventure.

The ESER Program, in partnership with the Idaho
Falls Post Register newspaper, creates a weekly column
for the Post Register called “Ask a Scientist.” The col-
umn began in 2007, and in 2018 was sponsored by the
ESER Program, the Post Register and INL. The column
calls on the experience and knowledge of a panel of
about 30 scientists (including many from ESER) repre-
senting businesses, organizations, and agencies in south-
eastern Idaho to answer questions from local students

Figure 1-5. STEM Day at the Zoo, Organized by the Idaho Falls Zoo.
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Figure 1-6. Wild and Scenic Rivers Day at the Conant Valley Boat Dock, Organized by Idaho BLM.

and adults. An archive of questions and answers may be
found on the ESER website: www.idahoeser.com/nie and
a blog at www.idahoaskascientist.com.
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Operations at the I[daho National Laboratory (INL) Site are subject to numerous federal and state environmental

statutes, executive orders, and Department of Energy (DOE) orders. As a requirement of many of these regulations,
the status of compliance with the regulations and releases of non-permitted hazardous materials to the environment
must be documented. Forty-nine environmental permits have been issued to the INL Site, primarily by the state of
Idaho. There were no reportable environmental releases at the INL Site during calendar year 2018. In 2018, DOE
Idaho (DOE-ID) operated in compliance with most of the requirements defined in governing documents. Instances
of noncompliance were reported to regulatory agencies and resolved. Significant environmental compliance issues/
actions in 2018 include:

DOE-ID worked on three environmental assessments (EAs) in 2018 in compliance with the National
Environmental Policy Act. Development continued from previous years on the Environmental Assessment

for the Expansion of Capabilities at the National Security Test Range and Radiological Response Training
Range at the Idaho National Laboratory. Development of the Environmental Assessment for the Expansion of
Capabilities at I[daho National Laboratory Power Grid Test Bed was initiated. DOE-ID started and completed
the Environmental Assessment for the Use of DOE-Owned High-Assay Low-Enriched Uranium Stored at [daho
National Laboratory (DOE/EA-2087) resulting in a Finding of No Significant Impact.

Environmental restoration continued in 2018 at four active Waste Area Groups (WAGs). Six WAGS were
previously remediated per the Federal Facility Agreement and Consent Order (FFA/CO) signed by the U.S.
Department of Energy, [daho Operations Office, U.S. Environmental Protection Agency and the State of Idaho
in 1991. The FFA/CO outlines how the INL Site will comply with the Comprehensive Environmental Response,
Compensation, and Liability Act.

The FFA/CO requires the preparation of site treatment plans for the treatment of mixed waste stored or
generated at DOE facilities. In 2018, two INL Site Treatment Plan (STP) milestones were met — Remote
Handled Waste Disposition Project (24 m? [31.4 yd®]) and Sodium Components Maintenance Shop Backlog (2
m?® [2.6 yd?]).

During 2018, four INL STP milestones were not met. Due to unplanned events at the Waste Isolation Pilot Plant
(WIPP) in 2014 and associated continuing impacts to the Idaho Cleanup Project (ICP) Core’s waste certification
authority, the “original volume transuranic contaminated waste” treatment milestone of 4,500 m? (5,886 yd?)
and the treatment of the remaining volume were not achieved in 2018. The original estimated volume of the
transuranic waste at the INL Site was 65,000 m? (85,016 yd?®) and the total cumulative volume of transuranic
waste shipped out of [daho, as of December 2018, is 58,718 m?* (76,800 yd?). Additionally, the two treatment
milestones for the sodium bearing waste could not be met due to several vital technical issues.

The Integrated Waste Treatment Unit, designed to process liquid waste stored at the Idaho Nuclear Technology
and Engineering Center (INTEC) by the end of 2012, has still delayed startup due to various technical problems.

The state of Idaho Department of Environmental Quality (DEQ) has authority to implement the Clean Air Act.
In 2018 the state conducted three onsite regulatory inspections and concluded that the facilities are operating in
compliance with permit conditions and requirements.

The Idaho DEQ has promulgated Safe Drinking Water Act regulations. Nine active drinking water systems
at INL Site facilities were sampled according to these regulations and were well below regulatory limits for
drinking water.

Measurements of radionuclides in environmental media sampled on and around the INL Site in 2018 did not
exceed Derived Concentration Standards established in DOE Order 458.1, “Radiation Protection of the Public
and the Environment.”
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*  DOE employs the environmental management system (EMS) modeled by the International Organization for
Standardization (ISO) Standard 14001 to help establish policy, objectives, and targets at the INL Site to reduce
environmental impacts and increase operating efficiency through a continuing cycle of planning, implementing,
evaluating, and improving processes. The two main contractors have established EMSs for their respective

operations.

e The INL Site Sustainability program implements sustainability strategies and practices that will meet key DOE
sustainability goals, including: reduce greenhouse gas (GHG) emissions; reduce energy and potable water
intensity; reduce fleet petroleum consumption; divert nonhazardous solid waste and construction and demolition
debris; and use energy from renewable sources. Doe Idaho Operations Office reported performance to sustainability
related requirements and goals in the 2018 INL Site Sustainability Plan.

* In 2018, 29 cultural resource reviews were completed for INL Site projects with potential to cause impacts to
archaeological resources. Cultural resource reviews of projects that had the potential to impact INL historic
architectural properties were also completed for 56 proposed activities.

2. ENVIRONMENTAL COMPLIANCE
SUMMARY

This chapter reports the compliance status of the
U.S. Department of Energy (DOE) Idaho National Labo-
ratory Site (INL Site) with environmental protection
requirements. Operations at the INL Site are subject to
numerous federal and state environmental protection re-
quirements, such as statutes, acts, agreements, executive
orders and DOE orders. These are listed in Appendix A.

2.1 Environmental Restoration and Waste
Management

2.1.1 Comprehensive Environmental
Response, Compensation, and Liability Act

The Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA) provides the pro-
cess to assess and remediate areas contaminated by the
release of chemically hazardous, radioactive substances,
or both. Nuclear research and other operations at the INL
Site left behind contaminants that pose a potential risk
to human health and the environment. The INL Site was
placed on the National Priorities List under CERCLA on
November 29, 1989. U.S. Department of Energy, Idaho
Operations Office (DOE-ID), the state of Idaho, and
U.S. Environmental Protection Agency (EPA) Region 10
signed the Federal Facility Agreement and Consent Or-
der (FFA/CO) in December 1991 (DOE 1991).

Environmental restoration is conducted under the
FFA/CO, which outlines how the INL Site will comply
with CERCLA. It identifies a process for DOE-ID to
work with its regulatory agencies to safely execute clean-
up of past release sites.

The INL Site is divided into 10 Waste Area Groups
(WAGs) (Figure 2-1) as a result of the FFA/CO, and each
WAG is further divided into smaller cleanup areas called
operable units. Field investigations are used to evaluate
potential release sites within each WAG and operable unit
when existing data are insufficient to determine the extent
and nature of contamination. After each investigation is
completed, a determination is made regarding whether a
“No Action” or “No Further Action” listing is possible, or
if it is appropriate to proceed with an interim cleanup ac-
tion, the Operable Unit-10-08 Plug-In Remedy action, or
further investigation using a remedial investigation/feasibil-
ity study (RI/FS). Results from the RI/FS form the basis for
risk assessments and alternative cleanup actions. This infor-
mation, along with regulatory agencies’ proposed cleanup
plan, is presented to the public in a document called a pro-
posed plan. After consideration of public comments, DOE,
EPA, and the state of Idaho develop a record of decision
(ROD) that selects a cleanup approach from the alternatives
evaluated. Cleanup activities can then be designed, imple-
mented, and completed.

Since the FFA/CO was signed in December 1991, the
INL Site has cleaned up release sites containing asbestos,
petroleum products, acids and bases, radionuclides, unex-
ploded ordnance and explosive residues, polychlorinated
biphenyls, heavy metals, and other hazardous materials. All
24 RODs that were scheduled have been signed and are be-
ing implemented. Comprehensive RI/FSs have been com-
pleted for WAGs 1-5, 7-9, and 6/10 (6 is combined with
10). Active remediation is completed at WAGs 1 (exclud-
ing Operable Unit 1-07B), 2, 4, 5, 6, 8, and 9. Institutional
controls and operations and maintenance activities at these
sites are ongoing and will continue to be monitored under
the Site-wide Institutional Controls and Operations and
Maintenance Plan (DOE-ID 2017). The status of ongoing
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Figure 2-1. Map of INL Site Showing Facilities and Corresponding WAGs.
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active remediation activities at WAGs 1, 3, 7, and 10 is
described in Table 2-1.

Documentation associated with the FFA/CO is pub-
licly available in the CERCLA Administrative Record
and can be accessed at https://ar.icp.doe.gov.

2.1.2 Resource Conservation and
Recovery Act

The Resource Conservation and Recovery Act
(RCRA) established regulatory standards for genera-
tion, transportation, storage, treatment, and disposal of
hazardous waste. The Idaho Department of Environ-
mental Quality (DEQ) is authorized by EPA to regu-
late hazardous waste and the hazardous components
of mixed waste at the INL Site. Mixed waste contains
both radioactive and hazardous materials. The Atomic
Energy Act, as administered through DOE orders,
regulates radioactive wastes and the radioactive part of
mixed wastes. A RCRA hazardous waste permit appli-
cation contains two parts: Part A and Part B. Part A of
the RCRA hazardous waste permit application consists
of EPA Form 8700-23, along with maps, drawings and
photographs, as required by 40 Code of Federal Regu-
lations (CFR) 270.13. Part B of the RCRA hazardous
waste permit application contains detailed, site-specific
information as described in applicable sections of 40
CFR 262 through 270.27. The INL Site currently has
two RCRA Part A permit volumes and seven Part B
permit volumes. Parts A and B are considered a single
RCRA permit that comprises several volumes.

RCRA Reports. As required by the state of Idaho,
the INL Site submitted the 2018 Idaho Hazardous
Waste Generator Annual Report on the types and quan-
tities of hazardous wastes generated, shipped for treat-
ment and disposal, and remaining in storage.

RCRA Closure Plan. There were no closure activi-
ties completed in 2018.

RCRA Inspection. For Fiscal Year (FY) 2018, there
were no DEQ RCRA inspections of the INL Site.

RCRA Consent Order. On January 6, 2017, due
to DOE’s inability to meet commitments to initiate
waste treatment in the Integrated Waste Treatment Unit
(IWTU) and cease use of the INTEC tanks, DEQ as-
sessed a penalty to DOE pursuant to the provisions
under Section VII of the Fifth Modification to the No-
tice of Noncompliance-Consent Order, in the amount
$2,190,000 for the period of noncompliance from

March 30, 2017, to March 31, 2018. Supplemental Environ-
mental Projects were utilized in lieu of the payment.

2.1.3 National Environmental Policy Act

The National Environmental Policy Act (NEPA) re-
quires federal agencies to consider and analyze potential
environmental impacts of proposed actions and explore
appropriate alternatives to mitigate those impacts, includ-
ing a no action alternative. Agencies are required to inform
the public of the proposed actions, impacts, and alterna-
tives and consider public feedback in selecting an alterna-
tive. DOE implements NEPA according to procedures in
the CFR (40 CFR 1500 - 1508; 10 CFR 1021) and assigns
authorities and responsibilities according to DOE Policy
451.1, “National Environmental Policy Act Compliance
Program.” Processes specific to DOE-ID are set forth in
its Idaho Operations Office Management System. In 2018,
DOE-ID worked on the preparation of three environmental
assessments. Development continued from the previous
year on the Environmental Assessment for the Expansion
of Capabilities at the National Security Test Range and Ra-
diological Response Training Range at the Idaho National
Laboratory, and development was started on the Environ-
mental Assessment for the Expansion of Capabilities at
Idaho National Laboratory Power Grid Test Bed with com-
pletion expected in 2019. DOE-ID started and completed
the Environmental Assessment for the Use of DOE-Owned
High-Assay Low-Enriched Uranium Stored at Idaho Na-
tional Laboratory (DOE/EA-2087) resulting in a Finding of
No Significant Impact.

2.1.4 Toxic Substances Control Act

The Toxic Substances Control Act (TSCA), which is
administered by EPA, requires regulation of production,
use, or disposal of chemicals. TSCA supplements sections
of the Clean Air Act (CAA), the Clean Water Act (CWA),
and the Occupational Safety and Health Act. Because the
INL Site does not produce chemicals, compliance with the
TSCA is primarily directed toward use and management of
certain chemicals, particularly polychlorinated biphenyls.
For example, polychlorinated biphenyls-containing light
ballasts are being removed at buildings undergoing de-
molition. The ballasts are disposed of off the INL Site at a
TSCA-approved disposal facility.

2.1.5 INL Site Agreements

The FFA/CO requires the preparation of site treatment
plans for the treatment of mixed waste stored or generated
at DOE facilities. Mixed waste contains both hazardous
and radioactive components. The FFA/CO and Site Treat-
ment Plan was signed by the state of Idaho on November
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Table 2-1. 2018 Status of Active WAGs Cleanup.

Waste Area

e Facility Status
1 Test Area Groundwater cleanup of trichloroethene for Operable Unit 1-07B
North continued through 2018. The New Pump and Treat Facility generally

operated four days per week, except for downtime due to
maintenance, to maintain trichloroethene concentrations in the medial
zone below specified targets. The in-situ bioremediation transitioned
into a rebound test in 2012 to determine the effectiveness of the
remedy to date. The revised test plan was finalized in early 2017, to
establish how the groundwater cleanup at Test Area North will
continue. During 2015, two wells were constructed and further in-situ
bioremediation continues in a specific area where previous efforts had
not achieved the desired reduction in contaminant levels. During
2017, a new well was constructed to better monitor the plume at its
distal edge. All institutional controls (IC) and operations and
maintenance (O&M) requirements were maintained during 2018.

3 Idaho Nuclear ~ The Idaho CERCLA Disposal Facility (ICDF) disposes of
Technology contaminated soils and debris from CERCLA remediation operations
and to reduce risk to the public and the environment. The facility
Engineering continues to receive small amounts of liquid and solid waste
Center periodically for disposal in the ICDF evaporation ponds and disposal

cells, respectively. The ICDF evaporation ponds are sampled annually
in accordance with the ICDF Complex Operational and Monitoring
Sampling and Analysis Plan, and results are sent to the EPA and the
state of Idaho DEQ.

Remedial actions required by the WAG 3, Operable Unit 3-14 ROD,
implemented in 2013, included the reduction of approximately nine
million gallons of anthropogenic recharge to the northern perched
water zones. Remedial actions were taken at the Tank Farm Facility
to reduce water infiltration that potentially could transport
contaminants from the perched water to the underlying aquifer.
Perched and groundwater monitoring under and near the facility will
continue until the risk posed by contamination left in place is below
target levels. All ICs and O&M requirements were maintained in
2018. An interim low-permeability asphalt barrier was placed over
the western two-thirds of the Tank Farm during 2017, to further
reduce infiltration of precipitation water until a final cover is
constructed after Idaho Nuclear Technology and Engineering Center

(INTEC) closure.
7 Radioactive WAG 7 includes the Subsurface Disposal Area (SDA), a 39-hectare
Waste (97-acre) radioactive waste landfill that is the major focus of remedial
Management response actions at the Radioactive Waste Management Complex
Complex (Figure 2-2). Waste is buried in approximately 14 of the 39 hectares

(35 of the 96 acres) within 21 unlined pits, 58 trenches, 21 soil vault
rows, and, on Pad A, an above grade disposal area. Disposal
requirements have changed in accordance with laws and practices
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Table 2-1. 2018 Status of Active WAGs Cleanup. (cont.)

Waste Area
Group

Facility Status

current at the time of disposal. Initial operations were limited to
shallow, landfill disposal of waste generated at the INL Site,
Beginning in 1954, the DOE Rocky Flats Plant near Boulder,
Colorado, was authorized to send waste to the Radioactive Waste
Management Complex for disposal. The Rocky Flats Plant was a
nuclear weapons production facility with peak operations during the
Cold War era. Various types of radioactive waste streams were
disposed of, including process waste (e.g., sludge, graphite molds and
fines, roaster oxides, and evaporator salts), equipment, and other
waste incidental to production (e.g., contaminated gloves, paper,
clothing, and other industrial trash). Much of the Rocky Flats Plant
waste was contaminated with transuranic isotopes and solvents (e.g.,
carbon tetrachloride). In 1970, burial of transuranic waste was
prohibited. In 1984, disposal practices were modified to eliminate
disposal of mixed waste. Since 1984, only low-level waste was
disposed of in the SDA. Disposal of waste from offsite generators
was discontinued in the early 1990s, and disposal of contact-handled
waste was discontinued at the end of FY 2008. Currently, only
remote-handled, low-level waste is being disposed of in the SDA.

The Operable Unit 7-13/14 ROD (DOE/ID-11359, [DOE-ID 2008])
was signed in 2008. The ROD is consistent with DOE’s obligations
for removal of transuranic waste under the Agreement to Implement
U.S. District Court Order Dated May 25, 2006, between the state of
Idaho and DOE, effective July 3, 2008 (U.S. District Court 2008).
The ROD calls for exhuming and packaging a minimum of 6,238 m’
(8,159 yd*)—measured as 7,485 m® (9,790 yd®) packaged—of
targeted waste from a minimum combined area of 2.3 hectares (5.69
acres). Targeted waste for retrieval contains transuranic elements
(e.g., plutonium), uranium, and collocated organic solvents (e.g.,
carbon tetrachloride). Targeted waste retrievals in specific areas of
the SDA commenced in 2005. The retrieved targeted waste is
packaged, certified, and shipped out of Idaho. As of December 2018,
8,821 m® (11,538 yd®) of targeted waste has been retrieved and
packaged from a combined area of 2.0 hectares (4.94 acres).

In addition to targeted waste retrieval, the ROD addresses remaining
contamination in the SDA through a combination of continued vapor-
vacuum extraction and treatment of solvent vapors from the
subsurface, in-situ grouting of specified waste forms containing
mobile contaminants (completed 2010), constructing an
evapotranspiration surface barrier over the entire landfill, and long-
term management and control following construction. Construction

will be complete by 2028.
10-04 INL Operable Unit 10-04 addresses long-term stewardship functions—ICs
Site-wide and O&M for sites that do not qualify for Unlimited Use/Unrestricted
10 Miscellaneous  Exposure—and explosive hazards associated with historical military
Sites and operations on the INL Site. All ICs and O&M requirements were

Comprehensive maintained in 2018, under the Site-wide IC/O&M Plan. A CERCLA




Environmental Compliance Summary 2.7

Table 2-1. 2018 Status of Active WAGs Cleanup. (cont.)

Waste Area

Facility

Status

Group

RI/FS

five-year review was completed during 2015 and finalized in

February 2016 to verify that implemented cleanup actions continue to
meet cleanup objectives documented in RODs.

10-08 INL
Site-wide
Groundwater,
Miscellaneous
Sites, and
Future Sites

Operable Unit 10-08 addresses Site-wide groundwater, miscellancous
sites, and future sites. Response actions for Operable Unit 10-08 are
mostly complete, and ongoing activities are groundwater monitoring
and the evaluation and remediation of any potential new sites that are
discovered. Groundwater monitoring continued in 2018 to verify that
there is no unacceptable threat to human health or the environment

from commingled plumes or along the southern INL Site boundary.

1, 1995, and is updated annually (DEQ 1995). This plan
outlined DOE-ID’s proposed treatment strategy for Site
mixed-waste streams, called the backlog, and provided a
preliminary analysis of potential offsite mixed low-level
waste treatment capabilities.

During 2018, two Idaho National Laboratory Site
Treatment Plan (ICP 2017) milestones were met:

* Remote Handled Waste Disposition Project — 24 m?
(31.4 yd®)

*  Sodium Components Maintenance Shop Backlog — 2
m? (2.6 yd?).

During 2018, four Site Treatment Plan milestones
were not met. The state of Idaho DEQ was notified that
due to unplanned events at the Waste Isolation Pilot
Plant (WIPP) and associated continuing impacts to the
Idaho Cleanup Project (ICP) Core’s waste certification
authority, the “original volume transuranic contaminated
waste” treatment milestone of 4,500 m* (5,886 yd*) and
the treatment of the remaining volume would not be
achieved. Additionally, DEQ was notified that the treat-
ment milestones for the sodium bearing waste would not
be met due to a number of vital technical issues.

On October 16, 1995, DOE, the U.S. Navy, and
the state of Idaho entered into an agreement (aka Idaho
Settlement Agreement [ISA]) that guides management of
Spent Nuclear Fuel (SNF) and radioactive waste at the
INL Site. The Agreement (DOE 1995) limits shipments
of DOE and Naval SNF into the state and sets milestones
for shipments of SNF and radioactive waste out of the
state.

The Site Treatment Plan and the ISA require DOE
to process and ship all waste, respectively, stored as
transuranic waste on the INL Site in 1995, when the
agreements were signed, out of Idaho by December 31,
2018. The estimated volume of that waste was 65,000 m3
(85,016 yd?).

In February 2014, the shipment of transuranic waste
was curtailed due to the suspension of the WIPP opera-
tions in Carlsbad, New Mexico. In April of 2017, ship-
ments resumed to WIPP. In 2018, 208 shipments of the
transuranic waste were shipped to WIPP, for a total of
488 m? (638 yd?). The ISA includes a requirement to ship
an annual three-year running average of 2,000 m* (2,616
yd?®) of that waste out of the state. The annual three-year
running average of ISA transuranic waste shipped out
of Idaho over the past three years was 2,050 m® (2,681
yd?). Through December 2018, the cumulative volume of
the transuranic waste shipped out of Idaho is 58,718 m?
(76,800 yd?).

The ICP Core manages and operates a number of
projects to facilitate the disposition of radioactive waste
as required by the ISA and Site Treatment Plan. The
Advanced Mixed Waste Treatment Project (AMWTP)
performs retrieval, characterization, treatment, packag-
ing, and shipment of transuranic waste currently stored at
the INL Site. The vast majority of the waste processed at
AMWTP Project resulted from the manufacture of nucle-
ar components at DOE’s Rocky Flats Plant in Colorado.
This waste is contaminated with transuranic radioactive
elements (primarily plutonium).
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The DOE and ICP Core contractor, Fluor Idaho, 2.1.6 Low-Level and Mixed Radioactive
LLC, continue a four-phased approach to startup of the Waste
IWTU, designed to process the remaining 3,407,000 L
(900,000 gal) of liquid waste stored at the INTEC. These
wastes are stored in three stainless steel, underground
tanks and a fourth is always kept empty as a spare. All
four will be closed in compliance with hazardous waste

In 2018, approximately 2,115 m? (2,766 yd?) of
mixed low-level waste and 1,205 m? (1,576 yd?) of low-
level waste was shipped off the INL Site for treatment,
disposal, or both. Approximately 53.23 m? (69.62 yd?) of

regulations. A total of 11 other liquid storage tanks have Isl%vﬁy gez:r(;elrgateiS, low-21e;/ el waste was disposed of at the
been emptied, cleaned, and closed. The waste was origi- mn (Figure 2-2).

nally scheduled to be processed by the end of 2012, but ~ 2.1.7 Spent Nuclear Fuel

a number of technical problems have delayed startup of Spent Nuclear Fuel (SNF) is nuclear fuel that has

IWTU. been withdrawn from a nuclear reactor following irradia-
tion and the constituent elements have not been sepa-

Fluor Idaho assembled a team of nationwide experts h . ] ;
rated. SNF contains unreacted uranium and radioactive

on fluidized bed technology to resolve issues with the i ) L L
IWTU identified during startup testing. The four-phased fission products. Bef:ause of its rad1oact1v'1ty (primarily
approach includes: implementing design and mechanical from gamma rays), it must be properly shiclded. DOE’s
modifications; testing and verifying the changes; eventu- SNF is from development of nuclear energy technol-

ally operating the facility; and completing processing of ~ °Y (including foreign and domestic research reactors),
the remaining liquid waste national defense, and other programmatic missions. At

the INL Site, SNF is managed by Fluor Idaho, the ICP
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Core contractor at INTEC, the Naval Nuclear Propulsion
Program at the Naval Reactors Facility, and the INL con-
tractor at the Advanced Test Reactor (ATR) Complex and
Materials and Fuels Complex (MFC).

The 1995 Idaho Settlement Agreement (DOE 1995)
put into place milestones for the management of SNF at
the INL Site:

*  DOE shall complete the transfer of spent fuel
from wet storage facilities by December 31, 2023
(Paragraph E.8)

*  DOE shall remove all spent fuel, including naval
spent fuel and Three Mile Island spent fuel, from
Idaho by January 1, 2035 (Paragraph C.1).

Meeting these remaining milestones comprise the
major objectives of the SNF program.

2.2 Air Quality and Protection

2.2.1 Clean Air Act

The Clean Air Act (CAA) is the basis for national
air pollution control. Congress passed the original CAA

in 1963, and several amendments containing key pieces
of legislation have been passed with the latest in 1990,
which resulted in the current CAA law. The CAA pro-
vides the EPA with broad authority to implement and
enforce regulations to reduce air pollutant emissions with
emphasis on cost-effective methods. In addition to EPA,
states, tribes and local governments play a key role in the
implementation of the CAA. The state of Idaho has been
delegated authority to implement the CAA through the
development of an EPA-approved state implementation
plan.

During Calendar Year 2018, DEQ conducted three
onsite regulatory inspections, which covered compliance
for facility-specific Permits to Construct and the Tier I
Operating Permit. The inspections concluded that the fa-
cilities were operating in compliance with permit condi-
tions and requirements. The INL Site submitted a permit
application to DEQ for a synthetic minor permit with a
facility emission cap, which would change the INL Site’s
designation from a major source to an area source and re-
place the Tier I Operating Permit (Table 2-2). The permit
was issued January 11, 2018.

Table 2-2. Environmental Permits for the INL Site (2018).

Active Permits

Permit Type

Air Emissions:

Permit to Construct 13
Title I Operating Permit 1

Groundwater:

Injection Well 3

Well construction 14
Surface Water:

Wastewater Reuse Permits 3

Industrial Wastewater Acceptance 1

Resource Conservation and Recovery Act:

Part A 2
Part B 7
Ecological:

Migratory Bird Treaty Act Special Purpose Permit 2
Wildlife Collection/Banding/Possession Permit 3

a. Part A and B are considered a single RCRA Permit that comprises several

volumes.
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2.3

2.3.1 Clean Water Act

The Clean Water Act (CWA) passed in 1972, estab-
lished goals to control pollutants discharged to United
States surface waters. Among the main elements of the
CWA are effluent limitations for specific industry catego-
ries set by EPA as well as regulating water quality stan-
dards for surface water. The CWA also provided for the
National Pollutant Discharge Elimination System (NP-
DES) permit program, requiring permits for discharges
into regulated surface waters. The Idaho DEQ has been
authorized by the EPA to assume permitting authority
over the NPDES program. The DEQ program, called the
Idaho Pollutant Discharge Elimination System (IPDES)
is being implemented in a phased approach. DEQ as-
sumed responsibility over Publicly-Owned Treatment
Works (POTWs) and the EPA pretreatment program on
July 1, 2018.

Water Quality and Protection

The INL Site complies with an Industrial Waste-
water Acceptance permit for discharges to the city of
Idaho Falls’ publicly owned treatment works. The city
of Idaho Falls is required by the IPDES permit program
to set pretreatment standards for nondomestic discharges
to POTWs. This program is set out in Title 8, Chapter
1 of the Municipal Code of the city of Idaho Falls. The
INL Research Center is the only INL Site facility that is
required to have an Industrial Wastewater Acceptance
permit. The Industrial Wastewater Acceptance permit
contains special conditions and compliance schedules,
prohibited discharge standards, reporting requirements,
monitoring requirements and effluent concentration lim-
its for specific parameters. All discharges in 2018 were
within compliance levels established in the INL Research
Center Wastewater Acceptance permit.

2.3.2 Safe Drinking Water Act

The Safe Drinking Water Act establishes rules gov-
erning the quality and safety of drinking water. The Ida-
ho DEQ promulgated the Safe Drinking Water Act regu-
lations according to the Idaho Administrative Procedures
Act (IDAPA) 58.01.08, “Idaho Rules for Public Drinking
Water Systems.”

The eastern Snake River Plain aquifer is the source
for the 12 active public water systems at all the facilities
on the INL Site. All INL Site public water systems sam-
ple their drinking water as required by the state of Idaho.
Chapter 5 contains details on drinking water monitoring.

2.3.3 State of Idaho Wastewater Reuse
Permits

Wastewater consists of spent or used water from a
home, community, farm, or industry that contains dis-
solved or suspended matter that may contribute to water
pollution. Methods of reusing treated wastewater include
irrigation, commercial toilet flushing, dust control, and
fire suppression. Land application is one method of reus-
ing treated wastewater. It is a natural way of recycling
water that provides moisture and nutrients to vegetation,
and it provides recharge to groundwater.

To protect health and prevent pollution of surface
and groundwaters, the state of Idaho requires anyone
wishing to land apply wastewater to obtain a wastewater
reuse permit. The Idaho DEQ issues the reuse permits
in accordance with IDAPA 58.01.17 “Recycled Water
Rules,” IDAPA 58.01.16 “Wastewater Rules,” and IDA-
PA 58.01.11 “Ground Water Quality Rule.” All waste-
water reuse permits consider site-specific conditions and
incorporate water quality standards for groundwater pro-
tection. The following facilities have wastewater reuse
permits at the INL Site to land apply wastewater:

* ATR Complex Cold Waste Ponds
e INTEC New Percolation Ponds

e MFC Industrial Waste Ditch and Industrial Waste
Pond.

Chapter 4 contains details on wastewater reuse moni-
toring.

24 DOE Order 436.1 Departmental
Sustainability

An Environmental Management System (EMS)
provides a framework of elements following a plan-do-
check-act cycle that when established, implemented, and
maintained, will foster improved environmental perfor-
mance. An EMS focuses on three core concepts: pollu-
tion prevention, environmental compliance, and continu-
ous improvement. The primary system components are
1) environmental policy, 2) planning, 3) implementation
and operation, 4) checking and corrective action, and 5)
management review.

The framework DOE has chosen to employ for
EMSs and sustainable practices is the International Or-
ganization for Standardization (ISO) Standard 14001
(Environmental Management Systems). The ISO 14001
model uses a system of policy development, planning,
implementation and operation, checking, corrective ac-
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tion, and management review; ultimately, ISO 14001
aims to improve performance as the cycle repeats. The
EMS must also meet the requirements of DOE O 436.1,
“Departmental Sustainability,” which requires DOE sites
to use their EMS as a platform for Site Sustainability
Plan implementation. Sites must maintain their EMS as
being certified or conforming to the ISO 14001 standard
in accordance with the accredited registrar provisions

or self-declaration instructions. In 2015, ISO released a
new standard, ISO 14001:2015, which replaced the ISO
14001:2004 standard with implementation of the new
standard by October 2018.

The two main INL Site contractors have established
EMSs for their respective operations. The INL Site man-
agement and operating contractor, Battelle Energy Alli-
ance (BEA), underwent a recertification audit in 2017 by
an accredited registrar. In 2018, BEA had two surveil-
lance audits. The May surveillance audit resulted in no
nonconformities, one opportunity for improvement, and
six system strengths; while the November surveillance
audit resulted in no nonconformities, one opportunity for
improvement, and nine system strengths. Both surveil-
lance audits found the INL EMS in conformance with
ISO 14001:2015 and recommended continued certifica-
tion. The INL Environmental Policy can be found at:
https://www.inl.gov/wp-content/uploads/2017/11/16-
50070-R4_ENV_Policy WEB-1.pdf.

The ICP Core contractor, Fluor Idaho, LLC, under-
went a certification audit in 2017 by an accredited regis-
trar. In 2018, Fluor Idaho had a surveillance audit in May
that resulted in no nonconformities, two opportunities
for improvement, and five system strengths. The surveil-
lance audit found the Fluor Idaho EMS in conformance
with ISO 14001:2015 and recommended continued certi-
fication. The Idaho Cleanup Project Core Environmental
Policy can be found at: https://fluor-idaho.com/Content/
documents/Community/Environmental POL201.pdf.

Through implementation of each EMS, the INL Site
contractors have identified the aspects of their operations
that can impact the environment and determine which
of those aspects are significant. Aspects that have been
identified as significant include: air emissions; discharg-
ing to surface, storm or groundwater; disturbing cultural
or biological resources; generating and managing waste;
releasing contaminants; and using, reusing, recycling,
and conserving resources.

Both INL Site contractors had generally effective
EMS performance in 2018. BEA completed 96% of EMS

objectives in FY 2018. Fluor Idaho completed 45% of
EMS objectives in FY 2018, although several additional
objectives were completed shortly after the fiscal year.
Both INL Site contractors’ EMS performance metrics
reported at FedCenter scored either A or B (on an A to
D scale), and both contractors received a FedCenter site
score of green (the best) which focuses on sustainability
goals.

2.4.1 Sustainability

Executive Order (EO) 13834, “Efficient Federal Op-
erations,” was signed on May 17, 2018, which revoked
EO 13693, “Planning for Federal Sustainability in the
Next Decade,” and directed agencies to meet statutory
requirements related to energy and environmental per-
formance in a manner that increases efficiency, optimizes
performance, eliminates unnecessary use of resources,
and protects the environment. DOE O 436.1, “Depart-
mental Sustainability,” defines requirements and respon-
sibilities for managing sustainability at DOE to ensure
that the department carries out its missions in a sustain-
able manner.

DOE-ID reported performance to sustainability re-
lated requirements and goals in the FY 2019 INL Site
Sustainability Plan (Table 2-3). The performance status
listed in Table 2-3 relates to the goals as stated in EO
13693, with the understanding that pending Office of
Management and Budget guidance implementing EO
13834 may change the sustainability requirements and
goals.

Overall, the INL performance for 2018 met statu-
tory requirements with the exception of energy intensity
reduction, currently down 15% to the 2003 baseline, with
a requirement of 30% that was to be achieved by 2015.
Progress was made in FY 2018 on energy efficiency
upgrades, but many identified energy-saving projects
require significant investment and have not been deemed
cost-effective considering low electric rates. INL will
continue to implement cost-effective improvements when
identified.

Energy and water evaluations required by Energy In-
dependence and Security Act Section 432 are on track for
completion during the current four-year cycle.

The INL did not retrofit additional buildings to meet
the Guiding Principles (GP) in 2018. To date, the INL
has achieved the GP at 18 of the 26 buildings needed
to meet the goal by 2025. INL completed a significant
building metering project, which will assist with docu-



2.12 INL Site Environmental Report

Table 2-3. Summary Table of DOE-ID Sustainability Goals.

Prior DOE-ID Goal

Current Performance Status

Multiple Categories

50% Scope 1 and 2 greenhouse gas emissions
reduction by FY 2025 from a FY 2008 baseline.

Current performance pending data

Energy Management

25% energy intensity (Btu per gross square foot)
reduction in goal-subject buildings by FY 2025
from a FY 2015 baseline.

Energy Independence and Security Act Section
432 continuous (four-year cycle) energy and
water evaluations.

Meter all individual buildings for electricity,
natural gas, steam, and water, where cost-
effective and appropriate.

INL energy intensity is 153,995 Btu/ft?, a decrease of
15.8% from FY 2003

INL completed energy and water evaluations in 28
buildings in FY 2018.

For the second four-year audit cycle (June 1, 2016,
through May 31, 2020) 63 audits have been
completed.

INL meters 100% of its natural gas and 68.3% of its
electric usage at the building level.

Water Management

36% potable water intensity (gal per gross square
foot) reduction by FY 2025 from a FY 2007
baseline.

INL water intensity is 134.7, a decrease of 22.5 from
FY 2007

Waste Management

Divert at least 50% of non-hazardous solid
waste, excluding construction and demolition
debris.

Divert at least 50% of construction and
demolition materials and debris.

INL diverted 51.6% of its non-hazardous solid waste
in FY 2018 by recycling 1,511,490 1b (685.6 MT) of
materials.

INL diverted 66.1% (44,296,828 Ib. or 20,902.7 MT)
of its construction and demolition waste in FY 2018.

Fleet Management

20% reduction in annual petroleum consumption
by FY 2015 relative to a FY 2005 baseline;
maintain 20% reduction thereafter.

10% increase in annual alternative fuel
consumption by FY 2015 relative to a FY 2005
baseline; maintain 10% increase thereafter.

INL petroleum consumption was 587,007 gal, a
reduction of 37% relative to FY 2005.

INL alternative fuel consumption was 282,470 gal in
FY 2018, an increase of 270% over FY 2005.

Clean and Renewable Energy

“Renewable Electric Energy” requires that
renewable electric energy account for not less
than 30% of a total agency electric consumption
by FY 2025 and each year thereafter.

INL procured 18,737 MWh of renewable energy
credits (RECs) from Idaho Falls Power at a total cost
of $31.852.

This purchase of new RECs, in addition to the 182
MWh of onsite generation (onsite generation from the
solar walls, micro-grid, and small photovoltaic
systems) totals 18,918 MWh (8.7%) of renewable
energy for FY 2018.

Green Buildings

At least 17% (by building count) of existing

At the end of FY 2018, 18 DOE-owned buildings
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Table 2-3. Summary Table of DOE-ID Sustainability Goals. (cont.)

Prior DOE-ID Goal

Current Performance Status

buildings greater than 5,000 gross square feet to

be compliant with the revised Guiding Principles
for High Performance and Sustainable Buildings
by FY 2025, with progress to 100% thereafter.

were compliant with the Guiding Principles, which
represents 12% of INL buildings meeting the Guiding
Principles.

Acquisition and Procurement

Promote sustainable acquisition and procurement
to the maximum extent practicable, ensuring
bioPreferred and biobased provisions and clauses
are included in 95% of applicable contracts.

INL reports indicate 97.7% of the contracts in FY
2018 contained applicable clauses. INL made
improvements when incorporating requirements
through effective implementation of procedures,
clauses, policies, and enhanced work processes that
increase the visibility, availability, and use of
sustainable products.

Measures, Funding and Training

Annual targets for performance contracting to be
implemented in FY 2017 and annually thereafter
as part of the planning of section 14 of EO
13693.

No additional Energy Savings Performance Contract
projects were developed in FY 2018.

Electronic Stewardship

Purchases — 95% of eligible acquisitions each
year are Electronic Project Environmental
Assessment Tool -registered products.

Power management — 100% of eligible personal
computers (PCs), laptops, and monitors have
power management enabled.

Automatic duplexing — 100% of eligible
computers and imaging equipment have
automatic duplexing enabled.

End of Life — 100% of used electronics are
reused or recycled using environmentally sound
disposition options each year.

Data Center Efficiency. Establish a power usage
effectiveness target in the range of 1.2-1.4 for
new data centers and less than 1.5 for existing
data centers.

INL achieved 91.2% of eligible electronics
acquisitions meeting Electronic Project Environmental
Assessment Tool standards in FY 2018

Power management controls are in place on all
eligible computer systems. At INL, 100% of eligible
PCs, laptops, and monitors have power management
controls.

At the end of FY 2018, 100% of managed INL
equipment has duplex printing enabled, where
possible.

At the end of FY 2018, 100% of managed INL
equipment has duplex printing enabled, where
possible.

The Engineering Research Office Building High-
Performance Computing core data center had a power
usage efficiency of 1.39 in FY 2018.

Organizational Resilience

Discuss overall integration of organizational
resilience in emergency response, workforce, and
operations procedures and protocols.

INL emergency plans and emergency plan
implementing procedures were reviewed and revised,
as necessary. Operating policies and procedures were
evaluated to determine whether they should be
modified to consider organizational risks.
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menting the GPs in 13 targeted buildings by FY 2024.
Overall, INL’s established plan to meet the FY 2025 goal
is on track.

2.5 Other Environmental Statutes

2.5.1 Endangered Species Act
The Endangered Species Act (ESA):

*  Provides a means whereby the ecosystems
endangered and threatened species depend on may
be conserved

*  Provides a program to support the conservation of
such endangered and threatened species and their
habitat

» Takes steps, as appropriate, to achieve the purposes
of the international treaties and conventions on
threatened and endangered species.

The act requires that all federal departments and
agencies seek to conserve endangered and threatened
species and use their authorities to further the purposes
of this act.

Personnel in the Environmental Surveillance, Educa-
tion, and Research Program conduct ecological research,
field surveys, and NEPA evaluations regarding ecological
resources on the INL Site (see Chapter 8). Particular em-
phasis is given to threatened and endangered species and
species of special concern identified by the U.S. Fish and
Wildlife Service (FWS) and Idaho Department of Fish
and Game.

One species that may occur on the INL Site has been
categorized under the ESA. On October 3, 2014, the
FWS determined threatened status for the Western Dis-
tinct Population Segment of the Yellow-billed Cuckoo
(Coccyzus americanus) (https://ecos.fws.gov/ecp0/pro-
file/speciesProfile?sId=3911). The rare species is known
to breed in river valleys in southern Idaho, but has only
been observed once near the INL Site at Atomic City.

Several species have been removed from the list
based on the limited likelihood they would occur on the
INL Site. On August 13, 2014, the FWS withdrew a pro-
posal to list the North American Wolverine (Gulo gulo
luscus) in the contiguous United States as a threatened
species under the ESA. The wolverine has not been doc-
umented at the INL Site, but may pass through it.

FWS conducted a status review and, in September
2015, announced that the greater sage-grouse does not

warrant protection under the ESA. FWS made this deter-
mination based upon reduction in threats, which caused
the Service to initially designate the bird “warranted but
precluded” in 2010. Federal, state, and private land-use
conservation efforts were major factors in accomplish-
ing threat reduction, such as the Candidate Conserva-
tion Agreement for Greater Sage-grouse on the INL Site
(DOE-ID and USFWS 2014) that DOE and FWS signed
in October 2014. The voluntary agreement includes
conservation measures that protect sage-grouse and its
habitat while allowing DOE flexibility in accomplishing
its missions.

Recently, white-nose syndrome (WNS) has been
identified as a major threat to many bats that hibernate in
caves. This disease is caused by a cold-adapted fungus
(Pseudogymnoascus destructans) and has killed at least
5.5 to 6.7 million bats in seven species. Many species
of bats could be at risk for significant decline or extinc-
tion due to this disease. At least two species of bats that
occupy the INL Site could be affected by WNS if this
disease arrives in Idaho: the little brown myotis (Myotis
lucifugus) and the big brown bat (Eptesicus fuscus). In
2010, the little brown myotis was petitioned for emer-
gency listing under the ESA, and the FWS is collecting
information on both species to determine if, in addition
to existing threats, this disease may be increasing the
extinction risk of these bats. Biologists from the Environ-
mental Surveillance, Education, and Research Program
have initiated a monitoring program using acoustical de-
tectors set at hibernacula and important habitat features
(caves and facility ponds) used by these mammals on the
INL Site. Naval Reactors and DOE-ID have developed a
Bat Protection Plan for the INL Site (DOE-ID 2018). The
Bat Protection Plan allows the INL Site to proactively
position itself to continue its missions if there is an emer-
gency listing of a bat species due to WNS. The Plan is
based upon monitoring data and other current knowledge
of bat populations on the INL Site. Bat monitoring is dis-
cussed further in Chapter 8.

2.5.2 Migratory Bird Treaty Act

The Migratory Bird Treaty Act prohibits taking any
migratory bird, or any part, nest, or egg of any such
bird, without authorization from the U.S. Department
of the Interior. Permits may be issued for scientific col-
lecting, banding and marking, falconry, raptor propaga-
tion, depredation, import, export, taxidermy, waterfowl
sale and disposal, and special purposes. DOE-ID has a
Special Purpose Permit for limited nest relocation and
destruction and the associated take of migratory birds if
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absolutely necessary for mission-critical activities. The
permit would be applied in very limited and extreme sit-
uations where no other recourse is practicable. The per-
mit also authorizes possession, salvage, and disposition
of migratory birds killed through incidental take (mainly
collisions with vehicles, windows, and other structures).

DOE-ID exercised the permit once in 2018. On July
9, 2018, an employee opened a roll up door on the side of
a building, did not see a Barn Swallow nest attached to
the door, and accidentally knocked the nest down. Up to
three eggs were estimated to have been in the nest at the
time of destruction. DOE-ID reported the event to FWS
on July 10, 2018. As required by the permit, DOE-ID
submitted an annual report to FWS by January 31, detail-
ing reportable activities related to migratory birds. There
were numerous salvage actions tracked, documented, and
reported in compliance with permit requirements.

DOE-ID and INL Site contractors have permits from
the state of Idaho to manage migratory birds and to col-
lect other wildlife specimens for scientific research. The
permits allow for the collection of bat carcasses and
sampling of big game animal carcasses found on the INL
Site, and for active harvest of waterfowl from INL Site
wastewater ponds (the INL contractor also has a Special
Purpose Permit that allows waterfowl collection). The
animal samples are analyzed for radionuclides. Wildlife
sampling and analysis is further discussed in Chapter 6.

2.5.3 Emergency Planning and Community
Right-to-Know Act

The Emergency Planning and Community Right-to-
Know Act (EPCRA) is Title III of the 1986 Superfund
Amendments and Reauthorization Act to CERCLA.
EPCRA is intended to help local emergency response
agencies better prepare for potential chemical emergen-
cies and to inform the public of the presence of toxic
chemicals in their communities. The INL Site’s compli-
ance with key EPCRA provisions is summarized in the
following subsections and in Table 2-4.

Section 304 — Section 304 requires owners and
operators of facilities where hazardous chemicals are
produced, used, or stored to report releases of CERCLA
hazardous substances or extremely hazardous substances
that exceed reportable quantity limits to state and local
authorities (i.e., state emergency response commissions
and local emergency planning committees). There were
no CERCLA-reportable chemicals released at the INL
Site during 2018.

Sections 311 and 312 — Sections 311 and 312 require
facilities manufacturing, processing, or storing desig-
nated hazardous chemicals to make safety data sheets
describing the properties and health effects of these
chemicals available to state and local officials and local
fire departments. Facilities are also required to report
inventories of all chemicals that have safety data sheets
to state and local officials and local fire departments. The
INL Site satisfies the requirements of Section 311 by
submitting a quarterly report to state and local officials
and fire departments, identifying chemicals that exceed
regulatory thresholds. In compliance with Section 312,
the annual Emergency and Hazardous Chemical Inven-
tory (Tier IT) Report is provided to local emergency
planning committees, the state emergency response com-
mission, and local fire departments by the regulatory due
date of March 1. This report includes the types, quanti-
ties, and locations of hazardous chemicals and extremely
hazardous substances stored at the INL Site and Idaho
Falls facilities that exceed regulatory thresholds. In Cal-
endar Year 2018, the chemical inventory report included
76 individual chemicals at INL Site facilities and nine at
Idaho Falls facilities. Extremely hazardous substances
ammonia, cyclohexylamine, lithium hydride, nitric acid,
nitrogen dioxide, and sulfuric acid were among the
chemicals reported.

Section 313 — Section 313 requires facilities to
submit a Toxic Chemical Release Inventory Form an-
nually for regulated chemicals that are manufactured,
processed, or otherwise used above applicable threshold

Table 2-4. INL Site EPCRA Reporting Status (2018).

EPCRA Section

Description of Reporting

2018 Status

Section 304 Extremely Hazardous Substance Release Notification ~ Not Required
Section 311-312 Safety Data Sheet/Chemical Inventory Toxic Required
Section 313 Chemical Release Inventory Reporting Required
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quantities. Releases under EPCRA 313 reporting include
transfers to waste treatment and disposal facilities off the
INL Site, air emissions, recycling, and other activities.
The INL Site submitted Toxic Chemical Release Inven-
tory Forms for cumene, ethylbenzene, lead, naphthalene,
nickel, nitric acid, nitrate compounds, and polycyclic
aromatic compounds to EPA and the state of Idaho by the
regulatory due date of July 1.

Reportable Environmental Releases — There were
no reportable environmental releases at the INL Site dur-
ing Calendar Year 2018.

2.5.4 Executive Order 11988 — Floodplain
Management

Executive Order 11988 requires each federal agency
to issue or amend existing regulations and procedures
to ensure that the potential effects of any action it may
take in a floodplain are evaluated and that its planning
programs and budget requests consider flood hazards
and floodplain management. It is the intent of EO 11988
that federal agencies implement floodplain requirements
through existing procedures, such as those established
to implement NEPA. 10 CFR 1022 contains DOE policy
and floodplain environmental review and assessment re-
quirements through the applicable NEPA procedures. In
those instances where impacts of actions in floodplains
are not significant enough to require the preparation of an
Environmental Impact Statement under NEPA, alterna-
tive floodplain evaluation requirements are established
through the INL Site Environmental Checklist process.

For the Big Lost River, DOE-ID has accepted the
Big Lost River Flood Hazard Study, Idaho National
Laboratory, Idaho (Bureau of Reclamation 2005). This
flood hazard report is based on geomorphological mod-
els and has undergone peer review. All activities on the
INL Site requiring characterization of flows and hazards
are expected to use this report. For facilities at Test Area
North, the 100-year floodplain has been delineated in a
U.S. Geological Survey report (USGS 1997).

2.5.5 Executive Order 11990 — Protection of
Wetlands

Executive Order 11990 requires each federal agency
to issue or amend existing regulations and procedures
to ensure wetlands are protected in decision making. It
is the intent of this EO that federal agencies implement
wetland requirements through existing procedures, such
as those established to implement NEPA. The 10 CFR
1022 regulations contain DOE policy and wetland envi-

ronmental review and assessment requirements through
the applicable NEPA procedures. In instances where
impacts of actions in wetlands are not significant enough
to require the preparation of an Environmental Impact
Statement under NEPA, alternative wetland evaluation
requirements are established through the INL Site Envi-
ronmental Checklist process. Activities in wetlands con-
sidered waters of the United States or adjacent to waters
of the United States also may be subject to the jurisdic-
tion of Sections 404 and 402 of the CWA.

The only area of the INL Site currently identified as
potentially jurisdictional wetlands is the Big Lost River
Sinks. The FWS National Wetlands Inventory map is
used to identify potential jurisdictional wetlands and
non-regulated sites with ecological, environmental, and
future development significance. In 2018, no actions took
place or impacted potential jurisdictional wetlands on the
INL Site.

2.6 Cultural Resources Protection

INL Site cultural resources are numerous and rep-
resent at least 13,000 years of human land use in the
region. Protection and preservation of cultural resources
under the jurisdiction of federal agencies, including
DOE-ID, are mandated by a number of federal laws and
their implementing regulations. DOE-ID has tasked the
implementation of a cultural resource management pro-
gram for the INL Site to Battelle Energy Alliance’s Cul-
tural Resource Management Office. Appendix B details
compliance with cultural resources management require-
ments.
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An estimated total of 1,370 Ci (5.07 x 10" Bq) of radioactivity, primarily in the form of short-lived noble gas
isotopes, was released as airborne effluents from Idaho National Laboratory (INL) Site facilities in 2018. The high-
est contributors to the total release were the Advanced Test Reactor (ATR) Complex at 76.2 percent, Materials and
Fuel Complex (MFC) at 12.9 percent, the Radioactive Waste Management Complex (RWMC) at 4.37 percent, the
Critical Infrastructure Test Range Complex at 3.91 percent, and Idaho Nuclear Technology and Engineering Center
at 1.90 percent of total.

The INL Site environmental surveillance programs emphasize measurements of airborne contaminants in the
environment because air is the most important transport pathway from the INL Site to receptors living outside the
INL Site boundary. Because of this pathway, samples of airborne particulates, atmospheric moisture, and precipita-
tion were collected on the INL Site, at INL Site boundary locations, and at distant communities and were analyzed
for radioactivity in 2018.

Particulates were filtered from air using a network of low-volume air samplers, and the filters were analyzed
for gross alpha activity, gross beta activity, and specific radionuclides, primarily cesium-137 (**’Cs), ameri-
cium-241 (**'Am), plutonium-239/240 (***4°Pu), and strontium-90 (*°Sr). Results were compared with detection
levels, background measurements, historical results, and radionuclide-specific Derived Concentration Standards
(DCSs) established by DOE to protect human health and the environment. Gross alpha and gross beta activities
were used primarily for trend analyses and indicated that fluctuations were observable that correlate with seasonal
variations in natural radioactivity.

Specific alpha-emitting radionuclides (**' Am, **Pu, and *?*°Pu) were reported primarily during the second
quarter. The concentrations measured were just above the detection levels and well below the radionuclide-specific
DCSs developed by DOE to protect human health. Americium-241 was detected during the first quarter at Atomic
City, during the second quarter at ATR Complex, MFC, Remote Handled Low-Level Waste Disposal Facility,
and Van Buren Boulevard (from co-located samplers run by the ESER and INL contractors), and during the third
quarter at RWMC. Plutonium-238 was also detected in the ESER Van Buren Boulevard sample during the second
quarter.

Strontium-90 was detected in one of the quarterly composited air filters collected at Arco within measured
background levels. No other human-made radionuclides were detected in air filters.

Airborne particulates were also collected biweekly around the perimeters of the Subsurface Disposal Area
of the Radioactive Waste Management Complex and the Idaho Comprehensive Environmental Response,
Compensation, and Liability Act Disposal Facility at the Idaho Nuclear Technology and Engineering Center. Gross
alpha and gross beta activities measured on the filters were comparable with historical results, and no new trends
were identified in 2018. Detections of americium and plutonium isotopes were comparable to past measurements
and are likely due to resuspended soils contaminated from past burial practices at the Subsurface Disposal Area.
The results were below the DCSs established for those radionuclides

Atmospheric moisture and precipitation samples were obtained at the INL Site and off the INL Site and
analyzed for tritium. Tritium detected in some samples was most likely present due to natural production in the
atmosphere and not INL Site releases. All measured results were below health-based regulatory limits.
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3. ENVIRONMENTAL MONITORING
PROGRAMS: AIR

Idaho National Laboratory (INL) Site facilities have
the potential to release radioactive and nonradioactive
constituents. Pathway vectors, such as air, soil, plants, an-
imals, and groundwater, may transport these constituents
to nearby populations (Figure 3-1). Reviews of historical
environmental data and environmental transport modeling
indicate that air is a key pathway from INL Site releases
to members of the general public. The ambient air moni-
toring network is thus a critical component of the INL
Site’s environmental monitoring programs. It monitors for
routine and unforeseen releases, provides verification that
the INL Site is in compliance with regulatory standards
and limits, and can be used to assess impact to the envi-
ronment over time.

This chapter presents results of radiological analyses
of airborne effluents and ambient air samples collected
on and off the INL Site. The results include those from
the INL contractor; the Idaho Cleanup Project (ICP) Core
contractor; and the Environmental Surveillance, Educa-
tion, and Research (ESER) Program contractor. Table 3-1

summarizes the air monitoring activities on and off the
INL Site. Details may be found in the INL Site Environ-
mental Monitoring Plan (DOE ID 2017).

3.1 Organization of Air Monitoring
Programs

The INL contractor documents airborne radiological
effluents at INL Site facilities in an annual report prepared
in accordance with the 40 CFR 61, Subpart H, “National
Emission Standards for Emissions of Radionuclides Other
Than Radon from Department of Energy Facilities.” Sec-
tion 3.2 summarizes the emissions reported in National
Emission Standards for Hazardous Air Pollutants—Cal-
endar Year 2018 INL Report for Radionuclides (DOE-ID
2019), referred to hereafter as the National Emission Stan-
dards for Hazardous Air Pollutants (NESHAP) Report.
The report also documents the estimated potential dose
received by the general public due to INL Site activities.

Ambient air monitoring is conducted by the INL con-
tractor and the ESER contractor to ensure that the INL
Site remains in compliance with the U.S. Department of
Energy (DOE) Order 458.1, “Radiation Protection of the
Public and the Environment.” The INL contractor collects
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Table 3-1. Radiological Air Monitoring Activities by Organization.

Airborne
Effluent

Monitoring

Environmental Surveillance Programs

Programs

=
—
=
7
~
=
-
=]
S
[£3]
5
=
=
£
Nt
-

Area/Facility®

Low-volume Gross Alpha

Low-volume Charcoal
Low-volume Gross Beta
Specific Radionuclides®
Atmospheric Moisture

Cartridges (iodine-131)

Precipitation

ICP Core Contractor?
INTEC @ ° ® °
RWMC ® @ ® °
INL Contractor®
MEC °
_INL Site/Regional ° ° ° ° . |
ESER Program Contractor’
INL Site/Regional ° ) ° ° ° °

a. ESER = Environmental Surveillance, Education and Research, ICP = Idaho Cleanup Project, INL =
Idaho National Laboratory, INTEC = Idaho Nuclear Technology and Engineering Center, RWMC =
Radioactive Waste Management Complex, MFC = Materials and Fuels Complex

b. Facilities that required monitoring during 2018 for compliance with 40 CFR 61, Subpart H, “National
Emissions Standards for Emissions of Radionuclides Other Than Radon from Department of Energy

Facilities.”

¢. Gamma-emitting radionuclides are measured by the ICP Core contractor monthly and by the ESER
contractor and the INL contractor quarterly. Strontium-90, plutonium-238, plutonium-239/240, and
americium-241 are measured by the INL, ICP Core, and ESER contractors quarterly.

d. The ICP Core contractor monitors waste management facilities to demonstrate compliance with DOE O

435.1, “Radioactive Waste Management.”

e. The INL contractor monitors airborne effluents at MFC and ambient air outside INL Site facilities to
demonstrate compliance with DOE O 458.1, “Radiation Protection of the Public and the Environment.”
f. The ESER contractor collects samples on, around, and distant from the INL Site to demonstrate

compliance with DOE O 458.1.

air samples and air moisture samples primarily on the
INL Site (Figure 3-2). In 2018, the INL contractor col-
lected approximately 1,100 air samples (including dupli-
cate samples and blanks) for various radiological analy-
ses. Air moisture samples were collected at four sites for
tritium analysis.

The ESER contractor collects air samples primarily
around the INL Site encompassing a region of 23,390
km? (9,000 mi?) that extends to locations near Jackson,

Wyoming (Figure 3-2). In 2018, the ESER contractor
collected approximately 1,040 air samples (including
duplicate samples and blanks) for various radionuclide
analyses. The ESER contractor also collects air moisture
and precipitation samples at four locations for tritium
analysis.

The ICP Core contractor monitors air around waste
management facilities to comply with DOE Order 435.1,
“Radioactive Waste Management.” These facilities are



3.4 INL Site Environmental Report




Environmental Monitoring Programs: Air 3.5

the Subsurface Disposal Area (SDA) at the Radioactive
Waste Management Complex (RWMC) and the Idaho
Comprehensive Environmental Response, Compensa-
tion, and Liability Act (CERCLA) Disposal Facility
(ICDF) near the Idaho Nuclear Technology and Engi-
neering Center (INTEC). These locations are shown in
Figure 3-2. Section 3.4 discusses air sampling by the ICP
Core contractor in support of waste management activi-
ties.

The National Oceanic and Atmospheric Admin-
istration (NOAA) has collected meteorological data
at the INL Site since 1950. The data have historically
been tabulated, summarized, and reported in several
climatography reports for use by scientists to evaluate
atmospheric transport and dispersion. The latest report,
Climatography of the Idaho National Laboratory, 4th
Edition (Clawson et al. 2018), was prepared by the Field
Research Division of the Air Resources Laboratory of
NOAA and presents over 20 years (1994-2015) of qual-
ity-controlled data from the NOAA INL mesonet meteo-
rological monitoring network (https://niwc.noaa.inl.gov/
climate/INL Climate4th Final2.pdf). More recent data
are provided by the Field Research Division to scientists
modeling the dispersion of INL Site releases and result-
ing potential dose impact (see Chapter 7 in this annual
report and Meteorological Monitoring, a supplement to
this annual report).

3.2  Airborne Effluent Monitoring

Each regulated INL Site facility determines airborne
effluent concentrations from its regulated emission
sources as required under state and federal regulations.
Radiological air emissions from INL Site facilities are
also used to estimate the potential dose to a hypothetical
maximally exposed individual (MEI), who is a member
of the public (see Chapter 7 of this report). Radiological
effluents and the resulting potential dose for 2018 are re-
ported in the NESHAP Report (DOE-ID 2019).

The NESHAP Report describes three categories of
airborne emissions:

*  Sources that require continuous monitoring under the
NESHAP regulation: these are primarily stacks at the
Materials and Fuels Complex (MFC), the Advanced
Mixed Waste Treatment Project (AMWTP), and
INTEC

* Releases from all other point sources (stacks and
exhaust vents)

*  Nonpoint—or diffuse—sources, otherwise referred
to as fugitive sources, which include radioactive
waste ponds, buried waste, contaminated soil areas,
radiological test ranges, and decontamination and
decommissioning operations.

INL Site emissions include all three airborne emis-
sion categories and are summarized in Table 3-2. The ra-
dionuclides included in this table were selected because
they contribute 99.9% of the cumulative dose to the MEI
estimated for each facility area. During 2018, an esti-
mated 1,370 Ci (5.07 x 10'* Bq) of radioactivity was re-
leased to the atmosphere from all INL Site sources. The
2018 release is 11% greater than the previous year due
mainly to increased and new activities on the INL Site.

The following facilities were major contributors to
the total emissions (Figure 3-3):

*  ATR Complex Emissions Sources (76.2% of total
INL Site source term) — Radiological air emissions
from ATR Complex are primarily associated with
ATR operations. These emissions include noble
gases, radioiodine, and other mixed fission and
activation products. Other radiological air emissions
are associated with sample analysis, site remediation,
and research and development activities. The
INL Radioanalytical Chemistry Laboratory, in
operation since 2011, is another emission source
at the ATR Complex. Activities at the lab include
inorganic, general-purpose analytical chemistry,
and wet chemical analysis for trace and high-level
radionuclide determination. The laboratory contains
high-efficiency particulate air filtered hoods which
are used for analysis of contaminated samples.

*  MFC Emissions Sources (12.9% of total INL
Site source term) — The increase in air emissions
associated with MFC is primarily due to new
activities at the Radiochemistry Laboratory. Other
activities associated with emissions from MFC
include spent fuel treatment at the Fuel Conditioning
Facility, waste characterization at the Hot Fuel
Examination Facility, fuel research and development
at the Fuel Manufacturing Facility, and operation of
the Transient Reactor Test Facility (TREAT). These
facilities are equipped with continuous emission
monitoring systems. On a regular basis, effluent
streams from Fuel Conditioning Facility, Hot Fuel
Examination Facility, Fuel Manufacturing Facility
and other non-continuous emission monitoring
radiological facilities are sampled and analyzed for
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particulate radionuclides. Gaseous and particulate
radionuclides may also be released from other
MEFC facilities during laboratory research activities,
sample analysis, waste handling and storage, and
maintenance operations.

*  RWMC Emissions Sources (4.37% of total INL
Site source term) — Emissions at RWMC result
from various activities associated with the facility’s
mission to complete environmental cleanup of the
area, as well as to store, characterize, and treat
contact-handled transuranic waste and mixed low-
level waste prior to shipment to offsite licensed
disposal facilities. Under the current contractor,
various projects are being conducted to achieve these
objectives: waste retrieval activities at the various
Accelerated Retrieval Projects (ARPs); operation
of the Resource Conservation and Recovery Act
(RCRA) Sludge Repackage and Debris Repackage
waste processing projects; operation of the three
organic contaminated vadose zone treatment units;
storage of waste within the Type II storage modules
at AMWTP; storage and characterization of waste at
the Drum Vent and Characterization facilities; and
treatment of wastes at the Transuranic Storage Area-
Retrieval Enclosure. Data from 15 emission sources
(both point and diffuse) at RWMC were reported
in the 2018 NESHAP Report for Radionuclides
(DOE-ID 2019), of which three of these sources
are continuously monitored stacks. Monitoring of
the radionuclide emissions from the CERCLA ARP
facilities and WMF-1617 (ARP V) and WMF-1619
(ARP VII) is achieved with the Environmental
Protection Agency (EPA)-approved ambient air
monitoring program, which has been in place since
2008.

Radiological emissions at RWMC are primarily
due to treatment of contaminated air removed from
the vadose zone and releases of tritium and carbon-14
(*C) associated with buried beryllium blocks. Releases
of transuranic radionuclides, including americium-241
(**'Am), plutonium-238 (**Pu), plutonium-239 (**Pu),
plutonium-240 (**°Pu), and plutonium-241 (**'Pu) have
declined in recent years as waste exhumation and pro-
cessing activities slow down.

e Critical Infrastructure Test Range Complex
(CITRC) Emissions Sources (3.91% of total INL
Site source term) — Emission increases from CITRC
are the result of new and increased activity from
National and Homeland Security missions. Activities

at CITRC include program and project testing for
critical infrastructure resilience, nonproliferation,
wireless test bed operations, power line and grid,
unmanned aerial vehicles, accelerator testing,
explosives detection, and training radiological
counter-terrorism emergency response. Most of the
increased activity is from krypton-85.

INTEC Emissions Sources (1.90% of total INL
Site source term) — Radiological air emissions
from INTEC are primarily associated with sources
exhausted through the Main Stack (CPP-708),
including liquid waste operations, such as the
Process Equipment Waste Evaporator and the
Liquid Effluent Treatment and Disposal. These
radioactive emissions include both particulate

and gaseous radionuclides. Other releases are
associated with waste disposal in the landfill and
evaporation pond operations at ICDF, which is
located outside the fenced boundary of INTEC; and
the Three Mile Island Unit 2 Independent Spent
Fuel Storage Installation (CPP-1774). Additional
radioactive emissions are associated with remote-
handled transuranic and mixed-waste management
operations, dry storage of spent nuclear fuel,

and maintenance and servicing of contaminated
equipment.

Test Area North Emissions Sources (0.63% of total
INL Site source term) — The main emissions sources
at Test Area North are the Specific Manufacturing
Capability project, the New Pump and Treat

Facility, and the nearby Northern Test Range of the
Radiological Response Training Range. Radiological
air emissions from the Specific Manufacturing
Capability project are associated with processing of
depleted uranium. Potential emissions are uranium
isotopes. Low levels of strontium-90 (*°Sr) and
trittum are present in the treated water from the

New Pump and Treat Facility and are released to the
atmosphere by the treatment process. Emissions from
Radiological Response Training Range are the result
of training activities such as contamination control,
site characterization, and field sampling techniques
for response to radiological incidents using mostly
short-lived radioactive materials.

Central Facilities Area (CFA) Emissions Sources
(0.034% of total INL Site source term) — Minor
emissions occur from CFA where work with small
quantities of radioactive materials is conducted.
This includes sample preparation and verification
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and radiochemical research and development. Other
minor emissions result from groundwater usage.

The estimated radionuclide releases (Ci/yr) from INL
Site facilities, shown in Table 3-2, were used to calculate
the dose to the hypothetical MEI member of the public,
who is assumed to reside near the INL Site perimeter.
The estimated dose to the MEI in Calendar Year 2018
was 0.0102 mrem/yr (0.102 uSv/yr). Potential radia-
tion doses to the public are discussed in more detail in
Chapter 7 of this report. Five radionuclides (cesium-137
['¥7Cs], tritium, argon-41, *°Sr, and iodine-129]) contrib-
uted to 87% of the MEI dose with the remaining 13%
due primarily to *C and cobalt-60 (*°Co).

3.3 Ambient Air Monitoring

Ambient air monitoring is conducted on and off the
INL Site to identify regional and historical trends, to de-
tect accidental and unplanned releases, and to determine
if air concentrations are below 10 percent of derived
concentration standards (DCSs) established by DOE for
inhaled air (DOE 2011). Each radionuclide-specific DCS
corresponds to a dose of 100 mrem for continuous expo-
sure during the year. The Clean Air Act NESHAP stan-
dard is 10 mrem per year (or 10% of 100 mrem per year).

3.3.1 Ambient Air Monitoring System
Design

Figure 3-2 shows the regional and INL Site routine
air monitoring locations. A total of 37 low-volume air
samplers, one high-volume air sampler, eight atmospher-
ic moisture samplers, and four precipitation samplers
operated in the network in 2018 (Table 3-3).

Historically, air samplers were positioned near INL
Site facilities or sources of contamination, in predomi-
nant downwind directions from sources of radionuclide
air emissions, at potential offsite receptor population cen-
ters, and at background locations. In 2015, the network
was evaluated quantitatively, using atmospheric transport
modeling and frequency of detection methods (Rood,
Sondrup, and Ritter 2016). A Lagrangian Puff air disper-
sion model (CALPUFF) with three years of meteorologi-
cal data was used to model atmospheric transport of ra-
dionuclides released from six major facilities and predict
air concentrations at each sampler location for a given
release time and duration. Frequency of detection is de-
fined as the fraction of events that result in a detection at
either a single sampler or network. The frequency of de-
tection methodology allowed for evaluation of short-term
releases that included effects of short-term variability in

meteorological conditions. Results showed the detection
frequency was over 97.5% for the entire network consid-
ering all sources and radionuclides. Network intensity re-
sults (the fraction of samplers in the network that have a
positive detection for a given event) ranged from 3.75%
to 62.7%. Evaluation of individual samplers indicated
some samplers were poorly located and added little to the
overall effectiveness of the network.

Tritium is present in air moisture due to natural pro-
duction in the atmosphere and is also released by INL
Site facilities (Table 3-2). Historical NESHAP data show
that most tritium is released from the ATR Complex and
INTEC. Tritium enters the environment as tritiated wa-
ter and behaves like water in the environment. The air
monitoring network evaluation described in the previous
paragraph was also used to locate atmospheric moisture
samplers. The Experimental Field Station (EFS) and Van
Buren Boulevard samplers are located onsite and appear
to be in or near the highest projected air dispersion con-
centrations. Atomic City and Howe are communities that
are downwind of INL Site operations and/or are situated
in areas of maximum projected offsite concentrations and
close to the INL Site boundary. Idaho Falls and Craters
of the Moon are good offsite locations for measuring
background concentrations because they do not appear
to be impacted by modeled dispersion of tritium. Thus,
one or two atmospheric moisture samplers are currently
placed at each of the six locations: Atomic City, Craters
of the Moon, EFS (two samplers), Howe, Idaho Falls
(two samplers), and Van Buren Boulevard. Although
there are more particulate air monitoring stations, addi-
tional atmospheric moisture and precipitation monitoring
stations are not warranted. This is because the calculated
dose for INL Site releases is less than 0.1 mrem, which
is the recommended DOE limit for routine surveillance
(DOE 2015).

Historical tritium concentrations in precipitation and
atmospheric moisture samples collected by the ESER
contractor during the 10-year period from 2008 through
2017 were compared statistically, and results indicate
that there are no differences between data sets. For this
reason, ESER precipitation samplers were placed at the
same locations as the ESER atmospheric moisture sam-
plers (Atomic City, EFS, Howe, and Idaho Falls). In ad-
dition, Idaho Falls can be easily and readily accessed by
ESER personnel after a precipitation event. The EPA has
a precipitation collector in Idaho Falls and subsamples
are collected for the ESER program.
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Table 3-3. INL Site Ambient Air Monitoring Summary (2018).

Number of Locations
Onsite Offsite Minimum
Detectable
Type of Analysis Frequency INL* ESER® Toral INL* ESER" Total Concentration

Medium
Sampled (MDC)

Gross alpha Weekly 16 3 19 5 13 18 1 x 10" pCi/mL
Gross beta Weekly 16 3 19 5 13 18 2x 107 uCy/mL
Specific gamma®  Quarterly 16 3 19 5 13 18 2 x 107" puCi/mL
Air (low Plutqnium-Z38 7 Quarterly 16 2 18 5 4-5  9-10 35x 10H pCi/mL
volume) Plutonium-239/240  Quarterly 16 2 18 S 45 9-10 35x l()‘lf uCi/mL
Americium-241 Quarterly 16 2 18 5 4-5 9-10 4.6x 10" pCi/mL
Strontium-90 Quarterly 16 2 18 5 45 9-10 3.4x 10" pCi/mL
Todine-131 Wecekly 16 3 19 5 13 18 1.5 x 10" uCi/mL
Total particulates ~ Weekly - 3 3 - 13 13 10 pg/m’
Gross beta scan ~ Biweekly - - - - | 1 1 x 10" uCi/mL
Air (tigh Gamma scan ~ Continuous - - - - 1 1 Not applicable
volume)? Specific gamma®  Annually® - = = - | 1 1 x 10" uCi/mL
Isotolzoli:.cil Uand Every4 yrs _ B : I i 2 % 10" yCi/mL
Air N
(atmospheric Tritium 3-6/quarter 2 1 3 2 3 5 2x 10 L.“CI/mL
moisture)" (air)
A N Monthly = 0 0 = 1 1 )
(precipitation)s UM Weeky - 1 1 - 3 3 88 pCilL

a.

Low volume air samplers are operated on the INL Site by the INL contractor at the following locations: ATR Complex (two
air samplers), CFA, EBR-I, EFS, Highway 26 Rest Arca, INTEC (two air samplers), Gate 4, MFC (two air samplers), NRF,
RWMC (two air samplers), SMC, and Van Buren Blvd. In addition, there are two rotating duplicate samplers for QA. In 2018,
they were at RWMC and INTEC. The INL contractor also samples offsite (i.e., outside INL Site boundaries) at Blackfoot,
Craters of the Moon, Idaho Falls, IRC, and Sugar City. (ATR = Advanced Test Reactor; CFA = Central Facilities Area; EBR-
I = Experimental Breeder Reactor-1; EFS = Experimental Field Station, INTEC = Idaho Nuclear Technology and Engineering
Center; IRC = INL Research Center; MFC = Materials and Fuels Complex; NRF = Naval Reactors Facility; RWMC =
Radioactive Waste Management Complex; SMC = Specific Manufacturing Capability). This table does not include high
volume “event” monitoring by the INL contractor (see Section 3.3.1).

. The ESER contractor operates low volume samplers on the INL Site at Main Gate, EFS, and Van Buren Blvd. Offsite

locations include Arco, Atomic City, Blackfoot, Blue Dome, Craters of the Moon, Dubois, Federal Aviation Administration
(FAA) Tower, Howe, Idaho Falls, Jackson (WY), Monteview, Mud Lake, and Sugar City. In addition, there are two rotating
duplicate samplers for quality assurance. In 2018, these were placed at Atomic City and Blue Dome.

. The minimum detectable concentration shown is for cesium-137.
. The EPA RadNet stationary monitor at Idaho Falls runs 24 hours a day, seven days a week, and sends near-real-time

measurements of gamma radiation to EPA’s National Analytical Radiation Environmental Laboratory (NAREL). Filters arc
collected by ESER personnel for the EPA RadNet program and sent to NAREL. Data are reported by the EPA’s RadNet at
http://www.epa.gov/radnet/radnet-databases-and-reports.

. If gross beta activity is greater than | pCi/m’, then a gamma scan is performed at NAREL. Otherwise an annual composite is

analyzed.
Atmospheric moisture samples are collected onsite at EFS by ESER and INL, and at Van Buren Boulevard by INL. Samples
are collected offsite at Atomic City by ESER. at Craters of the Moon by INL, at Howe by ESER. and at Idaho Falls by ESER
and INL.

. Precipitation samples are currently collected onsite at EFS. Samples are collected offsite at Atomic City, Howe, and Idaho

Falls (also used as the EPA RadNet precipitation location).
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To support emergency response, the INL contractor
maintains 16 high volume event air samplers at NOAA
weather towers (Figure 3-4). These event monitors are
only turned on as needed for sampling when an event oc-
curs, such as a range fire or unplanned release.

3.3.2 Air Particulate, Radioiodine, and
Tritium Sampling Methods

3.3.2.1 Air Particulates and Radioiodine

Filters are collected weekly by the INL and ESER
contractors from a network of low-volume air samplers

(Table 3-3). At each low-volume air sampler, a pump
pulls air (about 57 L/min [2 ft*/min]) through a 5-cm (2-
in.), 1.2-um particulate filter and a charcoal cartridge. Af-
ter a five-day holding time to allow for the decay of natu-
rally occurring radon progeny, the filters are analyzed in
a laboratory for gross alpha and gross beta activity. Gross
alpha and gross beta results are considered screenings
because specific radionuclides are not identified. Rather,
the results reflect a mix of alpha- and beta-emitting ra-
dionuclides. Gross alpha and gross beta radioactivity in
air samples is dominated by the presence of naturally
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occurring radionuclides. Gross beta radioactivity is,
with rare exceptions, detected in each air filter collected.
Gross alpha activity is only occasionally detected, but

it becomes more commonly detected during wildfires
and temperature inversions. If the results are higher than
those typically observed, sources other than background
radionuclides may be suspected, and other analytical
techniques can be used to identify specific radionuclides
of concern. Gross alpha and gross beta activity are also
examined over time and between locations to detect
trends, which might indicate the need for more specific
analyses.

The filters are composited quarterly for each location
by the ESER and INL contractors for laboratory analysis
of gamma-emitting radionuclides, such as *’Cs, which
is a man-made radionuclide present in soil both on and
off the INL Site due to historical INL Site activities and
global fallout. The contaminated soil particles can be-
come airborne and subsequently filtered by air samplers.
Naturally occurring gamma-emitting radionuclides that
are typically detected in air filters include beryllium-7
("Be) and potassium-40 (‘’K).

The ESER and INL contractors also use a labora-
tory to radiochemically analyze quarterly composited
samples for selected alpha- and beta-emitting radionu-
clides. These radionuclides include ' Am, 2**Pu, 24Py,
and *°Sr. They were selected for analysis because they
have been detected historically in air samples and may
be present due to site releases or to resuspension of sur-
face soil particles contaminated by INL Site activities or
global fallout. ESER samples are analyzed on a rotating
basis — each quarter six or seven composites are selected
for alpha spectrometry and six or seven composites are
selected for beta spectrometry.

3.3.2.2 Radioiodine

Charcoal cartridges are collected and analyzed week-
ly for iodine-131 (**') by the INL and ESER contractors.
Iodine-131 is of particular interest because it is produced
in relatively large quantities by nuclear fission, is readily
accumulated in human and animal thyroids, and has a
half-life of eight days. This means that any elevated level
of *'T in the environment could be from a recent release
of fission products.

3.3.2.3 Tritium

The ESER and INL contractors monitor tritium
in atmospheric water vapor in ambient air on the INL
Site at the EFS and Van Buren Boulevard and off the

INL Site at Atomic City, Howe, and Idaho Falls. Air
passes through a column of molecular sieve, which is an
adsorbent material that adsorbs water vapor in the air.
The molecular sieve is sent to a laboratory for analysis
when the material has adsorbed sufficient moisture to
obtain a sample. The laboratory extracts water from

the material by distillation and determines tritium
concentrations through liquid scintillation counting.

Precipitation samples are collected by the ESER con-
tractor at Atomic City, EFS, Howe, and Idaho Falls and
analyzed for tritium using liquid scintillation counting in
a laboratory.

3.3.3 Ambient Air Monitoring Results

Gaseous Radioiodines — The INL contractor
collected and analyzed approximately 1,100 charcoal
cartridges (blanks and duplicates) in 2018. There were
no statistically positive measurements of '*'I. During
2018, the ESER contractor analyzed 1,040 cartridges
(including blanks and duplicate samples), usually in
batches of 10 cartridges, looking specifically for '1.
Analyses of cartridges found no detectable "'1.

Gross Activity — Gross alpha and gross beta results
cannot provide concentrations of specific radionuclides.
Because these radioactivity measurements include
naturally occurring radionuclides (such as “’K, "Be,
uranium, thorium, and the daughter isotopes of uranium
and thorium) in uncertain proportions, a meaningful limit
cannot be adopted or constructed. However, elevated
gross alpha and gross beta results can be used to indicate
a potential problem, such as an unplanned release, on a
timely basis. Weekly results are reviewed for changes
in patterns between locations and groups (i.e., onsite,
boundary, and offsite locations) and for unusually
elevated results. Anomalies are further investigated by
reviewing sample or laboratory issues, meteorological
events (e.g., inversions), and INL Site activities that
are possibly related. If indicated, analyses for specific
radionuclides may be performed. The data also provide
useful information for trending of the total activity over
time.

The concentrations of gross alpha and gross
beta radioactivity detected by ambient air monitoring
conducted by INL and ESER contractors are summarized
in Tables 3-4 and 3-5. (Note: the ESER contractor
collects 52 weekly samples per year, whereas the INL
contractor collects 51 samples per year — 50 times
weekly and once biweekly over the Christmas holiday.)
Results are further discussed below.
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Table 3-4. Median Annual Gross Alpha Concentrations in Ambient Air Samples Collected in 2018. I

Range of Annual Median
No. of Concentrations* Concentration
Group Location® Samples” (% 10" uCi/mL) (* 10" pCi/mL)
ESER Contractor

Distant Blackfoot 52 0.10-3.1 1.2
Craters of the Moon 52 0.05-3.7 1.1
Dubois 52 0.14-3.5 1.2
Idaho Falls 52 0.09-42 1.8
Jackson 52 0.16 -42 1.2
Sugar City 52 -0.03 -4.1 il
Distant Median: 1.2
Boundary Arco 52 0.21-33 1.1
Atomie City 52 0.32-33 1.2
Blue Dome 52 -0.17-3.0 1.0
FAA Tower 52 0.12-34 1.2
Howe 52 030-34 1.6
Monteview 51 0.11-3.1 1.3
Mud Lake 52 0.18-32 1.5
Buun!:lary 13

Median: i
INL Site EFS 52 0.09-3.0 1.0
Main Gate 52 026-34 1.2
Van Buren 51 0.25-34 1.1
INL Site L1

Median: §

INL Contractor

Distant Blackfoot 51 -0.21-5.1 1.3
Craters of the Moon 50 .24 -5.1 1.1
Idaho Falls 51 0.08-57 14
IRC? 51 048 -58 1.3
Sugar City 51 0.11 -56 1.3
Distant Median: 1.3
INL Site RHLLW 51 0.21-39 1.2
ATR Complex (NE comer) 49 04-53 1.2
Highway 26 Rest Arca Sl -0.62-6.2 1.1
CFA 51 090-38 1.4
EBR-I 51 .09 48 1.4
EFS 48 0.15-6.3 1.3
Gate 4 50 0.09-54 1.4
INTEC (NE corner) 51 052-7.6 1.3
INTEC (west side) 51 051-58 1.3
MEFC (North) 51 £0.18-54 1.1
MFC (South) 51 -043-338 1.3
NRF 51 0.41-49 1.4
RWMC 51 0.05-43 1.3
RWMC (South) 51 -0.64 —4.6 1.2
SMC 48 -0.16 -5.4 1.2
Van Buren Boulevard 51 -0.40 5.1 1.2
INL Site Median: 1.3

a. ATR = Advanced Test Reactor, CFA = Central Facilities Arca. EBR-1 = Experimental Breeder Reactor No. 1,
EFS = Experimental Field Station, FAA = Federal Aviation Administration, INTEC = Idaho Nuclear
Technology and Engincering Center. IRC = INL Rescarch Center, MFC = Materials and Fuels Complex, NRF
= Naval Reactors Facility, RHLLW = Remote Handled Low-Level Waste, RWMC = Radioactive Waste
Management Complex, SMC = Specific Manufacturing Capability. Sce Figure 3-2 for locations on INL Site.

b. Includes valid (i.e., sufficient volume) samples only. Does not include duplicate measurements which are made
for quality assurance purposes.

¢. All measurements made by INL and ESER contractors, with the exception of duplicate measurements made for
quality assurance purposes, are included in this table and in computation of median annual values. A negative
result indicates that the measurement was less than the laboratory background measurement.

d. IRC is an in-town (Idaho Falls) facility within the Research and Education Campus.
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Table 3-5. Median Annual Gross Beta Concentrations in Ambient Air Samples Collected in 2018.

Range of Annual Me )
No. of Concentrations® Concentration®
Group Location® h':lmples" (<10 nCi/mL) (¢ 1074 pnCi/mL)
ESER Contractor
Distant Blackfoot 52 1.1-42 24
Craters of the Moon 52 099 —-42 23
Dubois 52 1.0-4.0 2.4
Idaho Falls 52 1.0-4.6 24
Jackson 52 1.0-4.7 24
Sugar City 52 098 =51 23
Distant Median: 24
Boundary  Arco 52 1.0-48 2.4
Atomic City 52 12-56 2.5
Blue Dome 52 1.1 -44 23
FAA Tower 52 1.1-4.8 25
Howe 52 099 -47 2.5
Monteview 51 1.0-43 25
Mud Lake 52 1.1-56 2.6
Boundary Median: 24
INL Site EFS 52 1.0-54 24
Main Gate 52 1.2-54 23
Van Buren 51 ) 1.5-5.7 2.5
INL Site Median: 2.5
INL Contractor
Distant Blackfoot 51 095-46 2.2
Craters of the Moon 50 0.94-47 2.1
Idaho Falls 51 098-5.0 2.4
IRCY 51 0.52-45 22
Sugar City S1 095-44 22
Distant Median: 2.2
INL Site RHLLW 51 1.0-44 2.5
ATR Complex (NE 49 0.61-47 24
corner)
Highway 26 Rest Area 51 1.1 -48 2.4
CFA 51 1.1-5.1 2.4
EBR-I 51 1.1-49 2.5
EFS 48 086—-57 23
Gatc 4 50 054-52 2.6
INTEC (NE corner) 51 0.72-46 23
INTEC (west side) 51 0.89-48 23
MEFC (North) 51 1.1-43 22
MFC (South) 51 1.2-43 23
NRF 51 1.L1-50 25
RWMC 51 12-48 24
RWMC (South) 51 0.85-49 2.4
SMC 48 098 -49 22
Van Buren Boulevard 51 1.1-4.8 2.1
INL Site Median: 23

a. ATR = Advanced Test Reactor, CFA = Central Facilities Arca, EBR-1 = Experimental Breeder Reactor
No. 1, EFS = Experimental Field Station, FAA= Federal Aviation Administration, INTEC = Idaho
Nuclear Technology and Engineering Center, IRC = INL Research Center, MFC = Materials and Fuels
Complex. NRF = Naval Reactors Facility, RHLLW = Remote Handled Low-Level Waste, RWMC =
Radioactive Waste Management Complex, SMC = Specific Manufacturing Capability

b. Includes valid (i.c.. sufficient volume) samples only. Does not include duplicate measurements which are
made for quality assurance purposes.

. All measurements made by INL and ESER contractors, with the exception of duplicate measurements
made for quality assurance purposes, are included in this table and in computation of median annual
values. A negative result indicates that the measurement was less than the laboratory background
measurement.

d. IRC is an in-town (Idaho Falls) facility within the Rescarch and Education Campus.

g}
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*  Gross Alpha. Gross alpha concentrations measured
on a weekly basis in individual air samples ranged
from a low of (-0.9 = 1.1) x 10" uCi/mL collected
by the INL contractor at the CFA on June 27, 2018,
to a high of (7.6 £ 2) x 10""* uCi/mL collected by
the INL contractor at INTEC on May 30, 2018
(Table 3-4). The maximum result measured at
INTEC was lower than the maximum concentration
(12.0 x 10" puCi/ mL) reported in previous Annual
Site Environmental Reports from 2008-2017. The
past measurement was attributed to mechanical
disturbance of previously contaminated roadbed
materials.

The median annual gross alpha concentrations were
typical of previous measurements. The maximum result
is less than the DCS (DOE 2011) of 3.4 x 10** uCi/mL
for 239240Py (see Table A-2 of Appendix A), which is the
most conservative specific radionuclide DCS that could,
although unrealistically, be applied to gross alpha activ-

ity.

*  Gross Beta. Weekly gross beta concentrations
measured in air samples ranged from a low of (5.2 £
1.3) x 10" uCi/mL at INL Research Center (IRC),
collected by the INL contractor on March 7, 2018,
to a high of (5.67 + 0.10) x 10"* uCi/mL (collected
by the ESER contractor at Van Buren on November
21, 2018 (Table 3-5). All results were below the
maximum concentration of 1.3 x 1013 uCi/mL
reported in previous Annual Site Environmental
Reports (2008-2017). In general, median airborne
radioactivity levels for the three groups (INL Site,
boundary, and distant locations) tracked each other
closely throughout the year. The typical temporal
fluctuations for natural gross beta concentrations
in air were observed, with higher values usually
occurring at the beginning and end of the calendar
year during winter inversion conditions (see
sidebar). This pattern occurs over the entire sampling
network, is representative of natural conditions,
and is not caused by a localized source, such as
a facility or activity at the INL Site. An inversion
can lead to natural radionuclides being trapped
close to the ground. In 2018, the most prominent
inversion periods occurred in January, November,
and December. The maximum weekly gross beta
concentration is significantly below the DCS of 2.5
x 10" uCi/mL (see Table A-2 of Appendix A) for
the most restrictive beta-emitting radionuclide in air,
P8r.

What is an inversion?

Usually within the lower atmosphere, the air
temperature decreases with height above the ground.
This is largely because the atmosphere is heated from
below as solar radiation warms the earth’s surface,
which, in turn, warms the layer of the atmosphere
directly above it. A meteorological inversion is a
deviation from this normal vertical temperature
gradient such that the temperature increases with
height above the ground. A meteorological inversion is
typically produced whenever radiation from the earth’s
surface exceeds the amount of radiation received from
the sun. This commonly occurs at night or during the
winter when the sun’s angle is very low in the sky.

*  Gross Activity Statistical Comparisons. Statistical
comparisons were made using the gross alpha
and gross beta radioactivity data collected by the
ESER contractor from the INL Site, boundary,
and distant locations (see the supplemental report,
Statistical Methods Used in the Idaho National
Laboratory Annual Site Environmental Report,
for a description of methods used). If the INL Site
were a significant source of offsite contamination,
contaminant concentrations would be statistically
greater at boundary locations than at distant
locations. For these analyses, uncensored analytical
results (i.e., values less than their analysis-specific
minimum detectable concentrations) were included.
There were no statistical differences between
annual concentrations collected from the INL Site,
boundary, and distant locations in 2018. There
were a few statistical differences between weekly
boundary and distant data sets collected by the
ESER contractor during the 52 weeks of 2018 that
can be attributed to expected statistical variation
in the data and not to INL Site releases. Quarterly
reports detailing these analyses are provided at www.
idahoeser.com/Publications.htm#Quarterly.

The INL Contractor compared gross beta concen-
trations from samples collected at onsite and offsite
locations. Statistical evaluation revealed no significant
differences between onsite and offsite concentrations.
Onsite and offsite mean concentrations (2.4 = 0.3 x 10-
“and 2.33 £ 0.3 x 10" uCi/mL, respectively) showed
equivalence at one sigma uncertainty and are attributable
to natural data variation.
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Specific Radionuclides — Of the 96 INL contractor
quarterly samples composited in 2018, ' Am was detect-
ed in five composite samples. One was from RWMC in
the third quarter and four were during the second quarter
from MFC, ATR Complex, Remote Handled Low-level
Waste, and Van Buren Boulevard. Americium-241 was
detected in two of the 26 quarterly composites collected
by the ESER contractor in 2018 (Table 3-6). The highest
concentration (4.5 + 0.42) x 107 uCi/mL was measured
in the sample collected by the ESER contractor at Van
Buren Boulevard during the second quarter. The results
were well below the DCS for 2! Am in air (4.1 x 10
uCi/mL). The maximum result was the second highest
concentration reported for the past decade (2008-2017).
The highest *'Am result (1.47 £ 0.12) x 10" pCi/mL
was measured at Van Buren Boulevard in the second
quarter of 2009 at a concentration more than three times
greater than the highest 2018 concentration. It was at-
tributed to nearby road construction which may have ex-
posed and resuspended contaminated materials used for
the old road bed. An elevated gross alpha concentration
([1.22 £0.06] x 10"* uCi/mL) was also observed in the
filter collected during the week that road construction ac-

tivities were initiated (April 16-29, 2009). The gross al-
pha activity at Van Buren Boulevard was about six times
the maximum activity observed at other locations during
that week. In contrast, no elevated gross alpha results
were observed during the second quarter of 2018.

Plutonium-238 was detected in one composited sam-
ple collected by the ESER contractor at Van Buren Bou-
levard during the second quarter of 2018. The result (1.3
+0.33) x 1077 uCi/mL is elevated compared concentra-
tions observed in the last ten years (2008-2017) although
several orders of magnitude below the DCS for 3*Pu in
air (3.7 x 10" pCi/mL).

Plutonium-239/240 was detected in one of the sec-
ond quarter composites collected by the INL contractor
from the northeast corner of ATR Complex. Pluto-
nium-239/240 was also detected in a quarterly composite
collected at Van Buren Boulevard by the ESER contrac-
tor during the second quarter of 2018. Both concentra-
tions were elevated compared to the highest measure-
ment (1.25 x 10”7 uCi/mL) reported in previous annual
reports from 20082017 but are two-to-three orders of

Table 3-6. Human-Made Radionuclides Detected in Ambient Air Samples Collected in 2018.

Result*®
Radionuclide

Quarter

Location Detected

(uCi/mL)

Group

Americium-241 9.9+ 1.7) < 10"® Atomic City® Boundary 15
(4.5+0.42) x 107 Van Buren INL Site 2nd
Boulevard®
(1.2£0.27) x 10 RHLLW* INL Site 2nd
(9.7+£25)x 10" Van Buren INL Site 2nd
Boulevard®
(8.7+£24)x 10" MEC* INL Site ond
( £24)x10" ATR Complex* INL Site 2nd
(1.3£0.31)x 10" RWMCe INL Site 3rd
Plutonium-238  (1.3+0.33) x 10" _ INL Site &
Plutonium- 6 . . 2nd
239/240 (1.3+0.13) x 10 ATR Complex INL Site
Van Buren . 2nd
(5.5+£0.45)x 1077 Boulevard® INL Site
Strontium-90 (5.6 +0.52) x 107 Arco® INL Site 2

a. Results = 16. Results shown are > 36.
b. Samples collected by ESER contractor.
c. Samples collected by INL contractor.
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magnitude below the DCS for #*?*Pu in air (3.4 x 10
pCi/mL).

Strontium-90, a beta-emitting radionuclide, was de-
tected in one sample collected at Arco by the ESER con-
tractor, during the second quarter. The *°Sr result was far
below the DCS of 2.5 x 10" uCi/mL and within concen-
trations measured from 2008-2017. It is most likely due
to resuspension of soil contaminated with fallout from
historical nuclear weapons testing.

No human-made gamma-emitting radionuclide (e.g.,
97Cs) was detected in any of the 144 (including eight
duplicates) composited samples submitted by the ESER
contractor for gamma analysis in 2018. The INL contrac-
tor also reported no detections of '*’Cs in any of the 96
quarterly composited samples analyzed.

Natural 'Be was detected in numerous ESER and
INL contractor composite samples at concentrations con-
sistent with past concentrations. Atmospheric "Be results
from reactions of galactic cosmic rays and solar energetic
particles with nitrogen and oxygen nuclei in earth’s at-
mosphere.

Most of the alpha-emitting radionuclides (***Pu,
239240py, and 2*' Am) were detected during the second
quarter. This was also one of the infrequent times ' Am
and plutonium isotopes have been detected together in
an ESER contractor composite sample (all three radio-
nuclides were detected together in a composite sample
collected at Van Buren Boulevard in 2007). Thorough
examination of quality assurance and control data, in-
cluding analytical results from blanks and performance
evaluation samples, does not suggest inadvertent contam-
ination of the filter in the field or laboratory. Differences
in analytical laboratories and methods, and requested de-
tection limits between the contractors causes some vari-
ability in sample results. In addition to INL Site sources,
the radionuclides detected are ubiquitous in the environ-
ment due to atmospheric nuclear weapons testing con-
ducted by several nations in the 20th century and have
been detected in samples collected on and around the
INL Site in previous years at concentrations consistent
with background levels. Plutonium isotopes and ' Am
are known to occur in soils and wastes at the Subsurface
Disposal Area (SDA). SDA soils are contaminated from
past flooding (in 1962 and 1969) of pits and trenches
containing transuranic waste originating from the Rocky
Flats Plant. The Van Buren Gate location is also situ-
ated in the predominant downwind direction from the
RWMC. During the second quarter of 2018, routine

facility operations and maintenance activities took place
on the INL Site, including soil movement and road main-
tenance, which may result in resuspension of radioactive
particulates. The ARP V event occurred in April 2018
(discussed below) but there is no definitive evidence of
radiological releases associated with the event. Given the
low concentrations and types of radionuclides detected, it
is not possible to identify a specific source for the alpha-
emitting radionuclides detected during the second quarter
of 2018.

The concentrations of all specific radionuclides de-
tected during 2018 were very low and do not pose any
risk to the public or the environment.

High-volume Event Monitoring Results — On the
night of April 11, 2018, there was an incident in the
ARPV facility, WMF-1617, at the RWMC (RPT-1659).
This incident resulted in a thermal event and subsequent
energetic release of radioactive material from four 55-
gal drums to a work area normally accessible to facility
workers. There were no workers in the facility at the
time. There was no detected release to the environment.
The retrieval enclosures in ARP V (WMF-1617) are large
tension membrane buildings erected over specified ex-
humation areas to limit the spread of contamination and
provide protection from the weather. They are actively
ventilated with high-efficiency particulate air filtration
systems. In response to the event, the INL contractor
activated high-volume event monitors at ATR Complex,
Arco, Atomic City, CFA, Howe, Idaho Falls, Naval Re-
actors Facility, CITRC, RWMC, and Kettle Butte. The
4-in. filter samples were sent to an offsite laboratory and
analyzed for gross alpha and beta radioactivity, >*' Am,
uranium isotopes, plutonium isotopes, and **Sr. The labo-
ratory reported no detections of 2! Am, *°Sr, or plutonium
isotopes. The laboratory reported gross alpha and beta ra-
dioactivity at concentrations consistent with background
levels in 2-in. routine ambient air samples collected by
the INL contractor (as discussed above in this section).
Isotopes of uranium were detected at concentrations con-
sistent with those in air filter composites collected by the
ICP contractor (see Section 3.4.2) and indicate the activ-
ity is most likely naturally occurring.

3.3.4 Atmospheric Moisture Monitoring
Results

During 2018, the ESER contractor collected 52 at-
mospheric moisture samples at four locations. Table 3-7
presents the percentage of samples that contained detect-
able tritium, the range of concentrations, and the mean
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concentration for each location. Tritium was detected in
35 ESER samples, with a high of (17.5 + 1.56) x 1013
uCi/mL . at EFS on August 8, 2018. The highest con-
centration of tritium detected in an atmospheric moisture
sample collected since 2008 was 34 x 10" pCi/mL__at
Atomic City in 2009. The highest observed tritium con-
centration in a 2018 sample collected by the ESER con-
tractor is far below the DCS for tritium in air (as water
vapor) of 2.1 x 107 pCi/mL _(see Table A-2 of Appendix
A).

In 2018, the INL contractor collected 33 atmospheric
moisture samples on the INL Site at EFS and Van Buren
Boulevard and off the INL Site at Idaho Falls and Craters
of the Moon (Table 3-7). The INL contractor results were
similar to those measured in samples collected by the
ESER contractor. Tritium was detected in approximately
9% of the field samples collected. The maximum de-
tected concentration measured was 13.8 x 10" uCi/mL
at EFS on October 31, 2018. Tritium was also reported as
present in one of four blank samples (collected on Sep-
tember 25, 2018) at a concentration of 11.9 x 10 uCi/
mL . These results are well below the DCS for tritium,
as vapor, in air (2.1 x 107 uCi/mL) and below the maxi-
mum (1.1 x 10"* pCi/mL_ ) measured in 2010. Fewer de-
tections were observed among INL samples than among
ESER samples most likely because ESER samples were
counted longer, resulting in lower detection levels.

The source of tritium measured in atmospheric
moisture samples collected on and around the INL Site
is probably of cosmogenic origin (see Section 3.3.5).
Tritium releases from non-fugitive sources, such as the
ATR, are highly localized and although might be de-
tected immediately adjacent to the facility are unlikely to
be detected at current air monitoring stations because of
atmospheric dispersion.

3.3.5 Precipitation Monitoring Results

Tritium exists in the global atmosphere primarily
from nuclear weapons testing and from natural produc-
tion in the upper atmosphere by the interaction of ga-
lactic cosmic rays with nitrogen and can be detected in
precipitation. Since the Nuclear Test Ban Treaty in 1963,
the level of tritium measured in precipitation has been
steadily decreasing due to radioactive decay and dilution
in the world oceans. The International Atomic Energy
Agency has participated in surveying tritium composi-
tion in precipitation around the globe since 1961 (www-
naweb.iaea.org/napc/ih/IHS resources_gnip.html).
Long-term data suggest that tritium levels in precipita-

tion are close to their pre-nuclear test values (Cauquoin
et al. 2015). The tritium measured in precipitation at the
INL Site is thus most likely cosmogenic in origin and not
from weapons testing.

The ESER contractor collects precipitation samples
weekly, when available, at Atomic City, EFS, and Howe.
Precipitation is collected monthly at Idaho Falls for the
EPA RadNet monitoring (https://www.epa.gov/radnet)
and a subsample is taken for the ESER contractor for
analysis.

A total of 72 precipitation samples were collected
during 2018 from the four sites. Tritium was detected in
51 samples, and detectable results ranged from 25 pCi/L
at EFS during December to 299 pCi/L at Idaho Falls
during May. Most detections were near the approximate
detection level of 88 pCi/L. Table 3-8 shows the percent-
age of detections, the concentration range, and the mean
concentration for each location. The highest concentra-
tion is well below the DCS level for tritium in water of
1.9 x 10° pCi/L and within the historical range (-62.1 —
413 pCi/L) measured from 2009-2018, as reported in the
previous annual reports.

The results were also comparable with tritium con-
centrations reported by EPA for precipitation during the
10-year period from 2002-2011 (measurements were dis-
continued after 2011), based on a query of available data
(https://iaspub.epa.gov/enviro/erams_query v2.simple
query). Concentrations reported by EPA for Idaho Falls
during that period ranged from 0-1720 pCi/L and aver-
aged 35.1 pCi/L.

Annual tritium concentrations in atmospheric mois-
ture and precipitation have no discernable statistical
distribution, so nonparametric statistical methods were
used to assess both sets of data (see Statistical Methods
Used in the Idaho National Laboratory Annual Site En-
vironmental Report, a supplement to this annual report.)
To summarize the results, box plots were constructed of
annual trittum concentrations measured in atmospheric
moisture (as water) and precipitation samples collected
by the ESER contractor for the past 10 years (Figure
3-5). The results appear to be similar for each year. A
statistical comparison of both sets of data (using the
nonparametric Wilcoxon Matched Pairs Test) shows that
there are no differences between median annual tritium
concentrations measured in atmospheric moisture and in
precipitation samples. Because low levels of tritium exist
in the environment at all times as a result of cosmic ray
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Table 3-7. Tritium Concentrations® in Atmospheric Moisture Samples Collected On and Off the INL Site in 2018.

ESER Contractor

Atomic City EFS Howe Idaho Falls
Number of samples 12 12 12 16
Number of
detections 6 11 8 10
Detection
percentage 50% 92% 75% 63%
faf;;?(nffg}g“ 88+ 16— 1.6+08— 24+13- 09+ 14—
uCi/mLap)’ 174+1.5 175+1.6 15.1+22 174+22
Mean concentration
(<107 uCi/mLmr)b 4.8 9.0 6.2 6.3
Median
concentration (%10 42 7.3 5.6 5.0
) HCi/mLai:r)
Mean detection
level (<1071 45 4.0 5.6 52
uCi/mLai)
INL Contractor
Craters of the Van Buren
Moon EFS Idaho Falls Boulevard
Number of samples 6 9 9 9
Number of 0
detections 0 3 0
Detection 0%
pereentage 0% 33% 0%
fa‘:;";‘ﬂ%‘fg“ 3 23418 45 167 03430
uCifmLa)® 47 £ 0] 13.8+£39 21+69 124+3
Mean concentration -
2
(<107 pCi/mLy)° 2.6 8.8 4.2 >3
Median
concentration 3.6 95 3.7 5.2
(10" uCi/mLayr)
Mean detection
level (x10°" 7T 11.6 14.6 104
PC]J‘I’mLmr)

a. Results= lo.

b.  All measurements, including negative results, are included in this table and in computation of mean annual
values. A negative result indicates that the measurement was less than the laboratory background
measurement.

reactions with water molecules in the upper atmosphere  the source of tritium measured in precipitation and atmo-
and because tritium concentrations do not appear to differ spheric moisture is most likely of natural origin and not
between precipitation and atmospheric moisture samples, from INL Site releases.
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Table 3-8. Tritium Concentrations in Precipitation Samples Collected by the ESER Contractor in 2018.*"

Atomic City

Experimental

Number of samples 22
Number of detections 15
Detection percentage 68%
Concentration range (pCi/L) s ;:?:::2;5 '15_
Mcan concentration (pCi/L) 109
Median concentration (pCv/L) 08
Mean detection level (pCi/L) 88

Field Station Howe Idaho Falls
19 20 11
16 13 7
84% 65% 64%
247241 - 372+£233- 46.1+243-
238+248 22 =257 299 +252
139 117 107
169 119 77
88 88 38

a. Results + 1o.

b. All measurements are included in this table and in computation of mean annual values. A negative result
indicates that the measurement was less than the laboratory background measurement.

3.3.6 Suspended Particulates Monitoring
Results

In 2018, the ESER contractor measured concentra-
tions of suspended particulates using filters collected
from the low-volume air samplers. The filters are 99%
efficient for collection of particles greater than 0.3 um in
diameter. That is, they collect the total particulate load
greater than 0.3 pm in diameter.

In general, particulate concentrations were highest
during the period from the end of June through mid-Sep-
tember. This was most likely influenced by smoke from
regional wildfires observed at all locations from the end
of July through the first week of September, as well as
from agricultural activities off the INL Site that resulted
in increased dust loads.

The particulate concentrations of all locations (ex-
cluding Jackson, which was not affected by agricultural
activities or wildfires near the INL Site) were determined
to be log-normally distributed. The geometric mean of
these measurements during 2018 was therefore calcu-
lated to be 14.3 pg/m?.

3.4 Waste Management Environmental
Surveillance Air Monitoring

3.4.1 Gross Activity

The ICP Core contractor conducts environmental
surveillance in and around waste management facilities
to comply with DOE O 435.1, “Radioactive Waste Man-
agement.” Currently, ICP Core waste management opera-

tions are performed at the SDA at RWMC and the ICDF
at INTEC. These operations have the potential to emit ra-
dioactive airborne particulates. The ICP Core contractor
collected samples of airborne particulate material from
the perimeters of these waste management areas in 2018
(Figure 3-6). Samples were also collected at a control lo-
cation at Howe, Idaho (Figure 3-2), to compare with the
results of the SDA and ICDF.

Samples were obtained using suspended particulate
monitors similar to those used by the INL and ESER
contractors. The air filters are 4 in. in diameter and are
changed out on the closest working day to the first and
15" of each month. Due to a lightning strike on May 12,
2018, which affected power distribution to the monitor-
ing station, there was an interruption in sampling at SDA
4.3 A until the monitor could be relocated approximately
30 m (100 ft) east of the previous location (SDA 4.3B).
Sampling resumed at the new location on June 21, 2018.
Gross alpha and gross beta activity were determined on
all suspended particulate samples. Table 3-9 shows the
median annual and range of gross alpha concentrations at
each location. Gross alpha concentrations ranged from a
low of (0.99 + 0.30) x 10""* uCi/mL collected at location
HOWE 400.4 on March 15, 2018, to a high of (14.3 +
2.04) x 10" uCi/mL at location SDA 11.3 on August 15,
2018.

Table 3-10 shows the annual median and range of
gross beta concentrations at each location. Gross beta
concentrations ranged from a low of (0.61 £ 0.15) x 104
uCi/mL at location SDA 4.3A on January 15, 2018, to a
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Figure 3-5. Box Plots of Tritium Concentrations Measured in Atmospheric Moisture and in
Precipitation from 2009-2018.

high of (9.35+0.91) x 10"* uCi/mL at location SDA 9.3
on November 29, 2018.

Figure 3-7 compares gross alpha and gross beta
sample results from 2012 through 2018 to 10% of the
most restrictive DCS values (3%?*°Pu for gross alpha, *°Sr
for gross beta) established by DOE for inhaled air (DOE
2011). The results for the SDA and ICDF are well below
their respective DCS values.

3.4.2 Specific Radionuclides

Air filters collected by the ICP Core contractor are
composited in a laboratory and analyzed for human-
made, gamma-emitting radionuclides and specific alpha-
and beta-emitting radionuclides. Gamma spectroscopy
methods are performed monthly and radiochemical
methods are performed quarterly.

In 2018, no human-made, gamma-emitting radionu-
clides were detected in air samples at the SDA at RWMC
or at the ICDF at INTEC. However, human-made specif-

ic alpha- and beta-emitting radionuclides were detected
at the SDA.

Table 3-11 shows human-made specific radionu-
clides detected at the SDA in 2018. None were detected
at ICDF in 2018. These detections are consistent with
levels measured in air at the SDA in previous years. All
detections were three to four orders of magnitude below
the DCS stipulated in DOE (2011), as shown in Figure
3-8, and statistically false positives at the 95% confi-
dence error are possible. In addition to the human-made,
gamma-emitting radionuclides discussed above, the ICP
Core contractor also monitors for uranium. While not
enumerated in Table 3-11, detections of uranium nuclides
occur routinely at concentrations that suggest a natural
origin. An error occurred in the schedule for specific
radionuclides analysis. ICP Core Sample and Analysis
Management personnel determined this error was due
to deficiencies in the training of new employees at the
analytical laboratory. The mistake made in composit-
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Table 3-9. Median Annual Gross Alpha Concentration in Air Samples Collected at
Waste Management Sites in 2018.

Range of Annual

No.of  Concentrations Median

Samples (x 10 (x 10"

Group Location Collected pCi/mL) pCi/mL)
Subsurface Disposal Areca SDA 1.3 24 1.06 - 8.26 2.76
SDA 23 24 1.08-11.9 2:37
SDA 4.3A/B 19 1.57 - 6.87 3.26
SDA 6.3 20 1.23 - 8.87 2.87
SDA 9.3 24 1.14-13.2 2.52
SDA 11.3 24 1.28-14.3 2.65
Idaho CERCLA Disposal INT 100.3 24 1.36-12.3 2.80

Facility

Boundary HOWE 400.4 23 0.99-124 2.39

a. Results+ lo.

Table 3-10. Median Annual Gross Beta Concentration in Air Samples Collected at
Waste Management Sites in 2018.

Range of Annual

No. of Concentrations Median

Samples (x 101 (x 1071

Group Location Collected nCi/mL) pCi/mL)
Subsurface Disposal Arca SDA 1.3 24 1.71 -5.26 291
SDA 2.3 24 0.87-5.13 2.70
SDA 43A/B 19 0.61-5.38 291
SDA 6.3 20 1.45-4.43 3.01
SDA 9.3 24 1.60-9.35 2.80
SDA 11.3 24 1.83 -8.34 2.98
Idaho CERCLA Disposal INT 100.3 24 1.69 - 5.06 3.10

Facility

Boundary HOWE 400.4 23 1.52-5.11 2.71

a. Results+ lo.

ing the samples, from the final three quarters of 2018, were required by the ICP Core contractor. The ICP Core
for analysis was one of several issues resulting in non- contractor will continue to closely monitor radionuclides
conformance reports (NCR) during the same period. The  to identify trends.

vast majority of the NCRs were related to the need for

additional training of new employees or retraining of

employees in new positions at the laboratory. There have

been no issues resulting in NCRs from the time of the

retraining conducted by the laboratory, which indicates

that it has been effective. Therefore, no corrective actions



3.24 INL Site Environmental Report

Historical Gross Alpha Concentrations for
Environmental Surveillance Compared to the DCS
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Figure 3-7. Gross Alpha and Gross Beta Results from Waste Management Site Air Samples Compared to Their
Respective Derived Concentration Standards.
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Table 3-11. Human-made Radionuclides Detected in Air Samples Collected at Waste Management Sites in 2018.*

Result Uncertainty
Radionuclide Location (nCi/mL) (1 Sigma) Period Detected
Am-241 SDA 4.2A 2.03E-17 2.03E-18 1/2/2018 —4/3/2018
Am-241 SDA 4.3A 1.22E-17 2.39E-18
Pu-239/240 SDA 4.2A 6.88E-18 1.30E-18
Am-241 SDA 4.2A 431E-17 9.59E-18 4/3/2018 —4/12/2018°
Am-241 SDA 4.3A 2.61E-17 7.24E-18
Am-241 SDA 1.3 2.44E-18 4.07E-19 4/12/2018 — 1/7/2019¢
Am-241 SDA 23 7.72E-18 9.13E-19
Am-241 SDA 4.2B 4.44E-17 4.00E-18
Am-241 SDA 4.3B 1.62E-17 1.92E-18
Am-241 SDA 6.3 1.60E-18 3.83E-19
Am-241 SDA 9.3 S541E-18 7.71E-19
Am-241 SDA 11.3 1.80E-18 4.71E-19
Pu-239/240 SDA 1.3 1.07E-18 3.21E-19
Pu-239/240 SDA 23 4 88E-18 1.05E-18
Pu-239/240 SDA 4.2B 7.55E-18 1.37E-18
Pu-239/240 SDA 4.3B 6.05E-18 1.26E-18
Pu-239/240 SDA 6.3 1.27E-18 4.12E-19
Pu-239/240 SDA 93 6.71E-18 1.20E-18
Pu-239/240 SDA11.3 1.77E-18 4.42E-19

a. Results = 10. Results shown are > 30.

b. Samples were taken on April 12, 2018, following the drum over pressurization event that occurred in
the ARP V facility on April 11, 2018,

c. The laboratory mistakenly composited all samples for this period rather than report by calendar quarter
as agreed under contract with the laboratory.
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4, Environmental Monitoring Programs:
Liquid Effluent Monitoring

Wastewater discharged to land surfaces and evaporation ponds at the INL Site is regulated by the state of Idaho
groundwater quality and wastewater rules and requires a wastewater reuse permit. Liquid effluents and surface water
runoff were monitored in 2018 by the Idaho National Laboratory (INL) contractor and the Idaho Cleanup Project
(ICP) Core contractor for compliance with permit requirements and applicable regulatory standards established to

protect human health and the environment.

During 2018, permitted facilities were: Advanced Test Reactor (ATR) Complex Cold Waste Pond; C; Idaho
Nuclear Technology and Engineering Center (INTEC) New Percolation Ponds; and Materials and Fuels Complex
(MFC) Industrial Waste Ditch and Industrial Waste Pond. These facilities were sampled for parameters required by
their facility-specific permits. No permit requirements were exceeded in 2018.

Additional liquid effluent and groundwater monitoring was performed in 2018 at ATR, INTEC, and MFC to
comply with Idaho groundwater primary constituent standards, as well as, environmental protection objectives of the
U.S. Department of Energy (DOE). All parameters were below applicable health-based standards in 2018.

Surface water that runs off the Subsurface Disposal Area at the Radioactive Waste Management Complex
during periods of rapid snowmelt or heavy precipitation is sampled and analyzed for radionuclides. The detected
concentrations of americium-241, plutonium-239/240, and strontium-90 did not exceed DOE Derived Concentration

Standards.

4. ENVIRONMENTAL MONITORING
PROGRAMS: LIQUID EFFLUENTS
MONITORING

Operations at the Idaho National Laboratory (INL)

Site may result in the release of liquid effluent discharges
containing radioactive or nonradioactive contaminants. INL
and Idaho Cleanup Project (ICP) Core personnel conduct
liquid effluent monitoring through wastewater, liquid efflu-
ent, and surface water runoff sampling and surveillance pro-
grams. Groundwater sampling related to wastewater and di-
rect discharges is also conducted as part of these programs.

Table 4-1 presents the requirements for liquid effluent
monitoring performed at the INL Site. A comprehensive
discussion and maps of environmental monitoring, includ-
ing liquid effluent monitoring and surveillance programs
performed by various organizations within and around
the INL Site can be found in the /daho National Labora-
tory Site Environmental Monitoring Plan (DOE-ID 2014).
To improve the readability of this chapter, data tables are
only included when monitoring results exceed specified
discharge limits, permit limits, or maximum contaminant
levels. Data tables for other monitoring results are provided
in Appendix C.

4.1 Wastewater and Related Groundwater
Compliance Monitoring

Discharge of wastewater to the land surface is regu-
lated by wastewater rules (Idaho Administrative Proce-
dures Act [IDAPA] 58.01.16 and .17). Wastewater reuse
permits require monitoring of nonradioactive constitu-
ents in the influent waste, effluent waste, and ground-
water in accordance with the Idaho groundwater quality
standards stipulated in the “Ground Water Quality Rules”
(IDAPA 58.01.11). Some facilities may have specified
radiological constituents monitored for surveillance pur-
poses (not required by regulations). The permits specify
annual discharge volumes, application rates, and effluent
quality limits. Annual reports (ICP 2019a, 2019b; INL
2018a, 2018b, 2018c¢, 2018d) were prepared and submit-
ted to the Idaho Department of Environmental Quality

(DEQ).

During 2018, the INL contractor and ICP contractor
monitored, as required by the permits, the following fa-
cilities (Table 4-2):

*  Advanced Test Reactor (ATR) Complex Cold Waste
Ponds (Section 4.1.1)
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Table 4-1. Liquid Effluent Monitoring at the INL Site.

Monitoring Requirements
DOE O 458.1¢
Liquid Effluent
Monitoring

DOE O 435.1¢
Surface Runoff
Surveillance

Idaho

Wastewater
Reuse Permit”

Area/Facility®

INL Contractor

ATR Complex Cold Waste
Ponds

MEC Industrial Waste Pond
and Industrial Waste Ditch

ICP Core Contractor

INTEC New Percolation Ponds
and Sewage Treatment Plant

RWMC SDA surface water
runoff

a. ATR = Advanced Test Reactor, INTEC = Idaho Nuclear Technology and Engineering Center, RWMC =
Radioactive Waste Management Complex, SDA = Subsurface Disposal Area

b. Required by permits issued according to the Idaho Department of Environmental Quality Rules, Idaho
Administrative Procedures Act 58.01.17, “Recycled Water Rules.” This includes wastewater monitoring and
related groundwater monitoring.

c. Paragraph 4(g) of U.S. Department of Energy (DOE) Order 458.1, “Radiation Protection of the Public and
the Environment,” establishes specific requirements related to control and management of radionuclides from
DOE activities in liquid discharges. Radiological liquid effluent monitoring recommendations in DOE
Handbook — Environmental Radiological Effluent Monitoring and Environmental Surveillance (DOE-
HDBK-1216-2015) (DOE 2015) are followed to ensure quality. DOE Standard DOE-STD-1196-2011,
“Derived Concentration Technical Standard,” (DOE 2011) supports the implementation of DOE O 458.1 and
provides Derived Concentration Standards as reference values to control effluent releases from DOE
facilities.

d. The objective of DOE O 435.1, “Radioactive Waste Management,” is to ensure that all DOE radioactive
waste is managed in a manner that is protective of worker and public health and safety and the environment.
This order requires that radioactive waste management facilities, operations, and activities meet the
environmental monitoring requirements of DOE O 458.1. The DOE Handbook suggests that potential
impacts of storm-water runoff as a pathway to humans or biota should be evaluated.

4.1.1 Advanced Test Reactor Complex Cold
Waste Pond

Description. The Cold Waste Ponds (CWP) are lo-
cated approximately 137 m (450 ft) from the southeast
corner of the ATR Complex compound and approximately
1.2 km (0.75 mi) northwest of the Big Lost River chan-

* Idaho Nuclear Technology and Engineering Center
(INTEC) New Percolation Ponds and STP (Section
4.1.2)

e Materials and Fuels Complex (MFC) Industrial
Waste Ditch and Industrial Waste Pond (Section

4.1.3).

Additional effluent constituents are monitored at
these facilities to comply with environmental protection
objectives of DOE O 458.1 and are discussed in Section
4.2. Surface water monitoring at the Radioactive Waste
Management Complex is presented in Section 4.3.

nel (Figure 4-1). The CWP were excavated in 1982. Each
pond consists of two cells, each with dimensions of 55

x 131 m (180 x 430 ft) across the top of the berms and a
depth of 3 m (10 ft). Total surface area for the two cells at
the top of the berms is approximately 1.44 ha (3.55 acres).
Maximum capacity is approximately 38.69 ML (10.22
MGQG).
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Table 4-2. 2018 Status of Wastewater Reuse Permits.

Permit Status at
End of 2018

Explanation

ATR

Complex
Cold Waste
Pond

INTEC New
Percolation
Ponds

MFC
Industrial
Waste Pond
and Industrial
Waste Ditch

Permit issued

Permit issued

Permit issued

DEQP issued Permit I-161-02 on November 20, 2014,
with a minor modification issued March 7, 2017. The
permit expires on November 19, 2019. A permit
application was submitted May 15, 2019, to DEQ.

DEQ issued Permit M-130-06 on June 1, 2017. The
permit expires on June 1, 2024.

DEQ issued Permit LA-000160-01, effective May 1,
2010, to April 30, 2015. DEQ issued Permit WRU-I-
0160-01 (formerly LA-000160-01), Modification 1 on
June 21, 2012. A reuse permit renewal application was
submitted to DEQ in October 2014. DEQ issued Permit

1-160-02 on January 26, 2017, with a minor modification
issued March 7, 2017.

a. ATR = Advanced Test Reactor, INTEC = Idaho Nuclear Technology and Engineering Center, MFC =

Materials and Fuels Complex

b. DEQ =Idaho Department of Environmental Quality

Wastewater discharged to the CWP consists primar-
ily of noncontact cooling tower blowdown, once-through
cooling water for air conditioning units, coolant water
from air compressors, and wastewater from secondary
system drains and other nonradioactive drains throughout
the ATR Complex. Chemicals used in the cooling tower
and other effluent streams discharged to the CWP include
commercial biocides and corrosion inhibitors.

DEQ issued a minor modification to the permit to
clarify data delivery on March 7, 2017. The permit ex-
pires on November 19, 2019.

Wastewater Monitoring Results for the Wastewater
Reuse Permit. The industrial wastewater reuse permit
requires monthly sampling of the effluent to the CWP.
The minimum, maximum, and median results of all con-
stituents monitored are presented in Table C-1. The total
dissolved solids concentration in the effluent to the CWP
ranged from 206 mg/L in the January 2018 sample to
1,230 mg/L in the June 2018 sample. Sulfate ranged from
a minimum of 22 mg/L in the November 2018 sample to
a maximum of 671 mg/L in the June 2018 sample. There
are no effluent permit limits for total dissolved solids
or sulfate. Concentrations of sulfate and total dissolved

solids are higher during reactor operation because of the
evaporative concentration of the corrosion inhibitors and
biocides added to the reactor cooling water.

The CWP permit also specifies maximum annual
and 5-year average hydraulic loading rates of 300 MG/yr
and 375 MG/yr, respectively. As shown in Table C-2, the
2018 flow of 201.04 MG did not exceed either of these
requirements.

Groundwater Monitoring Results for the Wastewa-
ter Reuse Permit. The industrial wastewater reuse permit
requires groundwater monitoring, to measure potential
impacts from the CWP, in April/May and September/
October, at six groundwater wells (Figure 4-1). For 2018,
none of the constituents exceeded their respective prima-
ry or secondary constituent standards and are presented
in Table C-3a and Table C-3b. The metals concentrations
continue to remain at low levels.

4.1.2 Idaho Nuclear Technology and
Engineering Center New Percolation Ponds
and Sewage Treatment Plant

Description. The INTEC New Percolation Ponds
are composed of two unlined ponds excavated into the
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surficial alluvium and surrounded by bermed alluvial mate- water from wastewater discharges to the INTEC New

rial (Figure 4-2). Each pond is 93 m x 93 m (305 ft x 305
ft) at the top of the berm and approximately 3 m (10 ft)
deep. Each pond is designed to accommodate a continuous
wastewater discharge rate of 11.36 MI (3 MQ) per day.

The INTEC New Percolation Ponds receive discharge
of only industrial and municipal wastewater. Industrial
wastewater (i.e., service waste) from INTEC operations
consists of steam condensates, noncontact cooling water,
water treatment effluent, boiler blowdown wastewater,
storm water, and small volumes of other nonhazardous/
nonradiological liquids. Municipal wastewater (i.e., sani-
tary waste) is treated at the INTEC STP.

The STP is located east of INTEC, outside the INTEC
security fence, and treats and disposes of sewage, septage,
and other nonhazardous industrial wastewater at INTEC.
The sanitary waste is treated by natural biological and
physical processes (digestion, oxidation, photosynthesis,
respiration, aeration, and evaporation) in four lagoons. Af-
ter treatment in the lagoons, the effluent is combined with

the service waste and discharged to the INTEC New Perco-

lation Ponds.

The INTEC New Percolation Ponds were permitted
by DEQ to operate as a reuse facility under Reuse Permit
M-130-06 (DEQ 2017).

Wastewater Monitoring Results for the Wastewater
Reuse Permit. Monthly samples were collected from
CPP-769 (influent to STP), CPP-773 (effluent from STP),
and CPP-797 (effluent to the INTEC New Percolation
Ponds) (see Figure 4-3). As required by the permit, all
samples are collected as 24-hour composites, except pH,
fecal coliform, and total coliform, which are collected as
grab samples. The permit specifies the constituents that
must be monitored at each location. The permit does not
specify any wastewater discharge limits at these three
locations. The 2018 reporting year monitoring results
for CPP-769, CPP-773, and CPP-797 are provided in the
2018 Wastewater Reuse Report (ICP 2019a), and the 2018
calendar year monitoring results are summarized in Tables
C-4, C-5, and C-6.

The permit specifies maximum daily and yearly
hydraulic loading rates for the INTEC New Percolation
Ponds. As shown in Table C-7, the maximum daily flow
and the yearly total flow to the INTEC New Percolation
Ponds were below the permit limits in 2018.

Groundwater Monitoring Results for the Wastewater
Reuse Permit. To measure potential impacts to ground-

Percolation Ponds, the permit requires that groundwater
samples be collected from six monitoring wells as shown
in Figure 4-2.

The permit requires that groundwater samples be
collected semiannually during April/May and September/
October and lists which constituents must be analyzed.
Contaminant concentrations in the compliance wells are
limited by primary constituent standards and second-
ary constituent standards, specified in IDAPA 58.01.11,
“Ground Water Quality Rules.”

Table C-8 shows the 2018 water table elevations and
depth to water table, determined prior to purging and
sampling, and the analytical results for all constituents
specified by the permit for the aquifer wells. Table C-9
presents similar information for the perched water wells.

Tables C-8 and C-9 show all permit-required con-
stituents associated with the aquifer and perched water
wells were below their respective primary constituent
standards and secondary constituent standards in 2018.

4.1.3 Materials and Fuels Complex
Industrial Waste Ditch and Industrial Waste
Pond

Description. The MFC Industrial Waste Pond was
first excavated in 1959 and has a design capacity of
1078.84 ML (285 MG) at a maximum water depth of
3.96 m (13 ft) (Figure 4-4). The pond receives industrial
wastewater from the Industrial Waste Pipeline, storm
water runoff from the nearby areas, and industrial waste-
water from the Industrial Waste Ditch (Ditch C). Indus-
trial wastewater discharged to the pond via the Industrial
Waste Pipeline consists primarily of noncontact cooling
water, boiler blowdown, cooling tower blowdown and
drain, air wash flows, and steam condensate. A small
amount of wastewater discharged to the pond via Ditch C
from the Industrial Waste Water Underground Pipe con-
sists of intermittent reverse osmosis effluent and labora-
tory sink discharge from the MFC-768 Power Plant.

Reuse Permit I-160-02 issued January 26, 2017, with
minor modification effective March 7, 2017, eliminated
maximum concentration limits for total suspended solids
and total nitrogen. The new permit also updated the con-
stituents required for effluent and groundwater monitor-
ing and frequency of recording flow data.

Plans for the MFC West Campus Utility Corridor
were submitted to DEQ on August 1, 2018, and approved
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on August 29, 2018. This project will reroute the indus-
trial wastewater currently discharged into the Ditch C
from the Industrial Waste Water Underground Pipe into
a new section of underground pipe that will connect to
the existing Industrial Waste Pipeline. Excavation for the
project began in October 2018 and is ongoing.

Wastewater Monitoring Results for the Wastewater
Reuse Permit. The new reuse permit requires monthly
sampling of the effluent to the pond discharged to the
Industrial Waste Pipeline and quarterly sampling of the
discharge to Ditch C from the Industrial Waste Water
Underground Pipe. As stated above, monthly concentra-
tion limits for total suspended solids and total nitrogen
have been eliminated. The minimum, maximum, and me-
dian results of all constituents monitored are presented in
Tables C-10 and C-11.

Groundwater Monitoring Results for the Wastewa-
ter Reuse Permit. The reuse permit requires groundwater

Environmental Monitoring Programs:
Liquid Effluents Monitoring 4.7

monitoring in April/May and September/October at one
upgradient well and two downgradient wells (Figure
4-4).

The analytical results are summarized in Table C-12.
Analyte concentrations in the downgradient wells were
consistent with background levels in the upgradient well.

4.2 Liquid Effluent Surveillance
Monitoring

The following sections discuss results of liquid efflu-
ent surveillance monitoring performed at each wastewa-
ter reuse permitted facility.

4.2.1 Advanced Test Reactor Complex

The effluent to the CWP receives a combination of
process water from various ATR Complex facilities.
Table C-13 lists wastewater surveillance monitoring
results for those constituents with at least one detected
result. Radionuclides detected in groundwater samples
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are summarized in Table C-14. All detected constituents
including tritium, gross alpha, and gross beta were below
the Idaho groundwater primary constituent standards,
IDAPA 58.01.11.

4.2.2 Idaho Nuclear Technology and
Engineering Center

In addition to the permit-required monitoring sum-
marized in Section 4.1.3, surveillance monitoring was
conducted at CPP-773 (effluent from STP), CPP-797
(effluent to the INTEC New Percolation Ponds), and the
groundwater at the INTEC New Percolation Ponds. Table
C-15 summarizes the results of radiological monitoring
at CPP-773 and CPP-797, and Table C-16 summarizes
the results of radiological monitoring at groundwater
Wells ICPP-MON-A-165, ICPP-MON-A-166, ICPP-
MON-V-200, and ICPP-MON-V-212.

Twenty-four-hour composite samples were collected
from the CPP-773 effluent in March 2018 and September
2018 and analyzed for specific gamma-emitting radionu-
clides, gross alpha, gross beta, and total strontium activ-
ity. As shown in Table C-15, neither gross alpha nor total
strontium was detected in any of these samples. Gross
beta was detected in both the March 2018 sample (9.09
pCi/L) and the September 2018 sample (24.5 pCi/L).
Gamma emitter potassium-40 was detected in the March
2018 sample (48.1 pCi/L). These detections were below
the Idaho groundwater primary constituent standards,
IDAPA 58.01.11.

Twenty-four-hour flow proportional samples were
collected from the CPP-797 wastewater effluent and
composited daily into a monthly sample. Each monthly
composite sample was analyzed for specific gamma-
emitting radionuclides, gross alpha, gross beta, and
total strontium activity. As shown in Table C-15, no
gamma-emitting radionuclides or total strontium activity
was detected in any of the samples collected at CPP-
797 in 2018. Gross alpha was detected in four of the 12
samples, and gross beta was detected in all 12 samples
collected in 2018. These detections were below the Idaho
groundwater primary constituent standards, IDAPA
58.01.11.

Groundwater samples were collected from aquifer
Wells ICPP-MON-A-165 and ICPP-MON-A-166 and
perched water Wells ICPP-MON-V-200 and ICPP-MON-
V-212 in April 2018 and September 2018 and analyzed
for gross alpha and gross beta. As shown in Table C-16,
gross alpha was detected in aquifer Well ICPP-MON-

Liquid Effluents Monitoring 4.9

A-165 (2.66 pCi/L and 2.79 pCi/L), aquifer Well ICPP-
MON-A-166 (2.52 pCi/L), and perched water Well
ICPP-MON-V-212 (3.25 pCi/L). Gross beta was detected
in three of the four monitoring wells in April 2018 and
all four monitoring wells in September 2018.

4.2.3 Materials and Fuels Complex

The Industrial Waste Pond is sampled quarterly for
gross alpha, gross beta, gamma spectroscopy, and tritium
(Figure 4-4). Annual samples are collected and analyzed
for selected isotopes of americium, iron, strontium, plu-
tonium, and uranium. Gross alpha, gross beta and urani-
um isotopes were detected in 2018 (Table C-17) and are
below applicable derived concentration standards found
in Table A-2.

4.3 Waste Management Surveillance
Surface Water Sampling

Radionuclides could be transported outside RWMC
boundaries via surface water runoff. Surface water runs
off the SDA only during periods of rapid snowmelt
or heavy precipitation. At these times, water may be
pumped out of the SDA retention basin into a drainage
canal, which directs the flow outside RWMC. The canal
also carries runoff from outside RWMC that has been di-
verted around the SDA.

Additionally, water sheet flows across asphalt surfac-
es and infiltrates around/under door seals at Waste Man-
agement Facility (WMF)-636 at the Advanced Mixed
Waste Treatment Project. The resulting surface water
inflow accumulates in the WMF-636 Fire Water Catch
Tanks (Tanks A, B, C, and D). If the level of surface
water in the Fire Water Catch Tanks reaches a predeter-
mined level, the water is pumped into aboveground hold-
ing tanks, where it can be sampled, prior to discharge
into the drainage canal surrounding the SDA.

In compliance with DOE O 435.1, the ICP Core
contractor collects surface water runoft samples at the
RWMC SDA from the location shown in Figure 4-5. The
WMF-636 Fire Water Catch Tanks are also shown in
Figure 4-5. Surface water is collected to determine if ra-
dionuclide concentrations exceed administrative control
levels or if concentrations have increased significantly,
as compared to historical data. A field blank is also col-
lected for comparison. Samples from the SDA Lift Sta-
tion were collected semiannually during 2018.

Table 4-3 summarizes the specific alpha and beta
results of human-made radionuclides. No human-made
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gamma-emitting radionuclides were detected. The am- The ICP Core contractor will sample twice during
ericium-241, plutonium-239/240, and strontium-90 con- 2019, when water is available, and evaluate the results
centrations are elevated in comparison to those reported to identify any potential abnormal trends or results

in previous years, but they are well below DOE Derived that would warrant further investigation.

Concentration Standards (DOE 2011).

Maximum % Derived Concentration
Parameter Concentration” (pCi/L) Standard”
Americium-241 15.5+1.19 912
Plutonium-238 199+ 1.55 13.27
Plutonium-239/240 153+1.19 10.93
Strontium-90 194+22.8 17.64

a. Result £1s. Results shown are >3s.
b. See DOE-STD-1196-2011, Table A-2 (DOE 2011).
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One potential pathway for exposure from contaminants released at the Idaho National Laboratory (INL) Site
is through the groundwater pathway. Historic waste disposal practices have produced localized areas of chemical
and radiochemical contamination beneath the INL Site in the eastern Snake River Plain aquifer. These areas are
regularly monitored by the U.S. Geological Survey (USGS), and reports are published showing the extent of
contamination plumes. Results for most monitoring wells within the plumes show decreasing concentrations of
tritium, strontium-90, and iodine-129 over the past 20 years. The decrease is probably the result of radioactive decay,
discontinued disposal, dispersion, and dilution within the aquifer.

In 2018, USGS sampled 27 groundwater monitoring wells and one perched water well at the INL Site for
analysis of 61 purgeable (volatile) organic compounds (VOCs).Ten purgeable organic compounds were detected
in at least one well. Most of the detected concentrations were less than maximum contaminant levels (MCLs)
established by the Environmental Protection Agency (EPA) for public drinking water supplies. One exception
was carbon tetrachloride, detected in the production well at the Radioactive Waste Management Complex. This
compound has shown a decreasing trend since 2005 and is removed from the water prior to human consumption.
Tetrachloromethane (trichloroethene) shows a similar decreasing trend through time at wells south of the RWMC
was also detected above the MCL at a well at Test Area North where there is a known groundwater plume containing

this contaminant being treated.

Groundwater surveillance monitoring required in area-specific Records of Decision under the Comprehensive
Environmental Response, Compensation, and Liability Act was performed at Waste Area Groups (WAGs) 1 —4 and

WAG 9 in 2018.

There are 12 drinking water systems on the INL Site. All contaminant concentrations measured in drinking
water systems in 2018 were below regulatory limits. Because of the potential impacts to workers at CFA from an
upgradient plume of radionuclides in the eastern Snake River Plain aquifer, the potential effective dose equivalent
from ingesting radionuclides in water was calculated. The estimated annual effective dose equivalent to a worker
from consuming all their drinking water at CFA during 2018 was 0.134 mrem (1.34 uSv). This value is below the
EPA standard of 4 mrem/yr (40 uSv/yr) for public drinking water systems.

Drinking water and springs were sampled by the Environmental Surveillance, Education, and Research
contractor in the vicinity of the INL Site and analyzed for gross alpha and gross beta activity and tritium. Some
locations were co-sampled with the state of Idaho Department of Environmental Quality INL Oversight Program.
Results were consistent with historical measurements and do not indicate any impact from historical INL Site

releases.

5. ENVIRONMENTAL MONITORING
PROGRAMS: EASTERN SNAKE RIVER
PLAIN AQUIFER

The eastern Snake River Plain aquifer serves as the
primary source of drinking water and crop irrigation in
the upper Snake River Basin. This chapter presents the
results of water monitoring conducted on and off the
Idaho National Laboratory (INL) Site within the eastern
Snake River Plain aquifer hydrogeologic system. This

includes collection of water from the aquifer (including
drinking water wells); downgradient springs along the
Snake River where the aquifer discharges water (Figure
5-1); and an ephemeral stream (the Big Lost River),
which flows through the INL Site and helps to recharge
the aquifer. The purpose of the monitoring is to ensure
that:

*  The eastern Snake River Plain groundwater is
protected from contamination from current INL Site
activities



5.2 INL Site Environmental Report

State of Idaho

Snake River Plain Aquifer

Legend

. Snake River Plain Aquifer  Surface Elevation

— Direction of groundwater > 10,000 f
< flow

-« Snake River

- Intermittent river or stream 5,000 &

_ Lake

" Playa or spreading areas

[7] INL Site boundary

= State boundary <1,000ft
Z  City ortown

D 15 30 &0 90 120
I ———— 0 e ters
Miles

0 25 50 100 NORTH
GiS Analyst Dan Mahnami
Date Drawn: 4472019
i 015_ASER

Path. X \gis_proj I_monitosi i_ASER_Maps
File Hame: Fig_1-3-Snake_River_Plain_Aquiter_FY 18-AP_V1 mxd




Environmental Monitoring Programs:

* Areas of known underground contamination from
past INL Site operations are monitored and trended

* Drinking water consumed by workers and visitors at
the INL Site and by the public downgradient of the
INL Site is safe

* The Big Lost River, which occasionally flows
through the INL Site, is not contaminated by INL
Site activities before entering the aquifer via playas
on the north end of the INL Site.

Analytical results are compared to applicable regula-
tory guidelines for compliance and informational pur-
poses. These include the following:

* State of Idaho groundwater primary and secondary
constituent standards (Idaho Administrative
Procedures Act [IDAPA] 58.01.11)

e U.S. Environmental Protection Agency (EPA)
health-based maximum contaminant levels (MCLs)
for drinking water (40 Code of Federal Regulations
[CFR] 141)

* U.S. Department of Energy Derived Concentration
Standards for ingestion of water (DOE 2011).

5.1 Summary of Monitoring Programs

Four organizations monitor the eastern Snake River
Plain aquifer hydrogeologic system:

e The United States Geological Survey (USGS) INL
Project Office performs groundwater monitoring,
analyses, and scientific studies to improve the
understanding of the hydrogeological conditions
that affect the movement of groundwater and
contaminants in the eastern Snake River Plain
aquifer underlying and adjacent to the INL Site.
USGS utilizes an extensive network of strategically
placed monitoring wells on the INL Site (Figure 5-2)
and at locations throughout the eastern Snake River
Plain.

Table 5-1 summarizes the USGS routine groundwa-
ter surveillance program. In 2018, USGS personnel col-
lected and analyzed over 1,000 samples for radionuclides
and inorganic constituents, including trace elements, and
38 samples for purgeable organic compounds. USGS
INL Project Office personnel also published four docu-
ments covering hydrogeologic conditions and monitoring
at the INL Site. The abstracts to these reports are pre-
sented in Chapter 9.

Eastern Snake River Plain Aquifer 5.3

The Idaho Cleanup Project (ICP) Core contractor
conducts groundwater monitoring at various Waste
Area Groups (WAGs) delineated on the INL Site
(Figure 5-3) for compliance with the Comprehensive
Environmental Response, Compensation, and
Liability Act (CERCLA), as well as drinking water
monitoring at the Idaho Nuclear Technology and
Engineering Center (INTEC) and Radioactive
Waste Management Complex (RWMC). In 2018,
the ICP Core contractor monitored groundwater

at Test Area North (TAN), Advanced Test Reactor
(ATR) Complex, INTEC, and Central Facilities
Area (CFA) (WAGs 1, 2, 3, and 4, respectively). In
2018, groundwater monitoring was not performed
at wells near the RWMC, which is discussed further
in Section 5.5.7. Table 5-2 summarizes the routine
monitoring for the ICP Core contractor drinking
water program. The ICP Core contractor collected
and analyzed 119 drinking water samples for
microbiological hazards, radionuclides, inorganic
compounds, disinfection byproducts, and volatile
organic compounds (VOCs) in 2018.

The INL contractor monitors groundwater at the
Materials and Fuels Complex (MFC) (WAG 9)

ATR Complex, and Remote Handled Low-Level
Waste facility (RHLLW) and drinking water at nine
INL Site facilities: ATR Complex, CFA, Critical
Infrastructure Test Range Complex (CITRC),
Experimental Breeder Reactor-1 (EBR-I), the

Gun Range, Main Gate, MFC, TAN/Contained

Test Facility (CTF), and TAN/Technical Support
Facility (TSF). Table 5-3 summarizes the routine
groundwater and drinking water program. In 2018,
the INL contractor sampled and analyzed 199
groundwater and 333 drinking water samples, which
included 43 non-routine and 23 performance samples
for varying constituents including radionuclides,
inorganic compounds, and VOCs. Compared to
previous years, the number of groundwater samples
seems to have decreased, however the number of
constituents analyzed did not change significantly.
The number of sampling locations actually increased
due to additional sampling requirements from
RHLLW. The reduction is due to increased efficiency
and strategic handling allowing more constituents to
be analyzed from a particular sample.

The Environmental Surveillance, Education and
Research (ESER) contractor collects drinking
water samples from around the INL Site, as well as
samples from natural surface waters on and off the
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Table 5-1. USGS Monitoring Program Summary (2018).

INL Site. This includes the Big Lost River, which
occasionally flows through the INL Site, and springs
along the Snake River that are downgradient from
the INL Site. A summary of the program may be
found in Table 5-4. In 2018, the ESER contractor
sampled and analyzed 26 surface and drinking water
samples. An additional 24 samples were collected on
the Big Lost River.

Details of the aquifer, drinking water, and surface
water programs may be found in the /daho National
Laboratory Site Environmental Monitoring Plan (DOE-
ID 2014) and Idaho National Laboratory Groundwater
Monitoring and Contingency Plan Update (DOE-ID
2019.

5.2 Hydrogeologic Data Management

Over time, hydrogeologic data at the INL Site have
been collected by a number of organizations, including
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Table 5-2. ICP Core Contractor Drinking Water Program Summary (2018).

Type of Analysis Frequency (onsite) Maximum Contaminant Level

Gross alpha 2 semiannually 15 pCi/L

Gross beta 2 semiannually 50 pCi/L screening level or
4 mrem/yr

Haloacetic acids 4 annually 0.06 mg/L

Total coliform 6 to 8 monthly See 40 CFR 141.63(d)

E. coli 6 to 8 monthly See 40 CFR 141.63(¢c)

Nitrate 2 annually 10 mg/L (as nitrogen)

Radium-226/-228 2 every 9 years 5 pCi/L

Strontium-90 4 annually 8 pCi/L

Total trihalomethanes 2 annually 0.08 mg/L

Tritium 2 annually 20,000 pCi/L

Uranium 2 every 9 years 30 ug/L

Volatile organic compounds 1 quarterly Varies

Table 5-3. INL Contractor Drinking Water Program Summary (2018).




5.8 INL Site Environmental Report

Table 5-4. Environmental Surveillance, Education, and Research Program Surface and
Drinking Water Summary (2018).

Locations and Frequency Minimum
Detectable

Concentration

Medium
Sampled

Type of
Analysis

Onsite Offsite

Drinkin Gross alpha None 9-10 semiannually 3 pCi/L
Water® & Gross beta None 9-10 semiannually 2 pCi/L
Tritium None 9-10 semiannually 100 pCi/L
6, when
Gross alpha il 3-4 semiannually 3 pCi/L
Surface G b 6, when : | L
Water™ Toss beta i 3-4 semiannually 2 pCi
Tritium 3-4 semiannually 100 pCi/L
6, when
available

a. Samples are co-located with the state of Idaho Department of Environmental Quality (DEQ) INL
Oversight Program at Shoshone and Minidoka water supplies. An upgradient sample is collected at
Mud Lake Well #2. The number of samples includes a duplicate sample.

b. Onsite locations are the Big Lost River (when flowing) at the public rest stop on Highway 20/26, at
two locations along Lincoln Boulevard, at the Experimental Field Station, and at the Big Lost River
Sinks. A duplicate sample is also collected on the Big Lost River. Offsite samples are co-located with
the DEQ INL Oversight Program at Alphecus Spring, Clear Springs, and at a fish hatchery at
Hagerman. A duplicate sample is also collected at one location.

c. One sample is also collected offsite at Birch Creek as a control for the Big Lost River, when it is

flowing.

USGS, current and past contractors, and other groups.
The following data management systems are used:

*  The Environmental Data Warehouse is the official
long-term management and storage location for
ICP Core and INL programs. The Environmental
Data Warehouse houses sampling and analytical
data generated by site contractors and the USGS,
and stores comprehensive information pertaining to
wells, including construction, location, completion
zone, type, and status.

*  The ICP Core Site Sample and Analysis
Management Program consolidates environmental

sampling activities and analytical data management.

The Sample and Analysis Management Program
provides a single point of contact for obtaining
analytical laboratory services and managing cradle-
to-grave analytical data records.

*  The USGS Data Management Program involves
putting all data in the National Water Information
System, which is available online at https://
waterdata.usgs.gov/id/nwis/nwis.

5.3 U.S. Geological Survey Radiological
Groundwater Monitoring at the Idaho National
Laboratory Site

Historic waste disposal practices have produced lo-
calized areas of radiochemical contamination in the east-
ern Snake River Plain aquifer beneath the INL Site.

Presently, strontium-90 (*’Sr) is the only radionuclide
that continues to be detected by the ICP Core contrac-
tor and USGS above the primary constituent standard in
some surveillance wells between INTEC and CFA, and
at TAN. Other radionuclides (e.g., gross alpha) have been
detected above the primary constituent standard in wells
monitored at individual WAGs.

Tritium — Because tritium is equivalent in chemical
behavior to hydrogen—a key component of water—it
has formed the largest plume of any of the radiochemical
pollutants at the INL Site. The configuration and extent
of the tritium contamination area, based on the most re-
cent published USGS data (2015), are shown in Figure
5-4 (Bartholomay et al. 2017). The area of contamina-
tion within the 0.5-pCi/L contour line decreased from
about 103 km? (40 mi?) in 1991 to about 52 km? (20 mi?)
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in 1998 (Bartholomay et al. 2000). The area of elevated amounts of tritium were disposed. This source is further
tritium concentrations near CFA likely represents water supported by the fact that there are no known sources of
originating at INTEC some years earlier when larger trittum contamination to groundwater at CFA.
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Two monitoring wells downgradient of ATR Com-
plex (USGS-065) and INTEC (USGS-114) have continu-
ally shown the highest tritium concentrations in the aqui-
fer over the past 10 years (Figure 5-5). For this reason,
these two wells are considered representative of maxi-
mum concentration trends in the rest of the aquifer. The
tritium concentration in USGS-065 near ATR Complex
decreased from 2,150 + 80 pCi/L in 2017 to 1,930 + 80
pCi/L in 2018; the tritium concentration in USGS-114,
south of INTEC, decreased from 5,410 & 120 pCi/L in
2017 to 5,100 & 190 in 2018.

The Idaho primary constituent standard for tritium
(20,000 pCi/L) in groundwater is the same as the EPA
MCL for tritium in drinking water. The values in Wells
USGS-065 and USGS-114 dropped below this limit in
1997 as a result of radioactive decay (tritium has a half-
life of 12.33 years), ceased tritium disposal, advective
dispersion, and dilution within the aquifer. A 2015 report

22000

by the USGS (Davis et al. 2015) indicated that water
quality trends for tritium in all but one well at the INL
Site showed decreasing or no trends, and the well that
showed the increasing trend changed to a decreasing
trend when data through 2015 were analyzed (Bartholo-
may et al. 2017, Figure 15).

Strontium-90 — The configuration and extent of *°Sr
in groundwater, based on the latest published USGS data,
are shown in Figure 5-6 (Bartholomay et al. 2017). The
contamination originates at INTEC from historic injec-
tion of wastewater. No *°Sr was detected by USGS in the
castern Snake River Plain aquifer near ATR Complex
during 2018. All *°Sr at ATR Complex was disposed to
infiltration ponds in contrast to the direct injection that
occurred at INTEC. At ATR Complex, *°Sr is retained
in surficial sedimentary deposits, interbeds, and perched
groundwater zones. The area of **Sr contamination from
INTEC is approximately the same as it was in 1991.
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Figure 5-5. Long-term Trend of Tritium in Wells USGS-065 and -114 (1998-2018).
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The *°Sr trend over the past 20 years (1998-2018) in
Wells USGS-047, USGS-057, and USGS-113 is shown
in Figure 5-7. Concentrations in Well USGS-047 have
varied through time but indicate a general decrease. Con-

11305 RREXLY]
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centrations in Wells USGS-057 and USGS-113 also have
generally decreased during this period. The variability
of concentrations in some wells was thought to be due,
in part, to a lack of recharge from the Big Lost River
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that would dilute the *°Sr. Other reasons may include
increased disposal of other chemicals into the INTEC
percolation ponds, which may have changed the affinity
of *°Sr on soil and rock surfaces, causing it to become
more mobile (Bartholomay et al. 2000). A 2015 report by
the USGS (Davis et al. 2015) indicated that water quality
trends for *Sr in all but two perched water wells at the
INL Site showed decreasing or no trends.

Summary of other USGS Radiological Groundwa-
ter Monitoring — USGS collects samples annually from
select wells at the INL Site for gross alpha, gross beta,
gamma spectroscopy analyses, and plutonium and am-
ericium isotopes (Table 5-1). Results for wells sampled
in 2018 are available at https://waterdata.usgs.gov/id/
nwis/. Monitoring results for 2012-2015 are summa-
rized in Bartholomay et al. (2017). During 2012-2015,
concentrations of cesium-137 (**’Cs) were greater than
or equal to the reporting level in eight wells, and concen-
trations of plutonium-238, plutonium-239/240, and am-

50

ericium-241 in all samples analyzed were less than the
reporting level. In 2012-2015, reportable concentrations
of gross alpha radioactivity were observed in seven of
the 59 wells and ranged from 6 + 2 to 44 + 9 pCi/L. Beta
radioactivity exceeded the reporting level in most of the
wells sampled, and concentrations ranged from 2.1 + 0.7
to 1,010 + 60 pCi/L (Bartholomay et al. 2017).

USGS periodically has sampled for iodine-129 (**1)
in the eastern Snake River Plain aquifer. Monitoring pro-
grams from 1977, 1981, 1986, 1990, 1991, 2003, 2007,
2011, and 2012 were summarized in Mann et al. (1988),
Mann and Beasley (1994), and Bartholomay (2009,
2013). The USGS sampled for '*T in wells at the INL
Site in the fall of 2017 and collected additional samples
in the spring of 2018. Average concentrations of 15 wells
sampled in 1990-1991, 2003, 2007, 2011-2012, and
2017-2018 decreased from 1.15 pCi/L in 1990-1991 to
0.168 pCi/L in 2017-2018. The maximum concentra-
tion in 2011 was 1.02 £ 0.04 pCi/L in a monitoring well
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Figure 5-7. Long-term Trend of *’Sr in Wells USGS-047, -057, and -113 (1998-2018).
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southeast of INTEC—the drinking water standard for '*I
is 1 pCi/L. The concentration in that same well in 2017
decreased to 0.877 + 0.032 pCi/L. Concentrations around
INTEC showed slight decreases from samples collected
in previous sample periods, and the decreases are at-
tributed to discontinued disposal, as well as dilution and
dispersion in the aquifer. The configuration and extent of
1T in groundwater, based on the 20112012 USGS data
(most current published date), are shown in Figure 5-8
(Bartholomay 2013).

1nIwW
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54 U.S. Geological Survey Non-Radiological
Groundwater Monitoring at the Idaho National
Laboratory Site

USGS collects samples annually from select wells
at the INL Site for chloride, sulfate, sodium, fluoride,
nitrate, chromium, and selected other trace elements and
purgeable organic compounds (Table 5-1). Bartholomay
et al. (2017) provides a detailed discussion of results for
samples collected during 2012-2015. Chromium had a
concentration at the MCL of 100 ug/L in Well 65 in 2009
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differing well completions: for example, single and multiple scresned intervals, and open borsholes.
Location is appraximate. Interval is varisble.
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Figure 5-8. Distribution of 'I in the Eastern Snake River Plain Aquifer on the INL Site in 2011-2012
(from Bartholomay 2013).
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(Davis et al. 2013), but its concentration has been below
the MCL since 2016 and has been 76.0 pug/L in 2018; this
well has shown a long-term decreasing trend (Davis et al.
2015, Appendix D).

Concentrations of chloride, nitrate, sodium, and sul-
fate historically have been above background concentra-
tions in many wells at the INL Site, but concentrations
were below established MCLs or secondary MCLs in all
wells during 2015 (Bartholomay et al. 2017).

VOCs are present in water from the eastern Snake
River Plain aquifer because of historical waste disposal
practices at the INL Site. Products containing VOCs
were used for degreasing, decontamination, and other
activities at INL Site facilities. The USGS sampled for
purgeable (volatile) organic compounds in groundwater
at the INL Site during 2018. Samples from 27 groundwa-
ter monitoring wells and one perched well were collected
and submitted to the USGS National Water Quality
Laboratory in Lakewood, Colorado, for analysis of 61
purgeable organic compounds. USGS reports describe
the methods used to collect the water samples and ensure
sampling and analytical quality (Mann 1996; Bartholo-
may et al. 2003; Knobel et al. 2008; Bartholomay et al.
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2014). Ten purgeable organic compounds were detected
above the laboratory reporting level of 0.2 or 0.1 pg/L in
at least one well on the INL Site (Table 5-5).

Historically, concentrations of VOCs in water sam-
ples from several wells at and near the RWMC exceeded
the reporting levels (Bartholomay et al. 2000). However,
concentrations for all VOCs except tetrachloromethane
(also known as carbon tetrachloride) were less than the
MCL for drinking water (40 CFR 141, Subpart G). The
production well at the RWMC was monitored monthly
for tetrachloromethane during 2018, and concentrations
exceeded the MCL of 5 pg/L during 9 of the 12 months
(Table 5-6).

Concentrations have routinely exceeded the MCL
for tetrachloromethane in drinking water (5 pg/L) at
RWMC since 1998. (Note: VOCs are removed from the
production well water prior to human consumption—see
Section 5.6.4.) Trend test results for tetrachloromethane
concentrations in water from the RWMC production well
indicate a statistically significant increase in concentra-
tions has occurred since 1987; however, Bartholomay et
al. (2017) indicated that more recent data collected since
2005 show a decreasing trend in the RWMC production

Table 5-6. Purgeable Organic Compounds in Monthly Production Well Samples at the RWMC (2018).

Constituent Jan Feb Mar Apr

Tetrachloromethane

(ng/L)

476 563 584 488

(MCL = 5)°
Trichloromethane

(ng/L)

152 157 171 158

(MCL = 80)"
Tetrachloroethene®

(ng/L)

0.392 0.364 0.39

(PCS = 5)¢
1,1,1-Trichloroethane

(ng/L)

0.269 0.308

(PCS =200)
Trichloroethene®

(ng/L)

3.9 344 3.65 3.04

(PCS = 5)

May

5.61

1.71

0.333 0.363 0.369 0.403

0308 028 0297 0303 0.291

3.7

Jul Oct Nov

Jun Aug Sep

6.04 582 5.84 541 545 495 5.85

1.62 1.49 1.64 L 1.8  1.78 1.89

0424 0354 0327 0447 0428

0332 0.288 0287 0261 0323

342 359 3.83 396 381 4.27 4.05

a.
b.

C.

MCL = maximum contaminant level values from the Environmental Protection Agency (40 CFR 141)
The MCL for total trihalomethanes is 80 pg/L. This MCL is based on concentrations of bromodichloromethane,

dibromochloromethane, tribromomethane, and trichloromethane.

The International Union of Pure and Applied Chemistry (IUPAC) name for ethylene is ethene. So, for example, trichloroethene 1s
equivalent to trichloroethylene. This is the name reported in the USGS database. This nomenclature is used in this table in case the

reader wants to look up the constituent in the USGS database.

PCS = primary constituent standard values from IDAPA 58.01.11
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well. The more recent decreasing trend indicates that en-
gineering practices designed to reduce VOC movement
to the aquifer are having a positive effect.

Concentrations of tetrachloromethane from USGS-
87 and USGS-120, south of the RWMC, have had an
increasing trend since 1987, but concentrations have de-
creased through time at USGS-88 (Davis et al. 2015).

Trichloroethylene (trichloroethene) (TCE) exceeded
the MCL of 5 pg/L from one sample collected from Well
GIN 2 at TAN (Table 5-5). There is a known ground-
water TCE plume being treated at TAN, as discussed in
more detail in Section 5.5.1.

5.5 Comprehensive Environmental
Response, Compensation, and Liability Act
Groundwater Monitoring During 2018

CERCLA activities at the INL Site are divided into
WAGs that roughly correspond to the major facilities,
with the addition of the INL Site-wide WAG 10. Loca-
tions of the various WAGs are shown in Figure 5-3. The
following subsections provide an overview of ground-
water sampling results. More detailed discussions of
CERCLA groundwater sampling can be found in the
WAG-specific monitoring reports within the CERCLA
Administrative Record at https://ar.icp.doe.gov. WAG 8
is managed by the Naval Reactors Facility and is not dis-
cussed in this report.

5.5.1 Summary of Waste Area Group 1
Groundwater Monitoring Results

Groundwater is monitored at WAG 1 to measure
the progress of the remedial action at TAN. The VOC
groundwater plume at TAN has been divided into three
zones for the three different remedy components. The
three remedy components work together to remediate the
entire VOC plume. The monitoring program and results
are summarized by plume zone in the following para-
graphs.

Hot Spot Zone (historical TCE concentrations ex-
ceeding 20,000 ug/L) — In situ bioremediation (ISB) was
used in the hot spot (near Well TSF-05) to create condi-
tions favorable for naturally occurring anaerobic bacteria
in the aquifer to break down chlorinated solvents (prin-
cipally TCE). The hot spot concentration was defined
using TCE data from 1997 (Figure 5-9) and is not reflec-
tive of current concentrations. With regulatory agency
concurrence, an ISB rebound test began in July 2012 to
determine if the residual TCE source in the aquifer had
been sufficiently treated. Currently, the ISB rebound test

has been split into two components: 1) an ISB rebound
test for the area near the former injection Well TSF-05
and 2) ISB activities to treat the TCE source affecting
Well TAN-28.

In 2018, an ISB rebound test was in progress for the
area near the former injection Well TSF-05. Anaerobic
conditions created by ISB were still present in the hot
spot area, and TCE concentrations were near or below
MCLs in the wells near the former injection Well TSF-
05. After background aquifer conditions are re-estab-
lished, the effectiveness of the ISB part of the remedy
will be evaluated (DOE-ID 2019a).

Data from Wells TAN-28 and TAN-1860 indicated
that there was an untreated source in the aquifer. To treat
the TCE source responsible for elevated TCE concentra-
tions in Wells TAN-28 and TAN-1860, ISB injections
began first into Well TAN-2272. However, the data in-
dicated that the injections into Well TAN-2272 were not
having a significant impact on the suspected TCE source.
Consequently, a decision was made to change the ISB
injection well to Well TAN-37 and ISB injections began
into this well in April 2018. Three ISB injections were
made during 2018 with one injection into Well TAN-
2272 and two injections into Well TAN-37.

Medial Zone (historical TCE concentrations be-
tween 1,000 and 20,000 ug/L) — A pump and treat sys-
tem has been used in the medial zone. The pump and
treat system involves extracting contaminated groundwa-
ter, circulating the groundwater through air strippers to
remove VOCs like TCE, and reinjecting treated ground-
water into the aquifer. The New Pump and Treat Facility
was generally operated Monday—Thursday, except for
shutdowns due to maintenance. All 2018 New Pump and
Treat Facility compliance samples were below the dis-
charge limits. TCE concentrations used to define the me-
dial zone (1,000-20,000 pg/L) are based on data collect-
ed in 1997, before remedial actions started (Figure 5-9),
and do not reflect current concentrations. In 2018, only
one well, Well TAN-28, was near 1,000 pg/L. The TCE
concentrations in Wells TAN-33, TAN-36, and TAN-44
near the New Pump and Treat Facility are used as indica-
tors of TCE concentrations migrating past the New Pump
and Treat Facility extraction wells into the distal zone. In
2018, TCE concentrations for Wells TAN-33, TAN-36,
and TAN-44 ranged from 19.3 to 40.1 pg/L.

Distal Zone (historical TCE concentrations be-
tween 5 and 1,000 ug/L) — Monitored natural attenuation
is the remedial action for the distal zone of the plume, as
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defined by 1997 TCE concentrations (Figure 5-9). Moni-
tored natural attenuation is the sum of physical, chemi-
cal, and biological processes that act without human
intervention to reduce the mass, toxicity, mobility, vol-
ume, or concentration of contaminants in groundwater.
Institutional controls are in place to protect current and
future users from health risks associated with groundwa-
ter contamination until concentrations decline through
natural attenuation to below the MCL.

TCE data collected in 2018 from the distal zone
wells indicate that all wells are consistent with the model
predictions, but additional data are needed to confirm
that the monitored natural attenuation part of the remedy
will meet the remedial action objective of all wells below
the MCL by 2095. The TCE data from the plume expan-
sion wells suggest that plume expansion is currently
within the limits allowed in the Record of Decision
Amendment (DOE-ID 2001).

Radionuclide Monitoring — In addition to the VOC
plume, ?°Sr, ¥7Cs, tritium, and »**U are listed as contami-
nants of concern in the Record of Decision Amendment
(DOE-ID 2001). Strontium-90 and '*’Cs are expected
to decline below their respective MCLs before 2095.
However, *°Sr and '*’Cs concentrations for wells in the
source area show elevated concentrations compared to
those prior to starting ISB. The elevated *°Sr and '*’Cs
concentrations are due to enhanced mobility from el-
evated concentrations of competing cations (calcium,
magnesium, sodium, and potassium) for adsorption sites
in the aquifer. The elevated cation concentrations are due
to ISB activities to treat VOCs. Strontium-90 and "’Cs
trends are mostly trending lower. The trends will con-
tinue to be evaluated as competing cation concentrations

decline toward background conditions to determine if
they will meet the remedial action objective of declining
below MCLs by 2095. All results for tritium are below
the MCL of 20,000 pCi/L with the highest tritium result
0f 2,070 pCi/L at Well TAN-25. Sampling will be con-
ducted for 2*#U after ISB conditions dissipate, because
ISB conditions suppress uranium concentrations.

5.5.2 Summary of Waste Area Group 2
Groundwater Monitoring Results

Groundwater samples were collected from seven
aquifer wells at WAG 2, ATR Complex, during 2018
(Figure 5-10). Aquifer samples were analyzed for *°Sr,
gamma-emitting radionuclides (target analyte is co-
balt-60), tritium, and chromium (filtered). The data for
the October 2018 sampling event will be included in the
Fiscal Year 2019 Annual Report for WAG 2. The October
2018 sampling data are summarized in Table 5-7.

No analyte occurred above its MCL. The highest
chromium concentration occurred in Well USGS-065
at 71.9 pg/L and was below the MCL of 100 pg/L. The
chromium concentration in Well TRA-07 was also el-
evated at 70.7 pg/L. The chromium concentrations de-
creased in both TRA-07 and USGS-065 from the previ-
ous year and the chromium concentrations in both wells
are in long-term declining trends.

Tritium was the only radionuclide analyte detected in
the aquifer and was below the MCL of 20,000 pCi/L in
all wells sampled. The highest trittum concentration was
4,260 pCi/L in Well TRA-07. In the past, Well TRA-08
had detections of *°Sr, but since October 2010, *°Sr has
been below detection limits.

Table 5-7. WAG 2 Aquifer Groundwater Quality Summary for 2018.

Number of Wells

Analyte MCL* Background®
Chromium (filtered) 100 4
(ng/L)

Cobalt-60 (pCi/L) 100 0
Strontium-90 (pCi/L) 8 0
Tritium (pCy/L) 20,000 34

Maximum  Minimum above MCL
719 1.17 0
ND* ND 0
ND ND 0
4260 ND 0

a. MCL = maximum contaminant level

b. Background concentrations arc for western tributary water for the castern Snake River Plain aquifer from

Bartholomay and Hall (2016).
c. ND = not detected
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Chromium and tritium concentrations in the aquifer
have declined faster than predicted by the WAG 2 mod-
els used for the Operable Unit 2-12 Record of Decision
and the revised modeling performed after the first five-
year review (DOE-NE-ID 2005).

The October 2018 eastern Snake River Plain aquifer
water table map prepared for the vicinity of ATR Com-
plex was consistent with previous maps showing general
groundwater flow direction to the southwest. Water lev-
els in the vicinity of ATR Complex rose approximately
0.47 m (1.65 ft) on average from September 2017 to Oc-
tober 2018.

5.5.3 Summary of Waste Area Group 3
Groundwater Monitoring Results

At INTEC, groundwater samples were collected
from 13 eastern Snake River Plain aquifer monitoring
wells during 2018 (Figure 5-11). Groundwater samples
were analyzed for a suite of radionuclides and inorganic
constituents, and the data are summarized in the 2018
Annual Report (DOE-ID 2019b). Table 5-8 summarizes
the maximum concentrations observed, along with the
number of MCL exceedances reported for each constitu-
ent.

Strontium-90 and nitrate exceeded their respec-
tive drinking water MCLs in one or more of the eastern
Snake River Plain aquifer monitoring wells at or near
INTEC, with *Sr exceeding its MCL by the greatest
margin. Strontium-90 concentrations remained above
the MCL (8 pCi/L) at four of the well locations sampled.
During 2018, the highest *Sr level in eastern Snake
River Plain aquifer groundwater was at monitoring Well
USGS-047 (17.6 = 1.62 pCi/L), located south (down-
gradient) of the former INTEC injection well. All well
locations showed similar or slightly lower *°Sr levels
compared to those reported during the previous sampling
events.

In contrast to past sampling events, **Tc was not
detected above the MCL (900 pCi/L). During 2018, the
highest *Tc level in eastern Snake River Plain aquifer
groundwater was at Well ICPP-2021-AQ (889 £ 50.8
pCi/L), located south of the INTEC Tank Farm. All wells
sampled showed stable or declining trends from the pre-
vious reporting period.

Nitrate was detected in all wells sampled during this
reporting period. The highest concentration was reported
at Well ICPP-2021-AQ (10.6 mg/L as N). This was the

only location where the nitrate concentration exceeded
the MCL (10 mg/L as N). This well is located relatively
close to the Tank Farm and shows groundwater quality
impacts attributed to past releases of Tank Farm liquid
waste. Nitrate concentrations were similar or slightly
lower than observed in previous years.

lodine-129 concentrations were below drinking wa-
ter MCLs at all Snake River Plain aquifer monitoring
locations. lodine-129 was detected at three locations with
highest level at Well USGS 067 (0.978 + 0.23 pCi/L).
These detections are not consistent with previous years’
sampling results. Re-analysis of samples could not be
performed due to insufficient sample volume. As in the
previous reporting period, '°I was not detected in any
other Snake River Plain aquifer wells.

Tritium was detected in nearly all of the wells
sampled, but none of the groundwater samples exceeded
the tritium MCL (20,000 pCi/L). The highest tritium
concentrations in groundwater were reported at Well
ICPP-2021-AQ, southeast of the Tank Farm (2,070 + 233
pCi/L). Tritium concentrations have declined at nearly all
locations over the past few years.

During the reporting period, no plutonium isotopes
were detected in any of the eastern Snake River Plain
aquifer groundwater samples. Uranium-238 (***U)
was detected at all eastern Snake River Plain aquifer
well locations, with the highest concentration at Well
ICPP-MON-A-230 (1.22 + 0.195 pCi/L). Similarly, ura-
nium-234 (***U) also was detected in all groundwater
samples, with the greatest concentrations of 2.22 + (0.287
pCi/L at Well ICPP-MON-A-230. Uranium-234 is the
daughter product (from alpha decay) of the long-lived,
naturally occurring »**U. The slightly higher uranium
concentrations at Well ICPP-MON-A-230 are attributed
to impacts from previous releases at the Tank Farm.
Aside from Well ICPP-MON-A-230, uranium results for
the other wells are consistent with background concen-
trations reported for Snake River Plain aquifer ground-
water. Ratios of ?*U/***U were similar to background
B4U/ABU activity ratios of 1.5 to 3.1 reported for the east-
ern Snake River Plain aquifer.

Uranium-235 (**°U) was detected in six groundwater
samples. An evaluation of uranium in groundwater near
RWMC indicates that eastern Snake River Plain aquifer
background #°U activities are generally less than 0.15
pCi/L (95% upper tolerance limit). Reported **U con-
centrations in groundwater at INTEC have historically
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Table 5-8. Summary of Constituents Detected in WAG 3 Aquifer Monitoring Wells (Fiscal Year 2018).

Constituent Units
Gross alpha 15 pCi/L
Gross beta NA®  pCi/L
Cesium-137 200 pCi/L
Strontium-90 8 pCi/L
Technetium-99 900 pCi/L
Iodine-129 1 pCi/L
Tritium 20,000  pCi/LL
Plutonium-238 15 pCi/L
Plutonium-239/240 15 pCi/L
Uranium-233/234 NA"  pCi/L
Uranium-235 NA"  pCi/L
Uranium-238 NA"  pCGi/L
Bicarbonate NA mg/L
Calcium NA mg/L
Chloride 250" mg/L
Magnesium NA mg/L
Nitrate/Nitrite (as N) 10 mg/L
Potassium NA mg/L
Sodium NA mg/L
Sulfate 250" mg/L
Total dissolved solids 500" mg/L

Snake River Plain Aquifer Groundwater —
May 2018

Maximum Number of Results
Reported Value Results” >MCL"
524+ 146 13 0
409 £+ 8.69 13 NA
ND¢ 13 0
17.6 +£1.62¢ 13 4
889 +50.8 13 0
0978 £0.23 13 0
2,070 £ 233 13 0
ND 13 0
ND 13 0
222+0287 13 NA
0.239 £ 0.0919 J¢ 13 NA
1.22+0.195 13 NA
154 13 NA
62.8 13 NA
77.4 13 0
19.6 13 NA
10.6 13 1
4.16 13 NA
26 13 NA
35.5 13 0
389 13 0

Does not include field duplicates.

NA = not applicable

ND = constituent not detected in sample
Bold values exceed MCL.

J = estimated concentration
Sccondary (aesthetic) MCL.

FRr oo a0 o

EPA = Environmental Protection Agency; MCL = maximum contaminant level

Not applicable because values are reported in pCi/LL.. EPA MCL is reported in mass units (ug/L).

been slightly above the background level, which is
consistent with limited uranium impacts to ground-
water from past operations at INTEC.

5.5.4 Summary of Waste Area Group 4
Groundwater Monitoring Results

The WAG 4 groundwater monitoring consists of
two different components: 1) CFA landfill monitor-
ing and 2) monitoring of a nitrate plume south of
CFA. Groundwater monitoring for the CFA land-
fills consisted of sampling seven wells for metals
(filtered), VOCs, and anions (nitrate, chloride, and

sulfate) and two wells for VOCs only, in accordance
with the long-term monitoring plan (DOE-ID 2018).
Four wells south of CFA were sampled for nitrate,
sulfate, and chloride to monitor a nitrate plume. The
CFA landfill and nitrate plume monitoring well loca-
tions are shown on Figure 5-12. Analytes detected
in groundwater are compared to regulatory levels in
Table 5-9. A complete list of the groundwater sam-
pling results is contained in the Central Facilities
Area Landfills I, II, and Il Annual Monitoring Report
— Fiscal Year 2018 (DOE-ID 2019c).
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Table 5-9. Comparison of WAG 4 Groundwater Sampling Results to Regulatory Levels (2018).

Compound .'\Ia‘.\'imu_m Nu mht;r of \\_’_clls_-
Detected Value above MCL or SMCL
Downgradient Central Facilities Area Wells
Chloride (mmg/L) 250¢ 69.5 0
Sulfate (mg/L) 250 313 0
Nitrate/nitrite (mg-N/L) 10 13.9¢ 1
Central Facilities Area Landfill Wells
Anions
Chloride (mg/L) 250 62.6 0
Sulfate (mg/L) 250 40.0 0
Nifrate/nitrite (mg-N/L) 10 23 0
Common Cations
Calcium (ng/L) None 55.800 NA®
Magnesium (ug/L) None 20,600 NA
Potassium (ug/L) None 5,800 NA
Sodium (ug/L) None 31,300 NA
Inorganic Analytes
Antimony (ug/L) 6 ND! 0
Aluminum (ug/L) 50-200 ND 0
Arsenic (ng/L) 10 345 0
Barium (ug/L) 2,000 97.1 0
Beryllium (ng/L) 4 ND 0
Cadmium (pg/L) 5 ND 0
Chromium (ug/L) 100 27.5 0
Copper (ng/L) 1,300/1,000 1.86 0
Iron (ng/L) 300 146 0
Lead (pug/L) 15 ND 0
Manganese (ug/L) 50 9.67 0
Mercury (ug/L) 2 ND 0
Nickel (ng/L) None 30.2 NA
Selenium (pg/L) 50 2.83 0
Silver (ug/L) 100 ND 0
Thallium (pg/L) 2 ND 0
Vanadium (ug/L) None 6.85 NA
Zinc (ug/L) 3,000 715 0
Detected Volatile Organic Compounds
Chloroform (ug/L) 100 0.79 0
Cvclohexane None 0.56 NA
Toluene 1.000 0.45 0
Naphthalene None 1.39 0

a. MCL = maximum contaminant level

b. SMCL = secondary maximum contaminant level
¢. Numbers in italic text are for the secondary MCL.
d. Bold values exceed an MCL or SMCL.

e. NA =not applicable

f. ND = not detected
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In the CFA nitrate plume monitoring wells south of
CFA, one well, CFA-MON-A-002, continued to exceed
the nitrate groundwater MCL of 10 mg/L-N. The nitrate
concentration in Well CFA-MON-A-002 decreased in
2018 to 13.9 mg/L-N. The nitrate concentration at Well
CFA-MON-A-002 is consistent with a decreasing trend
that has been in place since 2006.

The nitrate concentration of 7.61 mg/L-N in Well
CFA-MON-A-003 is below the MCL and has dropped
below its historic range of 8 to 11 mg/L-N. The decline
in nitrate suggests that a downward trend is present, but
additional data are needed to confirm the trend.

In 2018, no laboratory analyte exceeded an EPA
MCL for the CFA Landfill monitoring and no laboratory
analyte exceeded secondary maximum contaminant lev-
els (SMCLs).

Water level measurements taken in the CFA area
increased an average of 2.19 ft from August 2017 to Au-
gust 2018. A water level contour map based on August
2018 water levels was consistent with previous maps
in terms of gradients and groundwater flow directions
(DOE-ID 2019c).

5.5.5 Summary of Waste Area Group 5
Groundwater Monitoring Results

Groundwater monitoring for WAG 5 was concluded
in November 2006 in accordance with the recommenda-
tions from the first five-year review (DOE-NE-ID 2007).
In the Explanation of Significant Differences following
the 2010 to 2014 five-year review (DOE-ID 2016a), Op-
erable Unit 5-12 was dropped from the list of operable
units requiring a five-year review and will no longer be
included in this report.

5.5.6 Summary of Waste Area Group 6
Groundwater Monitoring Results

Independent groundwater monitoring is not per-
formed for WAG 6. Groundwater monitoring in the
vicinity of WAG 6 is conducted in accordance with the
WAG 10 Site-wide monitoring requirements, as dis-
cussed in Section 5.5.9.

5.5.7 Summary of Waste Area Group 7
Groundwater Monitoring Results

Groundwater samples were not collected from moni-
toring wells near RWMC in 2018. In the past, this sam-
pling activity, conducted in accordance with the Operable
Unit 7-13/14 Field Sampling Plan (Forbes and Holdren
2014), occurred annually in November. Because of ad-

Eastern Snake River Plain Aquifer 5.25

verse weather conditions causing safety and equipment
issues, this sampling activity was moved to May for Fis-
cal Year 2019 and moving forward, with agency concur-
rence. Discussion of the WAG 7 groundwater samples
collected in May 2019 will be included in the 2019 Site
Environmental Report.

5.5.8 Summary of Waste Area Group 9
Groundwater Monitoring Results

Five wells (four monitoring and one production) at
the MFC are sampled twice a year by the INL contractor
for selected radionuclides, metals, anions, cations, and
other water quality parameters, as surveillance monitor-
ing under the WAG 9 Record of Decision (Figure 5-13;
ANL-W 1998). The reported concentrations of analytes
that were detected in at least one sample are summarized
in Table 5-10. Overall, the data show no discernable im-
pacts from activities at the MFC.

5.5.9 Summary of Waste Area Group 10
Groundwater Monitoring Results

In accordance with the Operable Unit 10-08 monitor-
ing plan (DOE-ID 2016b), groundwater samples are col-
lected every two years at the locations shown on Figure
5-14. In 2018, groundwater sampling was not performed
for WAG 10. Groundwater samples for WAG 10 will be
collected in 2019.

5.6 Onsite Drinking Water Sampling

The INL and ICP Core contractor monitors drink-
ing water to ensure it is safe for consumption and to
demonstrate that it meets federal and state regulations.
Drinking water parameters are regulated by the state of
Idaho under authority of the Safe Drinking Water Act (40
CFR 141, 142). Parameters with primary MCLs must
be monitored at least once every three years. Parameters
with SMCLs are monitored every three years based on
a recommendation by the EPA (40 CFR 143). Many pa-
rameters require more frequent sampling during an initial
period to establish a baseline, and subsequent monitoring
frequency is determined from the baseline results.

Currently, the INL Site has 12 drinking water sys-
tems. Contractors monitor these systems to ensure a safe
working environment. The INL contractor monitors nine
of these drinking water systems, ICP Core contractor
monitors two, and Naval Reactors Facility monitors one.
According to the “Idaho Rules for Public Drinking Water
Systems” (IDAPA 58.01.08), INL Site drinking water
systems are classified as either non-transient or transient,
non-community water systems. The five INL contractor
transient, non-community water systems are at EBR-I,
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Figure 5-14. Well Locations Sampled for Operable Unit 10-08.
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Gun Range (Live Fire Test Range), CITRC, TAN/TSF,
and the Main Gate. The four remaining INL contractor
water systems are classified as non-transient, non-com-
munity water systems. These systems are located at CFA,
MFC, ATR Complex, and TAN/CTF. The two ICP Core
contractor non-transient, non-community water systems
are INTEC and the RWMC.

As required by the state of Idaho, the INL contractor
and the ICP Core contractor Drinking Water Programs
use EPA-approved (or equivalent) analytical methods to
analyze drinking water in compliance with current edi-
tions of IDAPA 58.01.08 and 40 CFR Parts 141-143.
State regulations also require that analytical laborato-
ries be certified by the state or by another state whose
certification is recognized by Idaho. DEQ oversees the
certification program and maintains a list of approved
laboratories.

Because of historic or problematic contaminants in
the drinking water systems, the INL and ICP Core con-
tractors monitor certain parameters more frequently than
required by regulation. For example, bacterial analyses
are conducted monthly rather than quarterly at all nine
INL contractor drinking water systems and at the two
ICP Core contractor drinking water systems during
months of operation. Because of known groundwater
plumes near two INL contractor drinking water wells and
one ICP Core contractor drinking water well, additional
sampling is conducted for tritium at CFA, for trichlo-
roethylene at TAN/TSF, and for carbon tetrachloride at
RWMC.

5.6.1 Idaho National Laboratory Site Drinking
Water Monitoring Results

During 2018, the INL contractor collected 267 rou-
tine samples and 23 quality control samples from nine
INL Site drinking water systems. In addition to routine
samples, the INL contractor also collected 43 non-routine
samples after a water main was repaired, a building was
brought into service, and maintenance repairs were per-
formed. The laboratories used to analyze the drinking
water samples are shown in Table 10-1. Table 5-11 sum-
marizes monitoring results for 2018. The quality control
program associated with these data is discussed in Sec-
tion 10.3.2.4.

Drinking water systems at EBR-I, CITRC, Gun
Range, Main Gate, MFC, ATR Complex, and TAN/CTF
were well below regulatory limits for drinking water;
therefore, they are not discussed further in this report. In
addition, all water systems were sampled for nitrates and

all values were less than the MCL of 10 mg/L. The high-
est nitrate values were 2.97 mg/L at CFA and 2.16 mg/L
at MFC. Samples for total trihalomethanes (TTHMs),
and haloacetic acids (HAAS5) were collected at ATR-
Complex, MFC, and TAN/CTF. Also, VOCs were col-
lected at TAN/TSF.

5.6.2 Central Facilities Area

The Central Facilities Area (CFA) water system
serves approximately 500 people daily. Since the early
1950s, wastewater containing trititum was disposed to the
eastern Snake River Plain aquifer through injection wells
and infiltration ponds at INTEC and ATR Complex. This
wastewater migrated south-southwest and is the sus-
pected source of tritium contamination in the CFA water
supply wells. Disposing of wastewater through injection
wells was discontinued in the mid-1980s. In general, tri-
tium concentrations in groundwater have been decreasing
(Figure 5-15) because of changes in disposal techniques,
diffusion, dispersion, recharge conditions, and radioac-
tive decay. The laboratory used by the INL contractor for
tritium analysis is shown in Table 10-1. Quality control is
discussed in Section 10.3.2.4.

Prior to 2008, compliance samples for the CFA water
distribution system were collected semiannually from
Well CFA #1 at CFA-651 and Well CFA #2 at CFA-642
and quarterly from the distribution manifold at CFA-
1603. Because the results were consistently below the
MCL for tritium, the INL contractor decreased the triti-
um sampling frequency to semiannually at the CFA-1603
manifold and wells. During 2018, Well CFA #1 was used
to supply approximately 61% of drinking water at CFA.
Well CFA #2 was used to supply approximately 39% of
the drinking water.

CFA Worker Dose. Because of the potential impacts
to workers at CFA from an upgradient plume of radio-
nuclides in the eastern Snake River Plain aquifer, the
potential effective dose equivalent from radioactivity in
water was calculated. For the 2018 dose calculation, it
was assumed that each worker’s total daily water intake
would come from the CFA drinking water distribution
system. The equation used to calculate the dose from wa-
ter ingestion is:

Dose.

ingw

where,

=TConc, * Ing, * EDC,

Dose, . = effective dose from ingestion of water,
mrem/yr (0.01 Sv/yr)
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TConc = average tritium concentration in drinking
water, pCi/L

Ing = annual intake of water for an adult (L/yr)

EDC_ = effective dose coefficient for tritium ingested
in water (mrem/pCi)

The values used for the variables used in the equa-
tion were:

TConc = 2,587 pCi/L (average concentration in
water in CFA distribution system for 2018)

Ing =730 L/yr (calculated from Table 3 in DOE
[2011])

EDC, = 7.14 x 10® mrem/pCi__ (calculated from
Table A-1 of DOE [2011])

This calculation overestimates the actual dose since
workers typically consume only about half their total
intake during working hours and typically work only 240
days rather than 365 days per year. The estimated annual
effective dose equivalent to a worker from consuming all
their drinking water at CFA during 2018, as calculated

from samples taken from the CFA distribution system,
was 0.134 mrem (1.34 uSv). This value is below the
EPA standard of 4 mrem/yr (40 puSv)for public drinking
water systems.

5.6.3 Idaho Nuclear Technology and
Engineering Center

Drinking water for Idaho Nuclear Technology and
Engineering Center (INTEC) is supplied by two wells,
CPP-04 and ICPP-POT-A-012, located north of the
facility. A disinfectant residual (chlorine) is maintained
throughout the distribution system. In 2018, drinking
water samples were collected from the point of entry
to the distribution system (CPP-614) and from various
buildings throughout the distribution system. The ana-
lytical laboratories that analyzed the INTEC drinking
water samples are presented in Table 10-1. Results are
presented in Tables 5-12 and 5-13 and are discussed in
the following paragraphs.

Four compliance samples and 81 surveillance
samples were collected from various buildings through-
out the distribution system at INTEC and analyzed for

25000
—a—CFA DIST
——CFA WELL #2
Maximum Contaminant Level
—x— CFA WELL #1
20000
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Figure 5-15. Tritium Concentrations in CFA Wells and Distribution System (2008-2018).
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Table 5-12. 2018 Compliance Monitoring Results for the INTEC Drinking Water System — PWS #6120012.

Contaminant  # Samples
Sampled Collected Frequency

Total coliform 4 L per
quarter

E. coli 4 1 per
quarter

Nitrate 1 1 per year

Toma 1 I peryear 0

trihalomethanes i

Haloacetic acids 1 I peryear <

Average Range MCL? or
Result Detected Action Level
See 40 CFR
Absent Absent 141.63(d)
Absent Absent See 40 CFR
141.63(c)
0.6 mg/L NA® 10 mg/L (as
nitrogen)
.0042 mg/L NA 0.08 mg/LL
0.002 mg/L NA 0.06 mg/L

a. MCL = maximum contaminant level
b. NA = not applicable

Table 5-13. 2018 Surveillance Monitoring Results for the INTEC Drinking Water System — PWS #6120012.

Contaminant # Samples Average Range MCL® or
Sampled Collected Frequency Result Detected Action Level
. See 40 CFR
Total coliform 52 4 per month Absent Absent 141.63(d)
’ See 40 CFR
E. coli 52 4 per month Absent Absent 141.63(c)
Gross alpha 2 2 per year ND® NA® 15 pCi/L
. 2.80-2.84 50 pCi/L screening
Gross beta 2 2 per year 2.82 pCvL pCi/L lovel o & rhietntye
Strontium-90 1 1 per year ND NA 8 pCi/L
Tritium 1 1 per year ND NA 20,000 pCi/L

a. MCL = maximum contaminant level
b. ND = not detected
c. NA = not applicable

total coliform and Escherichia coli (E. coli) per Standard
Method 9223B. The results for all samples were reported
as absent.

One compliance sample was collected at Well CPP-
614 on June 28, 2018, and analyzed for nitrate by EPA
Method 353.2. The result was 0.6 mg/L, which is below
the nitrate MCL of 10 mg/L.

One compliance sample was collected at Well CPP-
1666 on August 14, 2018, and analyzed for TTHM by
EPA Method 524.2. The result was 0.0042 mg/L, which
is below the TTHM MCL of 0.080 mg/L.

One compliance sample was collected at CPP-1666
on August 14, 2018, and analyzed for HAAS by EPA
Method 552.2. HAAS was not detected (<0.002 mg/L) in
the sample. The MCL for HAAS is 0.060 mg/L.

A surveillance sample was collected at CPP-614 on
February 19, 2018, and analyzed for gross alpha, gross
beta, tritium, and *°Sr. Gross beta was detected at 2.84
pCi/L, below its screening level of 50 pCi/L. Gross al-
pha, tritium, and **Sr were reported as non-detects. An-
other surveillance sample was collected at CPP-614 on
August 28, 2018, and analyzed for gross alpha and gross
beta. Gross alpha was not detected. Gross beta was de-
tected at 2.8 pCi/L, below its screening level of 50 pCi/L.
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5.6.4 Radioactive Waste Management Complex

The Radioactive Waste Management Center
(RWMC) production well is located in Building WMF-
603 and is the source of drinking water for RWMC. A
disinfectant residual (chlorine) is maintained throughout
the distribution system. Historically, carbon tetrachlo-
ride, total xylenes, and other VOCs had been detected in
samples collected at the WMF-603 production well and
at WMF-604, the point of entry into the RWMC drinking
water distribution system. In July 2007, a packed tower
air stripping treatment system was placed into operation
to remove the VOCs from the groundwater prior to hu-
man consumption.

In 2018, drinking water samples were collected
from:

*  The source (WMF-603)
*  Point of entry to the distribution system (WMF-604)
*  Various buildings throughout the distribution system

e Comfort stations WMF-TR-12, WMF-TR-13, and
WMEF-TR-29

*  Potable water transfer tank (PW-TK-RWO01).

The analytical laboratories that analyzed the RWMC
drinking water samples are presented in Table 10-1. Re-
sults are presented in Tables 5-14 and 5-15 and are dis-
cussed in the following paragraphs.

Four compliance samples and 29 surveillance
samples were collected from various buildings, comfort
stations, and a potable water tank at RWMC and ana-
lyzed for total coliform and E. coli per Standard Method
9223B. The results for all samples were reported as ab-
sent.

One compliance sample was collected at WMF-604
on June 28, 2018, and analyzed for nitrate by EPA Meth-
od 353.2. The result was 1 mg/L, below the nitrate MCL
of 10 mg/L.

One compliance sample was collected at WMF-678
on September 18, 2018, and analyzed for TTHM by EPA
Method 524.2. The result was 0.005 mg/L, which is be-
low the TTHM MCL of 0.080 mg/L.

One compliance sample was collected at WMF-678
on September 18, 2018, and analyzed for HAAS by EPA
Method 552.2. HAAS was not detected (<0.002 mg/L) in
the sample. The MCL for HAAS is 0.060 mg/L.

Four compliance samples were collected at WMF-
604 and analyzed for total xylenes by EPA Method
524.2. Total xylenes were not detected (<0.0005 mg/L)
in the April 25, 2018, July 25, 2018, and October 31,
2018 samples. Total xylenes were detected in the January
24,2018, sample (0.0007 mg/L), which is below the total
xylenes MCL of 10 mg/L.

Four surveillance samples were collected at WMF-
604 and analyzed for VOCs by EPA Method 524.2. Other
than total xylenes, no other VOCs were detected in any
of these samples.

Four surveillance samples were collected at the
WMF-603 production well and analyzed for VOCs by
EPA Method 524.2. Total xylenes were not detected
(<0.0005 mg/L) in any of these four samples. Carbon tet-
rachloride was detected in all four samples and ranged in
concentration from 0.0053 mg/L to 0.006 mg/L. Trichlo-
roethylene (trichloroethene) was also detected in all four
samples and ranged in concentration from 0.002 mg/L to
0.0031 mg/L. No other VOCs were detected in any of the
samples.

Two separate surveillance samples were collected at
WMF-604 on February 19, 2018, and August 28, 2018,
respectively, and analyzed for gross alpha and gross beta.
Gross alpha was not detected. Gross beta was detected in
both samples, at 3.77 pCi/L and 4.6 pCi/L, each below
the screening level of 50 pCi/L. A surveillance sample
was collected at WMF-604 on February 19, 2018, and
analyzed for *Sr and tritium. Only tritium was detected
at 705 pCi/L, below its MCL of 20,000 pCi/L.

5.7 Test Area North/Technical Support
Facility

Well TSF #2 supplies drinking water to fewer than
25 employees at TSF. The facility is served by a chlori-
nation system. TSF #2 is sampled for surveillance pur-
poses only (not required by regulations).

In the past, trichloroethylene contamination has been
a concern at TSF. The principal source of this contamina-
tion was inactive injection Well TSF-05. Although regu-
lations do not require sampling Well TSF #2, samples
are collected to monitor trichloroethylene concentrations
due to the historical contamination. Since mid-2006,
concentrations appear to be declining but will have to be
confirmed with the collection of additional data.

Figure 5-16 illustrates the trichloroethylene concen-
trations in both Well TSF #2 (2008-2018) and the distri-
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Table 5-14. 2018 Compliance Monitoring Results for the RWMC Drinking Water System — PWS #6120018.

Contaminant # Samples Average Range
Sampled Collected Frequency Result Detected
. See 40 CFR
Total coliform 4 1 per quarter Absent Absent 141.63(d)
E. coli 4 1 per quarter Absent Absent See 40 CFR
- €0 141.63(c)
. 10 mg/L (as
b
Nitrate 1 I per year 1.0 mg/L NA nitrogen)
Total
trihalomethanes 1 I per year 0.005 mg/L NA 0.08 mg/L
Haloacetic acids 1 I peryear  <0.002 mg/L NA 0.06 mg/L
ND to
Xylenes (total) 4 I per quarter 0.0007 mg/L 0.0007 mg/L 10 mg/L

a MCL = maximum contaminant level
b NA = not applicable

Table 5-15. 2018 Surveillance Monitoring Results for the RWMC Drinking Water System — PWS #6120018.

Contaminant # Samples Average Range MCL® or
Sampled Collected Frequency Result Detected Action Level
. I to 2 per See 40 CFR
Total coliform 29 month Abscnt Absent 141.63(d)
E. coli 29 1 to 2 per Absent Absent See 40 CFR
' month 141.63(c)
XrOl;r?ilce 4 1 per quarter  0.006 mg/L ND" to 0.002 — 10 mg/L¢
g perqu ' & 0.006mg/L &
compounds
Gross alpha 2 2 per year ND NA4 15 pCi/L
377 to 50 pCi/L
Gross beta 2 2 per year 4.19 pCi/L L screening level or
4.6 pCi/LL 4
mrem
Strontium-90 1 1 per year ND NA 8 pCi/L
Tritium 1 1 per year 705 pCi/L NA 20,000 pCi/L

a. MCL = maximum contaminant level

b. ND = not detected

¢. This range of MCLs encompasses the 21 organic contaminants listed in 40 CFR 141.61(a). The 0.006 mg/L
result was for carbon tetrachloride and the sample was collected from the RWMC Production Well at
WMF-603 on October 31, 2018. Although this result was above the MCL for carbon tetrachloride (0.005
mg/L), it was not a compliance issuc because WMF-603 is not the point of entry into the RWMC drinking
water system. No other MCLs were excecded.

d. NA = not applicable
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Figure 5-16. Trichloroethylene Concentrations in TAN/TSF Drinking Water Well and Distribution System
(2008-2018).

bution system (2008-2015). Sampling of the distribution
system was discontinued in 2015 and is only sampled on
a contingency basis if there a detection at Well TSF #2.
Contingency sampling did not occur in 2018. The mean
trichloroethylene concentration in Well TSF #2, as sum-
marized in Table 5-16, was <0.5 ug/L.

5.8 Offsite Drinking Water Sampling

As part of the offsite monitoring program performed
by the ESER contractor, drinking water samples were
collected off the INL Site for radiological analyses in
2018. Two locations, Shoshone and Minidoka, which are
downgradient of the INL Site, were co-sampled with the
state of Idaho DEQ-INL Oversight Program (DEQ-IOP)
in May and November 2018. One upgradient location,
Mud Lake, was also co-sampled with DEQ-IOP. ESER
also collected samples at Atomic City, Craters of the
Moon, Howe, Idaho Falls, and the public rest area at
Highway 20/26. A control sample of bottled water was
also obtained. The samples were analyzed for gross alpha
and gross beta activities and for tritium. The ESER con-
tractor results are shown in Table 5-17. DEQ-IOP results
are reported quarterly and annually and can be accessed
at www.deq.idaho.gov/inl-oversight.

Gross alpha activity was detected statistically (above
306) in one of nine samples collected in May 2018 (Cra-
ters of the Moon) and in four of nine samples collected
in November 2018 (Atomic City, Craters of the Moon,
Howe, and Minidoka) at just above the minimum detect-
able concentration. Neither of the bottled water (control)
samples had detectable concentrations of gross alpha
activity. The results are below the screening level of 15
pCi/L for gross alpha activity, with a maximum of 2.3 +
0.47 pCi/L, measured at Howe in November.

Gross beta activity was detected statistically in all
but three drinking water samples collected by the ESER
contractor. Gross beta activity was not detected in the
bottled water samples (controls) or in the November
Howe sample. The results are below the screening level
of 50 pCi/L for gross beta activity, with a maximum of
4.9 £+ 0.46 pCi/L, measured at the Minidoka well in May.
If gross beta activity exceeds 50 pCi/L, an analysis of the
sample must be performed to identify the major radionu-
clides present (40 CFR 141). Gross beta activity has been
measured at these levels historically in offsite drinking
water samples. For example, the maximum level reported
since 2010 in the past Annual Site Environmental Re-
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Table 5-16. Trichloroethylene Concentrations at TAN/TSF Well #2 and Distribution System (2018).

Number
of
Location Samples
TAN/TSF #2 (612) 2
TAN/TSF Distribution 0
(610)°

Trichloroethylene Concentration

(ng/L)
Minimum Maximum Mean MCL*
<0.5 <0.5 <0.5 NAP
- - - 5.0

a. MCL = maximum contaminant level (see¢ Table A-4)
b. NA = not applicable. Maximum contaminant level applies to the distribution system only.
c. TAN/TSF Distribution (610) is only sampled if there is a detection at TAN/TSF Well #2

(612).

ports was 7.83 £ 0.61 pCi/L (Atomic City in spring of
2011).

Tritium was statistically detected in two of the drink-
ing water samples collected in 2018 (Idaho Falls and
Minidoka). The maximum result measured was 209 =
25 pCi/L. The results were generally within historical
measurements and well below the EPA MCL of 20,000
pCi/L. The maximum tritium level was slightly greater
than that measured since 2010 (169 + 24.8 pCi/L at Rest
Area in spring of 2017).

5.9 Surface Water Sampling

Surface water was co-sampled with DEQ-IOP in
May and November 2017 at three springs located down-
gradient of the INL Site: Alpheus Springs near Twin
Falls, Clear Springs near Buhl, and a trout farm near
Hagerman (see Figure 5-17). ESER contractor results are
shown in Table 5-18.

Gross alpha activity was detected in one sample col-
lected at Hagerman in May (0.92 + 0.30 pCi/L). This
is the highest measurement made at this location since
2010. For comparison, the maximum concentration mea-
sured since 2010 in all springs was 3.7 + 0.68 pCi/L at
Clear Springs in 2017.

Gross beta activity was detected in all surface water
samples. The highest result (7.7 + 0.69 pCi/L) was mea-
sured at Alpheus Springs in November. Alpheus Springs
has historically shown higher results, and these values
are most likely due to natural decay products of thorium
and uranium that dissolve into water as it passes through
the surrounding basalts of the eastern Snake River Plain
aquifer. The maximum result measured since 2010 was
10.6 + 0.56 pCi/L at Alpheus Springs in 2014.

Tritium was detected in two of the six surface water
samples collected by the ESER contractor. One was at
Buhl in May (78 + 24 pCi/L) and the second at Twin
Falls in November (82 + 25 pCi/L). Concentrations were
similar to those found in the drinking water samples and
in other liquid media, such as precipitation throughout
the year.

The Big Lost River is an intermittent, ephemeral
body of water that flows only during periods of high
spring runoff and releases from the Mackay dam, which
impounds the river upstream of the INL Site. The river
flows through the INL Site and enters a depression,
where the water flows into the ground, called Big Lost
River Sinks (see Figure 5-17). The river then mixes with
other water in the eastern Snake River Plain aquifer. Wa-
ter in the aquifer then emerges about 160 km (100 miles)
away at Thousand Springs near Hagerman and other
springs downstream of Twin Falls.

Normally the river bed is dry because of upstream
irrigation and rapid infiltration into desert soil and un-
derlying basalt. The river rarely flows onto the INL
Site. However, there was enough water in the river for
ESER personnel to sample it on the INL Site in 2017
and in 2018. Samples were collected during the months
of April and June, and analyzed for gross alpha, gross
beta, gamma-emitting radionuclides, and tritium. There
was little or no flow due to upstream irrigation during
the rest of the summer and fall. There are no federal
or state standards for surface water, so the results were
compared with EPA MCLs (Table 5-19). None of the
results exceeded these limits. The 2018 gross alpha re-
sults are similar to those reported for 2017; however, the
maximum result (3.6 pCi/L) reported for 2018 is slightly
higher than the maximum result (3.3) reported for 2017.
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Table 5-17. Gross Alpha, Gross Beta, and Tritium Concentrations in Offsite Drinking Water Samples
Collected by the ESER Contractor in 2018.

Location Sample Results (pCv/L)*
Gross Alpha

Spring Fall EPA MCL®
Atomic City 042 +£0.31 1.29+0.36 15 pCi/L.
Control (bottled water)® 028+016 027+0.19 15 pCi/L
Craters of the Moon 1.2+£0.30 1.5+0.32 15 pCi/L
Howe 093+034 23+047 15 pCi/L
Idaho Falls 033+040 058=+0.48 15 pCi/L
Minidoka 1.0+042 1.2+039 15 pCi/L
Mud Lake (Well #2) 0.15+£0.25 0.19+£0.23 15 pCi/L
Rest Area (Highway 20/26) 082+030 0.72+0.30 15 pCi/L
Shoshone 0.55+033 0.85+0.34 15 pCi/L

Gross Beta

Spring Fall EPA MCL
Atomic City 39+044 40+044 4 mrem/yr (50 pCi/L)¢
Control (bottled water) 0594034 -0.03+0.34 4 mrem/yr (50 pCi/L)
Craters of the Moon 24+041 1.24+039 4 mrem/yr (50 pCi/L)
Howe 19040 080=044 4 mrem/yr (50 pCi/L)
Idaho Falls 38+045 2.7+0.46 4 mrem/yr (50 pCi/L)
Minidoka 49+0.46 35+044  4mrem/yr (50 pCi/L)
Mud Lake (Well #2) 43+042 1.5+£040 4 mrem/yr (50 pCi/L)
Rest Area (Highway 20/26) 2.8+041 1.3+041 4 mrem/yr (50 pCi/L)
Shoshone 3.0£042 1.9+£042 4 mrem/yr (50 pCi/L)

Tritium

Spring Fall EPA MCL
Atomic City 66 + 23 73 + 24 20,000 pCi/L
Control (bottled water) 54+23 53 +24 20,000 pCi/L
Craters of the Moon 48 +23 -8.1+25 20,000 pCi/L
Howe 53+ 23 3.6+25. 20,000 pCi/L
Idaho Falls 103 +24 -11+25 20,000 pCi/L
Minidoka 209 + 25 -53+24 20,000 pCi/L
Mud Lake (Well #2) 35+23 40 £ 25 20,000 pCi/L
Rest Area (Highway 20/26) 60 =23 34+25 20,000 pCi/L
Shoshone 54 +23 18 +24 20,000 pCi/L

Result + 16. Results > 36 are considered to be statistically positive.

EPA = Environmental Protection Agency; MCL = maximum contaminant level

Water bottled in Ammon, Idaho.

The MCL for gross beta activity is not established. However, the EPA drinking water
standard of 4 mrem/yr for public drinking water systems is applicd and a screening level of
50 pCi/L is used. Samples with gross beta activity greater than 50 pCi/L must be analyzed
to identify the major radionuclides present.

a0 os
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The 2018 gross beta results are like those reported for ues reported for 2017. The maximum tritium concentra-
2017; however, the maximum result (9.1 pCi/L) reported  tion reported for 2017 was 163 pCi/L). No human-made
for 2018 is higher than the maximum result reported for =~ gamma-emitting radionuclides (e.g., '*’Cs) were detected
2017. All 2018 tritium results are within the range of val-  so they are not included in Table 5-19.
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Figure 5-17. Detailed Map of ESER Program Surface Water Monitoring Locations.
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Table 5-18. Gross Alpha, Gross Beta, and Tritium Concentrations in Surface Water Samples
Collected by the ESER Contractor in 2018.

Location Sample Results (pCi/L)*
Gross Alpha
Spring" Fall® EPA MCL®
Alpheus Springs-Twin Falls 0.80+ 0.40 0.10+ 0.04 15 pCi/L
Clear Springs-Buhl 0.88 +0.39 0.41 £040 15 pCi/L
JW Bill Jones Jr Trout Farm-Hagerman 0.92 £0.30 0.59+0.33 15 pCi/L
Gross Beta
Spring Fall EPAMCL
Alpheus Springs-Twin Falls 6.8 +0.48 7.7+£0.69 4 mrem/yr (50 pCi/L )¢
Clear Springs-Buhl 4.6 £0.46 3.6+£045 4 mrem/yr (50 pCi/L)
JW Bill Jones Jr Trout Farm-Hagerman 3.6+042 2.1+041 4 mrem/yr (50 pCi/L )
Tritium
Spring Fall EPA MCL
Alpheus Springs-Twin Falls 37+23 82425 20,000 pCi/L
Clear Springs-Buhl 78 +£24 -7.1+24 20,000 pCi/L
JW Bill Jones Jr Trout Farm-Hagerman 58+23 -23+23.6 20,000 pCi/L

a. Result + 1s. Results > 3s are considered to be statistically positive.
b. The springs and trout farm were sampled on May 22, 2918, and on November 6, 2018.
c. EPA = Environmental Protection Agency; MCL = maximum contaminant level
d. The MCL for gross beta activity is not established. However, the EPA drinking water standard of 4
mrenm/yr for pubhc drmkmg walter systems is applied dlld a screcmng lcvel of 50 pleL is used Samples
0 pCi/L ;
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Table 5-19. Gross Alpha, Gross Beta, and Tritium Concentrations in Surface Water Samples Collected

Along the Big Lost River by the ESER Contractor in 2018.

Location Sample Results (pCi/L)*
Gross Alpha

April June EPA MCL?
Rest Arca 1.1+042 24+042 15 pCi/LL
INTEC 1.4+045 3.6+0.51 15 pCi/L
Experimental Field Station (EFS) 9.8+£0.71 3.6+0.52 15 pCi/LL
Naval Reactors Facility (NRF) 2.6+0.50 24+042 15 pCi/L
Big Lost River (BLR) Sinks 0.62 +0.40 1.5+0.33 15 pCi/L
Birch Creek (control) 1.5+ 047 0.98 £ 0.36 15 pCi/L

Gross Beta

April June EPAMCL
Rest Area 2.3+0.46 6.4+048 4 mrem/yr (50 pCi/L)°
INTEC 3.0+047 91£052 4 mrem/yr (50 pCi/L)
EFS 2.8+048 9.1+0.53 4 mrem/yr (50 pCi/L)
NRF 3.6+0.51 6.8 048 4 mrem/yr (50 pCi/L)
BLR Sinks 39+041 45+044 4 mrem/yr (50 pCi/L)
Birch Creek (control) 049+045 0.19+£041 4 mrem/yr (50 pCi/L)

Tritium

April June EPAMCL
Rest Area 136 £ 31 119 +24 20,000 pCi/L
INTEC 68 + 30 98 + 24 20,000 pCi/L
EFS 86 + 31 62 +23 20,000 pCi/L
NRF 108 + 31 64 £ 23 20,000 pCi/L
BLR Sinks 91 +£30 99 + 24 20,000 pCi/L
Birch Creek (control) 117+ 30 76+ 24 20,000 pCi/L

a. Result = Is. Results > 3s are considered to be statistically positive.

b. EPA = Environmental Protection Agency; MCL = Maximum Contaminant Level

c. The MCL for gross beta activity is not established. However, the EPA drinking water standard of 4
mrem/yr for public drinking water systems is applied and a screening level of 50 pCi/L is used.
Samples with gross beta activity greater than 50 pCi/L must be analyzed to identify the major
radionuclides present.= Environmental Protection Agency; MCL = maximum contaminant level
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Radionuclides released by Idaho National Laboratory (INL) Site operations and activities have the potential to
be assimilated by agricultural products and game animals which can then be consumed by humans. These media
are thus sampled because of the potential transfer of radionuclides to people through food chains. Radionuclides
may also be deposited on soils and can be detected through radioanalysis of soil samples. Some human-made ra-
dionuclides were detected at low levels in agricultural products (milk, lettuce, and alfalfa) collected in 2018. The
results could not be directly linked to operations at the INL Site and are likely attributed to natural production in the
atmosphere, in the case of tritium, or to the presence of fallout radionuclides in the environment, in the instances of
strontium-90 (°°Sr) and cesium-137 (*’Cs). All measurements were well below standards (Derived Concentration
Standards) established by the U.S. Department of Energy for protection of human health.

No human-made radionuclides were detected in tissue samples of two big game (elk) road-killed animals
sampled in 2018. Four human-made radionuclides (cobalt-60 [®Co], zinc-65 [*Zn], *°Sr, and *’Cs) were detected in
some tissue samples of waterfowl collected on ponds in the vicinity of the Advanced Test Reactor Complex at the
INL Site. The source of these radionuclides was most likely the radioactive wastewater evaporation pond, which can
be accessed by waterfowl, but not the public.

Bat carcasses have been collected on the INL Site since the summer of 2015. Bats collected during 2017 and
2018 were composited each year by area and analyzed for radionuclides in 2018. Seven human-made radionuclides
(°°Co, *°Sr, ¥7Cs, Zn, europium-152 ['52Eu], plutonium-238, and plutonium-239/240 [3***°Pu]) were detected in at
least one of the eight sample groups in 2017 and 2018. While '*’Cs and *°Sr may be of fallout origin, **Co, %Zn and
192Eu may indicate that the bats have visited radioactive effluents ponds on the INL Site. Plutonium isotopes could
originate in soils contaminated by global fallout or by radioactive waste.

Soil samples were collected off the INL Site in 2018 as part of a biennial sampling plan. Samples were collected
at 12 locations. The detected radionuclides are products of historical above-ground nuclear weapons testing and show
expected temporal patterns in averaged concentrations. Cesium-137 shows a decreasing trend in concentration over
time consistent with its 30-year half-life. Although ?Sr has approximately the same half-life as '*’Cs, it has decreased
at a greater rate, possibly reflecting greater mobility in the environment. Plutonium-239/240 persists in the environ-
ment due to long half-lives. Americium-241 seems to be increasing in concentration since the late 1970’s as a result
of the ingrowth from the decay of plutonium-241.

Direct radiation measurements made at boundary and distant locations were consistent with background levels.
The average annual dose equivalent from external exposure was estimated to be 124 mrem off the INL Site. The total
background dose to an average individual living in southeast [daho was estimated to be approximately 383 mrem per
year.

Radiation measurements taken in the vicinity of waste storage and soil contamination areas near INL Site facili-
ties were consistent with previous measurements. Direct radiation measurements using a radiometric scanner system
at the Radioactive Waste Management Complex and the CERCLA disposal facility were near background levels.

6. ENVIRONMENTAL MONITORING direct radiation on and around the Idaho National Labo-

PROGRAMS: AGRICULTURAL ratory (INL) Site during 2018. Details of these programs
may be found in the Idaho National Laboratory Site

PRODUCTS, WILDLIFE, SOIL AND Environmental Monitoring Plan (DOE- ID 2014a). The

DIRECT RADIATION INL, Idaho Cleanup Project (ICP) Core, and Environ-

mental Surveillance, Education, and Research Program

This chapter summarizes results of environmental ) . . :
P (ESER) contractors monitor soil, vegetation, biota, and

monitoring of agricultural products, wildlife, soil, and
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Table 6-1. Environmental Monitoring of Agricultural Products, Biota, Soil, and Direct Radiation at the INL Site. |
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Biota (waterfowl, large

game animals)

Biota (vegetation)
Direct Radiation (global
radiometric scanner)
Direct Radiation

Ecological

Environmental Surveillance, Education, and Research Program Contractor

INL Site/Regional o o o o o o
Idaho National Laboratory Contractor

INL Site . °

Regional °
Idaho Cleanup Project Core Contractor

ICDF® .

RWMC* °

a. INL Site = Idaho National Laboratory Site facility arcas and arcas between facilities
b. ICDF = Idaho Comprechensive Environmental Response, Compensation, and Liability Act

Disposal Facility

c. RWMC = Radioactive Waste Management Complex

direct radiation on and off the INL Site to comply with
applicable U.S. Department of Energy (DOE) orders

and other requirements. The focus of INL and ICP Core
contractor monitoring is on the INL Site, particularly on
and around facilities (Table 6-1). The ESER contractor’s
primary responsibility is to monitor the presence of con-
taminants in media off the INL Site, which may originate
from INL Site releases (Table 6-1).

6.1 Agricultural Products and Biota
Sampling

Agricultural products and game animals are sampled
by the ESER contractor because of the potential transfer
of radionuclides to people through food chains (Figure
3-1). Figure 6-1 shows the locations where agricultural
products were collected in 2018.

6.1.1 Sampling Design for Agricultural
Products

Agriculture products could become contaminated
by radionuclides released from INL Site facilities which

are transported offsite by wind and deposited in soil and
on plant surfaces. This is important, since approximately
45% of the land surrounding the INL Site is used for
agriculture (DOE-ID 1995). In addition, many residents
maintain home gardens that could be impacted by INL
Site releases. Animals could also eat contaminated crops
and soil and in turn transfer radionuclides to humans
through consumption of meat and milk.

Agricultural product sampling began in the vicin-
ity of the INL Site in the 1960s with milk and wheat as
part of the routine environmental surveillance program.
Currently the program focuses on milk, lettuces, alfalfa,
potatoes and grains.

As specified in the DOE Handbook Environmental
Radiological Effluent Monitoring and Environmental
Surveillance (DOE 2015), representative samples of the
pathway-significant agricultural products grown within
16 km (10 miles) of the site should be collected and
analyzed for radionuclides potentially present from site
operations. These samples should be collected in at least
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Figure 6-1. Locations of Agricultural Product Samples Collected (2018).

two locations: the place of expected maximum radionu-
clide concentrations and a “background” location unlikely
to be affected by radionuclides released from the site.

Sample design was primarily guided by wind direc-
tion and frequencies and farming practices. Air dispersion
modeling, using CALPUFF and INL Site meteorological
data measured from 2006 through 2008, was performed
to develop data quality objectives for radiological air sur-
veillance for the INL Site using methodology documented
in Rood and Sondrup (2014). The same methodology was
used to discern deposition patterns. The dispersion and
deposition patterns resulting from these sources reflect
the southwest/northeast wind patterns typical of the INL
Site. The maximum offsite deposition was modeled to be
located between the southwest INL Site boundary and Big
Southern Butte. Because there are no agricultural activi-
ties in this region, sampling is focused on other agricul-
tural areas west and northeast of the INL Site. In addition,
the sampling design considers locations of interest to the

public, as well as those of historical interest, which is
why some samples are collected at extended distances
from the INL Site.

6.1.2 Methods

Fresh produce and milk are purchased from local
farmers when available. In addition, lettuce is grown by
the ESER program in areas that have no commercial or
private producers.

6.1.3 Milk Results

Milk is sampled to monitor the pathway from poten-
tially contaminated, regionally grown feed to cows, then
to milk, which is then ingested by humans. During 2018,
the ESER contractor collected 163 milk samples (includ-
ing duplicates and controls) at various locations off the
INL Site (Figure 6-1) and from commercially available
milk from outside the state of Idaho (the control). The
number and location of the dairies can vary from year
to year as farmers enter and leave the business. Milk
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samples were collected weekly from dairies in Idaho
Falls and Terreton, as well as monthly at other loca-
tions around the INL Site. The Blackfoot dairy is unique
because milk is collected from goats. Goat’s milk is of
particular interest because it may contain higher concen-
trations of radioiodine than that found in cow’s milk due
to the ability of the goat to transfer iodine from forage to
milk more efficiently than cows (IAEA 2010).

All milk samples were analyzed for gamma-emitting
radionuclides, including (*'T) and cesium-137 (**’Cs), as
well as for strontium-90 (*°Sr). During the second and
fourth quarters, samples from each of the seven loca-
tions, with the exception of Blackfoot, were analyzed for
%Sr and tritium during the fourth quarter. The family-run
goat dairy at that location did not have enough sample
for *°Sr analysis at that time.

lodine is an essential nutrient and is readily as-
similated by cows or goats that eat plants containing the
element. lodine-131 is of particular interest because it is
produced by nuclear reactors or weapons, is readily de-
tected, and, along with cesium-134 and *’Cs, can domi-
nate the ingestion dose regionally after a severe nuclear
event such as the Chernobyl accident (Kirchner 1994) or
the 2011 accident at Fukushima in Japan. The ingestion
of milk pathway is the main route of internal iodine-131
(3'T) exposure for people. Todine-131 has a short half-life
(eight days) and therefore does not persist in the environ-
ment. Past releases from experimental reactors at the INL
Site and fallout from atmospheric nuclear weapons tests
and Chernobyl are no longer present. Most of the 3T
released in 2018 was from the Materials and Fuels Com-
plex (approximately 88.8 mCi). None was detected in air
samples collected at or beyond the INL Site boundary
(see Chapter 3). lodine-131 was also not detected in any
milk sample collected during 2018.

Cesium-137 is chemically analogous to potassium in
the environment and behaves similarly by accumulating
in many types of tissue, most notably in muscle tissue.

It has a half-life of about 30 years and tends to persist in
soil. If in soluble form, it can readily enter the food chain
through plants. It is widely distributed throughout the
world from historic nuclear weapons detonations, which
occurred between 1945 and 1980, and has been detected
in all environmental media at the INL Site. Regional
sources include releases from INL Site facilities and
resuspension of previously contaminated soil particles.
Cesium-137 was not detected in any milk samples col-
lected in 2018.

Strontium-90 is an important radionuclide because
it behaves like calcium and can deposit in bones. Stron-
tium-90, like '¥’Cs, is produced in high yields from
nuclear reactors or detonations of nuclear weapons. It
has a half-life of 28 years and can persist in the environ-
ment. Strontium tends to form compounds that are more
soluble than *’Cs and is therefore comparatively mobile
in ecosystems. Strontium-90 was detected in three of
the 13 milk samples analyzed. It was not detected in the
two control samples from outside the state. Detectable
concentrations ranged from 0.14 + 0.05 pCi/L at Howe
to 0.21 £ 0.05 pCi/L at Blackfoot (Table 6-2). These
levels were consistent with levels reported by the U.S.
Environmental Protection Agency (EPA) as resulting
from worldwide fallout deposited on soil and taken up
by cows through ingestion of grass. Results from EPA
Region 10 (which includes Idaho) for a limited data set
of seven samples collected from 2007 through 2016,
ranged from 0 to 0.54 pCi/L (EPA 2017). In general, the
number of detections and concentrations of *°Sr have
steadily decreased since 2013. This is consistent with the
observation that **Sr concentrations in soil are decreasing
due to radioactive decay and other factors (see Section
6.3). The maximum concentration detected in the past
10 years was 2.37 = 0.29 pCi/L, measured at Fort Hall in
November 2013.

DOE has established Derived Concentration Stan-
dards (DCSs) (DOE 2011) for radionuclides in air and
water. A DCS is the concentration of a radionuclide in air
or water that would result in a dose of 100 mrem from
ingestion, inhalation, or immersion in a gaseous cloud
for one year. There are no established DCSs for food-
stuffs such as milk. For reference purposes, the DCS for
Sr in water is 1,100 pCi/L. Therefore, the maximum
observed value in milk samples (0.21 + 0.05 pCi/L) is
approximately 0.02% of the DCS for drinking water.

Tritium, with a half-life of about 12 years, is an
important radionuclide because it is a radioactive form
of hydrogen, which combines with oxygen to form tri-
tiated water. The environmental behavior of tritiated
water is like that of water, and can be present in surface
water, precipitation, and atmospheric moisture. Tritium
is formed by natural processes, as well as by reactor op-
eration and nuclear weapons testing. Tritium enters the
food chain through surface water that people and animals
drink, as well as from plants that contain water. Tritium
was detected in six of 14 milk samples analyzed (Table
6-2). Concentrations varied from -34 &+ 31 Ci/L in a sam-
ple from Howe in May to 171 £ 30 pCi/L in the Mini-



Environmental Monitoring Programs: Agricultural

Products, Wildlife, Soil and Direct Radiation

Table 6-2. Strontium and Tritium Concentrations® in Milk Samples Collected Off the INL Site in 2018.

Strontium-90 (pCi/L)

Location May 2018 November 2018
Blackfoot 021 £0.05 NS*
Dietrich 0.16 £0.05 0.05 +0.04
Howe 0.14 = 0.05 -0.06° £ 0.04
Idaho Falls 0.10=0.05 -0.03 £ 0.04
Minidoka 0.05£0.05 0.009 £ 0.04
Terreton 0.11 £0.04 -0.04 £0.04
AVERAGE 0.14 -0.01
Control (Colorado) 0.04 £0.05 -0.18+0.04

Tritium (pCi/L)

Location May 2018 November 2018
Blackfoot 164 + 30 42 +24
Dietrich 134 + 30 88 +25
Howe -34 £ 31 2024
Idaho Falls 151 =30 36 +24
Minidoka 171 £30 42 +24
Terreton 136 + 30 25+24
AVERAGE 105 42
Control (Colorado) 1233 3625

a. Results = 1o. Results greater than 36 uncertainty are considered statistically detected.
b. A negative result indicates that the measurement was less than the laboratory

background measurement.

¢. NS =no sample. The Blackfoot sample is collected from a small goat farm. There
was insufficient sample collected in November for radiochemical analysis.

doka sample in May. These concentrations are similar
to those of previous years and are consistent with those

found in atmospheric moisture and precipitation samples.

The DCS for tritium in water is 1,900,000 pCi/L. The
maximum observed value in milk samples is approxi-
mately 0.01% of the DCS.

6.1.4 Lettuce

Lettuce was sampled because radionuclides in air
can be deposited on soil and plants, which can then be
ingested by people (Figure 3-1). Uptake of radionuclides
by plants may occur through root uptake from soil and/
or absorption of deposited material on leaves. For most
radionuclides, uptake by foliage is the dominant process
for contamination of plants (Amaral et al. 1994). For
this reason, green, leafy vegetables, like lettuce, have
higher concentration ratios of radionuclides to soil than

other kinds of plants. The ESER contractor collects let-
tuce samples every year from areas on and adjacent to
the INL Site (Figure 6-1). The number and locations of
gardens have changed from year to year depending on
whether or not vegetables were available. Home gardens
have generally been replaced with portable lettuce plant-
ers (Figure 6-2) because the availability of lettuce from
home gardens was unreliable at some key locations.
Also, the planters can be placed and lettuce collected at
areas previously unavailable to the public, such as on
the INL Site and near air samplers. The planters can al-
low radionuclides deposited from air to accumulate on
the soil and plant surfaces throughout the growth cycle.
The planters are placed in the spring, filled with soil and
potting mix, sown with lettuce seed, and self-watered
through a reservoir.

6.5
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Figure 6-2. Portable Lettuce Planter.

Six lettuce samples were collected from portable
planters at Atomic City, the Experimental Field Sta-
tion (EFS), the Federal Aviation Administration Tower,
Howe, Idaho Falls, and Monteview. In 2018, soil from
the vicinity of the sampling locations was used in the
planters. This soil was amended with potting soil as a
gardener in the region would typically do when they
grow their lettuce. A duplicate sample was collected at
Idaho Falls. In addition to the portable samplers, a sam-
ple was obtained from a farm in Blackfoot and a control
sample was purchased at the grocery store from an out-
of-state location (Oregon).

The samples were analyzed for **Sr and gamma-
emitting radionuclides. Strontium-90 was detected (at
the 3s level) in the lettuce sample collected at EFS. Table
6-3 shows the average and range of all measurements
(including those below detection levels) from 2018. The
maximum *°Sr concentration of 154 + 24 pCi/kg, mea-
sured in the lettuce sample collected from EFS, is within
the range of concentrations detected in the past ten years.
It is lower than the 2015 maximum value (372 pCi/kg),
when the sample was grown in a portable lettuce sampler
using soil from the vicinity of the sampling location with
no added potting soil. These results were most likely
from fallout from past weapons testing and not INL Site
operations. Strontium-90 is present in the environment as
a residual of fallout from above-ground nuclear weapons
testing, which occurred between 1945 and 1980.

No other human-made radionuclides were detected
in any of the lettuce samples. Although '¥’Cs from nu-
clear weapons testing fallout is measureable in soils, the

ability of vegetation, such as lettuce, to incorporate cesi-
um from soil in plant tissue is much lower than for stron-
tium (Fuhrmann et al. 2003; Ng, Colsher, and Thompson
1982; Schulz 1965). In addition, the availability of *’Cs
to plants depends highly on soil properties, such as clay
content or alkalinity, which can act to bind the radionu-
clide (Schulz 1965). Soils in southeast Idaho tend to be
moderately to highly alkaline. Strontium, on the other
hand, tends to form compounds that are comparatively
soluble. These factors could help explain why *°Sr was
detected in lettuce and '*’Cs was not.

6.1.5 Grain

Grain (including wheat and barley) is sampled be-
cause it is a staple crop in the region. In 2018 the ESER
contractor collected grain samples at nine locations from
areas surrounding the INL Site (Figure 6-1), and an ad-
ditional duplicate sample was collected from Rupert.

A control sample was purchased from outside the state
of Idaho. The locations were selected because they are
typically farmed for grain and are encompassed by the
air surveillance network. Exact locations may change
as growers rotate their crops. No human-made radionu-
clides were found in any samples. Agricultural products
such as fruits and grains are naturally lower in radionu-
clides than green, leafy vegetables (Pinder et al. 1990).

6.1.6 Potatoes

Potatoes are collected because they are one of the
main crops grown in the region and are of special inter-
est to the public. Because potatoes are not exposed to
airborne contaminants, they are not typically considered
a key part of the ingestion pathway. Potatoes were col-
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Table 6-3. Cesium and Strontium Concentrations® in Lettuce Samples Collected On and Off the INL Site in 2018.

Strontium-90 (pCi/kg)
July 2018

Location

Atomic City
Blackfoot
EFS

FAA Tower
Howe

Idaho Falls
Monteview

333+194
543+208
154.0+23.5
447 +20.0
309+ 194
55.6+20
0.89+175

AVERAGE

20.0

Control (Clackamas OR)"

-37.6°x 149

Cesium-137 (pCi/kg)

Location

July 2018

Atomic City
Blackfoot
EFS

FAA Tower
Howe

Idaho Falls
Monteview

60.8 +£69.0

31,6848
322032
109.0 + 84.7
14.6 £90.7
57.8+822
82.7+£86.7

AVERAGE

151.0

Control (Clackamas OR)

-118.0 £ 86.5

a. Results + 1o. Results greater than 3¢ uncertainty are
considered statistically detected.

b. The control was collected at grocery store in August.

c. A negative result indicates that the measurement was less
than the laboratory background measurement.

lected by the ESER contractor at eight locations in the
vicinity of the INL Site (Figure 6-1) and obtained from
one location outside eastern Idaho. None of the ten pota-
to samples (including a duplicate) collected during 2018
contained a detectable concentration of any human-made
radionuclides. Potatoes, like grain, are generally less ef-
ficient at removing radioactive elements from soil than
leafy vegetables such as lettuce.

6.1.7 Alfalfa

In addition to analyzing milk, the ESER contrac-
tor began collecting data in 2010 on alfalfa consumed
by milk cows. A sample of alfalfa was collected in June
from locations in the Mud Lake/Terreton area, Howe,

and Idaho Falls. Mud Lake/Terreton is the agricultural
area where the highest potential offsite air concentration
was calculated using an air dispersion model (see Figure
7-6). (Note: The highest offsite air concentration used for
estimating doses was located south of the INL Site; how-
ever, there is no agriculture conducted at that location.)
The samples were analyzed for gamma-emitting radionu-
clides and *’Sr. No human-made, gamma-emitting radio-
nuclides were found, but *°Sr was detected in the sample
collected at Idaho Falls (135 = 24.8) pCi/kg, the highest
concentration measured since alfalfa collection began

in 2010. The concentrations found ranged from -36.7 to
135.0 pCi/kg. This is more similar to the range found in
lettuce, a leafy vegetable, than in wheat and potatoes.
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6.1.8 Big Game Animals

Muscle samples were collected by the ESER con-
tractor from two elk. Two thyroid samples were also ob-
tained. No liver samples could be collected. The muscle
samples were analyzed for '*’Cs because it is an analog
of potassium and is readily incorporated into muscle and
organ tissues. Thyroids are analyzed for "*'I because,
when assimilated by many animal species, it selectively
concentrates in the thyroid gland and is, thus, an excel-
lent bioindicator of atmospheric releases.

No P'T was detected in the thyroid samples. No *’Cs
or other human-made, gamma-emitting radionuclides
were found in any of the muscle sample.

6.1.9 Waterfowl

Waterfowl are collected each year by the ESER
contractor at ponds on the INL Site and at a location off
the INL Site. Four waterfowl collected from wastewater
ponds located at the Advanced Test Reactor (ATR) Com-

plex plus two control waterfowl collected from Roberts
were analyzed for gamma-emitting radionuclides, *°Sr,
and actinides (americium-241 [**' Am], plutonium-238
[2*®Pu], and plutonium-239/240 [>°?4Pu]). These radio-
nuclides were selected because they have historically
been measured in liquid effluents from some INL Site fa-
cilities. Each sample was divided into the following three
sub-samples: 1) edible tissue (muscle, gizzard, heart, and
liver), 2) external portion (feathers, feet, and head), and
3) all remaining tissue.

A total of four human-made radionuclides were de-
tected in edible, exterior, and remainder subsamples from
the ducks collected at the ATR Complex ponds. These
were cobalt-60 (°°Co), zinc-65 (°Zn), *°Sr, and *Cs. A
Green-winged Teal, collected from the sewage lagoons at
ATR Complex had three of these radionuclides in edible
tissue (Table 6-4). Cobalt-60 was also detected in the ed-
ible tissue of another Green-winged Teal collected at the
same location. The two Buffleheads had radionuclides

Table 6-4. Radionuclide concentrations Detected in Waterfowl Collected in 2018.

Location Species Portion Radionuclide Concentration
“Co 963 + 17
Edible 57n 2,120+ 119
YCs 579 +38
“Co 612 +36
: #8r 42 +4
. Exterior =
Green-winged Teal Zn 1330+ 92
o 264 £22
“Co 982 + 14
ATR Remaind 65Zn 3030 = 159
gc())rrlréilex emaindaer 9051‘ 326 + 10
s 453 +29
Edible “Co I 19+5 B
Exterior %Co 18+5
Green-winged Teal “Co 12948
Remainder 57n 169 +21
ey 15+8
Bufflehead Remainder Wy 16 +4
60,
Bufflehead Exterior 90C0 i
Sr 62+5
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in the exterior and remainder portions. No human-made
radionuclides were detected in the control ducks.

Because more human-made radionuclides were
found in ducks from the ATR Complex than other loca-
tions and at higher levels, it is assumed that the evapora-
tion pond associated with this facility is the source of
these radionuclides. The ducks were not taken directly
from the two-celled Hypalon™-lined radioactive waste-
water evaporation pond, but rather from an adjacent sew-
age lagoon. However, the ducks probably also spent time
at the evaporation pond. Concentrations of the detected
radionuclides in waterfowl collected at the ATR Com-
plex were for the most part lower than those collected in
2017, with the exception of ®Zn. Zinc-65 was detected
in only one duck collected in 2017 and at a much lower
concentration (190 + 29 pCi/kg). The hypothetical dose
to a hunter who eats a contaminated duck from the ATR
Complex ponds is estimated in Chapter 7.

6.9
6.1.10 Bats

Bat carcasses have been collected on the INL Site
since the summer of 2015. Bats are typically desiccated
when received and generally weigh about a few grams
each. The samples collected in 2017 and 2018 were
analyzed in 2018 for gamma-emitting radionuclides, for
specific alpha-emitting radionuclides (plutonium isotopes
and americium-241), and for *°Sr (a beta-emitting radio-
nuclide).

The bat carcasses were divided and composited by
area with the exception of the RWMC in 2018. Only one
bat was collected from that area and consequently the
detection level for the 2018 RWMC bat was higher than
for the composited samples. Before reporting, results
were converted from ashed weight concentrations to dry
weight concentrations.

The bat analysis results are summarized in Table
6-5. The following gamma-emitting radionuclides were
detected in at least one sample during 2017 and 2018:

Table 6-5. Radionuclide Concentrations Measured in Bats Collected in 2017 and 2018.

Bat Tissue Concentrations (pCi/g dry weight)

2017
Radionuclide Minimum* Maximum® Number of Detections®
2 Am ND* ND 0
B7Cs 0.13+0.02 70.8 +0.32 3
61;230 0.27 £ 0.03 110.0 +0.50 2
Eu 1.29+0.21 1.29+021 1
238py 0.012 + 0.004 0.018 + 0.003 3
2%9py 0.069 + 0.006 0.069 + 0.006 1
ASr 39.5+0.17 39.5+0.17 1
07n 0.88 + 0.68 0.88 +0.68 1
2018
Radionuclide Minimum Maximum Number of Detections
2 Am ND ND 0
B7Cs 1.87+0.15 193+0.44 2
“Co 12.1+0.32 96.7 + 0.94 3
238py ND ND 0
239py ND ND 0
2Sr 1.84 +0.08 26.9 +0.20 3
87n 5.34+0.35 31.0+1.10 2

a. Minimum detected concentration
b. Maximum detected concentration
c. Out of 4 composites analyzed

d. ND =not detected
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89Co, %Zn, *°Sr, and '*’Cs. Cesium-137 is fairly ubiqui-
tous in the environment because of fallout from historical
nuclear weapons tests. Strontium-90 is another fallout
radionuclide. Cobalt-60 and *Zn, which are fission prod-
ucts, may indicate that the bats visited radioactive efflu-
ent ponds on the INL Site, such as at the ATR-C ponds.
Europium-152 (*>Eu), a fission product, was detected

in one composite sample in 2017 and may also indicate
that bats use radioactive effluent ponds on the INL Site.
Plutonium-238 (***Pu) and plutonium-239/240 (***?4°Pu),
which are present in radioactive waste as well as in the
environment from past weapons testing, were detected
in some samples collected in 2017 but not in any sample
collected in 2018. The potential doses received by bats
are discussed in Chapter 7.

6.2 Soil Sampling

In the early 1970s, the DOE Radiological and En-
vironmental Sciences Laboratory (RESL) established
a routine program for collecting surface soils (0—5 and
5-10 cm deep) on and around the INL Site. At that time,
RESL established extensive onsite soil sampling grids
outside facilities. Offsite locations were also established
by RESL during this process to serve as background
sites. RESL analyzed all samples (onsite and offsite) for
gamma-emitting radionuclides with a subset onsite ana-
lyzed for *°Sr, 2! Am, and isotopes of plutonium. In addi-
tion, all soil from the surface component (0—5 cm) of the
offsite samples was analyzed for **Sr and alpha emitting-
radionuclides (**'Am and isotopes of plutonium).

Between 1970 and 1978, RESL extensively sampled
the onsite grids outside INL Site facilities and then re-
duced the onsite sampling frequency to a seven-year
rotation that ended in 1990 with sampling at the Test
Reactor Area (now known as the Advanced Test Reac-
tor Complex). Surface soils were sampled at distant and
boundary locations off the INL Site annually from 1970
to 1975, and the collection interval for offsite soils was
extended to every two years starting in 1978.

The INL contractor currently completes soil sam-
pling on a five-year rotation at the INL Site to evaluate
long term accumulation trends and to estimate environ-
mental radionuclide inventories. Data from previous
years of soil sampling and analysis on the INL Site show
slowly declining concentrations of short-lived radionu-
clides of human origin (e.g., *’Cs), with no evidence of
detectable concentrations depositing onto surface soil
from ongoing INL Site releases, as discussed in INL
(2016). Soil was not sampled by the INL contractor in
2018.

The ESER contractor collects soil samples in offsite
locations first established by RESL every two years (in
even-numbered years). Results to date indicate that the
source of detected radionuclides in soil is not from INL
Site operations and is most likely derived from world-
wide fallout activity (DOE-ID 2014b). Soil was sampled
by the ESER contractor in 2018.

6.2.1 Soil Sampling Design

The basis for the current INL contractor soil sam-
pling design is defined in the Data Quality Objectives
Supporting the Environmental Soil Monitoring Program
for the INL Site (INL 2016), which is discussed in the
2017 Annual Site Environmental Report. Soil was not
sampled by the INL contractor in 2018.

6.2.2 Offsite Soil Sampling Results

Above-ground nuclear weapons testing resulted in
many radionuclides being distributed throughout the
world via atmospheric deposition. Cesium-137, *°Sr,
8Py, 239240Py, and 2*' Am can be detected in soil because
of global fallout but could also be present from INL Site
operations. These radionuclides are of particular interest
because of their abundance resulting from nuclear fission
events (e.g., ¥’Cs and *°Sr) or from their persistence in
the environment due to long half-lives (e.g.,”*Pu 24Py,
and ' Am). Soil samples are collected by the ESER
contractor in the region outside the INL Site (Figure 6-3)
every two years (in even-numbered years). Results to
date indicate that the source of these radionuclides is not
from INL Site operations and is most likely derived from
worldwide fallout activity (DOE-ID 2014b).

Soil was sampled by the ESER contractor in 2018.
Soil sampling locations are shown in Figure 6-3. Surface
soil samples (0 - 5 cm) were analyzed for gamma-emit-
ting radionuclides, *°Sr, **' Am, and plutonium isotopes.
Subsurface soil samples (collected from 5-10 cm) were
analyzed for gamma-emitting radionuclides (**’Cs) to
confirm that the fallout radionuclide inventory remains
primarily in the top 5-cm layer of the soil profile. This
verifies that the majority of radionuclide activity can be
determined by sampling down to the first five centime-
ters of soil.

Cesium-137 was above the detection limit in all the
samples collected. Results for this radionuclide from
1978 to 2018 are presented in Figure 6-4. Above-ground
nuclear weapons testing has been extremely limited since
1975, and no tests have occurred since 1980, so no *’Cs
have been deposited on soil from sources outside the INL
Site in that time. It would be expected that the concentra-
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Figure 6-3. Soil Sampling Locations (2018).

tions would decrease over time from the levels measured
in 1978 at a rate consistent with their approximate 30-
year half-life, unless the INL Site was having an impact.
Figure 6-4 shows that '*’Cs follows the expected decay
line closely.

Strontium-90, another fallout radionuclide, was
detected above 3s in one surface soil sample and above
2s in three other samples at levels within historical mea-
surements. Current results are typically below detection
levels and it is thus apparent that *°Sr is becoming more
undetectable in surface soil. Mean annual (geometric)
concentrations of *°Sr in surface over time appear to
decrease at a rate which exceeds that projected for radio-
active decay (Figure 6-5). Strontium-90 is more mobile
than *’Cs in alkaline soils and the accelerated decrease

may be due to other processes in the soil, such as move-
ment into lower depths or uptake by plants. No accumu-
lation of either '*’Cs or *°Sr on surface soil is indicated as
a result of operations at the INL Site.

Transuranic radionuclides (including isotopes of
plutonium) are present in our environment as a result of
global fallout from above-ground nuclear weapon tests.
Until 1979 the integrated deposition in the north temper-
ate zone (40-50° latitude) was estimated for **Pu (1.5
Bg/m? [0.04 nCi/m?]); #*24Pu (58 Bg/m? [1.6 nCi/m?]);
24Py (730 Bq/m? [19.73 nCi/m?]) and > Am (25 Bq/m?
[0.68 nCi/m?]) (Bunzl, Henrichs and Kracke 1987). Mea-
surements of 2**Pu, 2%?*'Py, and >*' Am made by the DOE
RESL during the same period are shown in Table 6-6.
The estimated fallout lies within the 95% confidence in-
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Figure 6-4. Mean (Geometric) Areal Activities of ’Cs in Surface (0-5 cm [0-2.5 in.]) Soils Off the INL Site (1978-
2018). Decay-corrected values assume an initial mean areal activity measured in 1978 and a half-life of 30.17 years.
The decreasing trend in the mean activity in soil samples was determined to be exponential (r’=0.79).

tervals reported for 2**Pu (both years) and #*?4Pu (1978).
The concentrations of ) Am measured in surface soils

in 1978 and 1980 are about half of the fallout concentra-
tions estimated for 1979.

Based on the estimated fallout presented in Table
6-6, 2%Pu would not be expected to be detected very
often in the environment. Not surprisingly, no particular
trend in 2**Pu has been observed over time by the ESER
program because it is infrequently detected (about 10%
of the time since 2008). In addition, the half-life of 2**Pu
is 87.7 years so about 25% of the original activity has
decayed since 1978. Plutonium-238 was detected above
3s in only one ESER sample (9.49 + 2.74 pCi/kg or 0.61
nCi/m?) collected at Mud Lake South.

Plutonium-239 and -240 have long half-lives (24,100
years and 6,561 years, respectively) and thus these fall-
out radionuclides persist in the environment. Six of the
13 samples analyzed in 2018 had detectable concentra-
tions (greater than 3s) of 2*?*°Pu. The highest result

(46.40 = 7.50 pCi/kg or 1.54 nCi/m?) is slightly higher
than would be expected from estimated fallout (1.16 nCi/
m?), as shown in Table 6-6, but well within historical
measurements (Figure 6-6).

No statistical trend is discernible, most likely be-
cause of several factors. These include:

* heterogeneous nature of soils (variation of particle
size and soil chemistry) and consequently of
radionuclide concentrations across the area sampled

* nonuniform redistribution of contaminated soil
via deposition and resuspension resulting from
differences in wind, vegetation cover and topography

» use of multiple laboratories, which have different
procedures and detection limits, over the past four
decades

» small subsample analyzed. Radiochemical analyses
of soil samples involve the consumption of a small
subsample (typically only 5 g) which represents
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Figure 6-5. Mean (Geometric) Areal Activities of *’Sr in Surface (05 cm [0-2.5 in.]) Soils Off the INL Site (1978—
2018). All results above zero were included in the calculation of the geometric mean. Decay-corrected values assume an
initial mean areal activity measured in 1978 and a half-life of 28.8 years. The decreasing trend in the mean activity in
soil samples was determined to be a second order polynomial (1*=0.85).

about 0.25% of the original sample weight. Although
the sample is dried and sieved (< 35 mesh or 0.5
mm), the subsample is not homogeneous and not
necessarily representative of the entire sample
collected. [Note: Gamma analyses, on the other
hand, can be performed on a much large sample size

(~500 g)].

No particular trend is indicated in the graph of
29240Py concentrations over time in Figure 6-6. This is
consistent with the long half-life of the radionuclide, but
the graph also does not indicate any accumulation over
time.

Americium-241 is not produced directly in nuclear
explosions but is the decay product of the fallout alpha-
emitter *'Pu (half-life 14.4 y). For this reason, the >! Am
activity in the environment is expected to increase as
241Pu decays. Americium-241 was detected (>306) in only
three of the 13 samples collected in 2018. The highest re-
sult (34.10 £ 8.61 pCi/kg or 2.25 nCi/m?), collected from

Mud Lake North, is about 93% higher than expected
from that projected from estimated fallout (Figure 6-7).
Soil concentrations in samples collected by ESER appear
to show an increasing trend with time, although no statis-
tically significant trend was evident.

6.2.3 Onsite Soil Sampling Results

Onsite soils were not collected in 2018.

6.3 Direct Radiation
6.3.1 Sampling Design

Thermoluminescent dosimeters (TLDs) were his-
torically used to measure cumulative exposures in air
(in milliRoentgen or mR) to ambient ionizing radiation.
The TLD packets contain four lithium fluoride chips
and were placed approximately 1 m (about 3 ft) above
the ground at specified locations. Beginning with the
May 2010 distribution of dosimeters, the INL contractor
began collocating optically stimulated luminescent do-
simeters (OSLDs) with TLDs. The primary advantage of
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Table 6-6. Radionuclides in Offsite Surface Soils* (1978 and 1980).

Estimated

Geomeftric Average” Detection Limit Fallout (1979)°

Radionuclide Year pCi/kg nCi/m? pCi/kg nCi/m? (nCi/m?)
Pu-238 1978 1.0 x/+~1.9 0.06 x/~1.9 2 0.2

1980 0.7%x/+~13 0.05x/~1.3 2 0.2 004
Pu-239/240 1978 18.0x/+1.4 1.09 x/+~1.7 4 0.3 157

1980 10.0x/~1.7 0.63 x/~1.3 4 0.3
Am-241 1978 62 x/+~14 0.38 x/~ 1.3 4 0.3 0.68

1980 3.0x/~+13 0.20 x/~ 1.4 4 0.3

a. Ten soil samples collected each year to a depth of 5 cm.

b. Geometric average x/+ 2 standard geometric deviations of the mean. This represents the 95% confidence
interval for the mean (DOE-ID 1981).

c. From Bunzl et al. 1987.

2.0

e Pu-239/240 == == Decay-corrected value Estmated fallout

O JEE  JEE JC  J gRR

138

16

12

1

o

0.

Areal activity (nCi/m?)

0.

[=)]

0.

B

0.

ha

0.

o

Figure 6-6. Mean (Geometric) areal activities of 22*?*°Pu in surface (05 cm [0-2.5 in.]) soils off the INL Site
(1978-2018). All results above zero were included in the calculation of the geometric mean. No statistically significant

trend in the mean activity in soil samples could be determined. The fallout concentration was estimated from Bunzl et al.
1987.
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Figure 6-7. Mean (Geometric) Areal Activities of *!Am in Surface (0—5 cm [0-2.5 in.]) Soils Off the INL Site
(1978-2018). The projected fallout concentrations assumes the initial fallout areal concentration reported in Bunzl et
al (1987) plus the decay of **'Pu to ** Am. Results above zero were included in the calculation of the geometric mean.

Decay-corrected values assume an initial mean areal activity measured in 1978 and a half-life of 432.2 years for **'Am
and 14.4 years for ** Pu. No statistically significant trend in the mean activity in soil samples could be determined.

the OSLD technology over the traditional TLD is that the
nondestructive reading of the OSLD allows for dose ver-
ification (i.e., the dosimeter can be read multiple times
without destruction of the accumulated signal inside the
aluminum oxide chips). TLDs, on the other hand, are
heated, and once the energy is released, they cannot be
reread. The last set of INL contractor TLD results were
from November 2012. The ESER contractor began the
use of OSLDs in November 2011 in addition to TLDs.

ESER TLDs were analyzed by the Idaho Cleanup
Project contractor through 2015, after which they no
longer performed that task. In 2017, the Idaho State Uni-
versity Environmental Assessment Laboratory (EAL)
assumed responsibility for the ESER TLD monitoring ef-
fort with the transfer of the TLD analytical equipment to

the ISU radiological science laboratory. The EAL spent
2017 bringing the TLD reader into service, including ac-
quiring and installing software to operate the reader. The
reader was calibrated using known exposures of TLDs ir-
radiated by the DOE Radiological and Sciences Labora-
tory. In 2018, the ESER contractor TLDs were collected
and read by EAL.

Dosimeter locations are shown in Figure 6-8. The
sampling periods for 2018 were from November 2017—
April 2018 and May 2018—October 2018.

Dosimeters on the INL Site are placed at facility pe-
rimeters, concentrated in areas likely to detect the highest
gamma radiation readings. Other dosimeters on the INL
Site are located near radioactive materials storage areas
and along roads.
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6.3.2 Methods

TLDs are deployed in the field in May and then re-
placed in November. The dosimeters are sent to the EAL
for analysis.

OSLDs are also placed in the field for six months
at the same locations as the TLDs, and then returned to
the manufacturer for analysis. Transit control dosimeters
are shipped with the field dosimeters to measure any
dose received during shipment. Background radiation
levels are highly variable; therefore, historical informa-
tion establishes localized regional trends in order to
identify variances. It is anticipated that five percent of
the measurements will exceed the background dose. If a
single measurement is greater than the background dose,
it does not necessarily qualify that there is an unusually
high amount of radiation in the area. When a measure-
ment exceeds the background dose, the measurement
is compared to other values in the area and to historical
data to determine if the results may require further action
as described in Data Quality Objectives Supporting the
Environmental Direct Radiation Monitoring Program for
the Idaho National Laboratory (INL 2015). The method
for computing the background value as the upper toler-
ance limit (UTL) is described by EPA (2009) and EPA
(2013). The ProUCL software has been used to compute
UTLs, given all available data in the area, since 2007
(EPA 2013).

6.3.3 Results

The ESER and INL contractor OSLD data measured
at common locations around the INL Site in 2018 are
shown in Table 6-7. Using OSLD data collected by both
the ESER and INL contractors, the mean annual ambient
dose was estimated at 125 mrem (1250 uSv) for bound-
ary and 124 mrem (1,240 uSv) for distant locations. The
mean annual ambient dose for all locations combined is
124 mrem (1,240 uSv).

The 2018 direct radiation results and locations col-
lected by the INL contractor at sitewide and regional
locations are provided in Appendix D. Results are re-
ported in gross units of ambient dose equivalent (mrem),
rounded to the nearest mrem. The 2018 reported values
for field locations were primarily below the historic
background six-month UTL. Table 6-8 shows the loca-
tions that exceeded the specific six-month UTL. Neutron
monitoring is conducted around buildings in Idaho Falls
with sources that may emit or generate neutron radia-
tion. In Idaho Falls, these buildings include the IF-675
PINS Laboratory, the IF-670 Bonneville County Tech-

nology Center, and the IF-638 Physics Laboratory. Neu-
tron dosimeters are also placed at INL Research Center
along the south perimeter fence and at the Idaho Falls
background location (O-10). The background level for
neutron dose is zero and the current dosimeters have a
detection limit of 10 mrem. The INL contractor follows
the recommendations of the manufacturer to prevent
environmental damage to the neutron dosimetry by wrap-
ping each in aluminum foil. To keep the foil intact, the
dosimeter is inserted into an ultraviolet protective cloth
pouch when deployed. Any neutron dose measured is
considered present due to sources inside the building. All
neutron dosimeters collected in 2018 were reported as
“M” (dose equivalents below the minimum measurable
quantity of 10 mrem).

The 2018 ESER TLD data are shown in Figure 6-9.
The TLD results demonstrate a strong linear relationship
(r*=0.91) with the 2018 ESER OSLD results, indicating
a good correlation (Figure 6-9). The two dosimetry sys-
tems do not measure the same radiological quantity. The
TLD system is calibrated to measure the quantity, expo-
sure, expressed in units of Roentgen. The OSLD system
is calibrated to measur