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Executive Summary

This report documents the results of the 2016 environmental sampling effort conducted by the
U.S. Department of Energy (DOE) Office of Legacy Management (LM) at the Amchitka,
Alaska, Site, where three underground nuclear tests were conducted between 1965 and 1971.
Located in the Aleutian Islands between the Bering Sea and the North Pacific Ocean, the
Amchitka site is the most remote of DOE’s LM sites requiring long-term stewardship. Although
Amchitka Island is currently uninhabited, the surrounding marine environment is ecologically
rich and fished both commercially and for subsistence purposes by people (known as Aleut)
living on neighboring islands. Nearly 50 years have passed since the last Amchitka test; in that
time, numerous hydrological, geophysical, and biological investigations have been conducted by
DOE, its predecessor agencies, stakeholders, and other organizations. These investigations were
designed to address two primary questions. First, has there been any release of anthropogenic
radionuclides into the marine environment as a result of the former underground detonations?
Second, is subsistence- and commercial-catch seafood potentially harvested from the region safe
to eat with respect to radionuclides?

Except for tritium detected in surface water shortly after one of the tests, results of these
combined investigations, including the most recent environmental sampling event documented
herein, provide no evidence that test-related radionuclides have migrated from the detonation
zones to the freshwater or marine environments on or around Amchitka Island. Hydrologic
modeling predicted that radionuclide arrival to the seafloor would not occur for at least

2200 years, the simulation time frame used in the groundwater model. Even if the model
predicted much shorter arrival times (e.g., as early as the present time), conclusive evidence of
contaminant migration would be difficult to establish because of factors such as dilution, mixing,
and the input of radionuclides from other sources. Conclusive evidence of the safety of the
surrounding food resource can be established, however. Consistent with the findings of previous
environmental monitoring and risk evaluations, cesium-137 (*3’Cs), plutonium-239 (>**Pu), and
plutonium-240 (**°Pu) levels measured in biota samples collected in 2016 near Amchitka are
below both site-specific risk-based consumption levels and established international food safety
guidelines.

Site Description and History

Amchitka Island, near the western end of the Aleutian Islands, is approximately 1340 miles
west-southwest of Anchorage, Alaska. The island is part of the Aleutian Island Unit of the
Alaska Maritime National Wildlife Refuge, which is administered by the U.S. Fish and Wildlife
Service (USFWS). Since World War II, Amchitka has been used by several U.S. government
agencies for various military and research activities. From 1943 to 1950, it was used as a forward
air base for the U.S. Armed Forces. In the 1960s and early 1970s (between 1965 and 1971),

the U.S. Department of Defense and the U.S. Atomic Energy Commission conducted three
underground nuclear tests on Amchitka Island. The first test, Long Shot, was conducted in 1965
to provide data that would improve the United States’ capability of detecting underground
nuclear explosions. The second, Milrow, was conducted in 1969 as a means to study the
feasibility of detonating a larger device. Cannikin, the third nuclear test on the island and

the largest underground nuclear test conducted in the United States, was detonated on
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November 6, 1971. During the late 1980s and early 1990s, the U.S. Navy constructed and
operated a radar station on the island.

Previous Environmental Studies

Of the numerous studies conducted by DOE and other agencies and investigators since 1970,
none have identified any risk to human health and the environment, nor (except for tritium
measurements shortly after the Long Shot test) was there evidence of contaminant migration
after the former underground tests were conducted. In 2004, the Consortium for Risk Evaluation
and Stakeholder Participation II (CRESP) undertook a major biological and geophysical study of
the shore and marine environment at and around Amchitka, as well as at a nearby reference
island (background site), Kiska. CRESP’s investigation concluded that levels of anthropogenic
radionuclides detected in the marine environment were below human and ecological risk
concerns. CRESP also found no geophysical or biological evidence of radionuclide migration
from the Amchitka test shots. In 2006, the Desert Research Institute (DRI) updated their previous
(2002) groundwater flow and transport model to incorporate the new magnetotelluric and
bathymetric survey data collected by CRESP. Although some contaminant migration is expected
eventually, for all three test sites—Long Shot, Milrow, and Cannikin—DRI’s second model
predicted that it would take thousands of years for radionuclides to reach the seafloor. Related
assumptions allowed for radionuclide decay and retardation processes that would limit
contaminant concentrations of the few mobile radionuclides. The results of these studies were
drawn upon heavily in DOE’s establishment of data quality objectives (DQOs) for later
monitoring efforts: the first undertaken in 2011 and the second being the 2016 environmental
sampling effort, the subject of this report.

DOE 2011 Investigation

As a follow-up to the 2004 CRESP evaluation, DOE, in collaboration with the Alaska
Department of Environmental Conservation, USFWS, Aleutian Pribilof Islands Association Inc.,
University of Alaska-Fairbanks, and Argonne National Laboratory, undertook an extensive
sampling of marine and terrestrial biota in June 2011. A purpose of the monitoring was to
develop a baseline of activity concentrations for selected radionuclides in biota, water, and soil
on Amchitka Island. A similar sampling event was conducted at Adak Island, approximately
200 miles east of Amchitka, used as the background or reference area unaffected by the
underground nuclear tests. The scope of the effort included sampling a wide variety of species
representing different trophic levels and analyzing tissue samples for '*’Cs, 2*°Pu, *°Pu, and
other potential test-related radionuclides common to those evaluated by CRESP in 2004. In
addition to sampling of biota, seawater samples collected off coastline transects (focusing on
Cannikin) were analyzed for tritium. The major focus of the 2011 investigation and report was to
evaluate food safety. This was done by collecting the data necessary (biologic sampling),
evaluating food consumption survey data, and developing a risk assessment addressing five
different diet scenarios assuming subsistence diets.

Based on the 2011 data collected for Amchitka and the subsequent risk assessment, subsistence-
and commercial-catch seafood was determined to be safe for human consumption, consistent
with CRESP’s previous findings. For most diet scenarios, corresponding risk estimates,
calculated assuming life-long consumption of subsistence seafood, were below 1 x 107

(1 in 100,000), the level considered safe by the State of Alaska Department of Environmental
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Conservation (ADEC). Also, based on the radionuclide levels measured in biota and seawater
samples and statistical comparisons with the background site sample results, no indication of
contaminant migration from the detonation zones to the marine environment was found. A factor
considered in the interpretation of these and later (2016) sampling results, as well as
corresponding analytical scopes, was the Fukushima nuclear accident. On March 11, 2011,
about three months before LM’s first biological sampling event, a 9.1 magnitude earthquake and
subsequent massive tsunami struck the island of Japan, severely damaging several reactors at the
Fukushima Daiichi Nuclear Power Plant. This nuclear accident caused the release of radioactive
materials into the atmosphere and the coastal marine environment. The radioactivity releases into
the Northwest Pacific Ocean were unprecedented and, given the magnitude of the Fukushima
137Cs input, ultimately complicated LM’s interpretations of the 2011 and 2016 Amchitka
sampling program analytical results.

2016 Environmental Sampling Event

In collaboration with the Amchitka Working Group and developed using an iterative strategic
planning process, four biological species were selected for analysis in 2016: rockweed

(Fucus distichus, representing sessile primary producer species) and four resident fish

species: rockfish (Sebastes multiple species [spp.]), greenling (Hexagrammos spp.), Irish lord
(Hemilepidotus spp.), and Dolly Varden (Salvelinus malma). Consistent with the 2011 sampling,
Adak was again used as the reference island in 2016. The species sampled were identified based
on diet information representing some of the subsistence- and commercial-catch seafood in the
western Aleutian Islands. Biological sampling began May 12, 2016, and continued through

May 23, 2016. Biota samples were analyzed for '*’Cs, cesium-134 (!3Cs; to help identify a
Fukushima signature), 2**Pu, and 2*°Pu. One of the DQOs established in the sampling plan was to
use lower detection limits than those used in 2011. Although this objective was achieved for
biota samples (laboratory analyses took over 2 years to complete), it also complicated the
interpretation of between-year trends for some radionuclides, in particular **Pu.

As a continuation of the abiotic sampling conducted in 2011, seawater samples were collected
from 40 locations off the coast of Long Shot (the focus of the 2016 sampling effort) and from
several locations at remaining study transects (Milrow, Cannikin, and the reference site). Limited
freshwater sampling was also conducted. Overall, a total of 168 biological samples and

50 seawater samples were collected. Seawater and freshwater samples were analyzed for tritium,
137Cs, and '**Cs in accordance with the sampling plan. Analysis for iodine-129 was also added
for a few seawater samples.

Summary of 2016 Environmental Sampling Results

In establishing the DQOs for the 2016 sampling effort, a major focus was on comparing the 2016
results with corresponding results from 2011. Because the 2011 investigation indicated that
seafood was safe to eat based on the radionuclide levels measured at that time, if 2016 results
were equivalent to or lower than those levels, then previous conclusions regarding food safety
and the lack of evidence of contaminant migration would be maintained.

Biota Sampling Results

o  For all species, the mean '3’Cs content measured in biota samples from Amchitka in 2016—
0.6 picocuries per kilogram (pCi/kg) for rockweed and 1.8-2.8 pCi/kg for marine fish—was
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lower than corresponding 2011 results. A possible explanation for these findings is the
difference in analytical methods—beta spectrometry in 2011 and higher-resolution gamma
spectrometry in 2016. Another possible explanation is the more prominent Fukushima
signature in 2011, as indicated by '**Cs beta interferences identified in the 2011 biota
samples. For these reasons, between-year statistical comparisons were not determined.
Mean '3’Cs levels measured in biota samples from Amchitka in 2016 were also lower than
those measured in samples collected from Adak, which served as the background location.
However, no statistically significant interisland differences were found for the fish species
sampled; that is, Amchitka results were similar to those from Adak.

«  Given the greater laboratory sensitivity achieved in 2016, 2*Pu was measured in the
majority of fish and algal samples from Amchitka in 2016 and overall about half of those
from Adak, albeit mostly at or near the detection limits of the instrument. This was not the
case in 2011, when 2**Pu was measured in only a small subset of biota samples. For all
species, mean 2>°Pu levels were lower in 2016 than in 2011 (the 2011 mean levels were
estimated by substituting nondetects with detection limit values). The between-year
differences likely are an artifact of the change in measurement sensitivity between the
two years rather than a true decrease in concentration.

o Based on 2016 results, statistically significant interisland differences in detection frequency
or 2*’Pu activity concentrations were found for all resident marine fish species. Both
measures (>*°Pu detection frequencies and tissue concentrations) were higher in samples
from Amchitka relative to Adak. However, these differences are not considered biologically
significant because 23°Pu levels measured in marine fish (0.003-0.028 pCi/kg) were about
2-3 orders of magnitude lower than corresponding risk-based levels (risk estimates were
less than 1 x 107%).

e Based on initial reporting by the laboratory in 2018, only four samples contained detectable
levels of 2*°Pu (results were < 0.1 pCi/kg). Although passing quality assurance requirements,
these results were later determined to be anomalous and therefore not considered as
quantitative. Despite these reported anomalies, 2*’Pu levels of < 0.1 pCi/kg are at least
two orders of magnitude below corresponding conservative risk-based levels.

« Ofthe 167 biota samples analyzed for cesium, no reportable **Cs was detected in fish or
algae samples except for three Dolly Varden (two from Adak) and a single rockfish sample,
also collected from Adak. As '3*Cs has a half-life of only 2 years, these results likely
indicate a Fukushima-derived contaminant signature.

In summary, the 2016 biota sampling results continue to demonstrate that seafood harvested
near Amchitka Island is safe for consumption. Risk estimates calculated assuming life-long
consumption of subsistence seafood, and maximum concentrations measured in 2016 biota
samples, were 1 x 1078 and 3 x 107 for Amchitka and Adak, respectively. These levels are
consistent with those derived based on 2011 results and are lower than the 1 x 107 risk level
used by the State of Alaska as a benchmark for acceptable risk. Cesium-137 is the primary
contributor to the total risk, a portion of which likely reflects a Fukushima signature.
Additionally, there is no indication of contaminant migration from the detonation zones based on
the criteria defined in the sampling plan but, as acknowledged at the outset, such determinations
are difficult because of dilution, mixing, and other sources of anthropogenic radionuclides.
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Seawater Sampling Results

Tritium levels measured in Amchitka seawater samples in 2016 ranged from 1.1-2.5 picocuries
per liter (pCi/L); the mean concentration was 1.5 pCi/L. These levels are comparable to those
measured in 2011 (1.2-2.2 pCi/L), as well as those measured in samples from Adak.

Tritium activities measured in 2016 were also below the 5.4 pCi/L trigger level established by
the Amchitka Working Group. The 5.4 pCi/L guideline was derived after considering reported
ranges of both pre- (1.3—1.9 pCi/L) and post-Fukushima (1.35-5.4 pCi/L) background (global
fallout) levels measured in the North Pacific Ocean.

Given the low tritium levels relative to these ranges and similar activity concentrations at Adak
and Amchitka, there continues to be no evidence that test-related radionuclides have migrated to
the marine environment.

Cesium-137 was detected in all seawater and freshwater samples but at low levels:

0.033-0.068 pCi/L in samples from Amchitka and 0.048—0.050 pCi/L in those from Adak. All
results are well below the 0.216 pCi/L criterion established in the sampling plan as a trigger level
for further action. No reportable levels of '**Cs were measured in 2016 water samples.

Summary and Conclusions

In summary, previous conclusions regarding food safety are maintained given that 2016 results
are less than 2011 results. Corresponding risk estimates, calculated assuming life-long
consumption of subsistence seafood and maximum radionuclide concentrations measured in
biota, were below 1 x 107> (1 in 100,000), the level considered safe by ADEC. Radionuclide
levels measured in biota samples collected in the marine environment around Amchitka are also
well below international food safety guidelines. As such, based on sampling results to date,
seafood harvested from the marine environment surrounding Amchitka remains safe for human
consumption. Tritium concentrations measured in seawater samples are well within both pre- and
post-Fukushima background ranges; most results were well below the 5.4 pCi/L trigger
established by the Amchitka Working Group. Questions to consider in the future relate to how
biota and seawater should be monitored over time to best meet long-term objectives, in particular
the continued evaluation of food safety.
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1.0 Introduction

This report documents the results of the 2016 environmental sampling effort conducted by the
U.S. Department of Energy (DOE) Office of Legacy Management (LM) at the Amchitka,
Alaska, Site, where three underground nuclear tests were conducted between 1965 and 1971
(Figure 1). This sampling event was the second major endeavor of this nature undertaken by
DOE since LM assumed responsibility for long-term surveillance activities on October 1, 2006.
The Long-Term Surveillance and Maintenance (LTS&M) Plan, first issued in 2008 (DOE 2008),
described the overall objectives of the site environmental monitoring program, including the
scope of LM’s first environmental sampling event conducted in 2011. The most recent
Long-Term Surveillance Plan (LTSP) (DOE 2014a) describes how LM plans to conduct its
mission to protect human health and the environment at the site, including seismic surveillance,
inspections, environmental monitoring, and maintaining open communication with stakeholders.

Located in the western portion of the Aleutian Islands between the Bering Sea and the Pacific
Ocean, the Amchitka site is the most remote of DOE’s LM sites requiring long-term stewardship.
Amchitka Island, approximately 1340 miles west-southwest of Anchorage, Alaska, is part of the
Aleutian Islands Unit of the Alaska Maritime National Wildlife Refuge, which is administered
by the U.S. Fish and Wildlife Service (USFWS). Although Amchitka Island is uninhabited and
has been for well over a century, the surrounding marine environment is biologically rich and
fished both commercially and for subsistence purposes by persons (known as Aleut) living on
neighboring islands.

Between 1965 and 1971, the U.S. Department of Defense (DOD) and the U.S. Atomic Energy
Commission (AEC) conducted three underground nuclear tests on the island: (1) Long Shot,
detonated on October 29, 1965; (2) Milrow, detonated on October 2, 1969; and (3) Cannikin, the
largest underground nuclear test conducted in the United States, detonated on November 6, 1971.
These underground nuclear tests were the catalysts for numerous hydrological, geophysical, and
biological investigations conducted by DOE, its predecessor agencies, stakeholders, and other
organizations. To date, apart from elevated near-surface tritium activity concentrations measured
shortly after the Long Shot test, results of these combined studies provide no evidence that
migration of test-related radionuclides from the detonation zones has occurred.

Following up on earlier investigations and in accordance with the LTS&M Plan (DOE 2008),
LM conducted a major environmental sampling in June 2011. This study entailed analysis of
radionuclide content in samples from 14 biological species (algae, invertebrates, and fish) and
analysis of tritium in seawater and freshwater samples. Samples were collected from the

three Amchitka test shot locations (Cannikin, Long Shot, and Milrow) and at a background

or reference site, Adak Island, about 200 miles to the east (Figure 1). Consistent with previous
investigations, results of the 2011 environmental sampling did not identify test-related
radionuclide seepage into the terrestrial or marine environments. Results of the associated risk
assessment, a major focus of the 2011 effort, confirmed that subsistence- and commercial-catch
seafood harvested from the region is safe for human consumption.

To follow up on that investigation, and in accordance with the LTSP requiring that site
inspections and environmental monitoring be conducted every 5 years, DOE conducted the
second environmental sampling event in May—June 2016. The results of that effort are
documented herein.
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LM developed the specific objectives of the 2016 environmental sampling event in
collaboration with a group of stakeholders representing the federal government, the State of
Alaska, the University of Alaska, and the Aleutian Pribilof Island Association Inc. (APIA),
collectively referred to as the Amchitka Working Group (AWG). As described in the following
sections, a specific project goal for the 2016 environmental sampling event was to update
previous assessments of food safety. This would be achieved largely by comparing the 2016
sampling results with 2011 sampling results, which indicated no evidence of test-related
contaminant migration and no risk to human health from consumption of subsistence- and
commercial-catch seafood.

1.1 Sampling and Data Quality Objectives

As part of LM’s long-term stewardship and monitoring for the Amchitka site, the 2016
environmental sampling effort included a biomonitoring component (collection and analysis of
algae and fish tissue) and seawater and freshwater sampling to address the objective of
identifying potential migration of test-related radionuclides from the detonation zones.

Between 2014 and early 2016, LM met several times with AWG to plan the 2016 sampling
event. These collaborations culminated in the development of the 2016 Environmental Sampling
Plan (DOE 2016a), which determined the species, media, and radionuclides for assessment;
corresponding sample locations and numbers; and which analytical techniques might be best
suited to reduce uncertainties in the analysis. An overarching goal was to select laboratory
analytical methods with sufficiently low detection sensitivity to measure the baseline activities of
radionuclides in sampled biota and seawater. Meeting this objective would improve assessments
of food safety, potentially fill information gaps stemming from previous nondetect results, and
support future statistical trend analyses.

Following up on previous work, consideration was also given to the possible complexities in
interpreting background activity concentrations of target radionuclides due to releases from the
Fukushima Daiichi facility nuclear accident to the atmosphere and marine environment that
occurred in March 2011. The accident resulted from a 9.1 magnitude earthquake and subsequent
tsunami that occurred just 3 months before the June 2011 environmental sampling event.
Subsequent radioactivity releases into the Northwest Pacific Ocean were unprecedented and
ultimately complicated LM’s interpretations of the 2011 and 2016 radiocesium analytical results.

Before outlining specific data quality objectives (DQOs) developed for sampling of biotic and
abiotic compartments, some clarification of the terminology used in the 2016 sampling plan is
warranted, in particular the language used to frame the DQOs. Many of the DQOs focused on
identifying “leakage”—that is, the potential for contaminant migration from the detonation zone,
where the detonation zone includes the former cavity, the collapse chimney, and surrounding
fractures created by the detonation. The term has been used often in reporting results of early site
investigations (e.g., Dasher et al. 2002) and more recently in establishing the DQOs for the

2016 sampling event (DOE 2016a). However, radionuclide levels in seawater and biota
potentially indicating “leakage” have never been estimated or established, in part because of the
uncertainties associated with groundwater flow and radionuclide transport processes. These
uncertainties are compounded by other factors such as dilution and mixing due to ocean currents
and the input of anthropogenic radionuclides from other sources (e.g., the 2011 Fukushima
nuclear accident). Because of these complex environmental processes, and the uncertainties
inherent in their characterization, conclusive evidence of test-related leakage would be difficult
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to detect or identify. Migration of radionuclides from the detonation zones might be suspected if
contaminant levels were significantly greater than levels attributed to global fallout (background)
or if an unexpected assemblage of radionuclides were detected.! Such anomalies in results would
trigger further evaluation and potentially additional sampling. However, even then, attribution of
those results to the former underground tests would be inconclusive. Given other radionuclide
sources in the North Pacific and the resulting complexity of the background environment,
attributing low levels of radionuclides to the Amchitka tests is difficult. For these reasons,
DOE’s primary focus is on the protection of human health and the environment, in particular
ensuring food safety.

1.1.1 Biological Sampling

Results of biota sampling conducted in 2011 indicated that radionuclide levels were protective of
the subsistence diet and were similar to levels found at the background reference location, Adak
Island (DOE 2013). Based on these findings, 2016 sampling efforts focused on collection of
algae and resident fish species to determine if there has been any statistically significant change
in concentration. Specific objectives are outlined below:

e Collect rockweed algae and three resident marine fish species—greenling, rockfish, and
Irish lords—to identify the presence and accumulation of test-related radionuclides.

e  Study areas include coastline transects adjacent to the three Amchitka Island sites (Cannikin,
Milrow, and Long Shot) and coastline transects along the north and south portions of Adak
Island, the background reference site.

e Collect Dolly Varden fish from freshwater bodies, Cannikin Lake on Amchitka Island, and
an Adak Island lake.

e Analyze all biota samples for cesium-134 (1**Cs), cesium-137 (!3Cs), plutonium-239
(**Pu), and plutonium-240 (**°Pu) using adequately sensitive analytical methods and
detection limits.

Corresponding decision rules were as follows:

o Ifradionuclide concentrations measured in rockweed and marine fish species are statistically
equivalent to or lower than those measured in 2011, these results will affirm previous
determinations of food safety.

o If the Amchitka Island site radionuclide concentrations measured in 2016 are higher than
those measured in 2011 concentrations but equal to or lower than corresponding 2016 Adak
concentrations, these results would indicate an absence of evidence of radionuclide
migration from the detonation zones to the sampled marine environment.

e Ifradionuclide concentrations measured in biota from 2016 at Amchitka Island sites are
higher than those measured in 2011 for rockweed and the three marine fish species and also
higher than corresponding 2016 Adak data, AWG would discuss the need for follow-up
activities. These activities could include confirmatory reanalysis of samples or obtaining
additional samples for analysis.

!'In addition to global fallout, other potential sources of radionuclide contamination include radioactive wastes
intentionally discharged into the marine environment by the former Soviet Union. Layton et al. (1997) list a
number of anthropogenic sources of radionuclides in the arctic, including submarine reactors dumped in the
Kara Sea, various waste disposal incidents, and nuclear submarine accidents in the Sea of Japan.
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1.1.2 Seawater and Freshwater Sampling

In 2011, seawater samples were collected along inferred offshore fault traces (at Cannikin,
Milrow, and Long Shot) and analyzed for tritium. Measured tritium concentrations in seawater
were low, similar to North Pacific regional concentrations. The 2016 seawater sampling effort
was more focused, planned in an area off Long Shot, where previous groundwater modelling
(Hassan et.al. 2002) indicated that contaminant migration was most likely to occur. However, the
primary goal of the 2016 seawater and freshwater sampling program was to establish a baseline
for future comparisons and trending analysis.

Following the Fukushima Daiichi nuclear power plant accident in March 2011, AWG questioned
whether the subsequent direct release of radionuclides into the atmosphere and Pacific Ocean
might affect background activity concentrations of target radionuclides in the Aleutian marine
environment. To help evaluate the extent to which Fukushima might be contributing to the
background radiation on Amchitka and Adak Islands, the analytical program was expanded to
include cesium isotopes ('**Cs and '*’Cs, not analyzed in seawater samples collected in 2011) as
well as tritium. Specific data quality objectives included:

e Sample seawater in an area off Long Shot and analyze for tritium (the primary analyte of
interest), **Cs, and '*’Cs. All three analytes are often-used tracers for biochemical research
in evaluating fallout from events such as Fukushima (e.g., Povinec et al. 2013). Although
23%py and 2*°Pu were included in the planned analytical suite (DOE 2016a), these isotopes
were not analyzed in aqueous samples collected in 2016.

e Collect comparison seawater samples offshore from the other two detonation sites (Milrow
and Cannikin) and the reference area (Adak North and Adak South) and test for the same
radionuclides.

e Collect freshwater samples opportunistically from both island lakes (e.g., Cannikin Lake on
Amchitka) and test for the same radionuclides.

o Ensure that laboratory methods are adequately sensitive to detect 0.3 picocurie per liter
(pCi/L) (or 0.01 becquerel per liter [Bg/L]) or lower tritium levels, consistent with the
detection limits achieved in 2011.

Corresponding decision rules were as follows:

o Iftritium, '3*Cs, and *’Cs concentrations in seawater from Long Shot are similar to
North Pacific regional data (i.e., not statistically different), no further action would be taken
until the next sampling event, scheduled for 2021.

e Iftritium, '3*Cs, and '*’Cs concentrations in seawater from Long Shot are statistically higher
than North Pacific regional data but lower than trigger levels established below (referred to
as “hot spot concentration values” in the sampling plan [DOE 2016a]), AWG would
convene to discuss possible follow-up actions or investigations.

o Trigger levels established for tritium and *’Cs were 5.4 pCi/L (0.2 Bq/L) and 0.216 pCi/L
(0.008 Bg/L), respectively. These levels were derived based on the North American
background range reported in combined oceanographic studies cited by Dasher (2017).
Although exceedance of these trigger levels would not necessarily indicate migration of
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test-related radionuclides nor a health risk, such findings would be a catalyst for AWG to
convene and discuss a path forward before the 2021 sampling event.?

This report summarizes the work that was performed in the collection of the data to meet these
DQOs, presents the results of the laboratory analyses from all the samples collected, and
provides an updated assessment of food safety described previously.

1.2 Stakeholder Participation

Stakeholder participation has played a key role in LM’s work on Amchitka Island. As identified
at the outset, LM developed the specific objectives of the 2016 environmental sampling event
and associated analytical program in collaboration with the following stakeholders, collectively
referred to as AWG: APIA, the Alaska Department of Environmental Conservation (ADEC), the
University of Alaska Fairbanks (UAF), Argonne National Laboratory (ANL), and USFWS. Their
roles are briefly summarized below.

LM has a Memorandum of Understanding (MOU) with USFWS, the purpose of which is to
define the roles and responsibilities of both agencies, specify the means of access to and egress
from Amchitka, and explain how LM will exercise institutional controls. In accordance with the
MOU, USFWS issued access permits to LM prior to the 2016 environmental sampling event.

LM provides a financial assistance grant to ADEC and regularly meets with their representatives.
ADEQC has partnered with UAF to provide technical support on the Amchitka project.

LM provides a financial assistance grant to APIA, a federally recognized tribal organization of
the Aleut people in Alaska and an important component of LM’s mission at Amchitka. APIA
represents the interests of the Aleuts and assists LM with communications with the Aleut people
and ADEC.

APIA also participates in developing work scope related to the LM mission on Amchitka,
participates in regular planning meetings, and assisted with sample collection during the 2016
sampling event.

LM retained ANL through a work order to help develop the biological sampling plan

(DOE 2016a) and provide technical support as required. As done for the 2011 environmental
sampling, LM retained Lawrence Livermore National Laboratory (LLNL) through a work order
to provide support in the radionuclide analysis of all biological and abiotic samples collected in
2016. The University of Miami Rosenstiel School of Marine and Atmospheric Science
performed the tritium analyses on all seawater and freshwater samples.

2The 5.4 pCi/L trigger established for tritium is well below established levels indicating a potential health risk. The
U.S. Environmental Protection Agency has established a drinking water standard (maximum contaminant level) of
20,000 pCi/L for tritium based on an allowable annual dose of 4 millirems per year. Although not relevant to this
analysis because seawater is not potable unless filtered, this standard does provide a context for interpreting the
low tritium levels measured in seawater around Amchitka. Similarly, the 0.216 pCi/L trigger established for '*’Cs
is nearly 3 orders of magnitude lower than the corresponding maximum contaminant level of 200 pCi/L (also not
relevant). As discussed above, the 5.4 pCi/L and 0.216 pCi/L DQOs for tritium and cesium (respectively) were
established mainly to identify exceedances of post-Fukushima derived fallout.
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2.0 Background

The Amchitka site has a long and varied history, in terms of both cultural aspects (being home to
the Aleut) and the previous underground nuclear tests and ensuing environmental investigations.
This section briefly summarizes key aspects of the site history and the results of previous
environmental studies. More detailed site background information is provided in the current and
previous long-term surveillance plans (DOE 2014a; DOE 2008). Table 1 provides a summary of
key events or investigations germane to this report.

2.1 Amchitka Island History

Since World War II, Amchitka has been used by several U.S. government agencies for various
military and research activities. From 1943 to 1950, it was used as a forward air base for the
U.S. Armed Forces. During the middle 1960s and early 1970s, DOD and AEC used portions of
the island as sites for underground nuclear tests. During the late 1980s and early 1990s, the
U.S. Navy constructed and operated a radar station on the island.

Between 1965 and 1971, three underground nuclear tests were conducted on Amchitka Island.
DOD, in conjunction with AEC, conducted the first nuclear test (named Long Shot) in 1965 to
provide data that would improve the United States’ capability of detecting underground nuclear
explosions. The second nuclear test (Milrow) was a weapons-related test conducted by AEC in
1969 as a means to study the feasibility of detonating a much larger device. Cannikin, the third
nuclear test on Amchitka and the largest in U.S. history, was a weapons-related test detonated on
November 6, 1971. Detonation depths ranged from approximately 2300 feet (ft) below ground
surface (at Long Shot) to nearly 6000 ft at Cannikin (Table 1).

Radioactive fission products remain in and around the subsurface cavities formed by the nuclear
tests. Although data collected since the detonations do not indicate that radionuclides have
migrated into the marine environment, hydrologic modeling has indicated that, over time, some
of the subsurface residual radionuclides may migrate away from the blast cavities and eventually
reach the near-surface marine environment (Hassan et al. 2002). However, for all test sites,
predicted breakthrough of radionuclides is not expected to occur for at least 2200 years, the
simulation time frame used in a later verification model (Hassan and Chapman 2006).

Apart from anthropogenic radionuclides released shortly after the Long Shot test, there has been
no exposure to humans or the environment from the detonations (Merritt and Fuller 1977,

DOE 1982; DOE 2000; Dasher et al. 2002; Consortium for Risk Evaluation and Stakeholder
Participation II [CRESP] 2005; Burger et al. 2006; Burger et al. 2007a; Burger et al. 2007b).
Because no feasible technology exists for removing the subsurface radioactivity associated with
the nuclear test cavities, LM conducts monitoring near these sites to protect human health and
the environment. The potential for residual radionuclide release from the former tests and the
fact that the Aleutian Islands have, at times, been home to a tribal community (the Aleuts) reliant
on subsistence foods, has been the catalyst for many environmental investigations over the years.
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Table 1. Amchitka Site History Relevant to Biomonitoring Report

Year/Period Activities/Event
Early History
1943-1950 Amchitka Island used as a forward air base for the U.S. Armed Forces.

October 29, 1965

The first of three underground nuclear tests—Long Shot—was conducted by DOD and
AEC. The test was detonated at a depth of 2297 ft below ground surface with a yield of
80 kilotons.

October 2, 1969

The second test, Milrow, was a high-yield (about 1 megaton) weapons calibration test
detonated at a depth of 4003 ft below ground surface.

November 6, 1971

The third and final test on the island—Cannikin—was detonated at a depth of
5873 ft below ground surface with a yield of less than 5 megatons. Cannikin remains
the largest underground nuclear test in U.S. history.

Late 1980s—Early 1990s

The U.S. Navy constructed and operated a radar station on the island.

Early Biological Monitoring

1965-1979 Various environmental assessment programs implemented, including the Amchitka
Bioenvironmental Program (1967-1973) and the Amchitka Radiobiological Program
(1970-1979).

1980-2000 The results of the 1997 Long-Term Hydrologic Monitoring Program radiobiological

sampling and analysis at Amchitka indicated no evidence of migration from the
underground test cavities into the terrestrial or freshwater environments on Amchitka
(DOE 2000; Dasher et al. 2002).

2000—Present

2004-2005

In the summer of 2004, CRESP conducted extensive sampling of marine biota to
assess food safety. The study culminated in a report (CRESP 2005) that found no
geophysical or biological evidence of radionuclide migration into the marine
environment from the Amchitka test shots. All results for marine organisms tested were
well below published human health food safety standards and guidelines.

October 1, 2006

LM assumed responsibility for long-term surveillance activities.

September 2008

LTS&M Plan issued (DOE 2008), focused on scoping of 2011 biomonitoring. This plan
was later superseded by the 2014 LTSP (DOE 2014a).

March 11, 2011

A 9.1 magnitude earthquake and subsequent massive tsunami struck the island of
Japan, severely damaging several reactors at the Fukushima Daiichi Nuclear Power
Plant and releasing radioactive materials into the environment.

June 2011

In accordance with the 2008 LTS&M Plan, a team led by LM collected biological and

seawater samples from the marine and terrestrial environments of Amchitka adjacent
to the three detonation sites and at a background or reference site, Adak Island,

200 miles to the east. Based on the radionuclide analysis results, a risk assessment

was developed to assess food safety.

September 2013

LM issued a report documenting the results of the 2011 investigation (DOE 2013). This
report confirmed that subsistence- and commercial-catch seafood potentially harvested
from the region is safe to eat. Consistent with previous reports, no evidence of
radionuclide migration from the detonation zones was found.

June 23, 2014

A 7.9-magnitude earthquake occurred 15 miles northwest of Amchitka Island at a
depth of 73 miles (118 kilometers).

July 2014

Amchitka site LTSP updated and reissued (DOE 2014a).

May—June 2016

Following 2 years of scoping and planning, LM conducted the second environmental
sampling event: 168 biota samples and approximately 50 sea and freshwater samples
were collected at the Amchitka Island transects (Cannikin, Milrow, and Long Shot) and
at the reference island, Adak.
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2.2 Previous Environmental Studies

Numerous and extensive environmental and biological studies have been conducted on and
around Amchitka since the early 1970s to detect potential radionuclide migration from the
detonation zones via the most likely pathway, groundwater transport and discharge into the
ocean. This section summarizes those studies and investigations.

2.2.1 Early Studies (1977-2001)

The Environment of Amchitka Island, Alaska (Merritt and Fuller 1977) is a multidisciplinary
work that provides a concise review of the geology, ecology, and radionuclides in air, water, and
biota with an emphasis on “the search for and identity of radionuclides of Amchitka origin in the
samples and [contributing] to the general knowledge of the distribution of radionuclides in the
environment.” This evaluation found no evidence that any test-related radionuclides had escaped
from the three underground nuclear test sites at Amchitka except for trace quantities of
radionuclides, principally tritium, in water and soil gas samples taken in the immediate vicinity
of the Long Shot test.

The Amchitka Radiobiological Program began in 1970 and continued through 1979. The
program’s principal objective was to collect biological and groundwater samples for
radiobiological analyses and to determine the extent of radionuclide contamination from
worldwide atmospheric fallout and from the detonation of the three underground nuclear tests on
Amchitka Island. Migration of radionuclides from the underground test sites would be suspected
if the concentration of radionuclides were significantly greater than that which could be
attributed to worldwide fallout or if an unexpected assemblage of radionuclides were detected. In
the Amchitka Radiobiological Program Final Report July 1970 to December 1979 (DOE 1982),
it was determined that no radionuclides from the underground sites were detected except for
tritium vented from the Long Shot test, which produced increased tritium concentrations in
surface water and freshwater plants near the site.

Another DOE program that monitored Amchitka Island radioactivity levels in groundwater was
the Oftf-Site Environmental Monitoring Program for the Nevada Test Site and Other Test Areas
Used for Underground Nuclear Detonations. Amchitka Island monitoring under this program
began in 1977, since then, sampling has occurred intermittently. Samples were collected from
1977 through 1989, in 1991, in 1993, in 1997, and in 2001. The U.S. Environmental Protection
Agency (EPA) carried out this program and monitored Amchitka Island to measure levels and
trends of radioactivity in the offsite environment surrounding testing areas to ensure that
radioactive levels complied with existing radiation protection levels or standards. Over time, the
program became known as the Long-Term Hydrological Monitoring Program (LTHMP).

In 1997, the LTHMP at Amchitka Island was expanded to include radiobiological sampling and
analyses. This change was based on the results of a survey of selected aquatic biota that
Greenpeace conducted on the island (Greenpeace 1996). Greenpeace speculated that several
long-lived anthropogenic radionuclides were migrating into the surface environment from
nuclear test cavities several thousand feet below the surface of the island (DOE 2000). Briefly
summarized, the results of the 1997 LTHMP radiobiological sampling indicated no evidence of
radionuclide migration from the underground test cavities into the terrestrial or freshwater
environments on Amchitka Island (DOE 2000; Dasher et al. 2002).
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2.2.2 CRESP 2004

In 2004, CRESP, a group of independent universities, prepared the Amchitka Independent
Science Assessment: Biological and Geophysical Aspects of Potential Radionuclide Exposures in
the Amchitka Marine Environment (CRESP 2005).3 The biological component of the CRESP
study entailed sampling a wide range of marine biota, including marine algae; invertebrates and
fish from the intertidal zone to a 90-ft depth; and seabirds nesting on the island surface and the
coast. Species selection was designed to represent several trophic levels, including primary
producers, filter-feeders and grazers, and low to high level predators. Samples were collected in
the marine environment at and around Amchitka and at Kiska Island, the reference (background)
site selected for the study. Biota tissue samples were analyzed for a large suite of radionuclides,
including '3’Cs, americium-241 (**' Am), and plutonium and uranium isotopes.

Results of the biota sampling indicated that radionuclide levels measured in marine organisms
were well below published human health food safety standards and guidelines. The results were
also within the range found in biota from other marine environments in the Northern Hemisphere
and far below those found in known contaminated marine areas such as the Irish Sea (in the
vicinity of the Sellafield nuclear reprocessing plant). In summarizing the results of the
geophysical component of the investigation, CRESP concluded that substantial localized
discharge of freshwater through the ocean floor within the study area was not indicated based on
ocean floor salinity measurements. Therefore, no specific preferential pathway for contaminant
migration from the test sites was found (e.g., groundwater flow through geologic faults).

In summary, the CRESP investigation did not find either geophysical or biological evidence of
radionuclide migration into the marine environment from the Amchitka test shots. Subsequent
additional analyses of biological samples for 1*’Cs and actinides were documented in an
addendum (CRESP 2006a) to the 2005 report. This addendum confirmed CRESP’s original
findings, drawing the following conclusions: (1) the foods tested are safe to eat, with
radionuclide levels below published human health guidance levels; (2) data do not suggest that
radionuclides in biota collected from Amchitka are attributable to the Amchitka test shots; and
(3) a combination of sedentary and mobile organisms at different trophic levels is recommended
for a continued biomonitoring program at Amchitka. At about the same time CRESP issued the
addendum, they also formalized their recommendations regarding future biomonitoring at
Amchitka (CRESP 2006b).

Although the biota sampling and analysis conducted by CRESP was useful in demonstrating that
concentrations of target radionuclides measured in marine species were safe relative to risk
guidelines, the minimum detectable activities (MDAs) used in the study were high, resulting in a
large proportion of nondetects for some isotopes.* This (the low MDAs) was one of the factors
considered by LM and AWG in developing the scope of the 2011 environmental sampling
program, summarized in the following section.

3 The summary provided here is very brief relative to the detailed and comprehensive evaluation published by
CRESP. The full report can be found at: http://www.cresp.org/projects/amchitka/amchitka-final-report.

4 The high detection limits reported by CRESP (2005) stemmed in part from the small sample weights or sizes—
most were 100 grams, in contrast to larger sample weights (1000 grams) used in only a small portion of CRESP
samples and in LM’s later studies.
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2.2.3 Hydrologic Modeling (Desert Research Institute 2002, 2006)

One of the studies drawn upon in CRESP’s 2005 report was the groundwater flow and transport
model developed by the Desert Research Institute (DRI) in 2002 (Hassan et al. 2002). Using
two-dimensional numerical simulations, this initial model indicated that, if contaminant
migration from the test cavities were to occur, the shortest arrival times would be at the

Long Shot site (Hassan et al. 2002). This prediction was based on the relatively shallow
detonation depth (2297 ft) at Long Shot relative to the other test sites, 4003 ft at Milrow and
5873 ft at Cannikin. As such, the travel distance from the cavity to the seafloor is shortest for
Long Shot and longest for Cannikin. DRI updated this model in 2006 to incorporate the new
magnetotelluric (MT) and bathymetric survey data collected by CRESP, which allowed
reduction in uncertainty in some of the parameters incorporated in the initial model

(Hassan and Chapman 2006). CRESP’s MT surveys were used to determine the salinity and
porosity structure of the subsurface; bathymetric surveys were used to map areas offshore from
the Long Shot and Cannikin sites.

According to DRI, significant uncertainty reduction was achieved in the second (2006) model;
this applied to several model parameters, including recharge, conductivity, and porosity. Using
the new porosities developed based on CRESP’s MT data, no breakthrough resulted for any of
the three test sites within the 2200 year model time frame, despite ignoring all retardation
mechanisms (sorption, radionuclide trapping in the melt glass, matrix diffusion, and radioactive
decay) (Hassan and Chapman 2006).°> In summary, although some contaminant migration is
expected eventually, for all three test sites—Long Shot, Milrow, and Cannikin—DRI’s most
recent model predicts that it would take thousands of years for radionuclides to reach the
seafloor, allowing for radioactive decay, dispersion, and retardation processes to significantly
reduce concentrations of mobile radionuclides.

2.2.4 2011 Biomonitoring Event

As a continuation of the previous environmental monitoring described above, in the summer of
2011 LM collected biological and seawater samples from the marine and terrestrial environment
of Amchitka Island adjacent to the three detonation sites. Samples were also collected at a
background site, Adak Island, about 200 miles to the east. Differing from the reference site
previously used by CRESP (Kiska Island, about 60 miles northwest of Amchitka), LM, in
collaboration with AWG, selected Adak as the background location for the 2011 sampling event.
This decision was based in part on logistics (Adak is easier to access than Kiska) but also on
AWG’s determination that, like Kiska, Adak would represent an area uninfluenced by
underground nuclear tests. The scope of the 2011 biological monitoring program entailed
sampling a wide variety of species representing different trophic levels for test-related
radionuclides. In developing this program, two primary objectives drove the species selection.
The first objective was to include species (and radionuclides) common to those assessed by

5 According to DRI (Hassan and Chapman 2006), the distribution of fracture porosity used in the 2002 model was
deliberately skewed toward lower values. Given the inverse relationship between porosity and groundwater
velocity, these assumptions yielded shorter groundwater travel times. CRESP’s 2004 MT data indicated much
higher, and more tightly bounded, porosities than those used in the 2002 model. For example, in the 2006 model
update for Long Shot (associated with the shortest travel distance), the entire velocity distribution shifted about
four orders of magnitude toward the lower side using the new CRESP data (Hassan and Chapman 2006). The latter
explains the predicted absence of breakthrough, as particles move very slowly away from the cavity and need
thousands of years to reach the seafloor.
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CRESP (2005; 2006a) to allow comparison of the results. Because subsistence- and
commercial-catch species near Amchitka continue to be harvested for consumption, the second
objective was to target those species most likely to be a food source and to verify that those
species continue to be safe to eat. Ultimately, 350 biological samples were collected,
representing the following 15 marine and terrestrial species.®

Primary Producers

e Dragon kelp (Eualaria fistulosa)*
e Rockweed (Fucus distichus)*'
e Reindeer lichen (Cladina reindeer lichen)

Grazers/Filter Feeders
e Gumboot or Pacific chiton (Cryptochiton stelleri)*
e Horse mussel (Modiolus modiolus)*
e Sea urchin (Strongylocentrotus polyacanthus)*

Lower Predators
e Dolly Varden (Salvelinus malma)'
e Irish lord (Hemilepidotus jordani and H. hemilepidotus)*"
e Rock greenling (Hexagrammos lagocephalus)*"

Medium Trophic Level
e Rockfish (Sebastes melanops and S. cilatus)*"
e Glaucous-winged gull (Larus glaucescens) egg
e Goose egg

Top Trophic Level
e North Pacific giant octopus (Enteroctopus dofleini)
e Pacific cod (Gadus macrocephalus)
o Pacific halibut (Hippoglossus stenolepis)

In the summary above, asterisks (*) denote species that were the primary focus of the 2011
biological sampling program, with at least 15 samples collected. For remaining species, total
sample numbers were less than 6, and no more than 3 samples were collected at a given island.
Of the species listed above, five (followed by T) were sampled by LM in 2016: rockweed, Dolly
Varden, Irish lord, greenling, and rockfish. Intended as visual overviews, Figure 2 and Figure 3
provide a matrix of the species and analytes evaluated for the nonaqueous component of the
2011 environmental sampling program. For primary species assessed (greater than or equal to
15 samples), Figure 2 illustrates the total number of samples collected at both Amchitka and
Adak islands by analyte and the corresponding proportions of detects and nondetects. For each
species, dark blue bar segments denote the number of results with detectable levels of a given
isotope based on wet weight concentration. Pale blue bar segments denote the number of samples
with results below the MDA.

® Trophic level categories guided by the summaries in CRESP (2006b).
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Species listed in general order or trophic level or mobility.

For each species, dark blue bar segments denote the number of results with detectable levels of a given isotope
(based on wet weight concentration). Pale blue bar segments denote the number of samples with results below
the MDA.

For each species/isotope combination, the corresponding number of samples collected at Amchitka and the
reference site, Adak Island, is listed above the bars.

Figure 2. Overview of 2011 Biota Sampling for Key Species
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Figure 3. Secondary Species/Media Sampled in 2011



Figure 3 presents similar information but for those species (or media) with limited numbers of
samples (less than six). As shown in these figures, biological samples were analyzed for 1*’Cs
and the following actinides: >*' Am, 2*Pu, 2*°Py, and uranium isotopes (***U, *°U, and ***U). A
small subset of samples (reindeer lichen, soil, and sediment) was analyzed for both '**Cs and
137Cs, mainly to track any Fukushima-related fallout or atmospheric deposition.

In addition to sampling of biota, seawater samples were collected off coastline transects
(focusing on Cannikin) and analyzed for tritium. This abiotic component was included because
previous studies and contaminant transport modeling predicted that tritium would be the leading
indicator of migration from the detonation zones. Sampling results would then be used to
develop a baseline of tritium concentrations near Amchitka and at the reference site (Adak).
Environmental sampling began on June 20, 2011, and continued through July 21, 2011. Overall,
a total of 350 biological samples and 166 seawater samples were collected (DOE 2013).
Sampling results and subsequent data interpretations are summarized below.

For the biological component of the 2011 environmental sampling program, two major endpoints
were evaluated: (1) interisland comparisons of radionuclide concentrations; and (2) a major
focus of the 2011 investigation and report, food safety. Regarding the first endpoint, the 2011
monitoring report (DOE 2013) concluded that, overall, radionuclide concentrations measured

in species collected from Amchitka were not significantly different from levels measured in
samples from Adak (the reference location). Although there was a pattern toward slightly higher
concentration (half a standard error of the mean, for example, for uranium) in samples collected
at the Amchitka site, the measurements that showed the most deviation had limited data above
the MDAs (DOE 2013). Although 2011 results were compared to those from CRESP’s 2004
investigation, ultimately these comparisons were not meaningful due to the high MDAs (and thus
large proportion of nondetects) reported by CRESP for most radionuclides.

Food safety was assessed by evaluating available subsistence diet information and developing a
risk assessment addressing five different diet scenarios, assuming life-long consumption of
subsistence- and commercial-catch seafood (DOE 2013). Risk estimates were derived for each
radionuclide-dietary component combination using conservative intake assumptions. The risk
estimates derived for the 2011 environmental sampling event confirmed CRESP’s previous
conclusions regarding food safety. For most diet scenarios, risk estimates were below 1 x 107
(1 in 100,000), the level used by the State of Alaska (ADEC) as the benchmark for acceptable
risk.” In some cases, risk estimates using Amchitka data were slightly higher (by 1 x 107°) than
those using Adak data, a marginal difference and lower than the 1 x 10~ guideline.

In summary, based on results of the 2011 environmental sampling program, seafood harvested at
and around Amchitka (and Adak, the reference island) is considered safe for consumption.

Tritium activity measured in seawater samples collected in the marine environment surrounding
Amchitka ranged from 1.2-2.2 pCi/L, mostly within the 1.4-2.8 pCi/L range measured in
samples collected near Adak. These levels are comparable to pre-Fukushima (global fallout)
levels reported for the North Pacific (Dasher 2017).

"The only exceptions were total risks estimated for the Nikolski diet (corresponding to much higher consumption of
fish), for which maximum risks for Amchitka and Adak were equivalent: 2.3 x 107,
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To facilitate understanding of the evolution of the biomonitoring program at the Amchitka site,
this section concludes with a summary of the similarities and differences between the last three
biomonitoring efforts: CRESP 2004, LM’s 2011 sampling event, and (the focus of this report)
LM’s 2016 environmental sampling. Table 2 presents a matrix of analytes and marine species
analyzed previously relative to those selected for sampling and analysis in 2016 (shaded).

Table 2. Summary of Marine Species Sampled in 2004 (CRESP), 2011, and 2016

Species 137Cg 21 Am 239,240p, 234 235 238
Dragon kelp X X X X X X
Rockweed X X

Gumboot or Pacific chiton X X ° ) ) )
Horse mussel X X X X X X
Sea urchin X X ) ) [ )
Rockfish X X X X X X
Red or yellow Irish lord X X X X X X
Rock greenling X X ) ) ) )
Pacific halibut X X X X X X
Pacific cod X X X X X X
Octopus X X ° ) ° °
Dolly Varden X X ) ) ) )
Glaucous-winged gull eggs X X o ) ) )

X  sampled in 2004 and 2011

®  sampled in 2011 (but not 2004)
sampled in 2016

Notes:

1. The analytes listed correspond to the suite addressed in 2011 (DOE 2013). CRESP (2005) evaluated others,
including iodine-129, cobalt-60, europium-152, strontium-90, and technetium-99, none of which were detected in
any biological samples.

2. This table excludes the species reindeer lichen and the analyte '3*Cs. As shown in Figure 3, these were
analyzed (along with '37Cs) in only a few reindeer lichen and corresponding soil and sediment samples in 2011.

As shown in Table 2, the 2016 environmental sampling program was smaller in scope relative to
the 2011 effort, in terms of both the species and analytes selected for assessment. This
refinement resulted from examination of 2011 findings (e.g., radionuclide concentrations and
corresponding risk profiles), stakeholder discussions, and logistical and safety considerations.
Rationales for exclusion of species and analytes not retained in the 2016 sampling program are
summarized below.

Five biological species were sampled in 2016: rockweed (a primary producer); lower predators
Dolly Varden, rock greenling (greenling), and Irish lord; and, representing the medium trophic
level, rockfish. Of the marine species sampled in 2011 but not 2016, all except cod and halibut
required the assistance of divers to collect the samples. These included dragon kelp, chiton, horse
(and blue) mussel, sea urchin, and octopus. After numerous planning meetings and discussions,
LM in collaboration with AWG elected to focus on resident marine species that could be easily
obtained (e.g., by hand, hook-and-line, traps, or netting). For example, although both dragon kelp
(Eualaria fistulosa) and rockweed (Fucus multiple species [spp.]) are good bioindicators
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(CRESP 2006b), rockweed can be collected from the shoreline, whereas dragon kelp (a
nearshore subtidal species) can only be collected using a dive team. Based on 2011 sampling
results (DOE 2013), actinide concentrations in both of these species were generally similar, so
rockweed was selected as the representative primary producer species in 2016.

Although Pacific cod and halibut can be caught by hook-and-line (fishing) methods, only four to
five samples were collected in 2011 at both Amchitka and Adak combined (Figure 3), precluding
any meaningful statistical comparisons. Furthermore, using the most conservative mix of intake
assumptions?®, total risks for cod and halibut caught near Amchitka were 9 x 10 and 6 x 107,
respectively, below the 1 x 107 guideline. Corresponding risks for Adak were similar.

Relative to the analytical suite used in 2011 (DOE 2013), only '*’Cs, 2°Pu, and >*°Pu were
retained in 2016 for biological sampling (DOE 2016a). All byproducts of nuclear detonations
(fallout is the main source of cesium in the environment), these three isotopes received the
most focus in CRESP’s work (CRESP 2005). Plutonium isotopes, also only present from
anthropogenic sources, have been the focus of site-related work by Dasher et al. (2002) and
others. Remaining actinides, *! Am and uranium isotopes, were not addressed for the reasons
outlined below.

For the species retained in 2016 (rockweed and the four fish species), >*' Am was detected in only
a small percentage of samples collected from Amchitka in 2011: 6 of 27 rockweed, 4 of 27
greenling, 3 of 27 Irish lord, 3 of 26 rockfish, and 0 of 2 Dolly Varden (DOE 2013). In 2011,
241 Am was detected (albeit at very low concentrations) in the majority of dragon kelp samples.
The highest ?*! Am concentrations (maximum of 0.2 picocuries per kilogram [pCi/kg]

wet weight) were found in grazers/filter feeders: chiton, horse mussel, and sea urchin.
Americium-241 levels in all fish species were consistently at or below the MDA. There

was no statistical difference (where measures allowed) in the mean ?*! Am content of marine
vegetation and fauna between the Amchitka and Adak sites except for levels found in rockweed
(» <0.01, higher at Adak) and chiton (p = 0.02, higher at Amchitka) (Hamilton et al. 2012).
Finally, in an early evaluation of potential test-related radionuclides, Dasher et al. (2002)
concluded that trace levels of 2! Am in environmental samples cannot be used to uniquely
identify radionuclides from specific Amchitka tests.

Although the 2011 biological monitoring report (DOE 2013) concluded that 2**U and ?**U (along
with 137Cs) contributed most to the risk estimates, these uranium isotopes were not retained in the
2016 analytical sampling program because they are primarily naturally occurring. This natural
occurrence is evidenced by the high detection frequencies of both 2**U and 2*3U across species
found in both the 2004 (CRESP 2005) and 2011 (DOE 2013) investigations. On an activity basis,
234U and ?*8U occur in nature in equal proportions, whereas *>>U (a decay product of 2*°Pu and
also analyzed in 2004 and 2011) is present in nature at much lower levels, about one-tenth of
234U and ?*8U (CRESP 2005). An anthropogenic (e.g., test-related) origin would be indicated by
an increased proportion of 2*°U (e.g., > 0.1). Based on 2011 sampling results for all species,
mean 23*U/*%U ratios for Amchitka samples were about 1.3 and comparable to those from Adak
(DOE 2013). Mean 2*U/?*U ratios were consistent at about 0.04 for both Amchitka and Adak
(DOE 2013), indicating a natural (versus anthropogenic) provenance.

8 Based on maximum radionuclide concentrations for the Nikolski diet, with the highest fish consumption rates of
the five diet scenarios evaluated in the 2011 biological monitoring report (DOE 2013, Table 16 and Table 28).
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LLNL also found no quantifiable levels of anthropogenic uranium based on 2**U detection and
measurement in samples collected during the 2011 sampling event (Hamilton et al. 2012).°
Regarding uranium magnitudes, CRESP found no significant interisland differences in either
uranium isotope radionuclide concentrations or in the proportion of levels above the MDA !
In 2011 samples, where measures allowed, there was no statistical difference in the uranium
content of individual species of vegetation and fauna between sites with the exception for
rockfish (based on total uranium, p = 0.0024) (Hamilton et al. 2012).

The final difference in radionuclides selected for analysis in biota in 2016 (versus 2011) was the
inclusion of '**Cs in 2016, to facilitate identification of a Fukushima fingerprint (if there was
one). The analytical suite for sampling of seawater and freshwater samples also differed

between 2011 and 2016, with the program expanded in 2016 to include not only tritium but '3*Cs
and ¥7Cs.

Although not prescribed in the 2016 sampling plan (DOE 2016a), as requested by stakeholders, a
small subset of aqueous samples was also analyzed for iodine-129 (}#I). Iodine-129 is a product
of nuclear weapons testing and has been associated with the Amchitka tests, albeit at very low
levels. Iodine-129 was included in CRESP’s 2004 investigation because it was considered, along
with 1¥Cs, a primary isotope of interest for human health and ecological receptors. However, it
was not detected in any of the 71 biota samples collected (CRESP 2005).

9 Uranium-236 was not included in the 2011 analytical suite but was quantified in some samples by LLNL.
Corresponding MDAs were reported to be relatively high, however (Hamilton et al. 2012).

19 Interspecies differences were found, however, with Fucus (rockweed) having significantly higher levels for 234U,
235U, and 28U than the other species (CRESP 2005).
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3.0 Methods

This section documents the species, media, and radionuclides assessed as part of the 2016
environmental sampling effort, corresponding field sampling methods and locations, laboratory
methods and associated detection limits, and the generalized data analysis and visualization
approaches used in subsequent sections of this report. As the surface water sampling effort was
distinct from the biota sampling in a number of regards, some aspects related to this effort are
addressed in greater detail in Section 6.0.

3.1 Species, Media, and Radionuclides Selected for Assessment

Table 3 summarizes the species and media sampled in 2016, in accordance with the
environmental sampling plan (DOE 2016a). Sample numbers listed in this table were determined
in accordance with the sampling plan and with assistance from UAF’s statistician to ensure an
adequate number of samples from both Amchitka Island sites and Adak Island sites. Greater
detail is provided in Sections 3.1.1 and 3.1.2 for biological and water sampling, respectively.

Table 3. Sample Types, Numbers, and Radionuclides Selected for Analysis

No. of 134Cs 137Cs 29py 20py | Tritium 129)

Sample/Media Type Samples | t2=206 | ty;=30.17 | tyz=24,110 |typ= 6500 |ty = 12.3 |tz = 1.57x107

Marine Littoral Zone Species

Rockweed?
(Fucus distichus) 15 X X X X

Ocean (Fish) Species

Greenling? 50 N . y "
(Hexagrammos spp.)

Irish lord®

(Hemilepidotus spp.) 50 X X X X
Rockfish?

(Sebastes spp.) 50 X X X X

Freshwater Species
Dolly Varden®

(Salvelinus malma) 3 X X X X

Seawater and Freshwater

Ocean/Seawater® 44 44 44 10
Freshwater 2 2 2 2

Notes:

a Collected from offshore at all three test sites and North and South Adak.

b One Dolly Varden was collected from Amchitka Island (Cannikin Lake); two were collected from Adak
(Andrew Lake).

¢ Seawater sampling focused offshore from Long Shot (40 locations), where field measurements—conductivity,
temperature, and depth—were also obtained (Section 6.0). Sample numbers listed above exclude 4 duplicate
samples. Limited seawater samples at other locations (one each at Cannikin, Milrow, Adak North, and Adak South).

4 Freshwater sampling limited and colocated with Dolly Varden fish collection.

Abbreviation:
t12 = half-life in years
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The primary radionuclides of interest were '*’Cs, *°Pu, and >*°Pu, analytes common to all
previous environmental investigations at the site. Interpretation of *’Cs results—that is,
distinguishing between potentially site or test-related impacts versus global fallout—is
complicated by post-2011 Fukushima fallout. To assist in this distinction, **Cs, with a very short
half-life of 2 years, was also analyzed in all biota and aqueous samples. Although '*’I was not
slated for analysis in the sampling plan (DOE 2016a), LM opted to have it analyzed on a small
subset of water samples (n=12).!!

3.1.1 Biota

Based on these findings and the DQOs outlined in Section 1.1, the following biological (algae
and resident fish) species were sampled in May—June 2016:

e Rockweed (Fucus distichus), a species of brown algae, n = 15!
e Greenling (Hexagrammos spp.), n =50

e [Irish lord ((Hemilepidotus spp.), n = 50

e Rockfish (Sebastes spp.), n =50

e Dolly Varden (Salvelinus malma), n =3

Samples of rockweed, greenling, Irish lord, and rockfish were collected from each of the main
Amchitka Island study transects (Milrow, Cannikin, and Long Shot), as well as from Adak
Island, the reference (background) area. Landlocked Dolly Varden were collected from lakes on
Amchitka and Adak islands. Photographs of the primary producer rockweed and the four fish
species are shown in Figure 4 and Figure 5, respectively. Corresponding sample locations are
addressed in the following section and shown in Figure 6 through Figure 13.

3.1.2 Seawater and Freshwater Sampling

In accordance with the DQOs defined above, seawater samples were collected from 40 locations
off the coast of Long Shot (the focus of the 2016 sampling), one sample from each of the
remaining study transects (Cannikin and Milrow), and two samples from the reference site
(Adak North and Adak South). Two freshwater samples were also collected, one from Amchitka
Island (Cannikin Lake) and one from Adak (Andrew Lake).

As summarized in Table 3, all aqueous samples were analyzed for tritium, the primary focus;
134Cs; and ¥7Cs. Twelve of the 46 samples were analyzed for '*1. For seawater samples
collected off Long Shot, conductivity, temperature, and depth (CTD) measurements, along with
other measurements taken by UAF staff, were also obtained as discussed in Section 6.0.

' A long-lived radioisotope with a half-life of 16 million years, '?°I is produced naturally by spallation of
atmospheric xeon and natural uranium fission. It is present in the ocean at very low levels. Although the
Fukushima nuclear accident released '%°I to the marine environment, inputs were much smaller than those
determined for radiocesium. Only small incremental increases in '?°I seawater concentrations in excess of the
pre-existing fallout levels were observed (Buesseler et al. 2017). Although currently not considered a primary
indicator of Fukushima-related inputs, given its long half-life, '’ may be useful in the future as an ocean
circulation tracer of Fukushima releases (Buesseler et al. 2017).

12 n = sample number; spp denotes multiple species.
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Figure 4. Rockweed (Fucus distichus), from 2016 Sampling Event
n =15 samples
(a) Distant view; (b) zoom view
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Irish lord (Hemilepidotus spp.), n = 50 samples

Dolly Varden (Salvelinus malma), n

Figure 5. Fish Species Sampled in 2016

= 3 samples




3.2 Study Locations and Sampling Sites

The Amchitka and Adak sample locations are shown in Figure 6 and Figure 7, respectively.
Adak Island, approximately 200 miles east of Amchitka Island, was selected as the reference
location, consistent with the approach used in 2011. By the end of the 2016 environmental
sampling effort, LM had collected 168 biota samples and 46 aqueous samples.

The potential release boundaries associated with each of the three test sites and used to guide
selection of sample locations are shown in Figure 8. In this figure, for each test location, a first
and second edge are depicted where hydrologic modeling predicted the distribution of the
location of the plume edges (first and second edge) would be on the bathymetric profile

(DOE 2016a). The first and second edge are equivalent to the model-predicted plume after
accounting for matrix diffusion effects.

Figure 9 through Figure 13 show the locations of the individual samples collected from the three
sites on Amchitka and two areas on Adak. The sample identification nomenclature used in these
figures is summarized in Table 4. This nomenclature reflects the following standard labeling
system for all the samples collected:

[Species or sample material]-[Site Location]-[Sample Number].

Table 4. Sample ID Nomenclature Used for 2016 Environmental Sampling

Species/Media to be Sampled Species/Media Identification Prefix
Rockweed (Fucus distichus) FUCU
Greenling (Hexagrammos spp.) GREN
Irish lord (Hemilepidotus spp.) ILOR
Rockfish (Sebastes spp.) ROCK
Dolly Varden (Salvelinus malma) DOLL
Freshwater FRES
Seawater SEAW
Site Location Location Identifier

Amchitka Island Al

Cannikin CN

Long Shot LS

Milrow ML
Adak Island AD

Adak, North AN

Adak, South AS

Sample Number
Sample Number | 1 through x
Duplicate?®

Duplicate | DUP (seawater samples only, not biota)

Note:

a |n this report, duplicate results were excluded from the data analysis and corresponding graphical summaries. In
general, for all species and media, there was good agreement in analytical results between the original sample and
the corresponding duplicate.
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Figure 7. Adak Island Sample Locations
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Figure 9. Milrow Sample Locations
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Figure 10. Long Shot Sample Locations
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Figure 11. Cannikin Sample Locations
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Figure 12. Adak North Sample Locations
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Figure 13. Adak South Sample Locations



In defining the study boundaries for the 2016 environmental sampling effort, the sampling plan
(DOE 2016a) indicated that, to provide continuity and efficiency in data interpretation, the biota
sampling locations at Amchitka and Adak Islands for 2016 would be the same as those sampled
in 2011. As illustrated in the simplified schematic in Figure 14, although the 2011 biota sampling
had more spatial diversity in locations, in general, this objective was met.

a. Amchitka Island Biota Sample Locations

Rockweed Greenling Irish Lord

hl
% iy

Rockfish Dolly Varden

FHle o

it ™ 2011
i’% ® 2076
o M
b. Adak Island Sample Locations
Rockweed Greenling Irish Lord
- -F} { } 4 }

Rockfish Dolly Varden

) 2011
% } *® 2016
Note:

For 2011, biota sample locations are those mapped in the 2011 report (DOE 2013). Those for 2016 are shown in greater
detail in the preceding figures (Figure 9 through Figure 13). Because of the relatively smaller scale in these simple
schematics, there is some overlap in sample locations (thus overplotting).

Figure 14. Simplified Schematic of Biota Sample Locations Sampled in 2011 and 2016
(a) Amchitka Island; (b) Adak Island
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As a follow-up to the previous figure, and to illustrate the comprehensiveness of the combined
historical biological sampling efforts at and around Amchitka Island, Figure 15 is a simplified
schematic of biota sample locations (across all species) by time period. Biota locations sampled
in 2016 () correspond to those shown in Figure 9 through Figure 14.

Data Source
1997

L ] L ]
g * CRESP 2004
. 3. . *  DOE 2011
Rer * DOE 2018

Figure 15. Historical Biota Sampling Locations at and Around Amchitka Island

3.3 Sample Collection and Preparation

Environmental sampling activities began on May 13, 2016, and continued through

May 21, 2016.!3 The research vessel (R/V) chartered for the biological sampling, R/V

Qualifier 105 (Figure 16), arrived in Adak, Alaska, on May 12, 2016. The scientific team aboard
the vessel included Mark Kautsky, LM’s site manager at that time; Bruce Wright (APIA lead);
Chase Stoudt and David Leech (UAF); Paul Darr, project manager for Navarro Research and
Engineering, Inc. (Navarro); Stephen Pitton, Navarro’s engineer (and current project manager);
and Lauren Goodknight, Navarro’s sample coordinator. Also on board were the captain of the
R/V Qualifier 105 (David Mastolier), his first mate/alternate captain (Jared Bradshaw), and
additional support personnel. Biological sampling began on May 13, starting with the Milrow
transect.

At each of the study transects, fish species (greenlings, Irish lords, and rockfish) were sampled
from the deck of the R/V Qualifier 105 via hook and line (fishing). Rockweed samples were
collected by hand from the shoreline. At the Cannikin, Milrow, and Adak Island transects,

one seawater sample was collected from each area where fish samples were collected.
Freshwater samples were collected from lakes on both Amchitka and Adak Islands

(Cannikin Lake and Andrew Lake, respectively).

13 Most of the environmental sampling occurred in the May 13-21, 2016, timeframe. However, due to difficulties
obtaining Dolly Varden at that time (only one was collected from Adak Island), two additional Dolly Varden
samples were collected in mid-June 2016. This effort coincided with a site inspection that was ongoing at
that time.
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Figure 16. Research Vessel (R/V) Qualifier 105

The bulk of the seawater sampling, off the coast of the Long Shot site in Square Bay, was
conducted May 15-17, 2016. UAF provided two sampling technicians and a Sea-Bird
Electronics ECO water sampler with a six-bottle configuration (4 liters per bottle), enabling the
scientific team to meet the volume requirement of 20 liters per sample. The sampler was
deployed from the deck of the R/V Qualifier 105 using a portable instrumentation winch
(Figure 17). Water samples and corresponding real-time CTD measurements were collected at
bottom depths off the coast of the Long Shot site.

Figure 17. ECO Water Sampler

An overview of sample collection procedures used during the 2016 environmental sampling is
provided in Table 5.
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Table 5. Field Collection and Sample Preparation Procedures, 2016 Environmental Sampling

Species Locations Collection Procedure Onboard Ship Handling
Sampling personnel from skiff. For each
transect, three individual samples of the
whole plants weighing approximately . .
Rockweed Intertidal at all three test sites and North and 5 kilograms each were collected and Onboard ship, composites were

(Fucus distichus)

South Adak

composited. Epibiotic growth and residual
sedimentary debris were removed by
shaking fronds in local seawater or onboard
vessel in a large tub of seawater.

placed separately in plastic bags, labeled,
and frozen.

Marine Fish

Greenling
(Hexagrammos spp.)

Irish lord
(Hemilepidotus spp.)

Rockfish
(Sebastes spp.)

Near-shore subtidal and offshore at all three
test sites and North and South Adak Island

Hook-and-line, fish trap, or netting from
charter vessel or skiff. For each transect,
individual fish species were collected. In
some cases, several fish were composited to
yield the desired 1 kilogram sample size.

Freshwater Fish

Dolly Varden
(Salvelinus malma)

Amchitka Island.:
Cannikin Lake

Adak Island:
Andrew Lake

Hook-and-line, fish trap, or netting.

Limited sampling conducted; only three
samples collected in May—June 2016.

Once the fish were returned to the R/V,
they were placed in a holding tank or
cooler for processing. Each fish had its
taxonomic identification checked, sex
determined (if possible), length measured
(total or fork length, dependent on the
species) in centimeters and weight
recorded in grams.

Samples were placed in plastic bags and
labeled accordingly as one composite
sample and kept frozen.

Amchitka Island.:
Cannikin Lake

Freshwater samples collected by hand from
land. Sample collection personnel used a
peristaltic pump to fill two 20-liter carboys

Container numbers and sample IDs were
recorded on original field data sheets and

Freshwater Adak Island half full and a 1-liter amber glass full. Once on the sample container labels. Because
ak Island: B - 1 i
Andrew L ak back at the ship, the two half-full carboys samples were unfiltered, no preservatives
ndarew Lake . : . were used. The samples were kept cool.
were combined into one 20-liter carboy.
Most seawater samples were collected from Samoling personnel from aboard charter
near the ocean bottom from the deck of the ping pe o
: vessel or skiff. Two UAF sample technicians
vessel off the coastline of Long Shot (Square ; S . Sample IDs and (for Long Shot samples)
assisted in this effort. Sample collection .
Bay), the focus of the 2016 effort, and one from CTD cast station numbers were recorded
each of the five remaining transects. Remaining personnel used an ECO water sampler, or on original field data sheets and on the
Seawater ) equivalent, to fill a 20-liter carboy per sample

samples were collected offshore at each
remaining transect: Cannikin, Milrow, and North
and South Adak. Only one sample was
collected at each of these (non-Long Shot)
transects.

and a 1-liter amber bottle. The carboy and
bottle were clean and dry, with good caps.
Real-time CTD measurements were also
obtained.

sample container labels. Because
samples were unfiltered, no preservatives
were used. The samples were kept cool.




Upon return of the R/V Qualifier 105 to Adak on May 21, 2016, sample shipping preparations
began. All samples were placed into iced coolers with a completed chain-of-custody (COC) and
sample processing continued into the following day. On May 22, 2016, all of the samples were
shipped from the Adak airport to LLNL and the University of Miami Rosenstiel School of
Marine and Atmospheric Science via Alaska Air’s Gold Streak overnight delivery.!'* Both
laboratories received the samples the next day, and all of them were reported to be in good
condition. Additional details, including a daily activity log, are provided in the Summary Report
on 2016 Biological Sampling at Amchitka Island, Alaska (Navarro 2016), included as

Appendix A of this report.

3.4 Laboratory Analysis

The majority of this section is based on reporting by LLNL, the laboratory that performed all
analyses of biological samples collected in both 2011 and 2016, as well as the measurement of
cesium isotopes in seawater and freshwater samples. LLNL received 166 biota and 50 water
samples on June 14, 2016, accompanied by COC documentation. Upon arrival of the samples,
LLNL performed a validation check of all samples received against the COC listing. Consistent
with LM’s laboratory selection in 2011, tritium analysis was conducted by the University of
Miami Rosenstiel School of Marine and Atmospheric Science. Corresponding laboratory reports,
including narratives and tabulations of the raw data, are provided in the appendixes to this report
as follows:

e Biological Samples

— Data Report, Part I: Processing of Biological Samples (Wet, Dry, and Ash Weights)
(Appendix B)

— Data Report, Part I1I: Measurement of Cs Isotopes (!**Cs, 13’Cs) in Biological Samples
(Appendix C)

— Data Report, Part IV: Measurement of Pu Isotopes (**°Pu, 2*°Pu) in Biological Samples
(Appendix D)

e Seawater and Freshwater Samples
— University of Miami 2016 Tritium Sample Report (Appendix E)

— Data Report, Part II: Measurement of Cs Isotopes (**Cs, '*’Cs) in Seawater and
Freshwater Samples (Appendix F)

3.4.1 Biota Samples
3.4.1.1 Sample Processing

LLNL received 166 biota samples on June 14, 2016. Biological samples collected in the field
were sealed inside labeled plastic bags and shipped frozen; all fauna (fish) samples were received
as whole animals. About one third (55) of the 153 fish samples were received with their gut
cavities open: 12 greenling, 33 Irish lord, and 10 rockfish.'> Biological samples were

14 Half of the water samples were sent to LLNL (for analysis of cesium isotopes and a subset for '?°I) and the other
half to the University of Miami for trittum analysis.

15 This observation is attributed to sex determinations after collection. In some cases, gender could easily be determined based
on fish coloration, but not all.
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subsequently stored frozen at LLNL prior to processing (Hamilton et al. 2018a). Samples of
rockweed were initially processed by allowing free liquids to drain from the samples prior to
combustion in a muffle furnace. The free liquids were recombined with the dry ash prior to
further processing. The dried biological material was first blended down into small size particles
prior to combustion in a large volume muffle furnace. Samples of Dolly Varden, greenling, Irish
lord, and rockfish were initially freeze—dried to a constant weight with an uncertainty of less than
0.1%. Table 6 lists the number of samples and the corresponding averages of wet, dry, and ash
weights for each species. Dry/wet and ash/dry weight percentages are also provided.

Table 6. Average Wet, Dry, and Ash Weights of Biota Samples by Species

Speci Number of | Wet Weight | Dry Weight | Dry/Wet |Ash Weight| Ash/Dry

pecies ° °
Samples (9) (9) Yo (9) %o

Rockweed 15 5517 +384 | 1297 +275 245 300 + 41 24£4

(Fucus distichus)

Greenling 50 1042199 | 242147 232 53 + 14 2246

(Hexagrammos spp.)

Irish lord 50 1110233 | 244155 2242 53+ 10 22+4

(Hemilepidotus spp.)

Rockfish 50 12124334 | 30288 2542 59 + 17 2045

(Sebastes spp.)

Dolly Varden 3 1032 + 304> | 257 + 44 26+ 3 36+ 14 14+ 4

(Salvelinus malma)

Total: 168

Weight and weight percent summaries are the mean + standard deviation.

Notes:

Table adapted from Table 2 of Hamilton et al. (2018a), provided in Appendix B of this report:
“Summary data of total sample wet, dry, and ash weights (and dry/wet and ash/dry normalization weights)
grouped by biological species (Amchitka 2016).”

@ Only one Dolly Varden sample was collected during the May 2016 biomonitoring event: DOLL-AD-01, from Andrew
Lake on Adak Island (May 21, 2016). During a later site inspection in June, two additional Dolly Varden samples
were collected: another from Andrew Lake on Adak Island (also named DOLL-AD-01, but with collection date of
June 14, 2016), and one from Cannikin Lake on Amchitka Island (collection date June 21, 2016). According to LLNL
(Hamilton et al. 2018a), the latter two samples were received in a later shipment without COC documentation.

b Wet and dry weight standard deviations reported above for Dolly Varden (304 and 44) differ from those reported by
LLNL (248 and 36). This correction was based on LM’s independent calculation of sample weights reported in
Table 3 of LLNL'’s biological sample processing report (“Individual Sample Wet, Dry, and Ash Weights”)

(Hamilton et al. 2018a; included as Appendix B of this report).

Abbreviation:
g = grams
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To evaluate whether there were any interisland differences in fish weights, Figure 18 plots wet
versus dry weights for each fish species, color-coded by island. As shown in this figure, the
majority of samples met the 1000-gram (g) objective for fish weights set forth in the sampling
plan (DOE 2016a). The main factor driving this criterion was to ensure sufficiently low detection
limits (or MDASs), which generally vary inversely with sample weight. As discussed in the
following section, except for 24°Pu this goal was achieved; MDAs were lower in 2016 than in
2011. As evidenced by the skewness in orange points, some rockfish samples from Adak had
lower moisture contents relative to those collected from Amchitka (70% versus 76%,
respectively).

Greenling Irish Lord
2000 - .
-
1500 - . oo
...
'.6 ______ T A N
10005 """ T 2?.'
2
— L ]
g -
£ 500- : Island
=
% Rockfish Dolly Varden Adak
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Dry Weight (g)
Notes:

Scales common in all plots to facilitate inter-species comparisons.
--- dashed line denotes average wet weight by species (Table 6).

Figure developed based on individual wet and dry weights reported in Table 3 of LLNL'’s
biological sample processing report (Hamilton et al. 2018a), included as Appendix B of this report.
Rockweed is not included in this figure because individual sample weights were not reported.

Figure 18. Distribution of Fish Sample Weights by Species

3.4.1.2 Sample Analysis

Consistent with the objectives set forth in the environmental sampling plan (DOE 2016a), in 2016
DOE selected laboratory analytical methods with low detection limits to measure activities of
radionuclides in sampled biota. The detection capabilities of the analytical methodologies
employed were evaluated using the MDA, a measure of method performance. '®

16 Historically, there has been some inconsistency in how the term “MDA,” or equivalent terminology, is defined.
CRESP (2005) defines MDA as “minimum detectable activity,” consistent with LM’s current standard
terminology. This differs slightly from LLNL’s definition, “minimum detection activity” (Hamilton et al. 2018a)
and from the term used in the 2011 report, “minimum detectable concentration” or MDC (DOE 2013). All three
terms, however, are interchangeable.
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Table 7 lists the targeted radionuclides, methodologies, and both estimated and actual (achieved)
limits of detection for the 2016 biological sampling program. Along with estimated MDAs
documented by LLNL in their narratives, this table also shows the sample-specific MDAs by
species. For biota, all references to MDA in this report are in pCi/kg wet weight. Elaboration on
laboratory methods used for cesium and plutonium isotopes follow Table 7.

Table 7. Laboratory Methods and Corresponding MDAs for Biota Samples
Target Radionuclides, 2016 Environmental Sampling Program

Estimated MDA Sample-Specific MDAs by Species
Analyte | Laboratory Method stimarec ¥ (pCilkg wet weight)®
pCi (Bq) :
Species Mean Range
Rockweed 0.8 0.7-0.9
Greenling 3.9 1.2-8.2
134Cs Gamma spectrometry 8.1(0.3) Irish lord 3.4 1.0-7.9
Rockfish 3.6 0.9-7.3
Dolly Varden 4.5 3.3-5.9
Rockweed 0.16 0.14-0.18
Greenling 0.78 0.23-1.6
187Cs Gamma spectrometry® 8.1(0.3) Irish lord 0.67 0.19-1.6
Rockfish 0.71 0.18-1.5
Dolly Varden 0.89 0.66-1.2
Gamma spectrometry
137 ) _
Cs counted on SAGe¢ NA NA 0.31 0.18-0.9
Rockweed 0.0004| 0-0004-
; 0.0005
Greenling 0.003 0.002—0.005
239py Quad ICP-MS¢ 0.216 (0.008) Irish lord 0.003 0'001—0'006
Rockfish 0.002 ' '
Dolly Varden 0.003 0.001-0.004
0.003-0.005
Rockweed 0.003 0.002-0.003
Greenling 0.017 0.012-0.03
240py Quad ICP-MS¢ 0.54 (0.02) Irish lord 0.016 0.008-0.036
Rockfish 0.015 0.009-0.026
Dolly Varden 0.022 0.017-0.031
Notes:

a Estimated MDAs expressed on sample mass basis based on a 1000 kg sample, from Table 1 of Hamilton et al.
(2018a), provided in Appendix B of this report.

bMean MDAs and corresponding ranges are based on the sample-specific relative detection limits reported by LLNL
(Hamilton et al. 2018c; 2018d) for Cs and Pu isotopes, respectively (Appendixes C and D of this report).

¢ This method differs from that used in 2011. In 2011, the majority of the '3’Cs samples were counted using gas
proportional beta spectrometry (DOE 2013, Hamilton et al. 2012), a method that cannot differentiate between 3Cs
and '3Cs. This factor influenced between-year comparisons of the '37C biota sampling results, as discussed later in
Section 4.2.

4 About 20% of the marine biota samples contained no reportable Cs isotope activity. Many of these samples were
subsequently recounted on a SAGe well detector system with improved measurement precision. Reported MDAs
are not broken out by species in table above.

¢ For analysis of plutonium isotopes, LLNL anticipated using a more sensitive method—Accelerator Mass
Spectrometry—but ultimately this method was not used for analysis of biota samples. Estimated MDAs using
Accelerator Mass Spectrometry were 0.0003 and 0.0008 pCi/kg (0.00001 and 0.00003 Bqg/kg), respectively, for
1000-g samples.

Abbreviations:

Bq = becquerels

kg = kilograms

NA = Not applicable or not reported

pCi = picocuries

Quad ICP-MS = Quadrupole Inductively Coupled Plasma Mass Spectrometry
SAGe = Small Anode Germanium (well detector)
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Cesium Isotopes ('**Cs and *’Cs)

Cesium isotopes were determined by high resolution gamma spectrometry after separation of the
analytes of interest, along with added carrier, on a small quantity of micro-crystalline ammonium
molybdophosphate (AMP) (Hamilton et al. 2018c). To improve quantification of cesium isotopes
by gamma spectrometry and allow for a more detailed comparative assessment to be conducted
between sampling events, the project reporting deadline was extended to allow for longer count
times. Even with the longer count times (4—6 days), about 20% of the marine biota samples
contained no reportable cesium isotope activity. These samples were subsequently recounted on
a Small Anode Germanium (SAGe) well detector system with improved measurement precision.

For the subset of samples identified above, '**C and '*’Cs sample activities were measured using
a SAGe well detector system coupled to a PC-based work station operating under Canberra
Apex-Gamma Lab Productivity Suite software with LabSOCS-generated efficiency calibrations
for a 10-g AMP geometry. Count times usually varied between 48 and 64 hours.

Plutonium Isotopes

Plutonium isotopes were measured by quadrupole inductively coupled plasma mass spectrometry
(ICP-MS). Although some consideration was initially given to conducting measurements of
plutonium isotopes in biological samples using Accelerator Mass Spectrometry (AMS),
ultimately only Quad ICP-MS was used. The acceptance criteria for plutonium isotope data was
based on a sensitivity trigger rule whereby measurements were only reported when the values
exceeded the relative detection limit (RDL) (Hamilton et al. 2018d).

Examination of MDAs in Light of Study DQOs

One of the DQOs established for the 2016 environmental sampling program was to have greater
sensitivity in laboratory methods for biological samples (i.e., lower detection limits). As
illustrated in the following figures, this objective was achieved for analysis of '*’Cs and ***Pu in
biological samples (although laboratory analyses took more than 2 years to complete, this delay
did not affect data quality). However, as discussed in Section 4.0, the lower MDAs also
complicated the interpretation of between-year trends for some radionuclides, in particular 2*°Pu.

Intended as an overview, for each year/isotope grouping, Figure 19 plots the sample-specific
MDA s reported by LLNL. In addition to '*’Cs and 2*Pu/?*°Pu, analyzed in biological samples in
both 2011 and 2016, this figure also plots the MDAs for '**Cs (analyzed only in 2016). Figure 20
and Figure 21 provide greater resolution on MDAs for 1*’Cs and *°Pu/?**’Pu, respectively. In
each of these figures, data from both Amchitka and Adak are combined because no interisland
difference in MDAs was found.

In general, in comparing detection limits between sampling years for a given species, MDAs
were about 2 times lower for '¥’Cs in 2016 than in 2011 (Figure 20) and an order of magnitude
lower for 2*°Pu. Exceptions include Dolly Varden, with too few samples to evaluate. The greatest
difference in MDAs between years (2011 versus 2016) was found for 2*°Pu, as shown in

Figure 21. Although detected in most rockweed samples in 2011, *°Pu was not detected in most
marine fish samples in 2011. However, as discussed later in this report (Section 4.3), this
radionuclide was detected at much higher frequencies in 2016.
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1. MDAs in pCi/kg wet weight. Corresponding Sl units, in Bg/kg, are shown on the right y-axis.

2. Bottom and top of boxes denote the 25th and 75th percentiles, respectively, while the center lines bisecting
the boxes denote the median (presence dependent on sample number and MDA distribution).

3. For 2011, plotted values are the MDAs reported in the 2011 biological monitoring report (DOE 2013). For
2016, plotted values correspond to the sample-specific RDLs reported by LLNL (Hamilton et al. 2018c;
2018d), provided in Appendixes C and D of this report.

4. For each radionuclide, scales are common across species. As shown here, MDAs were lowest for rockweed.
Additional resolution for '¥7Cs and plutonium isotopes is provided in Figure 20 and Figure 21, respectively.
Cesium-134 was not analyzed in marine vegetation or fish samples collected in 2011.

Abbreviations:
Bq/kg = becquerels per kilogram
S| = International System of Units
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Figure 19. Box Plots of Biota Sample MDAs by Species and Year (2011 vs. 2016)
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2. The between-year differences in MDAs likely reflect the differences in analytical methods. In 2011, the
majority of '3’Cs samples were counted using gas proportional beta spectrometry (Hamilton et al. 2012)
whereas gamma spectrometry was used in 2016.

3. For 2011, plotted values are the MDAs reported in the 2011 biological monitoring report (DOE 2013). For
2016, plotted values correspond to the sample-specific RDLs reported by LLNL (Hamilton et al. 2018c¢),

provided in Appendix C of this report.

4. MDAs for each year reflect the combined data from both Amchitka and Adak combined, as interisland

differences in MDAs were negligible.

Abbreviations:
Bqg/kg = becquerels per kilogram
S| = International System of Units

Figure 20. Comparison of MDAs for '37Cs in Biota Samples: 2011 vs. 2016
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1. MDAs in pCi/kg wet weight. Corresponding Sl units, in mBq, are shown on the right y-axis.

2. For 2011, plotted values are the MDAs reported in the 2011 biological monitoring report (DOE 2013). For
2016, plotted values correspond to the sample-specific RDLs reported by LLNL (Hamilton et al. 2018d),
provided in Appendix D of this report.

3. MDAs for each year reflect the combined data from both Amchitka and Adak combined, as interisland
differences in MDAs were negligible. Sample numbers are shown below each box plot because of
overplotting (many samples having the same MDA).

Abbreviations:
mBq = millibecquerels
S| =International System of Units

Figure 21. Comparison of MDAs for Plutonium Isotopes: 2011 vs. 2016

In 2011 (DOE 2013), MDAs for measurement of >**Pu ranged from 0.004-0.01 pCi/kg in
rockweed and from about 0.04—0.08 pCi/kg in marine fish (greenling, Irish lord, and rockfish).
This was not the case in 2016 when corresponding MDAs were about an order of magnitude
lower (Figure 21). The between-year difference was less for Dolly Varden, but sample numbers
were small in both years (less than 3), so any comparison may not be meaningful. Except for
Dolly Varden, there is no overlap in the MDAs for 2*°Pu between years.

While 2**Pu MDAs were markedly lower in 2016, this was not the case for 2*°Pu. Relative to
2011 analyses, MDAs for **°Pu in 2016 were slightly lower in the case of greenling and Irish
lord, about the same for rockfish and rockweed, and higher in Dolly Varden. A related point is
the fact that the ratio of MDAs—2*Pu/**’Pu—differs markedly between years. In 2011, 2**Pu
MDAs were greater than those for 2*°Pu; the opposite case applied in 2016, a factor that hindered
identification of test-related signatures based on 2*°Pu/?*°Pu atom ratios. As discussed in later
sections of this report, the latter finding, along with the markedly lower MDAs for some
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species-isotope combinations, complicated the statistical analysis and corresponding data
interpretations.

3.4.2 Seawater and Freshwater Samples

Water samples were shipped in single 20-liter (L) (5-gallon) polyethylene carboys with no
preservation. Samples for analysis of cesium isotopes were received in two separate air cargo
flights into San José International Airport in northern California and then immediately
transported by road approximately 30 miles to LLNL. The University of Miami Rosenstiel
School of Marine and Atmospheric Science provided tritium data on all seawater samples
collected using the enriched method and low-level gas proportional counters. Detailed methods
and raw data are provided in Appendix E (sample receipt and preparation information was not
provided). Sample methods are summarized in Table 8. DQOs related to analytical sensitivity
were met for the aqueous samples (i.e., MDAs were sufficiently low).

Table 8. Laboratory Methods and Corresponding MDAs for Seawater and Freshwater Samples
Target Radionuclides, 2016 Environmental Sampling Program

Estimated Range of MDAs?
Analyte Laboratory Laboratory Method MDA g(pCi L)
pCi (Bq)

134Csgb LLNL Gamma spectrometry (SAGe) 8.1 (0.3)° (2&2;?:0603%)
137Cs LLNL Gamma spectrometry (SAGe) 4.0 (0.15)° (rgé()aon7:0(5002113)

3H University of Miami | Electrolytic enrichment followed NA 0.29 pCi/L (all samples)

(Rosenstiel)d by gas proportional counting (0.01 Bg/L =0.09 TU)

129]e LLNL AMS NA 1.24 x 1079 (all samples)

Notes:

@ For cesium isotopes, MDAs are based on the sample-specific RDLs reported by LLNL (Hamilton et al. 2018b),
provided in Appendix F of this report.

b According to LLNL (Hamilton et al. 2018b; Appendix F), no reportable levels of '3*Cs were observed in water

samples. Cesium-134 was identified in the gamma software spectral output for two samples but at levels
comparable to the RDL.

¢ Based on a 20-L sample (becquerels per cubic meter).

d Detailed report provided in Appendix E.

e A subset of seawater and freshwater samples (12 total) was analyzed for '2° using AMS with the aim of providing
information on the potential impacts of other source-terms on marine radioactivity, especially with respect to
Fukushima. No other AMS measurements were conducted apart from this subset.

Abbreviations:

Bq = becquerels

Bqg/L = becquerels per liter

3H = tritium

NA = Not applicable or not reported
pCi = picocuries

TU = tritium units
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University of Miami Analyses: Tritium

Tritium analysis was performed by the Tritium Laboratory at the University of Miami Rosenstiel
School of Marine and Atmospheric Science using the enriched method and low-level gas
proportional counters (additional detail provided in Appendix E).

LLNL Analyses: Cesium Isotopes and '*°I

Unfiltered water samples were received in 20-L polyethylene carboys with no preservation. Prior
to treatment, a subsample of water (approximately 1 L) was taken for possible analysis of '*’I by
AMS. The remaining water was subsequently acidified and then allowed to stand for a minimum
period of 24-hours after addition of stable cesium carrier.

Cesium-134 and !*’Cs sample activities were measured using a SAGe well-detector system
coupled to a PC-based work station operating under Canberra Apex-Gamma Lab Productivity
Suite software with LabSOCS-generated efficiency calibrations for a 10 g AMP geometry. Count
times usually varied between 48 and 64 hours. Additional information is provided in Appendix F
(based on Hamilton et al. 2018b), including sample-specific results of '**Cs and '*’Cs analyses in
2016 seawater and freshwater samples.

3.5 Data Analysis and Visualization Approaches

This section describes the generalized statistical and data visualization approaches used in this
report, in particular for the subsequent discussion of biota sampling results (Section 4.0). Based
on the DQOs established in the sampling plan (DOE 2016a), a major aspect of this analysis was
the comparison of 2016 environmental sampling results with those from LM’s first (2011)
sampling event. From a statistical standpoint, this comparison was complicated by achievement
of another DQO, greater laboratory analytical sensitivity in 2016 versus that achieved in 2011.
These issues are elaborated upon below.

3.5.1 Statistical Approaches

In evaluating the 2016 biological data, in addition to examining the overall levels of radionuclides
measured in biota, the following primary questions were addressed:

1. For a given species, in samples collected from Amchitka, did the levels of radionuclides
differ between years (2016 versus 2011)?!7

2. For a given species and year, did the levels measured differ between islands (Amchitka
versus Adak)?

3. For a given species, are there differences in detection frequencies (proportions of detects

versus nondetects) between islands?

These questions were addressed quantitatively using the statistical approaches described below.
Differences in radionuclides among the target species (e.g., rockweed, greenling, and rockfish)

17 Although between-year differences in radionuclide concentrations measured in species collected from the
reference island, Adak, might be indicated by the statistical tests, with respect to the study DQOs (Section 1.1 and
DOE 2016a), this endpoint was considered less important.
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were only addressed qualitatively. Locational differences—that is, differences in biota tissue
concentrations between the Amchitka test shot sites (e.g., Cannikin, Milrow, and Long Shot)—
were also only qualitatively addressed, in part because of the small sample sizes in those groups.

3.5.1.1 Handling of Nondetects

Before describing the analytical approaches used to address the primary study questions noted
above, the large proportion of nondetects for some radionuclides must be acknowledged.

This issue was identified by CRESP (2005) as the vast majority of biota tissue results for
anthropogenic radionuclides were below the MDA. This stemmed largely from the fact that most
of their samples were small (100 g), versus larger (1000 g) samples, allowing greater laboratory
sensitivity. Even though sample weights were larger in 2011 (on average about 1000 g), high
percentages of nondetects were also reported by LM for ?*! Am, ?*°Pu, and >*°Pu based on the
2011 sampling results (DOE 2013).

The presence of nondetects in a data set, often referred to as “censored” data, can be problematic
from a statistical perspective. This problem is magnified when detection limits differ between
groups (e.g., years), as previously demonstrated for both *’Cs and 2*°Pu (Figure 20 and

Figure 21). In this report, the term “censored” applies to results that are not quantified but
known only to be less than the MDA or sample-specific RDL. In the ensuing discussion, the
term “censored” is used interchangeably with “nondetect.” Approaches to handling censored
data have prompted much discussion, as well as debate, in the scientific community

(e.g., Rouhani and van Geel 2017 and Helsel 2012). Some of these approaches include:

o  Substitution—Substitute the censored or nondetect value with zero (archaic), one-half the
detection limit, or the detection limit value.

e Omission—Omit the nondetect data entirely.

e  Survival analysis or analogous methods—Apply more sophisticated statistical methods to
avoid the drawbacks associated with substitution.

e Do not conduct any statistical analysis—An appropriate approach in cases when all or most
(more than 90%) of the data are below the detection limit.

These approaches are summarized briefly below, along with a discussion of how or if they were
applied in this report.

Substitution

Before the recent advent of more sophisticated analytical techniques, substitution of censored
data with one-half the detection limit value has probably been the most common approach
applied in environmental studies and risk assessments (e.g., Rouhani and van Geel 2017). This
approach was also used by CRESP (2005) in their analysis of 2004 biological sampling results.
In this analysis of 2016 biota sampling results, a more conservative variant of the latter approach
was used: substitution with the detection limit or MDA (versus one-half the MDA). '8

18 CRESP (2005) determined that substitution of nondetects with one-half the MDA would systematically
overestimate the data. This conclusion was reasonable, given that their detection limits were very high relative to
those in LM’s 2011 investigation and especially those achieved in the analysis of 2016 biota samples.
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Examination of the distributions of MDAs in the previous section provided a glimpse of potential
problems associated with substitution. That is, if the MDAs differ so markedly between years as
shown in Figure 21 for 2*Pu, and nondetects are treated as equivalent to those MDAs, then an
artificial pattern, or “invasive data” as referred to by Helsel (2012), is introduced into the data
set. Despite the acknowledged drawbacks, in this report, censored data were substituted with the
MDA, consistent with the approach used in 2011 (DOE 2013) in both the risk assessment and
data summaries.'® For data visualization, it was considered better to plot nondetects at the
reported MDA (using distinct symbology) rather than a fraction of it. This approach is also
consistent with the graphical representations used by LLNL in their analysis and interpretations
of the 2011 data (Hamilton et al. 2012).

Omission

According to Helsel (2012), “the worst practice when dealing with censored data or observations
is to exclude or delete them.” This approach essentially entails discarding all results below the
detection limit and focusing only on the higher end of the distribution, an approach that is
particularly problematic for data sets with higher proportions of nondetects. Although the tables
presented in the following section (e.g., Table 9) provide two sets of means and standard
deviations, one for detects only and the other for all results (including censored values),
nondetects were not omitted in any statistical comparisons.

Survival Analysis

Helsel (2012) cautions strongly against using both substitution and omission methods and
advocates using the following alternative approaches: (1) nonparametric methods after censoring
at the highest reporting limit; (2) maximum likelihood estimation (a parametric survival analysis
approach); and (3) nonparametric survival analysis. These more sophisticated approaches are
evolving as reflected in iterations of the Nondetects and Data Analysis for Environmental Data
(NADA) package in R.?° Although not applied in this analysis, these alternative techniques will
be considered in future analyses of Amchitka site environmental sampling results.

Do not conduct any statistical analysis—This was done for radionuclides with very few
detections: **Cs and ?*°Pu, each of which was detected in only 4 of the 168 biota samples.

To illustrate some of the issues discussed above, Figure 22 presents a matrix of quantile-quantile
(Q-Q) plots based on a subset of 2*’Pu data from 2016, the 20 greenling samples collected from
Adak Island. A traditional data visualization tool, Q-Q plots are simple graphical approaches
used to test normality. If the data are normally distributed, then points fall in a straight or fairly
straight line. In contrast, if the plot has some curvature (e.g., an S-shape), then the data are likely
not normally distributed. For the example data subset, the Q-Q plots in Figure 22 show (1) data
substituted with the MDA; (2) nondetects excluded; and (3) the censored data as treated using
the NADA package.

19 From a trend analysis perspective, this approach is not much different from substituting one-half the detection
limit; in both cases, substitution introduces an artificial pattern into the data set. The main difference is that it
yields more conservative estimates of central tendency and other statistical measures.

20 The NADA package in R (R Core Team 2019) includes plotting and analysis techniques for censored data but, at
the time of this writing, could not be used for multiple comparisons.

U.S. Department of Energy Amchitka Island, Alaska, Environmental Sampling Report, 2016 Results
September 2020 Doc. No. S15720
Page 47
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Figure 22. lllustration of Different Methods for Treating Censored Data
Example Based on 23°Pu Results (pCi/kg wet weight) for Greenling, Adak Island, 2016

In the example given above (Figure 22), each plot is different. The first (a) has some curvature
and the slope shifts at about 0.003 pCi/kg **’Pu (above which all results are detects). The second
(b) shows only 40% of the data collected (given 8 of 20 detections); the distribution appears to
be normal, even though it likely is not. The third plot (c) resembles the second (detects only)
plot, but the y-axis scale is different because nondetects are accounted for. In this case, the data
fall into such a small range (0.001-0.007 pCi/kg) that substitution has little effect on the mean
(0.005 pCi/kg for detects only versus 0.003 pCi/kg using censored data). Problems arise,
however, when comparing the distribution of this data subset with that for other groups. In
contrast to Adak (with 40% detection frequency in 2016), *°Pu was detected in 93% of greenling
samples from Amchitka in 2016. In 2011, when MDAs ranged from 0.04-0.08 pCi/kg, >**Pu was
detected in only 2 of 45 samples (both from Amchitka). Again, the main purpose of this figure is
to illustrate potential impacts of substitution versus omission when dealing with censored data.
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In summary, for '*’Cs and #*°Pu, the radionuclides with sufficient proportions of results above
the MDA in the combined (2011/2016) data set, nondetects were substituted with the MDA.
Although conservative, and acknowledging the inherent drawbacks discussed above and by
Helsel (2012), this approach is consistent with that used in the 2011 report for both the risk
assessment and summary statistics in general (DOE 2013). As an overarching goal of LM’s
environmental sampling program at the site is to evaluate and ensure food safety (DOE 2013;
2016a), this approach also yields the most conservative estimates of potential risk. For '**Cs and
240py, detected in only 2% of the biological samples, apart from simple summary statistics, no
statistical comparisons were made.

3.5.1.2 Between-Year and Interisland Comparisons

This section begins with the following reiteration of the decision rules specified in Section 4.1.5
of the 2016 environmental sampling plan (DOE 2016a):

Radionuclide concentrations from rockweed and three fish species (greenling, rockfish,
and Irish lord tissue) will be compared among sites and between years using analysis of
variance (ANOVA), a statistical test used to test whether means (in this case, average
concentrations) differ between two or more groups. Consistent with standard practice in
the scientific community, a significance level of a (alpha) = 0.05 (5%) will be applied.
Because two independent (or explanatory) variables will be tested, location/island
(Amchitka versus Adak) and years (2016 versus 2011), a two-way ANOVA will be
applied. If this analysis yields a significant result (indicating that the mean activity
concentrations from at least one of the groups differ significantly from the others), a Tukey
multiple comparisons test will be used to determine which group differs (e.g., 2016 #2011,
Amchitka # Adak, or both).

Because of the marked differences in MDAs between 2011 and 2016 for both '*’Cs and 2*°Pu,
two-way analysis of variance is not appropriate for testing differences in the manner described
above. Any between-year differences found would likely be an artifact of the different laboratory
sensitivities rather than being biologically or statistically significant. Furthermore, beta
interferences identified by LLNL in the 2011 biota samples resulted in possible overestimation
of 137Cs content (Hamilton et al. 2012), a factor that hindered between-year comparisons.
Therefore, the statistical analysis focused on interisland (versus between-year) differences. To
do so, one-way analysis of variance (ANOVA) was initially considered (consistent with the 2016
sampling plan directives) but ultimately not used. Parametric ANOVA tests have the following
assumptions: normal distribution (versus skewed) and equal variance. Both assumptions tend to
be violated with environmental data sets, especially those with a large proportion of nondetects.
In contrast, the nonparametric equivalent to the one-way ANOVA, the Kruskal-Wallis test, does
not assume a distribution nor equal variance. Therefore, this test was used for interisland
comparisons of radionuclide levels in biota. This approach is also consistent with that used by
CRESP (2005) for analysis of the 2004 biological sampling data.

Unlike the parametric ANOVA, which tests differences in means (assuming test assumptions are
met), the nonparametric Kruskal-Wallis tests differences in the cumulative distribution functions
(or percentiles) of two groups. That is, does one group (the median, 75th percentile, 25th
percentile) get shifted higher than the equivalent statistic in the other groups? This factor

(i.e., the null hypothesis of the test) should be acknowledged when comparing group means
relative to Kruskal-Wallis test results.
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Interisland (Amchitka versus Adak) comparisons of detection frequencies were done using
Pearson’s chi square and, for verification purposes, the Fisher Exact test. Between-year
differences in detection frequencies were not assessed because of the differences in detection
limits discussed above.

3.5.2 Data Visualization Approaches

In the 2011 biological monitoring report, most of the graphical portrayals of results entailed box
plots, a commonly used data visualization technique used to show the overall distribution of the
data. To provide greater resolution, box plots presented in this report are overlain with individual
measurements, distinguishing between detects (o) and results below the MDA, identified by
hollow points (o). When there are many data points with similar results, points are “jittered” to
address issues of overplotting. Following up on the initial presentations in Figure 19 through
Figure 21, the line bisecting the box denotes the median (not shown if sample numbers small),
the bottoms and tops of boxes (or “hinges”) are the first and third quartiles, and the “whiskers”
extend to the most extreme data point in either direction that is within a factor of 1.5 of the
hinge; any points beyond the whiskers are considered outliers.

Most data plots and related graphics presented in this report were developed using

R versions 3.5.2 or 3.5.3 (R Core Team 2019) and the tidyverse, version 1.2.1 (Wickham 2017).
Of the numerous packages comprising the tidyverse, ggplot2 (Wickham 2009) was used most
extensively (https://cran.r-project.org/web/packages/tidyverse/index.html).
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4.0  Biota Sampling Results

The environmental sampling plan (DOE 2016a) specified the following DQOs related to the
biomonitoring effort: (1) collect rockweed, greenling, rockfish, and Irish lords as indicator
resident species; (2) collect Dolly Varden from lakes on Amchitka and Adak Islands; and

(3) analyze samples for the targeted radionuclides—!**Cs, '¥’Cs, 2**Pu, and ***Pu—using
adequately sensitive analytical methods and detection limits. This section documents the results
of those efforts, including examination of results for both between-year (i.e., 2016 versus 2011)
and interisland (i.e., Amchitka versus Adak) differences. This section also includes a renewed
interpretation of the 2011 sampling results documented in the 2011 biological monitoring report
(DOE 2013).

4.1 Preliminary Overview

As an introduction to the data interpretation which follows, Figure 23 provides a visual overview
of the relative abundance of cesium and plutonium isotopes based on the 2016 biota sampling
results. As shown in this figure, detections were generally limited to '*’Cs and >**Pu, the focus of
this section. Plutonium-240 and '**Cs were detected in only a few of the 168 samples and the
limited 2*°Pu detections were later deemed anomalous (Hamilton 2019).
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For each species/radionuclide combination, dark blue bar segments denote the number of results
with detectable levels of a given isotope (based on wet weight concentration). Pale blue bar
segments denote the number of samples with results below the MDA. The corresponding number
of samples collected at Amchitka and the reference site, Adak Island, is listed above the bars.

Figure 23. Detection Frequency Summary for 2016 Biota Sampling
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To facilitate comparison with 2011 biomonitoring results, Figure 24 presents the same
information along with corresponding detection frequencies reported in 2011 (from DOE 2013).
Where measures allowed, contingency table chi square tests, comparing detection frequencies in
Amchitka samples with those from the reference island, Adak, were performed for all interisland
pairs. Where significant (p < 0.05), p values are shown in this figure. These comparisons are
elaborated upon in subsequent discussions of individual isotopes and intended only as an initial
overview here to allow comparisons across analytes.
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Notes:

1.

Bar height represents detection frequency for Amchitka Island (dark blue bars) and the reference site, Adak
Island (pale blue bars). Bars are labeled with corresponding detection frequencies except for cases when all
results were above the MDA (i.e., 100% detection frequency).

For 2016 results, contingency table chi square tests were used to compare detection frequencies (proportion
of detects versus nondetects) between islands as described in Section 3.5.1. p values are listed above only
for those species/isotopes with significant differences (p < 0.05). Differences in detection frequencies
between years were not assessed because of the differences in detection limits described previously.

34Cs is not shown in this figure because it was not analyzed in 2011 in fish or rockweed samples.

LLNL'’s more recent communication (Hamilton 2019) suggests that the four 2016 24°Pu results initially

reported as detected, although still passing quality assurance requirements, are anomalous and should not
be considered as quantitative.

Figure 24. Comparison of Detection Frequencies for Biota Sampled in Both 2011 and 2016
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Figure 25 plots the mean levels of *’Cs and ?*°Pu, the most frequently detected isotopes in 2016,
in rockweed and the three saltwater fish. Dolly Varden (freshwater species) is excluded from this
figure because of small numbers of samples and high magnitudes (49.7-447 pCi/kg) relative to
marine species, thus driving the scale if plotted. The main purpose of this figure is to provide a
preliminary demonstration that radionuclide levels measured in biota collected along Amchitka
transects in 2016 are not higher than corresponding results reported in 2011. As such, previous
determinations regarding food safety (DOE 2013) are maintained. For '*’Cs, detected in most
biological samples in both years, in all but two cases (Irish lord and rockfish from Adak), mean
concentrations measured in biota in 2016 are lower than those reported in 2011. The more
prominent Fukushima signature in 2011 (versus 2016), combined with the lower MDAs in 2016
(Figure 20), may account for some, or even the majority, of the observed differences.

The interpretation is more complicated for *°Pu due to the between-year differences in MDAs
shown in Figure 21 and the large proportion of nondetects in 2011 (Figure 24). To account for
these factors, means corresponding to largely nondetects are shaded green in Figure 25; the
corresponding lowest MDAs (—) are also shown. A necessary caveat is that this figure was
developed by substituting nondetects with the MDA. Despite the drawbacks associated with this
approach (enumerated in Section 3.5.1), risks associated with consumption of fish at 23°Pu levels
measured in 2016 are less than those estimated based on 2011 results. More detail regarding the
distribution and range of these results is provided in the following sections for cesium and
plutonium isotopes, respectively.
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Figure 25. Mean 37Cs and 23°Pu Concentrations in Rockweed and Marine Fish: 2011 vs. 2016
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4.2 Cesium Isotopes

For the 2016 environmental sampling effort, all biota samples were analyzed for both

134Cs and 1*’Cs. The decision to include '3*Cs (analyzed in only a few soil, sediment, and lichen
samples in 2011 [Figure 3]), was based on discussions with AWG, primarily to assess the
residual impact of inputs from Fukushima. This section begins with a discussion of results for
137Cs in algae and marine fauna; the limited detections of '**Cs are then evaluated. Detailed
(sample-specific) laboratory analytical results for **Cs and '*’Cs collected during the Amchitka
2016 sampling event are provided in Appendix C (Hamilton et al. 2018c¢). Detailed results of the
2011 investigation, used here for between-year comparisons, are provided in the previous
environmental sampling report (DOE 2013). Consistent with the approach used in that report, all
biota sampling results are presented in units of pCi/kg wet weight. Conversions to International
System of Units (SI) units, becquerels per kilogram (Bg/kg), are provided in some exhibits.

4.2.1 Cesium-137

Table 9 lists summary statistics for '3’Cs measured in biota samples from Amchitka and Adak
islands in 2016. For each island group, this summary includes the detection frequency, mean,
standard deviation (SD), range, and corresponding range of MDAs. Table 9 includes two sets of
means and SDs. The first set applies to detects only (the subset of quantifiable measurements).
Consistent with LM’s previous approach (DOE 2013), the second set applies to all results,
including nondetects substituted with the sample-specific MDA. One of the DQOs established
for the 2016 sampling program was analysis of cesium and plutonium isotopes in biota samples
to allow comparison with corresponding 2011 results. The corresponding decision rule was

as follows:

If the radionuclide concentrations measured in 2016 from the Amchitka Island sites are the
same or lower than those measured in 2011 for rockweed, greenling, rockfish, and Irish
lord, the results would support a determination that leakage from the test cavities is not
indicated. In this case, the 2016 data would be used to compare against future data
(DOE 20164).

To address this objective and to facilitate between-year comparisons, Table 9 and subsequent
exhibits also include results from 2011. As such, the following four data groups were evaluated:
Amchitka 2011, Amchitka 2016, Adak 2011, and Adak 2016.

Before presenting these exhibits, some caveats are warranted. In the final report documenting the
analytical results of the 2011 Amchitka sampling event, LLNL’s data validation process
indicated that Dolly Varden; rockweed; and, to a lesser exit, Irish lord contained a significant
cesium isotope signature from Fukushima, the nuclear accident that occurred just 3 months
before LM’s 2011 sampling event. The latter was indicated by the presence of a known beta
interference ('**Cs) in the '*’Cs analysis; associated measurement data were qualified
accordingly (Hamilton et al. 2012). As a result, LLNL concluded that all '*’Cs results in 2011
samples analyzed by beta spectrometry represented conservative measures of '*’Cs activity in
those samples. That is, summary statistics shown in Table 9 for 2011 biota samples, as well as
corresponding data plotted in subsequent figures, may overestimate '3’Cs activity. This in turn
would lessen apparent differences between the 2011 and 2016 results. As such, comparisons of
2011 results with 2016 results should be made with caution.
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Table 9. Summary Statistics for '3’Cs in Biota: 2016 vs. 20112

Species / No. of Detects Detects Onlyb All Data* Range of
Area Year (% > MDA) Range Mean * SD | Mean + SD MDAs"’
Rockweed®
Amchitka 2016 9 of 9 100% | 0.5 - 0.8 0.6 £ 0.1 059+ 0.1 |01 - 0.2
Adak 2016 6 of 6 100% | 0.6 — 2.0 1.0 £ 0.5 1.0+ 05 |01 - 0.2
Amchitka 2011 27 of 27 100% | 1.3 - 5.8 33+ 1.2 33+ 12 |02 - 05
Adak 2011 18 of 18 100% 1.0 -73 40+ 19 40+ 19 |03 - 05
Greenling
Amchitka 2016 24 of 30 80.0% | 0.5 - 31.0 33 + 6.1 28+ 55 (0.2 - 1.6
Adak 2016 16 of 19 84.2% | 0.7 - 3.6 1.8 + 0.8 1.7+ 08 |0.2 - 1.0
Amchitka 2011 26 of 27 96.3% | 1.9 - 7.8 46 + 1.7 45+ 17 |15 - 238
Adak 2011 18 of 18 100% | 0.9 - 7.4 3.6 + 1.6 36+ 16 |13 - 3.6
Irish Lord®
Amchitka 2016 23 of 30 76.7% | 0.4 - 11.8 2.0 + 25 1.8+ 23 |02 - 1.6
Adak 2016 12 of 20 60.0% | 0.3 - 78.4 8.7 + 22.2 56+ 17302 - 1.0
Amchitka 2011 18 of 27 66.7% | 1.2 - 9.5 35 +22 28+ 21 |08 - 39
Adak 2011 10 of 18 55.6% | 1.8 - 13.0 42 + 3.2 28+ 3.0 |09 - 25
Rockfish
Amchitka 2016 23 of 30 76.7% | 0.6 — 14.4 2.6 + 3.3 22+ 29 |02 - 09
Adak 2016 13 of 20 65.0% | 0.6 — 257 225 + 70 15.2 £ 56.9/0.3 - 1.5
Amchitka 2011 23 of 26 885% | 1.1 - 6.4 36 +13 33+ 15 |07 - 2.2
Adak 2011 14 of 15 933% | 1.2 - 9.4 40 + 2.1 39+ 21 |05 - 24
Dolly Varden®
Amchitka 2016 1 of 1 100% 102 0.8
Adak 2016 2 of 2 100% |49.7 - 69.9 59.8 £+ 14.3 0.7 - 1.2
Amchitka 2011 1 of 1 100% 98.0 1.0
Adak 2011 1 of 1 100% 447 1.0

Units are in pCi/kg wet weight.
Values listed in red denote the maximum summary statistic for each species group, across years and islands.

Notes:

a Comparisons of 2011 results with 2016 results should be made with caution. LLNL’s validation of 2011 '3’Cs data
clearly identified the presence of Fukushima-derived '**Cs in Dolly Varden and pooled samples of rockweed
(Hamilton et al. 2012). Trace quantities of '3*Cs were also observed in pooled samples of Irish lord. Therefore,
LLNL flagged all associated results with a data qualifier indicating the presence of a known beta interference.
LLNL then concluded that all reported '*’Cs beta spectrometry measurements may be variously affected by the
same data qualifier and therefore should only be used as a conservative measure of '*Cs activity concentrations.
That is, summary statistics shown above for 2011 biota sample results may overestimate '*’Cs activity, which in
turn would lessen the differences between 2011 and 2016 results.

b Based on the range of MDAs relative to measured values, exclusion of nondetects may inflate the mean.

¢ Calculated by using the sample-specific RDL reported by LLNL for results below the MDA. In 2011, two of the
reported nondetect results for Irish lord were negative: one from Adak (IRLO-AS-AST1-1, -0.1 £ 0.2 pCi/kg) and
the other from Cannikin (IRLO-CN-CT2-2, -0.2 £ 0.2 pCi/kg). Although considered in determination of detection
frequencies, these negative results were not used to derive the mean and SDs reported above. Also note that the
summary statistics listed above may differ slightly from those reported in the previous biomonitoring report
(DOE 2013) because of the different data management approaches applied to duplicate sample results.

4 Range of MDAs for 2016 are the range of sample-specific RDLs reported by LLNL (Hamilton et al. 2018c),
provided in Appendix C of this report. Those for 2011 are the range of minimum detectable concentrations
reported in the 2011 biological monitoring report (DOE 2013).

¢ In 2011 samples, data for these species were flagged with a qualifier indicating the presence of a known beta
interference (**Cs) in the '3’Cs analysis (Hamilton et al. 2012). LLNL suggested that a conservative estimate
of the 13Cs activity in beta spectrometry counted samples could be made using the following formula:
134Cs = 13"Csyeported * 0.59, based in part on an assumed Fukushima fallout '3*Cs/'*’Cs ratio of approximately 1.
This correction for '**Cs content corresponds to a correction factor of 0.4 for '*’Cs activity in the 2011 samples.
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The preceding introductory figure (Figure 25) was useful in showing that mean '3’Cs
concentrations in biota samples from Amchitka were lower in 2016 than in 2011, albeit slightly,
for resident fish species. However, the scale in that figure was driven by much higher
concentrations measured in rockfish from Adak Island in 2016. To provide better resolution,
Figure 26 presents the same information as that shown in Figure 25, but scales are unique for
each species. Results for Dolly Varden, the species with the highest '3’Cs concentrations
historically, are also shown.
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Bars represent means, determined using the MDA value for nondetects. This treatment is not problematic from
a statistical perspective as detection frequencies were fairly high (most >80%) for all island/year groups.
Means are labeled in red above each bar.

Error bars show the standard error of the mean, where twice the standard error roughly approximates the 95%

upper confidence limit.

Abbreviation:
SE = standard error

Figure 26. Mean + Standard Error Summary of '37Cs, All Species

Figure 26 confirms the previous conclusions regarding between-year differences, but it also
illustrates the large variation (indicated by the length of the standard error bars) for some
species-island-year combinations. Although a data visualization approach often used in the
scientific literature, mean and standard error plots can mask the true distribution of the data,
particularly if the data are skewed. To provide greater resolution on the '*’Cs data set, the box
plots in Figure 27 show the distribution of discrete measurements in the biota samples.
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Figure 27. Box Plots of 37Cs in Biota Samples, 2011 vs. 2016 (All Results)

Immediately evident in Figure 26 is the presence of outliers in the data set, impeding
examination of the bulk of the data. The 8 highest !*’Cs measurements in the combined
(2011/2016) biota data set (and driving the scale in the figure above) are identified below in
order of descending magnitude:

1.

S A

Dolly Varden, Adak, 2011

Rockfish, Adak North, 2016

Dolly Varden, Cannikin Lake, 2016
Dolly Varden, Cannikin Lake, 2011

Irish lord, Adak North, 2016

Dolly Varden, Andrew Lake, June 2016
Dolly Varden, Andrew Lake, May 2016
Greenling, Amchitka, 2016

DOLL-AD-XXX-1 447 pCi/kg
ROCK-AN-02 257 pCi/kg*
DOLL-AI-01 102 pCi/kg*
DOLL-AI-XXX-1 98 pCi/kg
ILOR-AN-09 78.4 pCi/kg
DOLL-AD-01 69.9 pCi/kg*
DOLL-AD-01 49.7 pCi/kg*
GREN-CN-07 31.0 pCi/kg

*Examined later in this section, '*’Cs results followed with an asterisk above also had measurable
concentrations of 1**Cs in 2016, indicative of a Fukushima-derived signature.

The majority (five) of the eight samples with the highest '*’Cs concentrations (listed above) were
from Adak Island. This Adak subset includes two of the three extreme outliers shown in

Figure 26 for samples collected in 2016. The remaining 2016 outlier, 31 pCi/kg measured in a
greenling sample from Amchitka, although high relative to other greenling measurements, is
lower than maximum levels measured in fish collected from Adak Island.
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Figure 28 is a similar plot of the '*’Cs data, but it excludes the major outliers shown in Figure 27.
For the combined 2011/2016 data set, Dolly Varden characteristically has had the highest '*’Cs
levels (49.7—447 pCi/kg) and was excluded from this figure. Figure 28 still shows the trend

of lower '3’Cs tissue concentrations in 2016 versus 2011 for biota samples collected from
Amchitka, but the resolution on results for rockweed samples collected in 2016 is poor. This
poor resolution is due to the marked difference in 2016 results (0.5-2.0 pCi/kg) relative to those
measured in 2011 (1.3-7.3 pCi/kg). Possible explanations for these between-year differences are
the different analytical methods used in both years (beta spectrometry in 2011 versus gamma
spectrometry in 2016), as well as the aforementioned beta interferences noted by LLNL in many
of the 2011 biota samples (Hamilton et al. 2012).
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Results for Dolly Varden are not shown, given high magnitudes and small sample numbers relative to other

species (Figure 27). For the species shown, the following 3 outlier results were also excluded:
greenling, Amchitka, 2016 31 pCi/kg

Irish lord, Adak North, 2016 78.4 pCi/kg
rockfish, Adak North, 2016 257 pCi/kg

Figure 28. Cesium-137 Distribution in Biota, 2011 vs. 2016, Excluding Extreme Outliers
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The final graphical presentation of between-year and interisland distributions for '3’Cs presented
in this section, Figure 29 plots activity concentrations for 2016 only, allowing better resolution
of those results. As done in the preceding figure, Figure 29 also excludes the aforementioned
outliers for greenling, Irish lord, and rockfish, as well as those for Dolly Varden, which
dominates the scale across species. With respect to interisland comparisons, Figure 29 illustrates
the overall similarity in results between Amchitka and Adak. This similarity is particularly
evident for greenling and Irish lord which, apart from a single higher measurement in a greenling
sample from Amchitka, appear almost identical.
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Notes:
Results for Dolly Varden are not shown, given high magnitudes and small sample numbers relative to other
species (Figure 27). For the species shown, the following three outlier results were also excluded:

e greenling, Amchitka, 2016 31 pCi/kg
e Irish lord, Adak North, 2016 78.4 pCi/kg
e Rockfish, Adak North, 2016 257 pCi/kg

Figure 29. Cesium-137 Distribution in 2016 Biota Samples, Excluding Extreme Outliers

The preceding plots (Figure 26 through Figure 29) indicate an overall trend of lower '*’Cs
concentrations in 2016 relative to those in 2011, especially for samples collected from Amchitka
(exceptions were found in samples from Adak). To quantify these findings, Table 10 presents the
results of contingency table tests, used to compare interisland detection frequencies, and the
Kruskal-Wallis tests, used to compare interisland *’Cs magnitudes. The considerations and
caveats noted previously should be acknowledged when reviewing this table.
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Table 10. Statistical Comparison Summaries for '3’Cs in Biota

Test of Kruskal- Between-
. . Proportions: ) Year
Species/ Detection , Wallis
Year Pearson’s Mean * SD¢ . Summary
Island? Frequency - Chi-squared -
Chi-squared 3 | (Amchitka
and p value® and p value only)e
Rockweed
Amchitka 2016 9/9 (100%) _ 0.6+0.1 7.35
Adak 6/6 (100%) 1.0+ 0.5 p =0.007
2016 <2011
Amchitka 2011 27/27 (100%) _ 33+12 1.14
Adak 18/18 (100%) 40+1.9 p=0.29
Greenling
Amchitka 2016 24/30 (80.0%) 0.14 2855 0.0004
Adak 16/19 (84.2%) p=071* 1708 p=0.98
2016 <2011
Amchitka 2011 26/27 (96.3%) 0.68 45+1.7 0.32
Adak 18/18 (100%) p=0.41* 3616 p=0.57
Irish lord
Amchitka 2016 23/30 (76.7%) 1.59 1.8+23 0.1
Adak 12/20 (60.0%) p=0.21 56+17.3 p=0.73
2016 <2011
Amchitka 2011 18/27 (66.7%) 0.57 27122 3.4
Adak 10/18 (55.6%) p=0.45 27+30 p =0.065
Rockfish
Amchitka 2016 23/30 (76.7%) 0.81 22+29 24
Adak 13/20 (65.0%) p=0.37 15.2 + 56.9 p=0.12
2016 <2011
Amchitka 2011 23/ 26 (88.5%) 0.26 3.3+15 0.32
Adak 14/15 (93.3%) p=0.61* 3.9+21 p=0.57

-- Not applicable or not reported (e.g., when detection frequencies equivalent)
p-values < 0.05 indicate a significant interisland difference, in either detection frequency (Pearson’s chi-squared) or '*’Cs

concentration (Kruskal-Wallis test).
Notes:
@ Dolly Varden are not listed due to limited sampling in both 2011 and 2016 (n < 2 within groups).

b Interisland comparisons of the proportions of detects and nondetects were tested using Pearson’s chi-square (contingency
table) test; corresponding p values are listed below each chi-squared (x2) value. Because this test was designed for larger
samples (count > 5 in each contingency table cell), the Fisher Exact test was also run for verification purposes for each
interisland pairing (only chi-squared tests are listed above). * following the p value denotes cases when the chi-square test
yielded warnings due to high (> 85%) detection frequencies. In these cases, the p value yielded using the Fisher Exact test
was 1.

¢ Consistent with the approach in Table 9, means were calculated using the sample-specific relative detection limit reported
by LLNL for results below the MDA.

4 To assess interisland differences in 3’Cs levels within years, the Kruskal-Wallis rank sum test was used. Although
ANOVAs were initially run, due to outliers and violation of one or more of the test assumptions (e.g., a normal distribution
and equal variances), the nonparametric rank sum test was used, consistent with the statistical approach used by CRESP
(2005).

¢ Although initially run?', between-year statistical comparisons were ultimately considered not appropriate or useful given
(1) the differences in analytical methods between years—beta spectrometry in 2011 versus gamma spectrometry in 2016—
and (2) more importantly, the beta interferences reported by LLNL for the 2011 biota analyses (Hamilton et al. 2012). LLNL
suggested that reported '3’Cs beta spectrometry measurements only be used as a conservative measure of '3’Cs activity
because they likely reflected combined '3*Cs+'3’Cs content. As discussed in the text and identified in Table 9 (Notes “a”
and “e”), because 2011 results may represent overestimates of '3’Cs activity, differences between 2011 and 2016 results
might be less than those indicated above. As such, the summary in the final column of this table is qualitative, intended
mainly to demonstrate that associated risks in 2016 are not greater than those determined based on 2011 sample results.

21 For all species listed above, between-year (2011 versus 2016) statistical comparisons were significant (p < 0.01).
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Based on the preceding figures and the results of statistical tests reported in Table 10, the
following paragraphs summarize the '*’Cs content in samples collected in 2016 relative to
corresponding 2011 results. The primary focus is on Amchitka 2016 results (by species) relative
to the other island/year groups. While the ranges referenced below apply to detected results

only, means and standard deviations were determined by substituting nondetects with the
sample-specific MDA. All results are in pCi/kg wet weight, consistent with the presentation used
throughout this report. Some, or even most, of the between-year differences noted below may
reflect the aforementioned beta interferences noted by LLNL for the 2011 biota samples.

e Rockweed—Cesium-137 was detected in all rockweed samples collected in both 2011
(n=45) and 2016 (n=15). In 2016, mean activity concentrations of '*’Cs in rockweed
samples from Amchitka (n=9) and Adak (n=6) were 0.6 = 0.1 pCi/kg and 1.0 £ 0.5 pCi/kg,
respectively, a difference that was statistically significant (Adak > Amchitka, p = 0.007).
The mean '*’Cs concentration (0.6 pCi/kg) measured in Amchitka samples (2016) was lower
than that measured in 2011 (3.3 + 1.2 pCi/kg), as was the range (0.5-0.8 pCi/kg in 2016
versus 1.3-5.8 pCi/kg in 2011). Overall, mean '*’Cs concentrations in 2016 Amchitka
samples were lower than those found for all other groups. This finding is not unexpected,
given that 2011 '*’Cs results may reflect the combined presence of 1**Cs and '*’Cs.

e Greenling—Cesium-137 was detected in the majority of greenling samples collected in
both 2011 (n=45) and 2016 (n=49). In 2016, mean activity concentrations of '*’Cs in
greenling samples from Amchitka (n=30) and Adak (n=19) were 2.8 £ 5.5 pCi/kg and
1.7 £ 0.8 pCi/kg, respectively. The higher mean and variance for Amchitka, although not
significant relative to Adak results, reflects the 31 pCi/kg outlier measurement discussed
previously and plotted in Figure 27. This outlier, although higher than all other '*’Cs
measurements in greenling (from 2011 and 2016), is lower than '*’Cs levels measured in
other fish species from Adak (78.4-447 pCi/kg, Table 9). Even including this outlier, *’Cs
concentrations in 2016 samples Amchitka samples are still lower overall than those
measured in 2011 (4.5 = 1.7 pCi/kg).

e Irish lord—As found for other fish species, *’Cs was detected in the majority of Irish lord
samples collected in both 2011 (n=45) and 2016 (n=50). In 2016, mean activity
concentrations of '*’Cs in Irish lord samples from Amchitka (n=30) and Adak (n=20) were
1.8 £2.3 pCi/kg and 5.6 = 17.3 pCi/kg, respectively. The higher mean and variance for
Adak, not significant relative to corresponding Amchitka results (p = 0.57), reflects the
78.4 pCi/kg outlier measurement (Figure 27). Cesium-137 concentrations in samples from
Amchitka were also marginally lower than those measured in 2011 (2.7 + 2.2 pCi/kg).

o Rockfish—Overall, results for rockfish are similar to those described above for Irish lord.
Mean '3’Cs concentrations measured in samples collected from Amchitka in 2016
(2.2 £2.9 pCi/kg) are again lower than those found for all other groups: Adak 2016
(15.2 £56.9 pCi/kg, again the highest), Amchitka 2011 (3.3 + 1.5 pCi/kg), and Adak 2011
(3.9 £2.1). The high mean yielded for Adak in 2016 reflects a 257 pCi/kg outlier result.
Excluding this Adak outlier, the '3’Cs activity in 2016 samples from Amchitka was not
significantly higher than those from Adak (p = 0.57), reflecting the comparable distributions
shown in Figure 29.

e Dolly Varden—ILimited conclusions can be drawn due to the small sample numbers in both
the 2011 and 2016 studies: one per group except 2 collected from Adak in 2016 (Table 9),
all of which were composites. Nonetheless, relative to all other species sampled, the
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highest '3’Cs concentrations were measured in Dolly Varden, with the maximum
(447 pCi/kg) collected from Adak in 2011.

In summary, for all species, the mean '*’Cs content measured in biota samples from Amchitka in
2016 was lower than corresponding 2011 results. Whether these differences stem from the lower
MDAs in 2016 relative to 2011, the beta interferences identified for some 2011 samples, or some
other factor, is not known. However, from a risk perspective, one can conclude that risks
associated with '*’Cs in 2016 biota samples are lower than those determined based on 2011
results. For samples collected in 2016, interisland comparisons of both detection frequencies and
137Cs magnitude were insignificant except for rockweed, with higher '*’Cs levels in samples
from Adak (p=0.007).

To examine factors possibly influencing the 2016 results, the relationship between fish weight
(wet weight) and corresponding wet weight '*’Cs concentrations was briefly examined for
greenling, Irish lord, and rockfish. Based on the distribution of points in Figure 30, no pattern or
relationship between sample wet weights and !*’Cs activity concentration is apparent. For scaling
purposes, this figure excludes the three 2016 outlier results mentioned previously. No
relationship was found between sample weight and magnitude in those samples.
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e Solid points denote results above the MDA.
o denote nondetect result (<MDA).

Note:

To allow comparison across species and a common scale, this plot excludes the three outliers
from 2016 (= 31 pCi/kg) plotted in Figure 27. Wet weights for samples with 257 pCi/kg (Adak
rockfish), 78.4 pCi/kg (Adak Irish lord), and 31 pCi/kg (Amchitka, greenling) were 1310, 1066, and
766 g, respectively. Some of the samples plotted in this figure represent composites.

Figure 30. Cesium-137 Activity in 2016 Marine Fish Samples vs. Sample Wet Weights

Although locational differences were not quantitatively evaluated (based on the stated DQOs,
interisland differences received more focus), the mean and error plots in Figure 31 illustrate
differences in mean '3’Cs between Adak (the reference island) and Amchitka site (Cannikin,
Long Shot, and Milrow) transects. No notable differences are apparent except for higher levels at
Adak for Irish lord, rockfish, and Dolly Varden. Also, mean '*’Cs levels in greenling appear to
be higher in samples from Cannikin overall. However, in this case, 2016 mean concentrations are
lower than those measured in 2011.
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a. Cesium-137 in Biota by Year, Area
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Figure 31. Cesium-137 in Biota Samples, 2011 vs. 2016 Comparisons by Location

(a) grouped by Year (x-axis variable ), area (fill variable)
(b) grouped by Area (x-axis variable ), year (fill variable)
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This section concludes with a brief mention of '3’Cs results reported by CRESP based on their
previous 2004 investigation (CRESP 2005; 2006a; 2006b). Ideally, these results would also
be considered, even if qualitatively, in evaluating the 2016 environmental sampling results.

However, these comparisons were not possible given the small number of samples analyzed by
CRESP and the corresponding high MDAs mentioned previously, summarized in Table 11. The
only exceptions were 1000-g samples, with lower MDA relative to 100-g samples, but these
constituted only a small portion of CRESP’s overall sampling regime. As such, despite the broad
sampling program and in-depth analyses conducted by CRESP in 2004-2005, because of the
high MDAs (particularly for rockweed and greenling), temporal trends (i.e., 2004 versus 2011
versus 2016) cannot be evaluated, neither quantitatively nor qualitatively.

Table 11. Summary of CRESP Findings Results for 37Cs, 2004—2005

Number Range Mean £ SD Mean MDA
Species of pCi/kg pCi/kg pCi/kg Comment
Samples (Ba/kg) (Ba/kg) (Ba/kg)
Rockweed
(Fucus)
1000g 2 ND 9.2 Highest MDAs from LM studies
samples (0.34) .
100 g 164 were 0.5 pCi/kg (2011) and
samples 4 -- -- (6.08) 0.2 pCi/kg (2016).
Greenling
1000g 5 ND 78 Highest MDAs from LM studies
samples (0.29) .
100 g 759 were 3.6 pCi/kg (2011) and
samples 23 - - (2.81) 1.6 pCi/kg (2016).
Irish lord
1000 3.6 Highest MDAs from LM studies
sam Iges 3 (0.132) -- -- were 3.9 pCi/kg (2011) and
P 33% > MDA 1.6 pCi/kg (2016).
100 g _ _ _ _
samples
Rockfish
1000 g 3.0-5.1 3.9+1.1 27 . .
samples 3 (0.111-0.189) | (0.143 + 0.04) (0.1) Highest MDAs from LM studies
100 g 897 were 2.4 pCi/kg (2011) and
samples 12 -- - (3.32) 1.5 pCi/kg (2016).
Dolly Varden
o f‘:om 18.9-21.1
1000g 2005, 2 (0.7-0.78) - 3.6 Highest MDAs from LM studies
samples " Detected in 3 (0.132) .
additional | = s were 1.0 pCi/kg (2011) and
from 2006) P 1.2 pCilk
.2 pCi/kg (2016).
100 g 8 _ _ 107.3
samples (3.97)
Note:

Main units in pCi/kg consistent with this report. Bq/kg provided in parentheses consistent with CRESP’s reporting
(CRESP 2005; 2006a). CRESP substituted sample values below the MDA with one-half the MDA to calculate the
mean and SD. Only Dolly Varden and Irish lord were addressed in the 2006 addendum (CRESP 2006a).

Abbreviations:

-- = Not reported
ND = Not Detected
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4.2.2 Cesium-134

Of the 167 biota samples analyzed for cesium, no reportable '3*Cs was detected in fish or algae
samples except for the three samples of Dolly Varden (two from Adak) and a single rockfish
sample collected from Adak North. Because '**Cs has a half-life of only 2 years, these results
indicate a Fukushima-derived contaminant signature. Table 12 presents results for biota samples
with measurable '**Cs, including corresponding '*’Cs levels and '**Cs/'3’Cs activity ratios.

Table 12. Summary of 2016 Biota Samples with Measurable Levels of 134Cs

Sample ID Species Island Date (p1(3':7i(/':ksg) (;Z‘i(/':ksg) A::i(\'/;iical;gfio
DOLL-AD-01 Dolly Varden Adak May 21, 2016 49.7 3.37 0.068
DOLL-AD-01 Dolly Varden Adak June 14, 2016 69.9 3.04 0.043
ROCK-AN-02 Rockfish Adak (North) | May 19, 2016 257 17.0 0.066
DOLL-AI-01 Dolly Varden Amchitka June 21, 2016 102 4.46 0.044

All activity concentration units in pCi/kg wet weight.

As shown in Table 12, the **Cs/!*’Cs activity ratios observed in these samples were tightly
bounded between 4.3 and 6.8%. These ratios are about an order of magnitude lower than those
reported for lichen and soil samples collected in 2011 (DOE 2013), which ranged from 30-60%
and were attributed to Fukushima-derived fallout (Hamilton et al. 2012; DOE 2013).

The combined results of the 2011 and 2016 investigations indicate an overall trend of higher
137Cs activity concentrations in samples from Adak relative to those from Amchitka. Dasher
(2019) suggested that these results may reflect the higher fallout deposition on Adak compared
to the lowland area of Amchitka. Based on oceanographic and atmospheric modeling of
post-Fukushima !*’Cs deposition, Adak was predicted to receive more deposition from
Fukushima than Amchitka, at least in the eastern region of the island where LM sampled.
Differences in ocean currents affecting both regions might also account for the higher '*’Cs
levels in some of the resident fish species collected offshore from Adak.

In summary, the '**Cs detections in 2016 biota samples, albeit limited to only 4 (2%) of the

168 samples, likely indicate a Fukushima signature, a factor that complicates interpretations of
137Cs levels in site environmental samples. Although used historically as a bioindicator in site
evaluations (CRESP 2005; 2006a; 2006b; and DOE 2013), the extent to which '*’Cs activity
concentrations represent a possible influence of Fukushima versus other sources (remnants of
global fallout from above-ground nuclear tests or an Amchitka test-related signature) cannot be
quantified. Hori et al. (2018) proposed a methodology for distinguishing between pre- and
post-Fukushima-derived '*’Cs. However, this method is only useful if both **Cs and '*’Cs are
measured. Given that 1**Cs was measured in a small percentage of 2016 environmental samples,
the approach recommended by Hori et al. (2018) was not applied here.
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4.3 Plutonium Isotopes

In contrast to '3’Cs, measured in the majority of both 2011 and 2016 samples, plutonium isotopes
were only detected in a small percentage of samples collected in 2011 (DOE 2013), mostly
dragon kelp (not sampled in 2016) and to a lesser extent rockweed. In their discussion of the
2011 plutonium isotopic results, LLNL commented that “it was apparent that even a small
improvement in the minimum quantifiable activity of Pu may turn what appears to be a number
of borderline measurements into clearly quantifiable activities” (Hamilton et al. 2012). As
discussed in Section 3 and illustrated in Figure 21, substantially lower MDAs were achieved for
23%Py in analysis of the 2016 samples. Detectable levels of 2*°Pu were reported for many 2016
fish and algal samples, albeit mostly at or near the detection limits of the instrument. In contrast,
only four samples contained detectable levels of >*°Pu. Corresponding MDAs were about 5 times
higher than those for 2**Pu (in 2016 samples) and comparable to those achieved in 2011.

Detailed laboratory analytical results for 2*°Pu and 2*°Pu collected during the Amchitka 2016
sampling event are provided in Appendix D, based on Hamilton et al. (2018d). LLNL’s more
recent communication (Hamilton 2019) suggests that the four 2016 2*°Pu results initially reported
as detected, although still passing quality assurance requirements, are anomalous and should not
be considered as quantitative. The following discussion of plutonium results should be read with
this caveat in mind.

4.3.1 Plutonium-239

Table 13 lists summary statistics for *’Pu measured in biota samples from Amchitka and Adak
Islands in 2016 and, to address one of the primary study objectives comparing 2016 results with
2011 to verify previous food safety conclusions, corresponding descriptive statistics for 2011.
This table includes the detection frequency, mean, SD, range of detections, and corresponding
range of MDAs for each of the four island/year groups. Two sets of mean and variance measures
are provided, the first for detects and the second corresponding to all results (censored data).

As a prelude to the discussion of results, Figure 32 through Figure 34 illustrate the distributions
of 2*°Pu in 2016 biota samples. These figures were developed by substituting nondetects with the
value of the MDA or sample-specific RDL reported by LLNL (Hamilton et al. 2018d). It is
important to reiterate some of the previous interpretations that accompanied Figure 24, the initial
mean and standard error plot with common scales across species presented in this section. This
plot showed that, for rockweed and greenling, mean 2*’Pu concentrations were lower in 2016
than in 2011. To provide better resolution on the scale, Figure 32 presents the same information,
but scales are unique for each species. Again, interpretation of this figure is complicated given
the large between-year differences in MDAs shown in Figure 21 and the large proportion of
nondetects in 2011 (Figure 24). In Figure 32 (consistent with the presentation in Figure 25),
means corresponding to largely nondetects are shaded green; the corresponding lowest MDAs
(—) are also shown.

For both islands (Amchitka and Adak), mean 23°Pu levels are clearly lower in 2016 than in 2011.
However, it is not clear whether those differences are a function of decreased magnitudes or,
more likely, merely an artifact of the change in signal or laboratory sensitivity between the

two years. The box plots in Figure 33 provide greater resolution on the distributions of **Pu in
2011 and 2016 samples, for both detects and nondetects assigned MDA values.
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Figure 34 shows the same results but for 2016 only; this figure also includes an overlay of results
of statistical comparisons listed in Table 14. Both figures exclude Dolly Varden, as it was not
detected in any samples collected in 2016 (Table 13).

Table 13. Summary Statistics for 23°Pu in Biota: 2016 vs. 2011

Species / No. of Detects Detects Only® All Data” Range of
Area Year (% > MDA) Range Mean + SD Mean + SD MDAs*
Rockweed
Amchitka 2016 9 of 9 100% |0.0005 - 0.002 0.001 £ 0.0004 | 0.001 + 0.0004 | 0.0004 - 0.0005
Adak 2016 4 of 6 66.7% | 0.001 - 0.002 0.001 £ 0.0005| 0.001 + 0.0005 | 0.0004 - 0.0004

Amchitka 2011 25 of 27 92.6% | 0.002 - 0.012 0.007 + 0.003 | 0.008 =+ 0.003 0.004 - 0.01
Adak 2011 15 °f 18 83.3% | 0.002 - 0.019 0.007 + 0.004 | 0.008 * 0.004 0.004 - 0.01
Greenling

Amchitka 2016 28 of 30 93.3% | 0.003 - 0.028 0.01 £ 0.006 0.01 £ 0.006 0.002 - 0.004

Adak 2016 8 of 20 40.0% | 0.003 - 0.007 0.005 = 0.002 0.003 = 0.002 0.002 - 0.005
Amchitka 2011 2 of 27 7.4% 0.018 - 0.020 0.019 = 0.001 0.05 £ 0.013 0.04 - 0.08
Adak 2011 O of 18 0% 0.04 - 0.07
Irish Lord
Amchitka 2016 28 of 30 93.3% | 0.004 - 0.023 0.010 = 0.005 0.009 = 0.005 0.001 - 0.006
Adak 2016 13 of 20 65.0% | 0.003 - 0.055 0.010 = 0.014 0.008 + 0.012 0.002 - 0.004
Amchitka 2011 0 of 27 0.0% 0.02 - 0.08
Adak 2011 O of 18 0.0% 0.03 - 0.07
Rockfish

Amchitka 2016 24 of 30 80.0% | 0.003 - 0.017 0.008 £ 0.004 | 0.007 + 0.004 |0.0015 - 0.003

Adak 2016 8 of 20 40.0% | 0.003 - 0.039 0.014 £ 0.013 | 0.007 £ 0.01 0.0014 - 0.004
Amchitka 2011 0 of 26 0.0% 0.02 - 0.06
Adak 2011 O of 15 0.0% 0.01 - 0.06
Dolly Varden
Amchitka 2016 0 of 1 0% 0.003
Adak 2016 0 of 2 0% 0.003 - 0.005
Amchitka 2011 0 of 1 0% 0.01
Adak 2011 0 of 1 0% 0.01

Units are in pCi/kg wet weight.
Values listed in red font denote the maximum summary statistic for each species group, across years and islands,
except in cases where there are ties.

Notes:

@ Based on the range of MDAs relative to measured values, exclusion of nondetects may inflate the mean.

b Calculated by using the sample-specific RDL reported by LLNL for results below the MDA. Despite problems with
substitution acknowledged in Section 3.5.1, this estimator is considered more representative than the mean of
detects only. However, variance is likely to be underestimated, especially for those groups with a higher proportion
of nondetects.

The summary statistics listed above may differ slightly from those reported in the previous (DOE 2013)
biomonitoring report. In that report, means and SDs were calculated using the maximum of duplicate results. In
generating data plots for this report, however, data were filtered to exclude all 2011 duplicate results (no duplicate
biota samples were collected in 2016). This approach may result in some minor discrepancies between mean + SD
estimates listed above versus those listed in the 2011 report tables (DOE 2013).

¢ Range of MDAs for 2016 are the range of sample-specific RDLs reported by LLNL (Hamilton et al. 2018d), provided
in Appendix D of this report. Those for 2011 are the range of MDAs reported in the 2011 biological monitoring report
(DOE 2013).
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Figure 32. Mean Plots of 23%Pu lllustrating Impacts of Between-Year MDA Differences
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Figure 33. Plutonium-239 Distribution in Biota, 2011 vs. 2016
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Figure 34. Plutonium-239 Distribution in Biota Samples Collected in 2016
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Table 14. Statistical Comparison Summaries for 239Pu in Biota

Test of Kruskal- Between-
Species/ Detection Proportlo?s: Mean * SD¢ Wallis s Year
Island® Year Frequency Pe_:arson S (pCilkg) Chi-squared ummary
Chi-squared g (Amchitka
b and p value o
and p value only)
Rockweed
Amchitka 9/9 (100%) 3.46 0.001 + 0.0004 1.39 2016 < 2011**
Adak 2016 | 46 (66.7%) p=0063 |0001+0.0005| p=024
Amchitka | 0.4 | 2527 (92.6%) 0.94 0.008 + 0.003 0.31 Zggfgm =
Adak 15/18 (83.3%) p=0.33 0.008 + 0.004 p=0.58 Adak
Greenling
Amchitka 28/30 (93.3%) 16.9 0.01 + 0.006 24.5 -
2016 < 2011
Adak 2016 8/20 (40.0%) p <0.0001* || 0.003 +0.002 p < 0.0001*
) 2016avc >
Amchitka 2/27 (7.4%) 0.05 +0.013
Adak 2011 0/18 (0%) NA NA (<0.07) NA 2016asak
Irish lord
Amchitka 28/30 (93.3%) 6.53 0.009 + 0.005 9.4 2016 < 2011**
Adak 2016 1 43120 (65.0%) p=0011* | 0008+0.012 | p=0.002* 016 <20
. 2016avc >
Amchitka 0/27 (0%) NA (<0.08)
Adak 2011 0/18 (0%) NA NA (<0.07) NA 2016adzk
Rockfish
Amchitka 24/30 (80.0%) 8.33 0.007 + 0.004 3.3 2016 < 2011**
Adak 2016 1 "g/20 (40.0%) p=0004* | 0.007+0.01 p =007 016 <20
. 2016amc =
Amchitka 0/26 (0%) NA (<0.086)
Adak 2011 0/15 (0%) NA NA (<0.06) NA 2016n0ak

*Significant test result (p < 0.05). p-values < 0.05 indicate a significant interisland difference, in either detection
frequency (Pearson’s chi-squared test) or 23°Pu concentration (Kruskal-Wallis test).

**Conclusion only relevant to determinations of food safety. Due to the higher MDAs in 2011 (Figure 21), and
corresponding low detection frequencies found for all species except rockweed, the actual distribution of
239Py levels in most 2011 biota samples is not known.

Notes:

a Dolly Varden not listed as 23°Pu was not detected in samples collected in 2011 (n = 2) or in 2016 (n = 3).

b Interisland comparisons of the proportions of detects and nondetects were tested using the Pearson’s chi-squared
(contingency table) test; corresponding p values are listed below each chi-squared (y?) value.

¢ Means calculated using the sample-specific RDL reported by LLNL for results below the MDA.

4 To compare interisland magnitudes within years, the Kruskal-Wallis rank sum test was used. Although ANOVAs
were initially run, due to outliers and violation of one or more of the test assumptions (e.g., a normal distribution and
equal variances), the nonparametric rank sum test was used, consistent with the statistical approach used by
CRESP (2005).

¢ Statistical comparisons were not appropriate given the large differences in MDAs between years.

Abbreviation:
NA = not applicable (e.g., given nondetects for that species-year group)
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Based on the preceding figures, the data summary in Table 13 and the results of statistical tests
reported in Table 14, the following paragraphs summarize the >*’Pu content in samples collected
in 2016 relative to corresponding 2011 results. While the ranges referenced below apply to
detected results only, means and standard deviations were determined by substituting nondetects
with the sample-specific MDA.

e Rockweed—Plutonium-239 was detected in the majority of rockweed samples collected in
both 2011 (n=45) and 2016 (n=15). In 2016, mean activity concentrations of >*°Pu in
rockweed samples from Amchitka (n=9) and Adak (n=6) were both 0.001 pCi/kg with
similar standard deviations (0.0004—0.0005 pCi/kg). These levels are lower than those
detected in 2011 (0.008 pCi/kg in both Amchitka and Adak samples), but this finding likely
reflects the fact that MDAs in 2016, ranging from 0.0004-0.0005 pCi/kg, were about an
order of magnitude lower than those in 2011 (0.004—0.01 pCi/kg). For 2016 results, the
interisland difference in the proportion of detects between Amchitka (100%) and Adak
(66.7%) was marginally significant (p = 0.063, Table 14). No significant interisland
difference was found in 2*’Pu levels based on the 2016 results (p = 0.24, Figure 34).

e Greenling—Plutonium-239 was largely not detected in greenling samples from 2011: only
2/27 from Amchitka (0.018-0.02 pCi/kg) and none (0/18) from Adak (Table 13). However,
239Py was detected in the majority of greenling samples collected from Amchitka in 2016
(93.3%) at levels ranging from 0.003—-0.028 pCi/kg. Significantly lower detection
frequencies (40.0%) were observed for samples from Adak (p < 0.0001). Significant
interisland differences were also found in 2**Pu magnitude (2016 results), with activity
concentrations higher (p < 0.0001) in samples from Amchitka (0.01 = 0.006 pCi/kg) relative
to those from Adak (0.003 £ 0.002 pCi/kg). Differences in MDAs between years (Table 13)
preclude corresponding statistical comparisons. From a food safety perspective, 2016 results
are lower than 2011 results, but this conclusion is based only on what the detection
capabilities were in 2016 (0.002—0.005 pCi/kg) relative to those in 2011 (0.04-0.08 pCi/kg).

e Irish lord—Results for Irish lord are similar to those for greenling in terms of magnitude
and overall findings. Not detected in 2011 due to the higher MDAs at that time
(0.02-0.08 pCi/kg), **°Pu was detected in the majority (93%) of Amchitka samples in 2016.
Detection frequencies were significantly lower at Adak (65%, p = 0.011). Significant
interisland differences were also found in 2**Pu magnitude (2016 results), with activity
concentrations higher (p = 0.002) in samples from Amchitka (0.009 + 0.005 pCi/kg) relative
to those from Adak (0.008 £+ 0.012 pCi/kg). Although the means are similar because of the
0.055 pCi/kg outlier from Adak (Figure 33), as shown in Figure 34, the distributions are
different, with Amchitka results shifted slightly higher than Adak.?*

e Rockfish—Results are similar to those found for the other fish species discussed above;
239py was not detected in 2011 due to the higher MDA at that time (0.01-0.06 pCi/kg).
MDAs achieved in 2016 were about one order of magnitude lower, ranging from
0.0014-0.004 pCi/kg. Although no interisland differences in 2**Pu magnitude were found
(both means were 0.007 pCi/kg), there were significant differences (p = 0.004) in the
proportion of detects between islands: 80% at Amchitka versus 40% in samples from Adak
(Table 13, Table 14).

e Dolly Varden—Plutonium-239 (along with 2*°Pu) was not detected in Dolly Varden samples
in either 2011 (3**Pu < 0.01 pCi/kg) or 2016 (***Pu < 0.003-0.005 pCi/kg).

22 This example illustrates the drawbacks inherent in comparing means versus what Kruskal-Wallis actually tests,
differences in percentiles.
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Given the greater laboratory sensitivity achieved in 2016, *°Pu was measured in the majority of
samples from Amchitka in 2016 (except for Dolly Varden), and overall about half of those from
Adak. Means and ranges of quantifiable measurements in 2016 were lower than MDAs achieved
in 2011 by about an order of magnitude. As such, previous conclusions regarding food safety and
potential risk are maintained. Based on 2016 results, significant interisland differences in
detection frequency or >*’Pu magnitude were found for fish species (greenling, Irish lord, and
rockfish). For both endpoints, measures were higher in samples from Amchitka relative to Adak.

These findings are consistent with conclusions drawn previously by CRESP (2005), who found
a higher proportion of detectable values for > ?*°Py in algae at Amchitka than at Kiska (the
reference island at that time). CRESP also found significant differences in mean levels of
plutonium isotopes (higher at Amchitka), although the differences were small and well below
human health guidance levels. In line with CRESP’s conclusions, even though statistically
significant interisland differences were found in 2016 (with Amchitka higher than Adak),

these differences are not considered biologically significant. To better illustrate these small
differences, Figure 35 is an alternate presentation of the 2016 2*°Pu results shown previously
(the box plots in Figure 34). In this series of Q-Q plots, scales are common across species to
facilitate comparisons.
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For scaling purposes, corresponding food safety guidelines (e.g., Codex guideline of 27 pCi/kg [1 Bqg/kg] discussed in
Section 5) are not shown because they are 2—3 orders of magnitude higher than the 23°Pu results plotted above.

Note:

In the quantile-quantile plots shown in this figure, the y-axis represents actual sample result while the x-axis shows the
corresponding quantiles from a theoretical normal distribution.

Figure 35. Distributions of 23°Pu in 2016 Biota Samples: Amchitka vs. Adak

As shown in Figure 35, while 2**Pu results from Amchitka are shifted higher relative to Adak for
greenling, Irish lord, and to a lesser extent rockfish, the shift is only on the order of about
0.01-0.02 pCi/kg (<0.001 Bg/kg). This difference is negligible relative to corresponding food
safety guidelines or risk-based levels discussed in Section 4.3.2. For example, the most
conservative seafood consumption/intake scenario based on the 2011 risk assessment yielded an
allowable 2*°Pu level in fish of 10.1 pCi/kg, at least two orders of magnitude higher than the
levels found in 2016 samples.
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Figure 35 also shows that, despite the overall higher concentrations (and detection frequencies)
found in some species at Amchitka in 2016, the highest 2°Pu levels overall were measured in
fish collected from Adak (0.055 and 0.039 pCi/kg in Irish lord and rockfish samples,
respectively).

This was also the case based on 2011 results, when the highest 2*’Pu activity concentration was
measured in a reindeer lichen sample from Adak (0.308 pCi/kg). As discussed in the conclusion
of Section 2.2.4, more species and analytes were addressed in the 2011 environmental
monitoring event than in 2016 (Figure 2 and Figure 3). Although **°Pu was not detected in
rockfish or Irish lord in 2011, it was detected in other species, including: chiton, dragon kelp,
horse mussel, octopus, reindeer lichen, sea urchin, and (also sampled in 2016) rockweed and
greenling. In fact, both 2*Pu and 2*°Pu were detected in the majority of dragon kelp samples

in 2011.% These 2011 results are shown in Figure 36, which plots the distributions of *°Pu for
all species with quantifiable *°Pu. For dragon kelp and rockweed, the only species with
sufficient percentages of *’Pu detections or sample numbers, no significant interisland
differences were found in 2**Pu magnitude (p = 0.71 and p = 0.58, respectively).

-0.009

-0.006%
=

-0.003

-0.000

Chiton Dragon Kelp Greenling  Horse Mussel Octopus  Reindeer Lichen Rockweed Sea Urchin
Species

Detect = N * Y Island B9 Amchika B8 Adak

Units in pCi’kg wet weight; corresponding S| units shown on right y-axis.

- - - denotes the maximum 23°Pu activity detected in biota samples in 2016 (0.055 pCi/kg)

Note:

This plot excludes outlier nondetect datum HMUS-LS-LT3-1 and corresponding MDA (2 pCi/kg).

Figure 36. Plutonium-239 Distributions in Biota Samples Collected in 2011
Species shown are only those with quantifiable 23°Pu; includes species not assessed in 2016.

23 Plutonium-239 was detected in all dragon kelp samples collected in 2011 (27 from Amchitka and 18 from Adak),
while 24°Pu was detected in 25/27 samples from Amchitka (93% frequency) and all 18 samples from Adak.
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As done for *’Cs (Figure 30), this section concludes with an examination of the relationship
between fish weight and corresponding *’Pu concentrations for greenling, Irish lord, and
rockfish. Based on the distribution of points in Figure 37, no pattern or relationship between
sample wet weights and 2*’Pu activity is apparent. A possible exception is that the two highest
239%Py levels in rockfish, both from Adak Island, correspond to some of the largest (> 1750 g)
fish. Also, higher 2*°Pu levels in greenling samples from Amchitka seem to correspond to smaller
fish (significance not assessed), but this relationship appears to be weak.
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e Solid points denote results above the MDA.
o denotes nondetect result (<MDA).

Notes:
Dolly Varden is not included in this figure as 2%°Pu was not detected in the three samples collected.

Some of the samples plotted in this figure represent composites.

Figure 37. Plutonium-239 Activity in 2016 Marine Fish Samples vs. Sample Wet Weights

4.3.2 Plutonium-240

Table 15 presents summary statistics for *°Pu. Given the very low frequencies of detection
relative to 2*’Pu, the main purpose of this table is to document sample numbers and the range of
MDA for each year and island grouping. Of the 168 biota samples collected in 2016, >*°Pu was
detected in only four fish samples (two rockfish, one greenling, one Irish lord) from Amchitka.
These four results should be interpreted with caution given the caveat issued in the introduction
to this section, based on LLNL’s recent correspondence (Hamilton 2019). Unlike cesium, the
March 2011 Fukushima nuclear accident did not release measurable amounts of plutonium in
far-field atmospheric fallout outside of Japan (Thakur et al. 2017), so this would not explain the
unusual *°Pu detections.
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Units in pCi/kg wet weight.

Table 15. Summary Statistics for 24°Pu in Biota: 2016 vs. 2011

Units in mBg/kg wet weight.

Species / No. of Detects Detects Only® Range of Maximum Range of
Area Year (%> MDA) Range MDAs" Detected MDAs
Rockweed
Amchitka 2016 0 of 9 0% 0.002 - 0.003 0.09 - 0.12
Adak 2016 0 of 6 0% 0.003 - 0.003 0.10 - 0.10
Amchitka 2011 2 of 27 7.4% |0.005 - 0.008 | 0.002 - 0.003 0.30 0.07 - 0.11
Adak 2011 3 of 18 16.7% | 0.006 — 0.011 | 0.002 - 0.003 0.41 0.07 - 0.11
Greenling
Amchitka 2016 1 of 30 3.3% 0.10 0.012 - 0.028 3.7 0.43 - 1.05
Adak 2016 0O of 20 0.0% 0.013 - 0.030 0.46 - 1.12
Amchitka 2011 0 of 27 0.0% 0.020 - 0.040 0.7 - 15
Adak 2011 0 of 18 0% 0.020 - 0.040 07 - 15
Irish Lord
Amchitka 2016 1 of 30 3.3% 0.082 | 0.008 - 0.036 3.0 0.29 - 1.33
Adak 2016 0O of 20 0.0% 0.011 - 0.027 0.40 - 0.99
Amchitka 2011 O of 27 0.0% 0.01 - 0.04 0.37 1.48
Adak 2011 O of 18 0.0% 0.02 - 0.04 0.74 1.48
Rockfish
Amchitka 2016 2 of 30 6.7% 0.04 - 0.046 | 0.009 - 0.021 1.7 0.35 - 0.77
Adak 2016 0 of 20 0.0% 0.009 - 0.026 0.34 - 0.95
Amchitka 2011 0 of 26 0.0% 0.01 - 0.03 0.37 1.1
Adak 2011 0 of 15 0.0% 0.01 - 0.03 0.37 1.1
Dolly Varden
Amchitka 2016 0 of 1 0% 0.017 0.64
Adak 2016 0 of 2 0% 0.017 - 0.031 0.61 - 1.13
Amchitka 2011 0 of 1 0% 0.010 0.37
Adak 2011 0 of 1 0% 0.010 0.37

All units in wet weight; main portion of table uses pCi/kg; values in Sl units are shown to the right.

Notes:

a Means and standard deviations are not shown in this table because of the limited number of 24°Pu detections in
both 2011 and 2016. Hamilton (2019) suggests that the four 2016 2*°Pu results, although still passing quality
assurance requirements, are anomalous and should not be considered as quantitative. No biota samples were
retained so reanalysis of the samples is not feasible.? Range of MDAs for 2016 are the range of sample-specific
RDLs reported by LLNL (Hamilton et al. 2018c), provided in Appendix D of this report. Those for 2011 are the
range of MDAs reported in the 2011 biological monitoring report (DOE 2013) and in LLNL’s supporting
documentation (Hamilton et al. 2012).

Abbreviation:

mBa/kg = millibecquerels per kilogram
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The anomalous 2*’Pu results are listed in Table 16 along with corresponding >*°Pu results and
MDA for both isotopes. As shown in this table and in Appendix D, MDAs for >*°Pu in 2016
were consistently about 5 to 6 times higher than those for 2*°Pu. This was not the case in 2011,
when 2*°Pu MDAs were equal to or lower than corresponding *’Pu MDAs—approximately 0.02

and 0.03 pCi for 2*°Pu and 2**°Pu, respectively (Hamilton et al. 2012).

Table 16. Samples with Detectable Levels of 24°Pu Based on LLNL Results

Samp|e D 239-Pu 240P-ua,b 239Pu- MDA 240Pu- MDA
(pCi/kg) (pCilkg) (pCi/kg)® (pCi/kg)©
GREN-CN-09 0.025 + 0.004 0.100 + 0.007 0.004 0.028
ILOR-08¢ 0.017 £ 0.002 0.082 +0.011 0.003 0.02
ROCK-LS-02 0.011 £ 0.002 0.046 + 0.003 0.002 0.02
ROCK-LS-03 0.013 £ 0.001 0.040 + 0.002 0.002 0.01

Mass units in pCi/kg wet weight.
Results in red font denote anomalous result based on Hamilton (2019).

Notes:

a Although reported as detected in LLNL's initial report (Hamilton et al. 2018d), the 2*°Pu detections listed above
were later identified as being possible analytical artifacts (Hamilton 2019). Although still passing quality
assurance requirements, these results are anomalous and should not be considered as quantitative. No biota
samples were retained so reanalysis of the samples is not feasible.

b 240py/239py atom ratios were initially calculated but are not reported here because the 2*°Pu detections were later
determined to be anomalous. Also, accurate atom ratio determinations require AMS or thermal ionization mass
spectrometry, whereas ICP-MS was used for the 2016 analyses.

¢ MDAs are the sample-specific RDLs (rounded) reported in Hamilton et al. (2018d), provided in Appendix D.

d Sample ILOR-08 was collected from Cannikin.

As indicated in Table 15 and Table 16 above, for the fauna and fish species sampled in both
2011 and 2016, 2*°Pu loadings were mostly below the MDA. The few detections in fish in 2016
were considered suspect (Hamilton 2019). In reporting the 2011 biota sampling results, LLNL
reported an average 2*°Pu/?**Pu ratio of 0.21 + 0.02 for dragon kelp (Hamilton et al. 2012).
LLNL suggested using this ratio to estimate the total ***?*°Pu content of marine fauna for
samples with detectable levels of *°Pu but no associated quantifiable >*°Pu. The estimated total
239+240py content, essentially 20% higher than the measured 2**Pu, could then be applied in food
safety and risk evaluations.

Despite the aforementioned caveats associated with the 2016 2*°Pu analyses, consistent with
conclusions drawn by LLNL in their reporting of 2011 results (Hamilton et al. 2012), the
quantification capabilities of ICP-MS for plutonium isotopes in 2016 still provide an adequate
level of detection sensitivity to support diet-based radiological assessments with a reasonable
measure of safety.
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5.0 Food Safety and Risk Analysis Update

Although Amchitka Island is uninhabited, the surrounding marine environment (the Bering Sea
and North Pacific Ocean) is biologically rich and fished both commercially and for subsistence
purposes by Aleut Natives living in the Aleutian and Pribilof Islands. The native populations that
rely on subsistence foods live several hundred miles from Amchitka Island and include Aleut
villages such as Adak, Atka, Nikolski, and Unalaska (DOE 2013). As such, any fish harvested
from Amchitka would likely represent only a portion of a nearby islander’s subsistence diet.
Commercial fishing is another route by which human exposure is possible, although most
consumers would derive only a small percentage of their diet from the Amchitka vicinity.
Nonetheless, because seafood is harvested from the Amchitka region, LM’s 2011 investigation
and report focused on (1) sampling marine biota for test-related radionuclides and (2) evaluation
of potential risks associated with seafood consumption based on those results.

In developing the risk assessment for the 2011 environmental monitoring report, LM in
collaboration with ANL evaluated available subsistence diet information, including food
preferences and portions consumed, for four Aleut villages: Atka, Nikolski, St. Paul, and
Unalaska (DOE 2013). For all seafood species evaluated, intake rates from the four Aleut diets
were averaged to develop a fifth “composite” diet scenario. Risk estimates were then derived for
each radionuclide-dietary component combination using conservative intake assumptions.?* For
example, the risk assessment assumed that all subsistence- and commercial-catch seafood
consumed is harvested from regions at or around Amchitka or Adak Islands (DOE 2013). For
most diet scenarios, risk estimates were below 1 x 107 (1 in 100,000), the level used by the State
of Alaska (ADEC) as the benchmark for acceptable risk.?* Based on these results, the 2011
report concluded that seafood harvested from the Amchitka region is safe to eat (DOE 2013),
confirming previous conclusions drawn by CRESP (2005). For '*’Cs and plutonium isotopes
(3*°Pu and **°Pu), the primary radionuclides of interest addressed in this report, cancer risks
estimated based on maximum concentrations in 2011 biota samples are summarized as follows:

o 37Cs—Total risks for Amchitka (summed over all seafood species) ranged from 3 x 10~
(St. Paul diet) to 4 x 107% (Nikolski diet). For most species, these risks were lower than those
determined for Adak, which ranged from 2 x 1077 to 6 x 10°® (DOE 2013).

e 2¥Pu—For Amchitka samples, risks ranged from 2 x 10~® (St. Paul diet) to 8 x 10°®
(Atka diet), well below the 107 benchmark. These risks were just slightly higher than those
determined for Adak, which ranged from 7 x 10~%to 4 x 10% (DOE 2013).

o 2%'Py—For the species sampled in 2016, most results were below the MDA; in these cases,
risks were calculated using the maximum reported MDA. Corresponding risks ranged from
8 x 107 to 4 x 107® for Amchitka biota samples and 4 x 10~ to 2 x 10~® for Adak samples.

The previous section demonstrated that, except for some fish samples from Adak, overall,
radionuclide levels measured in 2016 biota samples were lower than those measured in 2011. As
such, if 2011 levels were considered safe for seafood consumption, then levels measured in 2016
would be as safe or safer.

24 This yielded nearly 1200 unique risk estimates for both Amchitka and Adak area groups: 7 radionuclides x 5 diet
scenarios x 17 seafood species x 2 radionuclide concentrations (documented in Tables 24—33 of DOE [2013]).

25 The only exceptions were total risks estimated for the Nikolski diet (with much higher fish consumption rates), for
which maximum total risks (summed across radionuclides) for Amchitka and Adak were equivalent: 2.3 x 107,
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To frame the 2016 biota sampling results in terms of a risk-based perspective, risk estimates
were derived for '3’Cs and plutonium isotopes (***Pu + 2*°Pu) using the same equations and
assumptions used in the 2011 risk assessment (DOE 2013). The only difference is that, while
risks were estimated for 5 distinct diet scenarios in the 2011 assessment (each with different
intake rates), only maximum intake rates were used here (Table 17). Consistent with that
approach, potential risks associated with subsistence- and commercial-catch seafood
consumption were estimated using the following equation:

Risk;; = [SF; X ADI; x C;; x 1073 x EF X ED|

where:
Risk = Excess lifetime cancer risk resulting from ingestion of seafood
SF; = Slope factor for radionuclide i (1/picocurie):
3.74 x 107" for '3’Cs (and daughter products)
1.74 x 1071 for 2°Pu and ?*°Pu
i = Index for radionuclides
j = Index for marine species
ADI = Average daily intake rate attributed to marine species or food group (g/day)
Ci; = Concentration of radionuclide i in marine species j, wet-weight based (pCi/kg)
103 = Unit conversion factor (kilograms/g)
EF = Exposure frequency (days/year) (365)
ED = Exposure duration (years) (30).

As a conservative measure, risks were calculated using maximum concentrations measured in the
2011 and 2016 biota samples.?® For cases in which a radionuclide was not detected in a given
species (e.g., 2>’Pu in most 2011 samples), the maximum corresponding MDA was used in the
risk calculations. Risks were not calculated for '3*Cs given the limited detections in 2016 biota
samples (Table 12) and the lack of comparison data for 2011 (}**Cs was not analyzed in 2011
fish or seaweed samples). Plutonium-240 was not detected in 2011 marine fish samples and the
few (four) detections in corresponding 2016 samples were found to be anomalous (Table 16). To
yield conservative risk estimates, 2*’Pu content was estimated based on quantifiable *°Pu results
using the approach recommended by LLNL (Hamilton et al. 2012). These investigators reported
an average 2*°Pu/?*°Pu atom ratio of 0.21 + 0.02 in 2011 dragon kelp samples and suggested
applying this ratio to estimate the total 23**2*°Pu content of marine fauna.

To frame the risk estimates in a manner allowing direct comparison with 2016 radionuclide levels,
corresponding risk-based concentrations (RBCs) were derived using the following equation:

RBC; = 1075 x [SF; x ADI x 107 x EF x ED| "

where:
RBC; = Risk-based concentration of radionuclide in marine species, wet-weight (pCi/kg),
10° = Acceptable excess lifetime cancer risk resulting from ingestion of seafood.

RBCs are listed along with the risk estimates in Table 17. As the RBCs are seafood item- and
radionuclide-specific, their derivation does not reflect the effects of additivity (i.e., the effects
from exposure to multiple radionuclides).

26 This approach is consistent with that used in the 2011 risk assessment (DOE 2013). In that report, risks were also
calculated using the 95 percent upper confidence limit of the mean, or UCLys, values.
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Table 17. Allowable '37Cs and Plutonium Levels in Biota and Corresponding Risk Estimates
2011 and 2016 Results

Radionuclide ADI 10° RBC inM;z;r;L(J;nCiC/:'? ns\zrlt\r;;li;?j)d Corresponding Risk Estimates®
gf;f;‘;‘ii'stfm or (g/day)® | (pCilkg)® 2011 2016 2011 2016
AMC [Adak |[AMC [Adak | AMC | Adak | AMC | Adak
Cesium-137 (+D)
Rockweed (seaweed)? 0.1 244,000 [ 5.8 7.3 0.8 20 |2x10"°|3x10"°|3x 10" [8x 10"
Dolly Varden 19 1280 98 450 102 70 8x107 [ 4x10% | 8x107 | 5x 107
Marine Fish (Other fish)?
Greenling 7.8 7.4 31.0 36 |6x10%|6x108]|2%x107 | 3x10%
Irish lord 18 1360 9.5 13.0 118 | 784 [ 7x10® [ 1x107 | 9x10® | 6 x 107
Rockfish 6.4 9.4 14.4 257 [ 5x108 | 7x108 | 1x107 [ 2x10°
Total Risk — 9x107 |4x10¢[1x10°|3 x10°
Fish, Total®°
Atka and Composite Diets| 100 244 RBCs derived to provide a conservative risk context. Corresponding ADIs
Nikolski Diet 520 47.0 |were not used in the 2011 risk assessment (DOE 2013).
Food Safety Guidelines
Codex - 27,000 |Codex and DIL food guidelines provided as alternate perspective.
Derived Intervention Level 32,400
Plutonium-239 + 24Py (estimated)®
Rockweed (seaweed)? 0.1 52,500 | 0.022 | 0.034 | 0.003 | 0.003 |4 x 10"2|6 x 102 |6 x 103 [ 5 x 1013
Dolly Varden 19 276 0.01 0.01 | 0.017 ] 0.031 [4x10"°]4 x10"° {6 x 10"°| 1 x 10°
Marine Fish (Other fish)?
Greenling 18 292 0.036 | 0.07 | 0.049 [ 0.013 | 1x10° [ 2x10° | 2x 10° |4 x 107"°
Irish lord 0.08 | 0.07 | 0.040 [ 0.097 [ 3x10° [ 2x10° | 1x10° | 3 x 10°
Rockfish 0.06 | 0.06 | 0.030 [ 0.069 [ 2x10° | 2x10° | 1x10°|2x10°
Total Risk - 6x10°|7x10°|5x%x10°|7x10°
Fish, Total®¢
Atka and Composite Diets| 100 52.5 RBCs derived to provide a conservative risk context. Corresponding ADIs
Nikolski Diet 520 10.1 were not used in the 2011 risk assessment (DOE 2013).
Food Safety Guidelines
Codex - 27.0 Codex and DIL food guidelines provided as alternate perspective.
DIL 54.0

Values in red font denote nondetect results—the maximum reported MDAs or risks calculated using those MDAs.
— Not applicable or not reported. Alternate shading used to facilitate review and interisland comparisons.
Notes:

@ Seafood item categories listed are consistent with those defined in the human health risk assessment developed by ANL
based on the 2011 environmental sampling data (DOE 2013). Seafood items evaluated in that assessment common to the
species sampled in 2016 were Dolly Varden, “other fish,” and seaweed. In the 2011 assessment, the “other fish” category
collectively referred to greenling, Pacific cod, and rockfish, while the seaweed category included both dragon kelp and
rockweed. To facilitate direct comparison between 2011 and 2016 results, this table presents radionuclide concentrations
and corresponding risk estimates for individual species. The collective approach used in the 2011 assessment
(DOE 2013)—seafood item groups comprised of multiple species—was not used.

b ADlIs listed are the most conservative (highest) of the five diet scenarios evaluated in the previous risk assessment, cited in
Table 16 of the 2011 environmental monitoring report (DOE 2013). For example, the highest ADI for Dolly Varden (19 g/day)
corresponds to the Nikolski diet, while ADIs for seaweed (0.1 g/day) and “other fish” (18 g/day) correspond to the Atka diet.
To provide an even more conservative perspective, several ADIs previously determined for total fish consumption were also
used. In the 2011 report, ADlIs for “Fish, total” represented the sum of halibut, Dolly Varden, cod, salmon, and a general
category of “others,” where salmon, halibut, and cod were the largest portion of fish consumed. The ADIs of 100 g/day (Atka
diet) and 520 g/day (Nikolski) diet, although used to calculate conservative RBCs, were not used to estimate risks because
assumptions are not consistent with those used in the 2011 assessment.

¢RBCs (rounded to 3 significant figures) were calculated using the equation provided on the previous page.

4 As a conservative measure, risks were calculated based on maximum concentrations measured in 2011 and 2016 biota
samples. For nondetects (e.g., 2°Pu in Dolly Varden samples), the maximum MDAs were used.

¢ Plutonium-240 was not detected in 2011 marine fish samples and the few (4) detections in corresponding 2016 samples
were found to be anomalous (Table 16). Using the approach recommended by LLNL (Hamilton et al. 2012), *°Pu was
estimated by applying a 2*°Pu/?**Pu atom ratio of 0.21 + 0.02 to the quantifiable 2*°Pu results, whereby the estimated
240py = 239py x 0.7823. In cases where both 2%°Pu and 24°Pu were below the MDA (e.g., 2011 rockfish results), the maximum
reported MDA was used (**°Pu was not estimated).

Abbreviations: ADI = average daily intake rate of seafood item (g/day); D = daughter products; DIL = U.S. Food and Drug
Administration derived intervention level.
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As shown in Table 17, risk estimates calculated assuming life-long consumption of subsistence
seafood, and maximum concentrations measured in 2016 biota samples, were 1 x 107 and

3 x 107® for Amchitka and Adak, respectively. These levels are consistent with those derived
based on 2011 results and are lower than the 1 x 107 risk level (in excess of background) used
by the State of Alaska as a benchmark for acceptable risk. Cesium-137 is the primary contributor
to the total risk, a portion of which likely reflects a Fukushima signature. Risks calculated for
plutonium (**°Pu + estimated >*°Pu) were orders of magnitude lower than those for '*’Cs:

5x 107 and 7 x 10~ for Amchitka and Adak, respectively. Based on these results, seafood
harvested at Amchitka (and Adak) continues to be considered safe for consumption at the
assumed intake levels.

For fish consumption, RBCs calculated for cesium isotopes ranged from 47 pCi/kg—the most
conservative, using total fish intakes established for the Nikolski diet—to about 1400 pCi/kg.
Those for plutonium isotopes ranged from 10.1-300 pCi/kg. The lower-bound RBCs for
plutonium are generally consistent with established food safety standards listed below, while
those for cesium are much more conservative:

e The Codex Alimentarius Committee of the Food and Agriculture Organization (FAO)
and World Health Organization (WHO) food safety values for radionuclides are
intended to screen food sources as acceptable for consumption for a 1-year time frame
(FAO/WHO 2004)—27,027 and 27 pCi/kg for cesium and plutonium isotopes (1000 Bq/kg
and 1 Bg/kg), respectively.?’

e The U.S. Food and Drug Administration’s (FDA’s) derived intervention level (DIL) is a
guidance level for food that is imported into the United States (FDA 2009). DILs established
for cesium and plutonium isotopes are 32,432 and 54.05 pCi/kg, respectively (1200 Bq/kg
and 2 Bqg/kg).

RBC:s listed in Table 17 for rockweed (seaweed/kelp category) are high relative to those for fish,
reflecting the lower subsistence diet average daily intake rates. As such, corresponding risks are
very low for both cesium and plutonium isotopes—3 x 107! and 6 x 1073, respectively—again
using maximum concentrations in 2016 Amchitka marine biota samples.

To conclude this section, Figure 38 plots the maximum detected concentrations of '3’Cs and
estimated 2***2*°Py reported for the 2016 biota samples relative to the RBCs shown in Table 17.
In general, measured levels in biota are below both established food safety guidelines (e.g.,
Codex) and the conservative site-specific RBCs. The only exceptions are '3’Cs levels in some
fish samples collected from Adak, which likely reflect a Fukushima-derived signature. As shown
in Figure 38, the highest !*’Cs levels have been measured in Dolly Varden, rockfish, and Irish
lord caught off Adak Island. All maximum '*’Cs concentrations are well below corresponding
RBCs calculated using the assumptions applied in the 2011 risk assessment, listed in Table 17.
Alternate RBCs, 47 pCi/kg and 244 pCi/kg, are shown to provide the most conservative risk
perspective. These values were derived assuming total fish consumption intakes of 520 g/day and
100 g/day, respectively, for a subsistence diet consisting mostly of salmon, halibut, and cod.

7 Guideline levels (converted from Bg/kg to pCi/kg) for infants and adults from ingestion of imported foods in a
year. Levels shown are those derived for infant foods (the most conservative), http://www.fao.org/fao-who-
codexalimentarius/home/en/. Fact sheet found at:
http://www.fao.org/fileadmin/user upload/agns/pdf/codex guideline for radionuclitide contaminated food.pdf.
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Maximum plutonium activity concentrations (>*°Pu + estimated 2*°Pu) are more than 2 orders of
magnitude below the most conservative RBC of 10.1 pCi/kg (Figure 38), and more than 3 orders
of magnitude below seafood-item specific RBCs listed in Table 17.

pCitkg (wner)

400~ Codex guideline = 27,000 pCilkg

0.075-

0.050-

- I I B
0.000- I — -0.000

Rockweed Greenling Irish Lord Rockfish Dolly Varden

Remaining RBCs (>1200 pCi/kg) are off-scale

300-

244 pCilkg o -0
&
&
100 - -
47 pCilkg I I
g- = — - — | — | -0 _EQU
Codex guideline = 27 pCi/kg (off-scale) -0.004 &
0A00 === --mmmmmmmmms s S g MRS ey T s S 239py, 24%Py below
10.1 pCilkg (total fish) off-scale MDA (<0.01 pCi/kg)
2 -0.003
ra
()
o
+
= -0.002
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=
(=]
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2011 2016 2011 2016 2011 2016 2011 2016 2011 2016
Year

Island: . Amchitka Adak

- - - Denotes the most conservative RBC from Table 17

- - - Alternate RBCs for other diet scenarios from Table 17

Notes:

Chart reflects only results reported above the MDA (i.e., detects only). Blank plots denote that radionuclide not
measured in that species. Refer to preceding exhibits for illustrations of overall distributions of the data.
Cesium-134 results are not shown in this figure because this radionuclide was detected in only four 2016 marine
biota samples and because it was not analyzed for in 2011 marine fauna samples. In 2016, '3*Cs activity
concentrations ranged from 3.0—-17.0 pCi/kg (3 of the 4 samples were from Adak), below the most conservative
(47 pCi/kg) RBC for cesium listed in Table 17.

For 239+240Py, the most conservative risk-based concentration was 10.1 pCi/kg (Table 17). For scaling purposes,
the dashed line shown above is the level two orders of magnitude below that (0.1 pCi/kg).

Plutonium-240 activity concentrations—considered by LLNL as possible analytical artifacts (Hamilton 2019)—
ranged from 0.04-0.1 pCi/kg, 2 orders of magnitude below the most conservative 10.1 pCi’kg RBC (Table 16).
Given the anomalous 2*°Pu results in 2016 samples, the total 23°*240Py content was estimated using the 24°Pu/?°Pu
atom ratio of 0.21 £ 0.02 suggested by Hamilton et al. (2012).

Abbreviation:
ww = wet weight

Figure 38. Maximum Detected Concentrations of 137Cs and 239+240Py jn Biota Samples
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6.0  Seawater and Freshwater Sampling Results

In accordance with the DQOs outlined in the sampling plan (DOE 2016a), the 2016
environmental sampling effort included the collection of seawater and freshwater samples.
Figure 39 shows the Amchitka water sampling locations, including seawater samples from

40 locations in the Long Shot transect area; one each from the Cannikin and Milrow transects;
and one freshwater sample collected from Cannikin Lake. Figure 40 provides greater detail on
samples collected within the Long Shot transect, the focus of the 2016 seawater sampling

investigation (DOE 2016a). Figure 41 shows the sampling locations at and around the reference
site, Adak Island.

In each of these figures, each sample point is labelled with the corresponding tritium result in
pCi/L as this analyte was the primary focus of the 2016 sampling effort. All samples were also
analyzed for '**Cs and '*’Cs and a small subset for '*’I. The majority of this section focuses

on tritium (Section 6.1), including a comparison of the 2016 sampling results with data and
literature from the North Pacific. Section 6.2 documents the results of analyses for 1**Cs, 137Cs,
and '?°I. Portions of this discussion and associated literature reviews were developed with the
assistance of ANL.

6.1 Tritium

Tritium is produced in large amounts during nuclear tests, especially from the fusion components
of the weapons, and is highly mobile in groundwater. These properties make it one of the first
radionuclides likely to be detected above background if contaminant migration from the
detonation zones and breakthrough to the seafloor were to occur. The initial hydrologic model
developed by the DRI (Hassan et.al. 2002) indicated that the shortest arrival times would be at the
Long Shot test site. However, DRI’s subsequent verification model (Hassan and Chapman 2006)
did not differentiate arrival times because, for all test sites, no breakthrough was predicted within
the 2200-year simulation time frame.

An important factor to consider when evaluating tritium sampling results is its well-documented
presence in the marine environment as a result of global fallout. The March 2011 Fukushima
accident resulted in an increase in the North Pacific tritium background range, from

1.29-1.93 pCi/L (pre-Fukushima) to the current (post-Fukushima) range of 1.35-5.4 pCi/L
(Dasher 2017).2® The upper bound of the post-Fukushima range, 5.4 pCi/L, was established as
the level above which AWG would discuss a path forward (DOE 2016a).

Until LM’s first major sampling in 2011, tritium sampling in the marine environment around
Amchitka was sporadic. Some sampling was done in the 1970s and a limited shoreline survey
around the island was conducted by ADEC in 2001. No further effort to measure tritium in the
marine environment was done until 2007, when ADEC undertook a fairly extensive sampling
effort in the Aleutians, during which a subset of seawater samples was collected off the coast of
the Cannikin site (ADEC 2012). In 2011, LM’s monitoring focused on the Cannikin transect and
later, in 2016, offshore from Long Shot.

28 Numerous studies assessing transport of Fukushima-derived radionuclides have been conducted. Because Dasher
(2017) has developed a comprehensive compendium of the available related literature for the North Pacific
Ocean, his useful distillations are cited here.
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These locations are shown in Figure 42, a simplified schematic of historical seawater (tritium)
sampling in the region around Amchitka. This figure includes locations sampled in 2007,
ADEC’s first major seawater effort (Dasher and Jewett 2007); 2011 locations, LM’s first
environmental sampling effort conducted after issuing the LTSP; and the locations sampled in
2016. The 2007 (ADEC) effort focused on the region off Cannikin; the 2011 effort was more
spatially comprehensive (also focused along the Cannikin transect but with some coverage along
Long Shot and Milrow transects), while the 2016 effort focused on a relatively smaller area off
of Long Shot. Apparent differences in tritium concentrations over the years are discussed in the
following section. Tritium results reported for the 2016 sampling effort are listed in Table 18.

a.
Note:
™~ Point size (diameter) scaled to
* tritium concentration where
* Y plotted range = 0.9-6.1 pCi/L
L (0.3-1.9 TU).
.
-
.
5 ¢ %
Canniidn &2
b.

2007 2011 2016

*H (pcilL) B
1 2 3 4 5 6

Figure 42. Tritium Seawater Sampling Locations: 2007, 2011, and 2016 Sampling Events

(a) Tritium sample locations for all three study periods. Tritium activity denoted by point size.
(b) Alternate view, separated by year. Tritium activity denoted by color scale.
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Table 18. May 2016 Tritium Results, Seawater and Freshwater Samples

Sample Tritium Result® CTD Cast</
Sample ID? Date pCilL | TU Bqg/L Station No. Latitude Longitude | Depth (m)
SEAW-LS-29-DE* 5/16/2016 = 1.24 0.385 0.046 29 51.455 179.205 29
SEAW-LS-35-DE* 5/16/2016 | 1.42 0.441 0.053 | 28 51.456 179.206 16
SEAW-LS-36-DE*P 5/16/2016 = 1.37 0.425 0.051 30, 31 51.457 179.208 18
SEAW-LS-38-DE 5/16/2016 | 1.45 0.450 0.054 | 22 51.457 179.213 25
SEAW-LS-43-DEP 5/16/2016 = 1.38 0.428 0.051 32,33,34 51.458 179.204 17
SEAW-LS-46-DE 5/16/2016 | 1.32 0.410 0.049 21 51.458 179.212 24
SEAW-LS-52-DE 5/16/2016 = 1.66 0.515 0.061 35 51.459 179.203 18
SEAW-LS-55-DE 5/16/2016 | 1.33 0.413 0.049 | 20 51.460 179.210 21
SEAW-LS-57-DE 5/17/2016 = 1.44 0.447 0.053 48 51.460 179.215 32
SEAW-LS-58-DE 5/16/2016 | 1.34 0.416 0.050 | 19 51.460 179.218 34
SEAW-LS-61-DE 5/16/2016 = 1.43 0.444 0.053 36 51.461 179.201 15
SEAW-LS-63-DE 5/16/2016 | 1.23 0.382 0.046 23 51.461 179.206 22
SEAW-LS-64-DE 5/16/2016 = 1.44 0.447 0.053 40 51.461 179.209 22
SEAW-LS-67-DE 5/16/2016 | 1.48 0.459 0.055 18 51.461 179.217 32
SEAW-LS-68-DE 5/16/2016 = 1.28 0.397 0.047 17 51.462 179.219 35
SEAW-LS-70-DE 5/16/2016 | 1.53 0.475 0.057 37 51.462 179.202 15
SEAW-LS-73-DE* 5/16/2016 = 1.12 0.348 0.041 24 51.461 179.209 24
SEAW-LS-74-DE 5/17/2016 | 1.70 0.528 0.063 47 51.462 179.213 25
SEAW-LS-79-DE 5/16/2016  1.61 0.500 0.060 38 51.463 179.203 18
SEAW-LS-80-DEP 5/16/2016 | 1.42 0.441 0.053 25, 26 51.465 179.207 21
SEAW-LS-81-DE 5/16/2016 = 1.33 0.413 0.049 39 51.463 179.208 25
SEAW-LS-84-DE 5/17/2016 @ 1.51 0.469 0.056 45 51.464 179.216 34
SEAW-LS-87-DE 5/16/2016  1.28 0.397 0.047 16 51.465 179.223 46
SEAW-LS-89-DE 5/16/2016 | 2.54 0.788 0.094 | 27 51.466 179.205 22
SEAW-LS-91-DE 5/16/2016 = 1.58 0.490 0.058 @14 51.465 179.210 25
SEAW-LS-94-DE* 5/16/2016 | 2.27 0.705 0.084 | 15 51.466 179.217 33
SEAW-LS-96-DE 5/17/2016 = 1.36 0.422 0.050 @ 46 51.466 179.223 48
SEAW-LS-98-DE 5/16/2016 | 1.23 0.382 0.046 | 13 51.468 179.203 21
SEAW-LS-99-DE 5/16/2016 1.8 0.559 0.067 @ 12 51.466 179.206 21
SEAW-LS-102-DE 5/17/2016 | 1.42 0.441 0.053 | 43 51.466 179.214 35
SEAW-LS-109-DEP 5/16/2016 = 1.23 0.382 0.046 10, 11 51.468 179.210 25
SEAW-LS-110-DE 5/16/2016 | 1.28 0.397 0.047 | 9 51.470 179.211 30
SEAW-LS-112-DE 5/15/2016 = 1.26 0.391 0.047 8 51.468 179.217 39
SEAW-LS-113-DE 5/17/2016 | 1.33 0.413 0.049 | 44 51.468 179.220 49
SEAW-LS-115-DE 5/17/2016 = 1.47 0.456 0.054 41 51.469 179.208 27
SEAW-LS-116-DE 5/15/2016 | 1.64 0.509 | 0.061 7 51.468 179.210 25
SEAW-LS-120-DE* 5/15/2016 = 1.64 0.509 0.061 6 51.469 179.221 47
SEAW-LS-123-DE 5/15/2016 | 1.47 0.456 0.054 5 51.470 179.215 25
SEAW-LS-124-DE 5/17/2016 = 1.36 0.422 0.050 42 51.471 179.217 38
SEAW-LS-125-DE 5/15/2016 | 1.47 0.456 0.054 4 51.472 179.210 25
SEAW-CN-01-SH* 5/15/2016 = 1.44 0.447 0.053 51.486 179.149
SEAW-ML-01-SH* 5/14/2016 | 0.99 0.307 0.037 51.381 179.195
SEAW-AN-01-SH* 5/20/2016 = 1.37 0.425 0.051 51.862 -176.482
SEAW-AS-01-SH* 5/19/2016 | 1.23 0.382 0.046 51.728 -176.512
FRES-AI-01* 5/18/2016 = 6.38 1.980 0.236 51.473 179.114
FRES-AD-01* 5/21/2016 | 7.3 2.266 0.270 51.930 -176.643

Notes:
2|n addition to tritium, all samples listed were analyzed for '**Cs and '*’Cs (results summarized in Figure 20).
*denotes that sample also analyzed for '?I; D denotes that field duplicate sample was collected.
® Tritium reported in pCi/L (main reporting unit); tritium units (TU) (where 1 TU = 3.222 pCi/L); and Bg/L.
¢ Corresponding CTD cast numbers are provided to facilitate comparison with UAF field measurements.
Salinity and temperature in all seawater samples were uniform (i.e., with little variation): 33 practical salinity units and 5° C.
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6.1.1 2016 Tritium Sampling Results and Discussion

As shown in Table 18, tritium concentrations measured in seawater samples collected in 2016
are fairly uniform, generally ranging from about 1-1.5 pCi/L, well below the 5.4 pCi/L trigger
established by AWG. Tritium levels in the two freshwater samples were higher, 6.4 pCi/L and
7.3 pCi/L from Amchitka and Adak, respectively. These results likely reflect lower salinities and
are not comparable to global fallout levels derived for the North Pacific. To facilitate review,
Table 18 also includes conversions to tritium units (TU) and Bq/L and, for seawater samples,
sample location and depth information. Appendix E includes the raw data report provided by the
University of Miami.

To provide a context for evaluating the 2016 results, Table 19 compares the tritium
concentrations measured in seawater in 2016 with corresponding sample results from 2011.

Pre- and post-Fukushima background tritium concentrations reported in the literature for the
North Pacific are also provided. Tritium levels measured in Amchitka seawater samples in 2016
(global mean of 1.5 pCi/L across all transects) were comparable to and slightly lower than

those measured in 2011 (mean of 1.7 pCi/L). These levels are also comparable to tritium
concentrations measured in seawater samples collected near Adak Island, the reference site
(means were 1.8 and 1.3 pCi/L in 2011 and 2016, respectively). Measured tritium levels are also
well within reported ranges of both pre-Fukushima (1.3—1.9 pCi/L) and post-Fukushima
(1.4-5.4 pCi/L) background levels. These results are summarized visually in Figure 43, which
plots the distributions of tritium in seawater for 2007 (ADEC sampling results), 2011, and 2016.
The matrix of histograms in Figure 44 provides an alternate view of the 2011 and 2016 results.

Table 19. Tritium in Seawater Samples at Amchitka, Adak, and the North Pacific Ocean

Pre-

2011 Sampling Results? 2016 Sampling Results? Fukushimab 2014-2015°
Milrow  Cannikin® ;‘[’12? Adak  Milrow Cannikin ;‘[’12? Adak North Pacific®®
’S“:hgfes 69 9 18 1 1 40 2
min. 16 1.2 15 14 112 1.23
max. 2.2 2.2 20 28 254  1.37
mean  1.89 1.64 173 184 099 144 147 13  1.29-1.93 1.35-54
SD 0.17 0.21 0.18 0.37 026 0.1
All units in pCi/L.
Notes:

@ Duplicate results excluded from summaries, as were results of the limited freshwater sampling conducted in 2011 and
2016. In comparison to the seawater sampling results above, tritium concentrations in freshwater (lake) samples
were higher:
8.8—-10 pCi/L from lake on Long Shot 2011
7.6—7.9 pCi/L from Cannikin Lake 2011
6.38 and 7.3 pCi/L from lakes on Amchitka and Adak, respectively, in 2016
b Tritium concentrations for the North Pacific Ocean reported in the literature vary, depending on the sampling locations and
sampling date. The concentration listed in Table 19 shows the range summarized from different sources for 2010 and for
2014-2015.
¢In 2011, many of the samples associated with the Cannikin transect (with “CN” sample IDs) overlapped with the Long Shot
transect area (e.g., Square Bay), so the spatial distinctions may not be valid. Corresponding summary statistics were
similar, however, as reflected above.
4Dasher 2017.
¢ Povinec et al. 2013.
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Figure 43. Box Plot of Tritium in Seawater Relative to Pre- and Post-Fukushima Ranges
2007 (ADEC) vs. 2011 vs. 2016
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Figure 44. Histogram of Tritium in Seawater Samples, 2011 vs. 2016 Sampling
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As shown in Figure 42 and Figure 43, tritium levels reported by ADEC for 2007 are notably
higher (mean of 3.1 pCi/L) than 2011 and 2016 results (means of 1.7 and 1.5 pCi/L,
respectively). It is not known what this difference is attributable to, but it could reflect the higher
detection limits at that time (Dasher 2019). Detection limits in 2007 ranged from 2-5.3 pCi/L;
data were not flagged as nondetects in the data provided to LM (i.e., all results were reported as
above the MDA). In contrast, tritium detection levels for analyses in 2011 and 2016 were
consistent at 0.3 pCi/L, about one order of magnitude lower than those reported in 2007.

Some discussion about the bases for pre- and post-Fukushima tritium levels listed in Table 19 is
warranted. After the Fukushima nuclear accident, numerous investigators focused on studying
the impact of the accident and radionuclides related to the accident in the North Pacific Ocean
(Povinec et al. 2013; 2017). For these studies, pre-Fukushima radionuclide concentrations in
seawater were estimated for comparison with the concentrations measured after Fukushima.
The estimated pre-Fukushima concentrations were based on measurement data stored in the
GLOMARD/MARIS database, which correspond to the 1997 sampling expedition of the
International Atomic Energy Agency (IAEA) for the Worldwide Marine Radioactivity
Studies project, and accounted for the effective decay from 1997 to 2010 or 2011 prior to
Fukushima. The reported pre-Fukushima concentrations were in the range of 1.29-1.93 pCi/L
(0.04-0.06 TU) for tritium, as cited in Table 19.

Various seawater sampling activities were conducted shortly and within 1-2 years after
Fukushima in the North Pacific Ocean (Povinec et al. 2013 and 2017; Wu et al. 2015).
However, reporting of radioactivity in the seawater after 2012 focused primarily on '*’Cs
(Buesseler et al. 2017). Therefore, post-Fukushima tritium levels listed in Table 19 were
based on reviews of the literature conducted by Dasher (2017). A range of 1.35-5.4 pCi/L
(0.05-0.2 Bg/L), which is 1 to 4 times the pre-Fukushima level, was chosen to represent the
post Fukushima (2014-2015) timeframe. This range is considered reasonable based on the
reported concentrations of tritium in June 2011 (Povinec et al. 2013; 2017) and the effective
decay of radioactivity to 2014-2015.

6.1.2 Summary

Tritium levels measured in Amchitka seawater samples in 2016 ranged from 1.1-2.5 pCi/L; the
mean concentration was 1.5 pCi/L. These levels are comparable to but slightly lower than those
measured in 2011 (1.1-2.2 pCi/L; mean of 1.7 pCi/L), as well as measurements from Adak,
which ranged from 1.2-2.8 pCi/L. Measured tritium levels are also well within reported ranges
of both pre-Fukushima (1.3-1.9 pCi/L) and post-Fukushima (1.4-5.4 pCi/L) background levels.
Given low levels relative to global fallout, and similar measures at Adak and Amchitka, there is
no evidence of test-related contaminant migration based on the 2016 sampling results. Rather,
the activity of tritium in the marine environment surrounding both Amchitka and Adak is similar
to that resulting from global fallout from nuclear testing and natural tritium levels in the northern
hemisphere. All 2016 measurements were well below 5.4 pCi/L, the level agreed to by
stakeholders and outlined in the sampling plan as a level above which further investigation might
be warranted.
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6.2

Cesium and Iodine-129 Results

As discussed in the outline of study DQOs provided in Section 1.1.2, the following decision rule
was established for evaluating '**Cs and '*’Cs seawater sampling results. If **Cs and '*’Cs
concentrations in seawater from Long Shot are similar to North Pacific regional data, no

further action would be warranted. AWG established a trigger level for '3’Cs of 0.216 pCi/L
(0.008 Bg/L) based on the North Pacific background range reported in combined oceanographic
studies cited by Dasher (2017). Because tritium is the better indicator of potential test-related
contaminant migration and interpretation of cesium results (especially **Cs) complicated by
post-Fukushima signatures, this section is brief, focusing only on the major findings.

Table 20 summarizes the results of sea and freshwater sampling for '*Cs, '*’Cs, and '*’I and
compares those results to corresponding pre- and post-Fukushima North Pacific background
ranges. Analysis for '2°I was not scoped in the 2016 sampling plan (DOE 2016a). However, it
was analyzed in a small subset of samples to provide information on the potential impacts of
other source-terms on marine radioactivity (versus test-related impacts).

Table 20. 2016 Seawater and Freshwater Sample Results for '37Cs, 34Cs, and %9/

Isotope Mean £ SD Range Pre-Fukushima Post-Fukushima Comment
(pCi/L)? (pCi/L)? Range Range
Pre- and post-
Amchitka: Fukushima ranges
137G Amchitka (n=42): | 0.033-0.068 0.027-0.054 pCi/L 0.027-0.27 pCi/L from Dasher (2017),
0.045+0.005 Adak (n=2): (1-2 Bg/m3)® (1-10 Bg/m3)° reflecting a
: summary of
0.048-0.05 numerous
oceanographic
studies from the
134 0.027-0.054 pCi/L | North Pacific
Cs ND (< 0.042) ND ND (0) (1-2 Ba/m?)
AWG trigger =
0.216 pCi/L
Amchitka (n=10) Amchitka: 3.8-7.6 x 107 4.4-7.1x1077 pCi/L Eri- aﬂfj post-
mcnitka (n= . —7 ukKusnima ranges
hal a5s10x107 | 2O (4 ox107 atoms/L = | (1.2-1.9%107 atoms/L = from Nagai et N
Adak (n=2): 14-28 nBg/L) 16—26 nBq/L) (2015)°¢
4.7-5.0 x10~7

Notes:

@ Duplicate seawater results excluded from summaries. Due to small numbers of freshwater samples (one each from
Amchitka and Adak islands) and lack of comparability with literature values for seawater, these results are not shown. For
reference, results were as follows:

187Cs: <0.007 pCi/L (Amchitka) and 0.069 pCi/L (Adak)
129: 1.1 x 107 pCi/L (Amchitka) and 9.6 x 10~7 pCi/L (Adak)
bDasher (2017). Units in pCi/L except where noted. For cesium isotopes, pre-Fukushima and post-Fukushima ranges are
also listed in units of becquerels per cubic meter, consistent with the original citation.
© Suzuki et al. (2013) reported post-Fukushima levels about an order of magnitude higher (mean of 3.6 x 10-% pCi/L or

9.5 x 107 atomsl/liter), but those measurements were closer to Fukushima.

Abbreviations:

Bqg/m® = becquerels per cubic meter

nBg/L = nanobecquerels per liter

ND = Not Detected
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No reportable levels of **Cs were measured in 2016 water samples (Hamilton et al. 2018b;
Table 20). Cesium-137 was detected in all seawater and freshwater samples but at low levels:
0.033-0.068 pCi/L in samples from Amchitka and, tightly bracketed, 0.048—0.050 pCi/L in
samples from Adak. All results are well below 0.216 pCi/L, established by AWG as a trigger
level for further action (DOE 2016a). Dasher (2017) cites a slightly higher post-Fukushima
background value of 0.27 pCi/L (10 becquerels per cubic meter).

TIodine-129 was detected in all seawater samples at very low levels, about 4-5 x 10~7 pCi/L,
within established ranges of both pre- and post-Fukushima fallout. lodine-129 measurements in
freshwater samples were slightly higher, but this could be a function of differing salinity, as
observed historically for tritium. Distributions of 1*’Cs and of '*’I based on 2016 sampling
results are plotted in Figure 45 along with corresponding background ranges.
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Green shading denotes pre-Fukushima range for '*’Cs and '2°| from Table 20: 0.027-0.054 pCi/L
and 4.4-7.1x1077 pCi/L, respectively.
---- Pre- and post-Fukushima mean 2| in the North Pacific, 5.7x10~7 pCi/L, midpoint of
1-2 x107 atoms/L range cited by Nagai et al. (2015).
Notes:
Based on measurements in 20122013, Nagai et al. (2015) found no apparent increase in 9|
concentrations in the North Pacific Ocean following the Fukushima accident.
For %Cs, the AWG trigger level (0.216 pCi/L) and the upper bound of the post-Fukushima range
(0.27 pCi/L) from Table 20 are not shown because these levels far exceed the scale of the plot.
Figure 45. Box Plots of 37Cs and ?°| in Seawater and Freshwater Samples
U.S. Department of Energy Amchitka Island, Alaska, Environmental Sampling Report, 2016 Results
September 2020 Doc. No. S15720

Page 95



This page intentionally left blank

U.S. Department of Energy Amchitka Island, Alaska, Environmental Sampling Report, 2016 Results
September 2020 Doc. No. S15720
Page 96



7.0  Summary and Conclusions

The environmental monitoring conducted in 2016 had two primary objectives. The first was

to provide information regarding the potential for negative health impacts associated with
subsistence food consumption by sampling key indicator resident marine species (rockweed,
greenling, Irish lord, rockfish, and Dolly Varden) for key anthropogenic radionuclides (cesium
and plutonium isotopes). As a detailed risk assessment and concomitant food safety survey
and analysis was developed for the 2011 report (DOE 2013), this objective was achieved by
comparing radionuclide levels measured in 2016 with those measured in 2011 for each species.
A second objective was to expand upon previous seawater sampling, this time focusing on an
area off the coastline of Long Shot. Another objective was to achieve greater laboratory
sensitivity (i.e., lower detection limits). As discussed below, this goal was achieved, but it also
complicated analysis of between-year trends for some radionuclides, in particular >**Pu.

Biota Sampling Results

For all species, the mean '*’Cs content measured in biota samples from Amchitka in 2016
(0.6 pCi/kg in rockweed and 1.8-2.8 pCi/kg in marine fish) was lower than corresponding
2011 results. A possible explanation for these findings is the difference in analytical
methods—beta spectrometry in 2011 and higher-resolution gamma spectrometry in 2016.
Another possible explanation is the more prominent Fukushima signature in 2011,
evidenced by '**Cs beta interferences identified in the 2011 biota samples. For these reasons,
between-year statistical comparisons were not determined. Mean !*’Cs levels measured in
biota samples from Amchitka in 2016 were also lower than those measured in samples
collected from Adak, which served as the background location. For samples collected in
2016, interisland comparisons of both detection frequencies and '*’Cs magnitude were
insignificant except for rockweed, with higher '*’Cs levels in samples from Adak (p=0.007).

Given the greater laboratory sensitivity achieved in 2016, *°Pu was measured in the
majority of fish and algal samples from Amchitka in 2016 and overall about half of those
from Adak, albeit mostly at or near the detection limits of the instrument. This was not the
case in 2011, when 2*°Pu was measured in only a small subset of biota samples. For both
islands (Amchitka and Adak) and all species, mean >*°Pu levels were lower in 2016 than in
2011. The between-year differences likely are an artifact of the change in measurement
sensitivity between the two years rather than a true decrease in concentration.

Based on 2016 results, significant interisland differences in detection frequency or >**Pu
activity concentrations were found for all resident marine fish species. For both endpoints,
measures were higher in samples from Amchitka relative to Adak. However, these
differences are not considered biologically significant because measured Pu levels were
far below established food safety guidelines and corresponding risks below 1 x 1078,

Of the 168 biota samples collected in 2016, 2*°Pu was detected in only four fish samples
from Amchitka. The levels were very low (< 0.1 pCi/kg) and, although passing quality
assurance requirements, were later determined by LLNL to be anomalous because they were
very close to the corresponding MDAs.

Of the 167 biota samples collected in 2016, no reportable **Cs was detected in fish or algae
samples except for 3 Dolly Varden (3.4—4.5 pCi/kg; two samples were from Adak) and a
single rockfish sample (17 pCi/kg), also collected from Adak. As '**Cs has a half-life of
only 2 years, these results likely indicate a Fukushima-derived contaminant signature.
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In summary, the 2016 biota sampling results continue to demonstrate that seafood harvested at
Amchitka and Adak Islands is safe for consumption. Additionally, there is no indication of
migration of test-related radionuclides based on the criteria defined in the sampling plan. LM’s
primary focus is on ensuring food safety given the significant uncertainties associated with
detecting and attributing migration of radionuclides to the underground nuclear tests.

Food Safety

An overarching goal of LM’s environmental sampling program at the site is to evaluate and
ensure food safety (DOE 2013; 2016a). To do so, LM undertook a conservative evaluation of
risks in the 2011 report (DOE 2013). For most diet scenarios, risk estimates were below 1 x 107,
the level used by the State of Alaska (ADEC) as the benchmark for acceptable risk. Therefore,
the 2011 report concluded that seafood harvested from the Amchitka region is safe to eat

(DOE 2013), confirming previous conclusions drawn by CRESP (2005). This report
demonstrated that, except for some fish samples from Adak, radionuclide levels measured in
2016 biota samples were lower than those measured in 2011. As such, because 2011 levels were
considered safe for seafood consumption, radionuclide levels measured in 2016 biota samples
are considered as equally safe or safer. Risk estimates calculated assuming life-long consumption
of subsistence seafood, and maximum concentrations measured in 2016 biota samples, were

1 x 10® and 3 x 107® for Amchitka and Adak, respectively. These levels are consistent with
those derived based on 2011 results and are lower than the 1 x 107 risk level used by the State of
Alaska as a benchmark for acceptable risk. Cesium-137 was the primary contributor to the total
risk, a portion of which likely reflects a Fukushima signature.

Seawater Sampling Results

Tritium levels measured in Amchitka seawater samples in 2016 ranged from 1.1-2.5 pCi/L; the
mean concentration was 1.5 pCi/L. These levels are comparable to but slightly lower than those
measured in 2011, as well as measurements from Adak. Measured tritium levels are also within
reported ranges of both pre- (1.3—1.9 pCi/L) and post-Fukushima (1.4-5.4 pCi/L) background
levels. All results were well below the 5.4 pCi/L established by AWG. Given the low tritium
levels relative to global fallout, and similar activity concentrations at Adak and Amchitka, there
is no evidence of test-related radionuclide migration based on the 2016 sampling results.
Cesium-137 was detected in all seawater and freshwater samples but at low levels:

0.033-0.068 pCi/L in samples from Amchitka and 0.048—0.050 pCi/L in those from Adak.

All results are well below the 0.216 pCi/L criterion established in the sampling plan as a trigger
level for further action. No reportable levels of '**Cs were measured in 2016 water samples.

Summary

In summary, previous conclusions regarding food safety are maintained given that 2016 results
are less than 2011 results. Corresponding risk estimates, calculated assuming life-long
consumption of subsistence seafood and maximum concentrations measured in biota, were
below 1 x 107, the level considered safe by ADEC. Tritium concentrations measured in seawater
samples are well within both pre- and post-Fukushima background ranges; most results were
well below the 5.4 pCi/L trigger established by the working group. Future discussion should
focus on how biota and seawater should be monitored over time to best meet long-term study
objectives, in particular the continued evaluation of food safety.
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