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Expanded Conceptual Risk Framework for Uranium Mining
in Grand Canyon Watershed—Inclusion of the Havasupai

Tribe Perspective
By Carletta Tilousi' and Jo Ellen Hinck?

Abstract

In 2012, the Secretary of the U.S. Department of the
Interior placed a 20-year limit on mineral extraction on
Federal lands in the Grand Canyon watershed to permit further
study of the environmental effects of uranium mining. Tribal
concerns were also noted by the U.S. Department of the
Interior and included in the rationale for the decision stating
Tribal resource impacts could not be mitigated and cultural
degradation may result should mining occur within sacred
and traditional places of Tribal peoples. The U.S. Geological
Survey previously developed a conceptual framework for a
uranium mine in the region that defined contaminant sources
and physical, chemical, and biological processes that affect
contaminant transport to ecological receptors. However,
published risk models have largely ignored exposure pathways
relevant to Tribal communities in terms of traditional uses and
existential values of the resources included. This report pres-
ents an updated conceptual risk framework for uranium min-
ing that includes indigenous knowledge components informed
by the Havasupai Tribe perspective.

The expansion of the framework relied on connecting to
the foundations of the Havasupai ceremonial wheel—food,
environment, belief system, and ceremony. The framework is
applied to uranium development near Red Butte, an impor-
tant gathering place for multiple federally recognized Tribes
including the Havasupai, Hopi, Navajo, and Zuni. Plants and
animals important to the Havasupai for subsistence, ceremo-
nial, and medicinal practices and how mining affects these
practices are described. The final framework is presented in
English and Havasupai to aid Tribal members in understand-
ing how the framework relates to their community and to
help preserve the language and historical cultural practices
for future generations. New or expanded exposure pathways
include inhalation, ingestion, and absorption from traditional
food and medicines as well as ceremonial practices. The
updated framework has allowed the U.S. Geological Survey
to take first steps in understanding resources important to the

'Havasupai Tribe.

2U.S. Geological Survey.

Havasupai and to build relationships to improve co-production
in our research. Ideally, the framework and other research can
be used, along with indigenous knowledge, in Federal research
and decision making for mining in the Grand Canyon region.

Introduction

High-grade uranium ore was discovered in geologic
features called “breccia pipes” in the Grand Canyon region
during the late 1940s and became the subject of intense
exploration during the 1970s (Otton and Van Gosen, 2010).
Despite decreasing market values in the early 1980s, some
uranium mining persists in the Grand Canyon region because
of the high ore grades present in these deposits (Otton and
Van Gosen, 2010). Price increases of uranium from 2005 to
2007 renewed interest in mining, which led to thousands of
new mining claims in the Grand Canyon region (Otton and
Van Gosen, 2010). Growing public concern that uranium
mining activities could have adverse environmental, cultural,
and social impacts prompted a 2-year withdrawal of approxi-
mately 1 million acres (404,686 hectares) of Federal lands
from future mineral extraction to study the potential effects
of uranium mining (Alpine, 2010) and to prepare an environ-
mental impact statement (Bureau of Land Management, 2011).
In 2012, the former Secretary of the Interior, Ken Salazar,
closed the Federal lands in the Grand Canyon watershed to
new mining claims under the 1872 Mining Law until the year
2032 (Bureau of Land Management, 2012; U.S. Department
of Interior [DOI], 2012). The U.S. Geological Survey (USGS)
was tasked by the DOI to address scientific data gaps iden-
tified in the associated Record of Decision (DOI, 2012).
Specifically, the USGS identified critical scientific studies to
reduce the unknowns and uncertainties associated with the
environmental effects of uranium mining by focusing on the
natural formation and distribution of uranium ore; charac-
terizing radiation and chemical exposure to mining-related
elements in air, water, sediment, soil, animals, and plants; pri-
oritizing the adverse health effects of exposure; and determin-
ing biological effects of exposure to uranium and other trace
elements (USGS, 2014). The proximity of the breccia pipe
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uranium mines to the Grand Canyon has increased the scrutiny
of mining operations, and outcomes from risk analyses are of
interest to a broad group of stakeholders (fig. 1; Hinck and
others, 2021). Mines located on Federal lands require natural
resource managers to balance the protection of public and
natural resources with sustainable production of fuel minerals.
Industry stakeholders may use the risk models for planning
environmental mitigation and (or) remediation strategies. The
environmental consequences of uranium extraction remain a
concern despite the small footprints of these breccia pipe ura-
nium mining operations, generally less than 20 acres (Alpine,
2010), because the Grand Canyon and surrounding areas host
cultural and economic resources that are important to Tribes,
ranchers, and recreational users. Tribal nations and environ-
mental groups have expressed concern about potential mining
impacts to cultural properties/resources and natural resources.
Private citizens, such as landowners and recreational users,
may have questions related to their property protection or
activity safety. The mere concept of uranium mining can elicit
perceptions of risk associated with radioactivity that may

not be supported by empirical data. Such perceptions may
ignore the complex nature of these mining sites, including the
presence of natural sources of radioactivity, chemical as well
as radiological risks, contaminants of concern that need to

extend beyond uranium, and the potential bioaccumulation of
elements and radionuclides into the local food web (Hinck and
others, 2017; Bern and others, 2019; Cleveland and others,
2019, 2021a; Van Gosen and others, 2020).

The USGS has published several risk analyses associated
with breccia pipe uranium mines. Hinck and others (2014)
developed a conceptual framework for the Canyon Mine (cur-
rently known as the “Pinyon Plain Mine”) that represented
contaminant sources and physical, chemical, and biological
processes that affect contaminant transport to ecological recep-
tors. Other publications focused on risks for specific species
(Hinck and others, 2013) or ecosystem components (Hinck
and others, 2021). USGS efforts have focused on quantify-
ing risk to wildlife, rather than humans, because other agen-
cies such as the U.S. Environmental Protection Agency are
generally responsible for such assessments. However, USGS
interactions with Grand Canyon National Park and Kaibab
National Forest Tribal liaisons revealed an overlap of ongo-
ing USGS research initiatives with mining exposure concerns
of different Tribes, which also aligned with the withdrawal
justification that “it is likely that the potential impacts to
Tribal resources could not be mitigated. Any mining within the
sacred and traditional places of Tribal peoples may degrade
the values of those lands to the Tribes that use them...” (DOI,

Natural resource managers
Protection of public and natural
resources; sustainability of
public resources

Indigenous communities

Industry

Protection and preservation of
cultural properties/resources
and ceremonial uses

Human health
and ecological
risk analyses

Environmental stewardship,
mitigation, and remediation

/Recreational users

Safety of natural resources
(consumption); personal
exposure during use
\_ p g

Protection of natural and
cultural resources

Einvironmental groups\

J

Landowners/ranchers
Protection of
property/resources
Figure 1.

(modified from Hinck and others, 2021).

Examples of groups and their potential interests in human health and ecological risk analysis results at mining sites



2012, p. 9). Literature reviews revealed that published risk
models have largely ignored exposure pathways relevant to
Tribal communities in terms of traditional uses and existential
values of the resources (for example, Harris and Harper, 1997;
Alexander, 2021). Exclusion of such uses can underestimate
exposure risks to Tribal communities and ignore indigenous
knowledge contributions to the Federal decision-making
process. Given these factors, USGS determined it would be
appropriate to update the conceptual risk framework for brec-
cia pipe uranium mines to include Tribal perspectives.

This report helps to identify Tribal resources of concern
to update the conceptual risk framework for breccia pipe
uranium mines. Tribal resources from the Havasupai Tribe
are used to illustrate this added perspective. The updated
framework is applied to Red Butte, which is approximately
16 kilometers from the south rim of the Grand Canyon (fig. 2)
and near an active uranium development. Red Butte is con-
sidered sacred as an important gathering place for multiple
federally recognized tribes (Bureau of Indian Affairs, 2021)
including the Havasupai, Hopi, Zuni, and Navajo (Hedquist
and Ferguson, 2010). The Havasupai perspective is the focus
of this report because of their willingness to publicly share
their mining concerns (for example, Winters, 2016; Bleir,
2017; 2018; Tilousi, 2019). As descendants of the original
peoples who have lived in the Grand Canyon for centuries, the
Havasupai have long and deep connections to water, plants,
animals, and geology throughout the Colorado Plateau. Future

Methods 3

applications of the framework would need to be modified for
other Tribes to accurately reflect their perspectives and knowl-
edge systems.

Although the 20-year mining withdrawal ended
with the area being designated as the Baaj Nwaavjo I’tah
Kukveni — Ancestral Footprints of the Grand Canyon National
Monument on August 8, 2023 (White House, 2023), breccia
pipe uranium mining can continue within the monument where
permitted claims already exist and areas outside the designated
monument boundary. Therefore, applying the updated frame-
work, presented in this document, could help guide future
studies by DOI agencies. The report is organized to introduce
(1) mining history near sacred Tribal areas, (2) culture and
identity of the Havasupai Tribe that affects their perspective
to mining, and (3) an updated conceptual risk framework for
uranium mining that considers Havasupai culture and identity.
Ideally, application of the framework and other research can
be used along with indigenous knowledges in Federal research
and decision making for mining in the Grand Canyon region.

Methods

The conceptual risk framework developed for this report
was based on standard risk analysis approaches (for example,
Hinck and others, 2014; Park and others, 2020) but modified
to include indigenous knowledge components and pathways.
Havasupai indigenous knowledge was shared by multiple

Figure 2. Red Butte (Wi'i Jgwal Gwa) in Arizona, near the town of Tusayan.
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Tribal knowledge holders from 2015 to 2022 at formal meet-
ings (in Flagstaff and Supai Village, Arizona), mine site visits
with other Federal agencies (Grand Canyon National Park,
Kaibab National Forest), virtual teleconferences, and one-
on-one meetings. Knowledge holders included Tribal elders,
elected Tribal Council members, and Tribal members selected
to represent the Havasupai on specific topics (for example,
uranium mining), all of whom are accepted as wise lead-
ers within the Havasupai community. Information was also
obtained from other published sources (for example, Atencio,
1996; Hirst, 2006; Hedquist and Ferguson, 2010; Tikalsky and
others, 2010). Drafts of the framework were shared with Tribal
knowledge holders to validate the inclusion of specific indig-
enous knowledge. To gain approval for publishing the indige-
nous knowledge as part of the risk framework, the authors pre-
sented this report, by reading word for word, to the Havasupai
Tribal Council (7 members) during the January 19, 2023,
Tribal council meeting. Council members offered some small
edits (for example, Havasupai spelling corrections, adding
elder’s names to historical pictures), and a revised version was
provided to the Havasupai Tribal Council (February 14, 2023).
The Havasupai Tribal Council approved the conceptual risk
framework and granted permission to share Havasupai names,
culture, history, and language in this report (April 12, 2023;
appendix 1). This iterative review process with the knowledge
holders and the approval from the Havasupai Tribal Council
signifies that the included indigenous knowledge is not the
opinion of individuals within the Tribe but rather represents
the consensual indigenous knowledge and sacred beliefs that
the Havasupai people are choosing to share with the public in
this report. In addition, this report meets guidance from the
White House Office of Science and Technology Policy and the
Council on Environmental Quality on including indigenous
knowledge in Federal research and decision making (Office of
Science and Technology Policy and Council on Environmental
Quality, 2022).

The expanded conceptual risk framework was used
to identify new exposure pathways relevant to indigenous
communities and includes Havasupai nomenclature to help
preserve the language and historical cultural practices for
future generations. The report includes the official geographic
names as referenced in the U.S. Board on Geographic Names
(https://www.usgs.gov/us-board-on-geographic-names) as
well as the Havasupai nomenclature. Although none of the
Havasupai names were included in the geographic names
database, their inclusion in this report is essential for Tribal
members to understand the conceptual framework as it relates
to their community.

Uranium Mining near Tribe’s Sacred
Mountain

The Pinyon Plain Mine (lat 35°52°57.50” N,
long 112°05°44.52” W) is within the Kaibab National
Forest about 5 kilometers from Red Butte (Wi’i Jgwal Gwa;
lat 35°49°12.76” N, long 112°5°23.56” W), which is one of
the sites related to Havasupai creation stories (fig. 3; Atencio,
1996). Red Butte is also sacred to the Hopi (Oawinpi), Navajo
(Tse zhin ¢’ahi), and Zuni Tribes (Hedquist and Ferguson,
2010). The mine, which is owned and operated by Energy
Fuels, Inc., is rich in uranium and copper (Mathisen and
others, 2023) and is in an area the Havasupai call Mat Taav
Juudva (roughly translated as “sacred meeting corridor™).

The area was designated as a Traditional Cultural Property
by the U.S. Forest Service in 2010, but this designation did
not exempt Red Butte and the surrounding area from renewed
mining operations at the Pinyon Plain Mine (Winters, 2016).
Energy Fuels, Inc., changed the name of the mine to Pinyon
Plain Plain in 2020; it had previously been known as the
Canyon Mine since at least the 1980s (U.S. Department of
Agriculture, 1986). Pinyon Plain Mine development has
been completed but no ore has been extracted to date (as of
December 2023; Energy Fuels, Inc., 2023); future mining is
possible dependent on decisions by Energy Fuels, Inc.

The Havasupai Tribe has spoken out against mining at the
Pinyon Plain Mine through lawsuits, injunctions, and protests.
They have voiced concerns to the U.S. Government and the
international community that uranium mining may cause death
and destruction to their waters and to the existence of their life
and traditional practices (U.S. Congress, 2019). In 2012, the
Havasupai believed that DOI heard their voices when enact-
ing the 20-year mining withdrawal, which meant that for two
decades there would be no new uranium mines on Federal land
on the north and south rims of the Grand Canyon (DOI, 2012);
however, existing permitted mines, including the Pinyon Plain
Mine, were grandfathered into this withdrawal. The Havasupai
have continued to oppose the opening of the Pinyon Plain
Mine through partnerships with nongovernmental orga-
nizations including the Sierra Club, Center for Biological
Diversity, and the Grand Canyon Trust. Federal courts have
ruled against their appeals to stop mining at the Pinyon Plain
Mine (United States District Court for the District of Arizona,
1990, 2015; United States Court of Appeals for the Ninth
Circuit, 1991, 2017, 2022; Winters, 2016).


https://www.usgs.gov/us-board-on-geographic-names

Havasuw haja—People of the Blue Green Water 5

Figure 3. The Pinyon Plain mine (foreground) is located near Red Butte (near background) in Northern Arizona. Photograph by

Blake McCord, freelance photographer.

Havasuw baja—People of the Blue
Green Water

The Havasupai population is 755 Tribal members (as
of July 2023), making it one of the smallest federally rec-
ognized Tribes in North America. Their reservation consists
of 74,867 hectares of the Grand Canyon, which was made
by congressional action of the Grand Canyon National Park
Enlargement Act of 1975 (Public Law 93-620, 88 Stat. 2089).
Havasupai, or Havasuw baja, means People of the Blue Green
Water. This name comes from travertine-rich water that
forms several distinctive waterfalls in the canyon formed by
Havasu Creek.

Historically, many Pai Tribes inhabited the land around
the Grand Canyon, including the Havasupai, Hopi, Hualapai,
Southern Paiute, Yavapai-Apache, and Zuni (fig. 4). Important
geographical landmarks included the Grand Canyon, the San
Francisco Peaks, Bill Williams Mountain, and Red Butte. The
Havasupai Tribe roamed the rim of the Grand Canyon and the
Colorado Plateau in the winter and spent summers farming
in the bottom of the Grand Canyon (Hirst, 2006). When the

U.S. Government seized most of their aboriginal territory

by executive order in 1882, the Havasupai were locked into
519 acres within the Havasu Canyon along Cataract Creek
(fig. 5; Grand Canyon National Park, 2021); their village,
known as Supai, is only accessible by foot, horse, or helicop-
ter. The Havasupai’s indigenous aboriginal territory includes
the Grand Canyon National Park, which is home to sacred
trails, prayer areas, mountains, and burial sites. In 2022, the
Havasupai successfully petitioned the name change of Indian
Gardens to Ha’a Gyoh (Havasupai Gardens), honoring their
ancestors and reclaiming their historical connection to the
Grand Canyon (National Park Service, 2022; Fonseca, 2023).
The Havasupai have important connections to the water and
waterfalls in the region (figs. 6 and 7). Traditional practices
in Supai include farming (melons, peaches [Prunus persical,
and corn [Zea spp.]) and packing supplies in and out of the
canyon. Specific animals are considered ancient relatives to
the Havasupai; for example, the bighorn sheep (Ovis canaden-
sis) roamed in the canyons for many years and protect the
Havasupai people according to their oral teachings (Bleir,
2018).
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Figure 4. Traditional territories of Grand Canyon Tribes including the Havasupai. Map
from Krakoff (2020).



Havasuw haja—People of the Blue Green Water 1

Figure 5. Area of Havasupai village, known as Supai, within the Havasu Canyon. A, Supai in 1893 (Coupland, 1893). B, Supai in 2016
(photograph courtesy of National Park Service).

Figure 6. Area of Havasu Falls within the Havasu Canyon. A, Havasu Falls around 1907-13 (Kolb, 1907). B, Havasu Falls in 2016.
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Figure 7. Havasupai Tribe presence in canyons of the region. A, Ancient rock writings of the Pai Tribes in Havasu Creek area
(James,1900). B, Waluthma (also known as Supai Charlie) in front of a wikiup, 1901. Remnant of these structures can still be found along
trails in the Grand Canyon (Peabody, 1901). C, Water storage log found at plateau camp near south rim of Grand Canyon, 1920s (photograph
by National Park Service). D, Watermelon harvest in Supai, 1950 (Belknap, 1950). E, Packer and wrangler Bela Wescogame, near Hill Top,
1929 (photograph by National Park Service). F, Ram dance celebration, Supai, 1993 (photograph by Guardians of the Grand Canyon).



Connections with the Land

Ceremonial or medicine wheels are often used to repre-
sent important indigenous connections (for example, Twigg
and Hengen, 2009; Wenger-Nabigon, 2010; Bell, 2014).

The wheel for the Havasupai is based on four foundational
aspects of culture and tradition with direct relations to Red
Butte (fig. 8). These include the environment, belief systems,
ceremony, and food, which are all interconnected and thus
inseparable, and were essential to include in the conceptual
risk framework (for example, appendix 2). Environment rep-
resents the natural world in which they live. Food represents
dietary sustenance. Ceremony represents healing and cleans-
ing aspects of culture. Belief systems represent the connect-
edness of all things and teachings from elders to others. The
Havasupai, as many native peoples across the region, have a
deep connection with Red Butte and the Grand Canyon that
affects their perspective of mining. They believe that the area
has specific strengths and deities that warrant giving gifts

or offering, either individually or in groups. Havasupai oral

Food
Dietary sustenance

Connections with the Land 9

histories and belief systems taught through their grandparents
and parents (Tikalsky and others, 2010) illustrate that every
living plant and animal has a role on this earth and a specific
spirit that should be protected. This reciprocity with nature
has been described as integral to survival—not only for the
ecosystem but humans themselves (Wall Kimmerer, 2013).
Ceremonial gatherings with worshiping, singing, and
dancing were common at Red Butte until the 1980s, when
the U.S. Government asserted that the Havasupai had no
traditional or cultural connection to the area (Winters,
2016). This assertion was somewhat rectified in 2010 when
the U.S. Forest Service designated Red Butte and the sur-
rounding area as a Traditional Cultural Property through the
National Historic Preservation Act (Mike Lyndon, National
Park Service, written commun., November 28, 2023; Winters
2016). However, this sacred area remains under the ownership
of the U.S. Government as part of Kaibab National Forest and
was designated as part of the Baaj Nwaavjo I’tah Kukveni—
Ancestral Footprints of the Grand Canyon National Monument
in August 2023 (White House, 2023).

Ceremony
Healing/cleansing

Figure 8. Foundational aspects of Havasupai culture and tradition.
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“We have found the only way we can protect a thing
that we do not want disturbed is by being very, very
silent. Not speaking about that painting, that rock, what is
behind that rock, because we know what is going to hap-
pen to these things if we talk about them. They are going
to be destroyed.”

—Rex Tilousi, elder and former Chairman of
the Havasupai

“People complain that we have no documentation
of being in the [area] and say such things like ‘we have
never seen them here.” But animals and plants are still
a very profound part of the survival of the Havasupai
people, and we have been constantly utilizing these lands
over generations.”

—Uqualla, a Havasupai Medicine Man and
Spiritual Traditionalist

Connections with the Water

Concerns about potential effects to water from uranium
mining was a driving factor of the mining withdrawal (DOI,
2012). Water is essential to Havasupai identity and its impor-
tance is passed from elders to Havasupai children through
oral stories (for example, Tikalsky and others, 2010). The
Havasupai note that the people’s existence and belief systems
are at risk of serious effects that cannot be mitigated if the
water becomes contaminated from uranium mining (Tilousi,
2019). The Pinyon Plain Mine is above a primary aquifer,
the Redwall-Muav aquifer or R-aquifer, on the Colorado
Plateau (Pool and others, 2011). Havasupai Vice-Chairman
Edmond Tilousi recently noted “If the R-Aquifer becomes
contaminated, and we must abandon our ancestral home of
Supai Village, we will leave the blue-green waters of Havasu
Creek behind and consequently will cease to be the Havasuw
baja. While we may still breathe air, we, the People of the
Blue Green Water, will have become extinct.” (Tilousi, 2022,
p. 15). A perched aquifer at the Pinyon Plain Mine site was
encountered during the sinking of the mine shaft around 2016
(Energy Fuels, Inc., 2016, 2017); large volumes of water from
the perched aquifer have continued to drain into the mine shaft
(Energy Fuels, Inc., 2018, 2019, 2020, 2021, 2022). The act of
puncturing the aquifer itself contaminates the air and the water
according to the Havasupai belief systems (U.S. Congress,
2017) even though uranium ore has yet to be produced at the
Pinyon Plain Mine. Furthermore, water loss mitigation plans
are not in place; currently (as of December 2023), Energy
Fuels, Inc. treats the water from the aquifer for uranium and

arsenic and holds it in tanks for onsite use (for example,

dust control; Arizona Department of Environmental Quality,
2022). Traditional ecological risk analysis considers vari-

ous components of the environment (for example, Hinck and
others, 2014; Park and others, 2020). Likewise, components
of the environment, including all the plants and animals, are
important to the Havasupai. The people’s communion with
these plants and animals reflects the traditional uses of the
Havasupai, and such uses can introduce unique exposure path-
ways not considered in the original conceptual risk framework
(Hinck and others, 2014). For example, the Havasupai have
long been known for the quality of their tanned deer-hides
(fig. 9). Traditional hide processing includes hand and mouth
contact with deer organs and fluids, which could expose
hunters to contaminants in the animal (Hirst, 2006). Another
example is whether the medicinal and ceremonial use of big
sagebrush (Artemisia tridentata) and Utah juniper (Juniperus
osteosperma) collected near Red Butte increases contaminant
exposure risk given its proximity to the Pinyon Plain Mine.

“We have a belief system that they don’t under-
stand,” says the Havasupai elder Carletta Tilousi. “In
our stories, that are where the mine is located is Mother
Earth’s lungs. So when they dug the mine shaft, they
punctured her lungs.”

(McGiveny, 2022)

“The Pinyon Plain mine is only about 17-acres in
size” said Energy Fuels VP Curtis Moore. “It is a small
underground mine, so there will not be a big open pit or
other significant disturbance. Once mining is completed,
the Pinyon Plain mine site will be fully reclaimed and
returned to its former use, including recreation, forestry,
wildlife conservation, etc.”

(Bindell, 2022)

Conceptual Risk Framework for
Uranium Mining—An Update to
Include Havasupai Resources at Risk

Conceptual risk models are a working hypothesis of how
contaminants at a site may affect the surrounding ecosystem.
Historically, model components include sources of contami-
nants, routes of exposure, and endpoint receptors (Suter,
1996). Conceptual risk models for mining sites are typically
conducted from a western science perspective, focusing on
human health (for example, U.S. Environmental Protection
Agency, 2006, 2014) or ecological risk (for example,

U.S. Environmental Protection Agency, 1992, 2003; fig. 10).
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Figure 9. Havasupai culture emphasizes connections with water and animals. A— Havasupai girl carrying an ha sua or water jug, 1900
(Pierce, 1900a). B, Havasupai man (Lemuel Paya, former Havasupai Tribal Chairman) dressing a deer hide, circa 1900 (Pierce, 1900b).

[Pb, lead; Zn, zinc; Cd, cadmium; As, arsenic;
TSMD, Tri-State Mining District]

Figure 10. Typical conceptual site framework for a mining site that highlights human health and ecological risk assessment
considerations. From Park and others (2020).
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Western science has been defined as a knowledge system that
relies on application of the scientific method to phenomena
in the world in which a proven hypothesis can become theory
or truth (Mazzocchi, 2006). However, these risk models lack
the Tribal or indigenous knowledge as seen by recent research
opportunities from the U.S. Environmental Protection Agency
to expand inclusion of indigenous perspectives into envi-
ronmental health research (for example, U.S. Environmental
Protection Agency, 2023a, 2023b). This deviation from equi-
table co-existence between humans and nonhuman beings is
inconsistent with foundational understanding of many indig-
enous cultures (Tribal Adaptation Menu Team, 2019). Models
that include indigenous knowledge are being developed by
groups such as the National Tribal Toxics Council (2015) and
the Pueblo de San Ildefonso (2023).

This report describes an updated risk framework for
uranium mining with relevant traditional and ceremonial
exposure pathways from the Havasupai perspective. The
framework is presented in English (fig. 11) and Havasupai
(fig. 12) to aid Tribal members in understanding how the
conceptual framework relates to their community. Note that
conceptual risk models identify pathways of concern but
are not intended to validate or quantify actual contaminant
exposure. This framework uses Pinyon Plain Mine and Red
Butte as examples, but resources and pathways may be appli-
cable to other mining locations. The framework (figs. 11 and
12; table 1) flows to humans to signify the interconnected-
ness the Havasupai have with the environment. The updated
framework identifies contaminant exposure pathways that are
typical of the western science perspective—what humans and
animals are eating, breathing, and drinking near the uranium
mine—but are also relevant to Havasupai traditional uses
(figs. 11 and 12). The Havasupai are particularly concerned
about inhalation of uranium and other elemental contami-
nants moving through the air (for example, dust) from the
mining operations to the surrounding area, including Red
Butte. Exposure to contaminants by eating plant foods (for
example, pifion nuts and yucca) and game (for example,
elk (Cervus elaphus canadensis), mule deer (Odocoileus
hemionus), porcupine (Erethizon dorsatus), and black-tailed
jackrabbit (Lepus californicus) harvested near the mine is a
concern (fig. 13). Drinking contaminated groundwater is also
a priority concern of the Havasupai. This shared indigenous
perspective has resulted in USGS conducting new research
that focuses on Tribal resources of interest, including chemi-
cal characterization in elk tissues (Cleveland and Hinck, 2
021b), chemical exposure in traditional uses of sagebrush
(Cleveland and Hinck, 2019), and particulate air monitoring
(USGS, 2023).

An update to the framework includes adding exposure
pathways that are of concern to the Havasupai based on their
traditional ways (fig. 11). As previously mentioned, additional
exposures can occur through preparing game hides, which
are processed in specific ways that includes extensive contact
with skin and mouth. Similarly, medicinal plants (for example,
sage, pifion sap, juniper berries) and body/face painting

materials (for example, red orche, charcoal, gypsum) used on
the skin introduce other important indigenous exposure path-
ways to consider (fig. 13). The Pinyon Plain Mine area, known
to the Havasupai as Mat Taav Juudva, is important for medici-
nal and ceremonial plant collection. Collected plants may
introduce unique or more complex exposure pathways such

as skin contact (dermal exposure) and breathing (inhalation).
In addition, traditional uses of some medicinal plants may
have specific preparatory procedures that exclude washing,
which introduces dust exposure pathways into the framework.
Incorporating components of these Havasupai traditional uses
into USGS studies could include chemical characterization of
source material (medicines, painting materials) not previously
considered in the research related to the 20-year mining with-
drawal. The framework could also be useful to human health
researchers in designing their risk analyses.

Traditional ceremonies such as dancing, praying, and
singing held at Red Butte were described previously but are
also important to consider in the updated conceptual risk
framework. The area of Red Butte is essential for purifica-
tion or cleansing for the Havasupai people and other Tribes
(Hedquist and Ferguson, 2010). Specific ceremonies take
place at critical points in a Havasupai member’s life—infancy,
adolescence, and adulthood. Sweat lodges near Red Butte are
used for traditional practices and also pose unique scenarios
for contaminant exposure (fig. 14). The Havasupai use sweat
lodges for infant blessings, youth entering adulthood, healing
of broken bones, and social/group prayer. There are concerns
that contaminant exposure is increased as members are in
a confined space inhaling water vapor (steam) and particu-
lates from burning of sage and juniper. Therefore, exposure
pathways that consider contaminants in ceremonial plants,
water, and construction materials need to be included in the
framework (fig. 11). New exposure pathway examples include
breathing in the smoke from juniper or sage smudging or the
steam in a sweat lodge. Additional studies could be designed
to simulate exposure based on material sources, ceremony
duration, and activities during confinement (for example,
singing compared with silent meditation). The concept of
the ceremonial wheel is integrated into the conceptual risk
framework in figure 13. Recall that the wheel includes food,
environment, belief systems, and ceremony. The food com-
ponent is the most readily identifiable in a western science
risk analysis and includes water and harvested plants (such
as pifion nuts, yucca) and animals (such as mule deer, elk).
Another important component is the environment, which
includes relatives and residents of Mother Earth such as
coyote (Canis latrans), bald eagle (Haliaeetus leucocephalus),
and red-tailed hawk (Buteo jamaicensis). These resources are
not consumed directly but are important to creation stories and
have existence value (Hirst, 2006; Tikalsky and others, 2010).
Ecological risk assessment approaches may consider including
species that are important to the Havasupai and other species
that may be relevant to other Tribes in the region. The ceremo-
nial component includes medicinal plants and resources for
cleansing and healing such as sage, juniper, and devilsclaw
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Table 1. Common, Havasupai, and scientific names of plants and animals.
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Common name

Havasupai name

Scientific name

Bald eagle
Bighorn sheep
Big sagebrush
Black scoter
Black-tailed jackrabbit
Corn
Cottonwood
Coyote

Desert cottontail
Devilsclaw

Elk

Mormon tea
Mule deer
Onion

Peach

Pifion pine
Porcupine
Prickly pear
Pronghorn
Red-tailed hawk
Utah juniper
Watermelon

Yucca

Sa’a
Mu’u
Qwapta
Ha gnmo’o
Gul
Fiyaj
Ha’a
Gthad
Hlo’o
Laahg
Gwagta
Jmwaaya
Gwaq
Hanoq
Thbal
Ko’o or Nay
Giitat
Fhe’e
V’uulh
Sqwala
Joq

Su maj
Mnat

Haliaeetus leucocephalus
Ovis canadensis
Artemisia tridentata
Melanitta americana
Lepus californicus

Zea spp.

Populus fremontii
Canis latrans
Sylvilagus audubonii
Proboscidea parviflora
Cervus elaphus canadensis
Ephedra viridis
Odocoileus hemionus
Allium spp.

Prunus persica

Pinus edulis

Erethizon dorsatus
Opuntia spp.
Antilocapra americana
Buteo jamaicensis
Juniperus osteosperma
Citrullus lanatus

Yucca spp.
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Gthad (coyote) Ha’ gnmo’o (scoter) Sa’'a (eagle) Sqwala (hawk) Hwig (steam) Mnat (yucca) Ohwaya (smudging)

Gwata (red ochre) Qwapta (sage) and Fu’u (coyote willow) and
Jog (juniper) Laahg (devilsclaw)

i HEIET]

Qwapta (sage) Nay (pifion sap) Joq (juniper berries) Jmwaaya (Mormon tea)

Hlo’o (cottontail) Giitat (porcupine) Gwag (mule deer) V'uulh Gwagta (elk)
Gul (jackrabbit)

(pronghorn)

Figure 13. Examples of relatives, resources, and activities that illustrate exposure concerns for uranium mining in the Grand Canyon region from the Havasupai perspective, as
it relates to their ceremonial wheel. Special copyright notifications for photograph of red-tailed hawk at https://commons.wikimedia.org/wiki/File:Red-tailed_hawk_in_Central_
Park_(24796).jpg. Scientific names are provided in table 1.
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Figure 14. Sweat lodge (' olvo’) near Red Butte where Havasupai ceremonies are an example of specific contaminant exposure
concern. A, Front of sweat lodge. B, Traditionally, a buffalo hide (mthifi) would cover the entrance rather than a blanket.

(Proboscidea parviflora). The belief systems component is
connected to all the resources in figure 13 because they are
important to the Havasupai ways of knowing and being. These
cannot be separated out—or left out—when considering the
risks of uranium mining at the Pinyon Plain Mine. As such, the
picture of Havasupai members at the center of the framework
signifies that changes to any of these resources affect them

as peoples.

Building on this interconnectedness, the Havasupai belief
systems teach that change or loss happens once Mother Earth
is disturbed; change or loss does not wait until a mine goes
into official ore production. Examples of this at Pinyon Plain
Mine is the loss of water from the perched aquifer during the
sinking of the mine shaft and the removal of traditional plants
to build the mine yard. A challenge in applying the frame-
work is based around this concept. Common risk assessment
approaches attempt to quantify the risk by applying hazard
quotients or setting protective toxicity thresholds, indicat-
ing that some degree of change or loss is acceptable. Such an
approach may be deemed irrelevant by Tribal communities;
for example, the Havasupai have changed certain traditional
behaviors to mitigate exposure based on their risk perspective
to mining near Red Butte. These include (1) instructing Tribal
members and the public to not harvest plants or animals near
the mine or along the mining haul road; (2) limiting camp-
ing near the mine; (3) limiting the amount of time at the mine
site, despite the area being part of their creation story; and (4)
altering ceremonial ways (location and how the ceremony is
conducted), which weakens their connections to Mother Earth.
Their cultural belief systems have been disrupted historically
with their relocation to Havasu Canyon, which separated them
from sacred places like Red Butte. Proximity to sacred places
is important to their belief systems because the sacred places
cannot be recreated in another location (Tilousi, 2022).

Admittedly, these complex relations that the Havasupai
Tribe have with their surroundings cannot be fully addressed
in the updated conceptual risk framework. Loss or separation

of culture and identity cannot be evaluated in any such
framework. Nevertheless, the updated framework has
allowed USGS to take first steps in understanding important
resources to the Havasupai, building relationships to improve
co-production in our research, and potentially addressing
additional concerns outlined in the original withdrawal record
of decision (appendix 1). Despite the national monument
designation, permitted mines can continue, which under-
scores the continuing need to study risks of uranium mining
in the region. Ideally, application of the framework and other
research can be used along with indigenous knowledges in
Federal research and decision making for mining in the Grand
Canyon region (Office of Science and Technology Policy and
Council on Environmental Quality, 2022).

Summary

As descendants of the original peoples who have lived
in the Grand Canyon for centuries, the Havasupai have long
and deep connections to water, plants, animals, and geology
throughout the Colorado Plateau. The updated conceptual risk
framework identifies Tribal and cultural resources of concern
to the Havasupai in the context of uranium mining. These
resources have not been previously identified and placed in a
risk framework. The newly identified exposure pathways can
be evaluated by scientists studying data gaps as they relate
to the mining withdrawal. For example, new study consid-
erations may be given to dermal and inhalation exposures of
using medicinal and ceremonial plants or traditional process-
ing of harvested plants and animals. Ecological risk analyses
could consider species identified in the framework to be more
inclusive of Tribal and cultural resources. In addition, this
framework could be modified by other Tribes in the area to
evaluate risks to their Tribal and cultural resources. Including
Havasupai nomenclature in the framework also helps preserve
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the language and historical cultural practices for future gen-
erations. Social science studies may be considered given the
behavioral changes already documented by the Havasupai
people at the Pinyon Plain Mine. Ideally, application of the
framework and other research can be used along with indig-
enous knowledge systems in Federal research and decision
making for mining in the Grand Canyon region.
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Figure 1.1.

HAVASUPAI TRIBAL COUNCIL

P.O. Box 10 » Supai, Arizona 868435
(928) 433-8130 = Fax (8281 433-8119

April 12, 2023

Carletta Tilousi
carstilousiie vahoo.com

Re: Conceptual Risk Model for Uranium Mining in the Grand Canyon Watershed
Dear Ms. Tilousi,

The Tribal Council has reviewed the Conceptual Risk Model for Uranium Mining in the
Grand Canyon Watershed (“Risk Model”) that you presented to us a few weeks ago. 1am
pleased to report that the Tribal Council supports the Risk Model as written and your efforts to
share this important information with our Havasupai members and children and with the general
public. You are permitted to share the Havasupai names, culture, history, and language in the
Risk Model.

Thank you for your efforts to bring awareness to the impacts uranium mining has to the
land, water, air and our people.

Sincerely,
Chairman

Havasupai Tribe

cc: Havasupai Tribal Council
Denten Robinson, General Counsel

Havasupai Tribal Council letter of support.
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Appendix 2. Description of the Havasupai Seal

The interconnectedness of the Havasupai to Mother
Earth is on display in the Tribal seal, which is also repre-
sented on the Havasupai flag (Edmond Tilousi, Havasupai
Tribe, oral commun., June 16, 2022). Edmond Tilousi, who
is currently serving as Vice Chairman of the tribal council (as
of December 2023), designed the seal in 1974 (fig. 2.1). The
design incorporated components of the Havasupai creation
story and important formations and animal relatives. For
example, the 24 triangles represent the six ancestral Pai Tribes
and according to their oral stories each band dispersed to the
north, south, east, and west. Important features like Havasu
Falls and Wi’i Gileeva pinnacles are also included. Important
animals (for example, bighorn sheep, bald eagle) and plants
(for example, pifions (Pinus edulis), peaches, corn) tie the
seal to the land. Richard Watahomigie, a descendent of the
first Havasupai elder, noted “The bighorn sheep are sacred to
the Havasupai. When we pass away, we reincarnate into the

bighorn and travel along the rim of the Grand Canyon, back
and forth, guarding it. That’s why the ram dancers call them-
selves the Guardians of the Grand Canyon.” (Bleir, 2018).
Other examples of the interconnectedness of the Havasupai to
the environment can readily be seen in their traditional dress
and ceremonies (fig. 2.2). The Havasupai have revitalized

the ram dancers (fig. 2.24) after the passing of the American
Indian Religious Freedom Act of 1978 (42 U.S.C. 1996),
which protects the rights of Native Americans to practice their
traditional religions by ensuring access to sites, the freedom to
worship through ceremonials and traditional rites, and the pos-
session and use of sacred objects. Many traditional ways had
been lost; therefore, the Havasupai have revitalized dances,
ceremonies, and dress that historically defined them as a Tribe.
The Havasupai view the presence of rainbows during their cer-
emonies as reassurance that their returned dances and prayers
at Red Butte are honored.

Havasupai Seal Symbology Highlights Interconnections

24 triangles represent the

6 ancestral Pai Tribes that
dispersed into different \
directions (north, south,

east, and west).

Ha' jakevmah (Havasu /
Falls) represents life-

giving water.

Ancestral symbol found /
painted in Cataract Canyon

but specific meaning
is unknown.

Thbal (peaches), tiyaj (corn),
and su maj (watermelon)
represent important summer
agricultural crops in

the canyon.

Figure 2.1.
(Edmond Tilousi, Havasupai Tribe, oral commun., June 16, 2022).

Wi'i Gileeva pinnacles

represent guards over the

village/canyon. When they fall,

Havasupai people will cease

to exist.

Sa'a (eagle) feathers represent

/ the 6 Pai Tribes.

Kwayal/Ba'a (arrowhead)

represent protection, hunting,

and gathering on the plateau
\ of ancient times.

Mu’u (Bighorn sheep) represent
a great Havasupai warrior that
turned into bighorn sheep.
These relatives now watch over
the people.

Koo (pifion) tree and cones/
nuts represents connection
to plateau.

The Havasupai seal with descriptions of components and their meaning. Havasupai nomenclature is also provided.
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Traditional Dress Highlights Interconnections

Sqwala Mu'u
Matahe'e (red-tailed 0’ojih (bighorn Ko'o Gwagq Gwata Sa'a
(gypsum) hawk) (charcoal) sheep) (pifion) (mule deer) (red ochre) (eagle)

5

/ /
Ha'a Ha'a

/
Hal gdab Ha'a Nahl Ha'a a X Fu'u (coyote willow) Sg'uul nahg
(shells) (cottonwood) (gourd) (cottonwood) (cottonwood)  (cottonwood) and (bead cape)

laahg (devilsclaw)

Figure 2.2. Traditional and ceremonial Havasupai dress shows connections to animal relatives and other resources from Mother Earth.
Havasupai nomenclature is also provided. Photographs by Erin Owensby, Williams-Grand Canyon News; and Blake McCord.
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