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WRITTEN TESTIMONY OF CHRISTINE J. BENALLY, Ph.D.
On behalf of Eastern Navajo Dine Against Uranium Mining ("ENDAUM") and
Southwest Research and Information Center ("SRIC"), Dr. Christine J. Benally submits
the following testimony regarding the amended .application of Hydro Resources, Inc .
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("HRI"), for a source materials license to conduct in situ leach ("ISL") uranium mining
at three proposed sites in McKinley County, New Mexico.

Q.1.

Please state your name and qualifications.
A.1.

My name is Christine J. Benally. I am an environinental health scientist

with the Agency for Toxic Substances and Disease Registry ("ASTDR"), an agency of
the U.S. Public Health Service. Currently, I work in ASTDR's Native American outreach
program, helping Native American communities conduct environmental health
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assessments, communicating risk issues, and serving as a liaison between ATSDR and
tribal governments and communities. One of my current projects is coQ,ducting a public
health assessment of two abandoned gravel pits used to dump deinking sludge from
papennill processing. I am also a member of the Navajo Nation.
I have extensive education, training and experience in public health assessment,
including public health issues relating to Navajo people. In 1993, I received a Ph.D. in
environmental health from Colorado State University. My dissertation explored the
environniental impacts oftoxaphene-based sheep "dip vats" on the Navajo Nation,
drawing from my academic concentration in the toxicology of environmental
contaminants. I also have a B.S. in microbiology from Northern Arizona University
(1986), and an A.A.S. in medical laboratory technology from Navajo Community College

i,

(1979).
·1

I have held a number of positions that provided me with experience in

•

epidemiology, public health, and health care management. Between 1992 and 1995, I
was an injury prevention and control specialist for the Shiprock Service Unit of the
Navajo Area Indian Health Service ("NAIHS"). In 1997 and 1998, I also served as a
consultant on management issues for the Northern Nav~jo Medical Center, carrying out
several evaluations of hospital services and departments. While attending graduate school
and since receiving my Ph.D., I have taught various science and math classes at colleges
in New Mexico, Arizona and the Navajo Nation.
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As can be seen from my curriculum vitae, a copy of which is attached to this
testimony as Exhibit A, much of my education, employment histo"ry, and community
involvement is directly relevant to the areas of concern raised by ENDAUM and SRIC
with respect to the proposed HRI Crownpoint Uranium Project. Most notably, I worked
as a laboratory technician at the Mobil Section 9 Pilot In Situ Project located 5.5 miles
west of Crownpoint for about six months in 1981, analyzing groundwater samples for a
variety of trace elements, uranium ·oxide, and various indicator parameters. I was also a
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laboratory technician at coal strip mines and powerplants in the region in the early 1980s.
I also spent a month at Lawrence Livermore National Laboratory in 1991 as a laboratory
chemist doing uranium bioassays; this work familiarized me with bioaccumulation of
radioactive materials and trace metals in human tissue.
After receiving my Ph.D., I held several positions that brought me into contact
with the proposed Crownpoint Project and other uranium mining projects. Between 1994

•

and 1996, I served as Executive Director of Dine CARE, a Navajo public-interest
environmental organization that was one of the original petitioners for hearing on the HRl
license application. In 1997, I served as interim director of the Navajo Nation Office of
Navajo Uranium Workers ("ONUW''). In this position, I worked closely with both
medical professionals who helped determine worker radiation exposures and with the
workers themselves to assist them in obtaining documentation needed to support their
claims for compensation under the. federal Radiation Exposure Compensation Act
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("RECA") of 1990. From 1996 to 1998, I served on the Indigenous Subcommittee of the
National Environmental Justice Advisory Council (''NEJAC"), which advises the U.S.
Environmental Protection Agency ("EPA") regarding environmental justice issues. In
that capacity, I helped develop a resolution that was adopted by NEJAC in February
1998, urging the administrator of EPA and the chair of the NRC "to ensure that all
provisions .of Executive Order
12898 [President Clinton's
Executive Order on
.
.
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Environmental Justice] are fully compiled with and carried out" for the HRI Crownpoint
Uranium Project. 1 In 1997, I also served as a consultant to the Community Health
Services Program of the Northern Navajo .Medical Center to identify environmental
health concerns in Navajo communities, including concerns related to the HRI project.
My expertise in public health issues affecting Navajo people is enhanced by my
own personal experience and cultural knowledge as a member of the Navajo Nation. I
was born and raised in the Sanostee Chapter in northwestern New Mexico. With the

••

exception of my_ current job in Georgia and the time spent earning my B.S. and Ph.D, I
have lived in Sanostee all of my life. I am fluent in the Navajo language. Throughout
my life, I have helped care for my family's herd of sheep and taken part in traditional
Dine ceremonies and practices. As an adult, I have also raised a son in the Navajo
culture, and served as the elected vice president of the Sanostee Chapter. As such, I am

National Environmental Justice Advisory Council Indigenous Peoples Subcommittee.
"Uranium Leach Mining in Two Navajo Communities," resolution attached to letter from
Haywood Turrentine, NEJAC chairman, to Carol Browner, USEPA administrator (February 26,
1998), at 3; attached to this testimony as Exhibit B.
,,
·'
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intimately familiar with the requirements and obligations oflife in traditional Navajo
communities: herding sheep, hauling water for livestock and domestic uses, raising
children in a multicultural environment, traveling long distances over unpaved and poorly
maintained roads to job sites, routinely communicating in tw.o very different languages
(Navajo and English), and having to make do without certain modem "conveniences"
such as indoor plumbing, running water, electricity and telephones. Although I am
currently living in Georgia while I work for ASTDR, I intend to return to Dine Bikeyah
(NavajolaiJ.d) to serve my people at some future time in my life.
Further details of my education and experience are included in my curriculum
vitae, attached hereto as Exhibit A.

Q.2.

What is the purpose of your testimony?
A.2.

I have been retained by ENDAUM and SRIC as a technical expert in the

fields of environmental health,' public health and environmental justice in the matter of

•

the licensing proceeding for HRI's application for a source and byproducts materials
license for the Crownpoint Uranium Project ("CUP"). The purpose of this testimony
is to evaluate the adequacy of the NRC's Final Environmental Impact Statement2
("FEIS") with respect to the cumulative, public health-related environmental impacts of
the CUP on the environmental justice communities of Church Rock and Crownpoint,

Final Environmental Impact Statement to Construct and Operate the Crownpoint
Uranium Solution Mining Project, McKinley County, New Mexico. NUREG-1508. U.S.
Nuclear Regulatory Commission (Washington, DC), February 1997.
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New Mexico, where the CUP will be located.

Q.3.

What materials have you reviewed to prepare your testimony? Also, please
indicate any activities you've undertaken to prepare this testimony.
A.3.

In preparing my testimony, I have reviewed relevant portions of the FEIS

and HR.I's Church Rock Revised Environmental Report ("CRRER")3 of March 1993;
certain of HRI' s responses to the NRC Staffs 1996 Requests for Additional Information
("RAI"); and correspondence among HRI, the NRC, BPA, and various Navajo Nation
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officials and agencies. I have reviewed President Clinton's Executive Order on
Environmental Justice4 (hereafter "Executive Order"), the Council on Environmental
Quality's latest guidelines for implementing provisions of the Executive Order in federal
actions taken pursuant to the National Environmental Policy Act (''NEPA") (hereafter,
"CEQ Guidance")5, and the NRC's own guidance on environmental justice (''NRC BJ
Guidance"). 6 I also reviewed recent papers and reports among the growing body of

•

scientific literature on environmental justice and environmental equity research

HRI, Inc. Churchrock Project Revised Environmental Report (March 1993); transmitted
by letter from M.S. Pelizza, HRI, to R.E. Hall, NRC (March 16, 1993).
Executive Order 12898. Federal Actions to Address Environmental Justice in Minority
Populations and Low-Income Populations. 59 Fed. Reg. 7629 (February 16, 1994).
Council on Environmental Quality. Environmental Justice Guidance Under the National
Environmental Policy Act. Executive Office of the President (Washington, D.C.) (December 10,
1997).
U.S. Nuclear Regulatory Comission. Environmental Justice in National Environmental
Policy Act of 1969 Documents. Appendix B of Draft Standard Review Plan for In Situ Leach
Uranium Extraction License Applications, NUREG-1569 (October 1997).
6

methodology and field studies, including published papers by Dr. Robert Bullard, who is
perhaps the nation's leading authority on environmental discrimination against minorities
and low-income people. Furthermore, I reviewed public health data for American Indians
·and Alaska Natives on a national level and at the tribal, state, and county levels. I am
familiar with the literature regarding the history of public health and environmental
effects of uranium mining on the Navajo Nation and in New Mexico, and relevant
professional literature on analysis of environmental health issues. Specially for this
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testimony, I directed the SRIC s.taffto assist me in gathering data on previous uranium
mining operations in the Church Rock and Crownpoint areas. The results of that research
are summarized in my testimony and presented in maps and tables appended as exhibits.
Finally, I reviewed the testimonies of Dr. Robert Bullard and Dr. Douglas Brugge, given
in support ofENDAUM's and SRIC's written presentations on environmental justice and
cumulative effects of the HRI project, and the testimony of Mr. Bernd Franke, given in

•

support ofENDAUM's and SRIC's written presentation on radioactive air emissions. All
supporting documentation and data on which I relied to prepare this testimony are
referenced in the testimony.

Q.4.

Please describe the methods you use to evaluate environmental justice
impacts of proposed industrial projects, such as the Crownpoint Uranium
Project.
A.4.

The methods I use are based in public health and environmental health

science. They complement the sociological methods used by Dr. Bullard in his written
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testimony and the toxicological and biological analyses used by Dr. Brugge. Public
health practice today is concerned with a broad range of medical, social, environmental,
and political issues, all directed toward understanding the social and economic
determinants of health such that adverse health conditions can be prevented first and
controlled or treated second. It draws from both the "hard" sciences (i.e., biology,
chemistry, toxicology, physiology, physics, etc.) and the social sciences (sociology,
political science, psychology, etc.). Epidemiology, which is the study and analysis of
disease occurrence, is the principal, mathematically based science of public health.
To evaluate the FEIS's treatment of cumulative impacts in an environmental
justice setting, I draw from public health methods and principles, principles set forth in
the CEQ Guidance, and certain criteria spelled out in recent public-health literature.
These principles and criteria are discussed in more detail later in my testimony.
Employing these principles, I examine the demographic, socioeconomic and health

•

conditions of the environmental justice populations that would be affected by the
proposed project. I then examine whether any of those conditions would make the
population especially vulnerable or susceptible to the environmental impacts of the
project.
To systematically assess population exposures to environmental contaminants
documented at sites in the Church Rock area, I use a biological impact assessment .
strategy that was first introduced in the professional literature in 1991. This approach

8

allows the environmental impacts of the project to be examined in light of both the
local population's particular public health conditions and in light of the health risks
they face from chronic exposure to contaminants associated with existing environmental
impacts of previous uranium mining. This model can address the extent to which
human health has been affected by those impacts, or can be used simply to determine if
an appropriate and adequate assessment of local health risks has been conducted.

••

Based on this exercise, I conclude.that the FEIS is fundamentally deficient in its
'treatment of cumulative impacts of the CUP in the Church Rock area, and that these
impacts are, from a public-health perspective, disproportionately high and adverse on
the local low-income, Native American population.
Q.5.

Looking at the Crownpoint Uranium Project, please describe the existing
socioeconomic conditions in the regional "environmental justice
population."
A.5.

•

As a general matter, I agree with the NRC Staff's conclusion, that, "[b]y

nearly any definition, the entire area of impact constitutes an 'environmental justice
population'" (FEIS at 3-79). This determination is based largely on evidence that the
Navajo communities affected by HRI's proposed Crownpoint Uranium Project meet the
two most important criteria for consideration as "environmental justice populations" they are overwhelmingly minority and extremely low-income.
The FEIS notes that Native Americans make up nearly 72 percent of the
population of McKinley County, N.M., and comprise 93.5 percent and 97.2 percent,
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respectively, of the populations within 10 miles of Crownpoint and Church Rock.
FEIS at 3-79 to 3-80. It also notes that Native Americans in McKinley County have
significantly lower per capita and median household incomes than all other races, and a
far greater percentage of Native Americans live below federal poverty levels than other
residents of the county. See FEIS at 3-58, 3-79, and 3-80. For example, more than half
(i.e., 54 percent) of all Native Americans living in McKinley County in 1989 had
incomes below the poverty level, compared with 11 percent of whites and 27 percent of
African-Americans. Id., at 3-58.
Navajos, who make up nearly 82 percent of the Native American population of
McKinley County, 7 have even lower socioeconomic status ("SES") than suggested in
the FEIS. For example, median household income in the Navajo Area IHS in 1989
was $13,984, compared with the median household income for all 12 Indian Health
Service areas of $19,886 and the 1989 median household income of all U.S. races of

•

$30,056. 8 According to results

o~ the

1990 Census on the Navajo Nation, the median

Navajo family income in 1990 was $11,885, and 56.1 percent of Navajos were below

Rodgers, L. 1990 Census -Population and Housing Characteristics of the Navajo
Nation. Division of Community Development, The Navajo Nation (Window Rock, Ariz.)
(1993), at 16 .
. U.S. Indian Health Service. Regional Differences in Indian Health, 1997. Office of
Public Health, USIHS, U.S. Department of Health and Human Services (Rockville, MD) (1998),
at 29. See, also, the table entitled, "American Indians in New Mexico, Selected Socioeconomic
Data," in Exhibit C attached hereto. The data in that table were taken from the USIHS
publication, Regional Differences in Indian Health 1994.
10

the federal poverty level. 9
These data are important to understand the broad national and regional contexts
in which health conditions exist on Navajo or in any other Native American
community. SES, race/ethnicity, and educational level are well-documented
determinants of health disparities across racial and economic classes in the

Un~ted

States. 10 ·Many of these disparities exist among Native Americans, 11 including those
living in New Mexico, as I have shown in the summary data tables attached hereto as
Exhibit C .. Generally, Native Americans are poorer and have less formal edueation

than whites; they also tend to live shorter lives (this is especially true for Native
American men) and die at overall rates higher than U.S. whites and all U.S. races
combined. 12 See also Exhibit C at 3. The burden of premature death, measured in
years of potential life lost, is about 32 percent-higher for Native Americans than for all
U.S. races, and is about 76 percent greater in the Navajo Area than in the U.S. as a

•

Rodgers, L. Chapter Images: 1992 Edition. Division of Community Development, The
Navajo Nation (Window Rock, Ariz.) (1993), at 3.
Prevalence of Selected Risk Factors for Chronic Disease by Education Level in
Racial/Ethnic Populations - United States, 1991-1992. Morbidity and Mortality Weekly Report
(U.S. Departme~t of Health and Human Services, Public Health Service), vol. 43, no. 8
(December 9, 1994), at 894.
10

U.S. Department of Health and Human Services. Healthy People 2000: National Health
Promotion and Disease Prevention Objectives: American Indians and Alaska Natives. ·
USDHHS, Public Health Service (1991); DHHS publication no. (PHS)91-50212.
11

U.S. Indian Health Service. 1997 Trends in Indian Health. U.S. Department of Health
and Human Services, Public Health Service (Rockville, Md.) (1998); see, respectively, Chart 2.4
(at 33), Chart 2.5 (at 34), Chart 2.7 (at 35), Chart4.51(at134), and Table 4.11(at66).
12

11
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Q.6.

Does the FEIS adequately describe existing health conditions in the
environmental justice comniunities affected by the CUP?
A.6. In my opinion, there are three key respects in which the FEIS does not

give a complete picture of current health conditions in the communities most likely to
be affected by the HRI project. First, the data provided in the FEIS are very general,
and do not address conditions in Church Rock and Crownpoint, although communityspecific data are available. Second, the FEIS fails to describe the current vulnerability
of that population to health and environmental stressors. Third, although substantial
documentation exists regarding the adverse impacts of uranium operations on Navajo
workers, the FEIS provides little information about these past and ongoing impacts.
A.6.a. My first concern is that the FEIS does not repprt known information
about health conditions in Church Rock and Crownpoint. As noted by the Safety

•

Committee of the Crownpoint Healthcare Facility in its 1997 statement regarding the
HRI project,
Health statistics in the FEIS are incomplete, and grossly inadequate to use to
accurately model the potential health risks associated with the proposed project.
. . . [S]pecific data. . . [on] mortality and morbidity are not documented in the
FEIS for Crownpoint. . . .The lack of baseline data analysis makes it impossible
to predict or track the future effects of the project.
Crownpoint Healthcare Facility Safety Committee Position Statement Regarding the InSitu-Leach Uranium Mine Proposed by Hydro-Resources, Inc. ("Safety Committee
13

I

I
I

I
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USIHS. Regional Differences 1997, Table 4.2 at 52.
12

Statement") (May 23, 1997) (emphasis added) at 2; attached hereto as Exhibit 0.
While the FEIS presented data on the leading causes of death among Navajos, Native
Americans and all U.S. races, and Navajo and U.S. mortality rates for certain diseases
(see, FEIS at 3-83), it did not present data specific to the Crownpoint or Church Rock
areas. As the Safety Committee pointed out, service-unit specific mortality and
morbidity information are available from the Navajo Area IHS office in Window
Rock, 14 and cancer incidence data are available from the New Mexico Tumor Registry
in Albuquerque. Safety Committee Statement at 2.
The Safety Committee was particularly concerned that the FEIS did not contain
service unit-specific baseline data on deaths and diseases that might result from
exposure to releases of radon, uranium, process chemicals and waste products released
during mining and processing operations, or on injuries and deaths from motor vehicle
accidents that might result from "[i]ncreased truck traffic" associated with the HRI

••

project. Id. The Committee's concern was appropriate in view of the fact that
"accidents and adverse effects" (including motor vehicle accidents) and "malignant
neoplams" (i.e., cancers) were reported in the FEIS as the first and third leading causes
of death in Navajo Area IHS during the period 1990-1992. FEIS at 3-83.

14

Navajo communities affected by HRI's proposed Unit 1 and Crownpoint ISL mines
(including Crownpoint, Smith Lake and Mariano Lake) are located within the Crownpoint
Service Unit ofNAIHS. Navajo communities affected by the proposed Church Rock ISL mine
(including Church Rock and Pinedale) are located within the NAIHS Gallup Service Unit. The
service unit boundaries and Navajo chapters located within each service unit are shown on the
maps attached to this testimony as Exhibit E.
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Neither did the FEIS's description of existing health conditions address
prevalence of infectious diseases in the Church Rock and Crownpoint areas. Infectious
diseases, such as chronic gastroenteritis, can be induced by ingestion of water
contaminated with bacteria found in human and animal was,tes. Members of the
hospital Safety Committee, who include medical professionals stationed at the
Crownpoint Healthcare Facility, asserted that they observe an association between a
lack of indoor plumbing, 'including running water, and waterborne illnesses:
Curr~ntly, a large portion of our patients and commuriity members do not have
running water [in their homes]. . . . Households without running water do
appear to have higher rates of infectious disease. Infectious diseases also
present in much more aggressive fashion due to a dearth of clean water in a ·
household for adequate sanitation, hand washing, or wound care. Dehydration
and gastrointestinal illnesses are common in all ages, and unhealthy alternatives
to water (e.g., soda pop) are often chosen over the less palatable "hauled
water." Contaminated water containers used to haul water also increase the
transmission of infectious disease.

Safety Committee Statement at 3.
Data on infectious disease prevalence in the Crownpoint Service Unit and
NAIHS as a whole provide support for the Safety Committee's observation. These
data, which were obtained by the SRIC staff from NAIHS in December 1996 and
which I have attached to my testimony as Exhibit F, show that more than 4,400 cases of
gastroenteritis/diarrhea were diagnosed at the Crownpoint hospital in fiscal years 1994,
1995 and 1996. That number represents an average of about 4 cases a day of an illness
long associated, among other things, with inadequate sanitary conditions and lack or

1_4

.;

absence of potable water. Using those data, I calculated rates of gastroenteritisdiarrhea, per every 100 person-visits, for the Crownpoint Service Unit and NAIHS as a
whole; the results are shown in Table 1. For each of the three years for which data are
available, the Crownpoint Service Unit rate of gastroenteritis/diarrhea cases diagnosed
during ambulatory care visits exceeded the"NAIHS-wide rate by 23 percent in 1996, 7
percent in 1995 and 10 percent in 1994.

••

Table 1. Cases and Rates of Gastroenteritis/Diarrhea
in the Crownpoint Service Unit (CSU)
·Compared with Navajo Area IHS (NAIHS) Cases and Rates
Fiscal Years, 1994-199615
FY 1995

FY 1996
NAIHS

ii Cases
Census
Population
Rate per
100 personvisits

CSU

NAIHS

FY 1994

CSU

NAIHS

CSU

14,377

1,445

20,478

1,669

15,155

1,297

209,147

16,031

204,458

15,643

199,764

15,258

6.9

9.0

10.0

10.7

7.6

8.5

That many residents of the region still haul water for domestic and livestock
purposes was demonstrated in a recent land-use survey that was conducted by
ENDAUM staff at the direction of Dr. Bullard, and which I reviewed in preparing my

15

Data from Navajo Area Indian Health Service, Office of Planning and Evaluation,
Window Rock, Ariz., based on Ambulatory Patient Care Report 1C Annuals. Letter of
transmittals and complete data set shown in Exhibit F attached hereto.

15

'f
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testimony. The results of that survey are discussed in Dr. Bullard' s testimony, and the
methods used to conduct it are described in the testimony Ms. Mavis Smith, ENDAUM
program coordinator. Out of 45 households surveyed in the northern part of Church
.

.

Rock chapter, 22 of them, or 49 percent, did not have running water. Family members
of these households reported hauling water from sources in Gallup, Red Rock State
Park, Rehoboth Christian School, Pinedale, Mariano Lake and Crownpoint. I assume
,

that these water sources were from public water supplies, which are regularly tested
and treated and which must periodically demonstrate compliance with federal, state and
tribal drinking water standards and regulations. 16 However, even if the water is "pure"
at the time it was hauled, it can become contaminated in the containers used for haulip.g
it, or in containers in which it is stored inside the home. There, infectious agents can
be spread simply because the lack of running water in the water inhibits regular hand
washing and other proper hygiene practices.

A.6.b. Even though the FEIS correctly identified the Church Rock-Crownpoint
region as an "environmental justice population," it failed to assess, or even describe,
the population's vulnerability to health and environmental stressors. Additional,
incremental exposures to environmental contaminants can make the local population, or
individuals within that population, more vulnerable, in a biological sense, to the

This assumption is based on my observation that while most of the survey respondents
described the water they haul as good or very good, a few complained that the water had too
· much chlorine it in. It is my experience that Navajos who are not accustomed to drinking treated
water often complain about water being "too chloriney."
16

16

adverse effects of those exposures. In public-health terms, this vulnerability is called

susceptibilitj or responsiveness. Age, gender, genetic predispositions, nutritional
status, and preexisting health conditions are factors that can influence an individual's or
group's susceptibility to the ill effects of any disease-causing agent, chemical or
infectious. 17 An individual's metabolism and the competence of her various bodily
defense mechanisms can influence her response to a particular organis.m or
,

environmental exposure. An individual with a weakened immune system (an example
of a preexisting health condition) h~s a reduced capacity to fight off the agent or agents
involved in the exposure. 18
Such biological susceptibility is different and distinct from an individual's or
group's susceptibil!ty to exposure. In this sense, the individual or group is thought of
as being "at risk" of ill health because of his, her or their proximity to the exposure.
For example, African-American children growing up in· innercity tentaments are more

at risk of diminished neurological functions from their exposures to lead-based paints
than children who grow up in environments where lead-based paint was not used or has

17

Sexton, K., Olden, K., Johnson, B.L. "Environmental Justice": The Central Role of
Research in Establishing A Credible Scientific Foundation for. Informed Decision Making.
Toxicology and Industrial Health, 9:5 (1993), at 709.
18

Lippman, M. Environmental Toxicants: Human Exposures and Their Health Effects
(1992), at 26-27.

17

been remediated. 19 Here, then, enters race, SES, class and educational status as
additional, iriterrelated vulnerability factors. People with less formal education, low~r
incomes, and belonging to the "working" class are more likely to die of heart disease
than are people with more formal education, higher income, .and belonging to the
"upper" classes. 20 Yet, despite gains in income and educational levels among
American Africans over the past 30 years, the gap in life expectancy between whites
and blacks has also grown. 21
In the Church Rock and Crownpoint areas, both biological suspectibility and

suspectibility to exposure probably are at play. Not only is the health of Navajos .
poorer than that of the U.S. population as a whole, but certain subgroups of Navajos,
such as those with diabetes and those who worked in underground uranium mines,
having preexisting conditions that may make them more susceptible to adverse effects
of incremental exposures. And, as I shall show in some detail later in my testimony, a

•

portion of the population of Church Rock is at risk because of its proximity to existing
sources of environmental contaminants.
A.6.c. To get a sense of the magnitude of the local population's vulnerability, I

19

Bullard, R.D., and Wright, B.H. Environmental Justice for All: Community Perspectives
of Health and Research Needs. Toxicology and Industrial Health, 9:5 (1993), at 821-842.
20

Navarro, V. Race or class versus race and class: mortality differentials in the United
States. The Lancet, 336 (November 17, 1990), at 1238.

21

Pappas, G. Elucidating the Relationships between Race, Socioeconomic Status, and
Health. American Journal ofPublic Health, 84:6 (June 1994), at 892-893.
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reviewed health data for the Navajo Nation as a whole and for McKinley County,
N .M. I also ·reviewed published medical and epidemiological literature on mortality.
rates and disease incidence among former uranium miners, including Navajo miners.
And I examined published data on employment levels for uranium mines and mills that
were in operation in the 1970s and 1980s in the Ambrosia Lake, Smith Lake and
Church Rock mining districts.

::.
•'

Base on my examination of these data, it appears that several factors contribute
to the relatively high vulnerability of the Native American population to new health
impacts. First, the leading causes of death among Navajos are different than those of
all U.S. races, and reflect vulnerability particular to the Navajo population. As shown

:.'

in the charts attached to my testimony as Exhibit G, accidents and adverse effects were
,.
'

the leading cause of death in the Navajo Area IHS during the period 1992-1994,
comprising 22.6 percent of all deaths, but were the third and fifth leading causes of
death in all IHS areas and in all U.S. races, respectively, during the same period. See
Exhibit G, Charts 4.3., 4.4, and 4.12. Pneumonia and influenza and diabetes were the
fourth and fifth leading causes of death among Navajos, but are not among the top five
causes for all U.S. races combined. Id.
Second, the five leading causes of death in McKinley County during the threeyear period 1994-1996 were not the five causes of death having the largest standardized

19

------------------------------c',,;.:.........,'

mortality ratios ("SMRs"), as I have shown in Table~ below. 22 For McKinley
County, the five causes of deaths having the highest SMRs 23 were diseases associated
with low-SES and minorities, especially Native Americans: alcoholism, diabetes, liver
disease/cirrhosis, accidents, and congenital anomalies. The oilly cause of death
common to both lists was "all accidents."
These mortality data are important because they show that deaths occur in .
McKinley County from causes and at rates that would be considered unusual in the
general national population. Not surprising, 84 percent of the county's 1990
population was comprised of people of color, including 72 percent who were

Nativ~

Americans, and McKinley County had the second lowest per capita personal income
among New Mexico's 33 counties in 1995 ..24•25
22

These data were taken from "1996 New Mexico Selected Health Statistics Annual
Report," published by the New Mexico Department of Health, Public Health Division, Vital
Records and Health Statistics (November 1998), at 108; copies ofrelevant pages from this
document are attached to my testimony as Exhibit H.
23

The SMR is defined as the ratio of deaths observed in a given population, such as
McKinley County, to the number of deaths that would be expected in a "standard" population,
such as that of the United States as a whole, times 100 percent. Hence, an SMR. of 833 percent,
or 8.33, means that the number of deaths observed in the study population is 8.33 times greater
than the number of deaths that would be expected in a standard population. The SMR. is a basic
tool of epidemiology that allows comparisons of populations having very different age, gender,
racial/ethnic and SES distributions.
24

See, 1996 New Mexico Selected Health Statistics, at 11-12; attached hereto as Exhibit
H. Per capita income in McKinley County in 1995 was $11,323, or about half of the U.S. level,
and about 62 percent of New Mexico's per capita level.
25

The state health department does not report death counts and SMR.s by race for each
county in its annual report. However, at my direction, SRIC staff obtained from the NMDOH
Vital Records Bureau the number of deaths of Native Americans, by cause, age_and gender, in
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Table 2. Causes of Death in McKinley County, N.M. (1994-1996)
By Deaths Observed and by Standardized Mortality Ratio for All Races
(based on N.M. Department of Health data)
Leading Cause,
by Observed
Deaths

•

Leading Cause,
bySMR

Deaths
Observed/
Deaths
Expected

SMR

1. Heart disease

235/299

79

1. Alcoholism

2. Cancers

211/237

89

3. All Accidents

158/59

4. Cerebrovascular Disease
5.COPD

(%)

Deaths
Observed/
Deaths
Expected

SMR

(%)

25/3

833

2. Diabetes

89/25

356

268

3. Liver Disease
/Cirrhosis

43/13

331

52/62

84

4. All Accidents

158/59

268

32/42

76

5. Congenital
Anomalies

19/12

158

And third, there are potentially hundreds of residents of the Church RockCrownpoint region who experienced occupational exposures to radon, uranium and

•

other contaminants from their work in the underground uranium mines and uranium
mills of the area in the 1960s, 1970s and 1980s. 26 More than 7 ,000 people were

McKinley County. Time constraints did not allow me to calculate SMRs for each cause of death
among Native Americans. However, a close examination of the number of deaths by cause
revealed that the proportion of those who were Native Americans was greater than their
percentage of the county's population. For instance, Native Americans accounted for 88 percent
(86 out of 98) of the country's motor vehicle accident deaths, 76 percent (68 out of 89) of the
county's diabetes deaths, and 82 percent (23 out of 28) of the county's deaths from alcoholism,
while making up only 72 percent of the county's population. See, Exhibit Hat 108, and attached
death-count spreadsheets.
26

Exactly how many former Navajo uranium workers live in the Navajo chapters
between Church Rock and Crownpoint is unknown. According to data obtained by SRIC staff
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employed in various aspects of the New Mexico uranium industry in 1977, 27 and about
4,400 were employed in 1981. 28 Between 618 and 829 workers were employed at the
two largest underground mines in the Church Rock district.in the 1970s. 29
A.6.d. On a regional basis, the adverse health effects of.uranium operations on
Navajo workers are well-documented and substantial. Yet, almost none of this
information is provided in the FEIS.
In the most recent published followup of the Navajo underground miner
!
"

cohort, 30 death from lung cancer and certain nonmalignant respiratory diseases, most
notably pneumoconioses, occurred at rates 3.3 times and 2.6 times that of the U.S.
population as a whole; respectively. The results of this study, which is appended to my
testimony as Exhibit J, confirmed previous long-term studies that showed the Navajo
from the Office of Navajo Uranium Workers, 307 of the 2,831 individuals who had registered
with the office through January 22, 1999, were from Eastern Agency chapters. Chapter-specific
data were not available at the time I completed this testi:inony.
27

U.S. Depa.rtment of the Interior. Uranium Development in the San Juan Basin Region,
A Report on Environmental Issues. San Juan Basin Regional Uranium Study, Office of Trust
Responsibilities, U.S. Bureau of Indian Affairs (Albuquerque, N.M.) (Fall 1980), at IX-7;
relevant pages attached hereto as Exhibit I.
28

New Mexico Energy and Minerals Department. Annual Resources Report. NMEMD,
(Santa Fe, N.M.) (1982), at 74; relevant pages are incorporated in Exhibit I.

29

Employment figures for the United Nuclear Corporation and Kerr-McGee Nuclear
Corporation Church Rock-area mines were obtained from SRIC's "New Mexico Uranium
Inventory" (1978), which was based on state reports of that time; relevant pages are incorporated
in Exhibit I.
30

Roscoe, R.J., Deddens, J.A., Salvan, A., Schnorr, T.M. Mortality among Navajo
Uranium Miners. American Journal ofPublic Health, 85:4 (April 1995), at 535-540; attached
hereto as Exhibit J.
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miners had SMRs for lung cancer of 4.2 to 4.8. 31
An even more recent study showed that Native American underground uraniU)Il
miners have more nonmalignant respiratory disease from underground mining and less
disease·from smoking than Hispanic and non-Hispanic White miners. 32 Importalltly,
the study, which is attached to my testimony as·Exhibit K, found that 24 percent of
Native American miners, including many Navajo miners, were

exclud~d

from RECA

compensation criteria because the criteria themselves systematically underestimated .

•

obstructive lung disease among the Native Americans. This finding led the authors to
conclude that "current compensation programs are biased against Native Americans." 33
Uranium workers' occupational exposures engender widespread perceptions among
Native Americans, particularly Navajos, that their health problems are related to their
work in mines and mills or to the close pro~imity of their homes to uranium mining
and processing facilities. 34

•

These documented health impacts among Navajo uranium miners resulted, in

31

Id., at 539.

32

Mapel, D.W., Coultas, D.B., James, D.S., Hunt, W.C., Stidley, C.A., Gilliland, F.D.
Ethnic Differences in the Prevalence of Nonmalignant Respiratory Disease among Uranium
Miners. American Journal ofPublic Health, 87:5 (May 1997), at 833-838; attached hereto as
Exhibit K.
33

Id., at 838.

34

Madsen, G.E., Dawson, S.E., Spykerman, B.R. Perceived Occupational and
Environmental Exposures - A Case Study of Former Uranium Millworkers. Environment and
Behavior, 28:5 (September 1996), at 571-590; attached hereto as Exhibit L.
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large part, from their exposure to radon and radon pro~eny while working in the
unvented or poorly vented "dog holes" of the early uranium mines in the Four Corners
Area. 35 For an environmental standpoint, most of the early uranium mines on the
. I

Navajo Nation were abandoned and never reclaimed, and today remain in largely
uncontrolled and unmitigated conditions. 36 This was apparent from my recent review
of mine-site inventories and site-specific environmental assessment data obtained by
SRIC staff from the Navajo Abandoned Mine Lands Reclamation Department
("NAMLRD") in Shiprock, N.M., and from other published sources. According to
data provided by NAMLRD, less than 40 percent of some 1,200 abandoned mine sites
has been assessed and reJ.llediated, and some 670 sites, and perhaps as many of 800,
need initial or follow-up environmental assessments, remedial construction plans, and
actual construction. 37 Another three to six years, or more, is needed to address the

••

remaining sites, at a cost now estimated at more than $7 million. The statu~ of
abandoned uranium mine assessment and remediation is shown in Table 3.

35

See, e.g., Mapel, et al., at 837. For a historic overview of conditions in the underground
mines of the 1940s-1960s and the development of the medical evidence of respiratory disease
among the miners, consult If You Poison Us - Uranium and Native Americans by P. H.
Eichstaedt (Red Crane Books: Santa Fe, N.M.) (1994).
36

Four uranium mills and tailings sites located on the Navajo Nation that operated in the
1950s and 1960s also were abandoned by 1970. Their impacts, however, have been mitigated
by federally authorized and financed decommissioning, reclamation and remediation carried out
by the U.S. Department of Energy pursuant to provisions of Title I of the Uranium Mill
Tailings Radiation Control Act of 1978 (42 U.S.C. 7911-7925).
37

These figures were provided by Mr. Perry Charley, manager of the NAMLRD Shiprock
office, on February 4 and 5, 1999.
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Table 3.
Abandoned Uranium Mines, Exploration Sites and Uranium Claims
on the Navajo Nation
(Data from Navajo Abandoned Mine Lands Reclamation Department, February 1999)
Site Category

Navajo Nation-wide
# Sites (% of total)

Eastern Agency Only
# Sites (% of total)

::::1,200 (100%)

96 (8%)

Principal Inventory Dates

1990-1991

1995, 1996

Sites having extreme physical hazards
resulting ill death, injury, loss of
property, loss of livestock

::::960 (80%)

Sites having environmental assessments,
remedial actions

441 (37%)

13 (1 %)

$11.2 million

(included in TNNwide amount)

670 (56%)

at least 30 (2.5 %)

at least 3 years

at least 3 years

Estimated cost of new or additional EAs,
remedial actions

$7 .07 million

(included in TNNwide amount)

Sites needing initial assesments

80-100 (7-8%)

(included in TNNwide amount)

at least 6 years

at least 6 years

All sites (includes uranium mines,
processing sites, exploration sites,
claims)

Cost of remedial measures to date
Sites needing new or additional .
environmental assessments, remedial
actions, and number of years to
completion of work

Estimated years to completion of initial
assesments, remediation
"TNN" = The Navajo Nation.

at least 24

(~2 %)

The FEIS provides no detailed listing or even descriptive summary of the extent
of the abandoned uranium mine problem on Navajo lands, including areas within the
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Eastern Agency wh~re HRI will conduct its operations. Later in this testimony, I will
review in some detail the locations and conditions at abandoned and inactive uranium
facilities in the Church Rock area.
· A.6.e. Based on my review of the FEIS and on the foregoing analysis of
relevant socioeconomic and health data and relevant epidemiological studies of Navajo
and Native American uranium workers, I conclude that the FEIS did not fully consider
the economic, social or medical vulnerability of the population that will be directly
affected by HRl's operations. The public health data I reviewed show Navajos, as a
general matter, are less healthy than the average U.S. citizen and experience certain
diseases at rates substantially higher than those of the U.S. population. Additionally,
Navajos have suffered adverse health effects at disproportionately hig:Qer rates than the
U.S. population as a whole from occupational exposures to radioactive and toxic
substances encountered in uranium mining and milling operations. There are also a

••

substantial number of former underground uranium miners who still live in the area
affected by the HRI project, and whose health has likley been affected by past and
ongoing exposure to radiological contamination. In my opinion, therefore, the high
level of disease, mortality, and occupational exposures makes this population especially
biologically more susceptible to additional health impacts from new sources of chemical
and radiological contamination. This vulnerability is further exacerbated in the Church
Rock-Crownpoint region where many former Navajo uranium workers once worked

;
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and still live, and who are at risk of exposures to

exist~g

environmental contaminatio

there.
Q. 7.
'·

In your professional opinion, does the FEIS provide an adequate evaluation
of the impacts of uranium mining on public health in the the Church RockCrownpoint region?
A. 7.

The FEIS does not adequately evaluate the impacts of uranium mining

on public health in the Church Rock-Crownpo~nt area. In fact, the FEIS does not even
;

attempt to quantify health risks from ·existing, abandoned uranium operations,

,,

especially iii Church Rock Chapter where ambient radiation levels are at least an order
of magnitude higher than in Crownpoint and where many of the abandoned uranium
mines present unmitigated and largely uncontrolled environmental risks. On top of
.,

1·

impacts to the Church Rock-area population, ther_e is evidence that estimated releases of

:~

radon from HRI's Church Rock ISL mine will not be "neglible" as asserted iri the FEIS
(at 4-117).
That the FEIS does not assess the cumulative impacts of existing health risks in
addition to those posed by HRI's operations is inexcusable in light of current federal
guidelines and public-health recommendations. Allow me.to explain.
First, the President's Executive Order on Environmental Justice recognizes the
importance of research, data collection, and analysis in situations, like this one, where
multiple and cumulative exposures to environmental hazards exist in a low-income,
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Indian population. 38 Furthermore, the CEQ Guidance 39 contains explicit direction
regarding analysis of multiple exposures in environmental justice populations:
Agencies should consider relevant public health data and industry data
concerning the potential for multiple or ctimulative exposure to human health ,or
environmental hazards in the affected population and historical patterns of
exposure to environmental hazards, ... Agencies should consider these
multiple, or cumulative effects, even if certain effects are not within the control
or subject to the discretion of the agency proposing the action.
CEQ Guidance at 9.

•

The FEIS "considers" the. impacts of past uranium mining and milling
operations in the Church Rock-Crownpoint region, but only in a cursory and
nonanalytical way. For instance, the FEIS makes only general references to the
impacts of previous uranium mining and milling operations on the health of Navajos
reservationwide, 40 and alludes, only in a qualitative way, to certain impacts of past
mining and milling in the Church Rock area, including the July 1979 dam breach and
mill tailings spill at the United Nuclear Corporation Church Rock mill. 41 But the FEIS

38

Executive Order 12898, Section 3-3, 59 Fed. Reg. 7631.

Copies of the Executive Order and the CEQ environmental justice guidelines are
attached to Dr. Bullard's testimony as Exhibits Band C, respectively.

39

40

See, e.g., the FEIS's discussion of the "sensitivity" of Navajos to uranium mining
because of the documented increased risk oflung cancer mortality among Navajo miners, the
1979 United Nuclear Corporation tailings spill, and the 1992 Navajo Nation Executive Order
Moratorium on Uranium Mining. FEIS at 3-86 to 3-87.
41

See, e.g., references to "residual radioactivity" from previous operations on Section 17
(FEIS at 4-86) and contamination of the Puerco River from the tailings spill and past mine
dewatering (id., at 4-116).
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ignores the substantial body of information on the

imp~cts

of uranium mining and

milling in Navajo country generally, and in the Church Rock-Crownpoint region
specifically, and fails to "determine if the impacts disproportionately impact the
minority or low-income population" as recommended in the NRC's own environmental
justice guidelines. 42
Citing the study by Mapel, et al. (1997), as an example of "'environmental

i.
:·

,

(in)justice' against Native American [uranium] miners, " 43 Northridge and Shepard,
writing in a· commentary in the May 1997 edition of the American Journal of Public
Health, proposed three steps "to best protect the public from environmental health .

I·

risks":

"

First, rigorous studies are required to fully address 'the distribution of
environmental hazards by locality and their relationships with suspected health
risks. . . .Second, appropriate envir~nmental interventions need to take account
of the social and cultural dimensions of affected communities .... Funds are
necessary to ... support community-driven research ... Third, careful
monitoring of specific environmental hazards and exposures as well as overall
surveillance of potential risks is required .... [O]ccupational surveillance can
serve_ as a useful model for environmental surveillance.

•••

Northridge and Shepard at 731 (references omitted); attached hereto as Exhibit M.
As I shall demonstrate in the remainder of my testimony, the NRC Staff failed to

42

See, Draft Standard Review Plan at B-3, attached to Bullard Testimony as Exhibit IE.

43

Northridge, M.E., and Shepard, P.M. Comment: Environmental Racism and.Public
Health. American Journal ofPublic Health, 87:5 (May 1997), at 730-732; attached hereto as
Exhibit M. The authors stated that the Mapel study makes clear that "deliberate discrimination
on the basis ofrace has contributed to an undue burden ofrespiratory disease among Native
_American uranium miners." Id., at 730.
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:·

conduct "rigorous studies" of environmental hazards in the Church Rock area, and did
not undertake any additional monitoring of those hazards and the exposures they
represent.
Q. 8. How should the NRC have evaluated the environmental and public health
impacts of the Crownpoint Project in the Church Rock area?
A.8.

A relatively simply method the NRC Staff could have, arid should have,

used to analyze the environmentaLand potential public health impacts of existing
uranium operations in the Church Rock area is called the Biological Impact Pathway
Model ("BIPM"). This method was developed by researchers interested in exploring
an individual's exposure to indoor air pollutants, 44 but it can and has been adapted to
population-level exposures in the ambient environment. The model, which is shown

l·

,'
'i
I'

graphically in its original form in Exhibit N (at 111) and in its modified forms
developed by Sexton, et. al. (also in Exhibit N), 45 allows the investigator to begin by

•

identifying all sources of outdoor and indoor contaminants and measuring their
p~esence

in the environment, subject to certain physical and environmental factors that

44

Ryan, P. B., Lambert, W.E. Personal Exposure to Indoor Air Pollution, in: Indoor Air
Pollution: A Health Perspective (J.M. Samet and J.D. Spengler, eds.), The Johns Hopkins
University Press, Baltimore, Md. (1991), at 109'."127; attached hereto as Exhibit N.
45

Two versions of the "modified" BIPM are presented in Exhibit N. Both are from the
paper by Sexton, Olden and Johnson (see, supra, n. 17). The first of the two, identified as Figure
7, adds exposure assessments and susceptibility factors to the BIPM to facilitate identification
and evaluation of individuals and groups potentially at greater risk. The second of the two,
identified as Figure 9, analyzes the differential effects of race and class on risk and related
susceptibility factors to inform the BIPM process.
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affect the fate and transport of the pollutants. Human exposures can then be estimated
from available environmental monitoring data, subject to consideration of the timeactivity patterns of the exposed population. This consideration is extremely important in
most Navajo communities, and especially in the Church Rock area, where, according to
the results ofENDAUM's land-use survey as reported by Dr. Bullard, the residents have
lived on their lands literally for several generations, and will continue to live there well
into the future, regardless of the de~ee of environmental contamination that surrounds

•

them. Hence, they represent an exposed population that is captive to the exposure. Doses
to critical human organs can be estimated from each of the three principal pathways
(i.e., inhalation, ingestion and dermal contact), subject to certain physiological factors

.,I

and mitigated or enhanced by the exposed population's susceptibility to disease. The

"

final "block" of the model is used to estimate or measure health effects of the subject
pollutant exposures. Being linear, the model can be reserved; health problems can and
often are measured first and then assessed, through epidemiological techniques, against
different exposures.
As I noted in Answer 6.d. above, the FEIS provides no detailed description or
analysis of the impacts of existing and abandoned uranium operations in the Church
Rock and Crownpoint areas, nor does it employ a methodology like that of the BIPM to
assess exposures in the Church Rock area. To ascertain the extent of those impacts, I
carefully reviewed the documentation that SRIC staff obtained from the NAMLRD files
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in Shiprock, and other publi~hed reports on past uranium operations in northwestern
New Mexico. I examined NAMLRD lists of uranium claims, mines and processing·
sites in the Eastern Agency of the Navajo Nation; field investigatfon papers and
environmental assessment data contained in NAMLRD files, and information on
mining history at several dozen sites in the Eastern Agency and beyond.
From these data

s~urces,

I directed SRIC staff to summarize relevant data for

sites having evidence of prior exploration, mining, processing or any combination of
'

the three anywhere in the Eastern Agency. These data are presented in a spreadsheet
entitled "Preliminary Inventory of Uranium Mines, Processing Sites and Exploration
Sites in Southern Eastern Agency, Navajo Nation," which is attached hereto

as Exhibit

0. 46 For each mine· or uranium claim, the following information is given, if it is·

known:

•
•
•
•

,,

•
•
•

Location coordinates (i.e., township, range, section, quarter-section)
Approximate distance from HRI's proposed Church Rock ISL mine
Measured gamma radiation rates and ranges of gamma rates
Type of mining operation and period of operation
Estimated numbers of homes near each mine site
7.5-minute USGS topographic map upon which claim or mine is located
NAMLRD site number

Copies of the primary data sources and pertinent pages from reference documents that

This inventory is "preliminary" in the sense that conflicting information in the primary
references, inconsistent location information, and uncertainties in the periods of operation of
some of the mines still must be resolved. Additionally, radiological surveys of several sites are
ongoing, and new or additional environmental assessment and monitoring data will be generated
in the coming months and years.
46
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form the basis for the inventory are attached hereto as Exhibit P (NAMLRD February
1995 Eastern Agency Inventory and 1996 field assessment reports 47), Exhibit Q (New
Mexico Bureau of Mines and Mineral Resources ·Open-file. Report 353 48), .and Exhib~t
R (excerpts from Hilpert, 196949).
Q.9.

Please describe the resul~ of your evaluation of environmental exposures in
the Church Rock area.
A~9.

The uranium mine inventory shown in Exhibit 0 contains 13 sites at

which milling and/or uranium processing was previously· conducted in the northern
portion of Church Rock Chapter within 4 to 6 miles of HRI's proposed Church Rock
ISL ~e. These sites were then plotted on a 1:100,000 scale U.S. Geological Survey
topographic map, 50 a copy of which is attached to my testimony as Exhibit S 51 and
i
1'

which I will refer to as the "Church Rock Mining Map". Ranges of gamma radiation
,..,

readings are shown on the map for eight of the 13 sites. · Ten of the sites were

47

Navajo Abandoned Mine Lands Reclamation Program. Eastern Agency Inventory
(February 1995); Mine Site Visit reports, January~May 1996; attached hereto as Exhibit P.

McLemore, V.T., Chenoweth, W.L. Uranium Mines and Deposits in the Grants District,
Cibola and McKinley Counties, New Mexico. New Mexico Bureau of Mines and Mineral
Resources (Socorro, N.M.), Open-file Report 353 (December 1991); attached hereto as Exhibit Q.
48

Hilpert, L.S. Uranium Resources of Northwestern New Mexico. U.S. Geological Survey
Professional Paper No. 603 (Washington: U.S. Government Printing Offce) (1969); attached in
relevant part hereto as Exhibit R.
49

50

The base map is the 30x60 minute series Gallup quadrangle, dated 1981.

51

This map, entitled "Abandoned Uranium Mining & Milling Sites, Northern Church Rock
Chapter, Navajo Nation, McKinley County, New Mexico," was prepared by ENDAUM and
SRIC staff at my request and under my direction.
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underground mines, including three mines from which· tens of millions of tons of
uranium ore were mined between the late 1960s and early 1980s: Church Rock #1 and
#IE, operated by Kerr-McGee Corporati_on; Northeast Church Rock #1, operated
'

United Nuclear Corporation; and Old Church Rock Mine, operated initially between
1960 and 1962 and again between 1978 and 1982 by UNC. Two of the sites were ISLrelated: the Teton Exploration ISL test site in Section 13 of Township 16 North,
Range 17 West, and the Grace Nuclear Section 23 ISL project, which was operated in

,,
the mid-1970s. The largest of the 13 sites in the UNC Church Rock uranium mill and
tailings impoundment located in Section 2 of Township 16 North, Range 16 West.
This site is an NRC-licensed uranium byproduct disposal facility and an EPA-designed
Superfund site that is subject to an ongoing and extensive groundwater cleanup
program.52
To assess potential exposures to the local population, I prepared Table 4, which
applies portions of the BIPM to radiological and population characteristics of each of
the 13 sites shown on the Church Rock Mining Map contained in Exhibit S. Under the
"source" and "presence" blocks, I listed the sites and their radiological characteristics.
Surficial gamma radiation activity rates were taken from the preliminary mine

52

See, Five-Year Review Report, United Nuclear Corporation Ground Water Operable
Unit, McKinley County, New Mexico. U.S. Environmental Protection Agency, Region VI
(September 1998). This report recommends that UNC seek increases in groundwater cleanup
goals (called "alternative concentration levels") on the grounds that certain contaminant levels
still exceed their respective cleanup standards after six to seven years of pumping and treating of
contaminated groundwater in three different aquifers at the ·site.
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Table 4.
Radiological Contamillant Sources, Presence and Human Exposure
in the Northern Portion of Church Rock Chapter, McKinley County, N.M.
Contaminant
Source(s)
(Location in T-R-S-qs)

Contaminant
Presence-Land
(gamma activity53
in µR/hr)

Contaminant
Presence-Air
(ave. Rn-222 in
pCi/l-air)

Exposed
Population
w/in 1 mile
(#residences)

CD &S Mine
(16.17 .35 .SE)

no data

no data

3-5

Christian Mine
(15.16.04.SE)

no data

no data

1

Church Rock #1, #lE
(17.16.35.NE; 36.NW)

150-180

2.54±1. 72; 54
min-max: 1.22-6.74
n=9 (10/80-7/81)

20-27

Foutz #2 Mine
(15.16.05.NE)

14-38

no data

1

Foutz #3 Mine
(16.16.31.SE)

50-280

3 .42 ±3 .52;55
min-max: 1.19-12.19
n=9 (10/80-7/81)

6

Grace Nuclear ISL
(16.17.23.NE)

100-240

no data

5-10

••
S3

Gamma activities from NAMLRD site assessments (see, Exhibit P), unless ·otherwise

noted.
s4

Radon data for the Church Rock #1 and #lE location derived from Franke Testimony,
Exhibit E, Table D-3 (radon monitoring data for Site B 1 located in Section 36 northeast of UNC
uranium mill).
ss
Radon data for Foutz #3 derived from Franke Testimony, Exhibit E, Table D-3 (radon
monitoring data for Site "Springstead," which is located appx. 0.75 mile northwest of Foutz #3).
}
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4:25±3.78; 56
min-max: 1.27-13.54
n=9 (10/80-7/81)

15-20

3.60±3.23; 58
min-max: ,1.25-10.77
n-:- 8 (10/80-7 /81)

18-35

42-1,400

no data

2-5

Teton Exploration Test
(16.17.13.SW)

no data

no data

5-8

UNC Uranium Mill/
Superfund Site
(16.16.02)

no data

3.86±3.14;59
min-max: 1.45-11.34
n=9 (10/80-7/81)

20-30

Westwater #1 Mine
(15.16.02.SYz)

no data

no data

unknown

Williams & Reynolds
(15 .16.04.SW)

13-100

no data

1-3

NE Church Rock #1
(17.16.35.NE)

150-300

Old Church Rock Mine
(16.16.17.NE)

22-35a57

Section 3
(Santa Fe Christensen)
(15.16.03.SW)

-

r'

inventory in Exhibit O; ambient radon data were derived from Mr. Franke'·s testimony
and report in support of ENDAUM's and SRIC's written presentation on radioactive

56

Radon data for NE Church Rock #1 derived from Franke Testimony, Exhibit E, Table D3 (radon monitoring data for site "A", which is located in 16.16.02.NW within 0.25 mile of the
NE Church Rock Mine and the UNC millsite).
57

Gamma activity for Old Church Rock Mine derived from HRI CRRER, Figure 2.9-1.

58

Radon data for the Old Church Rock Mine derived from Franke Testimony, Exhibit E,
Table D-3 (radon monitoring data for site "OCR/IX").
59

Radon data for UNC mill and tailings site derived from Franke Testimony, Exhibit E,
Table D-3 (radon monitoring data for site "F").
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air emissions. 60 For several .of the sites, I calculated means and standard deviations for
radon concentrations, using the data contained in the exhibits attached to the Franke
Testimony. Under the "exposure" block, I assigned a number or range of numbers o.f
residences located within approximately 1 mile of each site. I derived this exposure
data by examining the ENDAUM-SRIC map entitled, "Residential Character and Land
Status in Vicinity of HRI Church Rock ISL Site," which is attached to Dr. Bullard's
testimony as an exhibit. This map shows approximately 170 residences in an area
consisting mostly of Township 16 North, Range 16 West, and also including portions
of Township 17 North, Range 16 West on both sides of the Navajo Reservation
boundary, and portions of Township 15 North, Range 16 West.
In addition to the ambient radon monitoring data shown in Table 4, Mr. Franke

also reported that HRI had measured radon at three monitoring stations located on the
eastern boundary of its Church Rock Section 8 site. Average radon concentrations for
the period August 1987 through September 1988 at the three stations were 3.06, 1.19
and 2.22 pCi/l, with an overall average concentration of 2.16 pCi/l and a range of 0.10
pC/l to 13.4 pCi/l.. 61 Franke Testimony, Exhibit 2 at 5, and Exhibit D, Table 2.9-3

60

Eastern Navajo Dine Against Uranium Mining's and Southwest Research and
Information Center's Brief Regarding Radioactive Air Emissions at the Crownpoint Project. In
the matter of Hydro Resources, Inc., NRC Docket No. 40-8968-ML; ASLBP No. 95-706-01-ML
(January 11, 1999); testimony and report of Bernd Franke, Exhibit 1 and Exhibit 2, respectively.
These data, which are now 10 to 11 years old, represent the most recent ambient radon
monitoring information available in the vicinity of the proposed HRI Church Rock site.

61
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The 1987-1988 HRI radon data for Section 8 and the 1980-1981 UNCradon
data for the Old Church Rock Mine site and Springstead site demonstrate quite clearly
that many of the 170 residences 62 in the area are routinely and chronically exposed t~
ambient radon concentrations in air that range from about 5 times to as much as 42
times higher than the background levels that were measured in Crownpoint in the late1970s and early-1980s. Franke Testimony, Exhibit 2 at 13. 63
Assuming, then, that the tJ:Ue natural background radon level in the Church

i,

,,
\:

Rock area is 0.2 pCi/l, which yields an annual dose equivalent of 100 mrem, and the
overall background radon concentration inclusive of all sources is 3 pCi/l, than the·
non-background exposure is 2.8 pCi/l, or a TEDE of 1,400 mrem/yr - or, 14 times

I

.,

NRC's maximum allowable dose to the public!
External gamma radiation also adds to the residents' total exposure. For the 56

62

i.

The 1990 Navajo Census found that there are about 4.1 persons per Navajo household.
(Navajo Nation Division of Community Development, Population and Housing Characteristics
of the Navajo Nation [1993], at 41.) The 170 residences in the northern part of Church Rock
Chapter represent, therefore, an exposed population of about 700 persons. While that number
compares favorably to the FEIS's estimate of 575 persons living in a 3.1-mile radius ofHRI's
Church Rock site (FEIS at 4-83), both are probably low. For example, the average "family" size
derived from the ENDAUM land-used survey was 5.05 persons, based on 42 responses of the 45
household~ surveyed. Similarly, the average number of persons in a Navajo family in the 1990
Census was 4.54. Hence, the estimated exposed population in the area ranges from 700 to 850
people.

Mr. Franke concluded that average natural background in the Church Rock area
is probably around 0.2 pCi/l radon in air and that existing non-background radon there
already exceeds the NRC's 10 CFR Part 20 compliance limit of 100 millirems per year
("mrem/yr") TEDE ("total effective dose equivalent"), which is equivalent to 0.2
pCi/l. Id. at 7.
63
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sites in the Preliminary Uraiµum Mine Inventory (Exhibit 0) that did not have actual
uranium mining or milling, I calculated an average gamma level of 12.5 µR/hr, which
is the midpoint in the background range of 10 µR/hr to 15 µR/hr cited by Mr. Franke.
Franke Testimony, Exhibit 2 at 7. Each µR/hr yields an annual dose of 8.75 mrem.
Id. The range of gamma values reported at eight1mining sites in Table 4 equates to a
dose of 122.5 mrem/yr

(~t

14 µR/hr) to 12,250 mrem/yr (at 1,400 µR/hr), or 12.3

rems/yr, which is about 2.5 times that of NRC's annual limit exposure limit for nuclear
workers. While a resident would have to occupy a mining site having those external
radiation levels continuously for a year to receive such doses, it is not out of the
question that some residents may have used mining wastes from the abandoned mines
'•·'

in the area for construction material, as has been the case at many sites in the Four
Comers Area. There has been, to my knowledge, no radiological surveys of homes in
the Church Rock area to ascertain if hazardous materials were used as construction
materials. It is also quite likely that some local residents have traversed those sites in
pursuit of stray livestock, game or simply for recreation. While expos~res of this
nature would be short-term, they nonetheless add to an individual's total exposure and
therefore her overall risk.
There are other sources of exposure that I did not include in Table 4. Most
notably, there are two abandoned mine sites - Diamond 2 (Largo) and Hogback #3
and #4 - that are located outside of the area covered by Exhibit S, the Church Rock
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Mining Map. These sites
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also located near Navajo residences several miles

southeast of Gallup and just. a Iiiile east of the Gallup city limits. 64
Environmental resources affected by past uranium lnining-related discharges
also are sources of contaminants. Sediments in the bottom of the Puerco River may
still contain elevated concentrations of radionuclides and trace metals left over from 20plus years of releases of uranium mine dewatering effluent and from the one-time
I

"shock" loading of 94 ~Ilion gillons of accident mill process effluent in the July 1979
UNC tailings spill. 65 •66 Studies by contractors to the NRC in 1979-1980 67 and by the
New Mexico Environmental Improvement Division in 198268 documented
"

;

concentration.S of thorium-230, a uranium-238 decay series radionuclide, in riverbottom sediments several tiines greater than measured background concentrations.

64

See, Exhibit 0 for locations of these sites.

65

Shuey, C. Historic Contaminant Loading on the Puerco River. Presented at Puerco River
Symposium, Navajo Nation Environmental Protection Agency (Window Rock, Ariz.) (October
12, 1992).
.

Wirt, L. Radioactivity in the Environment - A Case Study of the Puerco and Little
Colorado River Basins, Arizona and New Mexico. U.S. Geological Survey (Tucson, Ariz.)
Water-Resources Investigations Report 94-4192 (1994).

66

67

Weimer, W.C., Kinnison, R.R., Reeves, J.H. Survey of Radionuclide Distributions
Resulting from the Church Rock, New Mexico, Uranium Mill Tailings Pond Dam Failure.
Prepared for U.S. Nuclear Regulatory Commission by Pacific Northwest Laboratory,
NUREG/CR-2449 (December 1981); attached in relevant part as Exhibit thereto.

·

68

Millard, J., Buhl, T., Baggett, D. Radionuclide Concentrations and Doses Resulting
from the United Nuclear Uranium Mill Tailings Spill at Church Rock, New Mexico. New
Mexico Environmental Improvement Division, Draft Report (April 1982); attached hereto in
relevant part as Exhibit T.
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Relevant data tables from these reports are attached to ·my testimony as Exhibit T.
Other 1980s-era studies addressed radionuclide accumulation in the muscle,
organs and bone of animals that grazed in the Ambrosia Litke and Church Rock
uranium mining districts. 69 •70 in the first study by Lapham, Millard and Samet (1986),
the executive summary of which is attached hereto as Exhibit U, cattle that grazed on
two ranches in the Ambrpsia Lake area and on open range in the Church Rock area all
had statistically elevated concentrations of specific radionuclides in muscle, bone and
various organs, compared with radionuclide concentrations in tissues of control cattle
taken from the Crownpoint area. Church Rock cattle had statistically higher levels of
uranium-238 (in liver and femur), uranium-234 (in muscle, liver and femur), and
radium-226 (in femur) than control cattle. In finding that the study "documents the
transfer of radionuclides through the food chain," NMEID officials recommended that
the liver and kidneys of cattle raised in Ambrosia Lake "should not be consumed at any
time" and recommended that cattle owners in Ambrosia. Lake and Church Rock
exercise "caution" "to avoid increasing their risk, however small it might be."

69

Lapham, S.C., Millard, J.B., Samet, J.M. Radionuclide Levels in Cattle Raised Near
Uranium Mines and Mills in Northwest New Mexico. New Mexico Environmental Improvement
Division (Santa Fe, N.M.) (June 1986); "Executive Summary and Recommendations" attached
hereto as Exhibit U.
70

Millard, J.B., Lapham, S.C., Hahn, P. Radionuclide Levels in Sheep and Cattle Grazing
Near Uranium Mining and Milling at Church Rock, N.M. New Mexico Environmental
Improvement Division (Santa Fe, N.M.) (October 1986); "Executive Summary" attached hereto
as Exhibit V.
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Exhibit U, Recommendations at 2.

The second animal study by Millard, et al. (1986), the summary of which is
attached to my testimony as Exhibit V, determined
that radionuclide concentrations in
.
.
sheep and cattle that grazed in the Church Rock area had statistically higher
concentrations of uranium-234 and uranium-238 "in most tissues sampled" than did
control animals. "This finding corresponded to higher observed levels of U-234 and
U-238 in water samples from the. Church Rock area as compared to control samples."
Exhibit V at ii.

Cleanup of the abandoned mining and processing sites in the Church Rock area
has been limited, according to documentation I have reviewed. The most extensive
remedial work has been at the UNC millsite where an earthen cover was installed on
the tailings impoundment several years ago and windblown tailings were. excavated
from adjacent lands to achieve federal radium-in-soil cleanup standards. It is also my
understanding that mining equipment has been removed from the Quivira Mining
(formerly, Kerr-McGee) Church Rock #1 and #IE sites and waste piles graded and
revegated. According to NAMLRD files, remedial measures also have been taken at
the Grace Energy Section 23 site. Still, most of the environmental and physical
hazards remain at these sites, typified by the residual surface contamination still present
at the Old Church Rock Mine site now controlled by HRI. No other Superfund sites
have been declared in the area, and as I noted above, it will be several more year~
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before the Navajo AML program will undertake remedial actions to reduce the hazards
J

at these sites and isolate them from human intrusion.
As set forth in the ENDAUM's and SRIC January 11, 1999, brief on
; '

radioactive air emissions and in the. testimony of Mr .. Franke in support thereof, there
is a strong possibility, ranging between 10 perecent and 50 percent, that radon releases
from HRI's Church Rock facility will be substantially greater than estimated in the
,

••
I

I

FEIS, such that they will .exceed the NRC's 10 CFR Part 20 Appendix B limits. As
such, the total radiological effect of the project may not be "neglible," as NRC asserted
in the FEIS (at 4-117), and would be additive to doses from existing "background."
The preliminary exposure assessment that I was able to conduct using existing
environmental monitoring ciata and published and unpublished reports leads to me
conclude there remains extensive, unmitigated environmental impacts from previous
uranium mining and milling operations Church Rock area, and that local residents are
chronically exposed to high ambient radon concentrations that exceed NRC limits.
There is little ongoing mitigation of the risks posed by the existing sites, and to my
knowledge, no environmental monitoring for radon (either outdoors or indoors) is
occuring anywhere in the vicinity of the proposed HRI Church Rock ISL mine. To my
knowledge, there are no human health studies of the exposed Church Rock population
ongoing or planned to ascertain current health conditions on a localized basis.
This lack of fundamental environmental health assessment in an obviously at-
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risk population is egregious .in light of the world's extensive literature on the health
effects of exposure to radon. and radon decay products in occupational and in-home
environments. One of the scientific community's preeminent authorities on radon, Dr.
Jonathan Samet, summarized the reasons why indoor:-outdoor radon studies are needed
in areas of high ambient levels of radon in a 1994 manual published by the American
Society for Testing and l\faterials: 71

•

Exposure to radoq. decay products has been shown to increase mortality from
lung. cancer of underground miners working in mines with high concentrations.
An increased risk of lung cancer must be presumed to result from indoor
exposure as well ... Dosimetric analyses suggest that nearly comparable risks of
lung cancer should be associated with indoor exposure to radon. Although the
principal risk projection models differ substantially, each shows that radon in
indoor air poses a public health threat of substantial magnitude.
Furthermore, there is strong evidence, presented by Mr. Franke, that HRI's
projected radon releases will violate NRC limits, thereby adding to and quite likely
exacerbating existing environmental risks.

Q.10. What should NRC have done to address the existing environmental risks in
the Church Rock area?
A.10. As I stated previously in my testimony, NRC should have conducted a
quantitative analysis of the effects of previous mining in the Church Rock area, and
even beyond. 72 The CEQ Guidance (at 9-10) recommends such study in situations just

71

Samet, J.M. Health Effects of Radon. Manual on Radon. American Society for Testing
and Materials (Philadelphia, Pa.), ATSM Manual 15 (1994), at 44-45.
72

I have not discussed in detail here the existing environmental hazards attendant at
another dozen abandoned uranium mining sites in the Mariano Lake-Smith Lake-Thoreau area,
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like this one. Additionally, .there are at least two technical reasons why a quantitative
analysis was needed.
First, as I previously explained in some detail, there is extensive, ongoing and
largely unmitigated radiological impacts of previous uranium mining and milling
operations in the northern portion of Church Rock Chapter. At least 700 residents of
the area and perhaps as many as 850 are likely being exposed to ambient radiation

•

levels several times greater than the "background" dose estimated by the NRC Staff in
the FEIS, and that such doses are cumulative with those the residents would receive
should HRI's Church Rock ISL mine go forward. And second, this elevated
background from previous mining represents an exposure of a captive, susceptible
population made more vulnerable by its lower socioeconomic status and existing burden
of health problems, and by the fact that there are former underground uranium miners

•

in the local population who already have been subject to occupational exposures .
When taken as a whole, it is my professional opinion that the current
environmental situation in Church Rock, and perhaps also in the Mariano Lake-Smith
Lake area, represents an urgent public health problem that the NRC Staff all but
ignored in the FEIS. The NRC's description of the existing impacts of previous

which is located from 12 to 25 miles from the HRI Church Rock site. Several of the mines in
this area have physical hazards, such as dangerous highwalls, and extensive surficial radiological
contamination. (See, Uranium Mine Inventory, Exhibit 0 attached hereto.) At least two of the
mines were operated into the early 1980s. Hence, residents of the affected Navajo communities .
of this area are not only exposed to residual environmental risks from these sites, but may have
had occupational exposures from working in the local mines.
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mining was superficial arid ~oid of any quantitative, cumulative analysis. This failure
on the part of the NRC Staff to dig deeper in its examination of the cumulative impacts
of the HRI project would be inexcusable in any population. However, because the
affected community is a low-income, Native American population, NRC's failure
represents the kind of ongoing environmental injustice that the Executive Order and
CEQ guidelines were

•

int~nded

to prevent. Without a more extensive analysis, the

FEIS could not determine if "disproportionately high and.adverse impacts" affect the
Church Rock-Crownpoint area.

Q.11. Do you have an overall opinion about the FEIS's and NRC Staff's eviewof
the Crownpoint Uranium Project from an environmental health
perspective? ·

L

A.11. Yes, I do. It is my professional opinion that the FEIS fails to justify the'NRC Staff's decision to issue a source matefials license for the HRI Crownpoint
Uranium Project, that the CUP will present an undue risk to the health and safety of
the local Navajo communities, especially in the northern part of Church Rock Chapter,
and that the NEPA process for the. CUP did not advance or serve the environmental
justice goals of President Clinton's Executive Order 12898 or fulfill the NRC's NEPA
obligations to analyze the cumulative impacts of the project.

Q.12. Does this conclude your testimony?
A.12. Yes.

"
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AFFIRMATION

I declare on this

Q

day of February, 1999, at Albuquerque, New Mexico, under penalty

of perjury that the foregoing is true and correct to the best of my knowledge, and the opinions
expressed herein are based on my best professional judgment.

Christine J. Benally

•

Sworn and subscribed before me, the undersigned, a Notary Public in and for

the State of New Mexico, on this~ay of February, 1999, at Albuquerque, New Mexico.

My Commission expires on~ . .

•

'cl.°\ . . OJ..,

Notary Public
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Christine J. Benally, Ph.D.
3450 Evans Road, Apt 21A
Atlanta, GA 30341
Personal Information
Mailing Address:

Social Security:
Citizenship:

P. 0, Box 95204
Atlanta, GA 3034 7
770-270-0279
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Dine and U.S.

Work: 1600 Clifton Road, Mail Stop E-32
Atlanta, GA 30333
Ph.:
404-639-0659
Fax: 404-639-0653
Email: cyb8@cdc.gov

My background and interest are to work with Native America on public health related projects in
epidemiology, environmental health, research~. and education.
Education
Ph.D.. from Colorado State University in Environmental, Health, 1993
Dissertation:: Navajo' Nation;:· Insecticide' Application and Enviranmenta/- Impacts",;
t986~1990 :-- Graduate; Student at Colorado State. University., Fort. Collins, Colo..
B.S-~·dn-Microbiology.from Northern Arizona University, 1986.

Participated in the Minority Biomedical Research Support, NIH grant;
1984.. 1986- Undergraduate at Northern Arizona University, Flagstaff, Ariz.
A.A.S. in Medical Laboratory Technology from Navajo Community College, 1979.
Completed rotation at Gallup and Phoenix Indian Medical Centers.
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Employment Experience
6/98-present, Environmental Health Scientist1 AgenG.y< for-Toxic.Substances-and Disease
Registry, Centers for Disease Control and Prevention, U.S. Public Health Service,
Atlanta, Ga.

I work with Native Nations, consortia, communities, colleges, organizations and other
governmental agencies, which have affiliations with Native Americans, in responding to
specific toxic or hazardous exposures and health effects that are of concern to local
people; conduct public health assessments, consultation, risk communication and
review petitions; and establish tribal intergovernmental relationship policies and
guidelines for cooperative and partnerships. Leslie Campbell is my supervisor and can
be contacted at 404-639-0683. I am presently at this job.

7197-0l98. Management Analyst. N.orthem Navajo Medical Center, U.S. lndian Health
Servicer u·.sr Public Health ServiceF Shiprock, New Mexicor
The. Mariagemen.t AnaJyst position invol\Jed ser:ving as an administrative assistant to the

•

Clinical Director and the Medical Division Chairs of the medical center. Duties included
finance, personnel, contract and scheduling; data analysis, evaluation, reporting,
summarizing, and community/ professional presentations. Research included
literature/publication review, data management, and epidemiological analysis; and
strategic planning in customer satisfaction and resource development, including
employee training, recruitment and retention. I worked with critical needs in medical
services required by the Joint Commission standards. I worked with all the departments
in the medical center for points to measure efficiency and assisted some departments
with flow charting of services. I was responsible for insuring that contract requests are
completed, and issued purchase order numbers. As a liaison, I assisted the clinical
division and personnel with filling vacant positions that need to be announced,
certificates issued and occupied. I researched the literature on surgical procedures for
bench marks and baseline in quality services and care, customer satisfaction, medical
screening, data collection, and management and analysis for performance
improvement. I reviewed the obstetric patient tracking system software for the OB
department. This software provides a computerized database of OB customers and
replaced the current log books. The database allows more efficient analysis and
reporting. NNMC-OB department will implement the use of the updated version of the
software by becoming a beta test site. The appointment was a 60-day temporary
assignment, from July to September 1997. Following that period, from October through
November 1997, I was retained a consultant, and was hired as a full-time employee in
November 1997 until transferring to CDC in Atlanta in June 1998. George Baacke, MD,
acting clinical director, and Arnold Wyse, MD, clinical director, were my supervisors and
can be contacted at 505-368-7000.

8/97-5/98, Adjunct Faculty, San Juan College, Farmington, N.M.
I taught Introduction to Biology (Bio 102), and completed the contracts for two
semesters. Elaine Benally, director of San Juan College West, was my supervisor and
can be contacted at 505-598-5897.

3/97-7/97, Interim Director, Office of Navajo Uranium Workers (ONUW), Navajo Nation
Division of Health.
ONUW is a program established in 1990 within the Navajo Nation's Division of Health to
assist Navajo uranium workers in making compensation claims in accordance with the
federal Radiation Exposure Compensation Act of 1990. During my tenure with the
program, I was responsible for all administrative duties, including establishing program
priorities, goals and objectives; managing personnel (including advertising the director
position for permanent employment status); financial management, proposed budget
forecast for contracts, proposals and imminent budget cycle, and cyclic reporting in
months, quarterly and annually, based on the evaluation methods set for the program;
managing properties; and writing grant proposals, conducting research, and preparing
legislation amendments. The program processed all necessary medical and work
history documentation for its clients. As interim director, I advocated for Navajo
occupational epidemiology and public health, environmental and community issues
before representatives from Navajo Nation, U.S. Congress, state and local
governments, research institutions, and other related parties. Public relations tasks
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included individual consultation, public presentations at conferences and through media,
and testimonies before the Navajo Nation Council and its committees for supplemental
funding. In order to assist the uranium workers, the program established a network of
medical, scientific and legal professionals locally and nationwide to help promote
compensation, conduct research, instigate and coordinate studies, and lobby public
officials for amendments to RECA and other relevant laws. Two of four proposals that I
was involved in developing were funded. One is in the amount of $200,000 for medical
screening and epidemiology follow-up and the other was for $123,000 for legislation
amendments. Other duties included serving on the Navajo Nation Institutional Human
Health Research Review Board, Navajo Area Indian Health Service contract health plan
work group, and Aneth health risk and public health assessment task force. The position
was a 90-day temporary assignment. Another person was hired as a full-time
permanent employee: Rosalyn Curtis, former Navajo Nation Division of Health diirector,
was my supervisor, and can be contacted at 520-871-6350.

•

2197-3/97 Environmental and Public Health Scientist Consultant, Community Health
Services Program, Northern Navajo Medical Center, U.S. Indian Health Service,
U.S. Public Health Service, Shiprock, Navajo Nation, N.M.
The consultation work has been periodic and the work varied from education, public
health and environmental protection, Navajo lifestyle, cultural and language
preservation, natural preservation, fund raising and legislation amendments with the
tribe, state and U.S. Conducted the initial literature research and coordination for an
environmental health assessment and environmental impacts from oil fields in the
Navajo communities in southeastern Utah. Dr. Chris Percy, director of Community
Health Services, was my supervisor and can be contacted at 505-368-6001.

11/95-12196 Executive Director, Dine CARE {Citizens Against Ruining Our Environment).

•

Dine CARE is a not-for-profit organization whose mission was to assist Navajo
communities that faced environmental, political and ethnic injustices. As director, I
advocated for and promoted the communication of environmental and health issues
facing Indigenous people, locally and internationally, through networking with
communities and organizations with community emphases. My responsibilities included
all administrative duties, policy development, personnel, proposal development, fund
raising, and establishment of an Environmental and Resource Center. I worked with
Dine College to establish a web site for the Dine CARE. I submitted all monthly,
quarterly and annual reports to all the board members and a few associates. I
developed proposals for funding environmental health research by forming partnerships
with research institutes and universities. I secured funds for coalition building and
organizational development with workshops in budget and monthly or quarterly activity
reports for the board and foundations. I promoted environmentally friendly businesses,
assisted in the initiation of environmental projects, developed operating guidelines and
procedures, and responded to correspondences and agreements for Dine CARE. I
encouraged networking and communication with the organizations, parties and
individuals, from the local to international level. I promoted environmental education
among the youth by developing proposals for youth projects and activities for incentives
to enhance involvement. And I participated in the Impacts of Big Mines on Indigenous
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People conference held in London, England, in May 1996. My position ended in
December 1996; the organization has since closed its Shiprock office.

5/92-11/95 Injury Prevention and Control Specialist, Shiprock Service Unit, U.S. Indian
Health Service, U.S. Public Health Service, Shiprock, N.M.

•

In this position, I provided technical assistance in community intervention projects
regarding epidemiology, environmental modifications, enforcement and education;
monitored projects for effectiveness as project justification, implementation,
development and evaluation; provided awareness and training in the community about
injury prevention and resources currently available; maintained injury data that was used
to provide statistical, summary, evaluation and epidemiological reports on the injury
prevention program; served as an injury prevention advocate in community, county,
state and national committees; promoted injury prevention education and projects at the
community level and before tribal, local and national agencies and organizations; worked
with interdisciplinary team of professions in the southwestern part of the U.S. using
different methods of injury prevention for all age groups; and monitored and coordinated
community injury prevention projects; responded to needs of the community by
researching potential human and financial resources based on community vision. I also
developed and implemented successful community projects for prevention of domestic
violence, suicide, motor vehicle crashes, elderly falls and abuse, child abuse, fire, burns
and occupational hazards. Some of these projects included promotion of child car seat
and seat belt use, prevention of violence, suicide and DUI, and education on home
safety to prevent burns, drowning, and falls. Many of these projects involved forming
community partnerships and encouraging local empowerment; others were contracted
for implementation. I resigned from this position to become executive director of Dine
CARE after I failed in several attempts to obtain a managerial position that had more
responsibilities in and emphasis on environmental health issues as they related to the
quality of public health. My supervisor was Mr. Len Courtois, Environmental Health
Specialist, who can be contacted at 520-871-1318.

1/91-5/92 Science and Math Instructor, Navajo Community College, Tsaile, Navajo Nation,
Ariz.
I taught Introduction to Chemistry, General Chemistry I and II, Microbiology, Introductory
to Physical Science, Environmental Research, Arithmetic and Intermediate Algebra for
four semesters. I developed a curriculum for an Associate of Science degree in
Environment Science and an Associate of Applied Science in Hazardous and Solid
Waste Management and Technology, and still still serve as a curriculum consultant. The
environmental science curriculum was implemented later. I served as the faculty advisor
to the American Indian Science and Engineering Society, and was a member of the
library faculty committee, the GED program committee, the Dine Philosophy of learning
curriculum development committee, and the Dine Teacher Education. I worked with
other universities and state and national agencies on student transfers, articulation,
contracts and grants, partnerships and curriculum development. I resigned from this
position after securing a position with the Indian Health Service, to which I owed at least
two years of service obligation due to a scholarship agreement. I was a ful-time
instructor from January 1991 through May 1992, and an adjunct instructor from January
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1993 through May 94. I received faculty internships in July 1993 to Lawrence Livermore
National Laboratory and in July 1996 to the University of Stuttgart in Stuttgart, Germany.
Mr. Carlon Ami, NCC department chair and peer Instructor, was my supervisor and can
be contacted at 520-724-6716.

7/91-8/91 Chemist, Lawrence Livennore National Laboratory, Livennore, Calif.
I researched uranium isotope isolation using bioassay sample techniques and methods.
I conducted a literature review and research specific for certain facilities. The goal of this
work was to implement similar type of research and methods for Navajo communities. I
worked with an interdisciplinary team of individuals from the chemistry, environmental
chemistry, environmental science, public health and employee health departments. The
position was a summer faculty internship for one month.

•

1989-1990 College Supervised Teaching, Department of Environmental Health, Colorado
State University, Fort Collins, Colo .
I taught 700-level classes in epidemiology and chemical epidemiology.

8/86-5/90 Tutor, International Program, Colorado State University, Fort Collins, Colo.
I taught Beginning Navajo for non-native speakers and tutored undergraduates in math
·
and science.

5/88-9/88 Senior Commissioned Officer in the Student Training Extern Program
(COSTEP), Navajo Area Indian Health Service (NAIHS), Window Rock, Ariz.
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I received management and administrative training in program reviews, policy and
procedure making, and regulations and code development, and consulted with the
Navajo Nation Department of Health in developing policies for community and
institutional health promotion and disease/injury prevention. I worked with the
Institutional Sanitarian and helped develop the Sanitation and Safety Code for Day Care
Centers on the Navajo Nation. I provided day care, early childhood care and school
related educational materials, gave presentations and provided recommendations on
food sanitation, vector/rodent control, water and waste water treatment facilities, solid
waste disposal, hazardous waste, and injury prevention to provide a safe and healthy
environment for the children and staff. I started working on the Nursing Home when the
assignment ended. This was a four month assignment. Jim Spahr, the Institutional
Sanitarian, was my supervisor. The NAIHS Office of Environmental Health number is
520-871-4811.

5/86-7/86 Junior COSTEP, Fort Defiance Service Unit, NAIHS, Fort Defiance, Ariz.
I advised public facilities and vendors on maintaining quality environmental health for the
public and employees, and surveyed these facilities to monitor and enforce the
environmental, food, health and safety codes. I worked with the District Sanitarian
conducting sanitation and safety field inspections of public, school, recreational, retail
and temporary food facilities. I provided educational materials, gave presentations and
5

provided recommendations on food sanitation, vector/rodent control, water and waste
water treatment facilities, solid waste disposal, hazardous waste, and injury prevention.
This was a tWo month assignment. Ken Secord, District Sanitarian, was my supervisor.
The NAIHS Office of Environmental Health number is 520-871-4811

8/84-5/86 Tutor, Learning Assistance Center, Northern Arizona University, Flagstaff, Ariz.
I tutored undergraduate math and science students. The Learning Assistance Center
can be reached at 520-523-9011.

1984-1985 Research Assistant, Minority Biomedical Research Support, National Institutes
of Health, Northern Arizona University, Flagstaff, Ariz.
I studied the effects of cobalt-60 irradiation on the -SH and the -SS groups in the
membrane of mouse sperm.

1980-1983 Laboratory Technician at Various Clinical and Industrial Facilities in New
Mexico, Arizona and Nevada
I was responsible for collection, analysis and reporting of human, water and
environmental samples while working for various clinical, research and industrial
laboratories in the Southwest. I engaged in these jobs for the experience a,nd to support
plans for further education. The laboratory facilities were located at a surface coal strip
mine, a coal-fired electric powerplant, the Mobil Section 9 Pilot uranium in situ leach
mine west of Crownpoint, N.M., and a streptococcal disease control facility. As a result
of this work, I became interested in and knowledgeable about the environmental and
public health impacts of mineral and energy development.

1978-1979 Laboratory Technician at two U.S. Public Health Service Indian Hospitals
Completed the clinical rotation through the Gallup Indian Medical Center and Phoenix
Indian Medical Center. This PHS program has since been abolished.

Volunteer/Affiliations/Community Involvement
Four-year appointment to the Navajo Nation Human Health Research Revi~w Board by the
President of the Navajo Nation, present-2000; resigned in 1998 due to job transfer to CDC in
Atlanta.
Navajo Nation Commission of Local Government Development (publication, legislative and
traditional subcommittee member), 1997-2000; resigned in 1998 due to job transfer to CDC in
Atlanta.
Elected as the Vice President of the Sanostee Chapter, Navajo Nation, 1996-2000; resigned in
1998 due to job transfer to CDC in Atlanta.
Volunteer Lobbyist for Sanostee Chapter, 1996-1998. For more than a year and a half, I served
6
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my home community, Sanostee Chapter, as a volunteer lobbyist while working full time at the
positions listed above. I developed and submitted proposals for community infrastructure
development, education, land use planning, and business/economic development, and worked
with the Navajo Nation government, congressional offices, and state and other local
governments to promote these initiatives. Mr. Eddie Mike, Sanostee Chapter president, is
familiar with my work for the community and can be contacted at 505-723-2479.
Two-year appointment to the National Environmental Justice Advisory Council (NEJAC) by
USEPA Administrator Carol Browner, May 1996-1998.
Named to Bojack Hall of Fame as the "Environmental Doctor of the Year," Flagstaff, Ariz., May
1996.
Scholarship recipient to Using Health Research to Insure Environmental Justice Conference,
which was held to promote collaboration on environmental health issues among environmental
organizations, grassroots groups, and various federal agencies, 1994-1995.
Recipient of New Mexico Department of Health Injury Prevention grant to sponsor an
introductory to injury prevention and intervention course for the Community Health
Representatives in Shiprock Service Unit, Shiprock Youth Center, Shiprock, N.M., 1993.
Navajo Community College. Faculty Lead Research in Environmental Chemistry from Coalition
to Increase Minority Degrees from Arizona State University; Faculty Science Internship at
Lawrence Livermore Laboratory; AISES Faculty Advisor; 1991-1992.
Colorado State University, Distinguished Minority Graduate Student, Martin Luther King
Scholarship, NASA Academic Excellence Award, American Indian Science and Engineering
Society; 1986-1990.
Consulted with the Inter-Tribal Council of Arizona, Inc., Laughlin, Nev., and Phoenix, Ariz.
Exchanged information on pesticide toxicology and endangered species; 1990.
Northern Arizona University, Indian Health Service COSTEP Scholarship, IHS 437 grant,
Minority Biomedical Research Support, National Institutes of Health grant, American Indian
Honor Society; 1984-1986.
Community and Professional Organizations/Board Memberships

Member, American College of Epidemiologists, 1998-present.
Board Member, Navajo Office of Animal and Human Health (NOAH2), 1997-1999.
Navajo Nation Commission of Local Government Development, member of publication,
legislative and traditional subcommittee, 1997-2000.
Vice President, Sanostee Chapter, Navajo Nation, 1996 - 2000.
Member, Navajo Nation Institutional Human Health Research Review Board, 1996-1998.
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Navajo Teacher Education Program, 1995-1998.
Board Member, Dine Mining Action Center, 1996-1998.
Vice Chairperson, Shiprock New Campus Committee, Navajo Community College, 1994-1997.
San Juan County Partnership, member of personnel and fund raising committee, 1994-1995.
Member and Board Member, Dine Citizens Against Ruining our Environment, 1991-1994, 19941995.
Member, Minority Biomedical Research Support Advisory Board, NCC Shiprock Campus,
1991-1994.
President, Health Advisory Board for the Shiprock Agency Head Start Schools, 1992-1994.
Committee Member for GED Program at NCC, Tsaile Campus, 1991.

U.S. Public Health Service- National Environmental Health Association, Commissioned
Officer/PHS (Inactive Reserved Sanitarian, Scientist Category, Serving on Shiprock Service Unit
Safety, Domestic Violence Task Force, Injury Prevention, DWI Task Force, Wellness, Northwest
New Mexico Fighting Back Initiatives, and Pedestrian Safety Committees); 1992-present.
Colorado State University- Graduate student council, Department representative,
Environmental Health Student Association, AISES - Colorado State Chapter Secretary, Native
American Student Association, International Companion, American Indian National Honor .
Society, and supplemental language programs); 1986-1990.

Specialized Skills

•

Data and Word Processing: Familiar with IBM and Apple computer software and hardware
operations (Indian Health Service RPMS and OMAN, Windows 98, Microsoft desktop,
WordPerfect Suite, Lotus 1-2-3, Quattro Pro, SAS, R:BASE, EPllNFO, graphics, Macintosh,

VAX).
Interpersonal: Supervisory, administration, management, policy development, program
priorities, goals and objectives, budgets, financial management, evaluation, personnel,
contracting, and public communication and training.
·
Specialized Equipment: Operation of laboratory and water treatment analytical instruments and
equipment, and interpretation of results.
Research:
•

Literature researched in surgical procedures for bench marks and baseline in quality
services and care, customer satisfaction, medical screening, and data collection,
management and analysis for performance improvement; 1997-1998.

8

•

•

Established a manageable uranium worker data base system within the Office of Navajo
Uranium Workers to improve case management, conduct research, and prepare
legislation amendments. (Health effects investigations from uranium mining and mill
processing operations in the Southwest vary from the miners to the offspring of these
workers.) Developed community education materials, and proposals for environmental
health assessments, environmental testing and medical screening. 1997

•

Community-based research and consultation on potential health and cultural effects
from exposure to environmental hazards including radiation, forest clear cutting, air
pollution, strip mining, oil and gas exploitation, imposed assimilation, and forced
relocation. Developed community-based organization and university partnerships to
address localized forest management, respiratory problems from air pollution, and
cancer from radiation exposure. 1986-present.

•

New Mexico Highway 64 Pedestrian Safety, New Mexico State-Wide Focal Group, 0-11
years old occupant restraint use projects. Each included coordination with the
communities, State of New Mexico Department of Health, University of New Mexico's
Department of Emergency Medicine, Safer New Mexico Now, and Shiprock Service Unit,
Navajo Area Indian Health Service. 1992-1995.

•

Produced TIPPS and The Seat Belt and the Family video tapes for community
education. 1993-1994

•

Faculty lead research on chemical residues in water, air, soil and the public's perception.
Coalition to Increase Minority Degrees, Navajo Community College. 1991-1992.

•

The Navajo Nation: Insecticide Application and Environmental Impacts. Study included
federal environmental regulations, occupational hygiene, and pesticide toxicity and
epidemiology. Department of Environmental Health, Colorado State University. 1990.

•

Navajo Area Child Day Care Center Program Management Review 1988. Office of
Environmental Health and Engineering/Navajo Area Indian Health Service/U.S. Public
Health Service (OEHE/NAIHS/USPHS). 1988.

•

1987 Pilot Study of the Toxaphene Pesticide Residue in Soil, Surface and Subsurface
Water Near Livestock Dipping Vats on the Navajo Nation. Supported by Navajo Area
Bureau of Indian Affairs/Department of Interior. 1987.

•

Effects of Co60 Irradiation on Male Mouse Sperm. Research was conducted with funds
obtained for promoting minorities involvement in medical and scientific health research
from the Minority Biomedical Research Support, National Institutes of Health/Department
of Health and Human Service. 1984-1985.

Teaching experience
San Juan College -West- Introduction to Biology, BIO 121, for the San Juan College as an
adjunct faculty Kirtland, NM. 1997-1998.
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U.S. Public Health Service- Microsoft, Indian Health Service RPMS, EPllNFO statistics
software package, Introductory to Injury Prevention, Taught plague and food handling courses,
Applied Injury Prevention and Epidemiology courses. 1986 - 1998.
Navajo Community College- Fundamental and General Chemistry I & II, Microbiology,
Arithmetic, Intermediate Algebra, Introduction to Physical Science and Environmental Chemistry
Applied Undergraduate Research Tsaile, AZ and Shiprock, NM Campuses. 1991-1994.
Colorado State University- Supervised college teaching, Chemical Epidemiology; presented
information on occupational safety in a business economics class at Navajo Community
College: taught beginning Navajo Language to non-native speakers for three semesters
through the International experimental and supplemental learning program; provided tutorial
services for science and math courses, Student Leaming Assistance. 1986-1990.
Northern Arizona University - Volunteered in teaching workshops as part of the tutoring
services, Leaming Assistance Center; provided tutorial services for the science and math
courses, Student Leaming Assistance. During semester breaks, I supervised college and high
school students and community help projects. 1984-1986.
Conference Presentations

,,
',

Presentations on Health and Environmental Issues Effecting Native Communities:
•

•
•

•
•

•
•
•

•
•
•
•
•
•

Various public presentations as representative of the Sanostee Chapter.
Uranium miners compensation, Southwest Indigenous Uranium Forum, 1997.
Indigenous Environmental Health Issues, SW Network, Grand Canyon Trust Fund,
Cortez, Colo., 1997.
Uranium Amendments Public Forum, Kayenta, Ariz., 1997.
Natural Resources Public Forum, Sanostee, N.M., 1997.
KTNN Radio Environmental Forum, Window Rock, Ariz., 1996
Navajo Nation Division of Health Hantavirus Conference, Farmington, N.M., 1996.
Environmental Remediation with COIL, Stuttgart, Germany, 1996 .
Impact of Big Mines on Indigenous People, London, England, 1996 .
Environmental and Public Health Issues on the Navajo Nation, NAU, Flagstaff, 1996.
Navajo High School Youth forum on the Future of Energy and Natural Resource on
Navajo, 1996.
Public commentary at NEJAC, Grand Canyon Visibility Study, Defense Theater Missile
Testing, Colorado River Basin Stakeholders, nationwide Native and Environmental
hearings, 1993-present.
Community Based Environmental and Health Research, Indigenous Environmental
Network, 1994-present.
Public statement, National Environmental Justice Advisory Counsel meeting in Atlanta

NM Highway 64 Pedestrian Project. New Mexico Injury Prevention Themes, Dreams, and Time
Machines Conference 1994 Albuquerque, NM.

NM Highway 64 Pedestrian Project and The Effects of Operation Shut-off. Using Health
Research to Insure Environmental Justice 1994 Arlington, VA.
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Environmental Health Today. Tuba City (Ariz.) School District, Navajo Heritage Program.
1991-1992.
American Indian Research Opportunities Symposium; Bozeman, MT; 1990.
Navajo Livestock Pest Control Workshop. Red Rock State Park. 1990 Gallup, NM.
Abandonment of Uvestock Dipping Vats on the Navajo Nation. 1988 Window Rock, AZ.
Hazardous Waste on Tribal Lands; Toxic Waste in Minority Communities Symposium at the
University of Colorado, Boulder, Colo., 1988.
Results from a Pilot Analytical Study of Toxaphene Residuals in Soil, Surface and Subsurface
Waters; Annual Navajo Nation Pesticide Certification Workshop. UNM Gallup Branch. 1988
Gallup, NM.

•

Numerous presentations on Health and Environmental Problems facing the Navajo Nation .
Navajo Environmental Protection Administration, 1986-1990.

Extracurricular Activities and Community Involvement
Dine' Mining Action Center (DMAC) and Dine CARE (Citizens Against Ruining our
Environment). Protect the ecosystem, tradition, and culture of the Navajo Nation including the
Chuska Mountains from commercial logging, Aneth surface and underground water from oil
fields drainage, Dzilthnaodithhle mountain from illegal occupancy, eastern Navajo from Uranium
leach wells and open pit mining and other environmental and cultural sensitive issues.
Addressed the federal departments on the need for community and tribal collaboration in
funding, education, restoration, funding, research (medical and scientific) and policy (legislative)
development to insure environmental justice and equity. 1991-1998.

•

Navajo Code Talker Association (non-profit organization) activities. 1988-present
Community Mobilization Effort underway with Eastern Shiprock Service Unifs "Sacred Journey
to Save Lives" in effort to bring awareness to prevent DWI and other irresponsible drinking
behavior. Journey from Farmington to Nageezi, N.M., 1994.
Liaison for Sanostee community and Fort Collins Nightwalker Enterprises. 1989-present.
Helped with Sanostee Chapter activities: Veteran Memorial Center dedication, Gym
Committee's Youth and Leadership Recognition Days, 1988-present. Currently elected in as a
chapter official.
Volunteered with the Fort Collins Nightwalker Enterprises winter clothing drive and distribution of
clothes to Native American Nations, 1986-1989.
Colorado State University. Represented and provided presentations for Colorado college
students. Minority student concerns. Governor's Interfaith Breakfast, National Conference of
Christians and Jews. Importance of graduate school at the reception for CSU freshman
11

minorities scholarships recipients. Graduate research on the environmental effects from
pesticide application on the Navajo Nation. Welcome address for Mr. N. Scott Momaday, a
Pulitzer Prize winning author, who was the key speaker of Native American Heritage Week.
International programs companion. Graduate studies and research benefits for Indian Nations.
Minority CSU Graduate Students, panelist on occasion.

References
(Available Upon Request)

Personal Interests
Swim, walk, read/write and computers are fun stuff to do with my seven-year-old son.
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&EPA

NATIONAL
ENVIRONMENTAL JUSTICE
ADVISORY COUNCIL

Pe):)ruary 26., 1998

Ms. Carol Browner, Administrator
U.S. Environmental Protection Agency
40 I M Street, SW
Washington. DC 20460

Dear Administrator Browner:

•

During the February, 1998 National Environmental Justice Advisory Council ~"EJAC)
meeting in Arlington, VA rwo resolutions developed by the Indigenous Peoples Subcommittee
were passed by the Full :NEJAC. The first resolution pert.a.ins to the potential impacts of a
proposed new ski resort on Mount Shasta, California, and calls into question the Bureau of Land
Management's and the Forest Service's efforts to conduct meaningful consultation with the Pit
River Tribe, Shasta Nation and Resighini Rancheria. The second resolution regards the potential
impacts of three proposed in situ uranium mines near the predominately Navajo communities of
Crownpoint and Church Rock, New Mexico, and calls upon EPA with its underground injection
control responsibilities to work with the Nuclear Regulatory Commission to ensure the
communities have appropriate opportunity to meaningfully participate in the public decision
making processes. The full text of these resolutions are attached for your review.
The NEJAC appreciates any assisT.ance you can provide in addressing the concerns raised
in these resolutions. Please forward these two resolutions to EPA Region 9, and a copy of the
Uranium Insitu Leach Mines Resolution to the Office of Water. As the concerns are addressed
by EPA, I ask that the response be coordinated through the Office of Environmental Jum:ice,
with a copy to Kathy Gorospe. Director of the American Indian Environmental Office; If.I.can
be of any further help, please do not hesitate to call me at (610) 524-0404.

Haywood Turrentine, Chairman
National Environmental Justice
Advisory Council
Attachment

NATIONAL ENVIRONMENTAL JUSTICE ADVISORY COUNCD..
INDIGENOUS PEOPLES SUBCOMMITTEE
URANIUM IN SITU LEACH MINES IN TWO
NAVAJO COMMUNITIES·
WHEREAS, the United States Environmental Protection Agency (EPA) is a federal agency which
was created in 1970, with the direct purpose and responsibility to develop and implement strategics
that protect public health and the envirorunent; and

•

WHEREAS, the National Environmental Justice Advisory Council (NEJAC), established on
September3, 1993, is comprised of representatives of academia, business, industry, Federal. State,
Tribal, local government, environmental organizations, community groups and non-governmental
organizations, with the goal of providing advice to the EPA on matters related to envirorunental
justice and racism for minority populations and low-income populations. and
WHEREAS, 1he Indigenous Peoples Subcommittee has been approached by indigenous community
members regarding a proposed project and has brought it back to the full NEJAC for consideration
and action., to with:

Hydro Resources, Inc. (HR.I) is proposing to construct and operate three uranium in situ
leach (ISL) mines on sites in and within two miles of the Navajo community of Crownpoint,
New Mexico (the "Crownpoint Lease" and "Unit 1H site respectively) and on a site in the
Church Rock (N.M.) Chapter of the Navajo Nation inhabited and used by Navajos; and

•

WHEREAS, the proposed ISL, or solution mining is proposed to be conducted in a geologic
formation that provides the sole source of drinking water for from 5,000 to 15,000 people. most of
whom are Navajos who live in the town of Crownpoint and in several other Navajo communities
located within 45 miles of Crownpoint; and

WHEREAS, it is reported to NEJAC that many Navajos routinely haul water from Crownpoint
because public water sup!Jly systems and other sources of high-quality water for human and
livestock. consumption do not exist in most rural Navajo communities in northwestern New Mexico;
and

WHEREAS, the Nuclear Regulatory Commission (NRC). in its Final Environmental Impact
Statement (FEIS) has determined that the "unprecedented" close proximity of Crownpoint' s five
municipal water wells to solution mining operations at. the Crownpoint Lease site (a ma."{lm.um
distance of less than 2,000 foet) necessitates the relocation of those wells because "the potential risk
[of contamination from solution mining] is too great for groundwater to be degraded below EPA
primary and secondary drinking water standards and the NRC 0.44 mglL [milligram per liter] of
uranium standard"; and
WHEREAS, the U.S. Environmental Protection ~cy regulates underground injection associated
with ISL mining plll"Suant to the federal Safe Drinking Water Act (SOWA) (42 U.S.C. nn 300f el
~·eq.) and its implementing regulations (40 C.F.R. Pans 144. 146 and 147), including such mining
on Indian lands of the Navajo Nation (40 C.F.R n 147.3000(a)); and
l
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WHEREAS, the SDWA's Underground Injection Control (UIC) requirements prolu"bit
endangerment of underground drinking water sources and do not authorize exemptions of aquifers
that currently serve as sources of drinking water; and
WHEREAS, acoording to NRC' s FEIS, NRC has determined that groundwater under and near the
Crownpoint Lea.5e site and Unit 1 site meet EPA' s criteria for the definition of underground sriurce
of drinking water, and
WHEREAS, NEJAC is advised that, the opinion of the staff of the Ground Water Office of EPA.
Region IX, is that aquifers lying within, and in the vicinity of, the solution mining zone at the

Church Rock mine also constitute underground sources of drinking water, and
WHEREAS, the existing quality of water obtained by Crownpoint-arca residents from town water
wells is better than current EPA and Navajo Nation primary and secondary drinking water standards;
and
WHEREAS, the NRC has proposed a license condition that would require HRl to relocate
Crownpoint' s water wells and associated water distribution system before ISL mining can occur at
the Crownpoint Leases site, without benefit of a feasibility study to detennine whether any other
locations within the same aquifer or any other aquifers in the region can provide the same or better.
quantity and quality of drinking water now used by area residents with the equivalent accessability
or better; and

•

WHEREAS, the NEJAC is advised that NRC acknowledges in its FEIS that the "entire area of
impact constimtes an 'environmental justice population· " in that the vast majority of the population
affected by the proposed uranium ISL mines is Navajo and has from 41 percent to 71 percent of the
median hom;ehold incomes of New Mexico residents and from 30 percent to 53 percent of the U.S_
median household incomes; and

"'"HEREAS, the NEJAC is advised 'that, aceording to a petition filed with NRC by Eastern Navajo
Dineh Against Uranium :Mining (ENDAUM) in August, 1997, HRI's parent company, Uranium
Resources, Inc. (URI), has a history of license violations at its South Texas uranium ISL mines, h~
never mined in Texas to the depths anticipated at the Unit 1 and Crownpoint Lease sites (400 feet
to 700 feet in Texas versus 1,840 feet to 2,290 feet at Unit 1 and Crownpoint), and has mines in
aquifers of considerably poorer quality than that documented at the Crownpoint, Unit I and Church
Rocle sites; and
WHEREAS, the NEJAC is further advised that the NRC's FEIS did not evaluate 'UR.I's Texas
performance record; considered only the mining project's touted local job "benefits" and minimized
the socioeconomic, environmental and cultural impacts; ignored or gave inconsistent statemenu
about Navajo nation sovereignty and jurisdiction; and inhibited community participation by not
widely distributing, first, a Draft Environmental Impact Statement (DEIS) issued in November,
1994, and second, the FEIS in :March 1997, by charging $35.00 per copy for each FEIS for
individuals, including community members, who had not commented in writing or orally on the
DEIS, and by denying requests of ENDAuM and the Navajo Nation Environmental Protection
Agency (NNE.PA) that a public documenu repository be established in the town of Crownpoint; and
2
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WHEREAS, President Clinton's Executive Order on Environmental Justice provides that, "Each

Federal agency shall conduct its programs, policies, and activities that substantially affect human
health or the environment in a manner that ensures that such programs, policies, and activities do
not have the effect of excluding persons (including populations) the benefits of, or subjecting
persons (including populations) to discrimination under, such programs, policies, and activities,
because of their race, color, or national origin''; and
WHEREAS, the NRC's own liCCDSing panel, the Atomic Safety and Licensing Board, has

determined that the provisions of Executive Order 12898 are "fully applicable t.o the Agency"; and
WHEREAS, the NEJAC is advised that the NRC staff on December 4, 1997, issued its Safety
Evaluation Report (SER.) which recommends the licensing of the proposed mines.

NOW THEREFORE BE IT RESOLVED by the NEJAC, on the basis of the foregoing reasons.

•

that:

(1) NEJAC urges and recommends that EPA ~ediately, thoroughly, and carefully
scrutinize all UIC permit applications and temporary aquifer exemption applications or actions for
the proposed uranium in situ leach mines in and near the Navajo communities of Crownpoint and
Church Rock, New Mexico and, pending further investigation and 'tribal and community.
participation, deny or revoke the same where there is a threat to und~und sources of drinking
water;
(2) NEJAC urges and recommends that the EPA Administrator, as Chair of the Inter Agency
Workgroup on Environmental Justice, urge the Chair of NRC t.o ensure that all provisions of
Executive Order 12898 are fully complied with and earned out in "the matter of Hydro Resources

Inc.," NRC Docket No. 40-8968-ML;
(3) NEJAC urges and recommends that the EPA Administrator, as Chall' of the Inter Agency
Workgroup on Environmental Justice, urge the Chair ofNRC to establish, fund and equip a local
public documents repository for Docket No. 40-8968-ML in the town of Crownpoint, New Mexico.
and to distribute, free of charge, copies of the DEIS, FEIS and SER to any person who requests
them either orally or in writing; and
(4) NEJAC urges that the EPA Administrator. as Chair of the Inter Agency Workgroup on
Environmental Justice, urge the Chair of NRC to ensure that to the maximum extent allowable by
law, that the Atomic Safety and Licensing Board grant ENDAt.Ms and seven other groups of
individuals petitions who challenge the pennit, applications, motions or requests to intervene in the
related licensing or permitting action, and tD schedule and hold an evidentiary hearing on this critical
issue in order to ensure that the "Environmental Justice'' community has a meaningful and realistic
opportunity to participate fully in the decision making processes.
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NEW MEXICO ETHNICITY: Selected Demographics and Health Statistics*
Category

African American Hispanics
Americans Indians

Socioeconomic Data:
N.M. Pop. (est'd. 1993)
% of N.M. Pop. (1990)
"lo Pop. <24 yrs. old
Per capita Income (1992)
"lo Persons Below
Poverty Level (1989)
General Health Status:
Birth Rates Per 1,000
Live Births (1993)
% Births to Teenage
Mothers (1993)
% of Live Births to
Single Mothers (1993)
% of Live Births with
Low Birth Wgt. (1993)
% Live Births w/
Congenital Anomalies
('89-'93 aggregate)
('84-'88 aggregate)
% Live Births to Parents
Reporting Low Level of
Prenatal Care (1993)

•

Mortality:
Life expectancy ('89·'91)
Male (years)
Female (years)
Top 10 Leading Causes of
Death ('91 ·'93 aggre.)
%Diseases of the heart
% Mafignant neoplasms
% Accidents
% Cerebrovascular dis.
%COPD
% Diabetes mellltus
% Influenza, pneumonia
% Suicide
% Chronic Over disease,
cirrhosis
% Homicide
Infant mortality rate:
'86-'93 mean annual
(SD), per 1,000 births I·

32,000
142,400
2.0%
8.9%
41. 2 %,....I--5-2-.o-o/c....,o

I

21. 8%._I_ _4_6_.0_01c_.ol

Whites

_____

6oo,ooo1----0_0_6':...;;o"""o~o
37.5%
50.4%_,
46.6%
31.9%

Other

New Mexico
All Races

19,200
1.2%
43.3%

1,615,613
100.0%
39.7%
$15,458

27.8%

16.1 %

40.7%

20.6%

24. 11....._ _ _2_1_.~5

23.2

10.5

25.0

17.2

17.7

22.5

10.1

8.8

17.8

52. 6%1.__ _6_8_.6_°/c~ol

45.2%

22.4%

ND

41.4%

6.5%

7.4%

7.2%

NO

7.3%

1.50% 1 - - - -1.55%
---;
___.
1.21 % .__
1.72%

1.17%
1.12%

1.29%
1.03%

1.26%
0.99%

1.27%
1.17%

13.1 %1

20.7%1

13.9%

6.6%

8.1%

12.6%

70.5

68.7
78.3

I

24.51

12.0"lol

___

~------'

77.7

72. 1 ~---7_3_.__,71
79.9.
80.0

ND
ND

72.5
79.7

23. 1 %~_ _ _
2_9._1_°/c-tol
19.2%
24.1%
~-----'
10.1%
4.7%
5. 1
----6-.0-o/c....,ol
3.6% .__
6.7%_,
5.0o/o
2.2%
3.5%
3.1%
2.7%
2.4%

ND
ND

NO
NO
NO
NO

26.3%
21.7%
7.3%
5.5%
5.4%
3.3%
3.2%
2.6%

NO
ND

2.0%
1.5%

~-----'

25.8%
15.2%
18.4%
11.9%
1.2%1.----1-0-.9-01c"""'o

I

4.2%
3.4%
3 .5%~___
1 _.2;. .o/c. . ,o
2 .8%1--___
6_.0_%-lo
2.8%
3.8%
1--------t
2.2% ~------'
3.6%

%Ir-

____

2.0%1

4.0%1

3.2%
2.6%

1.2%
0.7%

15.0(3.1)1

10.1(1.7)

7.9(~.8)

8.5(1.2)

NO
ND

/

5.2(2.2)

8.6(0.8)

Data from 1993 New Mexico Selected Health Statistics Annual Report, N.M. Department of Health, Public Health Division,
Bureau of Vital Records and Health Statistics, May 1995.

0

Boxed statistics indicate leading or largest number.
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AMERICAN INDIANS IN NEW MEXICO
Selected Socioeconomic Data
(From: IHS, Regional Differences in Indian Health 1994)
CATEGORY.

ALBQ.
AREA

NAVAJO
AREA

ALL IHS AREAS ALL U.S.
(AVERAGE)
RACES

/o high school
grads, >25 yrs.

61.1°/o

54.8°/o

65.3°/o

/o bachelor's
degree, ~25 yrs.

7.0°/o

5.2°/o

9.0°/o

23.5o/o

16.2°/o

6. 5°/o

\

0

75. 2°/o

0

/o unemployment,
males, > 16 yrs.

0

/o unemployment,
females, ~ 16 yrs.

15.8°/o

18.6°/o

13.5°/o

6. 2°/o

median household
income, 1989
(New Mexico, 1995)

$15,791

$13,984

$19,886

$30,056
$26,594

/o of population
below poverty level

42.1°/o

46.8°/o

31.6°/o

13. 1°/o

0

0

•
Comparison of Age-Adjusted Mortality .Rates for Albuquerque and Navajo
IHS Areas with Age-Adjusted Rates for All ·1HS Areas and All U.S. Races
(From: IHS, Regional Differences in Indian Health 1994)
ALBQ.
AREA

NAVAJO
AREA

ALL IHS AREAS*
(AVERAGE)

ALL U.S.
RACES

Age-adjusted mortality
rates, all causes, per
100,000 pop. ('89-'91)

540.5

620.8

585.21713.9

520.2

Age-adjusted accident
mortality rates, per
100,000 pop. ('89-'91)

84.2

149.6

86.0/116.9

37.0

Age-adjusted diabetes
mortality rates, per
100,000 pop. ('89-'91)

37.3

25.7

29.7/38.8

11.7

CATEGORY

_Age-adjusted cancer
mortality rates, per
100,000 pop. ('89-'91)

\

86.9

79.3

94.5/111.2

135.0

*The first number shown is the statistic for all 12 IHS Areas; the second number is for 9 IHS Areas,
.excluding three areas (California, Oklahoma and Portland) that are believed to have underreported
Indian race on death certificates.

Boldface indicates statistic is greatest among IHS services areas.
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DEPARTMENT OF HEAL11-1 & HUMAN SERVICES

U.S. Public Health Service
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Indian Health Service
Post Office Box 358
Crownpoint Healthcare Facility
Crownpoint, NM 87313·0358
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Crownpoint Healthcare Facility
Safety Committee
Position Statement Regarding the
In-Situ-Leach Uranium Mine
Proposed by Hydro-Resources, Inc.

May 23, 1997

Back2round
The Crownpoint Healthcare Facility (CHF) is an Indian Health Service facility, servicing a
population of approximately 20,000 people, located in Crownpoint, New Mexico on the Navajo
Indian Reservation. The CHF Safety Committee is composed of representatives from each
department in the hospital, as well as a representative from the IBS Office of Environmental Health.
The Committee is chaired by the Administrative Officer, Ron Begay. Medical staff, nursing,
pharmacy, dental, as well as each ancillary department are represented on this committee. The
purpose of the Safety Committee is to address all safety issues for the facility, the patients, and the
staff. Concern regarding the Hydro-Resources, Inc. (HRl) proposal to mine uranium in Ctownpoint
by the in-situ-leach (ISL) technique led to the follo~g position statement.
Hydro-Resources, Inc (HR.I) has applied for licensure through the Nuclear Regulatory Commission
(NRC) to construct and operate an ISL uranium mine in Crownpoint ISL uranium mining involves
the injection of sodium bicarbonate and dissolved oxygen into the West Water Aquifer directly under
Crownpoint. Uranium in the surrounding rock would oxidize and dissolve. The uranium-containing
solution would be pumped out. The uranitim would be removed in an above-ground processing
plant Uranium slurry would be diled to form yellow cake, which would then be transpqrted to an
out-of-state processing facility. HR.I proposes to restore most of the extracted water to a potable
state and return it to the aquifer. Other chemical waste products would require transport to licensed
disposal facilities.
The NRC has reviewed this application, and released a Final Environmental Impact Statement
(FEIS). The FEIS makes a recommendation to license this project. For several reasons, this
committee remains in disagreement with that recommendation.

••

Discussion
First of all, the FEIS has been published and presented as a sufficient document to suppo_rt the
· recommendation for licensure, yet environmental and health risks are not fully defined in the FEIS.
A safety evaluation report, SER, is necessary for a recommendation to license a project. This SER
has not yet been completed, and is not projected to be complete until August 1997.
Recommendation for licensure is, therefore, premature as the necessary data to support this
recommendation is incomplete to date. The SER should be considered by the NRC to be of prime
importance in its recommendation for licensure, as it provides an analysis of the measure of potential hazards to human health and well-being in our community.
Even with the publication -of the SER pending, there is still no guarantee that it will address the
issues of concern with respect to the safety of our community. The initial Draft Environmental
Impact Statement (DEIS), and the subsequent FEIS are severely lacking as documents in their
attempt to support the NRC's recommendation for licensure. The DEIS was found to be such an
inadequate document that a complete revision and marked expansion were required. The DEIS was
presented to the community for public co~ent without easy access to the document, and without
adequate interpretation for a community with a high percentage of non-English-literate people.

1
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Public comment time periods were extended upon pleas from the community, but they were still
short. Now the FEIS is presented without an opportunity for public comment.

In spite of the extensive revisions and expansion from its original form, the FEIS remains an

!;

inadequate document. Health statistics in the FEIS are incomplete, and grossly inadequate to use
to accurately model the potential health risks associated with the proposed project. Note that specific
data regarding rates of cancer, congenital defects, chronic lung disease, gastrointestinal disorders,
and motor vehicle mortality and morbidity are not documented in the FEIS for Crownpoint.
Releases of radon, yellow cake dust, uranium-containing lixiviant, processing chemicals, and waste
products are all going to occur. Such substances will have the potential to affect specific cancer
types and their rate of occurrence ~well as rates of chronic :ung disease, congenital defects, and
gastrointestinal diseases. Increased truck traffic on local highways will present a potential increase
in baseline rates of motor vehicle morbidity and mortality. Baseline data on motor vehicle morbidity
and mortality specific to the Crownpoint area are absent from the FEIS. In order to model or
estimate the future effect of these changes on the comm.unity, disease-specific data need to be
collected and analyzed as a baseline. Such data exist and are readily available. Data for Crownpoint
are available from the New Mexico Tumor Registry, which tracks all neoplasias state-wide, and in
Window Rock, Arizona, at the Navajo Area IHS Headquarters, detailed Service-Unit specific and
disease specific data are available. There is no excuse for the vague, incomplete information
presented in the FEIS. The lack of baseline data analysis makes it impossible to predict or track the
future effects of the project. The NRC has, therefore, failed to adequately provide data analysis
necessary to declare that this is a safe project, or to measure the future impact of the project on the
health of the community.
The FEIS is also lacking in revealing the proximity of the majority of our population to the ISL site,
and the processing plant. Note that none of the maps in the FEIS include the specific location of the
hospital, hospital housirig, the high school, or housing areas east of State Highway 371. The
majority of Crownpoint residents, and daytime students and employees who commute to
Crownpoint, live or work within 2 miles of the processing plant. This fact is not stated or diagramed
clearly in the FEIS.
The FEIS is inaccurate and misleading in the description of the emergency readiness of this
community. The Crownpoint Volunteer Fire Department (VFD) has only twelve active volunteers
at any one time. They do not "cover McKinley County'', as noted in the FEIS on page 5 .6. They
have only one paid employee. For any one call, six or fewer fighters response. Yet they are required
to cover an area of approximately 3400 square miles. In 1996, they a.nsWered 326 calls. At a recent ..;;;major fire, there was significant delay in successful containment of the fire when several pumps were
not working correctly. Assistance from the closest VFD came from Thoreau,_25 miles away.
The Crownpoint Police Department u,sually has no more than two officers on duty at any one time,
covering an area similar in size to that of the VFD. Only one police officer is an Emergency Medical
Technician (EMT). There are ten EMTs assigned to the Crownpoint Service Unit of the
There
are only two or three EMTs on duty at any one time. They have basic EMT skills only. There are
no paramedics. Crownpoint Healthcare Facility is a small rural hospital with only 20 functional

rns.
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beds, not 36, as stated in the FEIS. There are only seven emergency room beds with only two
doctors and one nurse available at night or weekends.
Of the above service organizations, only one firefighter has completed the 80-hour Hazardous
Materials, "Haz-Mat" training which is required for certification as a "Haz-Mat' responder. A few
firefighters have completed introductory courses. None of the EMTs or police officers have
completed .such training. Two hospital employees have completed introductory courses. The cost
of a complete course is several thousand dollars per attendee. None of the service providers own
"Haz-Mat" gear. One set of protective clothing and mask costs approximately $3,000. Also, the
hospital currently lacks a decontamination room. Building one would require an addition to the
hospital. HRI met with the hospital Administrative Officer, Ron Begay, but the HRI representative
was quite vague about any details 'regarding how they would assist to alleviate the significant
financial and human resource burden the proposed uranium mine would place on this community
with regard to safety.
The services for air access are also lacking in Crownpoint. There is an airstrip, however it is not
accessible in bad weather. Electric power for Crownpoint is provided by the Continental Divide
Electric Cooperative in Grants, NM. Power outages are frequent due to our location at the end of
the power line. The hospital frequently relies on backup generators a few times per month. The
FEIS does not mention backup generators, nor any details regarding the actual lack of infrastructure
in this small rural community.
Finally, a major concern of this committee is regarding our water supply. The FEIS fails to address
the proposal by HRI to completely move the entire Crownpoint water system to an unidentified
alternative source, and plug or decommission all existing wells in Crownpoint. This is of great
concern for our hospital, as it is necessarily a huge consumer oflocal water. It is also of concern to
all of us as residents of this community, and as health care providers.
•

Currently, a large portion of our patients and community members do not have running water. They
haul water from wells in Crownpoint to surrounding areas. The number of people dependent on the
· Cro~point water system far exceeds the estimated population of Crownpoint, approximately 3,000.
Households without running water do appear to have higher rates of infectious disease. Infectious
diseases also present in a much more aggressive fashion due to a dearth of clean water in a household
for adequate sanitation, hand washing, or wound c~. Dehydration and gastrointestinal illnesses are
common in all ages, and unhealthy alternatives to water (eg. soda pop) are often chosen over the less
palatable ''hauled water". Contaminated water containers used to haul water also increase the . ;;;:transmission of infectious disease.
HRI proposes to render all of the existing wells in Crownpoint unusable for 20 years. The
alternative water source and its system of transport remain undefined in the FEIS. How many more
families would be forced to haul water? There is no description in the FEIS of location or size of
the proposed alternative water source. There is no description of how the water will be transported
to Crownpoint. Without knowing either source or mode of transport, it is impossible to determine
whether the quality or the quantity of the water will be adequate.. The FEIS contains no projections
of future population size in Crownpoint. Water needs will inevitably rise over the 20 year period

3

of the proposed mine's function. There is no description in the FEIS of pump systems to be used.
The hospital is dependent on a consistent water pressure to function. It is impossible, without
knowing what the alternative water supply is, to estimate the additional cost to this community in
financial resources, human resources, and additional disease which seems likely to result from the
change to a still undefined alternative water source.
Once the project is complete, we are left with an aquifer depleted of a huge amount of water,
precious to the survival of this community. Assuming 99% of the water extracted by the ISL
technique is returned to the aquifer in a potable form, the quantity of water used over 20 years that
is not replaceable is approximately equivalent to 20 years worth of water at our current usage rate.
This may not be in the best interest of this community, located in a desert climate with scarce water
resources.
Aside from safety issues, there are many other aspects of this project which concern this committee's
members - aesthetic and cultural effects, environmental justice issues, the lack of financial benefit
to the community, the fears that a uranium mine creates in a community where radiation exposure
has caused ·disease in the past. The psychological health of a population facing a potentially
hazardous industry in close proximity to their community has already taken ·a toll. Our community
members are already afraid of this project. Fear breeds distrust, stress, and illness. This type of
impact would be difficult to measure, but it must be considered relevant. Nowhere in the FEIS is
this aspect of health accounted for.

Recommendation
Considering all of the abC?ve, the Safety Committee for the Crownpoint Healthcare Facility strongly
recommends against NRC licensure ofHRI's proposed ISL uranium mine in Crownpoint. It is the
responsibility of the NRC to ensure that this project will not jeopardize the safety, human or
environmental health, or resources of this community. The FEIS fails to provide documentation
.. sufficient to ensure a minimal negative impact on our community.. The NRC demonstrates a lack
of concern for our community by recommending licensure before an SER is available. It is crucial
in evaluating a project of such tremendous potential impact on a community to apply data collection
and analysis specific to the location of the project in order to give the community accurate
predictions of risk to health and environment. The deficiencies in the infrastructure of our small
community are not taken into account in the FEIS, nor is the additional burden of this project on .,..
what are cum:ntly stressed and insufficient resources. Finally, the FEIS does nothing to address the
required use of an altem~ti.ve water source by our community for 20 years.
In conclusion, the CHF Safety Committee does not support the licensure ofHRI's ISL uranium mine
in Crownpoint. As a committee responsible for safety and health in our hospital and community,
we cannot support a project which poses such potential risk to those whom we are responsible to
protect.

Enclosed
is a list of
signatures from our committee.
.
.
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DEPARTMENT OF HEALTii & HUMAN SERVICES

U.S. Public Health Service
Indian Health Service·
Post Office 8011 358
Crownpaint Healt~re Facility
Crownpoint. NM 87313·0358

We, the undersigned, as member of the Crownpoint
Healthcare Facility's Safety Committee agree with the
preceding statement regarding the HRI and the proposed
uranium mine in Cro~npoint, New Mexico:
Anita Muneta, Chief Executive Officer
Ron C. Begay, Administrative Officer
E. Ann Hosmer, MD, Medical Staff
Sherrie Mendoza, RN, .SCN-CSR, AICQ
Leslie Kerr, RN, SCN-ER
Gail E. Neises, RN, SCN-OPD
Pamela Gates, RN, SCN
Irene Marietta, RN, MPH
Charlene Valdo, Supervisor, Med Records
Andrew Perry, Foreman, Hsekpg, MVO, Security
Marsh Fairey, Bio-Med Engineer
Gwen Duran, Laboratory Supervisor
Phil Pedro, Radiology Supervisor
Brian lawler, Senior Physical

Therapis~

Steve Glover, OD, Chief Optometry
-.

Mike Cadieux, DDS, Dental
Rob Palladino, LTJG ,· Registered Pharmacist
Henry Becenti, Acting Facility Manager
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Public Health Service

Navajo Area
Indian Health Service
P.O. Box 9020
Window Rock, Arizona 8651 5-9020

December 17, 1996

!.

Chris Shuey, Director
Community Water, Waste and Toxics Program
Southwest Research and Information Center
P.O. Box 4524
Albuquerque, New Mexico 87106
Dear Chris:
Enclosed please find some of the information you had requested from us through your fax letter
of December 5, 1996.
You can obtain additional information on cancer from the New Mexcio Tumor Registry.Also you
might want to call or write to the Indian Health Service Office of Occupational Health and Safety
Management, Mr. Richard Haskins, Director.
P.O. Box 9020, Window Rock, Arizona 86515 or call (520} 871-5851, 5852 to get more
information on any other occupational exposures and/or waterborne contaminants.
Please find the Infant Death Rates by service units from 1972 to CY 1993. FY 1996, Selected
Ambulatory Care Visits by clinical impressions for Crownpoint and Area Summary. Census
Population for three years and the ten leading reasons for outpatient visits in all our service units.
Enclosed also, Diabetes report by Martia Glass, Navajo Area IHS Diabetes Coordinator.
The report on non-malignant respiratory disease including COPD by service unit is "not available"
at this time, and will be a time-consuming to obtain.

If I can be of any additional help, please let me know.
Sincerely,

Q~a..~
Ruby A Spencer
Program Assistant
Office of Planning and Evaluation
enclosures

NAVAJO AREA INDIAN HEALTH SERVICE
SELECTED AMBULATORY CARE VISIT DIAGNOSES
FISCAL YEAR 1994-~ 996 (AREA/CROWNPOINi)

INFECTIOUS DISEASES)
Bacillary Dysentery
Salmonellosis
G-enteritis Diarrhea
Food Poisoning
Infectious Hepatitis
Diabetes Mellitus
Congenital Anomalies

FY
Area
Total

1996
Crownoint ,

FY
Area
Total

1995
Crownoint

DRAFT
FY
Area
Total

1994
Crownoint

537
21
14,377
36
236
49,680

15
0
1,445
1
15
3,447

1,348
30
20,478
62
1,260
50,044

33
0
1,669
1
37
3,721

417
28
15,155
44
2,151
46,150

17
2
1,297
2
140
2,965

4,364

177

4,067

159

3,571

200

Crown".'
point 95
15,643

Area 94
199,764

Crownpoint 94
15,258

Source: Ambulatory Patient Care Report 1C Annuals.

Census Population

Area 96
209, 147

·•
i .

Crownpoint 96
'16,031

Area 95
204,458

Regional Differences
in Indian Health

Department of Health and Human Services

Donna E. Shalala, Secretary
Indian Health Service

Michael H. Trujillo, M.D., M.P.H., M.S., Director
Office of Public Health

Robert H. Harry, D.D.S., Acting Director
Division of Community and Environmental Health

Mary Beth Skupien, Ph.D., M.S., Director
Program Statistics Team

Anthony]. D'Angelo, Team Leader
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In 1992-1994, 22.2 percent
of all deaths in the IHS
service area were caused by
diseases of the heart. This
was followed by malignant
neoplasms at 14.8 percent.

Chart 4.3

Leading Causes of Death
All IHS Areas, Calendar Years 1992-1994
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In 1993, 32.8 percent of all
deaths in the U.S. were
caused by diseases of the
heart. This was followed by
malignant neoplasms at 23.4
percent.

Chart 4.4

Leading Causes of Death
U.S. All Races, Calendar Years 1993
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In 1992-1994, 28.1 percent
of all deaths in the Nashville
Area were caused by diseases of the heart. This was
followed by malignant neoplasms at 15.6 percent.

Chart 4.11

Leading Causes of Death
Nashville Area, Calendar Years 1992-1994

28.1

Diseases of the Hea'rt

iI

Malignant Neoplasms

Accidents &
Adverse Effects

I
'

1·

Diabetes Mellitus

''

Cerebrovascular
Diseases

0

10

20

30

Percent of Total Deaths

In 1992-1994, 22.6 percent
:·
of all deaths in the Navajo
i : . Area were caused by acci1 '
; ·.
dents and adverse effects.
This was followed by diseases of the heart at 16.6
percent.

Chart 4.12

Leading Causes of Death
Navajo Area, Calendar Years 1992-1994
Accidents &
Adverse Effects

22.6

Diseases of the Heart

Malignant Neoplasms

Pneumonia & Influenza

Diabetes Mellitus

0

10

20

Percent of Total Deaths

57

30

n

u

1996 NEW MEXICO
SELECTED HEALTH STATISTICS
·.i
:J
"

:1

I

This report of New Mexico Health Statistics gives an overview of selected vital and health statistics for calendar year 1996.
To portray the patterns of temporal change, data from earlier years have also been included. The primary sources of these data
are the reportable certificates of birth and death, and the federal and state reporting systems.
Unless otherwise indicated, the tabulations of vital events are by place of residence. Thus, births and deaths of New Mexico
residents that occurred in other states are included in the tabulations, while the vital events that occurred in New Mexico to
non-residents are not included. Tabulations are based on 1996 birth and death certificates received in the vital records office.
through May 18, 1997. Extending the cut-off date so late into the following year allows forthe inclusion of more than 99% of the
vital events occurring in 1996 into the tabulations.
,

The following map depicts the alignment of New Mexico counties into four health service districts. The majority of county
data presented in this report are grouped according to these districts.
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Comments on the content and format of this report, or requests for additional data or analysis should be directed to:

New Mexico Vital Records and Health Statistics
Office of Information Management
Public Health Division
Department .of Health
1105 St. Francis Dr.
P.O. Box 26110
Santa Fe, New Mexico 87502-6110

Copyright 1998 (published November 1998)
Permission to quote /tom or reproduce materials from this report
is granted with attribution.

TABLE 3.7
NEW MEXICO RESIDENTS
CRUDE & AGE-ADJUSTED DEATH RA TES
BY NEW MEXICO ETHNIC I RACE
New Mexico Residents 1994-1996 Average
United States 1995
RATES PER 100,000
POPULATION

CRUDE
DEATH
RATE

FIGURE 3.5
NEW MEXICO RESIDENT DEATHS
CRUDE DEATH RATES PER 100,000
POPULATION
SELECTED CAUSES 1975-1996

N.M. ADJUSTED RA TES
TOTAL
MALE
FEMALE

UNITED STA TES:
AU Causes
He1rt Disease

Molignanl Neoplasms
Cerebrovascular

COPD
Accidents
(% Molor Vohid•)
Jnftuenza & Pneumonia
Diabetes Mellitus

HIV lnloction (AIDS)
Suicide
Cil'Thosis of Liver
Nephntis, Nephrctic

Syndrome and Nephrosis

880.0
280.7
204.9
80.1
39.2
35.5
(46.5)
31.6
22.6
16.4

11.9
9.6
9.0

xxx
xxx
xxx
xxx
xxx
xxx
xxx
xxx
xxx
xxx
xxx
xxx
xxx

914.1
282.7
219.5
48.0
42.0
47.9
(47.5)
29.4
20.4
28.0
19 8
12.9
8.9

847.3
278.8
191.0
71.7
36.4
23.7
(44.5)
33.6
24.6
5.3
44
6.5
9.1

f
~

Heart Disease
Malignant N'°plasms

Accidents
(% Motor Vehicle)
Cerebrovascular

COPD
Diabetes Mellitus
lnftuenza & Pneumonia
Suicide
Cirrhosis of Liver
Homicide

HIV Infection (AIDS)
NON-HISPANIC WHITE:
AU Causes
Heart Disease

Malignant Neoplasms

COPD
Cerebrovascular
Accidents
(% Motor Vehide)

Influenza & Pneumonia
Suicide
Diabetes Mellitus
Atherosclerosis
AlZheimers Disease
Cil'Thosis of Liver

HISPANIC WHITE:
All Causes
Heart Disease
Malignant Neoplasms
AccidenLs
(% Motor Vehicle)

Cerebrovascutar
Diabetes Mellitus
Cirrtiosis of Liver

COPD
Jnnuenza & Pneumonia
Homicide
Suicide

HIV infection (AIDS)
BLACK:
All Causes
Heart Disease
Malignant Neoplasms
Homicide
Cerebrovascular
AccidenLs
(,.o Motor Vehicle)

COPD
D1abe1es Mellitus

HIV Infection (AIDS)
Suicide
lnnuenza & Pheumonia
Atherosderosis

INDIAN:
All Causes
Accidents

733 8
188.9
159.0
49.9
45.0
40.5
25.9
25.0
18.2
14.8
10.7
7.8
907.7
260.2
213.9
63.8
58.3
41.0
30.5
21.4
21.2
10.7
9.6
9.5
574.0
127.1
111.7
5&.0
34.3
28 4
20.0
19.1
19.1
15.3
15.2
8.1
576.8
156.2
121.4
38.6
34.8
30 1
19.6
16.0
14.1
12.2
10.3
7.5
522.4
664

(% Motor Vohide)

•

Heart Disease
Malignant Neoplasms
Diabetes MeUitus
Cirrtiosis or Liver
lnnuenza & Pneumonia
Cerebrovascutar
SuK:ide
Alcoholism
Homicide
Congenital Anomalies

HEART DISEASE

160

NEW MEXICO-ALL RACES:
All Causes

180

72.8
71.9
45.4
26.8
24.4
21.4
14.3
14.0
14.0
8.2

831.8
220.9
176.3
51.9
(50.8)
53.9
46.1
29.2
30.4
18.7
15.6
10.8
8.1

667.7
222.2
187.2
74.3
(49.0)
41.5
47.0
24.8
28.0
31.0
21.5
17.2
15.6

797.6
219.8
168.0
30.4
(55.1)
65.8
45.3
33.4
32.6
6.9
10.0
4.8
1.0

808.7
230.3
182.4
54.5
52.7
39.8
(46.1)
28.1
19.9
18.4
9.9
8.7
8.2

830.6
230.3
195.2
55.2
39.6
55.2
(46.6)
25.4
31.6
17.0
7.7
6.1
10.7

787.7
230.3
170.2
53.8
65.1
25.2
(44.9)
30.8
8.7
19.7
11.9
11.3
5.7

850.3
208.4
169.5
62.8
(48.8)
57.4
44.9
26.9
31.3
32.0
15.1
16.1
9.1

907.6
211.7
179.4
92.8
(45.5)
45.0
35.8
39.5
33.5
30.8
25.0
28.3
17.8

795.6
205.3
160.2
34.2
(58.2)
69.2
53.6
14.8
29.2
33.2
5.7
4.4
0.7

862.8
252.1
195.4
34.6
63.2
29.6
(46.9)
32.0
27.3
14.0
12.8
20.2
14.3

885.4
255.1
210.6
57.1
54.4
45.7
(36.0)
31.3
17.9
24.6
20.9
10.9
5.6

841.2
249.1
181.0
13.2
71.5
14.0
(85.7)
32.B
36.2
4.0
5.1
29.0
22.7

891.9
99.8
(68.3)
147.8
138,3
92.5
40.1
49.7
43.8
15.5
19.6
14.7
5.7

953.5
146.5
(65.5)
175.5
136.7
69.4
47.1
45.B
43.0
.28.1
27.7
25.2
5.8

833. 1
55.2
(75.2)
121.4
139.8
114.5
33.4
53.4
44.5
3.6
11.8
4.7
5.7
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SUICIDE

o-I-.---.-.-...........,........,........,__,..-.-..,._..,-,......,..__,_-.-...,........,........,__,......,......;
1975

1978

1981

1984

1987

•c.O.P.D. - CHRONIC OBSTRUCTIVE PULMONARY
DISEASE;reporting in this catagory began in 1979

1990

1993

1996

•

TABLE 3.20
NEW MEXICO STANDARDIZED MORTALITY
RATIOS BY RACE/ETHNIC
BASED ON THREE YEAR RESIDENT MORTALITY
1994-1996 AGE AND SEX ADJUSTED

RACE/ETHNIC

MOTOR
All
MAllGNAITT
NEOPLASMS ACCIDENTS VEHICLE

INFLUENZA &

CIRRHOSIS

SUICIDE

MELLITUS

OF LIVER

2046
1755
117
5.5

1265
1334
95

1309
1013
129
3.5

748
455
164
2.0

541
440
123
1.5

241
285
85
0.6

253
239
106
0.7

366
261
140

3.4

918
584
157
2.5

1481
1712
87
6.4

1621
1169
139
7.0

776

544

322
169
2.4

241
285
85
1.0

216
67
0.6

73
88
83
0.3

99
96
103
0.4

271
176

3.4

539
667
81
2.3

144

883
88

534
290
184
4.9

649
675
96
6.0

361
468
77
3.3

361
357
101
3.3

288
201
143
2.6

538
275
196
4.9

379
134
283
3.5

289
169
171
2.7

137
146
94
1.3

109
107
102

17
17
100
2.8

37
36

21
24
88
3.4

11
19
58
1.8

13
12
108
2.1

17
14
121
2.8

3

41
10
410
6.7

7
8
88
1. 1

HEART
DISEASE

37101
39328
94
100.0

9551
12214
78
25.7

8039
9396
86
21. 7

2524
1712
147
6.8

1281
821
156
3.5

1243
891
140
3.4

2275
2559
89
6.1

23069
25289
91
100.0

6611
8119
81
28.7

5436
6138
89
23.6

1042
941
111
4.5

480
427
112
2.1

562
514
109
2.4

10870
11089
98
100.0

2407
3262
74
22.1

2116
2593
82
19.5

1042
589
177
9.6

508
299
170
4.7

613
593
103
100.0

166
173
96
27.1

129
135
96
21.0

32
34
94
5.2

15

2419
217 8
111
100.0

337
617

333
487
68
13.8

STROKE

COPD

CERT. COND. IN

CONGENITAL ATHEROANOMALIES SCLEROSIS

DIABETES

PNEUMONIA

All
OTHER

All
CAUSES

HOMICIDE PERINATAL PER.

~HIV

AlCOHOllSM INFECTION

ALL PERSONS
OB SERVED DEA TH S
EXPECTED DEATHS
SMR

% OF TOT Al DEATHS

246
100
246
0.7

393
800
49

154

84
61
138

1.2

0.4

212
438
48
0.9

1.0

75
67
112
0.7

95
31
306
0.9

6
6
100
1.0

4
200
1.3

1.0

1. 1

NON-HISPANIC-WlllTE
OBSERVED DEATHS
EXPECTED DEATHS
SMR

% OF TO I f\l DEATHS
IHSPANIC-WIUTE
OBSERVED DEf\ ms
EXPECTED DEA ms
SMR

% OF TOTAl DEATHS

153
277
55

1.4

BlACK
OBSERVED DEf\ !HS
EXPECTED DEA ms
SMR

% OF TOTAl DEATHS

17
88
2.4

103

6.0

7

43
0.5

2

15
17

50
0.2

2.4

8

BB

,.

INDIAN
OBSERVED DEA ms
EXPECTED DEATHS
SMR

% OF TOTAl DEATHS

55

13.9

400
134
299

273
70
390

16.5

11.3

SMR not calculated for expected deaths equal to zero.

127
64
198
5.3

99
129
77
4.1

36
87
41
1.5

113
70
161
4.7

66

210

44

52
404
8.7

150

2.7

124
26
477
5.1

65
40
163
2.7

11
13

65

11

6

54

38
27
141

85

0.9

1.6

0.5

1083
2.7

60
18

21

39

0.5

MCKINLEY COUNTY
MCKINLEY COUNTY
POPULATION

1980
Census

1990
Census

1996
Estimate

Projected
2000

Total Population

56,449

60,686

67,754

72,172

% 19 and Younger
% 65 and Older

46.1%
4.9%

42.1%
6.4%

43.2%
6.7%

43.3%
7.0%

% White Non-Hispanic
% White Hispanic
% Black
% Indian

20.3%
12.5%
0.6%
65.7%

15.8%
11.3%
0.5°..b
71.8%

xxxx
xx xx
xxxx
xx xx

xx xx
xx xx
xx xx
xxxx

33.3%

38.0%

xx xx

xxxx

% Families Below
Poverty
County % of State
Population

4.3%

MCKINLEY

4.0%

1994

YEAR
1995

1996

1644

1495

1421

NON-HISPANIC

117

92

9B

HISPANIC

113

139

141

LIVE BIRTHS

4.0%

WHITE

McKinley County ranks as the state's 6th most populous
county and has a population density ofl2.4 persons per
square mile, accounting for 4.0% of the state's population.
The county population is projected to reach 72, 172 persons by the year 2000, with a relatively small percentage
of the population being age 65 and older and a high percentage 19 and younger.
The county's birth rate of 21.0 births per 1,000 population is 32% higher than the state rate and accounts for
5% of New Mexico resident births.
The percentage of births to single mothers increased 4%,
remaining 64% above the state level. The percentage of
births to teens decreased slightly to a rate 0.5% higher
than the state level. Low birth weight births increased 7%
from the previous year remaining below the state levels.

4.0%

PERCENT LOW BIRTH WEIGHT

BIRTH RATES PER 1000 POPULATION

BLACK

13

B

13

INOIAN

1 3B9

1 240

1 1 56

OTHER

12

16

13

~15
10
5

0

.

1994
COUNTY % OF TOTAL 6.0%

5.6%

5

1995

0

1996

1994

5.2%
•MCKINLEY 1:1 NEW MEXICO

STATE BIRTHS

1995

1996

•MCKINLEY II NEW MEXICO

BIRTH DISTRIBUTION
AGE OF
MOTHER
ALL AGES
<15
15-17
18-19

BIRTH RATES BY AGE GROUP

MCKINLEY NEW MEXICO
NO.
%
%
1421

100.0

100.0

3

0.2

0.3

96

6.8

7.0

156

11.0

10.6

(15-19)

252

17.7

17.5

20-24

427

30.0

28.8

25-29

324

22.8

25.1

30-34

245

1'7.2

17 .8

35-39

132

9.3

8.5

=>40

38

2.7

1.9

FERTILITY
RATE
15-19

(a)

COUNTY

10-14

TOTAL

15-17

lB-19

20-24

9.0

0.9

B3.0

51.7

132.3

167.B

153.6

97.3

51.3

96.9

0.6

B9.0

61.4

130.6

16B.1

154.i

106.0

53.2

B.2

1994

108.2

1.5

90.B

56.5

142.6

1B1.,

178.B

121 .7

55.5

11.9

1.3

75.1

4B.O

119.6

131.6

10B.7

71.6

33.B

4.3

NEW MEXICO:
1996
70.5

(a) Births Per 1 ,000 Women Ages 15-44

LEVEL OF PRE NATAL CARE • 199e UllE BIRTHS
so.-~~~~~~~~~~~~~--.

p 50t---1~~~~~~~~~~~~--I
E
R 40

60
50
40

c

30

30

E 20

20
10
0

N
T 10

1994

1995

1996

0
HIGH

NEW MEXICO

40-49

94. 1

70..--~~~~~~~-

•MCKINLEY 1:1

35-39

1995

% BIRTHS TO SINGLE MOTHERS

1996

30-34

1996

BIRTHS TO TEEN MOTHERS

1995

25-29

MCKINLEY:

•MCKINLEY I! NEW MEXICO

107

MIO
• MCKINLEY

NONE/LOW

UNKNO\Mll

a NEW MEXICO

MCKINLEY COUNTY

The county crude death rate decreased to 6.0
deaths per 1,000 population, and accounts for 3.2%
of all New Mexico resident dea!hs. Adjusted rates
show higher than state levels of mortality for both
males and females.

MCKINLEY COUNTY DEATHS
TOTAL
YEAR

MALE

1996

229

175

404

6.0

1995

239

183

422

6.3

1994

222

162

384

5.9

1993

230

173

403

6.2

FEMALE NUMBER

RATE

AGE ADJUSTED DEATH RATES
1994-96 AVERAGE
MCKINLEY CO.
MALE

1058.9

FEMALE
COUNTY%
OF TOTAL
(1996)
STATE
DEATHS

3.4%

3.0%

906.8

NEW MEXICO

3.2%

MALE

867.7

FEMALE

797.6

Postneonatal mortality is lower than statewide.

RA TES PER 100,000 POPULATION

MCKINLEY COUNTY

-

PLACE OF RESIDENCE/1 996

BIRTHS

Crownpoint-All

DEATHS

BIRTHS PER 1 DEATH

64

30

2. 1

423

128

3.3

Gallup-Rural

47

17

2.B

Rehoboth-All

11

3

3.7

Gallup-Urban

Zuni-All

123

55

Thoreau-All

42

18

2.3

Tohatchi-All

35

11

3.2

Other & Unspecified

676

COUNTY TOTAL

,.

Nearly 88% of resident births occur within the

!===============::::.:==================-.. . county.
Overall, the county experiences 3.5 births
for every death.
Crude Death Rate Per 1000 Population

•

Heart disease, cancer and accidents are the leading
causes of death, accounting for 50% of all deaths.
Observed deaths are lower than expected for cancer and heart disease, but nearly three times higher
than expected for accidents. Observed deaths are
also higher than expected for diabetes, suicide, influenza/pneumonia, cirrhosis, homicide and alcoholism among others.

COUNTY

2.2

4.8

142
404

1421

MCKINLEY INFANT DEATHS

'

3.5

% OF COUNTY RESIDENT BIRTHS:
Born in County
Born in Other NM County

6.62%

Born Out of State

5.49%

xxxxx
xxxxx
xxxxx

xxxxx
xxxxx
xxxxx

87.90%

1991

14

7.8

9

5.0

5

2.8

1992

25 1.3.7

10

5.5

15

8.2

1993

24 13.6

12

6.8

12

6.8

1994

21 12.8

10

6. 1

11

6.7

1995

13

8.7

5,

3.3

8

5.4

1996

7

4.9

6

4.2

1

0.7

169

6.2

105

3.9

64

2.4

NEW MEXICO
1996

Rate Per 1000 Live Births

MCKINLEY COUNTY

THREE YEAR AGGREGATE 1994 · 1996
% OF TOTAL DEATHS

CAUSE

,,

NEONATAL POSTNEONATAL

NUMBER RATE NUMBER RATE NUMBER RATE

DISEASES OF THE HEART
MALIGNANT NEOPLASMS
ALL ACCIDENTS
- MOTOR VEHICLE ACCIDENTS
- ALL OTHER ACCIDENTS
CEREBROVASCULAR DISEASE
COPD
INFLUENZA AND PNEUMONIA
SUICIDE
DIABETES
LIVER DISEASE - CIRRHOSIS
HOMICIDE
CERTAIN PERINATAL COND
NEPHRITIS NEPHROTIC SYND
CONGENITAL ANOMALIES
ATHEROSCLEROSIS
ALCOHOLISM
SEPTICEMIA
HIV INFECTION - AIDS
ALL OTHER CAUSES
TOTAL FOR ALL CAUSES

DEATHS
DEATHS
OBSERVED EXPECTED
235
211
158
98
60
52
32
48
24
89
43
21
11
15
19
3
25
14
5
207
. 1,212

299
237
59
30
29
62
42
33
20
25
13
17
16
10
12
6
3
9
27
145
1,034

SMR
79
89
268
327
207
84
76
145
120
356
331
124
69
150
158
50
833
156
19
143
117

% OF TOTAL DEATHS 1994-1996
YPLL RATE

CO.

N.M.

co.

N.M.

19 4
17.4.
13.0
8.1
5.0
4 3
2.6
4.0
2.0
7.3
3.5
1.7
0.9
1.2
1.6
0.2
2.1
1.2
0.4
17.1
100.0

25.7
21.7
6.8
3.5
3.4
6.1
5.5
3.4
2.5
3.5
2.0
1.5
0.6
0.9
0.7
1.0
0.7
0.7
1 .1
15.6
100.0

7.7
11.8
30.8
21.7
9.2
1.7
0.4
1.6
4.8
3.4
5.7
4.8
0.0
0.7
1.1
0.0
3.6
1 .3
0.7
12.6
92.8

7.5
12.1
18.3
11.0
7.2
1.5
1.2
0.7
6.5
1 .8
2.9
4.8
0.1
0.3
0.9
0.1
1.2
0.3
2.9
8.7
71.7

The SMR (Standard Mortallly Ratio) II the ntlo of the ob1e1"Yed dealh1 to the expected death• tlmH 100. The number
of expected deattu: Is derived using the nadonal mortality a1 a rtandal'.'d and are agel•H adjudird. VPLL (Y ean of
Potenllal LHe Loll) nte 11 per 1,000 population with deaths and populatlon 1peclDc lo age1 1-64.

INFANT= <1 year, NEONATAL= <28 da)'1, POSTNEONATAL = 28 day1 to <I year.

108

AGE

MCKINLEY

N.M.

ALL

100.0

100.0

<1

3.4

1.5

1-4
5-14

1.3

0.4

1.2

0.6

15-24

4.3

2.5

25-34

6.8

3.4

35-44

7.5

5.2

45-54

9.2

6.6

55-64

14.0

10.4

65-74

17.4

20.1

75-84

19.1

27.0

85+

15.8

22.2

iTABLE A-9

NEW MEXICO RESIDENT DEATHS
NUMBER AND CRUDE DEATH RATE BY CAUSE

1996

'1

(R11t• P.r 100.000 Papuationl

-·-

All. CAl,!SES

I

I

:e

010-018
TUBERcULOSIS lAU. FORMS!
038
SEPTICEMIA
042·044
HIV INFECTION IAJDSI
080-097
SYPHH.J$ .-ND llS SEQUB..AE
AU. OTHER INFECTIOUS: AND
001-008,020--037 ,03&-041,0•S--OBS,0911·139
PARASITIC DISEASES
140-208
MALIGNANT NEOPLASMS
1"60-14:>
8ucal C.vity - 8 l'n-vrot
150-159
Dia.at!W Orv_,. Md PeritoMUm
180-185
A..pirMciry Sy.tom
174,175
BrNSt
179-187
G.ut.iOrg1AR.1RA
Urtnsy o,"91,.
170-173,, 90-199
0th• •nd Unapccifi.d Sit1&

Lymp"-tic Md

H~apoietic

·n......

DIABEJES MB.l.ITUS
ALCOHOL.ISM
.Al...2MEMa. nmFASF
MAJOR CARDIOVASCULAR DISEASES
D i e - ar th• H - t
Aollve RhMllTllldc Fev•
Chrllflil.' Rhllllllllltic Fev•
HypetteMi1111 with Hiurt 1>111. .1
A~ Myai:mnMI lnf.,ction
Olh• lradl•mic Hart OiH•ee
Oil-• af Pulrnon.ry Circw.tion
Other Dis_.. at the H..-1

APPB1101cms
AND IN It~ I ~Al.. OBSTl\UC'l'ION
CHRONIC LIVER OISE~E ANO CIRRHOSIS
NFPMRITIS, NEPHROTIC SYNDROME. ANO NEPHROSIS
COMPLICATIONS OF PREGNANCY, CHR..DBIRTH. AND
PUERPEftlUM

RATE

e.709

798.4

5,747

059.8

4

5.1

39

0.5
4.8

4
49

0,6
6.8

!IU

~.;,

83

s.s

7
D

0.8

25

2.9
149.9

0

0
51
2.735

603

3.0
159.6
2.2
38.7

814

35.8

245

14.3
21.2
fi.6
23.1

GB

28
1,429

3.1
169.6

10

:a.~

19

.2.2

43.3

351
1

41.7

298
263

U.l

:l44

34.2
30.2
28.0

22S

140

17.?

229
168

434

2G.:I

194

2.:l.O

ll4
103

5.5
8.0

69

8.2
.4.6

78

200-208

395
304

.Z50

303

1,306

3"5

26.5
B.7
27.2
19.9

383
,,3

1RB.:r

c.....rmo-

NVMBER

0.5

0

Bronchitis, Chronic end Umpcoeified

RATE

8

~.1!11

CHHUNIC UIS~:HftU(.TlVE PULMONARY DISEA3C3 IOOro1
AND ALLIED CONDITIONS

NUMBER

B8

::190-302
383-398
40.Z.404,401;
410
411-414
.&15-417

PNEl.."'10NIA
INi;&.UENZA

73

38
48
2.183
1,728

5.8
.280.3
205.3

0

'°

188
138
240
25

84
29
2.093
1.482
0

16.1
4.6
18.1

is.e
2?.G

2.9
7.3
3.3
240.3
16?.8

20

1.2

7

O.B

13

110
681
851

8.4

6fl

G.6

o"-

8.:?

39.7

399

49.7

470

47.0
55.8

32.?'
43.7

,,3
84.9

32
768

91.2

285
381
42
887

2.6
37.B

33

318

471

3.8
54.1

48

5.D

72

e.:i

80
18

7.1
2.1

3.4

25.2

30
25
218

0.2

5

a,e

41.5
0.9
7.7.
1.3
31.6
.2.1
0,1

320
11
44
23

36.7
1.3

74

420-429

1,455

401,403
430-438
440

789

441

90

442-'48
480·488
487

-43
430
7

0.4

212
2

490-488
490-481
492
493
494-49e
531·533
540.543

970
19

39.1
1 .i

350
8

lOIJ

tf.4

ti5

2.0
29.0

2ee

1.8

18

0.2

1

:iG0-~:::~,580

34
508
31
3
43

18

671

258

~5.1

168

580-589

114

6.7

55
118

3.2
46.0
C'-9
5.3
2.5
25.1

:.Ei

22

,,

58

3.11

242

1.5

4.1!

78.9

2.9
25.0

5.1
2.e
27.B

13

1.6

2

0.2

1.9

27

20.1
6.9

89

3.1
10 •.2

56

6.4

630-879

3

0 ..'2

0

3

0.3

1.;0NGENrTAL AlllOMAl.IES
CERTAIN CONDITIONS ORIGINATING IN THE
PERINATAL PERIOD

7'10·"1611

95

5.0

48

!;.,!;

:.\!'!

4.!5

760-779

1.7

5.&

26
70

3.0

l.U

so

5.6

780·798

Raaidulll

73
l:.ZU
1.Z32

4.$

SYMPTOM&, ·SIGNS. AND lLL·OEFINED CONDffiONS
AU. OTHER DISEASES

71.8

558

66.2

674

E900-E949
EB10-E825

880

51.4

621

73.7

432
44111

294
3:!7

34.9

COOO-C007. C02~Ctl40

25.2
:!S.1

39.8

.259
138
121

E950-E959
E960-ES78
E98()..E999

318

18.8
10.9
2.0

263

3~.2

55

149
24

17.7

38

ACCIDENTS ANt> AbVERSE EFFECTS
Matar Vehicle Acc:icio111s
All 11ti- Aectdents "'1d AClllll'H OffrteiS

SUICIDE
HOMICIDE AND LEGAL INTERVENTION
All OTHER EXTEfWAL CAUSES

I

727.0

3G0-399.A02.40...:Z9

AlhatMdtrllllili
Aortic Alleul"f8m
Oth11r dill-• ef >.rterin, ,Art..nn1.,. A c::.,,;n.r;.

HE~IA

,~.•58

4.6
250.1

C•ebrov•C\11• DiHllH

Otft_. COPD~..,.. Alli ...
PEPTIC ULCER

!\ATE

4.289

Hyperi-ian with or without Ren91 Ois11Me

Emphyaam.m
Mthrnll

NUMBER

331.0
332
390-448

PARKmSON DISEASE

i'

~

MAL2

fUIAL

9lH REVISION ICDA

CAUSE OF DEATli

151

187

35

2.tl

,,

11.0
77.4

.29.7
15.B

n.9
8,3
4.4

, .:s

J, Alex Valdez
~cretary

Lilrry A..

M~l"'linez

Oepyty Sacre1&ry

JACK CALLAGHAN
Deputy Secretary
WILLIAM H. WIESe, MD., MPH
D:vrsion Oircetor

FAX COVER SHEET
SENT FROM FAX# (505) 827-1751

PAGElOF

DATE:

TIME:

•

SENTTOFAX#50.)l
NAME:

1 ..,
AM/PM

--~-

8S'6~/'fS9_

Chris sA~ev

MESSAGE:

TO REPORT PROBLEMS WITH TRANSMISSION CALL (SOS) 827-0lll.

CONFIDENTIAL
Pl&ASE NO'l"F.: Thia m-ie D intRs>il,,.. o9ly for tM ue :orflac iHM•ul oi entity to 'Which it if adolreMC:Cl 11,.ol ""'Y co11taill
lnfonnadon ihai b )lrivSeted. conftdmtimJ-4 nesipt ,,.._ ditdl1S11)'f: nn.t..r appllca'hle law. lfthie: Hadu ofthb messa~ i; ....t
the blWM!ell redplmt, or the miploye;e or a p rapomiblrr fur ildlvcrin&: tkc m121511J:C tu Che intnul~ Rdpicnt, )'OU an: bt:n:lly
~ell tnt any diDcminJ:atioa, •istriutlon. or copyini of flab ~....tioA b sbidly prolaiMtd.. Jf1ou have reutved tWll
conmnmlcatioa a e~. ~w notify m inuncdiatcly 'hy telerhone, and return tlae nri~aJ meua:e to us at the address 'below
via tfle lJ.S. l'OllW Servltt. Thanl.; You.

New MEXICO VITAL RECORDS & HEALTH STATISTICS
OFFICE OF INFORMATION MANAGEMENT

PUBLIC H~LTH DIVISION
1105 St ~rancis Drive
Post Offic'e Box 2611 O

Santa Fe, New Mexico 87502·6110
{505) B27-Qi21

=->7.:.lf<--,;--·

~------

...

•

Ull>!A.'1

MOICJNLl!'f COl.HfY

T4llJI.! 16.U

>Ctf'A!O!·l~·~4

~oz,

.Dl.\THI tV ltADJHO CAUSISt
,LAC! Of' R!llD«MC! ) ·

ltf~-t• •UHHAA~ ~

(

I~

•••n••••••1•~~•••••••••••••~••••••••••••••••••••••••••••••••••••••••••••••••"•••••••••••••••••••••••••••••~m•
11. 94
H•
H • ~4
4S - 54
H - ••
H .. l!I~
l!. • 2411
( l
4
1
s
l4
' ' .. 7t
CAUS! Cl ••••••••• ~·~···~·· ••••••••• • ••••••••
···~·····
·····~~··
······~··
l'-"l:'.H

.

WATl'I

Ut'

•

Plrit

0

Ul

0
0
0

I
0
0

Utt

G

0
0
0

140•150

as

U!i

in-u~

in-as

t

. 0
11

0

U5

•

1 .. ·ICI

a

lifiO•Hft

0

,,0
0
,,

250

0

0

;·30 .. 42'
4H•4U

0

a4 .. 19~

ue

an

1
I

HALIE

0

Q

0

0

440
' 4ao·4&7
'4'9•4'3

0
2

~

'0
2
"

I

49i\•4-H

511

, 510-MfJ

740-751

;u.. n-.

D
ti

a

•
'
~.

0

0

0

0
0

0

u

tl~Lf

l'llie MA .. !

•

0
0

t

0

0

0
0
0
0
0

&

0

0

1'
0
0

I

D
0

'

0
D

0
ti

0

a
0
I

D

0
0
0
0

0

D
D
I

l

l

0

I
0

0

0

0
0

"

l

.0.

•'
,'

0
0

0

~

1

0

ti
~

D
I)

a

l
i

\

'S
l

!

aoc·,4t
,5' ...

2.

1

"'0

3

0

1

9U·t7a

1

0

l

1

0

5

cs

~

1

5

16

20

11

5

'1

,5,

OT'li!R

0

0

All

C"USE$

•

NDTEI

510-~29 lNC~UDES

II

I
0

1

0

~

l

ti

1

D

J

1

l

0

l
0

D

0
0

I

...•r

t

0

0
0

0
0
0

l

0

0

I
t

1
I

D

~

0

0

• • •'
••
• •

0

s
s

0
0

0

l

0

~

' t°' •' •
0
0

11

l

0

I

0

D

I

0

I)

t

~

~:H-U1

D
0
0

c
c

4

810-82!

rrEH MALI

WM•••••••
,!H MA\.1 ftDI

.~

0

1

I

0

'fl

4

0

0

1)

'

0

0

0

D
0

0

0
G

0
0
l

·o

0

D

•• '
0

l
0

0
D

0

0
D
I
0

IJ

z

•
•

1

l

a
0

0

G

2

0
!

D
I
0

0

•
D

MA\.I

••••, ••••
trEPI MALI!

l'!M lllA\.2

0

1

t

0

0

0
0

0
0
0
0

•.

0

•
0
0

0

a
..

.

a

II

II

•

. 0

•

t
0
0
l
~

0

r

0

0

!)

0
l
0

a

0

0

l
1
0

0
0

0
l

l
l

\
0
2

•

l

\

0

2

D
0

2

I)

I

~

'4

t

l

2

1ft

11

u

1,

ti

51

7 IJ

13
0

:I

a

ti

45

~

D

'c

0

'4

I

0

0

2

1

0

':z

1
0

12

0

_

lD
.5
D

:1

14

~

1

D

0
3
t

0

2

0

0

0
5

0
0

~

!)

2

lP

0

D
Q

0

',

J

2

1

5

l

.

a

.e

•

"

IJ

0

•

2
l

1&

' ,.

4
0

:\

:H

7

4

14

s

1~

l

2

•

' " '

e

c

l

0

D

2

~
~

D

2

Q

0

5

)

2

I

0

2

'

0

7

~

5

!!

12

51

11

$%

21

~41

so

4

0

StO•S96, 402,

2D

1

28

9

404-42.t ONl.V

1.

4

0

-~

0

0

11

1

.o

0

2

11

•
u

•

.o

I

0

t

·•I

s

l

!
i.

0

0

l

0

1

•

J

1

•

s

l

0
I

0

u

•

l

l

·1·

a

l
I

\

,,• '• u•

·2

1

a

., '

4'

a

2

a

!J

•a

0
0
2
l
l

.,2

a

D

11

0

' !!'"

0

{I

1

............
14AUI

0

0
0

•·o" • ••'
•
l'

rel

Al\. .4Gf8

r

~

a

""'~I

TO ..l\L

l

0
!

0

••••••••••••••••••
l'"!M MAU: P'lt"

fllM WILi:

l

f!'A0!1

0'/I 07197

AND HM

5

,
4

,
62

0

i

l

1?

l

'

e

'

1

l
1

:s

s

0

l
G
IJ

I
0

J

l

H

~

1
2

s

2

D

6

l

I

I

•
~I

0
0
l
I

D

s

a
s
l

I
2

17

11

7t

0

0

i

1
21
2

I

• '•

1'
D

' .2.
0

It

0

a

1

'
'

'
'

1

z

t

~

0
2
D

u

\
l

l~

1

,0

5

!l.

It
4'

D

I

J

10

s
u

..
~

1

•

~u
i;

u

I

•

2~

'••

lZ

0

I
0

l
I

a

2
ct

l
1

).

II

0

u

0

2

s

'e

~t

!

t,

I

2

2

l

2

;ii

U2

:u

0

t

0
'll

~

0

G

0

17
l::!

a

0

t

•

t

0

~

Q

ii

1!

0

a

1J

lt

lS

a

u

18

7'

71

~1

6t

n

5e

.,

so

61

111\S~

!!It

:;~y-"Ac3-;;.;:----·---~·-------------~-·------•-------- ·-------------...:...-------·----/

TABLE 1 •. 0: HCK I NLE• COUNTY
ALL RACES/ETliN t: GROU.S
l "'i-96 SIJ'*'ARV CF DEATKS BY lEl\DHl<l CAL·SES,
AG::'., A~D SE)(
( ftV PLACE OF ~ESJDEN:E I

"""A3f •- 1 &-II

?38

1110-150
151
15:5

••••••••r
P"EH

a
»

D

15~

0
0

1!>5

D

0

0

0

0

0

0
0
0

D

0
0

0

0
0

0
0

0

')

r.

0

a

(I

0
0

0

0
D

0
0

0
0

a

0
0
0

1i

~

156-161

0

0
0
II

H,:C-ll>3

0

0

c:

u.:-1~'

0

0

!)

ll\5

(I

e

lN\
lM-20l!

0

I)

0
0

0

0

l

l ~':'- 2!J"

0

0

ins

250

0
0

0

c

~

0

45t-".l.:5t

0
0

441.:

0

0
0
0

I

~a•- ~n;
li~l-4413

2

1

t

0
'J
0

(I

(I

~

:l

11

57!..

0
0

0

e

\

4'J ... -4~'

e

ti
0
0
0
0

0
0
0
0
a

I)

D

0
0

so~-so~

0

0

4
0
0

74'-7!~•

~

~
I)
•)

:·· ~cro:: "12.r;
i

!
I

j
.

l if>3-77'
I

r.

a
u

610-az.s
82!.-149

800-94'1

~

I '5t-IJ5~

0

i 96D- 1H3
· OTHER

I
[

D
0
'I

c

D

e

1

1

a
c

0

2

I

n

D

0

0

0

0
0

1)
\)

0

a

0

t
0

0
0

0

0
0

fl

~

\

s

a

1
0

s

D
0

0

'

1

~

0

t

&

J

0

3

0
0

I)

II

4

~

u

'1

2'2

1

25

:s

e

11
1

l

0

D

Q

5
10

::!.!

!1

0
0
0
3

21
4

.\

lG

0

0
2
0

~

5

.s

t

a

4

s

D

0
2
D
1

0

Ii

'4

5

D

'

1

I

1

s

D

I

lllOT!Z:

!90-~2~

JN~Lt~ES ~9C-~9e1

(l

2

0

r.

0

l
0

'
2

40~·~2' ONl~

6

96

\15

j

12

'

HI

4
l
21

~

51
1'

s~

S2

1~2

6
93

7
0

20

2'4

10

28

4

~

0
20

. e

2l

~

\

li
0

~a

D
1

4
3S
JO

l~

56

27

1

0

1
l

7

0

~

I

•)

J

)

.s

II

s

J,

2?

l
30

2

l

s

~

6
l
g,
l
-~

'}

1

0

l!i
0
0

"

~

0

t;

0
D

l
0
D
I

11
0

0

2
0

1

0

2
0

..

2

z

l

l
l
1

•

s

a

'1

0
4

0

2
1

s

1 o.

5

2~
JO

0
D

~

14

Ii

I

a

0

2

~~

.,

1!

2

"

7 :s
47

s

0

Ila

l~D

!!,('l

24

'

'

(I

0

0

)

0

0

ll'

1

1&

9

26

l2

23

ia

l7

:n

119

liS

100

70

122

M

in

U9

7~

llS

6~:2

0

()

1

2

I

)

0
0

u

'Z0

:3

1

0
0

:2&

l!I

u

10

0

0
D

s

63

1

2
9

l

4

2l'·

0

0

0
0

l5

"2

l

s

2

4

11'

2

0

!U

39

D

a

."'

r.

8

s

7

2

2
2

l~

7

2

l

'

5

&

1~

1

l

4

s

2
2
2

3

0
2

s

15

5

3

i

0
l

s
s

11

9

1

1

5

0

6

~

5

l
2
2
!.
1

1

&

0

s

2

7
7

3

0

a

. r.

lS

s
'
•
'
's

~

0
4

'!. 'i

:s

3

l

23

D
4

!O

1
I

•

~~

G

a

a

2!

0
0
0
D

s

20

2

D
0

D

•

~l

0

0

0

2~

:.?

0

·3

s

l

5
2
0
D

0

,!!ft

~

c

2

\0

.5

0
'i
l

a

0

~021

2
0

9

~

1
3

0

s
:s

4

7

4
0

I

1.

0

' '

t

2

2

s

~EM 'HAtt

0
0
7

2
l!it

4

0

0

'
u"

~

a
l
c

1

18

)

1J
2

I)

l

s

1

0

2

0
12

4
0
5
l

0

7

8

I)

D

D
0

0

l
0
D

0
0
0
0
0

1

4
}

a

i

s

l

1

0
0

D

!\

0

I

J

1

t

0

.,

'2

0

0
2
0

D
1

~

0

2
l

'.!.
0
1
l

G

0
D

l

0
D
1

0

0

J
I>

D

1

0

s

2

0
0
l

0
0
0

0
l

0
0
0

0

0

t

0

a

0
0
0

8

()

·>

I)

2

0

l

D

HhLE.

0

0

'

P"r.H

D

0

e

"b\1.E

0
D

0

~

M/llE

0

0
0

0

/\LL~OES
11111!••••

2

0
i

1111•1111 1111•1111

••••••••• •••••••••
F[M MAll': FE.M >;A.LE l'EM
s

G
0

Q

TOTAL FOR

•••••~•••

0

0
0
0

:!

ALL
CAUSES

PAGE•

••••••••••~••••••••••••••••r•••••4•••••••••••••••••••••••••••••••••,•••••••••••••••••••••••••••~•••••••••••••
i:s
1 ~
s-·.~
15·~4
2!">-3'1
!'!5 .. ,4
ftS•.54
SS·6fi
~5-74
7!i·81i
35•

C'F ••••••••• ••••••••• •••••,••• •••1•1•1• ~•••r••••
Df!l\TH
MA;.[ f'fH MALE l"'l:H HAL~ FE.'1 Hf'.LE F~H Hi\L'! !"'EM ~!AC.I!:

r.AL~f

07 / 07 /97

--1

17

\I

:I

~5 I
520

I
I

TABLE 1.10
NEW MEXICO
RACEJETHNIC DISTRIBUTION BY COUNTY
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FIGURE 1.12
POPULATION DISTRIBUTION BY AGE
NEW MEXICO 1990 CENSUS
UNITED STATES 1990 CENSUS
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RACES HISPANIC HISPANIC

BLACK

INDIAN

OTHER

100.0%

100.0%

100.0%

25-34

9.1

15-24

15-44

100.0%

100.0%

5

8.5

6.5

10.1

10.7

12.6

5-14

16.6

13.3

19.6

19.0

22.2

17.6

5-14

15-24

14.6

12.1

16.9

17.5

18.2

16.6

<5

<

100.0%

25-34

16.9

16.2

17.6

19.0

17.2

21.3

35-44

15.0

16.5

13.6

13.7

12.3

17.8

45-54

9.7

11.2

8.3

7.3

7.3

B.4

55-64

B.0

9.7

6.6

6.0

4.9

5.8

65 ...

10.7

14.4.

7.3

6.S

5.3

3.4.

9.0

==::=!,

9.2

11.1

11 1

5.3
15

10

5

0

5

10

15

Percentage

At its 1996 level of 1,713,407 people, New Mexico,
the fifth largest state in land area, ranks 3 6th among
~he states in total population and is the sixth lowest
in population density.

?~ucentage distribution bv age group for various race/ethnic

groups based upon 199D Census adjusted counts (age, sex. racel.

INCOME
In 1996 New Mexico ranks forty-eight among the states
in per capita income. New Mexico's 1996 per capita personal income figure of S l 8, 770 was 23% lower than
the national figure of S24,23 I (Table I. l 2).

In the population pyramids, Figure l.12, the shift toward a younger age among New Mexico Hispanic, Black
and Indian is graphically evident.
IL

TABLE 1.12
PER CAPITA PERSONAL INCOME
NEW MEXICO AND UNITED STATES
1992- 1996

FIGURE 1.14
PER CAPITA PERSONAL INCOME
NEW MEXICO 1995
RANKING BY COUNTY
so

YEAR

NEW MEXICO
RANK
INCOME

UNITED
STATES

1996
1995
1994
1993
1992

S20.000

SJD.000

NEW MEXICO

CQUt:IIIES
LOS ALAMOS

48
47
48
46
48

$18770
$18158
$17079
$16485
$15693

$24231
$23196
$22045
$21223
$20582

S10.000

SANTAFE
BERNALILLO
UNION
SANDOVAL
LINCOLN
EDDY
LEA

SOURCE: U.S. Dept. of Commerce. Revised.

!;ti DALGO
CURRY

.•

'

Figure 1.13 gives a general idea of the variation of per
capita personal income throughout the nation by division based on 1996 data. Connecticut ranked highest
among the states with a per capita income of $33.189
followed by New Jersey. Massachusetts, New York.
and rounding off the top five - Delaware. The East South
Central was lowest of any region: Mississippi was the
lowest among the states, with a per capita personal income of $17 ,4 71. a level which New Mexico exceeded
by 7%.

SANJUAN

SIERRA
CHAVES
COLFAX
GRANT
VALENCIA
TAOS
QUAY
OTERO
DEBACA
DONA ANA

FIGURE 1.13
PER CAPITA INCOME 1996
BY DIVISION
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TABLE 1.13
PERCENTAGE OF PERSONS AT OR BELOW
POVERTY LEVEL
BY ETHNIC/RACE
NEW MEXICO AND UNITED STATES
1980 AND 1990 CENSUS

'--..l

U.S. O~. OF CCM"4EF.CE. BUP.E.•U OF ECONOMIC ANALYSIS

1995 data shows only two of New Mexico's counties
exceeded the national figure for per capita personal
income (Figure 1.14). Twenty-nine of the State's 33
counties registered a per capita personal income figure wh.ich was less than 75% of the national figure,
and for four counties the figure was less than half that
of the nation as a whole for that year.

ETHNIC/RACE

1979

1989

1979

13.1%

12.5%

20.6%

17.4%

VI/HITE

10.7

9.4

16.1

13.3

Spanish Origin

28.1

23.8

27.8

23.2

NA

NA

40.7

37.5

Black

31.9

30.2

27.8

29.3

Indian

NA

NA

46.0

40.2

Asian & Pacific

NA

13.9

17.2

23.7

All Other

According to the 1990 Census. 20.6% of the people in
New Mexico are at or below poverty level compared to
the national figure of 13.1%. The percentage of persons in New Mexico at or below the poverty level
is 57% greater than nationally (Table 1.13).

Islander

12

NEW MEXICO

1989
TOTAL POPULATION

Los Alamos County had the highest per capita income
in the State, which was 32% higher than nationally.
69% higher than the State figure, and 29% higher than
second ranking Santa Fe and 35% higher than third
ranking Bernalillo. the State's most populous county.
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Table I-1
MAP I-5)
Existing ura,nium Mines
(Coopiled April 1979).
(KEY' 'ID

Mine Nane

canpany

Mine Nama

17
19
24
33
30
30W
35
36
Church lbck #1
lbpe Mine
Flea D:>ris Extension
Johnny M & Johnny M
South Errl
Poison Canyon
Haystack
Ann Lee
Sarrlstone
Sec. 27
Church lbck IV
Sec. 25
Sec. 23
Sec. 15

25. Anacorrla (Arco)
26. Anacorrla (Arco)
27. Anacorrla (Arco)
28. Sohio Petroleun
29. United Nuclear
30. Ray Williams
31. Kerr-1\tGee
32. Col:b
33. Col:b
34. Q.tl.f
35. Col::b
36. Koppen
37. Kerr-1\tGee
38. 'lbdilto Exploration

P-7/10
Jackpile-Paguate
FW-2/3
JJ #1
St. Anth::my ~ Pit
Erv::>s Jotmson
Sec. 22
Sec. 12
West Ranch
Mariano lake
Sec. 14
Spencer Shaft
Rio Puerco (Q?erations Postµ:med)
Piedre Triste

CClnpany

1.
2.
3.
4.
5.
6.

~
w

.......

Kerr-fvt::Gee
Kerr-fvt::Gee
Kerr-fvt::Gee
Kerr-fvt::Gee
Kerr-fvt::Gee
Kerr-fvt::Gee .
7. Kerr-M:.'Gee
8. Kerr-M:.'Gee
9. Kerr-fvt::Gee
10 • Ranchers
11.

' 12.

l+1 Mining Crnpany

Ranchers

13. Reserve Oil
14. 'lbdilto Exploration
15. United Nuclear
16. United Nuclear
17. United Nuclear
18. United Nuclear
19. United Nuclear lbrestake
20. United Nuclear lbrestake
21. United Nuclear lbrestake
22. United Nuclear lbnestake
23. United Nuclear lbrestake
24. Western Nuclear

Sec.
~Sec.
Sec.
Sec.
Sec.
Sec.
Sec.

Sec. 13
Sec. 29 & 32
Ruby

#1

Existing Mills
M1.H_N~

_Cmpany

1.
2.
3.
4.
5.

Anacorrla
Kerr-M:Gee
Sohio Petroleum
United Nuclear
United Nuclear Harestake

Bluewater
Ambrosia lake
L-Bar

Sec. 2

~

.......
(I)

H

I

.......

Table IX-4

\

1977 Uranium Industry Employment in New Mexie'O
Exploration

,,

Geologists & Engineers
Drilling Services
!J:)gging Services
Aerial Services
Others (such as
surveyors arrl
draftsrren
Undergrourrl Miners
Undergrourrl Support
Open Pit Miners
Open Pit Support
Technical

260
1,902
1,608
352
306
380
263
453

Supervisory
Mill Operations
Maintenance

Source:

•

Milling

223
418
85
3

Other

Totals

Mining

989

5,264

71
161
121
362
306
1,021

New Mexico Energy and Minerals Dept. , 1979.

great many people woo are $8 and $10 miners. In other words, they can draw
about $8 or $10 an hour by \olOrking a reasonable amount, reasonably snart
aoo reasonably hard. 'Ibis puts them anywhere from $4 to $5 ahead of their
[non-miner] peers. If they start making $20 to $25 an hour they get so far
ahec:d of their peers they lose their peer group." (Ibid) The other said:
"A lot of the new canpanies coming into this area are not above trying
to pirate sane of your qualified people out from under you and I can't
blame them.
[New canpanies] · will find a lot rore stable diesel rrechanics
if they hire somebody fr an us that has been here for, say, 20 years ••• "
(Ibid).
Thus labor shortages, rather than union unrest, have been problems facing the iooustry prior to the recent downward trend. Possibly the greatest
problems facing the miner in the \olOrkplace are the threat of accidents and
health risks. Health risks were discussed in Chapter rv.
Accidents are
discussed briefly here.
Occupational Safety:
In 1974 mining was found second only to fire
fighting anon; the most dangerous occupations in the United States.
Seventy-one miners lost their lives for every 10,000 miners employed (3.8
per million man hours worked), in spite of a stringent mine safety program
enforced by MESA.

IX-7

Annual Resources Report
Energy and Minerals Department

•
•

Bruce King
Governor of New Mexico
Charles Turpen
Secretary of Energy and Minerals

Santa Fe 1982
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TABLE 73-URANIUM ORE AND CONCENIRATE PRODUCTION IN THE UNITED
STATES AND NEW MEXICO. Data on domestic production provided by the
U.S. Department of Energy. Detailed data·on New Mexico production
provided by the New Mexico Energy and Minerals Department. Percent
recovered from "other" includes mine-water, in situ and heap leach
recovery (data from U.S. Department of Energy, personal communi·
cation, June 1982; New Mexico Energy and Minerals Department).

iiiIT:..~

-Sut.o

""'"
5.4

J

TABLE 74-NEW MEXICO URANIUM MINES REPORTING PRODUcnON IN 1981.
Single asterisk = production supplemented by mine-water recovery;
double asterisk = in situ-leach pilot operation; triple asterisk = production from mine-water recovery only (data from New Mexico Energy
and Minerals Department).
MINE

a.s.

a '""'"'
6,510

6,055

155

6,210

32

4,JBO

4,175

180

4,J55

23

Gulf

Arixn&, CO.lara:b,

I.!

~.ut&ll,

NulUrqton

~

5,800

s.uo

hl.!!

8,675

~

TOt4I

14.S

16,590

15,660

J,580

19,240

100

Seccicn
30 - ·
section 33•
5ecticn JS•
Section 36
CttMqloint SCUth**

l1dlinley
Mdtinley
l1dlinley
Mdtinley
l1dlinley
McKinley
Hd(in!ey
Mdtinley
Hd(in!ey
McKinley
Hd(in!ey

1637-1766
1546
877-1033
640- 705
690- 750
656
701- 740
753
1186-1336
1418
2000

Wosboater
Westwater
Wesb<ater
Westwater
Westwater
West-.eter
Westwater
Wesboater
Wl!sb<ater
Westwater
Westwater

llqle
Jollnn:f H

Hd(inley
McKinley

950
1247

Westwater

Enm Jchnllcn

San Jllan

JJ No. l

Cibola

-Mariano
Ranch
Lake•

-.nt:Taylor
5ecticn lJ
5ection IS
Section 23•

Plorid.I, 'ft!lrml,

-

Section 25*

Section 32•

160
200
500
150
666.
350
350
510
JlOO

sso

Kerr-

} J,102,600

2,J67 ,580

5,470,180

-ot

COnCAinsf ~ o\YW&IJ9 t RBccM!rai
T'OtAl
..!!!....2-~ ~ ~ reaJVert

5,780

6,lBO

91.2

150

38

0.124

oeerating mil ls

Nufuels

lllST RX:K

419
651-783
642-801
596""'07

P-10
P-13
section 12
5ecticn 14

~

IEPnl !ft.!

Cibola
Cibola
Cilx>la
Cibola
Mdtinley
ldinley
Mdtinley
Hd(inley
Cibola
Hd(inley
Hcltinley
Hd(in!ey
Mdtinley
l1dlinley

w-.s

• ot

TOC&l

CIXJmY

Jackpile-Paquate

Cbm:h Rcclc No. l
Clurdl Rcclc No. l East
Section 17•
Section 19"
Section 24•
Section Jo•

Brushy Basin

llruahy Basin
Bl:uahy Ballin

llruahy Buin
Westwater
hl!stwater
Bl:uahy Baain
Br:uahy Ballin
llsboater
Wesboater
Westwater
-ter
. Wesboater
-boater

(Habil!

5,JJO

Ranctlers

11.a'f

Todilto

l'Ortal Entry Recapl:llm

Willians
• -~· • ~: •.:• ..:::·::·~ / .. ::.,:~.::-. i;,:"

:::,:· ··........:
500

;::

...

1000

t:!

~
~

::;

ISOO

-~rtt tf:mt ~r=:··~Y:'.~

"'~

;i;

:ii

Spider Reck

550

Brushy Basin

H1nirq

Spider Rcclc

Hd(inley

700

Westwater

Tcdilto

Haystack U.G.

McKinley

lJO

Tcdilto

650

westwater
Westwater
Westwater
Westwater

tee•••

United

Ann

NUclear

Sand.st.cne***
NE O'l1rCh. Rede*
Old Churdl Rcc1c

Hd(inley
McKinley
Hd<inley
McKinley

1700
645·

Rlby No. l
Ruby No. 2
Rlby No. 3

Hd(inley
Hcltinley
Hd(inley

360
360
320

900

B<uahy ea.in
Brushy Basin
Bl:uahy Baain

·:.:,
2000

e MINE
.. INING DISTRICTS

Z500

'//SMITH LAKE
. ·•·.•·LAGUNA
·.·.·,·.CHUf':CHROCK
-OLDER A.. 8ROSIA LAKEHAYSTACK
·,"::.".'NEWER AMBROSIA LAKECftOWNPOINT ·WT. TAYLOR

0.05

O.IO

O.IS

o.zo

AVERAGE ORE GRADE ,,,

0.2'

0.10

u,o.i

FIGURE 30-MINE DEPTH AND ORE GRADE DISTRIBUTION OF 1981 U,Q, PRODUcnON IN NEW MEXICO BY MINING DISTRICT (data from New Mexico
Energy and Minerals Department).

these mines, 38 mines reported production during l 98 l with
13 companies in operation. Table 74 lists all of the mines
which reported production in 1981. Of the 38 mines reporting production, 11 had ceased production by the end of
the year. As of July 1982, only 11 of the remaining 27 mines
were reported to be in operation. In addition, 7 mines were
on standby maintenance status as of mid-year 1982, with
no production operations reported. The Jackpile-Paguate mine,
the world's largest open pit uranium mine, ceased operations
in March of 1982.
The number of operators actively engaged in uranium
production by mid-year 1982 include Kerr-McGee, Homestake, Gulf Minerals, Nufuels (Mobil), and Ray Williams
Mining Company, with a total of only eleven mines. Tables
75 through 78 furnish details concerning mines closed and
mines still in production.

Of New Mexico's total reported production, 80 percent
came from underground mining; 18 percent from open-pit;
and 2 percent from mine water, in-situ, and heap leach
recovery.
Shallow deposits of uranium at depths less than 600 feet
contributed approximately 700 tons of U30 8 or nearly l l
percent to total 1981 state production. Most deposits within
this depth range, however, are nearly depleted of minable
ore reserves. The majority of production is, therefore, derived from ore mined below this level. For example, 25
percent or approximately r,600 tons of recovered uranium
was mined in the 600- to 800-feet depth range and 34 percent
or more than 2,100 tons from the 1,000- to 1,800-feet depth
range. A significant but smaller quantity of uranium is being
reported from deposits at depths in excess of 2,000 feet
where in situ leach recovery may be a significant contributor
to New Mexico uranium production in the future. Figure
· 32 shows the number of deposits reporting production during
1981 by depth and ore grade.
Further details of New Mexico production are shown in
table 73 and figure 33. A substantial quantity of all ore
processed in· 198 l was derived from stockpiled material
rather than from ore mined in the state. This is due primarily
to excessively high mine production costs, declining producible reserves, and the need to fulfill existing supply contracts in lieu of mine closures. In fact, of the total 5.5 million
tons of ore that were milled, over 40 percent (2.4 million
tons) was derived from stockpiles.

o7
TABLE 75-1981 PRODUCTIVE URANIUM MINES CLOSED IN NEW MEXICO AS
OF DECEMBER 31, 1981 (data from New Mexico Energy and Minerals
Department).

Hane stake

Hine

County

West Ranch

McKinley

Section 13

l't:Kinley
McKinley
l't:Kinley

Section 15
Section 32

Ranchers

Spider Fode
Todilto

Section 17

lit:Kinley

Secticn 24
Secticn 33

l't:Kinley
McKinley

~

l't:Kinley

JJ M:>.l

Cibola

Spider Rx:k

McKinley

Haystack

TAJ:!LE 77-PRODUCTIVE URANIUM MINES STILL IN PRODUcnON IN NEW MEX·
ICO AS OF JULY 16. 1982. Crownpoint South Pilot mine is an in situleach pilot operation (data from New Mexico Energy and Minerals Department).

Canpany

Mine

GUlf

Section

Coon~

Mount Taylor

24,

C:il:ola

Hanestake

Section 23

23,

HcKinley

~tGee

Clulrc:h Rock 1
Church Rock 1 East
section 19
Section 30
section 30 West
Section 35
Section 36

35,
36,
19,
30,
30,
35,
36,

McKinley
HcKinley
McKinley
l't:Kinley
McKinley
HcKinley
McKinley

Crownpoint Sooth Pilot

9,

HcKinley

Enos Johnson

9

San Juan

Nufuels
Ray Willians

Underground

l't:Kinley

TABLE 76-PRODUCTIVE URANIUM MINES CLOSED IN NEW MEXICO SINCE
JANUARY I, 1982 (data from New Me.xico Energy and Minerals Department).

TABLE 78-COMPARISON OF URANIUM PROPERTIES AND OPERATORS IN NEW
MEXICO. 1978 TO MID-1982 (data from New Mexico Energy and Minerals
Department).
Date

canpany

Q>unty

Mine

Jadcpile-

Paguate
W' 45
P-13
P-10

Cilxlla
Cilxlla
Cibola
Cilxlla

Section 12
Section 14

l't:Kinley
McKinley
I

Gulf

Mariano Lake

Harestake

Section 25

l't:Kinley

Johnny M

l't:Kinley

United Nuclear

lit:Kinley

Jinn Lee

l't:Kinley

NE Olurch Roclt

McKinley

saint l\nthaly
(Open

Pit)

Cil:ola

saint l\nthony

Western Nuclear

(~)

Cilxlla

Old On.u:ch Itx:k

l't:Kinley

Ruby 1

l't:Kinley
McKinley

Ruby 3
Ruby 2

McKinley

Milling
Table 79 lists licensed uranium mills in New Mexico in
1981. Total rated capacity for constructed mills amounted
to 20,000 tons of ore per day; however, orily 34 percent of
this capacity is currently being utilized. Total rated capacity
for licensed mills is the same as for 1980, 26,200 tons per
day. Table 80 lists recent New Mexico mill shutdowns,
which involve approximately 59 percent of the rated capacity of all the uranium mills which have been recently
shutdown in the United States. Table 81 lists the utilization
of mill capacity of New Mexico mills as of June 1982.

No. Of pccp!rties in pr:a!ll::tia1

No. of cperatDrs

1978

39

15

1979

40

11

1980

45

15

1981

38

l3

Hid-1982

11

5

These,two tables clearly indicate that New Mexico has experienced a disproportionately higher share since June 1981
of total domestic mill shutdowns and cutbacks.
In addition to the five operating uranium mills, two additional mills, the Bokum mill and the Gulf mill, are licensed
to operate but are not yet constructed. The Sohio-Reserve
mill at Seboyeta near Laguna was shut down in June 1981.
Anaconda processed the last shipment of ore at its Bluewater
mill in March 1982, and United Nuclear ceased its milling
operations at Church Rock in June 1982. As of mid-year
1982, only two New Mexico mills were in operation, KerrMcGee and Homestake, and these mills are on reduced
schedules.
Average mill recovery during 1981 in New Mexico was
91.2 percent of U30 8 contained in milled ores. The bulk of
New Mexico uranium ores can be milled through the acid
extraction process with only a small quantity that must be
treated by the carbonate leach method.

Mining and Milling Costs

for

According to DOE calculations
mining and milling
costs in New Mexico, underground mine operating costs
average $71.30 per ton of ore. or $28 .52 per pound of U309
(assuming each ton of ore mined contains 2.5 pounds of
U30s). Total mining costs, including royalties, taxes, and
other costs, average $100.10 per ton of ore or $40.04 per·pound of U30 8 • Milling costs average $5.30 per pound of
recovered U30 8 and in-situ recovery costs are approximately

/.)

160

beginning in 1984, foreign suppliers could conceivably capture about half of the domestic market by the 1990s.

150

Employment
Uranium industry employment in New Mexico continued
to decline during 1981 from earlier years as exploration and
development virtually ceased and mining and milling responded to the depressed domestic uranium market. Massive
layoffs at mines and mills occurred throughout the early
months of 1982 and entire exploration staffs were relocated
to areas outside of New Mexico.
Although the sharpest employment declines are in mining, all categories of employment show decreases. Figure
38 compares employµient in New Mexico uranium mining,
milling, and exploration/development from 1974 through
1981. A complete breakdown in all categories is not available for the years 1971 through 1974. As this figure indicates, however, mining and milling employment is at pre1976 levels, and exploration and development employment
is estimated to be at the lowest level since before 1974.
Table 85 shows employment in all reponed categories
and gives comparisons to U.S. totals. New Mexico uranium
mining employment of 3,398 represents about 38 percent
of total domestic uranium mining employment (9 ,009). Total state milling employment (821) is approximately 35 percent of total U.S. uranium milling employment (2,367).
Roughly one-third of the 1981 U.S. total of 13,676 employees involved in the uranium industry were employed in
New Mexico.
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FIGURE 37-UiO, ACTUAL AND DESIRED INVENTORIES HELD BY DOMESTIC
PRODUCERS. ELECTRIC UTILITIES, AND U.S. DEPARTMENT OF ENERGY AS OF
JANUARY 1, 1981 (data from Nuclear Exchange Corporation, Monthly
Report on the Uranium Market, December 1981).

Uranium production continues to be a significant source
of severance and resource excise tax revenues for the state
of New Mexico. Because the uranium mining and milling
industry is experiencing a recessionary cycle. however, rev-

TABLE 84-U30, SUPPLY/DEMAND BALANCE IN TilE UNITED STATES IN TilOUSANDS OF TONS. 1982-1990. Beginning inventories are Nuclear Exchange
Corporation estimates. Relative inventories for each year equal the number of years' forward consumption that could be supplied by that year's
beginning inventory (data from Nuclear Exchange Corporation).

1990

1983

1984

1985

1986

1987

Production
less

14.0

10.6

9.5

8.8

8.9

8.9

a.es

Consunption
plus

10.65

14.1

14.25

15.7

18.0

17.8

18.55

0.1

0.4

1.05

(0.15)

0.65

0.25

0.5

J.45

(3.1)

(3.7)

(7.05)

(8.45)

(8.65)

(9.2)

(10.4)

(10.85)

81.15

84.6

81.5

77.8

70.75

62.3

53.65

44.45

34.05

84.6

81.S

77.8

70.75

62.3

53.65

44.45

34.05

23.2

5.5

5.3

4.8

4.4

3.9

3.4

2.8

2.4

1.8

Net Dni;orts/ (Exports)

1988

1989

1982

8.15
19.l

0.55

7.45
18.85

0.55

equals

Supply S\llplus/(Deficit)
plus
Beg inning InventoJ:y

equals
I

En:iing InventoJ:y

Relative InventoJ:y
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FIGURE 38-EMPLOYMENT TRENDS IN URANIUM MINING. MILLING. AND EXPLORATION IN NEW MEXICO. 1974-1981 (data from U.S.
Department of Energy., 1976-1980; U.S. Department of Energy, personal communication, June 1982).

TABLE 85-EMPLOYMENT IN URANIUM MINING. MILLING. AND EXPLORATION
AND DEVELOPMENT lN NEW MEXICO COMPARED wrrn THE NATION. Employment data withheld for in situ and by-product activities in New Mexico
(data from U.S. Department of Energy, personal communication, June
1982).

~s

NM

Miner.s
Urdergi:t>lnd service and SJpport
In-situ and ~
Technical (en;iineer.1, geologists, et<:.)

1,349
1,029

1,53&
287
41.4

Suporvi.so%y

Oth!r (clerical, administrative, etc. l
TOta1 New lteo<:ico
'l'Oral u.s.

OS
(NI\)
(NA)

_fil

(NA)
(NA)

.!!!&_

3,398

Projections

9,009

Scenario Development

Hillinq

..

334
209
82
137

-22.
'l'Dtal New Mexico

TOta1

enues to the state in 1981 decreased by $5.6 million in
comparison to 1980 revenues. In addition, due to the state
of the industry in 1981, legislation was enacted during the
35th session of the New Mexico State Legislature to temporarily reduce the taxable value of severed µra.nium from
100 percent to 60 percent of the sales price per pound of
U3 0 8 through June 30, 1984. F,igure 39 compares severance
and resource excise tax revenues from 1975 through 1981.
Table 86 shows detailed severance, resource excise, and
conservation tax collections in New Mexico between 1976
and 1981.

~

821

o.s.

All Cauigori.es
<includ.!nJ <JeOlog ists, drillers,
~rs, en;iineers, technical and
acbinistrative support, clerical,
llUp!<Visory)

(NA)
(NI\)
(NI\)
(NA)

2,367

250

TOta1 U.S.

Total New Mexico Uraniun Indusuy
'l'otal U.S. Uranii>o Industry

4 ,469
13,676

To determine the future outlook for uranium development
in New Mexico, the Uranium Supply Model of the New
Mexico Energy Management Information System was utilized. This model provides an economic evaluation of uranium mine development and production. To perform this
function, the model initially estimates the start-up and subsequent operating costs for a new mine based on mine size,
ore grade, and depth characteristics of a given deposit. These
mining costs, which are adjusted to reflect a specified rate
of return (8 percent) and the applicable severance tax rate,
are used to calculate a minimum selling price. This minimum price required to profitably develop a given deposit
then relates to potentially recoverable quantities of uranium
within the model, yielding a supply schedule. From the
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NEW ME.:UCU Ui{A.'Hlii"l l"'V t:~TURY

MINE:

KM-Cl

Churchrock I mine1

COMPANY:

Kerr-McGee

LOCATION:

Tl7N; R16W; Sec. 35
McKinley County

DEPT"d:

1851' 8

CAPACITY:

WORKERS:

243

RECEIVING WATERS: Rio Puerco of the west
to Little Colorado

DISCHARGE RATE:

'1

;E:

On line 1975

5

-

- 280

8

2.16 MGD
4.6MGD

=

2404·Af/yr. 3

17

------------------------------------------WATER AND AIR QUALITY DATA: Water Discharge monitoring fronn EPA, 1975 2
I

l.

ischarge
Potable
Water

Ave.
Flow
MGD

MX

MN

x

MX

MN

x.

2.18

240

210

230
120

8.7

6.8

7.9
6.5

V mg/l
MN

x

CONT'D
'ischarge
.i:otable
Water

Gross Alpha
pCi/l

Se mg/l

Ra226
pCi/l

MX

MN

x

MX

0.01

0.01

0.01

0.9

0.7

Total U
mg/l
MX

MN

x

TSS
mg/l
MX NN

0.97

0.72

0.81

58

38

x
47

0.8

Effluent limitations for NPDES permit now in adjudication
SS mg/l
tal U mg/l
otal Ra226
pCi/l

Daily· Ave.

Daily.Max.

20 mg/I

30 mg/l
2 mg/l
3.3 pCi/l

N/A
N/A

----------------------~------~-----------~-

HISTORY AND DOCUMENTS:
-

NPDES permit application received by· EPA 7/14/74.

-

Assigned NPDES number:

-

Adjudicatory hearing requested 1/10/75.

NM 0020524, to be effective 1/28/75.

Adjudicatory hearing granted 8/23/75.

compiled by SOUTHWEST RESEARCH AND INFORMATION CENTER

NEW MEXICO URANIUM INVENTORY
MINE:

OPEN

3 UN-NC

Northeast Churchrock Mine

COMPANY:

United Nuclear

LOCATION:

Tl7N; Rl6W; Sec. 35

DEPTH:

1800 18

CAPACITY:

WORKERS:

375 5 - 549 8

RECEIVING WATERS: Unnamed arroyo
tributary to Rio Puerco of the West

DISCHARGE RATE:

.GE:

On line 1975

-·

2.016 MGD

----------------~-------------------------2

WATER

A..~

AIR QUALITY DATA:

, - n e Discharge
' Mine Potable
Water Supply
Mine Mobile
1ome Water
.upply

For 2/26/75-3/6/77 EPA Survey

Ave.
Flow
MGD

MX

MN

x

MX

MN

2.06

870

730

810
620·

27.3

19. 8 . 23.3
12.6

Gross Alpha
pCi/l

TSS mg/l

U mg/l

x.

MX

MN

x

MX

MN

x

7.6

6.5

7.2

71

33

50

39.7

1110

NPDES Limitation in Permit for
7 /1/77-1/27 /80

:;ONT'D

Se mg/l
MX

Mine Discharge
Mine Potable
Water Supply
·~·ne Mobile
·
ome Water
'.
Supply

Ra 226 pCi/.l

Va mg/l
MN

• MX

MN

0.06 <0.01

0.04
0.06
0.06

0.5

0.4

0.4

Daily Ave •
20
TSS-mg/l
N/A
Total TJ-nm/1
Dissolved
Radium226-pCi/l N/A

Daily Max.
30
2

3.3

· No Standard fbr .Se,Mo, Va

VENTILATION SHAFTS: 3· -l?
AIR DISCHARGE(cfm): 465,000 ·

.

------------~--------------------

HISTORY AND DOCUMENTS:

-NPDES application received by EPA-6/21/74
-Permit issued- Number NH 0020401
-Effective Date-1/23/75-0nly effective NPDES permit for a·uranium operation
in New Mexico

,,

compiled by SOUTHWEST RESEARCH AND INFORMATION CENTER

Southvvest Research and Information Center
P.O. Box 4524 Albuquerque, New Mexico 87106
NEW MEXICO URANIUM INVENTORY-REFERENCE LIST
1-State Planning Office,The Grants Uranium Belt,Santa Fe,fil1,1976
2-Environmental Protection Agency,Water Quality Impacts of Uranium Mining and
Milling Activities in the Grants Mineral Belt,New Mexico,EPA Regional VI,Dallas,
TX,September,1975
3-Charles Nylander,Assessment of the Adequacy of Selected Legal Controls on the
Quality of Effluent Discharged from Uranium Point Sources in the Grants Mineral
Belt, New Hex~co,Water Resources Management Program,Univeristy of Wisconsin,Madison,
Wisconsin, 1977. Mr. Nylander is on the Water Quality staff of the New Mexico
Environmental Improvement Agency.
4-Federal Energy Administration,New Mexico Uranium,1950-2000,FEA Region VI,Dallas,
TX, December,1976

•

5-New Mexico State Inspector of Mines,Sixty-Forth Annual Report(year ending 12/31/76)
Office of the State Inspector of Mines,Albuquerque,NM,April,1977
6-US Department of Interior,Status Report-Uranium Development on Federal and Indian
Lands,Northwest New Mexico,Department of Interior,Southi;.,es.t Region,Albuquer_que,fil1,
September, 1976
7-0ffice of the State Geologist,"Summary of Planned or In Progress Uranium
Developments," by Orin Anderson, Santa Fe, ~'M,June, 1977
8-Governor's Energy-Impact Task Force,Managing the Boom in Northwest New Mexico,
Energy Resources Board,Santa Fe,NM,September,1977
9-Phillips Petroleum Corp., "Discharge Plan for Section 31 Shaft Excavation,"
November 15,1977,in NMEIA Water Quality Division Files •

•

10-J. W. Schomisch, "Cro-r,.mpoint· Uranium Mine Faces Delay, "Gallup Independent,Gallup,
NM,December 15,1977

11-J.B. Cooper and E.C. Johns,Geology and Groundwater Occurance in Southeast
McKinley County,New Mexico,State Engineer'·s Technical Report 35,Santa Fe,NM,
1968
12-J.W. Schomisch,"Cleanup of Uranium Tailings Could Cost $125 Million," Gallup
Independent,Gallup,NM,January 4, 1978
13-Files of USGS Conse1:Vation

Division,Albuquerque~January,1978

14-Chapman,Wood,and Griswold,Geology of Grants Uranium Region (a set of three maps),
New Mexico Bureau of Mines and Mineral Resources Geologic Map 31,Socorro,NM,1977
15-Tennessee Valley Authority,Draft Environmental· Impact Statement-Dalton Pass
Uranium Mine,TVA-Chattanooga,TN,December,1977
.76-Files of the New Mexico Environmental Improvement Agency,Santa Fe,NM
· • -17-T .Buhl, Progress Report to the Legislature: Uranium Mine and Mill Tailings St11dy,.
Radiation Protection Secticn,Environmental Improvement Agency,Santa Fe,NM,
December 1, 1977

Mortality among Navajo
Uranium Miners

A:B ST RAC T

Roben J. Roscoe, MS, James A. Deddens; PhD, Alberto Sa/van, MD, PhD,
and Teresa M. Schnorr, PhD

Obfectives. To update mortality

•

risks for Navajo uranium miners, a
retrospective oohort mortality study

Introduction

was conducted of 757 Navajos from
the cohort of Colorado Plateau uranium miners.
Methods. Vital status w. followed from 1%0 to 1990. Standardized mortality ratios were estimated.
with combined New Mexia> and
Arizona non-White mortality rates
used for comparison. Cox regression
models were used to evaluate exposure-response relationships.
&subs. Elevated standardized
mortality ratios were found for Jung
cancer (3.3), tuberculosis (2.6), and
pneumoconioscs and other respiratory diseases (2.6). Lowered ratios
were found for heart disease (0.6),
circulatory disease (0.4), and liver
cirrhosis (0.5). The estimated rclaIM risk for a 5-ycar duration of
aposure vs none was 3.7 for lung
cancer, 2.1 for pncumoconioscs and
other respiratory diseases, and 2.0
for tuberculosis. The relative risk for
lung cancer was 6.9 for the midrange
of cumulative exposure to radon
progeny compared with the least

Radon progeny, both in the workplace and in the household, arc a continuing cause for concern because of the
well-established association between exposure to radon progeny and lung cancer.1-7
In addition to lung cancer, associations
have been suggested between exposure to
radon progeny and other cancers, including leukemia, non-Hodgkins lymphoma,
malignant melanoma, and kidney cancer,
in studies of uranium and other hard rock
miners in Canada, Sweden, Czechoslovakia, and the United States.8-11 In the
United States, excess mortality risks for
lung cancer, pneumoconioses and other
respiratory diseases, tuberculosis, and
chronic nephritis have been reported for
the heavy-smoking White uranium miners
of the Colorado Plateau study group.12-16
Studies among various populations of
Navajo uranium miners in the United
States have demonstrated excess mortality from lung cancer .17-19 The most recent
report on ·the Navajo uranium miners in
the Colorado Plateau study group, published in 1976, indicated significant excess
mortality from lung cancer and a trend
toward excess mortality from tuberculosis,
nonmalignant respiratory disease, and
unintentional injuries. 13 To provide updated information on lung cancer and
other mortality risks for these lightsmoking Navajo men exposed to radon
progeny, we have now updated and
reanalyzed the cohort mortality data on
the Navajo uranium miners from the
Colorado Plateau study group.

~-

Conclusions. Fmdings.werc consistent with those from previous
lludics. Twenty-three years after their
las! exposure to radon progeny, these
light-smoking Navajo miners continue to face excess mortality mies-'
from lung cancer and pnculJlOCOllio...
ICS and other respiratory diseases.
IAm J Public Hea/Jh. 1995;8S:S3SS40)

Methods
The cohort of Navajos was selected
from the Colorado Plateau study group of
4126 White and non-White men who

~ 1995, Vol. 85, No. 4

mined uranium on the Colorado Plateau.12 To be included in the group,
miners must have been examined in the
US Public Health Service medical surveys
conducted between 1950 and 1960 and
must have worked at least 1 month
underground in a uranium mine by January 1, 1964. Although the uranium miners'
pre-1954 participation rates in the medical surveys were Jm;.·, approximately 90%
of the miners in the areas visited by the
Public Health Service participated in the
1957 and 1%0 surveys. 12 Occupational,
medical, and smoking information was
obtained during the surveys and was
updated during subsequent annual censuses of the miners conducted by the
Public Health Service through the early
1970s.
The working level months of exposure to radon progeny were determined
by multiplying the working months (1
working month consists. of 170 hours)
spent underground by the working level of
the particular mine at that time. One
working level is equal to any combination
of radon progeny in 1 L of air that results
in the ultimate release of 1.3 x 1~ MeV
of potential alpha energy. Lundin et al 12
have descnbcd the four methods used to
estimate the working levels of radun
progeny in a given mine in a given year,
nie authors arc with the National Jnstitulc for
Occupational Safety and Health, Centers for
Disease Control and Prevention, Ci~-inna1i.
Ohio. James A. Dcddens is also with the
Department of Mathematical Sciences, University of Cincinnati. Alberto Salvan is also with
LADSEB, National Research Council, Padova,
Italy.
Requests for reprints should be sent 10
Robert J. Roscoe, MS, NIOSH R-21, Robert
A Taft Laboratories, 4676 Columbia Pkwy.
Cincinnati, OH 45226.
This paper was acccplcd December J,
1994.
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and Hornung and Meinhardt•~ have evalu·
ated the magnitude of error. In our life
table analysis, exposures, to radon progeny
were separated into four categories hav·
ing approximately the same number of
expected deaths. The lowest exposure
category (less than 120 working level
months) was chosen to coincide with
exposures that would be allowable under
the current limit of 4 working level
months per ycar7 over a 30-year career;
our other three categories were 120 to
400, 400 to 1000, and 1000 or - more
working level months.
Vital status was ascenained from
January 1, 1%0, through December 31,
1990, through the records of the Social
Security Administration, Internal Rev·
enue Service, National Death Index,
Health Care Financing Administration,
and Indian Health Service. Those whose
vital status·was unknown were considered
lost to follow-up on the date last observed.
Death ci:nificates were obtained and
coded by a qualified nosologist into the
apprqpriate revision of the lntemational
Classification of Diseases (ICD); the rules
in effect at the time of death were used in
coding. Deceased. individuals for whom
no cenificatc was located were assumed
dead on the date specified by the repon·
ing agency with the cause of death
unknown.

Life Table Analysis
A modified life table analysis system31.21 was used in analyzing the cohon.
Ttme since first exposure and duration of
exposure were calculated from the first
date of employment underground in a
uranium mine. Because we used state
mortality rates, initiated in 1960, as our
comparison. person-years at risk of dying
were also calculated from 1960. The
expected number of deaths was computed
by multiplying cause- and time-specific
mortality rates for non-Whites .in New
Mexico and Arizona by the corresponding
person-years distnbution in the study
population. Standardized monality ratios
rC:prcSc:nted the ratio of observed to
expected deaths.· The combined New
Mexico and Arizona .rates for qiortality
among non-White men (all except Whites
and Hispanics) were chosen as the comparison rates because Navajos, Zunis, and
other American Indians composed a
relatively large percentage of. the nonWhite population.22.ll
Direct standardization of ratcs,used
to calculate the standardized rate ratios
for lung cancer in Table 3, provided for
internal comparisons between the higher
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exposure categories (i.e., 120 to 400, 400
to 1000, and > 1000 working level months)
and the lowest exposure category ( < 120
working level months). Our procedure for
direct standardization calculated weighted
rates for each of the four exposure
categories; the age, race, sex. and calendar time stratum-specific sums of personycars across all exposure categories for
the entire cohort were used as weights.
The 95% confidence interval (CI) for the
standardized ralc ratio was calculated on
the basis of a Taylor series approximation
of the variance. 21
In calculating standardized monality
and standardized rate ratios by exposure
categories in Table 3, we lagged exposure
to radon progeny by 5 years under the
assumption that 5 years was a reasonable
estimate of a minimum induction period .
necessary before exposure could cause
discase. 21

Cat Regression Analysis
To account for simultaneous risk
factors for disease monality and to address problems associated with the choice
of a 1>PS5ibly inadequate external comparison group encountered in the life table
analyses, we performed a Cox regression
analysis24.2S of the entire Navajo cohon.
The disease-specific age at death was the
censored outcome variable. All comparisons were thus age adjusted. The analyses
were also stratified on categories of year
of birth (1883to1909,1910 to 1916, 1917
to 1923, 1924 to 1943). The timcdcpcndcnt regressors considered for inclusion in the models were cumulative
exposure, log aunulative exposure, duration of exposure. log duration; exposure
rate, log exposure rate, log cumulative
pack-months of smoking (all lagged S
years), time since first exposure, time
since last exposure, and smoking status
(yes/no), together with possible two-way
interactions. Log cumulative exposure
was taken to be the logarithm of cumulative exposure to radon progeny plus a
background of 0.4 working level months
per year of age.., Duration of exposure
was taken to be the number of months of
underground uranium mining. This variable included all mining exposures and
included but was not limited to radon
progeny. Exposure rate was taken to be
the ratio of cumulative exposure to .radon
progeny divided by months spent in
underground mining. Log cumulative
pack-months was the logarithm of cumulative pack-months of smoking plus a
background of .oos' packs per day. t5 We
considered log-linear models in the loga-

rithm of cumulative dose (lhesc models
are sometimes called "power" function
models), as follows:
h(t, dose)• ho(t~las<dooc+bodp\lncj),

where h(t, dose) and ho(t) arc the hazard
and baseline hazard functions, respcc·
lively. We also considered the linear
excess relative risk function
h(t, d<*) ""h0(t)(l

+ ~ dosc/100).

Plots of log cumulative hazards were used
to check the proportional hazards assumption within categories of year of birth. The
EPICURE:!& software package was used
to perform all Cox regression analyses.

Resu/Js
Of the 779 non-Whites in the Coler
rado Plateau study group, 3 were Black
and 1 was Asian; the remaining ns were
Navajos, including Hopi, Laguna, and
Comanche. Although we included Blacks.
Asian Americans, and other Native Ameri·
cans in our cohort, just as they were
included in the non-White state mortality
rates that we used for comparison, we
have called our study group a Navajo
'cohon because the vast majority were
Navajos. Twenty-two Navajo miners were
excluded because they did not meet the
cohon eligibility criteria. The charactcris·
tics of the remaining cohort of 757 Navajo
miners arc given in Table 1.
We reviewed all of the records on
smoking from the periodic surveys be·
tween 1950 and 1973 for the Navajo
miners. All records reviewed were avail·
able at the time of previous smoking
classifications.12. 13 We reviewed the records to correct all smoking classifications
without knowledge of disease status. This
reclassification caused a small differena:
between the smoking data in this report
and previous reports on the Navajo
miners.12.13 The reviSed smoking classifications arc reported in Table 1. All Navajo
miners reporting that they smoked pipes
or cigars also smoked cigarettes. The 38
Navajos who chewed tobacco or used ·
snuff with no other use of tobacco were
categorized as never having smoked.

Cohort Mortality
The 303 deaths observed are listed by
their underlying causes in Table 2, along
with the expected numbers of deaths and
standardized monality ratios. Heart, ciral·
latory, and digestive diseases (specifically
cirrhosis standardized mortality ra·
tio = 0.5, 95% CI= 0.2, o,7) were found
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TABLE 1-N1v1Jo Uranium Mine,..
Cohort,1980through
1990

TABLE 2-Mortallty In NavaJo Uranium Miners va Non-Whites In New Mexico and
Arizona: 1960 through 1990

Sample

ICD-SVital status, no. (%)
Alive
Deceased
Death certificate
No certificate
Unknown•
Totalb

Cause of Death
452 (59.7)
303 (40.0)
295 (97)
8 (3)
2 (0.3).
757 (100)

Smoking characteristics,
no.(%)

Never smokedC
Ex-smokers
< 1 pack/day Oight)
1 pack/day (moderate)
> 1 pack/day (heavy)
Missing information .
Total
'
Other characteristics,
mean (SD) ·
Year of birth
Year first employed
Age employed, y
Duration employed, y
Months of underground
uranium mining
Exposure from uranium
mining, working level
rnonthsd
Exposure rate, working
level rnonths/monthd
Exposure from other
mining, working level
months•
Age at end of study, y'
Years since first employment
Years since last employment

446 (58.9)
106 (1-4.0)
174 (23.0)

18 (2.4)
3(0.4)
10 (1.3)
757 (100)

1923 (10.7)
1953 (-4.2)
29 (9.7)
8.3 (5.6)
64 (49.8)
755 (847)
14.2 (26.1)
unknown

ID involve

1.3
1.7
0.8
1.0
0.7
0.-4
3.3

6
39
8

-4.6
8.3
9.6
-4.6
. 65.3
21.8

2.6
0.7
0.4
1.3
0.4

1.-4,4.6
0.3, 1.6
0.1, 1.1
0.5, 2.8
0.-4,0.8
0.2, 0.7

34
20

24.8
7.7

1.4
2.6

1.0, 1.9
1.6, -4.0

580-629

12
6

711-739
780-793,795

2
28

26.3
8.0
0.6
19.1

0.5
0.8
3.3
1.5

0.2, 0.8
0.3, 1.6
0.-4, 11.9
1.0, 2.1

E800-E949

57

57.9

1.0

0.7, 1.3

Suicide

E950-E959

Homicide
Other causes
All causes

E960-E978
Residual

8
6
13

Nonmalignant diseases
Tuberculosls
Diabetes rnellltus
Alcoholism
Nervous system
Heart
Circulatory
system
All respiratory
Pneumoconioses and
other respiratory diseases

23.4 (9.6)

Unintentional Injuries

lowered standardized mortality

l!tindardized mortality ratio = 0.0, 95%
Cl • 0.0, 2.8), non-Hodgkins lymphoma
1bndardized mortality ratio = 0.6, 95%
Cl • 0.01, 3.3), and melanoma (standardlltd monaJity ratio = 0.0, 95% CI = 0.0,
15.4). suspec1ed of being associated with
Qposure to radon progeny,s-11 were not

1-40-208
151
152-153
154
.
155-156
157
162

-42.2
-4.2
2.5
1.0
2.7
2.3
10.2
-4.5
1.2
0.7
4.5
3.7

Allcancera
Stomach
Intestine
Rectum
Liver
Pancreas
Lung
Prostate
.Kidney
Bladder
Unspecified
Lymphatic/
hematopoietlc

64 (8.4)
31.7 (9.0)

llltios. Kidney cancer (Table 2), leukemia
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Cancers

Digestive
Genitourinary
Musculoskeletal
Ill defined

'Persons with unknown vital status hid
person-years accumulated until last dale
Dbs81Ved.
'The number d person-years was 19 185.
'lnciudes 1Dbacco chewers and users of
snutl.
'Median exposure • 403 working llMll
months; median exposure rate • 9
11\J!king level months per month.
'Some NaVIJO uranium mines had Cllher
mining exposure, bul the working level
months data were not collected by
Public Health SeNice Investigators.
for persons alive or of unknown 1tatu11 on
December31, 1990. '

Code(s)

StandExact
No. of
No. of
ardlzed
95%
Observed Expected Mortality Confidence
Deaths
Deaths
Ratio
Interval

185
189.0-189.2
188, 189.3-189.9
194-199
200-208

001--018
250
303

32G-389
390-429

-415--417,
-430-459
460-519
470-478,
-494-519

5~579

All

56
7

2
1

2
1
34
1
1
1

3
3

12
6
4

303b

-4.9

12.4
10.6
325.5c

0~2

0.8
1.5

0.7
0.8

o,6

1.0, 1.7
0.7,3.-4
0:1, 2.9
0.02. 5.6
0.1,2.4
0.01, 2.4
2.3, -4.6
0.01, 1.2
0.02,4.7
0.04, 8.2
0.1, 2.0
0.2,2.-4

1.6

0.7,3.2

0.5
1.2

0.2, 1.0

0.9

0.8, 1.0

0.6,2.1

Note. IC0-9 - fntemstionaf Clllsslficalion of Diseases, 9lh edition.
'Some ICD-9 codes in broad ranges were excluded and fall under '"Other causes.'"
"Includes 6 deaths with missing dealh C811ificates.
"Includes 4.5 expected deaths for diseases not included In lhis table.

found to be in excess. Other diseases
associated with uranium mining, including chronic nephritis and renal sclerosis1 4
(standardized mortality ratio= 0.9, 95%
CI = 0.2, 2.5) and unintentional injuriesll.14 (Table 2), also were not found to
be in excess. Lung cancer, pneumoconioses and other respiratory diseases, and
tuberculosis, however, were found to be in
excess (Table 2); further analyses focus on
these three diseases.
For the 34 Navajos who died from
lung cancer (Table 2), (1) the mean age at

death was 53 years (range = 33 to 81
years), (2) the mean time since first
exposure to radon progeny was '21J.7 years
(range= 12.5 to 44.7 years), and (3) the
mean exposure to radon progeny was
1517 working level months (median= 1284workinglevelmonths),(range
-= 30 to 3896). Cigarette smoking status
for the 34 Navajos who died from lung
cancer was about the same as that
reported for the entire cohort of Navajo
miners (Table 1). Mortality risk ratios for
lung cancer !"e reported -in. Table 3 by
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TABLE 3-Lung Cancer Mortallty Risk Ratloa for Nava)o Uranium Miners, by
Cumulatlva Expoaure to Radon Progeny, 5-YHr Expoaure Lag, 1980
through 1990
Exposure to Radon Progeny from Uranium Mining,
Working Level Months

Observed/expected deaths•
Standardized mortality ratio
95% Cl
Standardized rate ratio
95'!1.CI
Cox estlmate11
95'!1.CI

<120

1~00

1 /2.20
0.4
0;01, .2.5
1.0

2/2.78
0.7
0.1, 2.6
1.4
0.1, 16.0
2.9
1.4, 4.8

1.0

400-1000

> 1000

Total

1012.36
4.2
2.0, 7.8
6.3
1.1, 65.2
6.9
2.3. 13.0

2112.85
7.4
4:6, 11.3
24.1
3.0. > 100
18.9
4:9, 37.7

3"110.19
3.3
2.3,4.6
8.4
1.2, 61.8

No. of person-years

4349
4438
5269
4336
18 392"
Median working ;evel months0 48 (148) 232 (228) 624 (175) 1810 (206) 403
(no. who did not progress)

"Observed deaths/expected deaths, Arizona and New Mexico non-Whites.
"Cox linear excess relative risk estimates as compared with the exposure category of less than 120
worlling level months.
<F°Mt-year exposure lag contained 793 person-years, no observed deaths, and 0.05 expected
deaths, placed in !he unexposed category.
"Median exposure from uranium mining !or miners who did not progress ID a higher category of
exposu,..

cumulative exposure to radon progeny.
No deaths from lung cancer were observed among Navajos within 10 years of
their first exposure to radon progeny. '

Cox Regression Anaryses

•

Lung cancer. For lung cancer, we
considered both log-linear relative risk
models and linear excess relative risk Cox
regression models. The log-linear relative
risk model using duration of exposure
yielded the best fit. Increased duration of
exposure was strongly related to increased ·
riskoflungcancermortality(~ = 0.2611,
SE= 0.0383, P < .<XX>l). The estimated
relative risk for a 5-year duration of
exposure vs nonexposure was 3.7 (95%
a.,. 2.5, 5.4). When duration of eiq»sure was included in the log-linear model;
no other variables added significantly to
the model fit. Increased log cumulative
exposure to radon progeny was also
strongly related to increased mortality
fipm lung can~r in the log-linear model
(~ = 0.9838, SE= 0.1902, P < .<XX>l).
With log cumulative exposure-'to radon
progeny in the log-linear model, time
since last exposure and exposure rate,
when considered separately, added significantly to the model fit. For linear excess
relative risk models, cumulative exposure
to radon progeny was the best predictor
variable, while time since last exposure
added significantly to the model fit.
In order to use the Cox regression
results to obtain estimates of relative risk·

comparable to the standardized rate ratios included in Table 3, we estimated the
risk of each category relative to the same
internal comparison group (exposure of
less than 120 working level months) using
the median exposure levels in the categories. For example, the linear excess rela. tive risk model
= 1.986) revealed that
the estimated relative risk for the 400 to
l<XX> working level month category vs the
less than 120 category was 6.9 (95%
CI = 23, 13.0) (Table 3). A likelihoodbased approach was used to obtain the
confidence interval because of the unreliable standard errors in the linear excess
relative risk model.
In the log-linear model including log
cumulative exposure and time since last
exposure, log cumulative exeosure was
positively related to mortality (P = 0.9271,
SE = 0.1992, P = .<XX>l), while time since.
last exposure was negatively related to
mortality
= -0.0984, SE = 0;0384,
p = .008)
over p indicates a model
estimate). The estimated relative risk for
400 working level months relative to no
exposure was 9.0 (95% a= 4.6, 41.7).
The estimated relative risk at 10 years
since last exposure vs 0 years was 0.37
(95% a= 0.18, 0.79). In the log-linear
model including log cumulative exposure,
rate of exposure to radon progeny was
negatively related· to mortality
=
-0.0671, SE = 0:0269, P = .001). The
estimated relative risk due to an increase
in the rate of 10 working levels was 0.51

(P

{P

r

(P

(95% CI • 0.30, 0.87). No other variables
contributed significantly to model fit when
log cumulative exposure to radon progcll\'
was included in the log-linear model. Th~
was particularly true of all smoking van.
ables and of all two·way interaction tcmu.,

i'Mumoconiose.s and tubtrculosis. In·
creased mortality due to pneumoconi~
and other respiratory diseases (P ... CXJI)
and to tuberculosis (P "' .01) was al!ll '
significantly related to duration or e~po.
sure in the log-linear relative risk and
linear excess risk Cox regression analyses.
For the log-linear model, the cocfficient5
of duration of exposure were .1519
(SE• .0441) for pneumoconioses a'nd
other respiratory diseases and .1426
(SE = .0658) for tuberculosis. Hence, the
estimated relative risks for a 5-ycar duration of employment in underground uranium mining vs no such employment were
2.1 (95% CI = 1.4, 3.3) for pneumoconioscs and other respiratory diseases and !O
(95% CI = 1.1, 3.9) for tuberculosis. No
other variables contributed significantly to
the model fit for these causes.
· Morta/ily ovu calendar ~ The
standardized mortality ratio analysis
showed that the lung cancer rate in·
creased over time from 2.4 (95% Cl = 0.6.
6.5) in the 1960s to 3.6 (95% a =:?.!
5.5) in the 1980s. The rate of pneum1Xonioses and other respiratory disea~
increased as well, from 1.5 (95% Cl = 0.1.
7.2) in the 1960s to .2.9 (95% Cl = 1..i.
4.5) in the 1980s. When the effec;ts of
duration of exposure and cumulative
exposure to radon progeny over calendar
time were controlled in the Cox analysis.
the results indicated that exposure was
the primary factor in the observed risk
trend.
-

Discussion
~eccnt analyses oflung cancer among
the Colorado Plateau study group have
focused on the White miners. w.14-~ This
is the first analysis since 1976 of mortality
among the Navajo uranium miners in the
Colorado Plateau study group. In this
analysis, we extended vital statu5 fol·
low-up (17 years) through 1990, ~
risk by cumulative exposure to radon
progeny and by duration of exposure ID
underground uranium mining. reviewed
smoking status, and provided rate ratios
using both an external and an internal
comparison group. We found (1) elevated
standardized mortality ratios for lung
cancer (3.3, 95% a = 23, 4.6), pneu~
conic>ses and other respiratory di.Scascs
(2.6, 95% a = 1.6, 4.0), and tuberculosis
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(2.6. 95% CJ - 1.4, 4.6); (2) trends or
increasing risk with increasing duration of
exposure to uranium mining and with
increasing cumulative exposure to radon
progeny for lung cancer, pncumoamioscs
and other respiratory diseases, and tuberculosis; and (3) a relative risk of 6.9 (95%
Cl • 2.3, 13.0) for lung cancer among
those exposed to the midrange of 400 to
llXXJ workin'g level months.
Prior to our study, the most recent
investigation of the Navajo uranium miner.; in the Colorado Plateau study group
had been conducted by Archer ct aJ.13
with mortality follow-up through 1973.
When we extended that follow-up by 17
years and used the same external comparison population for our standardized mortality ratio estimates, we found that
overall mortality risk patterns had not
changed. For mortality from all causes,
lung cancer, nonmalignant respiratory
disease, tuberculosis, and unintentional
injuries, our standardized mortality ratio
findings were similar to Archer's. Our
analysis revealed that standardizcd mortality ratios for lung cancer and pncurnoc:onioscs and other respiratory diseases
appeared to continue to increase over
time and remained elevated over the
period 1980 to 1990. It seems clear that
both lung cancer and pncumoconioscs
and other respiratory diseases continue to
be elevated among this cohort of vcry-lightsmoking Navajos an average of 23 years
lincc their last exposure to radon progeny.
However, the results of the Cox analysis ·
indicated that exposure was the primary
factor in the observed risk trend
For lung cancer, our standardized
monality ratio of 33 (95% a = 2.3, 4.6)
'-as lower than the ratio of 4.2 (95%
a = ll, 7.6) estimated for Navajos by
."1tlter ct aJ.13 and the ratio of 4.8 (95%
a = 4.2, 5.6) estimated for White uraniwn miners by Waxwciler ct al.1 4 Using
Cox regression, we estimated a relative
risk of 6.9 (95% CJ= 2.3, 13.0) fo[ those
aposcd to the midrange of 400 to ·1000
•<ning level months in comparison with
:llOSC exposed to less than 120 working
bel months; using an internal compari"111 in our life table analysis, we csiimated
• standardized rate ratio of 8.4 (95%
a= 1.2, 61.8) for the same comparison
Table 3). Our estimates of lung cancer
:ilk using internal comparisons arc prob~ better indications of the true risk
Olio.
C.Omparison of the Cox regression
.nalysis of lung c:anur in the present
~"ajo study with the previous Cox
':Pcssion analysis of the White uranium

1..,...:1 '""'~ . . . .

,,. •

.. •
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mincrs15 revealed that increased exposure
to radon progeny was strongly associated
with increased risk of death due to lung ·
cancer in both studies. The power function model was used in both studies, and
similar coefficients were obtained for
White and Navajo miners. In the Navajo
study, duration of exposure was a better
predictor than logged cumulative exposure to radon progeny (possibly as a result
of measurement error in exposure). Jn the
study of the White miners, cumulative
exposure was a better predictor of Jung
cancer than duration of exposure (R. W.
Hornung. J. A Deddens, and R. J.
Roscoe, written communication, 1993). ln
the Navajo study, the log-linear model in
log cumulative exposure and the linear
model in cumulative exposure both fit the
data equally well (both had the same
deviances), yielding estimated relative
risks of 13.8 and 9.0 for 400 working level
months relative to no exposure, respectively. Log cumulative pack-months of
cigarette smoking was strongly associated
with increased risk of death due to lung
cancer in the White miners study but not
in the present Navajo study, possibly
because the Navajos smoked considerably
less than their White counterparts. or the
Navajos, 58.9% had never smoked (Table
1), in comparison with about 18% of the
White miners; moreover, among the Navajo miners categorized as light smokers,
many were very light smokers (about 75%
smoked five or fewer cigarettes per day).
In both the Navajo and White studies,
exposure rate and time since last exposure
showed a negative association with risk. of
death due to Jung cancer.
.For all nonmalignant respiratory disease, Our standardized mortality ratio of
1.4 (95% a = 1.0, 1.9) was similar to the
ratio of 1.3 (95% a = 05, 1.8) for
Navajos estimated by Archer ct aJ.13 and
lower than the ratio of 3.2 (95% a = 2.6,
3.9) for White uranium miners estimated
by Waxwcilcr ct al. 14 Differences in
smoking habits are probably the explanation for the difference in standardized
mortality ratios for Navajos and Whites.
The excess mortality in our cohort was
mainly due to pneumoconioscs and other
chronic respiratory diseases. Silica and
other mining exposures, rather than radon progeny, arc the likely explanations
for the.increased risk.
Our estimate of tuberculosis mortality (standardized mortality ratio = 2.6,
95% a = 1.4, 4.6) was similar to the
mortality ratio for Navajos estimated by
Archer ct al.13 (2.2, 95% a =0.9, 4.3)
and lower than that for White uranium

miners estimated by Waxwciler el al. ' 4
(4.1, 95% Cl • 2.2. 6.9). Silicosis and
silicotuberculosis were mentioned on 4 of
the 12 death certificates, indicating that
silica; rather than radon progeny, is the
likely explanation for the increased risk.
Associations have been suggested
between exposure to radon progeny and
other cancers, including leukemia, nonHodgkins lymphoma, malignant melanoma, and kidney canccr.s-11 We did not
observe elevated mortality from lbcse
cancers. This result is consistent with the
findings of Darby ct al. 27
An important factor that could affect
the standardized mortality ratios in our
life table analysis is the choice of mortality
rates to be used for comparison. The
mortality pattern for male American
Indians in the Southwest is quite different
from that of US White or non-White men.
While rates of death due to tuberculosis,
injuries, alcoholism, and diabetes are
higher among American Indians, rates of
death from ischernic heart disease, cancer
(particularly lung cancer), and respiratory
disease arc lowcr.:lS.29 The deficits in heart
and lung disease arc thought to be due, in
large part, to a Jew prevalence of cigarette
smoking among American Indians.28 We
chose the non-White mortality rates for
New Mexico and Arizona as the comparison because no national mortality rates
for American Indians were available and
because the non-White population in
these two states included a relatively high
percentage of American Indians. However, because the non-White comparison
rates include other races that have mortality patterns different from that of the
Navajo, some standardized mortality ratios in this study may have been biased.
Potentially compounding any bias were
the changing percentages of American
Indians among the non-Whites in the two
states over the period of the study. To
address this problem, we perfonned Cox
regression analyses to provide for internal
comparisons.
In conclusion, we found excess mortality for lung cancer, pneumoconioses
and other respiratory diseases, and tuberculosis for Navajo uranium miners. In·
creasing duration of exposure to underground uranium mining was associated
with increased mortality risk for all three
diseases. Increasing cumulative exposure
to radon progeny, decreasing exposure
rate, and decreasing time since last exposure to radon progeny were associated
with increased mortality risk for lung
cancer. The pattern of risk ratios among
the light-smoking Navajo uranium miners

Roscoe el al.

was consistent with the risk ratios round in
the previous analyses or Navajo and
heavy-smoking White uranium miners.
The most important long-tenn mortality
risks for the Navajo uranium miners
continue to be lung cancer and pneumoconioscs and other nonmalignant respiratory diseases. 0
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btnruc Uttterences in the Prevalence of
Nonmalignant Respiratory Disease
among Uranium Miners

:. .

A. B S T R A C T
Objectives. This study (1) investigates the relationship of nonmalignant respiratory disease to underground uranium mining and to
cigarette smoking in Native American, Hispanic, and non-Hispanic
White miners in the Southwest and
(2) evaluates the criteria for compensation of ethnic minorities.
Methods. Risk for mining-related lung disease was analyzed by
stratified analysis, multiple linear
regression, and logistic regression
with data OD 1359 miners.
Results_ Uranium mining is more
strongly associated with obstructive
lung disease and radiographic pnuemoconiosis in Nati·1i: Ar.iericans than
in Hispanic:; =~tt !loo-Hispanic
Whites. Ooc<:- ·• .. '~ lung disease in
Hispanic .;f • 11-Hispanic White
miners .is ! ..cs:_'; ""::ated to cigarette
smoking. ~Mnt compensation aitcria excluded J:4% of Native Americans who, by ethnic-specific standards. had restrictive lung disease
and 4.8% who bad obstructive lung
disease. Native Americans have the
highest prevalence of radiographic
pncumoconiosis, but are less likely to
meet spuometry criteria for compensation.
.
Conclusions. Native American
miners have more noomalignaot respiratory disease from undCl&fOUDd
uranium mining, and less disease
from smoking, than the other groups.
but are less likely to tceeive compen- ·· ·
sation for mining-related disease.
(Am J Public Heabh. 1997;87:833838)
: ... . ·' .
~

>.S

Douglas W. Mapel, MD. MPH, David B. Coultas, MD, David S. James, MD.
William C. Hunt, MA. Christine A. Stidley, PhD, and Frank D. Gilliland, MD,
PhD .

lnlroduction
Jn addition to its well-known association wilh lung cancer, uranium mining is
associared with an increased risk of
nonmalignant respiratory diseases. 1 The
atmosphere of uranium mines may contain high concentrations of silica dust.
radon. and diesel fumes; in addition,
non-Hispanic White miners arc known to
have high rates oflobacco use. 1Studies of
uranium miners in the Colorado Plateau
have found excess mortality from pnewn~
coniosis and other respiratory diseases in
non-Hispanic White and Native American
mincn.2.l These studies have suggested
differm:cs in the rates of nonmalignant
respiratory disease among non-Hispanic
White and Native American uranium
miners. although the relative contribution
of cigarette smoking and mining exposure
in each group has not been addressed.
Uranium mines in New Mexico and
the Colorado Plateau were responsible for
the majority of the US uranium production during the Cold War.' Many of the
earliest mines in this area. known as "dog
holes,.. were infamous for their lac.IC cf
ventilation and poor working conditions.
Non-Hispanic Whites, Hispanics. and Native Americans from the region were recruik:d to work in the mines, which were
often located on Native American reservations.~183-202> It has been alleged that
uranitDD mining is an example of ''enviroruoental (m)justice," wherein certain
racial and economically disadvantaged
groups incur an undue burden of illness
from hazardous exposures.~l83--'202>.6-8
Jn 1990, the Congress ofthe United
States passed the Radiation Exposure
Compensation Act (RECA) to atone for
illness sustained by these miners in an

industry considered vital to the national
defense.9 RECA specifies that to receive
compensation for a nonmalignant respiratory disease. a miner must have the
following: (I) a forced expiratory volume
in l second (FEV 1) or forced vital
capacity (FVC) less than 75% of what is
predicted by the Knudsen 1983 fonnula. 10
(2) a chest radiograph demonstrating at
least a IJO profusion score by the International Labor Organization rating system,
and (3) proof of 200 working-level
months of underground mining exposure
if a nonsmoker, or 500 working-level
months if a smoker. Although it is
accepted practice to use ethnic-specific
prediction equations whenever they are
available, 11 RECA uses the Knudsen
fonnula. based on non-Hispanic White
oonminers, as the standard for all miners.
Since 1989, the New Mexico Miners' Outteach Program has offered free
screening for mining-related diseases to
active and retired miners in the southwestern United States. This paper describes the
results from this program and addresses
the following questions: (I) Have Native
American miners incurred a higher prevalence of nonmalignant respiratory disease
associat.ed with underground uranium
mining than non-Hispanic White or Hispanic miners? (2) How does the use of

The authors ~ with lhe Epidemiology and
CancerCootld Division, The Univasity of New

Mexico He-allb Sciences Center. AlbuqllCfque.
Rcqucsu for reprints should be sent to
Douglas W. Mapel, MD. MPH. Epidemiology
and Cancer Cootrol Office. The Univemty of
New Mexico Health Sciences Center, 900
Cimino de SaJud NE,Albuqueiquc. NM 871315306.
.
This paper was acccpccd August 6. 1996.
Editor'• Note: Sec rclared C:Ommenl by
NOlthridgc and Shepard (p 730) in this issue.
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impainnent criteria based solely on 'Pirometric prediction equations for nonHispanic Whiles affect Native American
and Hispanic miners?

Methods

!I

The New Mexico Miners' Outreach
Program is conducted by Miners' Colfax
Medical Center in Raton. NM. in collaboration wilh pulmonary physicians from
the University of New Mexico Health
Sciences Center. The program is designed
to detect mining-related diseases in persons who have worked in mines of any
type. Any self-identified current or fonner
miner is eligible for free health screening.
Panicipanls arc examined at lhe Miners·
Colfax Medical Center or in a mobile
clinic lhat periodically visits mining communities in New Mexico and south central
Colorado.
Miners are recruited through mining
unions. physician referrals. and notices in
newspapers and on radio. The health
screening is composed of a standardized
medical questionnaire administered by a
trained interviewer. a posterior-anterior
chest radiograph interpreted by a cenified
"B" reader who is not aware of the
clinical history. and spirometry perfonned
according to American Thoracic Society
guidelines by a cenified respiratory therapisL 11 From the inauguration of the clinic
on December 5, 1989. through May 18.
1995. a total of 2964 miners were
screened. 1809 of whom repon having
worked in a uranium mine. Fifty miners
who were missing chest-radiograph or
pulmonary function data were excluded:
253 miners who worked less than 3 years
in uranium mining were excluded. because this is lhe minimum time needed to
accumulate the working-level months of
radon exposure required by the RECA. Of
the 1506 remaining. 23 females: 17
persons reponing an ethnic background
.,L".Cr than non-Hispanic White. Hispanic.
or Native American: and 107 persons who
were missing data on total years of
uranium mining. pack-years of smoking.
or physiometric data were excluded. The
remaining 1359 persons were included in
our analysis.
Definitions of obstructive and restrictive lung disease and pneumoconiosis are
based on the RECA criteria. Obstruction
is defined as an FEV 1 less than 75% of
what is predicted by the Knudsen formula.10 with an FEV 1/FVC ratio below
70%. Restriction is defined as an FVC less
than 75% of what is predicted by the
Knudsen formula, 10 with an FEV ifFVC
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ratioabove 70'*-. Radiographic pneumoconiosis is defined as a profusion of 1/0 or
grearcr as read by a certified "B" reader
using the International Labor Organization classification system. Pack-years were
calculated by dividing the average number of cigarettes the miner used per day
over his lifetime by 20. and then multiplying by !he total number of years he
smoked.
Multivariate models for obstructive
lung disease. radiographic pncumoconiosis. and FEY 1 were developed by ethnic
group to look for evidence of effect
modification on the basis of ethnicity.
Analysis of factors associated with restrictive disease was limited by the small
number of miners meeting the restrictive
disease definition. Univariate analysis
was used to identify important factors to
be included in the models. Uranium
mincss who worked exclusively underground had a higher risk of obstructive
lung disease and radiographic pneumoconiosis than those with any above-ground
experience. so above-ground uranium
mining was included in the nonunderground uranium-mining category. Stepwise regression was used to arrive at the
most parsimonious models. with covariates eliminated if they were nonsignificant
(P > .05). Underground uranium mining
was raained in all models as the exposure
of interesL. Pack-years of cigarette smoking and mining other than underground
uranium mining were also retained in all
models as important confolllldcrs.
All data were stored and processed
-using SAS applications programming. 12
Demographic data were analyzed by
one-way analysis of variance using the
SAS GLM procedure. with differences
between groups tested with the use of a
Scheffe test for the difference between
means at a .05 significance level. Differences in the proportions of spirometric
and radiographic abnormalities among
ethnic gruups were W..ted with exact
procedures.'3 Multiple linear regression
and logistic regression models were calculated with the GLM and LOGISTIC
procedures in SAS. Differences in the
coefficient estimates between ethnic
groups were tested using the Student's I
test for the difference between independent means, with a P value of .05 or less
designated as significant
To find the effect of using compensation criteria based on non-Hispanic Whites
for Hispanic and Native American miners,
spirometric prediction equations based on
Hispanic adult men from New Mexico
and Native American adult men from

Utah were selected as the reference
standardi. for these two groups. 14•13 The
number of Hispanic and Native American
uranium miners in our survey disqualified
for compensation by the RECA was
calculated through a comparison of ( 1) the
number with FEY 1or FVC less than 75%
of what is predicted by the Knudsen
equation with (2) the number with less
than 75% as predicted by the appropriate
ethnic-specific equation.

Results
Of the 1359 miners in this study, the
majority were Native American (63.4% ).
The Native American group was significantly older than the Hispanic and nonHispanic White groups (Table 1). The
non-Hispanic White group was significantly taller and heavier than the other
two groups; however. there was no
significant difference in the body mass
index among the three groups.
The proponions of miners who were
smokers, exsmokers, or nonsmokers varied dramatically among the three ethnic
groups. Of Native American miners in the
study, 72.9% reponed never smoking
cigarettes. compared with 22.2% of
non-Hispanic Whites and 34.6% o( Hispanics. Of the miners who were current
or previous cigarette smokers. the mean
pack-years of cigarette use also varied significantly among the three ethnic groups.
Native Americans who bad ever used
cigarettes smoked an average of only 6.4
cigarettes per day. while non-Hispanic
White and Hispanic smokers averaged
20.5 and 14.3 cigarettes per day, respectively.
Mining experience also varied significantly among the three ethnic groups
(fable 1). Native Americans in our survey
were more likely to have worked only in
underground uranium mining, as opposed
to working above ground at an underground mine or at a surface or ''open ·1>i1
mine. The Native Americans in our survey were also more likdy to have engaged only in uranium mining, while
non-Hispanic Whites and Hispanics often
worked in several different types of
mines. Metal mining was the most common other type of mining engaged in by
the non-Hispanic Whites and Hispanics in
our survey; in New Mexico, this includes
underground molybdenum and open-pit
copper mining. Coal mining was the most
common other type of mining engaged in
by the Native Americans in our survey; in
New Mexico, coal mining is .usually
open-pit mining.
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. . The prevalence of spirometric and
radiographic abnormalities by ethnic group
was tabulated with !he RECA definitions
(Table I). The non-Hispanic WhiteS had a
significantly higher proportion with obstructive lung disease (P < .001), while
the .Native Americans bad 1 higher
proportion with restrictive lufli disease
(P < .OS). The non-Hispanic White and
the Native American groups did not differ
in the prevalence of radiographic pneumoconiosis despite the significantly lower
average lifetime mining exposure of
Native Americans.
Risk factors for obstructive lung
disease in our study were, overall. underground uranium mining, other types of
mining. cigarette smoking. and advanced
age (Table 2). Height. weight. and working exclusively above ground did not
significantly. affect risk for obstructive
lung
The adjusted odds ratio for
underground uranium mining exposure is
ifC31Cr in the Native American group than
in the ochers, and significantly higher than
for the Hispa.ntc group. Although mining
experience in ··other mines was also
associarcd with an increased risk of
obstructive lung disease in the overall
model the adjusted odds ratios for the
individual groups were highly variable
and ROI significantly different Cigarette
smoking was also significant only in the
overall model. The adjusted odds ratias
for age were lower in the Native American
group lhan the other groups. This age
effect could be due to residual confounding from smoking. because of inaccuracies in es ]mation of pack-years and
because o•· lhe positive correlation in
non-Hisp.mic White and Hispanic miners
be~een pacl<:-ye~ and age.
.Underground uranium mining was
associared with a statistically sigriificant
rmuctioo in FEV1 ooly in the Native
American group (l"able 3). The FEV 1
decreased by an estima1cd 8.0 mL for each
year the average Native American worked
in an ~nd uranium mine. yielding
a mean decrease of 79.2 mL for the group.
or a decrease of 160 ml after 20 years in
uraniwn mining. The estimates for uranium mining in the non-Hispanic White
and Hispanic groups were less than for
Native Americans, but not statistically
different The mean decrease in FEV 1
associated with uranium mining was 624
mL and 33.l mL in noo-Hispanic Whites
and Hispariics, respectively. ·The decrease
in FEY1 associated with woddng in other
types of mines was also significant only ~
the Native American miners; however, the
estimates in this carcgoiy were very

disease:

TABLE 1-0emographlc, Splrometrlc, and Mining Data by Ethnicity: New

Mexico and South Central Colonido Uranium Mlnera, 1989
through 1995
Non-Hispanic
~
(n • 162)

Oem~raphlc

'Y. of total (n • 1359)
Mean age, Y" (SD)
Mean height, cmll (SD)
Mean weight, kg° (SD)

Underground uranium only,

..

data

11.9

57.3 (11.8)
174.4 (7.3)
85..9 (17.1)
Smoking
36 (22.2)

Never, no. (%)
Exsrnoker, no. (%)
Paclc-yearsa (SO)
Smoker. no. (%)
Pack-years• (SD)

Native
American
(n • 862)

Hispanic
(n • 335)

85(~)

31.0 (30.0)
41 (25.3)
36.t (33.3)
Mining eq>erlence
101 (62.4)

:

24.7
54.0 (10.6)
168.8 (6.4)
79.6 (12.8)

63.4

60.1 (10.6)
169.3 (5.7)
79.2(14.1)

116 (34.6) . ""828 (72. 0) ~
193 (22.4)
125 (37.3)
6.8 (13.2)
16.9 (18.1)
41 (4.8)
94 (28.1)
4.5 (6.3)
19.1 (14.6)

199 (59.4)

727 (84.3)

25 (7.5)
111 (33.1)

32 (3.7)
103 (12.0)

no.•(%)

Above-ground uranium only, no. c (%)
Underground and above-ground

15 (9.3)
46 (28.4)

uranium, no.c (%)

Mean years underground uranium
mining" (SD)
Mean years other mining" (SD)

13.0 (8.0)

13.8 (8.4)

9.9 (6.7)

7.5 (9.5)

3.6 (6.7)

1.5 (4.9)

· Miners meeting RECA criteria
Obstrucllve disease, no.D (%)
-ZT (18.7)
22 (6.0)
Restrictive <ftSease, no.c (%)
1 (0.6)
2 (0.6)
Radiographic pneumoconiosis,
21 (13.0)
24 (7.2)

37 (4.3)
.-16 (1.9)
122 (14.2)

no.d (%)

I

..i

Note. RECA = Racfiation Exposure Compensation kt.
"Oilference between all groups significant (P < .05).
'Oifference between non-Hispanic Whites and other groups significant (P < .05).
'Difference between Native American and other groups significant (P < .05).
~ifference between Hispanic and other groups signif"ICalll (P < .05).

un523ble. The decrease in FEV 1 associated
with each pack-year of cigarette smoking
was similar for the three groups. However, because of the diffcrcnccs in smok·;. iDg bChavicl( among the thfee groups.~
•net dI~ of' smoking Oil each group ,is
wsy :different. For those persons in
group who reported ever smoking cigarettes, the ~-related. decrease in
FEY 1 averaged 161. 67, and ZJ.ptL· for
non-Hispanic White, Hispanic. and Native American miners. respectively. Note
tll3I these figures apply only to miners
who have ever smoked, an<f~Ofjlie__
~ve~ minen never~ In
summary, underground manium mining
was related to a significant decrease in
FEVi. and the degree of reduction .in
FEV 1 associated with 1 year of uranium
mining is similar to that seen with I
pack-year of cigarette smoking. Because
of the differences in smoking behavior

eaeh

amoo
r.-·
. g

I

~~ribc
....the ..three groups.:,._
.....

c1caase .in FEV .in the ~ and
~'..000-~
. . . Whi~ ~---iS .attn"butable
. . ,..

1'

,._ loagarettes. while most pf the~ m
.fEVi ·in· the Native Amc:rican group is
·aan1>utable fu uraniuni miDllig.
·
Muitiple logistic regression ~as used
ID analyze fact<n aSsociated with~
. coniosis on chest x-ray (Table 4). Undef..
·grwnd uranium mining was a statistically
significant factor only in the Native
American and Hispanic models. althOugh
the adjusted odds ratios among the three
~ were oot significantly different
Experience in other types ·of mines and
smoking were not associated with radiographic pneumoconiosis in any group.
The adjusted odds ratio estimates for' age
were greater in the Hispanic and nonHispanic White groups.
We next examined the effect of using
compensation criteria based on spiromei-

American Journal of Public Health 835

€;

TABLE 2-Mulllple Logistic Regresalon Results Providing the Important Rlu F•ctora for Obstructive Lung
by Ethnic Group: New Mexico •nd South Central Colorado Uranium Miners, 1989thl'OUfjlh1995

Underground uranium mining for
10-year intervals
Other mining for 10-year intervals
Smoking for 10 pack-years
Age,y

=

Non-Hispanic
White OR (Cl) (n • 162)

Hispanic OR (Cl)
(n,. 335)

Native American
OR (Cl) (l'.1 • 862)

1.114 (0.643, 1.930)

0.039 (0.491. 1.431)

1.se1(1.027,2.372)

1.186 (0.759, 1:852)
1.097 (0.973, 1.236)
1.041 (0.994, 1.091)

o.m(0.432.1.399)
1.166(0.100.1.941)
1.085 (0.843, 1.397)
1236 (0.898. t.699)
1.090 (1.038, 1.144). 1.009 (0.976. 1.042)

Oliff..

All, OR (Cl) (n • 1359)
1.~7

(1.030.. 1.783)

.. ·: :-:· :l ·...
• 1.139 (1.098, 1.751)

t.188 (1.0S1.-1.305)

f:trza (t.ooe. 1.G51)

Note. OR odds ratio; Cl "' confidence interval. Values expressed as adjusted odds ratios and Wald 95% confidence intervals. Model: log~(~ve
obstructive lung disease)) a + ~. (underground uranium mining) + ti2 (other mining) + ~(smoking) + ~.(age) + 1.
·

=

TABLE 3--Multlple linear Regression for FEV1 by Ethnic Group: New Mexico and South Central Colorado Uranium
Miners, 1989 through 1995•
·
Non-Hispanic White (n = 162) Hispanic (n
Intercept, Lb
Age, 'f
Height, cmb
Underground uranium mining for
10 yearst>
Other mining for 10 yea~
Smoking for 10 pack-yea~

= 335)

-1.4085 (P

-0.6194 (P = .69)
-0.0373 (P < .01)
0.0351 (P< .01)

Native American (n = 862)

= .15)

-0.0309 (P < .01) ·.

0.0382 (P <

-0.0520 (P = .52)

.01)

-0.0240 (P = .58)

=

-o.oan (P = .07)

= 1359)

-0.8658 (P = .07)
-0.0343 (P < .01) ·

-1.1927 (P = .05)
-0.0331 (P < .01)
0.0374 (P < .01) •
-0.0800 (P < .01)

-0.0789 (P • .02) -0.0425 (P • .12)

-0.0429 (P = .35)

0.0057 (P .93)
-0.0493 (P = .01) -.

All (n

0.0358 (P < .01)
-0.0429 (P
~

= .OS)

-0.0349 (P = .10)
_. -0:0397 (P < .01)

Note. FEV, = forced expiratory volume in 1 second. Values expressed as parameter estimaies in liters and·Pvalues for Ho: P. = 0.
•Model: FEV, = !loo+ f!, (age) + f!2 (Hei!111) + 133 (underground uranium mining years) + Ii- (other mining)+ ~(smoking) +~.Ho: P. = 0.
bOilference in parameter estimates among ethnic groups not significant.

/

TABLE 4-Multiple Logistic Regression Results Providing the Important Risk Factors for Radiographic
Pneumoconlosls by Elhnlc Group: New Mexico and South Centrar Colorado Uranium Miners, 1989
lhrough 1995•
Non-Hispanic
White OR (Cl) (n = 162)

Hispanic OR (Cl)
(n = 335)
-!'.

Underground uranium mining
for 10 years
Other mining for 10 years
Smoking for 10 pack-years
Age, y"

Native American OR (Cl)
(n = 862)

AD, OR (Cl) (n

1.856 (0.940, 3.665)

l'.!Ma (1.104, 3.417)

...2..591 (1.984, 3.384)

2.124 (1.724, 2.616)

1.160 (0.680, 1.977l

1.114 (0.636, 1.9~
1.172 (0.892, 1.540)
1.141 (1.076, 1.211)

1.146 (0.819, 1.604)
0.796 (0.523, 1.213)
1.061(1.038,1.084)

1.139 (0.921, 1.407)
0.917 (0.811, 1.038)
1.(187 (1Jl67, 1.108)

0.963 (0.814, 1.140)
,1.173 (1.0BS. 1.268)

Note. OR = odds ratio; Cl = confidence interval. Values expressed as adjusted odds ratios and Wald 95% confidence intervals.
"Model: logit(P{have abnormal chest x-ray)) = a + ~, (underground uranium mining) + f!2 (CICher mining) + 133 (smoking) + p. (age) +
bOifference between estimates for Native Americans and others are significant (P < .05).

ric aiteria derived from non-Hispanic
Whites for Native Americans and Hispanics. The number of members of each
ethnic group in our survey who met lhe
compensation criteria by the RECA furmuJa were compared with the number of
miner.; who were less than 75% predjded
in FEV 1 and FVC with the use of
prediction equations derived from populations similar to those of our Native
American and Hispanic miners. Little

836 A. .•cn• .n.

= 1359)

difference was found in the Hispanic
group with the use of a Hispanic-specific
equation for either FVC or FEY 1 aitcria. 14 Two Hispanic miner.; with obstruclive lung disease were excluded by the
. RECA fomiula (22 miners versus 20), and
there was no difference in the numlle:r of
Hispanic miners with restrictive lung
disease. No miner with obstructive or
restrictive lung disease by the RECA
fonnula was excluded by the Hispanic-

L

specific equatiod. For ihc Native American group, the discrepaocy between the
RECA formula and the edmic-specific
equation was greater." Our survey shows
that 24% of Native Americans with
rcsttictivc lung disease by the Native
·American-specific equation were ex. eluded· by lhe RECA formula (21 miners
vs 16). One Native American with obstructive disease was also excluded by the
RECA formula (38 miners vs 37). No
-~-'-:~··~·.

.
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Nar~ve American with obstructive or
restrictive lung disease by the RECA
fonnula is excluded by the ethnic-specific
equations.
As another index of the relative
fairness of the acL we also tabulated. by
ethnic group. the number of miners with
radiographic evidence of pneumoconiosis
who had spirometric values that qualified
them for compensation by the RECA
criteria. As Table I shows. 122 Native
Americans. 21 non-Hispanic Whites. and
24 Hispanics had abnormal x-rays consistent with pneumoconiosis. Of the Native
Americans. 10.6% (13) met the criteria
for obstructive disease. compared with
33.3% (7) of the non-Hispanic Whites.
and 8.3% (2) of the Hispanics. Of the
Native Americans. 1.6% (2) met the
criteria for restrictive lung disease. compared with 8.3% (2) Hitpanics, and no
non-Hispanic Whites. Iii summary, although Native American miners had the
highest prevalence of radiographic pneumoconiosis, they were less likely than the
other groups to meet the RECA compensation criteria.

Discussion
Our survey found underground uranium mining to be associated with an
increased risk of obstructive lung disease.
decreased FEV" and incrcascd risk of
radiographically evident pncumoconiosis.
with the degree of impairment per year
spent in uranium mining greater in Native
American than in Hispanic or nonHispanic White miners. Cigarette smoking accounted for most of the obstructive
lung disease in the non-Hispanic White
and Hispanic uranium miners. but not in
the Native .A-'Ilericans. In our survey
population. the cmcnt RECA compensation criteria based on oon-Hispanic Whites
excluded 24% of Native Americans who,
according to cdmic-spccific standards.
h:id restrictive lung disease· &."ld 4.8% of
Native Americans who had obstructive
lung disease. The cwrcnt RECA spirometric criteria also exclude from compensation more Native American miners who
have radiographic evidence of pneumoconiosis than Hispanic or non-Hispanic
White miners.
Our study is subject to several
limitations. 1be measures of exposure to
mining and cigarettes depend entirely on
self-report although the mean uraniwn
mining years and the prevalence and
intensity of cigarette use by ethnicity are
similar to findings of previous studies of
Colorado Plateau and Grants mineral belt

rniners.u.io Also. the smaller numbers of
Hispanics and non-Hispanic Whites in our
survey reduce the power to detect an
effect from uranium mining in the multiple linear regression and logistic regn:ssion models -in these groups. Nevertheless, when the non-lilspaaic White and
Hispafiic groups are combined," ihe estimates of effect for undefil'OWld uranium
mining are still much lower lhan for
,Native Americans. and DO( statistically
si&nificant.
Cross-sectional surveys are particularly susceptible to selection bias. which
may have caused some of the differences
among the ethnic groups. Obviously, we
are able to examine only miners who have
not already died with mining-related
disease. Native American miners in our
survey a.re mostly from the northwestern
pan of New Mexico. where the majority
of the mines operating in the 1940s and
1950s are located. In the rush to produce
uranium for nuclear weapons in the early
part of the Cold War. safety in the early
mines was neglected, and miners were
exposed to high concentr.llions of radon
and silica dust:'~PP 18l-202 ~Native Americans also tended to be sub~ to greater
underground exposures because they were
less likely to work in supervisory positions:u The majority of non-Hispanic
White and Hispanic miners in our survey
live in the Grants Mineral Belt area. where
most of the newer mines operating in the
1960s and 1970s are located. and were
likely to have been exposed to much
lower concentrations of silica dust and
radon during their mining experience than
the Native American miners. On the other
hand. far fewer of the Native Americans
exposed themselves to the confounding
effects of cigarette smoking and nonuranium mining. Had we been able to recruit
• non-Hispanic Whites or Hispanic miners
who worked in the same conditions and
used cigarettes at the same rate as Native
Americans. there is no reason to suspect
the prevalence of lung disease would be
any different among the three groups_
Nevertheless. of the minen who were still
living and participated in om survey,
nonmalignant respiratory disease is much
~re closely related to uranium mining in
Native Americans than in non-Hispanic
Whites or Hispanics. and current compensation programs must reflect the burden of
disease on miners alive today.
Previous studies of uranium miners
in the Colorado Plateau and New Mexico
suggested an association between obstructive ventilatory defects and uranium mining, but were unable to analyze the

conlribution of smoking or differences
between ethnic groups. An early study of
the Colorado Plateau miners found reductions in FEY 1 and FEY 1/FVC ratio
associated with years of uranium mining
and smoking: however. the methods of
spirometric testing would be unacceptable
by today's standards: .the effect of silica
dust exposure was dismissed: and Native
Americans were specifically excluded.11
Trapp ct al. intensively studied 34 fonner
uranium miners and concluded that silicosis was an important component of their
lung disease. but were unable to measure
the relative contributions of silica dust and
radon. 18 A survey of mostly Hispanic and
non-Hispanic White miners of the Grants
Uranium Belt in New Mexico found a
small decrease in the percentage of
predicted FEY 1 and maximum midexpiratory How attributable to uranium
mining by multiple linear regression. 16
FEV 1 was predicted to decrease by 0.46%
of predicted rates for each year of uranium
mining. while current smoking decreased
the FEV 1 by 7.75%. However, when
multiple linear regression analysis was
performed on the spirometric parameters
without expressing them as a percentage
of predicted value, the significance of
uranium mining was lost. suggesting that
there may have been errors in the
prediction equations. Non-Hispanic White
and Hispanic miners could not be analyzed separately, owing to the small
numb<;~. of_miners surveyed.._,.- -Silica dust and radon gas arc the two
main - expostRS thought to . result in
nonmalignant respiratory disease in uranium mining: howc:ver, it .is difficuJt. to
'assess the relative contn"butioos of each.
Uranium in the 'Colorado Plateau and the
Grants mineral belt in New Mexico is
found in quartz sandstone, and uranium
miners in these areas have been found to
have a high prevalence of iadi~hic
silicosis.2.16.1&.19 1bc Colorado Ptatcau
studies havi: found an association between
woricing-level months of radon exposure
and incre.ased mortality from DOl)malignant respiratory disease, bul have neglected the effect of silica dust.2.3 Animal
studies have found that or.iIS and dogs
exposed to high concentrati~ of radon ::
develop ~tial fibrosis and emphysema.:?D and stiidies~~in which Syrian
ham.stCQ and~ dogs were exposed to
(adoo . and @um ore dust found increased rates and 5everity of interstitial
lung disease compared with ·-arurnals
ex~ to radon alone. 21 .n Because of
the variation in radon concentrations in
the uranium mines and the relatively poor
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records of radon and silica exposures for
each miner. it is unlikely thal we will be
able to estima1e lhe relative contributions
of radon and silica dust 10 nonmalignant
respiratory disease in our miners.
We have dcmonstJillcd that the current compensation pro&J3ffi is unfair to
Native American uranium minen~ however, designins a fair system will be
problematic. No fully adequate reference
standards are available for persons of
-advanced liC in any ethnic group. Evidence also suggests that a "heahhyworker effect" is present in most mining
populations. which produces a bias against
lhe miners if standards based on the
general population are used for compaiison. ZJ The contribution of cigarette smoking to uranium-mining-induced malignant
and nonmalignant Jung disease is substantial, but is not understood well enough to
make individual assessments about the
lative importance. Until the relationship
tween uranium mining and respiratory
iscase is better understood, it would
probably be more equitable to establish
criteria for respiratory disease on arterial
blood gas measurements or exercise tests.
Another problem with the RECA
standards is the requirement of a chest
radiograph with profusion of llO or
greater. We have identified 119 Native
Americans in our Slm'ey who have
spiromctric abnonnalities below the RECA
standard. but whose chest x-rays do not
meet the criteria. Autopsy studies have
shown th3t a large pqntioo of min=s
with a moderare to severe de~ of
ilicosis cannot be diagnosed by routine
x-rays. 2" Several studies have.. also
wn that the physiologic abnonnalities
associated with silica dust exposure are
not substantially different in persons with
and without mild radiographic abnonnalities.18.2j High-resolution computerized tomography may be able to detect evidence
of mining-related disease not found on
routine chest x-rays, but relatively few
controlled studies have been reported. 26
More research in this area is needed.
In conclusion, our study suggests
that (1) Native American uranium~
in our survey have sustained a disproportionate burden of respiratory disease from

\

uranium minina. and (2) current compensation proarams are biased against
Native Americans. Further research is
needed on !he interactive effects of radon,
silica dust. and smoking. as well as a
review of criteria for compensation for
mining-related lung disease among uranium miners. 0

Acknowledgments
Suppon was provided by a gr.ml from lhe
Miners' Colfax Medical Cen1er. Partial support
for this work was also provided by Na1ional
Research Service Award 5T32H207733.
The authors wish to !hank Ron Roe. RRT.
Rose Whinen. the membel"!'i of lhc Pulmonary
Division al the University of New Mexico
Heallh Sciences Cenlcr. and lhc staff of lhe
Miners' Colfax Medical Center for their assistance in lhe New Mexico Miners" Outn::ich
Program.

References
I. Samet JM. Disease of uranium miners and
other und_erground miners exposed 10
radon. In: Rom WM. ed. Em•inmmental
and Occupational Medicine. 2nd ed. Bos·
ton. Mass: Little, Brown, and Co; 1992:
I085-1091.

2. Arther VE. Gillam JD, Wagoner JK.
Respiratory disease mon.ality among uranium miners. Ann NY Acad Sci. 1976;271:
280-293.
3. Roscoe RJ. Dcddens JA. Salvan A. Schnorr
TM. Mona.lily among Navajo uranium
miners. Am J Public Health 1995;85:535540.
4. Ringholz RC. Uranium Frrn::y: Boom and
Bust on the Colorado Plateau. New York,
NY: WW Nonon &: Co; 1989.
5. Udall SL The Myths ofAugust. New York,
NY: Pantheon Books; I 994.
6. Eichstaedt PH. If You Poison Us. Santa Fe,
NM: Red Crane Books; I 994.
7. Sexton K. Olden K. Johnson BL MEnvironmental Justice": the central role of research
in establishing a credible scienlific foundation for informed decision making. Toxicol
Ind Health. 1993;9:685-727.
8. Bullard RD. Wright DH. Environmental
justice for all: community perspectives on
health and research needs. Toxicol Ind
Health. 1993;9:821-841.
9. Radiation ExposlD'C Compensation Act,
Pub L No. IOl-426, IOlst Congress.
October 15. 1990•.
10. Knudson RJ. Lebowitz MD. Holberg CJ.
Burrows B. Changes in the normal maxi,
mal expiratory flow-volume curve with
growth and aging. Am Rev Respir Dis.
1983;127:725-734.

11. Amrrican Thoracic Socic1y. Lung function
testing: srlcction of rcfcn:nce values and
interprc1a1ive str.ilegies. Am Rt\· Rtspir
Dis. 1991;144:1202-1218.
12. SAS lnstilute Inc. Slt.SISTAT Ustr"s Guide.
Version 6. 4th ed. Cary. NC: SAS lnstilute
Inc.; 1989.
13. CYTEL Software Corp. StatXact·Turbo
User Manual. Cambridge. Mass: CYTEL
Software Corp; 1992.
14. Coultas DB. Howard CA. Skipper BJ,
Same! JM. Spiromettic prediction equations for Hispanic children and adulis in
New Mexico. Am Rt\' Rtspir Dis. 1988;
138:1386-1392.
15. Crapo RO. Lockey J. Aldrich V. Jensen
RL. Elliott CG. Nonna! spiromenic values
in healthy Amrrican Indians. J Occup Med.
I 988;30:556-560.
16. Same! JM, Young RA. Morgan MY,
Humblr CG. Epler GR. McLoud TC.
Prevalence survey of n:spiratory abnormali·
ties in New Mexico uranium miners.
Htalth Ph,·s. 1984;46:361-370.
17. Arther VE. Brinton HP. Wagoner JK.
Pulmonary function of uranium miners.
Health Phvs. 1964;10:1183-1194.
18. Trapp E. ·Renzeny AD Jr. Kobayashi T;
Mitchell MM. Bigler A. Cardiopulmonary
function in uranium miners. Am Re'' Respir
Dis. 1970;101:27-43.
19. Samet JM. Pathak DR. Morgan MY,
Coultas DB. James OS. Hunt WC. Silicosis
and lung cancer risk in underpuund
uranium miners. Health Phys. 1994;66:
450-453.
20. Englebrecht FM. Thian BF. Claassens JA.
Fibrosis and collagen in raL~· lungs produced by radioactive mine dust_ Ann
Occup H.\·g. 1960;2:257.
21. Cross Fr. Palmer RF. Busch RH. Filipy
RE. Stuan BO. Development of lesions in
Syrian golden hamsters and uranium. ore
dust. Health Ph\·s. 1981:41:135.
22. Cross Fr. Palriier RF. Filipy RE. Dagle
GE. Stuart BO. Carcinogenic effects of
radon daughters. uranium ore dust and
cigarette smoke in beagle dogs. Health
Phl·s. I 982;42:33.
23. Hnizdo E. Health risks among white Sooth,
African goldminers--<iust, smoking and
chronic obstructive pulmonary disease. S
AfrMedJ. 1992:81:512-517.
24. Hnizdo E. Murray J, Sluis.Cremer GK.
Thomas RG. Correlation between radiological and pathological diagnosis of silicosis:
an autopsy population based study. Am J
Ind Med. 1993:24:427-445.
25. Cowie RL. Hay M. Thomas RG. Association of silicosis, lung dysfunction. and
emphysema in gold miners. Thorax. 1993;
48:746-749.
26. Begin R. Ostiguy G, Fillion R, Colman N.
Computed tomography scan in lhe early
detection of silicosis. Am Rev Respir Dis.
1991:144:697-705.

;·

",.

I

838 American Journal of Public Health

-·
Reprint from:

I

ENVIRONMENT AND BEHAVIOR

"Perceived Occupational and Environmental Exposures
A Case Study of Former Uranium Mlllworkers•

I

by Gary E. Madsen, Susan E. Dawson, and Bryan A. Spykerman

Pllonl (I05) flH721
Fu(805)49Hl71
Clllll~

Tlln (510) 100019

®Sage Publications,

Inc.

•

PERCEIVED OCCUPATIONAL AND
ENVIRONMENTAL EXPOSURES
A Case Study of Former
Uranium Millworkers

GARV I!. MADS!N la an .uociate pmt.lwx ol .adology •t Ulah Stnte Unlwnlty •t
LO(JMI. 1-n. IMltl ,....,m lnletwm #octM on occup.tlon.i and envflonmenlal 90Clology.
,.,. cunwnt nMMrr:h lntMNm lnclut» ri. •tudy o1 ~ Mf.m o1 WDrll*1Q Jn
hazatdow DOndtloM.
SUSAN I!. DAWSON ls wt aaoclate professor ol soclal M>lfr al Utah Baale Unlwnlty
., Logan. Htlr l'8NIJl'Ch lntetesta lnclucHI public sodal policy and oca.rpllllonal and
lltwironmM'ltal htNJJth. Her ClM1"0lll resean:h Interests foci.II on technologlcal dfMlterl
191at«l lo the cnnhn llltd coal lndtJstnes.

BRYAN R. SPYKERllAN Is 1111 adjlXICI assistant professor ol «>Clology at Utah State
f.Jnlvwalty •t Logan. Hla rMJo< f'8IUM/r:ll lnterNt Is lnterMtloMJ nnJ drielopmMlt Hla
cunMt rNMICtl ~on envflOMWlr.I laWI •t«11o WDrll*1Q DOndtioM.

ABSTRACT! Fonner uranlim mlllwor1<ers (83 American Indiana end 87 non-Indiana)
who were 8l11ployed at MWtal mlU1 In the Sou1hwat prlot to Iha Mine Safety and HMllh
Act. (MSHA) were lnteMeMd. They were asked queallons about !heir perceptions of
woitclng coodllloua, 1helr health, and lhelr families' living environments. Almost 90%
identified • wortl environment In wtllch they noted uranium concentrar. (yellowcake)
and/or ore dult on !heir clolhlng. Meet respondents aleo brought their WOftc clothlng
home lo be WUhed. Half the respondents allrlbu*t healtt\ ~ lo the mlllWOftc,
wt1h the Indiana 1n019 than twice u likely u the non-Indians to do IO. Payt:hoeodll
.nu pPeftenced by "*'Y millwofMra end lhel< famlles Is discussed.

Recent contrlbutlona to the dlaaater literature will be Important for scientists, administrators and practitioners as they deal
The authore would Uke to lhank Peny Chal1ey, Renda Fowler, and Ptlllllp Harrison for
their contrtbuttona to the project, to HNI Mobuhef tof hll contr\butlon u oomputw
~ to Danie! Coffin, and to the anonymous rr.iewera for 1tlelr contrlbutione to .
the draft. We would aleo like lo thank all of those people bolh on end off the Navalo
Nation who facllltated OUf' researdl.
ENVIRONMENT AND BEHAVIOR, Vol. 28 No. 5, Septertt>er 1896 571·580
0 111118 s.g. Nlbllonl, Inc.

571

· 572

ENV.. _.. •..JENT AND BEHAVIOR I September 1996

•

with different types of disasters. Substantial emphasls has been
placed on conceptually differentiating between natural and
technological disasters and on understanding the psychosocial
stress of documented and undocumented dlsastervlctima (Baum,
1988; Baum, Fleming, & Davidson, 1983; Baum, Fleming, &
Singer, 1983; Cuthbertson & Nigg, 1987; Dawson, 1993; Edelsteln, .
1988; Gist & Lubin, 1989; Kasperson & Pijawka, 1985; Roberts,
19~3; Taylor, 1989; Vyner, 1988; Williams & Lees-Haley, 1993).
In this paper we will focus on technological disasters. Natural
disasters have been defined as "'acts of God' and are generally
sudden events, such as earthquakes and tomados. Technologl·
cal disasters, on the other hand, may be acute (airplane accl·
dents or dam breaks) or chronic (long-term toxic chemical or
ionizing radiation exposures). Baum (1988, p. 57) states, "'Al·
though there are exceptions, technological calamities, especially when they involve toxic substances, can cause more
severe, or longer-lasting mental and emotional problems than
do natural disasters.• He suggests that the long-term nature of
such .technological disasters and the lack of a clear beginning
or end of exposure contributes to these problems. Also, victims
can relive the stress associated with the technological failure
through lawsuits and claims, as they attempt to place blame on
those felt to be responsible for something that was not supposed to happen.
A recent example of a chronic technological disaster Is found
among underground uranium miners who worked In largely
unventilated conditions during the heyday of the uranium boom,
from the late 1940s through the 1960s. During the Cold War,
millions of tons of uranium ore were produced on the Colorado
Plateau. In the 1950s and 1960s private companies, contracting
solely with the Atomic Energy Commission (AEC), employed
thousands of workers in uranium mining and milling. The majority of these workers lived on Indian reservations and In the
states of Arizona, Colorado, New Mexico, and Utah. The uranium miners were often exposed to high levels of radon and
slllca dust. The results of these exposures were manifest years
later. However, It was not until lawsuits and epldemlologlc
studies documenting the connection between mine exposures
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and illnesses that Congress passed the Radiation Exposure
Compensation Act (RECA) In 1990 (see Archer, 1983; Ball,
1986, 1993; Elchstaedt, 1994; Gottlieb & Husen, 1982; and
Samet et al., 1984). RECA provided compensation to underground uranium miners as well as nuclear testslte workers and
residents who lived downwind from nuclear testing. Uranium
mlllworkers were not Included In this compensation because
studies did not provide enough conclusive evidence linking
work and illness.
Past research Includes only epidamlologic mortality studies
of white mlllworkers. These did not Indicate an Increase In
overall mortality rates (Archer, Wagoner, & Lundin, 1973;
Wagoner, Archer, Carroll, Holaday, & Lawrence, 1964; Waxweiler,
Archer, Roscoe, Watanabe, & Thun, 1983). However, these
researchers hypothesized that millworkers may experience excess deaths due to lung, lymphatic, and hematopoietlc cancers;
nonmalignant respiratory diseases (NMRD); and chronic renal
disease (see U.S. Department of Health and Human Services,
1990).
Wagoner et al. (1964) found no statistically significant excesses of cancer or other major diseases. Archer et al. (1973),
however, did find a significant excess of malignant diseases
related to lymphatic and hematopoletic tissues. Archer later
suggested that the higher level of lymphomas "might be a
result of accumulation of long-lived radioactive materials
such as uranium or thorium In lymph nodes• (Archer, 1981,
p. 505). Although the difference was not statistically significant,
Waxweller et al. (1983) also found an excess of deaths from
lymphatic malignancies. In addition, a statistically significant
Increase of NMRD, including emphysema, fibrosis,c sillcosls,
and chronic obstructive pulmonary disease (COPD) was found
by Waxweller et al. (1983). An Important possible contributing
factor to NMRD Is smoking behavior, which the study did not
consider. Waxweller et al. (1983) also found that mortality from
renal disease was greater for millers than for controls, but the
difference was not statlstlcally significant.
Our research was Initiated when some American lndlan
former millworkers requested that a study be conducted docu-
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menting their worklives. We felt it important to study millworkers'
perceptions of their occupational, environmental, and health
histories, Including the potential linkages between uranium
millwork. physical health problems, and psychosocial stress.
Thus, we wanted to explore the possibility of former millworker experiences as a form of occupationally-related posttraumatic stress disorder (Baker & Karasek, 1995; Roberts,
1993; Schottenfeld & Cullen, 1985; and Vyner, 1988). Baker
and Karasek (1995, p. 396) suggest:
Any situation that evokes feelings of Intense fear, helpl9UM11, loa of
control, or annlhllatlon may precipitate the disorder. The trauma may be
massive and discretelike an accident or may be [comprised) of epleodel. of exposure to a dangerous chemical or wortc procese. The
cardinal feature is repeated reexperiencing of the traumatic event

Vyner (1988), based upon his in-depth case study of atomic
veterans, identified a delayed-onset posttraumatic stress disorder he called radiation response syndrome (RAS). He found
that the veterans were suffering psychosocial stress as they
associated current illnesses with their past radiation exposures.

SAMPLE AND METHOD

There were more than 40 uranium mills In the western United
States by the end of the 1960s, with each employing approximately 100 workers at a time. Key informants suggested that
there may have been tens of thousands of mlllworkers altogether; however, a complete sampling frame was not available
for this study. Many mills have been shut down since the late
1960s or ear1y 1970s, and several mill companies are no longer
in business. In addition, we were not successful In acquiring
employee lists for several mills because of privacy concerns.
Furthermore, many· Public Health Service (PHS) medical records of millworkers who worked prior to 1965 were destroyed
In a fire. The National Institute of Occupational Safety and
Health (NIOSH) also has an extensive list of former millers who
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were involved in a previous study, but the names are confidential and were not available to us. At this time there is no known
comprehensive list from which to draw a representative sample
(National Institute of Occupational Safety and Health [NIOSH],
1995).
This research was largely exploratory, and thus we felt It
was appropriate to develop many open-ended questions. This
would allow respondents to have a wide latitude of responses
from their own perceptual frameworks. To do this, we Interviewed key Informants: epidemiologists, govemment officials,
Industry experts, physicians, and former uranium millworkera.
In addition, several questions were derived from an earlier
study of uranium miners (Dawson, 1993). No previously developed standardized scales were used. The questions were
pretested among mlllworkers and were found to be appropriate
and understandable. All interviews were conducted in person
and lasted approximately an hour.
The data were gathered during two periods over 17 months.
The first part was conducted on the Navajo Nation from August
through October of 1992, and the second part was conducted
off the reservation in Utah from September 1993 through January
1994. During both phases, the names of possible respondents
were first Identified by key informants who knew former uranium
millers. Following Initial interviews, a snowball sample was
employed: each individual was asked to identify the names of
other millworkers known to him. During the process, some
millworkers also provided partial employee lists they had saved
over the years. All of those contacted, with the exception of
seven non-Indians, agreed to be interviewed. The process
yields a nonprobabllity sample.
. The sample contained 170 former millworkers, Including 83
American Indians and 87 non-Indians. (Several respondents
Indicated that they prefer the term American Indian to Native
American; consequently, this term will be used throughout the
article.) To be Included In the study, millworkers needed to have
worked for at least one year In a uranium mill. They were asked
questions about their employment at six mills. The Indians were
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mostly from the Navajo tribe; however, respondents from other
tribes Included three Hopi, one Choctaw, and one unidentified
tribal member. The non-Indian group consisted of 82 Anglos and
5 Hispanics. Five of the millers were women. Ages ranged from
45 to 90, the average age being 63, and the average level of
education was 8 years for the Indians and 12 years for the
non-Indians. There were 104 (61.2%) workers who were employed in uranium milling only, and 66 (38.8%) who had been
employed as uranium miners and millers. The median average
of years worked in the mills was 8, ranging from 1 to 32 years.
We asked all respondents about their millwork experiences. In
addition, those respondents who had been uranium miners and
had lived near uranium mines were asked how they felt about
·living near these uranium·sources.
· Several key Informants encouraged us to Interview widows
and family members of deceased millers. The key Informants
felt the widows/family members would be knowledgeable about
the deceased millers. There were 34 widows and 2 children of
deceased millers within the sample. We felt It was appropriate
to analyze the widows/childrens' responses concerning health
and environmental conditions. Included among the questions
were: -Cid the miller bring his workclothes home?• "Did he live
close to the worksite?•
Major changes in national health and safety legislation occurred in the 1970s with the creation of the U.S. Mine Safety
and Health Administration (MSHA) and the U.S. Nuclear Regulatory COmmission (NAC). In this study, all workers were employed In uranium milling prior to the enactment of these stringent regulations. A majority were employed before 1970 only.
Although a few worked both pre- and post-1970, there was no .
one within the sample who worked post-1970 only.
The Initial data were gathered two years after the passage of
RECA. Because there was Intense publicity through the media,
all of our respondents were aware of the act and Its exclusion
of millworkers. On the other hand, none of them Indicated an
awareness of any of the studies conducted of mlllworkers. Even
we had difficulty In Identifying the most comprehensive study,
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by Waxweiler et al. (1983), which was published only in a
proceedings of a professional meeting.

FINDINGS

WORKPL.ACI ENVIRONMl!NT

The nuclear fuel cycle involves four stages: mining, milling,
enriching, and fuel fabricating. Within the milling process there
are several job tasks, including crushing and grinding of the ore
(the grinding machines are called ball or rod mills), extra'ctlng
uranium through various leaching processes, and drying and
barreling the uranium concentrate, which Is commonly known
as yellowcake. There are many other tasks associated with a
mill, such as administration, laboratory work, and maintenance.
The greatest hazard confronting most mlllworkers, according
to the NRC, Is dust produced from yellowcake and/or uranium
ore (U.S. Nuclear Regulatory Commission [USNRC], 1986).
Although It Is recognized that millworkers were possibly exposed to chemical and physical hazards associated with largescale Industry, we limited our examination to dust problems. The
NRC worker handbook (USNRC, 1986) states:
The potential effecla of breathing or swallowing uranium are the reason
that apeclaf attention must be given to cleanliness In the mill. Smoking
and eating are limited to clean areas of the mill facility to guard against
breathing or swanowtng the dust. Using work clothing that Is left at the
mill and laundered there helps to ensure that uranium dust la not carried
home where It would unneceuartty expoae you and your family. (p. 16)

We asked the respondents two Interrelated questions regarding mlll dust conditions: •01d yellowcake and/or ore dust get on
your clothing?• and "V'lere the workclothes washed off the
workslte?• In addition to the former mlllworker respondents, we
found that widows and children were able to make judgments
about dust on clothing because they saw the millers before and
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after work and generally discussed work dust conditions with
them.
Becau5e some workers were employed at more than one
mill, we were able to Identify 180 descriptions of working conditions for the 170 respondents. The presence of yellowcake
and/or ore dust on work clothing was identified In 159 (88.3%)
of the mill descriptions. Those who identified dust on workcfothes were also asked to assess approximately how much
· they noticed. In 3 mill descriptions the respondents were
unable to make an assessment. Of the remaining 156 descriptions, 49 (31.4%) Indicated ilghr amounts, 61 (39.1 %)
indicated -moderate• or "Varying" amounts, and 46 (29.5%)
indicated generally "'heavy" amounts. Respondents were also
asked to indicate how often they noted dust on their clothing.
There were 155 descriptions of working conditions, with 4
unable to make a judgment. Of those who made a determination, 73 (47.1%) responded ~ery little/sometimes•, 11 (7.1%)
said "'usually: and 71 (45.8%) said they •always• had dust on
their workclothes.
Many workers commented on the dusty mill conditions. One
who worked at two mills said, "Some of those guys, if you'd see
them at the store, you'd see yellowcake under their fingernails
and In their ears. You'd see yellowcake on the brim of their hats
and Inside the hatband: Another worker noted, "The crusher
was so dusty you couldn't see down the ramp.•
It was also found that 95% of the respondents reported taking
workclothes off the worksite, at least during certain periods of
their employment. Some made unsolicited comments about this
practice. One worker noted, "They never told us to leave our
workclothes there at the mill: Another reported:
We washed the clothes once a week. It was messy. We were expecting
our first child. I had to ahake my clothes outside. There was yellow und
left at the bottom of the washer. All of the clothes were washed together.
Nobody told ua that uranium was dangerous-a problem. My wife would

get yeUowcake on her. I would remove my coveralls In the kitchen. Put
them wtlh the rest of lhe [famlly'a) laundry.
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During one interview a miller's spouse interjected, "I had to
wash his clothes first and then put another load of family clothes
In the same water. My oldest son helped wash. Real yellow dirt
In [her husband's] clothes. It was in his ears, around his face,
and shoes: Furthermore, one widow said:
That uranium geta Inside you-all through you. They used special soap
at work. Yellowcake breaks[down] the clothe&. h's hard on clothes.
YeUowc:ake stings. It feels funny. There wu a lot on his clothes. When
you picked them up, It wu left on the ground. I washed his clothes with

the family dothel.
PHYSICAL AND EMOTIONAL H!ALTH PROBLEMS

We Identified self-reported physical and emotional health
histories. Only 11 respondents, 6.5% of the total, reported no
physical health problems. Those with health problems reported
a number of symptoms, as well as diagnosed Illnesses. Among
them were heart, hypertension, eye, hearing, kidney, prostate,
skin rash, and respiratory problems.
Respiratory problems were the most often reported category
among the respondents. Respiratory symptoms and/or Illnesses were Identified by 89 people, or 56% of those who
reported health problems. About 8 of 10 millers with respiratory
problems reported symptoms that Included shortness of
breath, persistent cough, and wheezing. Almost 20% reported
diagnosed illnesses that Included emphysema, silicosis,
chronic obstructive pulmonary disease (COPD), pneumoconlosis, pulmonary fibrosis, tuberculosis, and lung cancer
(Dawson, Madsen, & Spykerman, in press). These results of
respiratory problems among this sample are consistent with the
previous research of Waxweiler et al. (1983).
Following the lead of Vyner's (1988) research of atomic
veterans, we wanted to identify whether our respondents, who
were suffering from physical ailments, were also suffering from
emotional stress related to their physical problems. The llnk
between physical and emotional problems was examined to try
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TABLE1

Anxt.ty and/or o.pre.alon Among Indiana Md
NorHnctl.na With Phplcal ....,.,.. Problema
AtudMy Mdtlr
0.,X.Hlon

v..
No
Tot81 (N)

Indians

Non-Indiana

50.6%(40)
49.4% (39)
100.0% (79)

27.5% (22)
72.5% (58)
100.0% (80)

Total

v..

39.0% (62)
61.0% (97)
100.0% (169)

UOIUIW
No
Total (N)

NOTE: t-0 • .24. Z • 2.99. -/ • 8.94. p < .003.

to rule out emotional difficulties experienced because of other
life events, such as death of a loved one or divorce. Moreover,
we wanted to know whether they attributed their health problems to their former uranium millwork. ·
A majority of the respondents reported experiencing physical
health problems. A number of them also reported experiencing
emotional problems related to their physical health, Including
frustration, anger, not sleeping well, anxiety, and depression.
Anxiety and depression were most often cited, with 49 (30.8%)
reporting the former and 39 (24.5%) reporting the latter. In all,
62 (39.0%) reported anxiety, depression, or both. The data are
presented in Table 1. It can be seen that the Indians Identified
anxiety and/or depression almost twice as much as the nonIndians, and the difference was statistically significant.
Did respondents attribute health problems to their mlllwork?
There were four widows whose husbands did not discuss with
them whether they believed health problems were related to
their milfwork. Of the remaining 155 with health problems, 89
(57.4%) stated they felt they had one or more health problems
related to working at the mill(s). One can see from Table 2 that
there was a higher percentage of Indians than non-Indians
making such attributions, and the difference was statistically
signtficant.
Why did more Indians than non-Indians make attributions
that health problems were related to their mlllwork? One possible explanation Is that they recognized that other workers who
worked In uranium mills experienced similar health problems.
Wegman, Levy, and Halperin (1995, pp. 63-64) Indicate that
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TABLE2
AttrlbuUon of HuHh Problema to Mlllwortc
by lndi.na •nd NoiHndi.n•
lndl.ltla

Non-lndlana

81.8% (63)
10.4% (8)
7.8% (6)
100.0% (77)

33..3% (26)
14.1% (11)
52.6% (41)
100.0% (78)

Total
57.4% (89)
12.3" (19)
30.3" (47)
100.0% (155)

NOTE: t-0 • .53. Z• ll.IMI. x1 •41.111. pc .001.

l
J

asking about knowledge of other workers' illnesses/symptoms
•may be the most Important clue to recognizing· work-related
disease.•
We asked all respondents whether they noticed If other
workers at the mill became ill. Fifty-two (62. 7%) of the 83 Indian
respondents Identified other workers, whereas only 28 (32.6%)
of the 86 non-Indians reported other workers who were Ill. One
. non-Indian did not respond to the question. This difference
between Indians and non-Indians was statistically significant
(>.01) using chi square analysis. Some respondents noticed
health problems In other millworkers when they were working,
whereas others Identified former workers presently experiencing health problems. Both Indians and non-Indians most often
Identified respiratory symptoms, such as persistent coughing.
In addition, the Indians exhibited a strong social network.
Almost all of the former Indian millworkers had lived most of
their lives on reservations and were part of a closeknlt clanbased social structure. On the other hand, many of the nonlndlans had moved to different areas, likely making It difficult
to continue their relationships with other millworkers.
When millers attributed health problems to their work, were
they more likely to experience emotional problems than the
sample as a whole? The data Indicate that this Is so. Overall,
39.0% of the respondents with health problems reported anxiety end/or depression (see Table 1); however, of the 89 who
attributed health problems to their mlllwork, 53.9% Identified
health-related emotional stress as reported In Table 3. This
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TABLE3
Anai.ty and/or Oaprealon Among lndlana and
NorHndlllna Who Anrlbut8 Phyalcal HMlth Problema lo Mlllwork
lndlana

60.3%(38)
39.7%(25)
100.0% (63)
NOTE: t-b • .20. z.

'.88. t

Total
38.5%(10)
61.5% (16)
100.0%(26)

53.9%(46)
46.1% (41)
100.0% (89)

. 3.54. p < .06.

represented 60.3% of the Indians and 38.5% of the non-Indians.
The difference between Indians/non-Indians was statistically
significant only at the .06 level.
One miller reported, "I worry a lot about what is going to
happen to me because of uranium: And another noted. "I
worry about my eyes and stay around the house mostly. I worry
because I wasn't told that the job was dangerous. I also worry
about whafs going to happen to me.· Both of the above respondents attributed health problems to working at the mills.
What about the 11 respondents who did not report experiencing any health problems? Did they express concerns about
health Issues for themselves or others? There were 5 who
indicated concerns about possibly developing health problems
related to the millwork or possible exposures to others. For
example, one said, "I didn't realize there could be health hazards. If I had, maybe I wouldn't have worked at the mm.· Another
respondent noted:
I didn't really have any know1'9dge of lhe danger part of It. I juat thought
it wu a good job because It paid more money than my other job. I didn't
know about the dangers until people atarted talking about cleaning up
the taiUngs. and people started talking about lhe dangers of whal we
were exposed to.
LMNO EHVIRONMEN'n PROXIMrTY TO MINES AND MILLS

Minewaste and mill tailings, the byproducts of uranium mining and milling, can be found in close proximity to residential
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TABLE4
lndlene and Non-lndlM• Who l!xperlenoed Seleot.d Uvlng Condldona

Total

lndlllM

Non-/ndltJM

{N •83)

fN •87}

Near urWllum m1ne•
Neer uranh.m mllr"

33.7% (28)
75.9 (63)

18.4" (16)
1e.s- (17)

25.9 (44)
47.1 (80)

Children play neat
uranium mlnelmlll
Bring home UfWlium

38.0

(30)

1u·· (10)

24.4 (40)

58.0

(47)

46.5

(40)

52.1 (87)

IMterlal• and ecrepb

tN •

170)

L fW91'1 ID Mng wtilWI hd • mle of 8lltw • urwlUn mine Of mil.
b. The ur9lllum maMIWI Of eormp oould be horn mlr>W arlO'or ~
~ beCWMrl lndlMw Md Noft.lndlans. p < .05. ··c111erwice ~ ......... Md Non-lnll11111, p < ,001.

areas of workers and their families. Because these low-level
radioactive substances are suspected of causing health problems, we felt It was important to identify whether millworkers
and their families had lived in close proximity (within a half mile)
of a uranium mine(s) and/or mill(s). We also asked whether the
workers brought any materials home from the sites.
All respondents who lived close to uranium mines did so for
a median average of 3 years, whereas those residing close to
the mllls averaged 5 y~ars. The figures In Table 4 show that the
Indians experienced these environmental factors more than the
non-Indians. The Indians were almost twice as likely to have
lived within a half mile of a uranium mine/minewaste, and almost
4 times as likely to have lived near a uranium mllVmlll tailings.
Seventy (84.3%) of the Indians had lived In close proximity to a
uranium mine and/or mlll; only 24 (27.6%) of the non-Indians
did so. Most of those who did live near mlll or mine sites lived
there when employed. At one mlll the foundations of several
homes were constructed partially of mill tailings. In addition,
Indian children were 3 times more likely to have played near
mlnewaste and/or mill tailings. All of these comparisons between Indians and non-Indians were statistically significant.
The following open-ended question was asked of the 94
respondents who had lived close to a mine and/or mill: "'How do
you feel about IMng close to a uranium sourcer Thirty (31.l'%)
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did not express an opinion, and 10 (10.6%) said they had no
worries associated with being close to a mine or a mill. The rest
(57.4%) indicated several concerns. A content analysis of responses yielded three prominent types, with some respondents
indicating more than one.
The first concern was the lack of radiation risk notification as
noted by 34 respondents. Examples included: "I don't think
· anybody was aware until somebody came along and told us
about the dangers. This was after the mill shut down.• "It was
just a day-to-day living. I didn't know anything about the dangers. Nobody knew, I think." "I didn't know until later that It could
affect your health. Then I felt It was okay, but not now.•
A second concern was worry about being exposed to radiation. Seventeen responses mentioned this, including the following typical comments: "I feel [the tailings pile) is not protected.
I'm aware of gamma rays. Even though ifs covered, I don't think
ifs safe. Wind would blow the tailings.• "'I don't think it was wise
[to have lived near the mill] because of the radiation.• "I think it
will still be in the air. About 15-20 years later, you will begin to
feel it•
The third concern identifies family members and others as
possibly having health problems related to living near a mine or
mill. Twenty respondents talked about such fears. For example,
one miller stated:
[The pollution] was bad In our part of town. The prevailing wlnd8 would
blow. The acids would rot the clothes on the clotheallne. We didn't get
the gu and smoke, but others did.... We have two klda who were bom
(with dlsabllltles] while I was wor1<lng at the mill. We feel (their problems]
might be caused by radiation. Every doctor diagnoses them different.
The doctors don't aeern to kiiow what lhil I•.

Another worker said:
Al the lime the job was a fonn of employment. We never thought of It
as being hazardous. It was only afterward that I knew It could be
dangerous. We lived In a company house. I rented a mobile home for
three years. I understand the materials the mobile homes were put on
were radioactive. My wife died about 12 years ago. She lived at the mUI
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housing for three years with me. She washed my mill clothes. She would

shake the coveralls to get rid of the dust. She was diabetic and had
kidney problems.

· Several workers raised concerns about their children, who
had played at the sites. One respondent said, "The boys would
go play all day at th~ mill because their dad was In there. They
would come home with dust on them. I thought It was okay [at
the time].•
UVINQ l!HYIRONMl!Hr. BRINOINQ BYPRODUCTS HOMI!! FROM MIUJMINU

Materials (lumber, scrap metal, and uranium ore) were reported to have been brought home from mine and/or mill
worksltes by 52.1 % of the workers, Including 58.0% of the
Indians and 46.5% of the non-Indians. This difference Is not
statistically significant We did not ask the respondents if these
materials had been Inspected for radiation; however, some of
them commented that they knew the materials had been Inspected whereas others were unsure. Some of the respondents
no longer had these items on their premises, others did. One
worker said:
The mUI sold me three 55-gallon drums for hauling water.••• Drums
were atored among uranium ore. Dual was all over. The company
brought In high-grade ore from (another town]. I feel the drums were
contaminated with radiation. No one checked them. A lot of guya bought
theeedruma.

Another reported that he had brought home used canvas
vent bags (yellowcake area filters), which hie wife had aewn
together for mattress pads. Still another worker said, i11 used
scrap sheet metal from the mill that was left in a scrap pile. Used
It for a sheep corral. I've still got it. I didn't know any dangers,
but now I feel it is kind of dangerous.•
A widow, whose husband hauled ura11lum ore by truck to the
mills, reported that her husband would sometimes store the ore
In their backya~d between trips. She said, "He dumped uranium
In the backyard when hauling from [the mines]. The kkfa pley.n.~
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on the ore. He started out with one truck, then bought another
truck. Kept a load at home [20-30 feet from the house] so he
could go back and forth. They never told us Pf It was danger-

ous].•
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observations of Individual responses to Invisible environmental
contaminants, such as radiation. He states that (1988, p. 156):
Some of the people who are e><p<>aed to an lnvlalble environmental

In addition, two respondents explained that they witnessed
officials placing monitoring devices on their homes and sur.rounding land, but the respondents were never lnfonned about
the meaning and results of the monitoring. In one case, the
resident looked outside to see officials in •moonsults" monitoring her yard. She worried that she was not wearing protective
clothing and had never been lnfonned of a hazard. Further
concern was expressed by members of three families who were
not fonner millworkers. They heard that we were Interviewing
millworkers and approached us about their fears related to
perceived environmental contamination of their homes and
land, which were situated close to uranium millsites.

DISCUSSION

The results of this study indicate that a majority of the
respondents perceive they have been victimized as a result of
being associated with the uranium Industry. More than half felt
they had health problems related to the millwork, with Indians
more likely than non-Indians to make this attribution. In addition,
a number of those who lived in close proximity to mines and
mills also expressed concerns that family members and friends
also may have been adversely affected.
These findings are similar to Dawson's study (1992) of uranium miners and Vyner's study (1988) of the atomic veterans
in that they provide some evidence of occupation-related poattraumatic stress disorder. It is not possible to compare these
findings with other workers because, as Baker and Karasek
(1995, p. 381) state, "The number of stress-related disorders Is
unknown among the general population of workers.•
The psychological distress Indicated by the responses of
many fonner millworkers Is consistent with Vyner's (1988)

contaminant wtn either become concerned about whether that expoeure
hu biologically hamled them, or they will actually become convinced
that It has hanned them. Either circumstance will lead a person to want
to become vigilant about the health effects of that exposure.

Furthennore, Vyner recognizes that it Is difficult to assess
one's situation without sufficient lnfonnatlon, and It Is therefore
hard to attack the perceived problem adequately. Because of
this, people have problems gathering Information about the
nature of their situation and the resolution of their problems. He
says people may _then become hypervlgllant, with nonadaptive
behaviors such as becoming preoccupied with either existing
Illnesses or possible future environment-related illnesses. For
some Individuals, hypervigilant behavior may be acute,
whereas for others It may lead to chronic traumatic neuroses.
We did not ask questions that could tap hypervlgllance, such
as how many health care professionals were contacted within
a certain period. Such questions need to be asked In future
research to ascertain how preoccupied the respondents are
about their health.
In this case, the mlllworkers are unable to contact many of
the uranium mill companies because they have long been out
of business. Furthennore, records of exposures are not readily
available, If at all. Medical and personnel records kept during
their mill employment, In many cases, have either been destroyed or are unavailable. NIOSH Is now attempting to Identify
exposure and personnel data for the uranium mills that were In
operation before the 1970s (NIOSH, 1995).
Another problem confronting the millworkers Is the lack of
definitive epidemiologlc studies linking Illnesses with occupational exposures. Because such a long period of time has
passed since this group of workers was employed, It will be
difficult to construct adequate sampling frames for mortality
and/or morbidity studies. We feel every attempt should te mads
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to conduct new studies on these workers. The latest study
(Waxweiler et al .• 1983) was based on data ending In 19n, and
an important contributing causative factor in illness, smoking
data, is absent from this study.
Special attention needs to be directed toward the American
Indian millworkers and their families. They appear as a group
. to have greater levels of stress than the non-Indians as
they view their health related to the millwork. Large-scale
representative samples are needed to assess both physical
and emotional levels of health. In addition, It Is crltlcal to
study Indians. because they are known to have a low smoking
incidence.
A better dialogue needs to be established between experts
(legal, governmental, medical, and scientific) and the uranium
millworkers so that there can be a greater exchange of Information, concerns, and needs related to this area. This would aid
the mlllworkers In better understanding their situation. We Interviewed several professional key informants who Indicated to us
differing levels of awareness about the millworkers' situation,
ranging from some who believe the millworkers should be
compensated for exposure to others who believe e>(posure was
negligible. This difference of opinion among professionals can
cause former millworkers increased uncertainty. Moreover, having incomplete information about occupational and environmental exposures can also lead to worries and concerns.
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Comment: Environmental Racism and Public Health

•

Equity and justice have emerged as
central issues in environmental health
policy in this decade, 1 although the debate
is far from new. This change in agenda has
been prompted, in part. by hundreds of
grassroots organizations and community
action groups that have focused anention
on the environmental problems facing
disadvantaged communities.
The environmental movement of the
1960s and 1970s was dominated by the
White middle class. 2 It succeeded in
building an impressive political base for
environmental refonn and regulatory relief. However, it failed to address charges
that poor and minority communities are
dumping grounds for environmental hazards.
The environmental justice movement of the 1980s and 1990s initially
focused on claims that race and poverty
are involved in the siting of undesirable
facilities. 3 Today. the charge has broadened to include all issues of environ.'11ental degradation. Communities are demanding stronger participation in decisions that
affect their health and homes.
In February 1994, President Clinton
igned Executive Order 12 898, which
requires all federal agencies to develop
comprehensive strategies for achieving
environmental justice. As a result, increased agency staff and more research
funds have been allocated to address local
environmental concerns. The US Environmental Protection Agency (EPA) created
the Office of Environmental Equity to
coordinate agency activities and provide
technical assistance. Dr Kenneth Olden,
the director of the National Institute of
Environmental Health Sciences, has made
his agency more responsive to the needs
of environmentally degraded communities.
"Environmental racism" is a charge
leveled by many communities of color. a<;
they draw the lines in defense of their
embanled environments. Sexton et al. 4
prefer the tenns "environmental equity"
or ''environmental justice" to "environ-
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mental racism." These concepts extend
concern to "the underlying principle that
fairness and equity are inherent in society's effons to protect the health of all
citizens from the adverse effects of
environmental agents. " 4<p686 1 Greenber§5
funher distinguishes between two fonns
of equity. Outcome e u1tv re u1res baJance spaua and temporal distribution o
oenefits and burdens. Process equity
reqmres application of equitable environmental, health physical legal economi,£.i
and political criteria to arrive at environ'inental policy.
----i11eSedlStJjjcrjo~ while useful. are
inadequate to protect the public's health,
especially for the most vulnerable among
us. They also fail to recognize fhar racism
pervades US society and that envjronmental protection is not immune
In this issue of the Journal, Mapel et {
al. 6 document "environmental (in)jus·1
rice" against Native American miners in r
at !cast three ways. Firsc, the authors.(
demonstrate a disparate burden of nonma- !
lignant respiratory disease among them.
I Second, Mapel et al. observe ethnic
differences in the spirometric criteria used
to predict lung function, differences not
being taken into account in the current
\ standards. And third. they find prevailing \
\ compensation procedures for mining- 1
related disease to be biased against Native \
Americans.
I
Here, it seems clear. deliberate discrimination on the basis~
contributed to an undue burden of respiratory disease among Native American
uraruum miners. ''Dog holes," as the
earliest mmes were known, were infamous for their lack of ventilation and poor
working conditions. Local men were
recruited to work in the mines, which
were often located on Native American
reservations. 7
Environmental racism has parallels
in other public health spheres and needs to
be confronted. Prominent public health
professionals have recently been maligned by Dr. Sate! for proposing social

.lf
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solutions to public health problems. In
panicular, the fire has been directed
against initiatives to advance the health of
minorities and other disadvantaged
groups. 8·9 These anacks. either disinge~u
ous or ill infonned, fail to recognize the
historic understanding that societies shape
panerns of disease. 10-12
To discount racism as a potent@!
contnoutor to disparities in health by race
and ethruc1ty 1s to ignore well-established
social history. not to mention the c::xperience of many afflicted persons. Denial
serves to perpetuate ineguitf. It also
forecloses studies of racism focusing
specifically on ill health and premature
mortality.
.Sortini! out the health dfects. of
racism is no sim le task.
( nshi S"'"'
tween race. ethnicity, social class. segre£ation, discrimination and prre~f
disease are complex. 13- 15 The research
problems are thorny and difficult to
asst:::.::., especially in uara coll~ted for
other purposes. These difficulties have not
and should not keep rigorous. compassionate, and creative public health researchers
from trying. 16-20 Indeed, the gaps in rates
of morbidity and monality between African Americans and White Amencans
(which not only persist21 •22 but grow
Wider23 ) demand that we do no less.
Public health has a fundamental role in
preventing disease and a secure and
legitimate fole in helping to fonnulate
policies and initiate programs toward that
end. Engagement should be no less
vigorous than on any other health initiative.
The core of the problem surely lies in
the racial segregauon that conunues to
afthct most urb~ and other communnles
in the United States. A number of repo'tts
Support the commonplace observation
that disadvantaged locales bear a dispro'pomonate share of environmental hazards.3·2··3 A widely cited. if hotly con-
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tested, study was published by the
Commission for Racial Justice of the
United Church of Christ. 25 Zip code areas
containing one hazardous waste site had,
on average, 24% people of color, compared with 12% in areas without a
hazardous waste site. Zip code areas
containing either ( 1) two or more facilities
or (2) one of the five largest hazardous.
waste landfills in the nation had, on
average, 387c people of color.
The experience of West Harlem, a
largely African-American and Latino community, is a cogent illustration. The Clean
Water Act barred the dumping of raw
sewage into the Hudson River. New York
City responded by constructing the
enormous North River Water Pollution
Control Plant on West Harlem's waterfront. The decision was political. not
scientific. Developers had managed to
block construction at an earlier site in a
diverse, more affluent community downstream from West Harlem. 2.26 The West
Harlem community united in outrage at
the foul odors and emissions from the
plant once it became operational, but it
could not be shut down. Any resident of
West Harlem will endorse this experience
as a "Case.of ~vi-TO!m1enr~1 racism..--So .Co
we.
Besides low-income people ancLracial and ethnic minorities, other groups
have been victims of environmentally
un1ust policies and practices. 2 'i·2 ~_~_p.kiEle
and often greater exposures aff~ers
in hazardous occuRati,ons.6·29 At the
same time. susceptibility to environmental insults is greatest among other
vulnera_!?!~P.Qpulations: the young,30 the
old. the i~~_E!~, and the
infirm. 29
~nvironrnental health researchers
need to consider all populations threatened by environmental hazards, deprived
or not. Legislation to protect health and
the environment must win broad-based
support if it is to avoid being perceived as
serving narrov.· interests. 31 Nonetheless,
this broader conceptual range does not
remove racism from the social apd
economic eguation. It is hard to overlook
the historic contribution of redlining to the
decline of major urban centers. Indeed,
present-da ' sitin and zonin
s
su 1 place neoplc of color under envjroornental sie!!e.
Lead provides a compelling example. According to_Max Weintraub of
the National Safety Council, Wasfoitgton
DC, African-American children are four
times more likely than White children to
have elevated blood lead levels and seven
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times more likely to require medical
evaluation for lead poisoning (letter, Am J
Public Health, in press). These differences are largely due to housing and other
environmental fa"ctors. Such exposures
"lll'e"clirect consequences of the extreme
:g/dential segregation of African-American communities in old and poor neighl!orhoods.32 Leaded paint in deteriorated
liOliSUig an enuss1ons
1c
corn me with poverty, limited access to
health care, poor nutrition, and pica to
raise blood lead levels in AfricanArnerican children. Severe neurologj_c
impairment and death are now rare hut
subtle cognitive effects that often go
unnoticed persist. Some believe that lead
may even contribute to the disproportionately high numbers of African-American
youth in New York City's special education classes,2 an explanation that lies
within the realm of possibility.
How, then, to best protect the public
from environmental health risks? First,
rigorous studies are required to fully
acldress the distribution of environmental
hiiZards'bYJOCality and their r~lati~s
with suspected health risks. Careful attention needs to be gi~
tians are al risk, the h~ds ~~~ess~ the
g;;ographic areas compared. and the epidemiolog1c and statistical methods applied
in the research. 5 Especially promising are
advanced mapping capabilities available
in geographic information systems. These
can incorporate data on both environmental exposures and disease outcomes and
can relate both kinds of data in spatial
analyses.
Second, appropriate environmenf!tl
interventions need to take accQl.lnt of I/le
social and cultural djmensjons of affected
communitiesJ\lli~ces at ~~cal le::!_
are more likely to resul!l.l}_jhe;:_~ye_
remedy of recognized or discover~c:l_J1~
ards as weU as__.iiu_Qlllim!._e-9 pn;~tecli~ 3
Fllnds are necessary to carry out such
studies. The EPA and the National Institute of Environmental Health Sciences, as
well as state and local health departments,
have begun to support community-driven
research, but more sustained funding is

1

~

Third, careful rn~mitoring of specifi5
environmental hazards and exp...QS..~S
well as overall surveillance of potential
health risks is requ~d. 34 Goals suc..fi...!5
the more eguitable distribution ofundesirci)Je and desirable environmental features
must be formulated with communin;,
E,_articjpatiou. The extent of progress when
new policies are implemented needs to be
evaluated and broadly reported. Here,

occupational surveillance can serve a" a
useful model for environmental surveillance.35
Finally, the environmental justice
movement can profit from the experience
of past public health campaigns that h;1ve
successfully intervened in a broad way
against identified hazards. As in the
antismoking crusade, the key is to set
about building a public health initiative in
a conscious and purposeful way. 36
Unprecedented attacks on environmental legislation by the I 04th Congress
provoked a backlash by an American
public unwilling to dismantle two and a
half decades of progress towards environ- ·
mental protection. Stronger safeguards
are now being proposed: for example, the
EPA recently announced stricter airquality standards for small particulate
matter and ozone.
Environmentalists have often been
cast by the spokepersons for .heavy
industry as a threat to jobs and profits.
Today. the country at large understands
that environmentalism js not merely the
preserve of a privileged elite rotectin
.. err open spaces. Instead, urban and
!"'..!.o-..tl ~..s~roots organizations. established
environmental groups, and government
agencies are assembling in force to
address local environmental concerns.
Environmental activists provide their communities with materials and data to help
them make informed choices with regard
to environmental policies. As public J
health campaigns have often demonstrated, when people are informed, action
follows.
Environmental concerns have always been inextricably ued to ublic
he
and development. Many exposures
are broad in sco e. The interventions to
address them re uire u 1c
cy
an. action. Already hazards exist for
which community and even national
action will not suffice to protect public
health. International cooperation is necessary to deal with marine dumping. deforestation, burning of fossil fuels and. the
thinning of the ozone layer.3 7·3s Thus,
when global solutions need to be found,
environmental issues enter. the domain of
foreign policy.
As momentum builds. all levels of
the environmental justice movement must
engage with public policy. work with
government agencies .. and advocate for
legislation and regulation as needed. 36 In
this way, progress towards '"environmental justice" 39 might be sustained. not only
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through the current administration but
D
beyond.
Mary E. Northridge
Deputy Editor, AJPH
Harlem Center for Health Promotion
and Disease Prevention
Peggy M. Shepard
West Harli!m Environmental Action, Inc.
New York, NY
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Topics for Our Times: Affirmative Action and Women's Health
This past November, the California
Civil Rights Initiative, Proposition 209,
was approved by California voters. Although its proponents describe it as
amidiscriminatory, the text of the measure
explicitly bans outreach and remedial and
recruitment efforts to help minority and
female students with math, science, and
:ntry to higher education. It also threatens
o bar women from a range of occupations
.n ways that hark back to the era prior to
passage of the Civil Rights Act of 1964.

732 American Journal of Public Health

Despite its equally threatening assaults on opponunity for both women and
minorities, advocates of Proposition 209
tried to enlist women (implicitly as
Whites) and to depict the opposition as
minority (implicitly as males). Such dichotomies are not only politically divisive
but also spurious; the categories are
neither mutually exclusive nor homogenous-a woman may also be a member
of a minority group. The term "minority
woman," in tum, comprises a range of

experiences. Too often, even the proponents of affinnative action restrict advocacy primarily to one group. It is necessary to understand the diversity and
specificity of both gender and ethnic
status to assess the implications of afftrrnative action for women's health.
Broadly speaking, affinnative action
has two general goals-social justice and
efficacy. The former assumes that because
of past and present experiences of discrimination the playing field is not level for
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Although much of the evidence is anecdotal and circumstantial, there are
mounting concerns that environmental health risks are borne disproporrionate!y
by members of the population who are poor and nonwhite. We examine the
central role of environmental health research in defining the dimensions of the
problem, understanding its causes, and identifying solutions. Environmental
health sciences. including epidemiology, exposure analysis. pharmacokinetics.
toxicology, and surveillance monitoring, must be employed to determine clze
extent to which society has achieved "equity" and "justice" in safeguarding clze
health and safety of its citizens. By improving our ability to identify, evaluate.
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PERSONAL EXPOSURE
TO
INDOOR AIR POLLUTION
P. Barry Ryan, B.S., M.D .• Ph.D.
William E. Lambert, Ph.D.

INTRODUCTION
The term personal exposure refers to pollutant contact with an individual as he or
she moves through various environmental settings. and is repre_sented by the
concentration at the boundary prior to ingestion, dermal uptake. and/ or inhalation
of that contaminant by the individual.
Accurate characterization of personal exposure is needed for valid assessment
of health effects and the design of more effective intervention strategies. Misclassified exposures reduce the sensitivity of epidemiologic studies to detect the
effects of pollutants or lead to spurious associations. For example, use of ambient
air pollution levels to characterize exposures for residents of a community will not
classify personal exposures accurately if there are indoor sources of the same
pollutant and/or a large proportion of time is spent indoors. Further, exposure to
pollutants of outdoor origin will be modified by infiltration and reaction indoors. In
the context of an epidemiologic study, if these factors are randomly distributed
across communities (i.e., exposure groups), then the estimate of the magnitude of
the health effect might be underestimated (Shy, Kleinbaum. and Morgenstern
1978; Ozkaynak et al. 1986). However, if th~re are systematic differences in the
distribution of indoor sources, or mitigating factors, then it is possible that positive
or negative associations might be incorrectly attributed to the "assumed" exposure
variable.
Personal exposure data might improve the cost effectiveness of control and
mitigation strategies. If a personal exposure study indicates that the major portion
of the total exposure is attributable to automobiles. one control strategy would be
to restrict motor vehicle emissions. reducing exposures to those people in transit or
pursuing activities near traffic. Restrictions on stack emissions from a local power
109
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plant, although effective in reducing the total ambient pollutant burden of the
community, might have lillle impact on total exposure to respirable particles inside
residences. Investigations of personal exposures may also identify subgroups of
the population whose particular behaviors would place them at risk for elevated
exposures. Evaluation of activity pallems and exposures 10 specific sources may
facilitate understanding of the detenninants of the exposures and ser\le as a basis
for intervention.
Several factors have contributed to the growing awareness of the importance of
adequate estimation of personal exposure. The first is the development of new
personal monitoring instrumentation, which is small and unobtrusive (Wallace and
Ou 1982). The measurements using personal monitors have demonstrated clearly
th.e inadequacies of assuming personal air pollution predicted by measurements
made at outdoor sites, the usual approach for many community air pollutants. The
error is particularly large for pollutants such as carbon monoxide (CO) and nitrogen dioxide (N0 2 ), which are emilled from localized sources such as automobiles,
kerosene space heaters, and gas cooking ranges (Akland et al. 1985; Quackenboss
et al. 1986), but also has been demonstrated for more unifonnly distributed regional pollutants such as ozone C0.1) and fine particulate mailer, whose concentrations
in indoor setlings are mediated by building structures and surfaces (Spengler and
Soczek 1984; Spengler et al. 1985; Cont ant et al. 1987). Second, the complexities
of human behavior and movement may play a major role in detennining personal
exposure. Yet it has proven difficult lo develop mathematical models for estimating individual exposure based on outdoor fixed-site or area measurements. Further, even for modeling population exposures, there is a lack of population-based
data on activity pauems suitable for exposure risk analysis (World Health Organizaiion 1982; Ou 1985; Sexton and Ryan 1988). This chapter develops a conceptual
framework for exposure assessment in the indoor selling. The current monitoring
methods are reviewed as they relate to strategies for personal exposure assessment,
and exemplary applications are described. A more detailed treatment of air pollution measurement is provided in Chapter 4.
CONCEPTS AND DEFINITIONS

Figure 5.1 presents a conceptual framework for understanding personal exposure
within the sequence of events between the emission of a pollutant from its source
and the health effect experienced by a person who comes .into contact with that
pollutant. After release of a pollutant al a source, the pollutant moves through an
environment in which it may be diluted and transfonned by physical and chemical
processes. As illustrated in the third· component of the sequence, some of the
pollutant (or the product of a transfom1a1ion) eventually comes into contact with
people, resulting in an "exposure." The link between the presence of a chemical
contaminant in the environment and its contact with people is complex and in part
detennined by patterns of human behavior. The portion of exposure which is
adsorbed, ingested, or inhaled into the body is tenned the dose. It is this final
110
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amount of the chemical contaminant which produces the health effect. In the
following sections, the tenns co11ce111rntio11, exposure, 11nd dose are more fuliy
defined.
CON CENT RATION

The amount of a chemical contaminant al a particular location in a particular
medium is tenned the co11cemratio11. The concentration of an air pollutant is the
amount of the material contained in a specified volume of air. Most air pollutant
concentrations are expressed in mass per volume units (e.g., µg/m 3 ); however,
gaseous pollutants may also be presented in units of a mixing ratio with aii;,
typically in parts per million by volume (i.e., ppm.). For certain particulate contaminants such as asbestos, the actual number of particles per unit volume is used
(i.e., number count/ml).
EXPOSURE

E.i:posure is defined as the contact of pollutant with a susceptible surface of the
human body (Duan 1982; Oil 1985). For most air pollutants, this is the contact of
polhuanl with the skin, eyes, tissue in the nose, mouth, or throat, or the epithelium
of the respiratory tract, the lining of the airways and alveoli. Thus, exposure can be
simply d.!fined as the simultaneous presence of a person and a pollutant in his or
her immediate environment.
Exposure normally is considered to include within its definition an element of
lime. For example, exposures are typically given units of concentration multiplied
by lime (e.g., µg/m 3 -h), connoting an equivalent exposure experienced by an
individual subject to a fixed concentration for a period of time. This allows exposures lo be placed on a scale and quantified. One may see from this that a
complete description of exposure requires knowledge of three components: magnitude of pollutant concentration in the exposure environment; duration of the
exposure; and the time pallem of the exposure. The first two components require
liule further explanation. The pallem of exposure is of importance because of
possible differences in the effects of varying concenlralions relative to fixed values. Fu11her discussion can be found below.
Several commonly used means of characterizing exposure are presenlcd in
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Dose refers lo that amount of chemical conraminant which crosses a boundary of
1he body and reaches the site of toxic action. Time is implied in lhe concept
because dose is typically expressed as mass or number of molecules. Dose, rherefore, varies not only with the exposure profile (i.e., concentration and time course)
but also with the physiologic stale of tjie individual. For example, consider two
individuals who are indoors al home. One sirs in a chair and walches television,
and lhe other rides an exercycle for one-half hour while also ·warching television.
Allhough both individuals are equally exposed 10 ration present in rhe room air, rhe
physically active person who is breathing. faster, more deeply, and lhrough the
mouth receives a greater pulmonary dose relarive to the person al rest.
If the site of toxic action is the lung epirhelium, as for ozone, the amount of
pollutant deposited on the lung epithelium is equivalent lo the dose. If lhe pollutant
is absorbed across the lung epithelium (see Chapter 8 on CO) into the blood, where
ii is transported lo the la_rgel organ, the amount absorbed is the dose lo the body,
while rhe pollulanl reaching the sire of action is considered to be the biologically
effective dose.
For particulate mailer and water soluble gases, lhe route of brealhing will affect
lhc amount of chemical conlaminanl thal reaches rhc lung. During nasal hrca1hing,
particles with an aerodynamic diameter of2-5 µmare more likely to be tillered out
in the nasal turbinates by impaction and adsorplion onlo mucus whereas particles
a smaller diameter pass through the nasal passageways of the head and on to the
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5.2. Graph
rhe
mean N0 2 concenrrarions (part .
billion or ppb) m e S a conlinuous monilor worn by an individual over a
lweilly-fuur-hour period. Some periods of I he exposure profile are characterized by
highly variable exposures 10 peak levels as high as 200 ppb, whereas orher periods
are characterized by fairly conslanl low levels of exposure. These exposures may
be compartmentalized by averaging the concentrations wilhin the ti'me period of a
specific activity. As graph B illustrates, an individual moves through several
diverse exposure sellings in the course of a day. Graph C shows rhe cumularive
integraled exposure as the individual moves during lhe day. The rare of increase in
inlegrated exposure is grealer for certain exposure sellings, such as cooking meals
_ on a gas range. Note that lhe twenty-four-hour integrated exposure for I his imlividual is 960 ppb-h. Graph D presents average exposu.re measuremenls for various
lenglhs of averaging times. The longer averaging limes effeclively dampen the
varialion in personal exposure. Allhough the twenly-four-hour mean exposure was
40 ppb, mean exposure during the six-hour interval comprised of nighr sleep was
25 ppb, and rhe three-hour interval comprising the evening commute and meal
preparation was 65 ppb. In this particular example of the different ways of averaging personal exposure, rhe biologically relevanl measure of exposure is nol k_nown;
Transient exposures lo peak levels of N0 2 anti/or long-lenn chronic exposures
may be associaled wirh oxidanr damage and increased susceptibilily to respiratory
infection .
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lower airways and alveoli where they may be deposited (Schlesinger 1988). Removal in the nasal passages is bypassed during mouth brenlhing. For nonreactive
gases such as CO, the route of brealhlng does not affect lhe delivery of nonreaclive
gases to the deep lung. Therefore, for certain pollutanls, estimates of pulmonary
dose should consider venlilation and 1he route of inhalalion along with the physical
and chemical characteristics of the contaminant. Direct monitoring of brealh_ing
rates or level of physical exertion may be used to make a crude correction for oral
breathing.
The definition of biologically e.ffrctii•e dose can be relined further. Some inhaled
contaminants undergo chemical lransfonnation, and it is the metabolic products
that are actually responsible for the tmdc effect. Different metabolites may be
fonned depending upon the received dose, lhe rate of dosing, and the physiologic
conditions. llence, the effective biologic dose may be a fraction of the pollutant
initially inhaled.
TIME-ACTIVITY PATTERNS

People encounter different concentrations in different seuings, and depending
upon source use and ventilation, among other factors, lhe concentrations in these
sellings will change over time. II may be important, therefore, to understand the
pallerns of human behavior relevant lo exposures. Thus, an understanding of the
sellings and activities in which people spend their time could identify populations
and/or behaviors at risk of high exposure. Such studies may reveal effective
exposure miligalion opportunilies, while providing the basis for modeling exposures which incorporate data from fixed location microenvironmenlal monitoring. for example, human behavior related 10 source use,_sm;h as the use of an
exhaust fan while cooking, the use of a gas range for space healing, the sLibslilution
of microwave ovens for gas ranges will result in differential exposures for subgroups.

MODELING PERSONAL EXPOSURE
Personal exposure may be modeled by considering a series of locations with air
pollutant concentrations present. A person moves through these locations over
time. A given location could be subdivided if activilies, ventilation, or mixing
cause changes in source use, strength, or dilution. In the generalized model (011
1985; Duan 1982; Fugas 1986), the mean concentrations experienced in successive
sellings, or microe111'iro11me111s, are lime weighted and summed lo generate a lolal
integrated exposure for some specified time interval, usually a twenty-four-hour
period:

E =If; C;
Where,

l = Sum over all limes and conccnttalions
114
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E = Tolal exposure

C, = Concenlration of polhllanl in microenvironmenl i
f, = Fractional lime spenl in microenvironment i
When this model is applied lo an individual's daily exposure profile, the tolal
exposure is identical to the twenty-four-hour inlegrated exposure, or the cumulati.vc e_xposure described in Figure 5.2, graph C. Microem•iro11me111s are specific
s11uat1ons of exposure, and as defined by Duan ( 1982), they are locations in space
and time over which pollutanl concenlralions are assumed uniform and constant.
Therefore, a kitchen location with cooking aclivily on a gas range is a microenvironmenl that is different and distinct from the same location before cooking
began. Levels of pollutant concentration at certain locations (e.g., kitchen,
garage, or traveling inside a car) may display high temporal variability, and therefore the choice of classification of the microenvironmenl, and .hence averaging
time, will inHuence the variability of lhe exposure measure. Quackenboss et al.
11986) suggested that although some variability in exposures may be losl by'
c~m~ining microen~ironments inlo broad classes·, the differences in variability
Wllhm a class are likely to be smaller than those between microenvironmental
classes (e.g., between indoor and outdoor local ions or belween residenc~s and
workplace). For certain pollutants, such as CO, cm_llinuous monitoring or a high
resolulion microenvironmenlal classificalion may be needed to characterize exposure adequalely for accurate eslimales of uptake by lhe body due 10 the 1imeexposu.re r~lationship for carboxyhcmoglobin ,(COHb). In comparison, longer
averagt~g times and more coarse characterization of microenvironmenls may be
appropriate for pollutants such as lead, where body burden is the measure of
inlerest.
The generalized model of tolal personal exposure may be applied to a specific:
group of people, or a com1111mi1y. The distribulion of individual personal exposures.
made on a sample is combined with time-activily data on the populalion to estimate
lhe distribution of total exposures for the population. The upper tail of the distributi'.m for some pollutant exposures may idenJify a subgroup of the population with
higher-than-average risk. This is of particular interesi 10 decisionmakers concerned with public heallh. It should be recognized that lhis area of the distribulion
is somewhat more difficult io characlerize lhan is the mean (Sex1on and Ryan
1988), and many personal exposure measurements must be oblained to eslimate
accurately the frequency, magnitude, and duration of high-exposure events which
may be rclalively rare. Examples of rclalivcly lower frequency si1ua1ions include
foully aulo exhaust systems that result in high in-vehicle CO conccnlralions and
the improper venling of furnaces that lhen leak emissions inlo residences.

ASSESSMENT OF PERSONAL EXPOSURE
lcchniques for lhe assessment of personal exposure to air pollution can he divided
i1110 two major classes. The first approach measures the concenlralions of the
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pollulant using monilors worn on lhe person or localed in s
1c sellin~s frequented by the person (i.e., home, workplace, or car), and lhe second esumates
exposures from measurements of biologic markers such as lhe pollulanl concenlralions in blood and breath samples (Sexton and Ryan 1988).
AIR POLLUTANT MONITORING

In his review of 101al exposure assessmenl, Olt ( 1985) separated exposure
measurement inlo two general methodologies, direct and indirect.

Direct Method In 1his approach, individuals wear personal monilors 1ha1 measure 1he concentralions of pollulants in their brealhing zone. While wearing the
monilor, the subject mainlains a diary record of localions visiled and aclivities
pursued. A variely of passive sampling devices lhal can provide integraled measuremenls of personal exposure is available, and conlinuous moniloring inslrumenlalion wilh dala-logging capacity continues lo evolve (Wallace and Olt 1982;
see Chapler 4 on environmental monitoring). However, implemenling the direcl
method is labor intensive and time consuming, which may preclude ils application
10 large samples, and personal monitors are not presently available for all pollulanls of concern.
The direct method of personal exposure assessment has been applied in several
surveys. The Environmental Protection Agency (EPA) obtained personal CO measurements on large probability samples of the residents of metropolilan Denver
and Washington, D.C. (Akland cl al. 1985; Wallace el al. 1988), which allowed
the evaluation of the efficacy of outdoor monitoring nelworks to eslimalc actual
popuJation exposures. Personal exposures 10 CO have also been measured in a
subgroup of Los Angeles men who have ischemic heart disease (Lambert 1990).
The exposure palterns of these susceplible individuals were comparable to those
measured in the general population al Denver and Washington, D.C. Nitrogen
dioxide exposure has been characlerized by direct monitoring carried oul in conjunction with the Harvard six cities study (Quackenboss el al. 1986) and in probability samples of residents in Boston and Los Angeles (Ryan et al. 1989; Spengler
el al. forthcoming). In the Total Exposure Assessment Methodology (TEAM)
studies, the EPA surveyed personal exposure to various species including CO.
volatile organic compounds (VOCs), pesticides, and particulate maller in several
U.S. metropolilan areas (Wallace 1987; see also Chapter 11). The melhodology or
the EPA's carbon monoxide and VOC studies will be presenled in delail in a later
section of this chapter.
Indirect Metlwd This method avoids 1he practical and logistic constrainls or
direcl monitoring. The indirect approach uses area or microenvironmenl monilors
and 1ime-activi1y data lo estimate personal exposures. Ideally, a mathematical
model relating personal exposure 10 area measurements and behavioral parameters
·should be developed and validated prior to the implementalion of a large-scale
moniloring program.
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The indirect me Od has been applied to estimale the ozone exposure of aslhmatics residing in Houston (Contanl ct al. 1987). This sludy will be discussed laler
under "Applicalions of Personal Exposure Monitoring Techniques.·· A simplified
application of lhis method has also been used to study lhe exposures of infants lo
N02 in residences in Albuquerque, New Mexico (Harlos et al. 1987). Mothers
reported the time-activity paltems of their children inside the residence, and total
personal exposure to N0 2 was weighed according lo the time lhat lhe child spcnl in
the particular rooms in which lhe samplers were located (Table 5.1 ). The timeweighled eslimalc of personal exposure agreed closely (R = . 81) wilh measuremenls made by a sampler worn on the child. This result supported lhe choice of
area monilors for a larger scale sludy thal will longiludinally measure the child's
exposure from birth to age 18 months.
BIOLOGIC MONITORING

In performing a biologic assessment of exposure, samples of spulum, urine,
blood, or expired breath are ob1ained and analyzed for the presence of lhe pollu1an1
or its metabolile. Biologic monitoring is.particularly useful if highly sensilive and
specific markers of exposure arc available, and ii may be considered an indirecl
melhod of exposure assessment. Good markers of exposure are available f~r CO
(Coburn, Forsler, and Kane 1965; Jou ma rd el al. 1981; Lambert, Colome, and
Wojciechowski 1988), lead (Annest 1983; Billick 1983), and lhe nicoline component of environmental tobacco smoke (U.S. Departmenl of lleallh and lluman
Services 1986). Biologic inoniloring may be a more rclevanl measure lhan ambient
concenlrations for defining populalions at risk or for conducting health effec1s
research. However, allhough providing a surrogate measure of dose and an inlegraled measure of exposure, relaling the biologic marker's level 10 personal exposure is often problemalic for some contaminants due lo 1he complex melabolic
pathways involved and the variability in physiologic paramelers affecting uplake

Table 5.1

Time-Weighted Contribution or Exposures to N0 2 in Several Residential
Locations to Total (Twenty-Four-Hour) Exposures

-----~-

_Mean N0 2 ~-

Timc 0

Exposure Conlribulion

----

Location

Hours

S.D.

ppb

S.D.

ppb-hour

Bedroom
Living' room
Kilchcn
Ouldoor•
Travel<
Tural

14.1
6.3
0.78
0.22
0.80
24.0

6.2
4.S
0.73
0.32
0.98

42.9
S0.2
6S.S
12.2
12.2

ls.3
22.4

604.9
. j16.J
SI.I
2.7
9.8
948.8

31.S

8.6
8.6

Percent Tolal

------61.4
32.1
S.2
0.3
1.3

Estimaled average infant exposure = 41 ppb

·-------

Sou•«: llarlos el 11. 11987), "'printed with permission.
•Timc-loe11ion for 111 fony-si1 inrants.
•NO, lever. ror lwcnly homes wi1h complelc dall.
•Ou1Joor nnJ lravcl lever. arc_ lhe 5"•en-day avcra'c ouldoi11 NO, value• for 1he 1,.·cnly homes.
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sequence of information I Michelson 1985 ). S1andanl formats for diaries and interviews have been described (Michelson 1985; Robinson 1988).

and elimination (Wallace et al. 1988). Nevertheless, it must be recognized that
environmental controls and mitigation strategies will be predicated upon reducing
concentrations, and perhaps exposures. II is these more conventional measurements that lend themselves to the precise definitions necessary for enforcement
On the other hand, reduction of a biological marker like blood lead or COllb
provides useful trends data and displays the effectiveness of source reduction.

APPLICATIONS OF PERSONAL EXPOSURE MONITORING TECHNIQUES
In this ~ection, several study designs are presented to illustrate some specific mc1hodolog1c aspe~ls of the measurement of personal exposure. The first s1udy is the
Denver-Washmgton, D.C., CO study conducted by the EPA. This study represents
lhe first large-scale application of the direcl and indirect methods of populalion
~xposure assessment a~d creatively uses direct exposure measurement and biologic markers to charactenze exposure. The second study presented uses the indirect
method to estimate personal exposure to ozone for asthmatics living in Houston.
T.he third ~tu~y c~nsiders the measurement and modeling of personal exposure to
mlrogen dmx1de m Boston and Los Angeles. The fourth study is also one of the
TEAM stu.dies, conducted by the EPA to characterize population exposures. This
chapter bnefiy focuses on the TEAM study of exposures to VOCs, although the
E~~ has conducted other exposure studies on pesticides and particulates that
u11hze the TEAM concepts.

TIME-ACTIVITY MONITORING

Human beings arc not stationary, and the environments people inhabit may
support several kinds of activities. Therefore, accurate estimates of exposure
require assessments of the movements of people and the activities undertaken at
various locations. Sociologists and geographers have collected information on
a~tivities and movement using self-administered diaries and recall interviews
(Robinson 1988). With the diary method, subjects record activities and locations as
they engage in activities through the day (Figure 5.3). If faithfully performed, this
method can provide information with fine time resolution and good reliability
(Michelson 1985 ). An alternative approach is the twenty-four-hour recall interview
in which the respondent recalls the activities and locations of the preceding day
within a structured line of questioning by an interviewer. Allhough providing a
record of activities at a more coarse level of time than the diary approach, the
interviewing process is generally regarded to produce a more complete and logical
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Figure 5 .3. Example of a page from a 1i111e-activi1y diary In munilnr personal activily whik wearing an

winters of 1982 ~nd 1983, the EPA measured personal exposures to
representative samples of the Denver and Washinglon, D.C.,
metro~htan ar~as (Akland et al. 1985). The goal of the research program was to
generalize the direct measurement of personal exposures to the entire adult nonsmoking population residing in these areas. The sampling scheme was stratified
and included disproportionately large numbers of individuals who commuted and
who lived in residences with gas-fueled appliances or an attached garage. In each
urba~ area, five hu~dre~ individuals were monitored; subjects wore a portable,
cont~nuously. recordmg mstrument and maintained a time-activity diary for one
day m Washmgton, D.C., and two days in Denver. End-expired breath samples
were ~ollected from subjects at the end of each twenty-four-hour monitoring period
to esllm~te blood COHb levels. The population estimates of personal exposure
were derived from adjusted sampling weights. The results indicated that more than
I 0 pe~cent of the perso~al exposures of residents of Denver, and 4 percent of the
Washmgton, D.C., residents exceeded the eight-hour 9-ppm federal standard.
Ambient fixed site .monitoring data underestimated the distribution of these personal exposures (Figure 5.4). The exposures experienced in transit and outdoors
near active roadways were identified as important contributors to total CO exposure. The observation that people spent more than one hour per day in transit and
more than twenty-two hours per day indoors is important. The mean levels of CO
m~;~sun:d in specific indoor microcnvironmenls arc presenled in Chapter 9.
I he br~ath samples were used to provide an additional measure of exposure for
lhe Washmg1on, D.C., sample (Wallace et al. 1988). Carbon monoxide levels in
end-expired breath were used to estimate blood COi lb concentration, a measure of
CO m
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the cumulative exposure to CO. Exposure measurements from the continuous
- monitors were input into the phannacokinetic model to calculate CO fib levels at the
end of the twenty-four-hour monitoring period (Coburn, Forster, and Kane 1965).
The modeled COflh levels were 40-50 percent lower than those estimated from
samples of end-expired breath. The availability of this alternative measure of
exposure prompted the investigators to reevaluate the accuracy of the electronic
monitors. Differences in the sensitivity of monitoring instrumentation, declining
sensitivity with battery discharge, and improper calibration methods may have
biased the measurements low in some monitors. Therefore, the investigators used
the breath measurements to calculate individual correction factors to revise upwardly the distribution of personal exposures. Without the biologic marker data, the
monitoring instrumentation would have underestimated the sample's exposures.
The efficacy of outdoor monitoring networks to estimate personal exposure was
tested using the data derived from the Denver field survey. The exposure profiles
were used to validate a population exposure model, the simulation of human
activity and air pollution exposure (SHAPE) model (Ott 1988). Two days of
personal monitoring data were available for each of 336 individuals living in
Denver. The distributions of microenvironmental exposures and the ambient monitoring network data from the first day of monitoring of each individual wete used
lo predict the personal exposures on the second day. The distribution of microenvironmental concentrations on the second day were calculated by adding microenvironmental source inputs onto the ambient background concentration measured
on the second day. Using the actual time-activity data from the second day of
monitoring, exposures in microenvironments were assigned by Monte Carlo sampling from the microenvironmental CO distributions. SHAPE was successful at
predicting the mean of the cumulative distribution, but it tended to underestimate
exposures in the tails of the distribution (figure 5.5). Of particular concern was the
underestimation of high exposures.
OZONE

s4

?"ti ambi~nl con-

cc~1ra1i~•-ns. fur population samples in Denver, Colorado, and Washington, D.C .. tlu~~ng th~ wu:lcrs _"r
19lP · ntl t9Rl Suur.-e· Reprinted with permission from Aklantl Ci.Ci., cl al. casunng mn1.1n
cxp,:s~rc 10 ca;l~m m•m•;xitle in Wa.hinglun, D.C., and Dc~vcr, Colur~do, ~ur_ing winter 1982-1983.
ri •ure

Frequency tlislrihution of maximum eight-hour CO personal exposures

f.'nl'imn Sci 1h·/11 w/ogy 19:911-18. Copyright 1985 American Chcnucal Soc1c1y.

120

Ideally, exposure models are constrncted and validated with actual personal
exposure data. It is not always necessary to perfonn this validation on a sample the
size of that used in the EPA CO studies. For example, the 0 exposure model
3
developed by the University of Texas School of Public Health was validated in a
community sample of relalively small size (Stuck et al. 1985; Contant et al. 1987).
Data to construct the model were obtained from twelve homes of asthmatics by
measuring indoor and outdoor residential levels of 0_1 with a mobile monitoring
rnn and by measuring personal exposure with portable instruments carried by a
licld tcchnii;ian who followed the research subject. Fixed-site monitoring data
were regressed on the indoor and outdoor residential measurements to define the
relationship between levels of 0.1 from the ambient monitoring network and the
rnncentrations occurring at the residential sites. llourly averages of0_ concentra1
tion at indoor and outdoor residential sites were computed. The exposures of each
individual were weighted according to records of personal activity maintained by
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Figure 5.6. _Scalier plot of 0., exposure model estimale of maximum hourly average personal exposure
vers~s maxm_iu~ houri~ average measurement of 0 1 exposure by personal moniloring for forty-nine
daytime momtonng periods between 1 A.M. and 1 P.M., wilh a mean duralion of eight hours. Sauret:
Adap1cd from Contanl et al. ( 1987), wilh permission.
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Figure 5 .5. Logarithmic probability plot of cumulativ~ frequency distribu.tions of the .maximum moving avefage eight-hour personal exposure to CO predicted by SHAP~ usm~ the ambient _background
concentration calculated from a composite measure from all fixed-sate stations along with observed
frequency distribution of the measured personal exposures for day 2 in Denver, Colorado. So11rrt:
Adapted from Ou et al. ( 1988), with permission.

the subjects. When compared with the actual hourly measurements or personal
exposure, the model underestimated exposure by approximately 20 percent (Figure 5.6). However, use or the model to estimate personal exposure is considerably.
more accurate than using untransfom1ed fixed-site measurements, for the indoor
concentrations or 0 3 were, on average, substantially less ( < 10%) than levels simultaneously measured at the nearest fixed site. Outdoor 0 3 concentrations at
homes were approximately 80 percent or those measured at fixed sites, but a
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relatively small proportion or daily time is spent outdoors around the place or
residence. This research demonstrated that large improvements in the accuracy or
0 3 exposure assessments can be achieved by the simple weighting or personal
activity patterns into indoor and outdoor classes.
NITROGF,N DIOXIDE

Direct and indirect approaches to exposure assessment have been combined to
strengthen
the design or surveys to measure personal exposure to NO 2 in the
•
commum~y. The Harvard School or Public Health developed a model of personal
exposure based on ambient monitoring infonnalion and coarse activity pattern
infonnation on time spent indoors al home, indoors at work, outdoors, and in transit
(Ryan et al. I 988a, I 988b, 1989; Spengler et al. forthcoming). Comparison or the
estimates ofthe initial model with actual personal monitoring data demonstrated the
importance of refining the model to account explicitly for exposures in three other
microcnvironments with potentially elevated N0 2 concentrations: in-home cooking ~reas with unvented combustion appliances, travel on roadways during c-ommutmg hours, and certain occupational seuings. Personal activity diaries were
PERSONAi. EXPOSURE TO INDOOR AIR POl.l.UTION
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modified to collect infonnation on the time spent in these special settings.
Personal exposure surveys on representative samples of urban resident~ ~~re
conducted to detennine the population distributions of N0 2 exposures. Ut1hzmg
an integrating diffusion badge, personal exposures were quantified. for a~proxi
matdy three hundred individuals in Boston and seven hundred residents m Los
Angeles. Subjects wore one badge while indoors and a diff~ren! bad~e when outdoors. Outdoor measurements were also made at each subjects residence. Ambient levels of N0 2 were higher in Los Angeles (30-70 ppb) than they were in
Boston (20-30 ppb). Unlike Boston, in Los Angeles approximately 40 percent of
the variance in personal exposures and 60 percent in indoor residential concentration was explained by ambient measurements made outside the residence. These
results suggest that in areas of higher ambient pollution with substantial spatial
variation, outdoor concentrations can influence exposure. This occurs through the
contribution of outdoor concentrations to indoor concentrations because the modeled prediction does not improve when the fractional times spent outdoors are
included as an independent variable.

Table 5.2 Summary of Median and Maximum Concenlrations
(µg/m 1 ) for Elizabclh-Bayonne, New Jersey, TEAM S1udy
of Vola1ile Organic Compounds
Compuund

---- --- ----

Chloroform
I, I, I·Trichloroelhane
Benzene
Carbon lctrachloride
Trichloroethylene
Tetrachloroethylene
Styrene
111.p-Dichlorobenzene
Ethylbcnzene
o-Xylene
m,p-Xylene

--·--··

-------

Indoor•

Outdoor•

Ratio"

-·-------· ... ------ ----------·- ... -3.97 (10.0)
0.744 (21.5)
2.94 (215)
15.60 (880)
3. 71 (22.0)
4.20 (40.0)
13.00 (120)
1.86 ( 1.32)
7.00 (91.0)
1.38 (14.0)
1.70 ( 1.00)
0.81 (14.0)
2.00 (47.0)
1.49 (3.13)
1.34 (15.0)
5.60 (250)
2.15 (9.26)
2.60 (27.01
1.80 (53.5)
2.69 (4.86)
0.67 (I I.II)
3.50 (70.4)
2.80 (915)
0.80 113.0)
6.10 (320)
1.91 (16.0)
3.20 (20.0)
4.98 (46.0)
1.66 ( 1.70)
3.00 (27.0)
l.S7 ( 1.71)
15.50 (120)
9.90 (70.0)
··--···-

·------

-----

Smirc~:

Adap1ed rrom Wallace el al. ( 1986) wilh permission.
uQu1dour heading corresponds 10 ovemighl ou1door air in TEAM nomenclalure.
•Indoor heading corresponds 10 ovemighl P""onal air in TEAM nomenclalure. Summary
s1a1is1ics presenled include a small number or personal uposur<s 001 in indoor environ·

mcnts.
VOLATILE ORGANIC COMPOUNDS

Wallace and co-workers at the EPA have measured personal exposures lo VOes
in several metropolitan areas across the United States in a group of intem~lated
studies called the TEAM studies. In each metropolitan location, random stratified
samples were selected on the basis of proximity to point sources and socioeconomic class, geographic area, and demographic characteristics including age, marital
status, tobacco smoking status, and occupational class. Personal exposure to
voes was measured with personal samplers; end-~xposed breath samples were
obtained al the end of each twenty-four-hour period; water samples from the homes
were taken for VOC analysis; and outdoor sites were monitored (see Chapter 11 for
further details). Sources of exposure were inferred by questionnaire data on personal activities and proximity to potential sources.
Table 5.2 presents a summary of the results of the TEAM survey in one urba_n
location, the Bayonne and Elizabeth, New Jersey, survey. The exposures experienced outdoors and indoors were highly variable, both from compound lo compound and within a compound. However, indoor concentrat~ons were cons~stently
higher than outdoor concentrations. The higher,concenlrallons observed indoors
werr unexpected because this study site has many industrial sources of VOCs.
Breath measurements did not correlate well with ambient concentration measurements, further indicating that ambient data do not represent population exposures accurately. However, for some specific voes, elevated personal exposures as measured by breath samples were asso,fiated with certain types of
activities. For example, personal exposure lo benzene was correlated with visits to
service stations, and tetrachloroethylene was correlated with visits lo dry cleaning
businesses.
The TEAM VOC studies have had a major impact on the way in which the
research community views environmental exposures to VOCs. In a review of the
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<Ralio or indoor median 10 ou1door median (ralio or ind<K1r muimum 10 ou1door

malllimum).
JMedian (madmom).

EPA 's research on total human exposure, Ou et al. (1986) acknowledged these
major contributions of the TEAM studies: (a) Variability of two. to three orders of
magnitude in exposures is found over small geographic regions, suggesting a need
lo reconsider epidemiologic approaches that assume homogeneous exposures
across broad areas; (b) personal and indoor exposures consistently exceed outdoor
concentrations; (c) although inhalation is the prime exposure route to many voes,
ingestion by drinking water can be a major route of exposure to chloroform and
other species; and (d) breath samples are a reliable biologic marker for voe
exposure and correlate well with personal exposures.

SUMMARY
The majority of daily activity is spent in indoor sellings, and therefore, on a timeweighted basis, indoor exposures may dominate the total exposure of most individuals when concentrations experienced in other microenvironments are of comparable magnitude. An understanding of lhe personal exposures in the indoor
setting is essential and will continue 10 be an important focus in air pollution
epidemiology and public health planning. This chapter has reviewed the basic
concepts of human exposure assessment and has presented some of the methodologic considerations. These approaches to the estimation of actual personal
exposures offer encour.aging prospects for improvement of our understanding of
the relationship between air pollutant exposures and health effects and the potential
for intervention to reduce those exposures.
PERSONAL EXPOSURE TO INDOOR AIR POl.LUTION
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Preliminary Inventory of Ura.ing Processing and Exploration Sites in South

Mine/Claim Name!1>

T·R·S·qS

3
Appx. Dist. Gamma Rate Gamma Rate! l Type of Mining
from HR1!2> Background Range (uR/hr) Operation(s)!4l

Alpha
Becenti!5l

14N.13W.12.SW
15N.17W.28.NW

11

Black Jack #1!71
Black Jack #2
Borrego Pass
Canyon
Canyon
CD & S (Section 35)
Chaco Canyon Drill Hole CC-3
Christian
Church Rock #1 (Kerr McGee)(8l

15N.13W.12.NE
15N.13W.18.NE
16N.10W.7&18
17N.13W.34.S1/2
17N.13W.34.N1/2
16N.17W.35.SE
20N.8W.09.NW
15N.16W.04.SE

23
19

17N.16W.35.NE

. C_hurch Rock #1 E (Kerr McGee)
Church Rock 8 & 2
Crownpoint Section 29
Crown point-Conoco/Westinghouse
Dalton Pass
Dalton Pass
Dalton Pass
Diamond 2 (Largo)
Eagle 1-6
Foutz#2
Foutz #3 (Yellow Jacket)

17N.16W.36.NW
17N.16W.09.
17N.12W.29.NE
17N .13W.24:SE
17N.14W.24,25
17N.13W.30.S1/2
17N.13W.30.N1/2
15N.17W.33.NE
14N.12W.18.SE
15N.16W.05.NE
16N.16W.31.SE
16N.17W.23.NE
15N.18W.12.NE
16N.16W.08.SE
14N.13W.14.NE
14N.13W.14.NW
14N.14W.02.NW
15N.14W.12.SE
15N.13W.18.SE
16N.16W.07.SW
15N.14W.12.NW
17N.13W.09.SW
15N.11W.32.SE

4.2
4.2

Grace Nuclear/Section 23
Hogback #3 and #4(101
HRI Church Rock Section 8
June
Largo (3 claims)
Last Chance #2
Mac#1
Mac#2
Mancos Section 7
Mariano Lake
Mobil Section 9 Pilot
Moe Mine (Sections 32 & 33)

17
20
32

Gallup East
Hosta Butte
Hosta Butte
Laguna Castillo
Crown point
Crown point

91

n/a

70-200
14-38
50-280
100-240(9)
12-32
11·20

24·70
30-340
13
11

53

1957

12.5
12.5
12.5

17

Thoreau
1959-68
1959-70

23

18

Site#

UGUM/RM
UGUM/RM
EO;NM
EO;NM
EO;NM
OPUM
EO;NM
UGUM

150·180

12
9·16
11
13

Name

40-475
30-100

12
12

24

Homes

n/a
3w/in .25mi
n/a

11·35
42-260

1953-55; 57-58

Pueblo Pintado
Church Rock

n/a
15·20 w/in 1 mi(2l Hard Ground Flats
15-20 w/in 1 mi(2l Hard Ground Flats/Oak Sprgs
UGUM
Hard Ground Flats
EO;NM
Crown point
EO;NM
Crown point
(1978-79)
SB/P, RM; NM
Dalton Pass
EO;NM
Dalton Pass
EO;NM
Dalton
Pass
EO;NM
n/a
1953-64
UGUM/RM
5 w/in 1 mi
Thoreau
unk.
LQw/DH
Church Rock
5w/in1·5 mi
UGUM
1953·54
Church Rock
14w/in 1 mi
UGUM
1953-55
Church Rock
7w/in 1 mi
1975
UISL·Pilot/RM
Gallup East
1952-60
n/a
UG/OPUM
Hard Ground Flats
35-40 w/in 2 mi
EO; NM; PISL
Thoreau
2w/in1·5 mi
UG+OPUMw/DH
unk.
Thoreau
EO;NM
Continental Divide
EO;NM
Mariano Lake
n/a
68·70;76-78;80
UGUM/RM
3w/in 1 mi
Hosta Butte
1968-70
UGUM/RM
Hard Ground Flats
EO;NM
Mariano Lake
n/a
UGUM/RM
1977-82
Crownpoint
n/a
UISL·Pilot
1979·80; 80-86
Thoreau NE
1w/in1 mi
1960-64
UGUM/RM
UGUM/RM

<15

NAMLRD

1952-58

5

4.2
3.9
3.2
10

Topo Quad

OPUMw/DH

5

6
12

Nearby#

12-320

13
13
16

7

Period of
Operation!5l

EO;NM

13
12

astern Agency, Navajo Nation

1972·86
1972·86

65
68
93
141
141
162

152
147
136
143
140
140
48
87
120
126

55
54
57
79
69
104
78
60

Preliminary Inventory of Uran

· Mine/Claim Name

Narrow Canyon
NE Church Rock
NE Church Rock #1 (UNC)
NE Church Rock #1 (UNC)(11 l
NE Church Rock #2 (Kerr-McGee)
NE Church Rock #3
Nicholson-Brown
Nose Rock
Nose Rock #1 (Phillips)
Old Church Rock Mine (HRI CR-17)
Pyramid Group
Ruby #1 and #2 decline
Ruby #2 Ore Body
Ruby #3 and #4 decline
Ruby #4 Ore Body
Section 24
Section 3 (Santa Fe Christensen)
Section 34
Section 4 (2 claim sites)
South Pod Ore Body
South Trend Development
Teton Exploration-UNC
UNC Uranium Mill/Superfund
Unknown (Canoncito)
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given

T·R·S-qS

17N.14W.02
17N.15W.31.NW
17N.16W.35.SE
16N.16.03.NE
17N.16W.27.NE
17N.16W.21.NE
15N.14W.25.SE
19N.12W.32
19N.11W.31.NW
16N.16W.17.NE
16N.16W.22.NE
15N.13W.21.NW
15N.13W.27.NW
15N.13W.25.NE
15N.13W.26.SE
15N.12W.24.
15N.16W.03.SW
14N.11W.34.SW
14N.10W.04.NE
15N.13W.25.SE
17N.13W.16.
16N.17W.13.SW
16N.16W.02.
10N.03W.22.SE
16N.16W.17.NW
16N.16W.18.SW
16N.16W.19.SW
16N.16W.22.NE
16N.16W.23.NE
16N.17W.24.NE
16N.17W.13.SW
17N.14W.27.SW
16N.13W.05.SW
16N.16W.07.NW

ng Processing and Exploration Sites in Sout

Appx. Dist. Gamma Rate Gamma Rate Type of Mining
(in mi) HRI Background Range (uR/hr) Operation(s)
11
13
4
3.8

150-300
30-300
50
11
13

0

10-15
12-15

21

22-350
24-130

13
25

16-90
12
12

5
38

2.5
3.2
>100

12
11-12
11
13
12-14

42-1,400
12-30

70-300
11-13
13-16
12-14
13-16
13-14
11-14
12-14
12
12.5
16

tern Agency, Navajo Nation

Period of
Operation

Nearby#
Homes

EO;NM
EO;NM
UGUM
1969-1982 20-25 w/in 1.5 mi
UGUM
1969-1982 20-25 w/in 1.5 mi
20-25 w/in 1.5 mi
SB/P; NM
(1976?)
EO;NM
EO;NM
EO;NM
SB/P, RM; NM
(1979)
nla
UGUM/PISL 1960-62; 79-82 35-40 w/in 2 mi
EO;NM
UGUM/RM
1976-79
n/a
EO;NM
1980-82; 84-85
n/a
UGUM/RM
EO;NM
EO;NM
1957-58
5 w/in 1-5 mi
UGUM
unk.
1w/in1-5 mi
UG/OPUMw/DH
EO;NM
EO;NM
EO;NM
20-25 w/in 1.5 mi
UISL·Test
1980
UM+TD/RM
1977-1982 20-25 w/in 1.5 mi
>10 w/in 1-5 mi
UG/OPUMw/DH
unk.
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM

Topo Quad
Name

NAMLRD
Site#

Dalton Pass
Oak Spring
Hard Ground Flats
Hard Ground Flats
Hard Ground Flats
Hard Ground Flats

142
146
150
101/151
149
148
80
160
159
112
117
71
75
72
74
63
83
42
5,6
73
139
123

Mariano LakelContinen!al Div.

Antelope Lookout
Becenti Lake
Church Rock
Church Rock
Hosta Butte
Hosta Butte
Hosta Butte
Hosta Butte/Thoreau
Casamero Lake
Church Rock
Thoreau
Thoreau
Thoreau
Crown point
Church Rock
Hard Ground Flats
Church Rock
Church Rock
Church Rock
Church Rock
Church Rock/Pinedale
Church Rock
Church Rock
Dalton Pass
Crownpoint
Hard Ground Flats

111
114
116
117
118
127
123
144
95
103

Preliminary Inventory of Uran

Mine/Claim Name

Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
Unknown, or no name given
West Eagle 1-3
West Largo
Westwater #1
Williams & Reynolds (U Mine)

T·R·S·qS

16N.16W.09.SE
16N.16W.09.NW?
16N.16W.21.SW
15N .14W.02.
15N.14W.03.
15N.14W.34.
15N.13W.13.SE
15N.13W.13.NE
16N.13W.14.
15N.12W.23.NE
16N.14W.02.
14N.13W.24.SE
15N.10W.17.SW
15N.16W.02.S1/2
15N.16W.04.SW

ing Processing and Exploration Sites in Soutli

Appx. Dist. Gamma Rate Gamma Rate Type of Mining
(in mi) HRI Background Range (uR/hr) Operation(s)

26
6
5

12
11
13
13
12.5
13
12
11
12.5
12
11
11
13
13-20

13-100

EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
EO;NM
explor. Pits
EO;NM
UGUM
OPUM

stern Agency, Navajo Nation

Period of
Operation

Nearby#
Homes

unk.

2 w/in 1 mi

1957-60
1953-58

n/a
n/a

Topo Quad
Name

NAMLRD
Site#

Hard Ground Flats
Hard Ground Flats
Pinedale
Mariano Lake
Mariano Lake

107
108
100
76
77

Hosta Butte
Hosta Butte
Hosta Butte
Casamero Lake
Mariano Lake
Thoreau
Borrego Pass
Church Rock
Church Rock

67
66
96
62
56
58

Notes:
'

1

lMost of these mines/claims were taken from inventories of the Navajo Abandoned Mine Land Reclamation Dept. (NAMLRD, 1996); others were derived from Hilpert (1969) and Mclemore and Chenoweth (1991 ).

(2JApproximate distances, in miles, are given from HRl's proposed Church Rock ISL mine in T16N.R16W.secs. 8 and 17 to the locations of mines which are documented to have had actual production.
13lGamma radiation rates, in microRoengtens per hour, were derived in most cases from the site assessment documentation in NAMLRD 1996.
4
l lAbbreviations used in this column are: EO;NM =exploration only, no mining: OPUM =open pit uranium mine: w/DH =with dangerous highwall; UGUM =underground uranium mine with remedial measures;
/RM= with remedial measures; SHIP= shaft built, plugged; LQ= limestone quarry;UISL = uranium in situ leach; PISL = proposed in situ leach.
(SJPeriods of operation taken in most takes from Hilpert (1969); others from Franke (1999, Table 2).
16lMine/claim sites shown in boldface had actual production or processing.
(7)Black Jack #1 is located within 2 mi. of Smith Lake Chapter House, housing area, and elementary school. The 1990 chapter population was 515, much of which is concentrated near the chapter house and adjacent housing area.
18
JChurch Rock #1 and #1 E were part of the same underground mine complex.
l9loata from USNRC Grace Energy Site Visit report, March 31, 1995.
101
' This site is located approximately 3 mi. from downtown Gallup, a city of about 20,000 people.
111

lA shaft associated with the UNC Northeast Church Rock Mine in Section 3 is part of the same underground mine complex centered in Section 35.
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INo.
I

STATUS

#

MINE NAME

TOPO QUAD NAME

Wl/2NEll4, Ell2NEl/4,

5

Section 4

Goat Mountain

14N IOW Sec. 4 NE 114 & SW 114

6

Section 4

Thoreau

14N IOW Sec. 4 NE 114 & SE 114

LOCATION

& SW 114 Indian Allotments

i 2

W 112NEll4,El/2NEll4,
& SEl/4 Indian Allotments

3

Indian Allotment

42

Section 34

Thoreau

14N I IW Sec. 34 SW 1/4 NE 114 NE 114

4

Navajo tribal Trust

48

Eagle fll-6

Thoreau

14N 12W Sec. 18 SW 114 SE 114

5

Navajo Tribal Trust

52

Tietjen-Lewis No. I

Thoreau

14N IJW Sec. 8

6

Navajo Tribal Trust

53

Alpha

Thoreau

14N IJW Sec. 12 SW 114 SW 1/4 SW 114

7

Navajo Tribal Trust

54

Largo

Thoreau

14N IJW Sec. 14 NW 1/4 NW 1/4 NW 114

8

Navajo Tribal Trust

54

Largo

Thoreau

14N IJW Sec. 14 NW 1/4 NW 114 NW 114

9

Navajo Tribal Trust

54

Largo

Thoreau

14N 13W Sec. 14 NW 114 NW 1/4 NW 114

10

Navajo Tribal Trust

55

June

Thoreau

14N 13W Sec. 14 NE 114 NE 114 NE 114

11

Navajo Tribal Trust

56

West Eagle 1-3

Thoreau

14N IJW Sec. 24 SE 1/4 SW 1/4 NE 1/4

12

Navajo Tribal Trust

57

Last Chance fl2

Continental Divide

14N 14W Sec. 2 SW 114 NE 114 NW 114

13

Indian Allotment

58

West Largo

Borrego Pass

15N IOW Sec. 17 SW 114

14

lnd!an Allotment

60

Section 32 33

Thoreau
NE
\

15N 1 IW Sec. 32 SE 1/4 NE 1/4 NE 114

IS

Navajo Tribal Trust

62

Unknown

Casamero Lake

15N, 12W Sec.

tu

Navajo Tribal Trust

63

Unknown

Casamero Lake

I 5N 12W Sec. 24

17

Indian Allotmenl

65

Black Jack 111

1losta Dulle

15N 13W Sec. 12 NE 1/4 NE 114 SW 1/4

18

Navajo Tribal Trust

66

Unknown Section 13

1losta Bulle

15N 13W Sec. NEl/4 NEl/4

19

Navajo Tribal Trust

67

Unknown !Jection 13

llosla Dulle

15N IJW Sec. 13 SEll4

,,,

Indian .\ ll<.•h111•11I

f1R

Black Jack 112

1losta Bulle

15N 1.lWScc.18SW l/4NE l/4NE l/·I

-.

I

2~

NEl/4NEl/4

I
I

--

~-

--

--

...

..

··-

--

-

:

- -

'

- --

..

21

Indian Allotment

69

Mac#2

I losta Butte

15N 13W Sec. IS NE 114 SE 1/4 SE 1/4

22

Indian Allotment

70

Section 20

Hosta Butte

15N 13W Sec. 20 SW 114 NE 114 NE 1/4

23

Navajo Tribal Trust

71

Ruby 1#1 and #2 decline

Hosta Butte

ISN 13W Sec. 21NE1/4 SW 1/4 N\V J/4

24

Navajo Tribal Trust

72

Ruby #3 and #14

Hosta Butte -

15N 13W Sec. 25 SE 1/4 NE 1/4 NE

25

Navajo Tribal Trust

73

South Pod Ore Body

26

Indian Allotment

74

Ruby 1#4 Ore Body

27

Navajo Tribal Trust

75

28

Indian Allotment

Thoreau

V1

15N 13W Sec. 25 SE 1/4 SE 1/4

Uosta Butte/Thoreau

15N 13W Sec. 26 NE 1/4 & SE 1/4

Ruby #2 Ore Body

llosta Butti

15N 13W Sec. 27 NE 1/4 NW 114

76

Unknown

Mariano Lake

15N 14W Sec. 2

~

29

Navajo Tribal Trust .

77

Unknown

Mariano Lake

15N 14W Sec. 3

JO

Indian Allobncnt

78

Mariano Lake

Mariano Lake

ISN 14W Sec. 12 SE 1/4 SW 1/4 NW

31

Indian Allobnent

79

Mariano Lake

ISN 14W Sec. 12 SW 1/4 NE 1/4 SE 1/4

32

Navajo Tribal Trust

80

Nicholson-Brown

Mariano Lake/Continental Divide

15N 14W Sec. 25 SW 114 NE 1/4 SE 1/4

33

Navajo Tribal Trust

83

Section 3

Church Rock

15N 16W Sec. 3 NE 1/4 SW 1/4 SW 1/4

34

Navajo Tribal Trust

87

Foutz #2

Church Rock

15N 16W Sec. 5 NE 1/4 NE 114 NE 1/4

35

Navajo Tribal Trust

89

Unknown

Church Rock

15N 16W Sec. 15

36

Indian Allotment

90

Anomaly

Gallup East

15N 17W Sec. 28 SE 1/4 NW 1/4 NW 1/4·

37

Indian Allotment

91

Section 28

Gallup East

I SN l 7W Sec. 28 NE 114 SW 114 NW 1/4

38

Private Indian Allotment

93

Borrego Pass

Laguna Castillo

39

Navajo Tribal Trust

95

Unknown

Crownpoint

16N 13W Sec. 5 SW 114

40

Indian Allotment

96

Unknown

l losta Butte

16N IJW Sec. 14

41

Indian Allotment

97

Unknown

Hosta.Buue

16N IJW Sec. 26 SW 114

42

Indian Allotment
NEl/4NEl/4NWll4
&NW1/4NW 114NE 1/4

99

Unknown

Mariano Lake

43

Navajo Tribal Trust

100

Unknown-Section 21

Pinedale

44

Navajo Tribal Trust

101

Unknown

l lard Ground Flats

16N 16W Sec. 3 NE 1/4 NE 114 NE 114

45

Navajo Tribal Trust

103

Unknown Section 7

I lard Ground Flats

16N 16W Sec. 7 NE 114 SW 114 NW 1/4

46

Navajo Trib_al Trust

104

Mancos-Section 7

l lard Ground Flats

16N 16W Sec. 7 NW 1/4 SW 1/4 SW 1/4

. Mac #I

l/4

16N IOW Sec. 7 & 18

16N 14W Sec. 34

16N 15W Sec. 21SW1/4

r:-_-_

I

7]

Indian Allotment

139

Crownpoint South Trend

Crownpoint

17N 13W Sec. 16

74

Indian Allotment

140

Dalton Pass-Section 30

Dalton Pass

17N 13W Sec. 30

75

NWl/4 Public Domain;
NEl/4,SEl/4 & SWl/4
are Indian Allotment

141

Canyon

Crownpoint

I 7N 13W Sec. 34

76

Navajo Tribal Trust

142

Narrow Canyon

Dalton Pass

17N 14W Sec. 2

77

- Navajo Tribal Trust

143

Dalton Pass

Dalton Pass

17N 14W Sec. 24 & 25

78

Navajo Tribal Trust

144

Unknown

Dalton Pass

17N 14W Sec. 27 SW 1/4

79

Navajo Tribal Trust

145

Dalton Pass

Dalton Pass

17N 14W Sec. 28 SE 1/4

80

Navajo Tribal Trust

146

N.E. Church Rock-Section 31

Oak Spring

17N 15W Sec. 31NW1/4

81

Navajo Tribal Trust

147

Churchrock 8 and 2

Hard Ground flats

17N 16W Sec. 9

112

Navajo Tribal Trust

148

N.E. Churchrock #3

Hard Ground flats

17N 16W Sec. 21NW1/4 NE 1/4

83

Navajo Tribal Trust

149

N.B. Churcllrock #2

Hard Ground f!ats

17N 16W Sec, 27NB l/4

84

Navajo Tribal Trust

l50

N.E. ~hurclu9pk 1#1

Hard Ground Flats

85

Navajo Tribal Trust

l~l

N.B.: ~h,qrc~r~c~

Hard Ground Flats

I7N 16-W Sec. JS NB 1(4
..
~ 7N 16\V Sec: lS tffl 1/4
... : :.,. .·

...
I

Hard Ground Flats/Oak Spring

~ 7N t~W s~. 36 lffl J/4
18N 14W Sec. 35 SW 1/4

•\,!"

~

86

Navajo Tribal Trust

87

Navajo Tribal Trust

153

Standing Rock

Dalton Pass

88

Navajo Tribal Fee

154

Farr Ranch

Star Lake/Rincon Marquez

19N 6W Sec. 13 & 14

89

Navajo Tribal Fee

155

Farr Ranch

Star Lake/Rincon Marquez

19N 6W Sec. 15 SE 1/4 SW 1/4

90

Navajo Tribal Fee

156

Farr Ranch

Rincon Marquez

19N 6W Sec. 23 SE 1/4 SE 1/4 SW

91

Navajo Tribal Fee

157

Farr Ranch

Rincon Marquez

19N 6W Sec. 25 & 26

92

Navajo Tribal Fee

158

Nose Rock

Nose Rock/Seven Lakes NW

93

Navajo Tribal Fee

159

Nose Rock #I

Becenti Lake

94

Navajo Tribal Trust

160

Nose Rock

Antelope Lookout Mesa

95

Navajo Tribal Trust

162

Chaco Canyon-Drill Hole CC-3

Pueblo Pintado

Navajo Tribal Trust

165

Herrera Ranch

Herrera

.
96

tS2

·

-

.

... , .
N.p'. f:hHrPlm>c~ U~ J:~t

'':•""

.

..

114

19N I IW Sec. 10
I9N II W Sec. 31 SW 1/4 SW 1/4 NW 1/4
19N 12W Sec. 32
~ON

_,

SW Sec. 9 NW 1/4 NW 114 NW 114

I IN 2W Sec. 16 NE 1147

47

Navajo Tribal Trust

107

Unknown-Section 9

Hard Ground Flats

U6N 16W Sec. 9 SE 1/4

'48

Navajo Tribal Trust

108

Unknown

Hard Ground Flats

16N 16W Sec. 9 NW 1/4 NW 1/4 SE 1/4

49

Navajo Tribal Trust

111

Unknown

Church Rock

16N 16W Sec. 17NW 1/4

50

Navajo Tribal Trust

112

Unknown

Church Rock

~6N

51

Navajo Tribal Trust

113

Unknown

Church Rock

16N 16W Sec. 18 NW 1/4 NW 1/4 NW 1/4

52

Navajo Tribal Trust

114

Unknown

Church Rock

16N 16W Sec. 18 SW 1/4 NW 1/4 NW 1/4

53

Indian Allotment

115

Unknown

Church Rock

~6N

54

Navajo Tribal Trust

116

Unknown

Church Rock

16N 16W Sec. 19 NE 1/4

55

NEl/4 Indian Allotment;
NW l/4SW l/4&SE I /4
Public Domain

117

Pyramid Group

Church Rock

16N 16W Sec. 22

56

Indian Allotment

118

Unknown Section 22

Church Rock

16N 16W Sec. 22 NE 114

57

Navajo Tribal Trust

119

Unknown Section 23

58

Navajo Tribal Trust

120

Foutz #3

Church Rock

I6N I 6W Sec. 31 SE 1/4 SE 114 SE 114

59

Navajo Tribal Trust

123

Unknown-Section 13

Church Rock

~6N 17W Sec. 13 SW 1/4 NE 1/4 SW 114

60

Navajo Tribal Trust

124

Unknown-Section 13

Church Rock

~ 6N l 7W Sec. 13 NW 114 NW 114 SE l/4

61

Navajo Tribal Trust

125

U!!known Section 14

Church Rock

16N 17W Sec. 14 NW 1/4

62

Navajo Tribal Trust·

126

Section 23 Grace Nuclear

Church Rock

16N 17W Sec. 23 NW 114 NE 1/4 NE 1/4

63

Indian Allotment

127

Unknown-Section 24

Church Rock

16N 17W Sec. 24 NE 1/4

64

Indian .Allotment

128

Unknown-Section 25

Church Rock

16N 17W Sec. 25 NW 1/4 SE 1/4 NE 1/4

65

Navajo Tribal Trust

129

Unknown-White Cliffs

Gallup East

I 6N I 7W Sec. 31 SE 114 NE 114 NE 1/4

66

Navajo Tribal Trust

130

CD and S

Church Rock

6N 17W Sec. 35 NW 114 NW 1/4 SE 114

67

Indian Allotment

131

Deiter

Church Rock

16N 17W Sec. 36 SE 1/4 NW 1/4 NW 1/4

68

Navajo Tribal Trust

134

Crownpoint

Church Rock

I 7N 12W Sec. 19 NE 114 NW 1/4 SW 1/4

69

Escheated to Navajo Tribe

135

Monument

Crownpoint/Heart Rock

17N 12W Sec. 28 SE 1/4 SE 114 NW 1/4

70

Indian Allotment

136

Crownpoint

Crownpoint

I 7N I 2W Sec. 29 NE 114 NW 114 NE 1/4

71

Indian Allotment

137

Crownpoint North Trend

Crownpoint

17N 13W Sec. 4

72

Indian Allotment

138

Crownpoint-Section 9

Crownpoint

17N 13W Sec. 9 NE 114 NE 114 SW 1/4

I

Church

Rock/Pin~eale

16W Sec. 17NE 1/4 NW 1/4 NE 1/4

16W Sec. 18 NE 1/4 SW 1/4 SW 114

16N 16W Sec. 23 NW 1/4 NE 114

~

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT

\

'JATE(S) OF VISIT: January 22 to 26, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-coal Inventory
DURATION OF VISIT: Varied daily from 9:30 a.m. - 4:30 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-co<
mining activities, and to document the extent of mining activities and any physical hazards present o
these mining claims. Ms. Rose Grey, Reclamation Specialist //, assisted with this task.
OBSERVATIONS: This week's field investigation and inventory was concentrated on in the communitiE
of Becenti, Pueblo Pintado, and Star Lake. The following claims were investigated this week:

•

Monday - January 22. 1996:
'he day was spent locating and accessing the Nose Rock and Nose Rock # 1 claims. ,Two differe1
ccess roads leading tq the Nose Rock claim and the access road leading to the No,se Rock # 1 clai1
were investigated. The access roads leading to these claims are fenced and the gates locked.
Tuesday - January 23. 1996:
Nose Rock# 1 - SW1.4SW!4NW1.4 Section 31, T19N, R11W This claim has a backfilled and concre:
capped vertical shaft. Other features located on this site consisted of a large prefabricated met,
building, two small metal buildings enclosing archaeological sites, two steel storage tanks, a 6' diamet1
concrete enclosed steel culvert tunnel, a 8' L x 5' W x 6' H inclined concrete box, and numerous concre
slabs. Other associated features include a 110' L x 110' w'sewage pond, a BO' L x 30' W x 1' - 8'
trench containing industrial waste, and t:wo large retention ponds (?). Dismantled equipment and thE
parts are scattered throughout the site~ Impacted area is approximately 32. 7 ± acres. This area
enced and ls being used as rangeland for1ivestock.

:!

Nose Rock - Section 32, T19N, R12W This claim has numerous concrete capped and steel pipe stak~
drill holes located throughout the entire section. There are now signs of any mining related activities (
this claim. This site is fenced and being used as rangeland for livestock.
,,
Wednesday - January 24. 1996:
Nose Rock - Section 10, T19N, R11 W This claim did not have any drill holes or signs of mimi
activities. This section is fenced and is being using as rangeland for livestock.
I

i

.

Chaco Canyon-Drill Hole CC-3 - NW!4NW1.4NW1.4 Section 9, T20N, RBW This claim has one 1diameter drill ho/e; The drill hole is encased with a steel pipe and there are no signs of mining activitie
This !4 section is in an open area and is being used as rangeland for livestock..
Thursday - January 25. 1996:
Farr Ranch - SE!4SE!4SW1.4 Section 23, T19N, R6W. This claim did not.have any drill holes or sig
of mining activities. This !4 section is fenced and is being used as rangeland for livestock.
Farr Ranch - SE!4SW1.4 Section 15, T19N, R6W This claim did not have any drill holes or signs
mining activities. · This !4 section is fenced and is being_ used as rangeland for livestock.
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..'

Friday - January 26. 1996:
Farr Ranch - Sections 13 & 14, T19N, R6W This claim covering two sections did not have any drill hole:
or signs of mining activities. These two sections are fenced and are being used as rangeland fc
livestock.
Farr Ranch - Sections 25 & 26, T19N, R6W This claim covering two sections did not have any drill hole
or signs of mining activities. These two sections has a paved public road traversing them and are fence
and are also being used as rangeland for livestock.

,,

A U~S.G.S. 7.5 minute quadrangle map for the area is use.d to located the section or quarter comer an
pinpoint the claim area. Once the section or quarter comer is found, it is used as a reference point t
insure that the right area where the claim is located is investigated. All of the claims were traversed o
foot or where feasible by vehicle. Hiking to a fenced in claim arid traversing it on foot is more feasib!E
owever, it is time consuming.
FOLLOW UP: Contact Levon Benally, Jr., for the radiological data that he obtained during h.
radiological survey of the Nose Rock # 1 site.

·'
I

'

CONTACTS: The following individuals were contacted for information on access to the mining clairr
and/or drilling operations or mining activities: Ms. Helen Antone, Becenti Chapter, Mr. Calvin Murph_
BIA Roads, Emery Chee, BIA Natural Resource Management, Allen Y. Nez, Navajo Land Departmer
Tom Allen, Becenti Chapter, Ms. Edith Charley(?), Becenti Chapter, Mr. Leo Charley, Torreon Chapte
The Secretaries at the Becenti, Pueblo Pintado, and Torreon Chapters were also contacted fc
information on individuals familiar with the area being investigated. See Public Involvement/Comm uni
Meetings Documentation for further clarifications.

J~~e~

R clamation Specia/1~t II

SHIPROCK AML FIELD OFFICE
PUBLIC INVOLVEMENT/COMMUNITY MEETINGS
DOCUMENT ATi ON
m Navajo-Nose Rock, DATE: January 22-26. 1996
intada & Rjcon Marquez
' TYPE OF CONT ACT:
(Indicate meeting type, contact person, (address/telephone number), problems/concerns encountered. hov.:
handled, outcome of meeting or contact).
Monday - January 22. 1996
An attempt to get to Nose Rock and Nose Rock #1 claims was unsuccessful. A local resident living
within the area suggested that we locate Helen and Jake Antones, who are the gate keepers of Section
10, Tl 9N. Rl 1W (Nose Rock) and live in Crownpoint. As we entered Cro'.1.npoint we stopped at BIA
Roads to obtain more information. We chose BIA Roads because they maintain and have access to
certain roads in eastern Navajo. Mr. Calvin Murphy was our point of contact.. We obtained a road map
d direction to the Antone's resident at NHA housing. Helen Antone said that there was no actual
ning in Sec. 10 but some drilling activity had taken place. She mentioned that they locked their gate
because of cattle rustling. She also directed us to BIA Land Operation to obtain more information.
Emery Chee was the informant and suggested that we talk to Allen Nez of Navajo Land Administration.
Mr. Nez had the gate key to Nose Rock Mine. An arrangement was set up to rrieet him the following
day .. Ms. Antone never agreed to open her gate.
[uesday - Januarv 23. 1996
on Nose Rpck Mine#! located in Section 31, Tl 9N, Rl 1W was completed. Mr. Allen Tom, the
landuser, was present and agreed to released any· information he had. He said that there was no actual mining
that had taken place. The demand for uranium went down. The company disassembled as much as they can
and vacated. This occurred around the early eighties-1981 or 1982. He then occupied the area and is using it
for rangeland. We also informed Becenti Chapter that we are in the area checking mining claims. We talked to
e chapter secretary. She mentioned one of the best sources for directions or information would be the Senior
itizens bus driver as goes for all the communities. The daughter of Edith Charley who lives in Section 32,
Tl 9N, R12W was also our contact. We wanted to reenforce the information given to us by Ms. Antone. Her
information was very similar to Ms. Antdne.
~nventory

Thursday - Januazy 25. 1996
At Torreon Chapter, we talked to the chapter secretary and made her aware that we will be in the area for two
days. She directed us to Mr. Leo Charley, Land Board Member, for any information needed. He was very
familiar with the community and gave good directions for getting to Sections 13, 15, 23, 25, Tl9N, R6W. He
also said that there was no actual mining but a lot of drilling activity had taken place.
RECOMMENDATIOI'iS:
We found out that it was easier to stop at the community's chapter house to ask about on an area we need to get
to. Typically, the chapter house is very informative and cooperative to give us direction and recommendations.
They are also very familiar with the community members. So we decide that at each new area/community, we
will always ask about at the chapter house. Mr. James Benally, Reclamation Specialist II, is the other project
personnel for.the Eastern Navajo Inventory project.

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
- -\

,)DATE(S) OF VISIT: January 29 to 31, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-coal Inventory
DURATION OF VISIT: Varied daily from 9:30 a.m. to 4:15 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coal
mining activities, and to document the extent of mining aCtivities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II. assisted with this assignment.

.,

OBSERVATIONS: This week's field investigations and inventory was concentrated on in the community
of Nahodishgish (Dalton Pass). The following claims were investigated this week:

j

'·

Monda - Janua 29 1996:
a/ton Pass - Sections 24 & 25, T17N, R14W This claim on two sections have numerous drill holes
sta~~d by plastic and steel pipes. There. are no mining related activities on these sections. Earthmoving
act1v1ties were limited to the drill pads constructed during explorations activities. The access road leading
to these sections was muddy from melting snowcover. Cursory radiological data obtained averaged 12.5
µR/hr on this claim.
·
Dalton Pass - S ~ Section 30, T17N, R13W The south half of this claim had some drill holes staked by
plastic and steel pipes. Other activities were limited to drill pads constructed for exploration activities.
The field investigation was not completed for this claim as the vehicle got stuck on a berm along the
access road. The access road leading to this claim was muddy from melting snowcover. Cursory
radiological data obtained averaged 12. 5 µRlhr on the south half of this claim.

'.1

uesda - Janua 30 1996:
a/ton Pass - N ~Section 30, T17N, R13W. The north half of this claim also has drill holes staked by
, plastic and steel pipes. There are no mining related activities on this claim. Earthmoving activities were
·/ limited to the drill pads constructed during exploration activities. The access road leading to this claim
was muddy from melting snowcover. Cursory radiological data obtained averaged 12. 5 µR/hr on this
claim.
I,

,__

·'.

'

Narrow Canyon - Section 2, T17N, R14W This claim has plastic pipe staked drill holes. There are no
mining related activities on this claim. Earthmoving activities were limited to the drill pads constructed
during exploration activities. This claim is in an open area and is being used as rangeland and
residential areas. Cursory radiological data obtained averaged 11. 0 µR/hr on this claim.
Wednesday- January 31. 1996:Unknown - SW1.4 Section 27, T17N, R14W This claim has numerous steel pipe staked drill holes located
throughout the claim. There are no mining related activities on this claim. Earthmoving activities were
limited to the drill pads constructed during exploration activities. The access road leading to this claim
is fenced and the gate locked. The area is being used as rangeland for livestock. Cursory radiological
data obtained averaged 12.0 µRlhr on this claim.
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Dalton Pass - SE!4 Section 28, T17N, R14W This claim did not have any drill holes or signs of mining
activities. Earthmoving activities were limited to access roads and drill pads. The access road leading
to this claim was muddy from the melting snowcover. Cursory radiological data obtained averaged 12.0
µR/hr on this claim.
Standing Rock - SW!4 Section 35, T18N, R14W This claim was used as a gravel pit for road base
and/or riprap material for Navajo Route 9 (?). lmpa.cted area is approximately 1800' L x 75' - 225' Wat
approximately 6. 19± acres. _Cursory radiological data obtained averaged 12. 0 µRlhr on this claim.
A U.S.G.S 7.5 minute quadrangle map for the township, range and section where the claim is located
is used to locate the section, center or quarter comer and pinpoint the claim area. Once a known point
is located, it is used as a reference point to insure that the right area where the claim is located is
investigated. All the claims were traversed on foot or where feasible by vehicle.
ONTACTS: The following individuals were contacted for information on access to the mining claims
and/or exploration and mining activities. Mr. Eddie Morgan, Community Services Coordinator, Arlene
Chiquito, Chapter Secretary, Nahodishgish Chapter.

1'71es Benally
rclamation Speciali t II
I

SHIPROCK AML FIELD OFFICE
PUBLIC INVOLVEMENT I COMi\tUNITY MEETINGS
DOCUMENTATION
PROBLEM AREA: Eastern Navajo - Dalton Pass DATE: January 29 - Februarv 2. I 996
TYPE OF CONTACT:
(Indicate meeting type, contact person, (address I telephone number), problems/concerns encountered,
how handled, outcome of meeting or contact).
Tuesday - Januaa 30. 1996
The contact made with Nahodishgish Chapter (Dalton Pass) 'involved Chapter President. Ed Morgan and
secretary, Arlene Chiquito. We infonned Mr. Morgan of the purpose of our presence in the area. We asked
him for his assistance in getting to the areas_ of interest. We also asked him if he or a community member would
know of a mining that had taken place in the area. Mr. Morgan said that there was no actual I physical mining
but many drilling explorations had taken place. He said most of the claims were probably just for drilling
xploration. Mr. Morgan and Ms. Chiquito were very cooperative in exchanging any information.
'

'

RECUMl\1ENDATIONS:
Inquiring at the chapter houses for infonnation on landusers and abandoned mines is a good method to make
public contacts and obtain infonna~ion. Mr. James Benally, Reclamation Specialist II, is also involved with the
project.

)j

J.A.u;f

SUBMITTED BY:-&._
Rose M. Grey
Reclamation Specialist II

',.

'

ACKNO\VLEDGE: _ _ _ _ _ _ _ _ _ __
Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
DA TE(S) OF VISIT: February 7 to 9, 1996
,.

MINE/PROJECT NAME: Eastern Navajo Agency Non-coal Inventory
DURATION OF VISIT: Varied daily 9:30 ~.m. - 3:30 p.m . .
PURPOSE OF VISIT: Field investigation and inventory of known mining claim$ for possible non-coal
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OBSERVATIONS: This week's field investigations and inventory were concentrated on in the community
of Crownpoint. The following claims were investigated this week:
Wednesda - Februa 7 1996:
anyon - SY2 Section 34, T17N, R13W. The south half of this claim has several drill holes staked with
plastic and steel pipes on it. There are no mining related activities on the south portion of this claim.
,/ Disturbances and construction were limited to the access roads and drill pads during exploration
activities. The access road leading to the southern portion of the claim is fenced and the gate Jocked.
Additionally, the access road is extremely muddy and impassable in some places on top of the mesa.
Cursory radiological data obtained averaged 13. 0 µR/hr on the south portion of this claim.
Unknown - SW1A Section 5, T16N, R13W. This claim has plastic and steel pipe staked drill holes. There
are no mining related activities on this claim. Disturbances and construction were limited to the access
roads and drill pads during exploration activities. The access road leading to this claim is fenced and
the gate locked. Cursory radiological data obtained averaged 12.5 µR/hr on this Claim.

,'

j

HURSDA Y.;. Februa 8 1996:
anyon - NY2 Section 34, T17N, R 13W. The north half of this claim has numerous drill holes staked with
plastic and steel pipes on it. There are no mining related activities on the north portion of this claim.
Disturbances and construction were limited to the access roads, drill pads, and two retention ponds
measuring 100' L x 65' Wx 11Y2' D and 80' L x 65' Wx 5Y2' D. The access road leading to the northern
portion of the claim is also fenced and the gate locked. Cursory radiological data obtained averaged 16. 0
µRlhr on the northern portion of this claim.

-.,

Crownpoint-South Trend- Section 16, T17N, R13W. There were several drill holes staked with plastic
and steel pipes located on this claim. There were no mining related activities noted on this claim.
Disturbances and construction were limited to the access roads and drill pads. This claim is located in
an open area and is being used as rangeland for livestock. Cursory radiological data obtained averaged
13.0 µR/hron this claim.
·
Crownpoint - NEY., NEY., SWA Section 9, T17N, R13W. There were no drill holes noted on this claim or
mining related activities. This claim is fenced and is being used as rangeland for livestock. Cursory
radiological data obtained averaged 12. 0 µR/hr on this claim. ·
Crownpoint- North Trend - Section 4, T17N, R13W. There were no drill holes nor mining related activities
noted on this claim. This claim is fenced and is being used as rangeland for livestock. The Ludlum Mirco
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R Meter was used to perform and obtain cursory radiological data averaging 11. 0 µR/hr on this claim.
FRIDAY - February 9. 1996:
Crown point - NEX NWX NEX Section 29, T17N, R12W Drill holes staked with plastic and steel pipes
. and a dozer cut measuring 100' L x 75' W x 1' D were noted on this claim. No other disturbances were
./ noted on this claim. This area is fenced and is being used as rangeland for livestock. Cursory
radiological data obtained averaged 12.0 µRlhr on. this claim.
Monument - SEX SEX NWX Section 28, T17N, R12W There were no drill holes or mining related
activities noted on this claim. This claim is adjacent to the Chaco Canyon National Monument and there
are numerous archaeological sites staked by steel T-posts marking their locations. This area is fenced
and is being used as rangeland for livestock. Cursory radiological data obtained averaged 11. 0 µRlhr
on this claim.
·· •

U.S.~.S 7.5 minute quadrangle map for the township, range and section where the claim is located

is used to locate the section, center or quarter comer and pinpoint the claim area. Once a known point
is located, it is .used as a reference point to insure that the right area where the claim is located is
investigated. All the claims were traversed on foot or where feasible by vehicle.

!'

CONTACTS: The following individuals were contacted for information on access to the mining claims
and/or exploration and mining activities. Mr. Allen Y. Nez, Mr. Billy Yazzie, Navajo Land Department,
Mr. Emery Chee, BIA Natural Resources Management, Mr. Edward Tsosie, Ms. Carol Washee, Mr. &
Mrs. Henry & Elsie Billy.

Rose M. Grey
Reclamation Specialist II

SHIPROCK AML FIELD OFFICE
PUBLIC INVOLVEMENT I COMMUNITY MEETINGS
DOCUMENT ATI ON

,,'

PROBLEM AREA: Eastern Navajo - Crownpoint DA TE: Februruy 7 - 9. 1996

":,.
'

,,'

,.

TYPE OF CONTACT:
(Indicate meeting type, contact person. (address I telephone number), problems/concerns encountered,
how handled, outcome of meeting or contact).
Wednesdav - February 7. 1996
To reach north one-half of Section 34, Tl 7N, R13W we had to go through a locked gate. Edward Tsosie of
Crownpoint was the person we talked to on getting to the area. He directed us on 'which road to take. He also
told us that Clara Washee and Henry Billy are the main landusers in the area. He didnot know of any actual
mining but did mention the drilling exploration. Mr. Tsosie was very cooperative. Mr. Henry Billy was not
home so we talk to Ms. Clara Washee on getting to Sec. 35 and south one-half of Sec. 34. She mentioned the
'Hing exploration and some subsidence that are taking places from the exploration. Her husband and daughter
ead us to a subsidence that existed in their area. She said that some livestock had fallen in and died. There was
really no subsidence but the family admitted to backfilling the hole. \Ve told them that we would keep an eye
on it. It was more of a complaint than a concern on their part. Other t4an the .subsidence they were very
cooperative in giving us direction to get to their area. Ms. Washee did. mention the Billies and where. we can
locate them. We located Mr. Henry Billy, a custodian at Crownpoint Elementary School. We arranged with
him to unlock his gate to get to the north one-half of Sec. 34. Mr. Billy didnot mentioned any type of mining or
drilling exploration.
Thursdav - Februarv 8. 1996
Today's contact was with Mr. Billy Yazzie of Land Administration and Emery Chee of BIA Land Operation.
. We asked Mr. Yazzie for his assistance on Land status. He said his documents and maps are not updated and
we are better off talking to BIA Land Operation. Mr. Emery Chee provided the landuser's name, Billy Martin,
d where we can locate them to ask permission to get to their area (Sec. 28 Tl 7N, R14W and Sec. 29, Tl 7N,
R12W).
Fridav - February 9. 1996
Mrs. Billy Martin was very cooperative. She did mention the drilling exploration but no physical mining.

RECOMMENDATIONS:
Obtaining information from the public is very useful and can be time saving. Mr. James Benally, Reclamation
Specialist II, is also involved with the Eastern Navajo Project inventory. ·

SUBMITTED BY:

~
/.j ~
Rose M. Grey.
Reclamation Specialist II

Perry R Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
DATE(S) OF VISIT: February 12 to 16, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-Coal Inventory
DURATION OF VISIT: Varied daily 9:30 a.m. - 3:30_p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coal
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OBSERVATIONS: This week's field investigations and inventory were concentrated on in the community
of Church Rock. The following claims were investigated this week:

1
/

../

MONDAY - February 12. 1996:
·nknown - NEY.. NE~ NEY,, Section 3, T16N, R16W This claim has a bac}<filled and concrete capped
ertical shaft (VO) on it. Other associated features located on this claim consisted of concrete slabs.
Earthmoving and construction activities were limited to the vertical shaft and the access roads during
mining activities. The access road leading to this claim is fenced and the gate locked. Cursory
radiological data obtained ranged from 30 µRlhr to 300 µR/hr on this claim.
NF= Church Rock# 1 and NE Church Rock - NEY,, Section 35, T17N, R16W This area has two different
claims on it and was worked by United Nuclear Corporation. This claim has a backfilled and concrete
capped vertical shaft on it. Other features located on this site consisted bf a large prefabricated metal
office building, one small metal building, and numerous concrete slabs. Impacted area is approximately
13. 89± acres. Cursory radiological data obtained ranged from 150 µRlhr to 300 µR/hr on this previously
worked claim.
E Church Rock# 1 East - NW1.4 Section 36, T17N, R16W This claim was worked by Kerr McGee
orporation and still has some personnel on site. This claim has a backfilled vertical shaft (VO) on it.
Other associated features located on this claim consisted·of a large metal building and concrete slabs.
The access road leading to this claim is fenced and the gate locked. Impacted area is approximately
40. 00± acres. Cursory radiological data obtained ranged from 150 µR/hr to 180 µR/hr on this worked
claim.

v

NE Church Rock- NW1.4 Section 31, T17N, R1 SW This claim has drill holes staked with plastic and steel
pipes on it. There are no mining related activities on this claim. Disturbances and construction were
limited to the access roads and drill pads during exploration activities. The access road leading to the
claim is fenced and the gate Jocked. Cursory radiological data obtained averaged 13. 0 µRlhr on this
~~-

'

TUESDAY - February 13. 1996:
Unknown -NEY.. SW1.4NW1.4 Section 7, T16N, R16W This claim has numerous drill holes staked with
)lastic and steel pipes on it. There are no mining related activities on this claim. Disturbances and
i:onstruction were limited to the access roads and drill pads. This claim is located in a fenced area and
is being used as rangeland for livestock. The access roads leading .to the claim from the north and
south are fenced and the gates Jocked. Cursory radiological data obtained averaged 16. O µR/hr on this
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claim.
Mancos.- Section 7 -NWX SW'.4 SWX Section 7, T16N, R16W There are numerous drill holes staked
with plastic and steel pipes located on 'this claim. There were no mining related activities noted on this
claim. Disturbances and construction were limited to the access roads and drill pads. This claim is
located in a fenced area and is being used as rangeland for livestock. The access roads leading to the
claim are fenced and the gates locked. Cursory radiological data obtained averaged 13. 0 µR/hr on this
claim.
Unknown - Section 9 - SEX Section 9, T16N, R16W There are numerous drill holes staked with plastic
and steel pipes located on this claim. There were no mining related activities noted on this claim.
Disturbances and construction were limited to the access roads and drill pads. This claim is located in
a fenced area and is being used as rangeland for livestock. The access road leading to this claim is
enced and the gate Jocked. Cursory radiological data obtained averaged 12. 0 µR/hr on this claim.
Unknown - NW'.4 NWX SEX Section 9, T16N, R16W There are numerous drill holes staked with plastic
and steel pipes located on this claim. There were no mining related activities noted on this claim.
Disturbances and construction were limited to the access roads and drill pads. This claim is located in
a fenced area and is being used as rangeland for livestock. The access road leading to this claim is
fenced and the gate locked. Cursory radiological data obtained averaged 11. 0 µRjhr on this claim.
WEDNESDAY - February 14. 1996: ·
Church Rock 8 & 2 - Section 9, T17N, R16W. Drill holes staked with plastic pipes were noted on this
claim. There were no mining related activities noted on this claim. Disturbances and construction were
limited to the access roads and drill pads. This claim is located in a fenced area and is being used as
rangeland, for livestock. The access road leading to this claim is fenced and the gate locked. Cursory
diological data obtained averaged 12.0 µR/hron this claim.
NE Church Rock# 3- NW'.4 NEX Section 21, T17N, R16W Drill holes staked with plastic pipes were
noted on this claim. There were no mining related activities noted on this claim. Disturbances and
construction were limited to the access roads and drill pads. This claim is located in an open area and
is being used as rangeland for livestock. Cursory radiological data obtained averaged 11. 0 µR/hr on this
claim.

v'

NE Church Rock# 2 - NEX Section 27, T17N, R16W This claim has been worked and reclaimed by
the previous operator(s). An area measuring 625' L x 500' W has been regraded, topsoiled, and
revegetated. Several small plots have been fenced in on the regraded area. There are three 8", one
1O", and one 36" monitoring wells located on the regraded area. The area and the access road to this
claim is fenced and the gate locked. Cursory radiological data obtained averaged 50 µRlhr on this claim.
THURSDAY- February 15. 1996:
Unknown - White Cliffs - NW'.4 SEX NEX Section 31, T16N, R17W. There were no drill holes or mining
related activities noted on this claim. This claim is located in a fenced area and is being used as
. rangeland for livestock. The access road is fenced and traverses through several residential areas.
Cursory radiological data obtained averaged 14. 0 µR/hr on this claim.
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Anomaly - SE~ NW~ NW~ Section 28, T15N, R17W There were no drill holes or mining related
activities noted on this claim. This claim is located in a fenced area and is being used for residential and
rangeland for livestock. The access road is fenced and traverses through three residential areas.
Cursory radiological data obtained averaged 11.0 µR/hr on this claim.
Section 28 - NE~ SW~ NW~ Section 28, T15N, R17W There were no drill holes or mining related
activities noted on this claim. This claim is located south of the Anomaly claim in a fenced area and is
being used for residential and rangeland for livestock. The access road is fenced and traverses through
three residential areas. Cursory radiological data obtained averaged 10. 0 µR/hr on this claim.
FRIDAY - February 16. 1996:

•

Unknown - Section 15, T15N, R16W There were no drill holes or mining related activities noted on this
aim. This claim is located in an open area and is being used as rangeland for livestock. Cursory
diological data obtained averaged 14. 0 µRlhr on this claim.
A U.S.G.S 7.5 minute quadrangle map for the township, range and section where the claim is located
is used to locate the section, center or quarter comer and pinpoint the claim area. Once a known point
is located, it is used as a reference point to insure that the right area where the claim is located is
Investigated. All the claims were traversed on foot or where feasible by vehicle.
CONTACTS: The following individuals were contacted for information on access to the mining claims
and/or exploration and mining activities. Mr. Ed Morrales, UNC, Mr. Tom Atcitty, Ms. Marilyn Livingston,
Mr. Sampson Jim, Mr. Tim Whitman, and Mr. Melvin Gurule, BIA Branch of Land Operations.

SHIPROCK AML FIELD OFFICE
PUBLIC INVOLVEMENT I COMI\1UNITY MEETINGS
DOCUMENTATION
PROBLEM AREA: Eastern Navajo - Hard Ground Flats DATE: Februruy 12 - 16. 1996
Gallup East
TYPE OF CONTACT:
(Indicate meeting type. contact person, (address I telephone number), problems/concerns encountered,
how handled, outcome of meeting or contact).
;,

Monday - February 12. 1996
Section 3 and 9, Tl 7N, Rl6W, consisted of claims from UNC (United Nuclear Corp.). The company is no
longer mining. Some employees are still occupying the buildings. Mr. Ed Morrales was the person we talk to
after checking out section 3 and 9. We asked of him if any actual mining at taken place. He gave us the
location and told us that the copies of the claims are documented in Window Rock. He said the vertical shafts
was capped with concrete and the Tribe wanted certain structures to remain. He did mention that Kerr-McGee
has some claims in the area.

.•

.

,'uesday - February 13. 1996
Today's contact was Mr. Tom Atcitty and Ms. Marilyn Livingston. Mr: Atcitty is the gatekeeper on routes that
lead into north one-half of Section 7, Tl6N, Rl6W. We asked of him ifhe knew of any mining activities. He
said that he was only aware of some drilling exploration in the area. He was very cooperative in providing
information on the drilling exploration and directions to section 7. Ms .. Livingston lived on the south end of
section 7. We informed her of whom we are and what our task is. She was very cooperative. She also
mentioned that only some drilling has taken place in the area. She didnot knew of any actual mining.
Thursday - February 15. 1996
The claim in Gallup East involved section 31, Tl6N, Rl 7W. The area of interest was near Samson Jim's
resident. Mr. Jim was not aware of any mining or drilling. He said he had not been in the area long enough to
ow of such activity.

Mr. Tim Whitman is a resident of Church Rock and is the landuser of Section 32. He informed us that there are
some portals existing in Section 31, Tl6N, R16W. He said he had to remove the gate and replace with fence to
keep the teenagers from partying inside the portals. He also told us that he used to work with the company that
did the mining. He did have some health problems and is in the process of working with the Uranium Worker
Office in Shiprock.
Eastern Navajo· is considered "checkerboard" where different landuse and owner's s!atus exist. For more
information on such issue we talked to Melvin Gurule of Land Operations at Crownpoint BIA. Mr. Gurule loanus a plat book to document and copy all land status of the area the claims exist. We made an agreement to
return the book the following week.
RECOMMENDATIONS:
Obtaining public information is still important. Their information can by ~eful and time consuming. The
terrain is rough and the gates to most of areas are lock, so asking permission to enter is important. Mr. James
Benally, Reclamation Specialist II, is also conducting the inventory.
·

SUBMITTED
·

BY:~!../.~
Rose M. Grey
Reclamation Specialist II

· ACKNOWLEDGE: _ _ _ _ _ _ _ _ _ __
Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
:DATE(S) OF VISIT: February 21 & 22, 1996
MINE/PROJECT NAME:. Eastern Navajo Agency Non-coal Inventory
DURATION OF VISIT: Varied daily 9:30 a.m. - 3:30 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coal
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OBSERVATIONS: This week's field investigations and inventory were concentrated on in the community
of Church Rock. The following claims were investigated this ~veek:
"
.•
:

WEDNESDAY - February 21. 1996:
.
ection 3 - NEX SW1.4 SW1.4 Section 3, T1 SN, R16W Three attempts were made to access this claim.
he east access road is fenced and the gate locked. The middle road is fenced and goes through two
residential areas and does not access the claim. The west access road is.unpassable by vehicle.
Foutz# 3 - SEX SEX SEX Section 31, T16N, R16W This site is loc?Jted approximately 1 mile south
of the Springstead/Pinedale road. There was not enough time to hiked to the site as the access road
is fenced and unpassable.
THURSDAY - February 22. 1996~·
A scheduled field visit was made on the proposed road improvement projects N37 (Coal Mine Rd), N37A
(Bass Lake Rd), and N7113 (Peshlakai Rd) upon Navajo Department of Transportation's request. The
field investigation was made along with Mr. Greg Begay and Ms. Thomascita Shorty, Environmental
pecialists, to determine if any abandoned or reclaimed coal and/or non-coal mines are located within
e 150' right-of-ways.
Project N37A (Bass Lake Rd) was traversed by vehicle from the community of Twin Lakes to N37's (Coal
Mine Rd) intersection. Project N37 (Coal Mine Rd) was also traversed by vehicle from the southern
portion of the Coal Mine Road to Navajo Route 9's intersection. The field investigation did not disclose
any coal outcrops or seams within the right-of-ways during the field visit. The southern segment of Coal
Mine Road did contain some traces of coal deposits along the stream bed. NAMLRD's records indicate
that there are several reclaimed coal mines within this vicinity of the proposed projects. The nearest
reclaimed coal mine is located approximately 4, 500' east of the proposed improvement project at the
base of Coal Mine Hill, and the next closest mine is located at approximately 8, 700' south-southeast of
Coal Mine· Spring. Other projects are located approximately 12, 500' to the southwest of Coal Mine Road.
Project N7113 (Peshlakai Rd) was traversed by vehicle from the Mariano Lake School to where it
intercepts Navajo Route 49 east of the Mariano Lake Trading Post. NAMLRD's records indicate thr;it
there are mining claims within Section 34, T16N, R14W and within Sections 2 & 3, T15N, R14W The
proposed improvement project runs along the south section line of Section 3, and on the east/west
section line for Sections 2 & 3. However, there were no abandoned coal or non-coal mines noted within
the 150' right-of-way for N7113. Disturbances noted were limited to road grading and road ditches.
Additional field investigations planned for.the Mariano Lake area should detect any previous mining
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activities along this route. Additional claims are located in Sections 12 & 25, T15N, further southsoutheast of the scheduled road improvement project. These claims should not effect or impact the
improvement project.
CONTACTS: Ms. Louise Benally was contacted for information on the access roads to the mining claims
and/or exploration and mining activities. Mr. Greg Begay and Ms. Thomascita Shorty, Environmental
Specialists, Navajo Department of Transportation.

mes Benally
I
eclamation Specialist II

•

Rose M. Grey
Reclamation Specialist II

I

SHIPROCK AML FIELD OFFICE
PUBLIC INVOLVEMENT I COMMUNITY MEETINGS
DOCUMENTATION
PROBLEM AREA: Church Rock and Mariano Lake

DATE: February 20 - 23. 1996

TYPE OF CONTACT:
(Indicate meeting type. contact person, (address I telephone number), problems/concerns encountered,
how handled, outcome of meeting or contact).

'•

i'

I'

:,

Wednesday - Februar:y 21. t 996
Getting to section 3, Tl6N, Rl6W was obstructed by a locked gate. Access was not accomplished. Ms. Louise
Benally reside along the route taken to Section 3. We notified her of whom we are and our reason for our
presence in the area.. She gave direction and warned that there could be a locked gate on the way. She cannot
recall any mining activity in Section 3. She didnot know who the landuser is that keeps the gate lock. We also
.turned the land status book to Melvin Gurule of Crownpoint BIA.

RECOMMENDATIONS:
At this stage of the inventory. public contact is still vital. The age of the person contacted also has an effect on
the project. The senior person is more knowledgeable of the area just because they had been in the area longer.
They also know key individual to contact. This in tum can be time saving. Mr. James Benally, Reclamation
;pecialist II, is one of the project personnel.

SUBMITTED BY:

~ fi/

4

Rose M. Grey
'
Reclamation Specialist II

ACKNO\VLEDGE: _ _ _ _ _ _ _ _ _ __
Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
)A TE(S) OF VISIT: April 2 to 4, 1996

MINE/PROJECT NAME: Eastern Navajo Agency Non-Coal Inventory
DURATION OF VISIT: Varied daily from 8:30 a.m. to 4:30 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coal
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OBSERVA T/ONS: This week's field investigations and inventory were concentrated on in the community
of Church Rock. The following claims were investigated this week:
UESDA Y - A ril 2 1996:
outz # 3 - SE!4 SE;4 SEX Section 31, T16N, R16W This claim has an open po'rtal (P) and three
partially collapsed portals (P) located in the southeast comer of the claim. Portal 1 is 6Yz' H x 9Yz' W x
depth unknown. Radiological readings at the portal were: 120 µRlhr@ 1 m(eter) and 130 µRlhr on
contact. Portal 2 is 5Yz' H x 11 Yz' W x depth unknown. Radiological readings at the portal were: 190
µR/hr @ 1 m and 200 µRlhr on contact. Portal 3 is 6' H x 1OYz' W x depth unknown. Radiological
readings at the portal were: 240 µRlhr@ 1mand240 µR/hron contact. Portal 4 is 4' H x 6' Wx depth
unknown. Radiological readings at the portal were: 110 @ 1 m and 100 µR/hr on contact. Associated
features includes: 150 linear feet of dangerous high walls (DH), 250 ycf of waste material (OPE) covering
0. 13± acre, 200' L x 16' W haul road (HR), and a 150' L x 30' W bench (BE). The radiological readings
on the waste material ranged from 50 to 120 µR/hr@ 1 m and from 60 to 280 µRlhr on contact.
Foutz # 2 - NE!4 NEX NE!4 Section 5, T1 SN, R16W This claim has a collapsed portal (P) and two
ackfilled portals (P). Portal 1 is completely collapsed and/or backfilled. Radiological readings at the
orta/s were: 14 µR/hr@ 1 m and 14 µR/hr on contact. Portal 2 is partially backfilled with a 1' H x 2' W
opening and the depth unknown. Radiological readings at the portal were: 14 µR/hr@ 1 m and 14 ;.1.Rlhr
on contact. Portal 3 is partially collapsed with a 1Yz' H x 2' W opening and the depth unknown.
Radiological readings at the portal were: 32 µR/hr@ 1 m and 38 µRlhr on contact. Associated features
includes: 175 linear feet of dangerous highwalls (DH), approximately 50 ycf of waste material (OPE)
scattered over 1.44± acres, and a 500'.L x 125' W bench (BE). The radiological readings on the waste
material ranged from 12 to 30 µR/hr@ 1 m and 12 to 30 µR/hr on contact.
'

~

Williams and Reynolds Mine - NEX SWX Section 4, T1 SN, R16W This mine is located on Bureau of
Land Management (BLM) land. This mine feature is a pit measuring 200' L x 75' W x 1' - 12' deep.
Radiological readings inside the pit range from 20 to 90 µRlhr @ 1 m and 13 to 100 µRlhr on contact.
Approximately 3, 500 ycf of overburden material is located on the west end of the pit. Approximately
1. 94± acres have been disturbed overall.
.
.
Section 3 - NE!4 SW!4 SWX Section 3, T15N, R16W This claim has ten portals (P) and three mine
openings (MO). The east group of portals and one mine opening were numbered 1 thru 8 from west to
east and the west group 9 thru 13 from west to east. All of the adits and prospects are driven into a coal
seam at the base of a 80' to 100' thick Dakota(?) sandstone. Portal 1is4' H x 5' W x depth unknown.
Portal 2 is 5' H x 6' W x depth unknown. Portal 3 is 4' H x 6' W x depth unknown. Portal 4 is 5' H x 6'
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W x depth unknown. Portal 5 is 6' H x 6Y2' W x 20' depth (?). Feature 6 is a mine opening measuring
8' H x 7' W x 9' depth. Portal 7 is 6' H x 6Y2' W x depth unknown. Portal 8 is 4' H x 6' W x depth
unknown. Radiological readings taken at the portals and on the waste material for the east group ranged
from 52 to 180 .~Rlhr@ 1 m and 42 to 400 µR/hr on contact. Portal 9 is 6Y2' H x 5' W x 75' depth (?).
Feature 10 is a mine opening measuring 4' H x 6' W x 7' depth. Portal 11 is 6' H x 6Y2' W x depth
unknown. Feature 12 is a mine opening measuring 4' H x 11' W x 5' depth. Portal 13 is 6' H x 6Y2' W
x depth unknown. Radiological readings taken at the portals and on the waste material for the west
group ranged from 100 to 1, 000 µR/hr@ 1 m and 140 to 1, 400 µ.R/hr on contact. Associated features
includes: approximately 3,625 ycf of waste/gob material (OPE) covering 1.00± acre, two haul roads
measuring approximately 2, 500' L x 15' W, a 25' to 30' wooden ladder, and a wooden chute to load
protore and/or waste/gob material. Radiological readings taken on the four waste/gob piles varied from
52 to over 1, 000 _;;.R/hr@ 1 m and between 110 and 1, 400 µR/hr on contact.
EDNESDA Y - A ril 3 1996:
nknown - NEX NW1.4 NEX Section 17, T16N, R16W (Old Church Rock Mine). This claim has a
backfilled and concrete capped vertical shaft (VO): Other associated features located on this claim
consisted of a 80' L x 60' W metal building, concrete slabs, and five large retention ponds averaging 300'
in length and 250' in width, numerous drill holes, and seven 5' steel water transfer boxes. Radiological
readings throughout the claim ranged from 13 to 220 µR/hr @ 1 m and 13 to 240 on contact. The
disturbed area is approximately 36. 73± acres and is completely fenced in and the gates locked.
/

Unknown - NW,4 Section 17, T16N, R16W This claim has numerous drill holes staked with steel posts
on it. There are no mining related activities noted on this claim. Disturbances were limited to the access
roads and drill pads during exploration activities and an existing pipeline in the southeast portion of the
.
claim. The claim is located in an open area and is being used as rangeland for livestock. Radiological
' aeadings throughout the claim ranged from 11 to 13 µR/hr@ 1 m and 12 to 14 µRlhr on contact.
:.

~nknown

- NW,4 NW1.4 NW1,4 Section 18, T16N, R16W There were no drill holes or mining related
activities noted on this claim. This claim is located adjacent to a residential area and a highly used
grazing area. Portions of this claim is fenced with two gates. Radiological readings at this claim ranged
from 12 to 16 µR/hr@ 1 m and 12 to 16 µR/hr on contact.
Unknown - SWX NWX NWX Section 18, T16N, R16W. There were no drill holes or mining related
activities noted on this claim. This claim is located in an open area highly used for residential and
livestock grazing. Radiological readings on this claim ranged from 12 to 16 µR/hr @ 1 m and 12 to 16
µR/hr on contact.
Unknown - NEX SW.4 SW1.4 Section 18, T16N, R16W This claim has some drill holes staked with steel
pipes on it. There were no mining related activities noted on the claim. This claim is located in an open
area and is being used as rangeland for livestock. Radiological readings on this claim ranged from 1~
to 15 µR/hr@ 1 m and 13 to 16 on contact.

'

Unknown - NEX Section 19, T16N, R16W This claim has drill holes staked with steel pipes on it. There
were no mining related activities noted on the claim. Phillips Petroleum Company has a pipeline
traversing the length of the claim from the northeast to the southwest. This claim is located in an open
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area used as rangeland for livestock. Radiological readings on this claim ranged from 12 to 14 µR/hr @
1 m and 12 to 14 µR/hr on contact.

'./

Unknown - NEX Section 22, T16N. R16W This claim has several drill holes staked with steel posts on
it. Disturbances were limited to the access roads and drilling pads during exploration activities. This
claim is located in an open area used as rangeland for livestock. Radiological readings on this claim
ranged from 13 to 16 µR/hr@ 1 m and 13 to 16 µR/hr on contact.

Unknown - NWA NEX Section 23, T16N, R16W. This claim has drill holes staked with steel posts on
.,, it. Disturbances were limited to the access roads and drilling pads during exploration activities. This
claim is partially located in an open area and in a fenced farm plot adjacent to several residences.
Radiological readings on this claim ranged from 13 to 14 µR/hr@ 1 m and averaged 14 µR/hr on contact.
THURSDAY - A ril 4 1996:
Pyramid Group - Section 22, T16N, R16W. This claim has drill holes staked with steel pipes on it.
Earthmoving activities were limited to access 'roads and drill pads during exploration activities. The east
portion of the claim is fenced and the gate locked. The rest of the claim is located in a wooded open
area and used as rangeland for livestock. Radiological readings averaged from 12 to 15 µRlhr@ 1 m
and 12 to 15 on contact.
Unknown Section 14 - NWX Section 14, T16N, R17W There were no drill holes or mining related
activities noted on this claim. Disturbances were noted and limited to access roads and drill pads on
previously investigated claims (Hard Grounds Flat). This claim is located in a wooded fenced area
limiting access to the claim. Radiological readings averaged 11 to 14 µR/hr@ 1 m and 11 to 14 µRlhr ·
on contact.
·,.Unknown Section 24- NEX Section 24, T16N, R17W. This claim has drill holes staked with steel pipes
.
·-· on it. Disturbances were limited to access roads and drill pads during exploration activities. This claim
is located in an open area and is being used as rangeland for livestock. Radiological readings ranged
from 11 to 14 µR/hr@ 1 m and 11 to 14 µRlhr on contact.
Unknown Section 13 - SW'A NEX SW'A Section 13, T16N, R17W This claim has a number of drill holes
staked with steel pipes on it. Disturbances noted were limited to access roads and drill pads. This claim
is located in an open area and is being used as rangeland for livestock. Radiological readings ranged
from 12 to 14 µR/hr@ 1 m and 12 to 14 µR/hr on contact.

.-,·
"

Unknown Section 13- NW',4 NWA SEX Section 13, T16N, R17W This claim has drill holes staked with
steel pipes on it and is located to the southwest of the previous claim investigated. Disturbances are
limited to the access roads and drill pads constructed during exploration activities. This claim is located
in an open area and is being used as rangeland for livestock. Radiological readings averaged from 12
to 14 µRlhr@ 1 m and 12 to 14 µRlhr on contact.
Section 23 - Grace Nuclear - NW1A NEX NEX Section 23, T16N, R17W This claim has three retention
ponds averaging 30' L x 30' W x 2' depth and one pond measuring 45' L x 30' W x 2' depth on it. The
ponds had-been lined with polypropylene material and are scattered over the claim. Six uncapped 6"
steel pipes were also located.around the four retention ponds. The steel pipes have water in them and
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the depth range from 13' to 20'. Several of the steel pipes are level with the ground and need to be
capped or blocked. Approximately 2.30± acres has been disturb by in situ mining activities.
Unknown Section 25 - NWY. SEY. NEY. Section 25, T16N, R17W This claim has an old shack set in
the ground and a concrete slab measuring 28' L x 1O' W with a BYz' capped steel pipe on it. The shack
houses electrical junction boxes and fuses approximately 8' below ground level. The concrete slab is
located to the southeast of the shack at approximately 175'. This claim is fenced and is being used as
rangeland for livestock. Radiological readings averaged 12 to 13 µR/hr@ 1 m and 13 .~Rlhr on contact.
Deiter- SEY. NW,4 NW,4 Section 36, T16N, R17W There were no drill holes or mining activities noted
on this claim. The claim is located against a mesa with steep sides and adjacent to a highly used public
road and is being used as rangeland for livestock. Radiological readings averaged 12 ,....Rlhr@ 1 m and
12 µR/hr on contact.
U.S.G.S. 7.5 minute quadrangle map for the townships, ranges, and sections depicting the claims is
used to locate the section, center or quarter comers and pinpoint the claim areas. The known reference
point is used to insure that the proper area and the claim is investigatec;J. All of the claims investigated
this week were traversed on foot or where feasible by vehicle.
CONTACTS: The following individuals were contacted for information on access roads to the mining
claims and/or exploration and mining activities. Lawrence Morgan, Council Delegate, Pinedale Chapter,
Janice Arviso, Adeline Livingston, Harrison Livingston, Linc Livingston, Marilyn Livingston, Betty Stump,
and Leonard Yazzie, Residents, Church Rock Community.

I

'James Benally
Reclamation Specialist )J
l

Rose M. Grey
Reclamation Specialist II

(1

SHIPROCK AML FIELD OFFICE
PUBLIC INVOLVEMENT I COMMUNITY MEETINGS
.
DOCUMENTATION
PROBLEM AREA: Eastern Navajo - Church Rock -Pinedale

DATE: April 2 - 4. 1996

TYPE OF CONTACT:
(Indicate meeting type, contact person. (address I telephone number), problems/concerns encountered.
how handled. outcome of meeting or contact).
Tuesdav- April 2. 1996
Mr. La\\Tence Morgan, Council Delegate of Pinedale community informed us that he has no knowledge
of any mining activities in the Pinedale area except in Church Rock. He did mentioned that some
drilling explorations had taken place in the area. He was not specific about the area ru:id who did the
drilling. Ms. Janice Arviso resides along the route to Section 3, 4, and 5, Tl5N, Rl6W. She did
infom1ed us of the mining activities that had taken places. She could not remember the exact date or
year of the mining. She also mentioned that the road to the sites no longer exists. She did mentioned
that uraniwn \Vas being mined.
Wednesdav - April 3. 1996
The Old Church Rock Mine is located in Section 17, T16N, R16W. Mr. Leonard Yazzie is the landuser
who resides near the site. Mr. Yazzie recalls the closure of the mine around the late seventies. He also
mentioned there were some drilling activities that had taken place in the area. Ms. Marilyn Livingston
resides in Section 13. Since she was the nearest residence of Sections 18 and 19, Tl6N, Rl6W and
Sections 24 and 13, Tl 6N, RI 7W we asked for some information. She recalls that the only mining ·
activities was the Old Church Rock Mine. The rest were drilling explorations.
Thursdav - April 4. 1996
Ms. Marilyn Livingston informed us that there was no actual mining in Sec. 14, Tl6N, RI 7W. To her
. knowledge there was only drilling exploration. Linc Livingston was a little bit hesitate to give any
information and permit us to enter the area, Sec. 13, Tl6 N, RI 7 W. He claimed he doesnot know alot
about the mining and explorations that had taken plac~ in the Church Rock area. He did mention that his
father will probably know more. At the time his father was not home. Harrison Livingston is the
landuser in Sec.23, Tl 7N, Rl6W. A family member was who we talked to. The person did.not give his
name. He did confirm the Grace in-situ leach test that was conducted in _the area. Adeline Livingston is
the landuser residing in Sec. 25, Tl6N, R16W. A family member informed us that there was a drilling
exploration that had taken place in Sec. 25, Tl6N, R17W. The roof of an underground storage building
was very noticeable. Betty Stump resides in Sec. 36, Tl6N, RI 7W. She does not recall any mine
related activities in Sec. 35 and 36, T16N, RI 7W.

RECOMMENDATIONS:
I
Community involvement is still vital to the inventory process. They know the area well and their
direction to the claims is time saving. Nir. James Benally, Rec. Spec. II is also part of the project.

SUBMITTED BY:

&

/..£ ~

Rose· M. Grey
Reclamation Specialist II

Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
.. 'DATE(S) OF VISIT: April 8, 10, and 11, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-Coal Inventory
DURA T/ON OF VISIT: Varied daily from 8:30 a.m. - 4:45 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coal
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OBSERVATIONS: This week's field investigations and inventory were concentrated on in the
communities of Church Rock, Pinedale, and Mariano Lake. The following claims were investigated this
week:
'10NDA Y - April 8. 1996:
CD & S - NWX NWX SEX Section 35, T16N, R17W There were no exploration or mining related
activities noted on this claim. Disturbances and construction were limited to the access roads and drill
pads during exploration activities. The access road leading to this claim is fenced and the gate locked.
Cursory radiological data obtained averaged 12.5 µR/hr on this claim.
Unknown - Section 21 - SW1.4 Section 21, T16N, R1 SW This claim has numerous drill holes staked with
steel pipes on it. There were no mining related activities noted on this claim. Disturbances and
construction were limited to the access roads and drill pads during exploration activities. This claim is
located in a residentia/.area and is fenced around the residential areas. The access road leading to the
.claim is fenced off in various places. Cursory radiological data obtained averaged 13. OµR/hr on this
claim.

J

nknown - Section 2, T15N, R14W There were several drill holes staked with plastic and steel pipes
located on this claim. There were no mining related activities noted on this claim. Disturbances and
construction were limited to the access roads and drill pads. This claim is located in an open area and
is being used as rangeland for livestock. Cursory radiological data obtained averaged 13. 0 µRlhr on this
claim.

l/

.;

/

Unknown - Section 3, T15N, R14W. There were drill holes staked with plastic pipes located on this
claim. There were no mining related activities noted on this ~/aim. Disturba_nces and construction were
limited to the access roads and drill pads. This claim is located in an open area and is being used as
rangeland for livestock. Cursory radiological data obtained averaged 12. 5 µR/hr on this claim.

Unknown - Section 34, T15N, R14W There were several drill holes staked with plastic and steel pipes
located on this claim. There were no mining related activities noted on this claim. Disturbances and
·• construction were limited to the access roads and drill pads. This claim is located in an open area and
is being used as rangeland for livestock. Cursory radiological data obtained averaged 13.0 µR/hr on this
claim.

~

WEDNESDAY - April 10. 1996:
r'
Mariano Lake - SEX SW1.4 NW1.4 Section 12, T15N, R14W This claim has been worked and reclaimed
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by the previous operator(s). An area measuring 1,400' L x 900' W has been regraded and revegetated.
The reclaimed area is fenced and the gates locked. Cursory radiological data obtained in and around
the reclaimed ranged from 11. 0 .u.Rlhr to 3S. 0 µR/hr on this claim.

!.

Mac# 1 - SW~ NEX SEX Section 12, T1SN, R14W This claim has been also worked and reclaimed
by the previous operator(s). Two prefabricated metal building are still located on the claim. An area
measuring 1,200' L x 1,200' W has been regraded and revegetated. The area and the access road are
fenced and the gate locked. Cursory radiological data obtained ranged from 24 µRlhr to 70 µR/hr on this
claim.

Mac# 2 - NEX SEX SEX Section 18, T1SN, R13W This claim has a backfilled inclined shaft located
on it. Other associated features located on this claim consisted of three waste piles (OPE) of
approximately 2,230 ycf covering 0.282± acre, industrial/residential waste covering 0.01± acre, and five
!: · · -onc~ete slabs. Area. 'of impact i~ approximately 2. 30± ~c:e~. This claim i~ located in an open area and
,
bemg used as rangeland for ltvestock. Cursory rad10log1cal .data obtamed range.d from 30 µR/hr to
:
340 µR/hr on this claim. ·
,.

'

I

1.

1.

Black Jack# 2 - SWX NEX Section 18, T1 SN, R13W This claim has been worked and regraded by the
previous operator(s). A prefabricated metal building and a storage shed are still located on the claim.
An area measuring 1,000' L x 750' W has been regraded and the area around a air vent north of the
building has been regraded at appproximately 200' L x 100' W This area is located in a fenced area and
is being used as rangeland for livestock. Cursory radiological data obtained ranged from 30 µR/hr to 100
µR/hr on this claim.
Section 20.- _SW.% NEX NE.% Section 20, T1 SN, R13W This claim did not have any drill holes or signs
of mining activities. This claim is located in an open range and is being used as rangeland for livestock.
ursory radiological data obtained averaged 12. 0 µR/hr on this claim.
Ruby 1 & 2 Decline - NEX SW'~ NWX Section 21, T15N, R13W This claim has been worked and
regraded by the previous operator(s). An area measuring approximately 77S' L x 350' W has been
reclaimed. A 72' L x 44' W concrete slab is located to the east of the reclaimed area. This area is
located in an open area and is being used as rangeland for livestock. Cursory radiological data obtained
ranged from 24. 0 µRlhr to 130. 0 µRlhr on this claim .

...
Ruby 3 & 4 - SEX NEX NE.% Section 2S, T1 SN, R13w This claim has also been worked and reclaimed
by the previous·operator(s). An area measuring S7S' L x 450' W has been reclaimed. A 1S' L x 12' W
concrete slab is located to the southwest of the reclaimed area. This area and the access road is fenced
and the gate locked and is being used as rangeland for livestock. Cursory radiological data obtained
ranged from 16.0 µRlhrto 90.0 µR/hron this claim.,
THURSDAY - April 11. 1996:
Ruby 2 Ore Body- NEX NWX Section 27; T15N, R13W This claim has drill holes staked with plastic
pipes on it. There were no mining activities noted on this claim. Disturbances and construction activities
were limited to the access roads and diill pads. This claim is located in a fenced area and is being used
as rangeland for livestock. An access road located to the west of the fenced area is not fenced and
gated. Cursory radiological data obtained averaged 13. 0 µR/hr on this claim.
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Ruby 4 Ore Body - NEX & SEX Section 26, T1 SN, R13W This claim has drill holes staked with plastic
pipes on it. There were no mining activities noted on this claim. Disturbances and construction activities
were· limited to the access roads and drill pads. This claim is located in a fenced area and is being used
as rangeland for livestock. As with Ruby 2 Ore Body, the access road is not fenced and gated. Cursory
radiological data ob.fained averaged 12.0 µ.R/hr on this claim.
Unknown - Section 13 - NEX NEX Section 13, T1SN, R13W This claim has drill holes staked with
plastic pipes on it. There were no mining activities noted on this claim. Disturbances and construction
activities were limited to the access roads and drill pads. This claim is located in a fenced area and is
being used as rangeland for livestock. Cursory radiological data obtained averaged 11. 0 µRlhr on this
claim.

•

Unknown - Section 13 - SEX T1 SN, Rt 3W. This claim has drill holes staked with plastic pipes on it.
here were no mining activities noted on this claim. Disturbances and construction activities were limited
the access roads and drill pads. This claim is located in a fenced area and is being used as a
residential and as rangeland for livestock. Cursory radiological data obtained averaged 12. 0 µR/hr on
this claim.
A U.S.G.S 7.5 minute quadrangle map for the township, range and section where the claim is located
is used to locate the section, center or quarter comer and pinpoint the claim area. Once a known point
is located, it is used as a reference point to insure that the right area where the claim is located is
investigated. All the claims were traversed on foot or where feasible by vehicle.

'•,

CONTACTS: The following individuals were contacted for information on access to the mining claims
and/or exploration and mining activities.. Maggie Billy, Annie Brown, Mary Cayeditto, Kenneth & Julia
Largo, Sandy Simpson, Henry Tom, Residents, and Raquel Warner, Community Services Coordinator,
ariano Lake Chapter.

•'

J~mes Benally
R~clamation

!

Specialist (I

Rose M. Grey
Reclamation Specialist II

SHIPROCK AML FIELD OFFICE
PUBLIC INVOLVEMENT I COMMUNITY MEETINGS
DOCUMENTATION
PROBLEM AREA: Eastern Navajo - Pinedale
Mariano Lake

DATE: April 8 - 11. 1996

TYPE OF ~ONT ACT:
(Indicate meeting type, contact person, (address I telephone number). problems/concerns encountered, ·
how handled, outcome of meeting or contact).·
Monday - April 8. 1996
Ms. Annie Brown resides in Sec. 21, Tl6N, Rl 7W in the Pinedale community. She confirmed the
drilling exploration that had taken place in the area. She said the only mine she knew of is the Old
Church Rock Mine. Mariano Lake Chapter officials were very cooperative and provided names of
landusers that we could talk for any information. They are Henry Tom~ Raquel Warner and Sandi
Simpson. Mr. Tom did confirm that there was no mining activity in certain areas. There were several
places that he confirmed were mined. This is Black Jack No. 2, Ruby I, 2. 3 and 4. He said most of
these areas were reclaimed. Ms. Maggie Billy lives in Sec. 34, Tl6N, R14W. She informed us that
there was only drilling explorations that took place. She gave us direction and permission to go and look
at the area. She did warned us of lock gates at certain places.
'
•
Wednesdav - April 10. 1996
Kenneth Largo and Julie Largo are sibling and resides side by side in Sec. 18, Tl5N, Rl3W. We ask for.
permission to access the gate to Black Jack No. 2 site. Mr. Largo said he does not remember much
about the site. He had been in the military when the mining was in progress. Ms. Largo's daughter said
she is too young to remember such thing. She did mention that her mother will be home the next day if
we needed more information. Ms. Mar)' Cayedito.resides east of Ruby well. We made an arrangement
with her to use the road going through her land to get to a claim in Section 21, T15N, R13W. She did
also mentioned that Ruby 3 and 4 were once active and are reclaimed. She said that uranium was mined.
She cannot recall when it was reclaimed or who did the mining. She was very cooperative.

RECOMMENDATIONS:
Public information is still vital. Inquiring at the community chapter house is still very helpful because
some of the chapter houses have community maps. Mr. James Benally, Reclamation Specialist II, is part
of the project.

SUBMITTED BY:

£v_ Jj

d7

Rose M. Grey
Reclamation Specialist II

ACKNOWLEDGE: _ _ _ _ _ _ _ _ _ __
Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
DATE(S) OF VISIT: April 17 & 18, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-Coal Inventory
DURATION OF VISIT: Varied daily from 8:30 a.m. - 4:45 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coal
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OBSERVA T/ONS: This week's field investigations and inventory were concentrated on in the
communities of Mariano Lake and Smith Lake. The following claims were investigated this week:

•

j

WEDNESDAY - April 17. 1996:
Black Jack 1 - NEY- NEY- SWX Section 12, T15N, R13W. This claim has a backfilled and concrete
capped vertical shaft (VO) on it. Other features located on this site consisted of approximately 6,000 ycf
of waste material (OPE) covering 0. 76± acre, large and small concrete slabs, an upright 2' diameter steel
culvert, a 20' L x 1O' W storage shed, and two 3' diameter steel air vents. A subsidence (S) around one
of the air vent located northeast of the mine site is occurring. The fill material is collapsing into a drift(?)
where the air vent is located. Discarded parts and pieces of electrical equipment are scattered
throughout the site. Impacted area is approximately 10. 80± acres. This area is fenced and is being used
as rangeland for livestock. Cursory radiological data obtained ranged from 40 µRlhr to 475 µR/hr on this
claim.
Unknown - SWX Section 26, T16N, R13W There were no drill holes noted on this claim or mining
related activities. This claim is fenced and is being used as rangeland for livestock. The access road
passes through a residential area and several gates. Cursory radiological data obtained averaged 12. 0
µRlhr on this claim.

/

THURSDAY-April 18. 1996:
Nicholson-Brown - SW.4 NEY- SEX Section 25, T1 SN, R14W There were several drill holes staked with
plastic pipes located on this claim. There were no mining related activities noted on this claim.
Disturbances and construction were limited to the access roads, drill pads, and small and shallow dozer
cuts. This claim is located in a fenced area and is being used as rangeland for livestock. The access
road is fenced and the gate locked. Cursory radiological data obtained averaged 13. 0 µRlhr on this
claim.
I

A U.S.G.S 7.5 minute quadrangle map for the township, range and section where the claim is located
is used to locate the section, center or quarter comer and pinpoint the claim area. Once a known point
is located, it is used as a reference point to insure that the right area where the claim is located is
·
investigated. All the claims were traversed on foot or where feasible by vehicle.
CONTACTS: The following individuals were contacted for information on access to the mining claims
and/or exploration and mining activities. Frank Ettcitty, Nora Paige, Paul Ration, Residents, and Viviane
Barbone, Secretary, Smith Lake Chapter.
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es Benally
R clamation Specialist
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Rose M. Grey
Reclamation Specialist II

SHIPROCK A.ML FIELD OFFICE
PUBLIC INVOLVEMENT I COMMUNITY MEETINGS
DOCUMENT ATI ON
PROBLEM AREA: Eastern Navajo - Hosta Butte - Mariano Lake

DATE: April 15 - 18. 1996

TYPE OF CONT ACT:
(Indicate meeting type. contact person, (address I telephone number), problems/concerns encountered,
how handled, outcome of meeting or contact).
Wednesdav - April 17. 1996
Frank Etsitty resides in Sec. 12, T15N, Rl3W. Within this section also lies Blackjack Number One.
Mr. Etsitty is the allottee in the area. He escorted us to look at an open vertical shaft. He said that
himself and his family keep the livestock and children away from the opening. He was very concern
about the shaft. He also said that another official had came and look at it. Other than that, he has not
heard anything on what the outcome will be. Nora Page resides in Section 15, Tl6N, Rl3W. We asked·
of her who the gate keeper is in Section 14. She told us who, (Joe and Mary Smiley) and that they reside
in Smith Lake area. Ms. Page did mentioned the drilling exploration only. She does not recall or know
of any actual digging for coal or uranium in the area.

•

Thursday - April 18. 1996
Mr, Paul Ration was conducting business at Smith Lake Chapter House at the time we spoke to him.
We asked of him how we can contact the Smileys for access through their gate. He told us that Mr.
Smiley works for one of the quarries within the vicinity. Mr. Ration also said that he is very familiar
with the area and he does not know of any mining activity in Section 14, T16N, R13W. He said the
only event that took place is the drilling exploration. He offered his help for future site investigation.
He said he will be more than happy to escort or give us directions on any other places. Ms. Vivian
Barbone is the Smith Lake Chapter House secretary. She was the person who put us in contact with Mr.
Ration .

RECOMMENDATIONS:
None for this report. Mr. James Benally, Reclamation Specialist II, is part of the project.

SUBMITIED

BY:~ tf. ~

Rose M. Grey
Reclamation Specialist II

ACKNOWLEDGE: _ _ _ _ _ _ _ _ _ __
Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
,bATE(S) OF VISIT: April 22, 24, & 25, 1996
MINE/PROJECT NAME: Eastern Navajo 'Agency Non-coal Inventory
DURATION OF VISIT: Varied daily 8:30 a.m. - 4:45 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coat
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II. assisted with this task. ·
OBSERVATIONS: This week's field investigations and inventory were concentrated on in the community
of Borrego Pass, Casamero Lake, and Smith Lake. The following claims were investigated this week:
MONDAY - April 22. 1996:
nknown - Section 14, T16N, R13W. This claim has plastic and steel pipe staked drill holes. There are
no mining related activities on this claim. Disturbances and construction were limited to the access roads
and drill pads during exploration activities. The access road leading to this claim is fenced and the gate
locked. Cursory radiological data obtained averaged 12.5 µR/hr on this claim.
A field visit was made on the proposed road improvement project N9000 for the Red Lake community,
and the proposed preschool and senior citizen's center tracts for the lyanbito, Lukachukai, and Pinedale
communities. The field investigations were conducted on the Navajo Department of Transportation's
request. The field investigation was made to determine if any abandoned or reclaimed coal and/or noncoal mines are located within and/or adjacent to the proposed projec_ts.
Project N9000 was traversed by vehicle from the intersection of Navajo Route 12 and N9000 to the Red
ake Chapter. The field investigation did not disclosed any abandoned coal and/or non-coal mines
1ocated within the 150' right-of-way for the proposed road improvem~nt project. Additionally, NAMLRD's
mining documents and files do not indicate any coal or non-coal mineral occurrences within the
immediate area. The field investigation did note a basaltic quany on an intrusive plug located adjacent
to the proposed road improvement. Additional work on and/or proposed reclamation of this quarry using
explosives in the future may have a minor affect on the road's surface.
The proposed preschool and the senior citizen's center tracts for the lyanbito, Lukachukai, and Pinedale
communities were a/so investigated for abandoned coal and/or non-coal mines. The field investigations
did not disclosed any abandoned mines located within or adjacent to the proposed preschool or the
senior citizen's center tracts. NAMLRD's mining documents and file.s indicate that the nearest non-coal
mining claim and mineral occurrence is 3,500' to the southeast of the proposed Pineda/e's senior citizen's
center. The claim and mineral occurrence is located in the NW1,4 of Section 21, T16N, R 15W However,
this claim and occurrence should have no effect or impact on the proposed center.
WEDNESDAY - April 24. 1996:
Borrego Pass - Sections 7 & 18, T16N, R10W There were drill holes staked with plastic pipes located
,/ on this claim. There were no mining related activities noted on this claim. Disturbances and construction
were limited to the access roads and drill pads. This claim is located in an open and fenced area and
is being used as rangeland for livestock. Cursory radiological data obtained. averaged 13.0 µRlhr on this
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claim.
Section 24 - Section 24, T1 SN, R12W There were drill holes staked with plastic pipes located on this
claim. There were no mining related activities noted on this claim. This claim is fenced and is being
used as rangeland for livestock. Cursory radiological data obtained averaged 12; 0 µRlhr on this claim.
Unknown - NEX NEX Section 23, T1 SN, R12W There were.drill holes staked with plastic pipes located
on this claim. There were no mining related activities noted on this claim. This claim is fenced and is
being used as rangeland for livestock. Cursory radiological data obtained averaged 12. 0 µR/hr on this
claim.
I•

Unknown - Section 11, T1 SN, R13W This is an additional claim investigated and is not listed on
NAMLRD's known claims. There were no drill holes or mining related activities noted on this claim,
owever, an area measuring 32S' L x 300' W showed signs of subsidence. The subsidence has occurred
n a hillside and is due to a coal fire. This area is fenced and is being used as rangeland for livestock.
Cursory radiological data obtained averaged 10. 0 µR/hr on this claim.
THURSDAY - April 25. 1996:
Last Chance# 2 - SW1.4 NEX NW1.4 Section 2, T14N, R14W There were several drill holes staked with
plastic pipes located on this claim. There were no mining related activities noted on this claim.
Disturbances and construction were limited to the .access roads, drill pads, and numerous small and
shallow dozer cuts. This claim is located in a fenced area and is being used as rangeland for livestock.
The access road is fenced and the gate locked. Cursory radiological data obtained averaged 13. 0 ~Rlhr
on this claim.

,.

,.··:e

a

:. tai,ecenti- NW1.4 Section 28, T15N, R17W This is an additional claim investigated and is located outsid.e
boundaries of two previious claims investigated on February 15, 1996. This claim has small pit (Pl)
on it. Other associated features located on this site consisted of approximately 2, 000 yd3 of waste
material (OPE) covering 0. 17± acre and 25 linear feet of dangerous highwall (OH). Impacted area is
approximately 0.36± acre. Cursory radiological data obtained ranged from 12.0 µR/hr to 320 µRl'hr on
this claim.
·
·

,•

v·

Unknown - Section 8, T16N, R16W. This is an additional claim investigated and is not listed on
NAMLRO's known claims. There were several drill holes staked with plastic pipes located on this claim.
There were no mining related activities noted on this claim. Disturbances and construction were limited
to the access roads and drill pads. This claim is located in an open area and is being used as rangeland
for livestock. Cursory radiological data obtained averaged 13. 0 µRlhr on this claim.

"

:.
'

Unknown - Section 2, T16N, R14W. This is also an additional claim investigated and is not listed on
NAMLRD's known claims. There were several drill holes staked with plastic pipes located on this claim.
There were no mining related activities noted on this claim. Disturbances and construction were limited
to the access roads and drill pads. This claim is located in an open area and is being used as rangeland
for livestock. Cursory radiological data obtained averaged 11. 0 µR/hr on this claim.
A V.S.G.S 7.5 minute quadrangle map for the township, range and section where the claim is located
is used to locate the section, center or quarter comer and pinpoint the claim area. Once a known point
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is located, it is used as a reference point to insure that the right area where the claim is located is
investigated. All the claims were traversed on foot or where feasible by vehicle.
CONTACTS: No public contacts were made during this week.

ames Benally
j
eclamation Specialist II

••
•

SHIPROCK AML FIELD OFFICE
PUBLIC INVOLVEMENT I COMMUNITY MEETINGS
DOCUMENTATION
PROBLEM AREA: Eastern Navajo - Hosea Butte. Laguna Castillo DATE: April 22 - 25. 1996
Borre20 Pass and Casamera Lake
TYPE OF CONTACT:
(Indicate meeting type, contact person, (address I telephone number), problems/concerns encountered.
how handled, outcome of meeting or contact).
Mondav - April 22. 1996
Met with Thomasita Shorty, Envirorunental Specialist, of Navajo Department of Transportation
Department. Ms. Shorty needed the AML Clearance on four project areas: Pinedale Senior Citizens
Center site, Buffalo Spring Pre-school building site. Navajo Route 9000 Right-of-way to Red Lake
Chapter and Lukachukai Pre-school site. We inquire with her our investigation and told her we v.il!
write a memorandum for her information.

RECOMMENDATIONS:
The project was also conducted by Mr. James Benally, Reclamation Specialist II.

SUBMITTED BY:

-tu_ ;{/.

A

Rose M. Grey
Reclamation Specialist II

Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
JA TE(S) OF VISIT: April 29 to May 3, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-Coal Inventory
DURATION OF VISIT: Varied daily 9:30 a.m. - 3:30 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coal
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OB SERVA "f/ONS: This week's field investigations and inventory were concentrated on in the community
of Borrego Pass, Thoreau, and Baca. The following claims were investigated this week:
ONDA Y - A ril 29 1996:
nknown - SWX Section 17, T15N, 'R1 OW This claim ha.s drill holes staked with plastic pipes on it.
here are no mining related activities on this claim. ·Disturbances and construction were limited to the
access roads and drill pads during exploration activities. The access road leading to the claim passes
through a residential area and is fenced and the gates locked. Cursory radiological data obtained
averaged 13. 0 µRlhr on this claim.
South Pod Ore Body - SEX SEX Section 25, T1 SN, R13W Drill holes staked with plastic pipes were
noted on this claim. There were no mining related activities noted on this claim. Disturbances and
v construction were limited to the access roads, drill pads, and small shallow dozer cuts. This claim is
located in an fenced area and is being used as rangeland for livestock. Cursory radiological data
obtained averaged 11. O µRlhr on this claim.
ietjen-Lewis No. 1 - Section 8, T14N, R13W There were no drill holes or mining related activities noted
n this claim. This claim is located in an open and remote area and is being used as rangeland for
livestock. Access to this claim is difficult and rugged. Cursory radiological data obtained averaged 14.0
µR/hr on this claim.
TUESDAY - April 30. 1996:
Alpha - SW'.4 SW'.4 SW'.4 Section 12, T14N, R13W This claim has drill holes staked with plastic pipes
on it. There are no mining related activities on this claim. Disturbances and construction were limited
to the access roads and drill pads during exploration activities. The access road leading to the claim is
fenced and the gate locked. Cursory radiological data obtained averaged 13. 0 µRlhr on this claim.
June - NEX NEX NEX Section 14, T14N, R13W This claim has a collapsed portal (P) and three
partially collapsed portals (P) on it. Portal 1 is completely collapsed and/or backfilled. Radiological
readings at the portals were: 9 µR/hr@ 1 m and 9 µR/hr on contact. Portal 2 is partially collapsed with
a 2.Y2' H x 6Y2' W opening and the depth unknown. Radiological readings at the portal were: 16 µRlhr
@ 1 m and 16 µRlhr on contact. Portal 3 is partially collapsed with a 1' H X 6Y2' W opening and the depth
unknown. Radiological readings at the portal were: 12 µRlhr @ 1 m and 13 µR/hr on contact. Portal
4 is partially collapsed with a 7' H x 8' W opening. Radiological readings at the portal were: 15 µRlhr
@ 1 m and 16 µRlhr on contact. Associated features includes: 325 linear feet of dangerous Page 2
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'
highwalls (DH), approximately 1,075 ycf of waste material (OPE) scattered over 0.30± acre, and a 300'
L x 35' W bench (BE). The radiological readings on the waste material ranged from 11 to 20 µR/hr@
1 m and 1O to 13 µR/hr on contact.
·
·
Largo - NW,4 NW,4 NW,4 Section 14, T14N, R13W There are three claims within the same area at this
site. This claim has a 325' L x 25' W shallow dozer cut on it. There were no other mining related
activities noted on this claim. _Disturbances and construction were limited to the access roads, drill pads.
and this shallow dozer cut. This claim is located in an open area and is being used as rangeland for
livestock. Cursory radiological data obtained averaged 11. 0 µR/hr on this claim.

WEDNESDAY- May-·1. 1996:
West Eagle 1-3 -·SEX SWX NEX Section 24, T14N, R13W This claim ha·s a 30' L x 15' W shallow
dozer cut and a 15'-&iameter x 5' deep pit on it. There were no other mining related activities noted on
this claim. Several 15' diameter x 3' to 5' deep pits dug into limestone outside the claim area were also
oted. Disturbances and construction were limited to the access roads, drill pads, this shallow dozer cut,
and the smallpit. This claim is located in an fenced area and is being used as rangeland for livestock.
The access road to this claim is fenced and the gate locked. Cursory radiological data obtained
averaged 11. 0 µRlhr on this claim.
Eagle 1-6- SW,4 SEX Section 18, T14N, R12W This claim has a 1,500' L x 1,000' W limestone quany
located on it:- There were no other mining related activities noted on this claim. Associated with the
quarry are 1, 150 linear feet of dangerous highwalls (DH). Several stockpiles of crushed limestone were
noted on site. Disturbances were limited to the quarry. Approximately 35.0± acres have been disturbed.
by the quarry activities. This claim is located in an open area and the adjacent area(s) are being used
as rangeland for livestock. Cursory radiological .data obtained averaged 6. 0 µRlhr on this claim.
Section 32 & 33 (Moe Mine) - SEY,, NEX NEY,, Section 32; T15N, R11 W. This claim has a backfilled
c/ined shaft (VO) on it. Associated features includes: approximately 980 ycf of waste material (OPE)
scattered over 0.17± acre and 0.01± acre of industriaVresidential waste. Area of impact is approximately
3. 80± acres. This claim is located in a fenced area with no access road to it. The radiological readings
on .the waste material ranged from 42 to 260 µRlhr@ 1 m and 42 to 200 µRlhr on contact.
FRIDAY - May 3. 1996:
Section 34 - SWX NEX NEX Section 34, T14N, R11W This claim has a completely collapsed portal
(P) and a 250' L x 15' to 1O' W rimstrip on it. Associated features includes: 200 linear feet of dangerous
highwall (DH) and 700 ycf of waste material (OPE) covering 0.14± acre. Approximately 1.00± acre has
been impacted by the mining activities. This claim is surrounded by fenced private land. The access
road passes through the Elkins Ranch and the gate is Jocked. The radiological readings on the waste
material ranged from 12 to 30 µR/hr@ 1 m and 12 to 30 µR/hr on contact.
A U.S. G. S 7. 5 minute quadrangle map for the township, range and section where the claim is locat~d
is used to locate the section, center or quarter comer and pinpoint the claim area. Once a known point
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is located, it is used as a reference point to insure that the right area where the claim is located is
investigated. All the claims were traversed on foot or where feasible by vehicle.
':JONTACTS: The following individuals were contacted for information on access to the mining claims
and/or exploration and mining activities. Mr. Henry Andrews and Mr. Buddy Elkins, private land owners,
and Sharon Wellito, Community Services Coordinator, Casamero Lake Chapter.

es Benally
clamation Speciali t II

•

Rose M. Grey ,
Reclamation Specialist II

SHIPROCK A:\lL FIELD OFFICE
PUBLIC INVOLVEMENT I COMl\IUNITY MEETINGS
·DOCUMENTATION
PROBLEM AREA: Eastern Navajo - Thoreau & Casamera Lake
Goat Mountain

DATE: April 29 - Mav 3. 1996

TYPE OF CONT ACT:
(Indicate meeting type. contact person, (address I telephone number), problems/concerns encountered,
how handled, outcome of meeting or contact).
Wednesdav - May 1. 1996
Ms. Sharon Willeto is the Casamera Lake chapter co-ordinator. We spoke with her and told her we
needed some information on the Haystack I Baca area. She informed us that Haystack and Baca
community are combined and that Bobby Delgarito was their land board member. She also stated that
most of the Indian allotments are fenced off and owners live in Gallup or at NHA housings. She also
stated that Henry Andre\V of Andrew Ranch might let us access his property to get to Section 34, T 14N,
R 1OW in the Goat Mountain area.
Fridav - May 3. 1996
Mr. Henry Andrew is one of the ranchers in the area. He resides along side the main route between
Casamera Lake and Interstate 40. Mr. Andrew said that the route to Section 34 can only be access from
the east, Haystack and Baca area. He also stated that the route through his property is fenced off as you
go further east. Property owners had installed gates throughout to prevent poaching and cattle rustling.
Mr. Buddy Elkins resides about 2 miles south of Mr. Andrew. His property is fenced off and locked at
all times. We managed to see him drive back to his home. We followed him to his house. We told him
who we are and that we needed to get to a site east of his place. He did not opposed us using his route-to
access the section 34, Tl4N, RIOW. He was very cooperative and said that his gate is usually open up to
5:00 pm daily when he is home.

RECOMMENDATIONS:
The project was also conducted by Mr. James Benally, Reclamation S,pecialist II.

SUBMITTED BY:

.l!u._ JI. j/_4?

Rose M. Grey
Reclamation Specialist II

ACKNOWLEDGE: _ _ _ _ _ _ _ _ _ __
Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
,

'

)ATE(S) OF VISIT: May 7, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-Coal Inventory
DURATION OF VISIT: 9:30 a.m. - 3:30 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coal
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OBSERVATIONS: Today's field investigations and inventory was concentrated on in the community of
Baca. The following claims were investigated todµy:
UESDA Y - Ma 7 1996:
ction 4 - NEY, & SE~ Section 4, T14N, R10W This claim has drill holes staked with plastic pipes on
. There were no mining related activities noted on this claim. Disturbances and construction were
limited to the access roads and drill pads during exploration activities. This claim is surrounded by
fenced private properfy. The access road leading to the claim passes through the Willcoxson Ranch
property with several Jocked gates. Cursory radiological data obtained averagftd 11. 0 µR/hr on this
claim.
ection 4 - NEY., & SWX Section 4, T14N, R10W Drill holes staked with plastic pipes were noted on
this claim. There were no mining related activities noted on this claim. Disturbances and construction
were limited to the access roads and drill pads. This claim is also surrounded by fenced private property.
The access road leading to the claim also passes through the Wil/coxson Ranch property with several
Jocked gates. Cursory radiological data obtained averaged 12. 0 µRlhr on this claim .

•

m~p

r~nge.

locat~d

U.S. G. S 7. 5 minute qu_adrangle
for the township,
and secti?n where the claim is
1s used to locate the sect10n, center or quarter comer and pmpomt the claim area. Once a known pomt
is located, it is used as a reference point to insure that the right area where the claim is located is
investigated. All the claims were traversed on foot or where feasible by vehicle.
CONTACTS: The following individuals were contacted for information on access to the mining claims
and/or exploration and mining activities. Ms. Helen Murphy, BIA Natural Resource Management.

Rose M. Grey
Reclamation Specialist II

....

--

SHIPROCK Al\IL FIELD OFFICE
PUBLIC INVOLVEMENT I COMMUNITY MEETINGS
DOCUMENT ATI ON
PROBLEM AREA: Eastern Navajo - Goat Mountain

DATE: May 7. 1996

TYPE OF CONT ACT:
(Indicate meeting type. contact person. (address I telephone number), problems/concerns encountered,
how handled, outcome of meeting or contact).

j

Tuesday - May 7. 1996
Ms. Helen Murphy works at the Natural Resource Department at the Crownpoint BIA building. We
needed to talk to someone about the O\\'nership of Section 4, Tl4N, RlOW. She was the only one in the
office at the time. The rest of the staff were on training in Albuquerque. She did mention that Mr.
Bobby Delgarito is the person to talk to. He is the land board member of Baca/Haystack, Thoreau,
Casamera Lake and Prewitt chapter. She called him and left a message. So she said she will let him
know that Shiprock AML office needed his assistance. She also told us how we can contact Mr.
Delgarito in the future at any of the five chapters.

RECOMMENDATIONS:
The project was also conducted by Mr. James Benally, Reclamation Specialist II.
;,

SUBMITTED BY:

4__
JJ.
d7
Rose M. Grey
Reclamation Specialist II

Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT

'

IDATE(S) OF VISIT: May 13 & 14, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-Coal Inventory
DURATION OF VISIT: Varied daily from 8:30 a.m. - 4:45 p.m.
PURPOSE OF VISIT: Field investigation and inventory of known mining claims for possible non-coal
mining activities, and to document the extent of mining activities and any physical hazards present on
these mining claims. Ms. Rose Grey, Reclamation Specialist //, assisted with this task.
OBSERVATIONS: This week's field investigations and inventory were concentrated on in the community
of Canoncito. The following claims were investigated this week:
ONDAY - Ma 13 1996:
errera Ranch - NEX Section 16, T11 N, R2W There is a shallow 30' L x 25' W dozer cut on this claim.
There were no drill holes or other mining related activities noted on this claim. Disturbances were limited
to the access roads and the shallow dozer cut. This claim is jn an open area and is being used as
rangeland for livestock. Cursory radiological data obtained averaged ·10. 0 µR/hr .on this claim.
The reclaimed Canoncito and Ferre Coal Mines were also .inspected for off-site features, access roads,
fences, signs, permanent feature~, slopes, and diversion channels/ditches. The two reclaimed sites look
sound and did not exhibit any major deficiencies.
TUESDAY - May 13. 1996:
Unknown - A vertical shaft depicted in the SW1~ of Section 32, T11 N, R2W, was investigated for previous
mining related activities. No exploration or mining rel~ted activities were noted at this site. ·
nknown (Coal Mine) - SEX Section 16, T11N, R2W This site has a portal (P) measuring 4' H x 4' W
x depth unknown on it. An associated feature consists of a gob pile of approximately 275 yd3 covering
0. 07± acre. No other features were noted within the immediate vicinity of the portal other than a burning
log west of the portal. This site is being used as a place to party. Impacted area is approximately 0.23±
acre. No radiological data was obtained at this site.

.,.

Unknown (Uranium Mine) - SEX of Section 22, T1 ON, R3W This site has a portal (P) measuring 4' H
x 8' W x depth unknown on it. Other associated features includes: approximately 50 linear feet of
dangerous highwall (DH) and .175 yd3 of waste material (OPE) covering 0.02± acre. This site is located
in an open area and is being used for rangeland for livestock. The access road leading to the site is
impassable by 4-whee/ed drive vehicles and the A TV. Approximately 2.58± acres have been impacted
by the previous mining activities. Radiological data obtained were 70 µR/hr @ 1 m and 70 µR/hr on
contact at the portal and 300 µ.R/hr@ 1 m and 440 on contact on the waste material.
Diamond 2 (Largo) - NEX Section 33, T1 SN, R17W This site has three backfilled portals (P) on it.
This site has been worked and regraded and revegetated by the previous operator(s). Approximately
4. 65± has been regraded and revegetated. This site is fenced but livestock still get in and graze the
area. Cursory radiological data obtained were 70 µR/hr@ 1 m and 70 µR/hr on contact in front of the
portals and 180 µR/hr@ 1 m and 200 µ.R/hr on contact on the bench and· regraded waste material.
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A U.S.G.S 7.5 minute quadrangle map for the township, range and section where the claim is located
is used to locate the section, center or quarter comer and pinpoint the claim area. Once a known point
is located, it is used as a reference point to insure that the right area where the claim is located is
investigated. All the claims were traversed on foot or where feasible by vehicle.
CONTACTS: The following individuals were contacted for information on access to the mining claims
and/or exploration and mining activities. Mr. Curtis Chavez, Land Board Member, Canoncito Chapter.

es Benally
clamation Specialist II

Reclamation Specialist II

SHIP ROCK AML Fl ELD OFFICE
PUBLIC INVOLVEMENT I COMMUNITY MEETINGS
DOCUMENTATION
PROBLEM AREA: Eastern Navajo - Canoncito & Herrera

DATE: May 13 - 14. 1996

TYPE OF CONTACT:
(Indicate meeting type, contact person, (address I telephone number), problems/concerns encountered,
how handled, outcome of meeting or contact).
Tuesdav - May 14. 1996
Mr. Curtis Chavez is the land board member for the Canoncito community. We spoke with him and told
who we are and our purpose for the visit. He was very helpful. He informed us that there are two more
sites that we should look at. The sites were not on the listing. The coal site is in Section 16, Tl 1N,
R2W. Mr. Chavez mentioned that the community youth uses the place for social get togethers. The
other site is located in Section 22, Tl ON, R2W. This site was very hard to find and there was no sign of
frequent visitatior:1. He also mentioned that the claim in Section 16, Tl IN, R2W, NE 114, has no
physical mining activities. The pre\ious reclaimed sites, Canoncito Mine and Ferre Mine, are not
sho\.Ving any failures. He was satisfied with the work. There was one site on the quad map that showed
a vertical shaft. He did not knew of any opening.

RECOMl\fENDATIONS:
The project was also conducted by :Mr. James Benally, Reclamation Specialist II.

SUBMITTED BY:

-~ ;f/ £!&;

Rose M. Grey
·
Reclamation Specialist II

ACKNOWLEDGE:_ _ _ _ _ _ _ _ _ __
Perry H. Charley
Reclamation Specialist III

MINE SITE VISIT REPORT
NAVAJO AML RECLAMATION DEPARTMENT
IJA TE(S) OF VISIT: May 30, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-Coal Inventory
DURA TJON OF VISIT: 10:00 a.m. - 12:30 p.m.
PURPOSE OF VISIT: Accompany Peter J. Luthiger, Supervisor, Radiation Safety and Environmental
Affairs, Quivira Mining Company, to perform preliminary site assessments at Section 23 (Grace Nuclear)
mine site. Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OBSERVATIONS: Previous field investigations and inventory was conducted on this site on April 4,
1996, as part of the Eastern Navajo Agency's field investigations and inventory. Four retention ponds
and six uncapped steel pipes had been located at that time.

•

Mr. Luthiger had a map of the area previously disturbed during the initial in situ mining activities. The
ap was used to located four additional steel pipes and two PVC pipes on the claim. A 300' Water Level
dicator, Model# 51453, manufactured by the Slope Indicator Company was used to measure the water
level and the depth of the steel and PVC castings. Ten steel and two PVC castings were measured and
water samples taken from the ones with water in them. The wells are numbered from G-1-1 through G-112. The following are the results of the measurements for the steel and PVC castings:
Well No. & Casting
G-1-1 (Steel)
G-1-2 (Steel)
G-1-3 (Steel)
G-1-4 (Steel)
G-1-5 (Steel)
G-1-6 (Steel)
G-1-7 (Steel) ·
G-1-8 (Steel)
G-1-9 (Steel)
G-1-10 (PVC)
G-1-11 (PVC)
G-1-12 (Steel)

Water Level
@ 175.5'
No Water
No Water
@ 15. 5'
@ 28.0'
No Water
No Water
@ 7'
@ 250. O'
No Water
No Water
> 300'

Depth of Casting
> 300'
Plugged@ 24.5'
Plugged@ 2. 5'
25.5'
> 300'
Plugged@ 1"
Plugged@ 1'
> 300'
> 300'
Plugged@ 19.5'
Plugged@ 151.0'
>300'

Water Sample Taken
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes

Mr. Luthiger will forward the results of the water samples to NAMLRD upon receiving the results from the
Jab.
CONTACTS: Mr. Harrison Livingston, individual al/ottee was contacted and informed of what NAMLRD
personnel and Mr. Luthiger were doing at the mine site.

Ja es Benally
Re Jamation Specialist II

Rose M. Grey
Reclamation Specialist II

MINE SITE VISIT REPORT
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DATE(S) OF VISIT: May 30, 1996
MINE/PROJECT NAME: Eastern Navajo Agency Non-Coal Inventory
DURATION OF VISIT: 10:00

a.m. - 12:30 p.m.

PURPOSE OF VISIT: Accompany Peter J. Luthiger, Supervisor, Radiation Safety and Environmental
Affairs, Quivira Mining Company, to perform preliminary site assessments at Section 23 (Grace Nuclear)
mine site. 1 Ms. Rose Grey, Reclamation Specialist II, assisted with this task.
OBSERVATIONS: Previous field investigations and inventory was conducted on this site on April 4,
1996, as part of the Eastern Navajo Agency's field investigations and inventory. Four retention ponds
and six uncapped steel pipes had been located at that time.
" ~Mr. Luthiger ha.d a map of the area previously disturbed during the initial in situ mining activities. The
··
ap was used to located four additional steel pipes and two PVC pipes on the claim. A 300' Water Level
Indicator, Model# 51453, manufactured by the Slope Indicator Company was used to measure the water
level and the depth of the steel and PVC castings. Ten steel and two PVC castings were measured and
water samples taken from the ones with water in them. The wells are numbered from G-1-1 through G-112. The following are the results of the measurements for the steel and PVC castings:

,,

Well No. & Casting
G-1-1 (Steel)
G-1-2 (Steel)
G-1-3 .(Steel)
G-1-4 (Steel)
G-1-5 (Steel)
G-1-6 {Steel)
G-1- 7 (Steel)
G-1-8 (Steel)
G-1-9 (Steel)
G-1-10 (PVC)
G-1-11 (PVC)
G-1-12 (Steel)

Water Level
@ 175.5'
No Water
No Water
@15.5'
@28.0'
No Water
No Water

@7'
@250.0'
No Water
No Water
>300'

Dep.th of Casting
> 300'
-Plugged@ 24.5'
Plugged@ 2.5'
25:5·
> 300'
Plugged@ 1"
Plugged@ 1'
>300'
> 300'
Plugged@ 19.5'
Plugged@ 151.0'
> 300'

Water Samgle Taken
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes

Mr. Luthiger will forward the results of the water samples to NAMLRD upon receiving the results from the
Jab.
CONTACTS: Mr. Harrison Livingston, individual allottee was contacted and informed of what NAMLRD
personnel and Mr. Luthiger were doing at the mine site.

Ja es Benally
Re Jamation Specialist II
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Rose M. Grey
Reclamation Specialist II
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List of Maps
Map 1 - Location of uranium deposit maps of the Grants uranium district, New Mexico.
Map 2 - Uranium ore deposits and mines in the Jackpile-Paguate mine area, Laguna
subdistrict, Grants uranium district, Cibola County, New Mexico.
Map 3 - Uranium deposits and mines in the Ambrosia Lake subdistrict Grants uranium

I

district, McKinley and Cibola Counties, New Mexico.
Map 4 - Uranium deposits in the Borrego Pass area, Ambrosia Lake subdistrict, Grants
uranium district, McKinley County, New Mexico .

•
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Map 5 - Uranium deposits and mines in the Smith Lake subdistrict, Grants uranium district,
McKinley County, New Mexico.
Map 6 - Uranium mines and deposits in the Churchrock subdistrict, Grants uranium district,
McKinley County, New Mexico.
Map 7 - Uranium deposits in the Crownpoint area, Grants uranium district, McKinley
County, New Mexico.
Map 8 - Uranium deposits in the Nose Rock area, Grants uranium district, McKinley
County, New Mexico.
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The purpose of this report is to present a series of maps showing the approximate
outlines of uranium deposits and areas of significant mineralization. Mines and prospects are

.........
also shown on the maps. The data presented here are intended to supplement McLemore and
Chenoweth (1989) and to aid exploration and mining companies in locating and developing
these deposits. The data may also be useful for administrators in local, state, and federal
government agencies who require this information for environmental studies, land-use
1
• ,..

decisions, and other planning actions. The data will be updated periodically and ultimately

'

published by NMBMMR in the future and any updates and/or corrections will be greatly
appreciated.
The approximate outlines of the uranium deposits were obtained from a variety of
sources including published and unpublished reports. Most sources ·are referenced on each of
the maps. In addition to published reports, mine and uranium deposit maps and other data
were obtained from a number of mining companies and the files of the U.S. Atomic Energy
Commission, Grand Junction (Colorado) Office. Several geologists from various companies
review portions of the maps, including M. H. Alief (Chevron Resources Co.), J. Greenslade
(retired, Phillips Petroleum Co.), D. C. Fitch and J. E. Motica (Hecla Mining Co.), J. H.
Jackson (Santa Fe Mining, Inc.), and H. E. Whitacre (Quivira Mining Co., now Rio Algom
Mining Corp.). George W. Hazlett (retired, United Nuclear Corp.) and Harlen K. Holen
r.,

ms;::;.

(retired, U.S. Department of Energy) reviewed all of the maps and assisted in plotting the
· .--.

oxidation-reduction interface in the Morrison Formation. Warren I. Finch (U.S. Geological
Survey) and William Hatchell (New Mexico Department of Natural Resources) also reviewed

..
:•

_

all of the maps. However, the authors assume full responsibility for the data presented .
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Production data for each mine are presented in Table 1 up through 1970. These data
were obtained from the U.S. Atomic Energy Commission files. Production data for each

'~

mine from 1971 to 1988 are confidential and summarized in Table 2. Additional production

'

data are presented in McLemore (1983a) and McLemore and Chenoweth (1989). Statistics
on reserves are from various cited references, however reserve data are not available for
most deposits.
The geologic setting, host rocks, size, geometry, and mineralogy of uranium deposits
in the Grants district are summarized elsewhere and not repeated here. The, reader is
referred to McLemore and Chenoweth (1989), Turner-Peterson and others (1986), Rautman
(1980), Hilpert (1969), and Kelley (1963) for more information .
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c of the ore ere.. .. _ ·- Barbara J #1 may

uu...nown amount of uranium ore after 1970 (sec table 2

Mine Name

Number

Tons Ore

:-,. .;-·..• ,:~;";hipmc~~;;,

Pounds u,01

%UJ08

Pounds V20s

'foV20,

pro
~~ r~f---- ,.'nili 1'----,--s), g~------:~cnl !Jli
lyses arc incomplc:tc; not all of the ore shipments
y have been produced from Barbara J 113.
Type of
deposit Host Rock~

=·

~ruy;-11 his
usayed for V p,

Periods of Production/Shipper

GRANTS URANIUM DISTRICT
Cibola County (formerly Valencia County)
12N.9W.4.414

Blackhawk and
Bunncy (Sec. 4)

l 1N.9W.20.414

Cedar (Yucca, Falcon)

l ON .3W.22.400
12N.9W.4.243
8N.5W.8.113
12N.9W.33.444
llN.SW.26,35
12N.9W.15.411

Chaves Lease
Christmas Day
Crackpot
1F-33 (Sec. 33)
1
J ackpilo-Paguate
La Jara (Zia)

12N.9W.8.224

Last Chance

11N.9W.8.214

Lone Pinc

8N .6W.16.124
12N.9W.4
12N.9W.4.221
12N.9W.4.214
12N.9W.4.434

Paisano
1
Red Bluff-Gay Eagle
Red Bluff #2,4
Red Bluff 13,5,9
Red Bluff K7,8,10;
Gay Eagle
TOTAL

1St.

1 lN .4W.30.243

Anthony
(M-6, Hanosh)

13N .8W.30.243

1San

9N.SW.27.2ll
12N.9W.9.120

Sandy Mine
Section 9

Mateo Mine

13,934

72,996

0.26

4,571

0.09

limestone

Jt

3,199

13,631

0.21

6,461

0.10

limestone

Jl

192
2,624
3,214
48,686
9,498,698
3,574

821
9,373
8,396
304,871
46,194,350
31,277

0.21
0.18
0.13
0.31
0.24
0.44

2,165
5,621
21,348
31,306
5,315,237
613

0.56
0.10
0.33
0.12

Jmr
Jt
Jt

0.52

sandstone
limestone
limestone
limestone
sandstone
limestone

Jmbj
Jt,Je

2,753

9,334

0.17

12,804

0.26

limestone

Jt

392

983

0.13

3,309

0.42

limestone

Jt

9

34

0.18

limestone
limestone

Jt
Jt

2,756
457

10,157
1,350

0.18
0.15

41,914
45,127

168,560
180,067

0.20
0.20

49,831

78,722

320,942

0.20

100

sandstone

Jmbj

837,110

2,847,799

0.17

sandstone

Imp

939
64,424

2,221
189,778

0.12
0.15

limestone
limestone

Jt)c
Jt

2,579
112,584

0.14

It

1952 - John Dorsclt; 1954-M.W. Larsen;
1956-ChcycnncContracting; 1958-1960, 1962Sutton and Sunon; 1960-1962-Aslro Enterprises;
1963-Sutton and Moc; 1965-1966-Mcsa Mining Co.
1967-Bailcy and Fife
1952 - Maddox and Teague; 1953-Maddox and
Teague; 1954-1955-La Jara Mining Co.; 1955-Falc<
Uranium and Oil Co.;1955-1956-Yucca Uranium C,
1956-1957-Florida Minerals; 1957-Utco Uranium
Corp.
1955 - Calumet and Hecla
1954-1956 - Colamer Corp.
1955 - Anaconda
1954-1959 - Anaconda
1952-1970 - Anaconda
1952 - J.M. Keeney; 1954-La Jara Mining Co.;
1956-Florida Minerals; 1957-1958-Zia Mining Co.;
1960-Chcna Mining Co.
1951 - Wtlliam Barlow; 1952-F.A. Sutton; 1953-T.l
Skidmore; 1956-FJ. Broaddus
1954-1955 - Lone Pinc Mining Co.; 1955-Pcrmian
Basin Uranium Co.
1957 - Good News Mining Ltd.
1952-1959 - Uranium Development Co.; 1953,1955
1957,1964-Moisc Mirabel; 1953,1955-1957- W.A.
Martin; 1954, 1956 - Amuraniwn Corp; 1954 - M.J
I.anon; 1954 - E and M Mining Co.; 1954 - Willia·
and Russell; 1954, 1956 - McE.lvain Brothen; 19S8
1958 - Sutton and Sutton; 1958 - Chcna Uranium C·
1959-1960 - L.O. Sutton; 1960 - A.stro Enterprises;
1962-1953 - Homer Scriven; 1963, 1965-Mcsa Mini
Co.
1951 - Hanosh Mines; 1957-1960-st. Anthony
Uranium Co.; 1960-Amcrican Metal-Climax Corp.
(now controlled by United Nuclear Corp.)
1959-1962 - Rare Metals Corp. of America; 19621967 - El Paso Natural Gas Co.; 1967-1970-Uniled
Nuclear Corp.
1955 - Anaconda
1950 - Fred Glover; 1953-1959-Anaconda; 1960-19<
Farris Mines

-

--1~---·-

r-

---=:c-:--~r----·--

--

·.:.-..:-:· -

:·_._--.

Mine Name

Taffy (Bonanza)
Tom 13
UDC #5
Watter
Wmdwhip
Woodrow

,

-----

!.,,

-

Number

12N.9W. l 1.J34
l IN .9W.4.41 l
12N.9W.4.442
llN.SW.35.341
llN.5W.35.100
1 lN .5W.36.443

,

-.---

=
Tons Ore

Po.O.

%U308

rounds V10,

r.,vp,

110
32
9'.?.7
319
2,788
--5,326

362
169
3,091
2,643
17,325
134,014

0.16
0.'.?.6
0.17
0.41
0.31
l.26

315
1,375
2,184
9,298
4,895

0.49

3,330

27,212

0.40

13,719

1,116,729

5,032,647

0.20

8,691

52,631

0.26

~
of
sit Host Rock'

......_

~
Periods of PrOduction/S~ ..rr·

0.34
0.17
0.05

·sandstone
limestone
limestone
sandstone
sandstone
brcccia pipe

Jmp
Jt
Jt
Jmbj
Jmbj
Jmj;Jmb

1961 - Lummus and Muriel
1954-1955 - Anaconda
1953-1954 - Uranium Development Co.
1952-1953 - Anaconda
1954 - Anaconda
1953-1956 - Anaconda

0.35

sandstone

Jmw

sandstone

Jmw

1951-1957 - Anaconda; 1960-Farris Mines, Inc.;
1961-L.O. Sutton, Jr.; 1966-Henry Andrews
1958-1963 - Phillips; 1963-1970-Unitcd Nuclear

limestone

It

limestone

Jt

limestone
sandstone

Jt
Jmp

O.o?

McKinley County
14N.11W.5.313

Alta (Section 6)

14N .9W.28.144

1

13N.9W.30.213

Ann Lee
(Section 28)
1
Barbara I I 1

13N .9W.30.141

Barbara I 112

46,495

191,199

0.21

'Whitecap

11,953

41,631

0.17

58,448
102,128
39,354

232,830
485,719
166,065

0.20
0.23
0.21

22,671

846
Becenti
(NWl/4 Scetion 28,
Bunice Becenti allotment)
8,536
Becenti
(SWl/4 Section 28,
Naomi Becenti allotment)
mined through Diamond 12
1
Billy the Kid
872
(Section 19)

3,350

0.20

2,266

0.14

sandstone

Kd

42,499

0.25

20,847

0.13

sandstone

Kd

2,693

0.15

4,276

limestone

Jt

13N .9W.30.221
13N.9W.18.441

15N.17W.28.132

15N .17W.28.344

14N.11W.l9.220

l
J

TOTAL
Barbara J 113
Beacon Hill-Gossett
(Section 18)

14,830

O.ll

15N.13W.12.322

1

1,439,432

6,440,419

0.22

sandstone

Imw

15N.13W.18.223

1

247,613

l,129,004

0.23

sandstone

Jmb

13N.10W.24.234

Blue Peak

12,051

44,020

0.19

18,707

·sandstone

Jmp

IP

186

0.06

71

sandstone

Jmp

Blaclc Jack #1

Black Jack 112

13N.IOW.24.144. Bob Cat

0.12

1956-1957, 1960-1962 - Midcontinent Uranium;
1959-1960 - Daleo Uranium, Inc.
1957,1960-1964 - Midcontinent Uranium;
1959 - Daleo Uranium, Inc.
1959-1960 - Daleo Uranium Co.; 1966-1967 - Farr:
Mines, Inc.; 1967-1968 - Midcontinent Uranium Ci
1966-1967-Farris Mines
1959-1963 - Midcontinent Uranium Co.
1956 - Holly Mining Co.; 1957-1.ca Exploration C<
1958-1959-B.P. Moe; 1960-1961-KSN Co., Inc.;
1962-1963,1966-1967-Farris Mines
1952-1954-- Tucker, Hyde, Davenport
1953 - Hagens, Fitzhugh, Davenport
1956,1958-1959 - A.W. Tucker
1958-1959 - Largo Uranium Co.
1964-1966 - A and 8 Mining Co.
1968-1969 - Sh.iprock Ltd.
1952 - Warren McConnick; 1952-W.A. Greer,
1953-Maddox-Tcague; 1954-Continental Divide; 1~
H.B. Andrews; 1960-Don W, Wright
1959-1961 - Lance Corp.; 1960-1961-Homestake
Mining Co; 1961-Sabro-Pinon Corp.; 1962-1968Homestako-Sapin Partners; 1969-1970-Unitcd
N uclcar-Homestake Partners
1959-1961 - Lance Corp.; 1961-Sabrc Pinon Corp.·
1962-1967-Homestako-Sapin Partneri: 1968-1970United Nuclcar-Homatake Partners
1951-1952-Blue Peak Mining; 1953-Shattuclc Denn;
1955-Saint Michaels Foundation; 1956-Colohoma
Uranium, Inc.; 1957-1958-ThrceJacks Mining; 195
1960-Farris Mining Co.; 1960-1961-Lloyd 0. SuttD·
1964-Lec Garcia
1956-Brown and Wallace

=m

='

=j

Numb.,,

Mine Name

14N.10W.14.414

1Buckey

16N.17W.35.411
13N .9W.33 .433
16N .16W.17.212

CD and S
Charlotte (Section 33)
1Chui:ch Rock
(Section 17)

14N.9W.35.332

1
Cliffside Section 36
Davenport Incline

Po•~

%U308

I

vurn:IS

ViJJ

-

of
Host Rock4

%V 20J

Periods of Production/Sluppci:

770,893

0.:!4

16
208
77,965

48
704
302,608

0.15
0.17
0.19

sandstone
limestone
sandstone

7,074

6,046,780

0.41

sandstone

Jmw

7,517

28,539

0.19

sandstone

Jmp

15N.17W.33.214

47,181
Diamond /12
(Largo 112, Mike Smilh Lease)

202,440

0.21

sandstone

Kd

13N.9W.20.411
13N .9W.21.324

1

906,235
118,052

0.19
0.18

sandstone
sandstone

Jmp
Jmp

14N.10W.11.312

891,922

3,795,495

0.21

sandstone

Jmw

14N.10W.l 1.424

Dysart Ill
(Section 11)
Dysart /12

237,602

894,642

0.18

sandstone

Jmw

13N.9W.20.233
14N.12W.24.243
14N.11W.9.214

East Malpais Lease
Ellcins Group
1
Evelyn

30,333
10,743

139,818
151
49,584

0.23
0.13
0.23

sandstone
limestone
sandstone

Jmp
Jt
Jmb

13N.9W.29.141

Faith-Section 29

66,327

258,615

0.19

limestone

Jt

13N.9W.30.442

Flat Top

49,663

216,486

0.22

66,126

0.11

limestone

Jt

15N.16W.4.111

Foutz 11

324

1,844

0.28

2,676

0.41

sandstone

Jmw

15N.16W.31.444
16N.16W.31.444

Foutz #2
Foutz #3
(Yellow Jacket)
Francis

242
2,412

1,045
8,556

0.22
0.18

2,877
12,466

0.59
0.26

sandstone
sandstone

Jmw
Jmb

1960-1963-Phillips Petroleum Co.; 1963-1968-Unitci 1
Nuclear; 1970-Kerr McGee
1957-1958-E.P. Moc; 1959-Black Rock Mining; 19(>
Sec Tee Mining Co.; 1966-Bailey and Fife
1952-AJbcrt Smilh; ·1953-Adcc Dodge Enterprises;
1953-1954-Gcncral Uranium Co.; 1954-1959-Largo
Uranium Co.; 1964-1957- A and B Mining Co.; 1971
Shiprock Ltd.
1957-1970-Four Comen Exploration
1958-1959-Wcscvaco Minerals; 1959-1961-Phillips
Petroleum Co.; 1961-KSN Co.
1956-1960-Rio de Oro; 1959-1960-Midcontinent
Exploration Co.; 1961-1962-Ho!JlQtako-Sapin
1959-1961-Rio de Oro; 1959-Midcontincnt Exploratir
Co.; 1961-1962-Homcstakc>-Sapin
1959-1960-Foiir Comen Exploration Co.
1953-1954-Joscphinc Elkins
1953-1956 - Anaconda Co.; 1966-1968-Panis Mines,
Inc.; 1969-1970-Smith Development; 1970-Mincral.9
Energy
1958-1959 - Westvaco Minerals; 1960-Phillips
Petroleum Co.; 1960-1964-KSN Co.; 1963-Unitcd
Nuclear
1955-1957 - Holly Uranium Co.; 1957-1959-Flat Toi
Mining Co.; 1963-1966-Bailcy and Fife
1953-1954-Foutz Mining Co.; 1953-Hanosh Mines,
Inc.
1953-1954 - Foutz Mining Co.
1953-1955 - Foutz Mining Co.

155

6,164

0.41

12,578

0.93

sandstone

Jmb

1953-1954 - Farris Mines, Inc.

1,162
3,736
137,310

2,830
16,701
562,267

0.12
0.22
0.20

limestone
limestone
limestone

Jt
Jt
Jt

Haystack Mountain Development Corp.
1958,1961-Haystack Development Corp.
1956,1958-1961-Art Bibo (mined in trespass)
1951-A.T.S.F.RR; 1952-1957,1959-1961,
1963-1965-Haystack Mountain Development Corp.

142,:!08
129,551

581,798
678,510

0.20
0.26

sandstone

Jmp

14N.11W.8.213

Dog, Flea, and BG Group244,177
21
31,950

1Doris-Scction

59

241

=-

161,635

13N.9W.20.312

(Jeep)

Tons Ore

,=

'

sandstone

65,450

47,438

231
23,539

0.20
0.48

Jmw

1957-1958·Holly Minerals; 1958-1965-Sce Tee Minir
Co.
Jmw
1957-C D and S Mining Co.
Jt
1958-Wcscvaco Minerals
Jmw)mb, 1960-1961-Phillips Petroleum Co.; 1961-1962-Quint:•
Kd
Corporation (now owned by United Nuclear Corp.)

1

13N.11W.13.312
13N.11W.13.444
13N.10W.19.110

13N.9W.14.414

Haystack
SWI/4 sec. 13
Sec. 13
Sec. 19
(Haystack No. 1)
TOTAL
Hogan Mine
(Section 14)

165,454
165,494

1959-1961 - Four Comers Exploration Co.;
1962-Homestakc-Sapin

i

~

~

-

-

Mine Name

Number

15N.18W.12.244

.

Hogback 113-5

I

'1

Tons Ore

~

..A

%U308

t'ounds V/Js

%V:Os

2,954

0.03

6,354

24,234

0.19

1

76,748

237,060

0.15

14N.11W.35.120
15N.14W.12.423

1

Lost Mine
Mac #1

10
60,109

4
289,125

0.02
0.24

15N.13W.18.442

Mac 112

31,194

109,009

13N.9W.20.144

MalpaiJ Raise

42,070

13N.9W.23.233

Marquez Mine

14N.10W.11.112

Mary #1 (Dysart 13)

13N .9W.20.321

Mesa Top Mine

13N.10W.4.244

Pat - Junior Section 4 (Dakota Mine)
1
Poison Canyon

13N .9W.19.420
14N.11W.28.113
13N.10W.16.134
14N.11W.20.144
14N .9W.34.424
13N.9W.l.200
1SN.16W.3.332

13N.10W.S.144
13N.9W.S.114
14N.10W.10.244
14N.10W.12.411

Red Cap Group
(T Group)
Red Point Lode
Red Top Mines
1
Sandstone
1
Scction 1 (13N-9W)
mined through Cliffside
Section 3 (15N-16W)
Santa Po-Chrutcnsc:n
(Rats Nest Mine)
Section 5 (13N-10W)
Section 8 (13N-9W)
(Spencer Shaft)
1
Section 10 (14N-10W)
1
Section 12 (14N-10)

Section 13 (13N-9W)
SWl/4 (mined through
Rialto shaft)
1
Scction 15
14N.10W.15.441
- '(14N-10W)
1
Section 17 (14N-9W)
14N.9W.17.323

13N.9W.13 .334

-

=

f

13N.9W.7.221

Isbella (Section 7)

-

-

Host Rock'

carbonaceous Kd
shale

sandstone

Jmp

sandstone
sandstone

Jmb
Jmb

0.14

sandstone

Jmb

198,492

0.24

sandstone

Jmp

712,911

3,724,047

0.26

sandstone

Jmp

357,262

794,063

0.11

sandstone

Jmw

. 108,261

512,965

0.24

144,610

sandstone

Jmp

5,069

12,645

0.12

2,478

sandstone

Jmw,Kd

217,066

1,004,574

0.23

338,094

sandstone

Jmp

195

497

0.13

951

0.24

limestone

Jt

482
165
1,034,255

1,223
390
3,540,829

0.13
0.12
0.17

746
1,287

O.o7
0.39

limestone
limestone
sandstone

Jt
Jt
Jmw

148,066

1,699,137

0.57

sandstone

Jmw

'324

1,836

0.28

23
47,808

54
165,319

0.12
0.17

sandstone
sandstone

Kd
Jmp

130,767
74,975

510,935
211,873

0.20
0.14

sandstone
sandstone

Jmw
Jmw

1,689

6,312

0.19

sandstone

Jmp

1,213,814

3,625,924

0.15

sandstone

Jmw

544,164

2,315,182

0.21

sandstone

Jmw

4

404

0.02

carbonacc0us Kd
sandstone (coal)

Periods of Production/Shipper

1952-1954 - Tucker, Hyde, Davenport; 1955-1956Hyde Uranium Co.; 1957-1958-Ca.lumet and Hecla;
1958-Mathis and Mathis; 1959-Sce Tee Mining Co.;
1960-Windsor Mining Co.
1959-1961-Phillips Petroleum Co.; 1961-1962-KSN
Mining Co.
1954-Berryhill and Elkins
1968-Homcstakc-Sapin; 1968-l97G-United NuclearHomestake
1968-Homcstakc-Sapin; 1968-197G-United NuclearHomestake
1958-Holly Minerah; 1958-1961-Sce Tee Mining
Group
1958-1964-Calumet and Hecla; 1965-1966-Unitcd
Nuclear Corp.
1959-1962-Boylcs Brothen; 1962-Entrada Corp.;
1964-Stella Dysart; 1964-1965-Homestaki>Sapin
1954-1957-Lca Exploration Co.; 1957-1958-Holly
Minerah
1952-1959-Dakota Mining Co.; 1962-1963-Parris
Mines, Inc.
1952-1959-Haystack Mountain Development Corp.;
1960-1962-Parris Minca Inc.
1952-1953-Navajo Development Co.; 1953-Fl.lzhugh
&: Docrrie
1952-1955-R.M. Shaw
1955-Rcd Top Uranium Mining Co.
1959-1963-Phillips Petroleum Co.; 1963-197G-Unilcd
Nuclear Corp.
1967,1969-197(}..Kerr McGee; 1969-1970-National
Lead Co.
1957-George Christensen; 1957-1958-Ran Uranium
Co.
1958-Westvaco
1958-1960-Unilcd Western; 1961-Hydc and Casper;
1964-1966-W.D. Tripp; 1966-1967-JamcsJ. Goode
1957-1962-Kermac Nuclear; 1964-Homcstakc-Sapin
1961-Anderson Development Corp.;
1962-1963-Stclla Dysart
1962-1963-Febco Mines, Inc.

1958-1968-HomestakC-Sapin; 1961-1965-Rio de Oro;
1968-1970-United Nuclear-Homestake
1960-1964-Kennac Nuclear; 1965-1970-Kerr McGee

~Number

13N.10W.18.341

14N.9W.18.400
14N.9W.20.114
14N.10W.22.223
14N.10W.1:J.134
13N.10W.1:J.444
13N.9W.24.121
13N.9W.24.300

l3N .11 W.24.222
14N.10W.24.332

13N.10W.25.411

14N. lOW.25.144
13N.10W.26.221
14N. lOW.26.220

14N.9W.27.324
14N.9W.27.310
14N.9W.28.333
14N .9W.29.300

...-_

.-'

~~·
%U308

Mine Name

25,796

98,175

0.19

1
501,946
Section 18 (14N-9W)
mined through Sec. 17
1
486,375
Section 20 (14N.9W)
mined through Sec. 17
1
2,189,051
Section 22
(14N-10W) heap leach
1
2,528,797
Section 1:J
(14N-10W)
21,826
Section 1:J (13N-10W)

1,586,447

Section 18 (13N-10W)
(Indian Allotment)

9,261
Section 24 (13N-9W)
Chill Wills, Rialto
10,120
Section 24 (13N-9W)
(Sl/2, East Marquez)
mined through
Marquez decline
24,638
Section 24 (13N-11W)
(Nana-A-Bah Vandever Allotment)
1
1,904,582
Scction 24
(14N-10W)
-Heap leach
1
Section 25 (13N-10W)
235,156

1
1,791,048
Scction 25
(14N-10W)
1
Scction 26 (13N-IOW)
11,110
(Dcsidero Allotment)
1
362,110
Section 26 (14N-lOW)
mined through
Section 24
1
Section 27 (14N-9W)
553,732
mined through
285,057
Ann Lee
838,789
section total
Section 28 mined
23,648
through Sec. 30
390,511
Section 29 (14N-9W)
mined through
Sec. 32 shaft

--

~--J

~
Host Rock4

Pounds V.JlJ

l

__j

I

.:J

~

-L..__-

~--~---

Periods of Production/Shipper

limestone

It

0.16

sandstone

Imw

1952-F.A. Sitton; 1952-Thompson and Williams;
1952-1953-Glen Williams; 1955-1956-Santa Fe
Uranium Co.; 1956-1959-Fcdcral Urutlum Corp.;
1963-1964-Mesa Mining Co.; 1966-Cibola Mining CCl
1962-1964-Kennac Nuclear; 1965-1970-Kerr McGee

2,21:3,977

0.23

sandstone

Imw

1962-Kennac Nuclear

11,605,672
38,105
9,679,773

0.18

sandstone

Imw

1958-1964-Kennac Nuclear; 1965-1970-Kerr McGee

0.19

sandstone

Imw

138,541

0.32

limestone

Jt

31,381

0.17

sandstone

Imp

1959-1968-Homcstakc-Sapin; 1969-1970-HomcstakcU nitcd Nuclear
1957-1965-Haystack Mountain Development Corp.;
1965-1966-Santa Fe Pacific
1960-1963-Fcbco Mines, Inc.

33,800

0.17

sandstone

Imp

1960-1962-Calumct and Hecla

115,075

0.22

limestone

It

7,071,564

0.19

sandstone

Jmw

1952-1954-Glcn Williams; 1955-1956-Santa Fe
Uranium Co.; 1956-1957-Fcdcral Uranium Corp.
1959-1964-Kcrr-McGcc Nuclear; 1965-1970-Kerr
McGee

limestone

It

sandstone

Jmw

limestone

It

1951-AT and SFRR; 1955-1961-Haystack Mountain
Development Corp.; 1962-1965-Santa Fe Pacific;
1963, 1965-1966-Farris Minca, ~.; 1968-Homcstakc
Mining Co.; 1969-1970-Unilcd Nuclear Corp.
1959-1969-Homcstakc-Sapin; 1969-1970-HomcstakcUnited Nuclear
1952-1957-Hanosh Hines

75,342

10,256

85,545

0.30

0.06

0.18

519
958,058

0.20

6,444,889

0.18

83,?52

0.38

1,198,696

0.17

sandstone

Im~

1965-1970-Kerr-McGcc

2,442,855

0.22

sandstone

Jmw

1967-1970-Unitcd Nuclear

1,275,695
3,718,550
94,333

0.22.
0.22
0.20

sandstone

Imw

1958-Unitcd Western

1,999,236

0.26

sandstone

Imw

1961-1964-Kennac Nuclear; 1965-1970-Kerr McGee

153,657

17,518

0.12

0.08

Imw

·--

'-

1

;-

-~

~- -~

=
Mine Name

Number

14N.9W.29.100

14N.9W.29.400

1JN.9W.JO.JJJ

14N .9W.J0.232
14N.9W.J0.141
14N.9W.Jl.200
1JN.9W.Jl.120
1JN.9W.J2.144
14N.9W.32.122

•

Tons Ore

318,361
Section 29
mined lhrough
Sec. JO shaft
641,918
Section 29
mined lhrough
Sec. 33
91,513
Section JO (1JN-9W)
Roundy Lease,
Rimrock /IJ
1
Section JO (14N-9W) 2,855,164
13
• Section JOW (14N-9W) 68,895
Section Jl (14N-9W)
3,469
mined lhrough Soc. 32
Section 31 (1JN-9W)
15,736
Section 32 (13N-9W)
Moe#4
Section 32 (14N-9W)

%U308

Host Rock.4

Pounds VfJs

sandstone

Jmw

1960-197G-Kerr-McGcc

1,936,819

0.15

sandstone

Jmw

1963-Kerr-McGcc

464,810

0.25

limestone

Jt

1952-1956-F.O. Manot; 1956-196&-Rimrock Mining
Co.; 197G-Bailey and Fife

15,064,056
282,714
17,999

0.26
0.21
0.26

sandstone
sandstone
sandstone

Jmw
Jmw
Jmw

1959-1964-Kermac Nuclear; 196S-197G-Kcrr McGc
197G-Kerr-McGce
197G-Kcrr-McGce

77,121

0.25

21,628

0.27

limestone

Jt

2,407

9,746

0.25

21,628

0.27

limestone

Jt

1953-1954, 1958, 1961-Haystaclc Mountain
Development Corp.; 1962.;&nta Fe Pacific
1963-Sutton and Moc

488,031

1,927,J88

0.20

sandstone

Jmw

sandstone

Jmb

sandstone

Jmb

sandstone

Jmw

limestone

Jt

76,565

Jmb

14N.12W.10.243

sandstone

Jmw,Jmb

14N.10W.J.1.JJ4

Silver Spur Group

S,938

29,454

0.25

19,202

0.25

sandstone

Kd

15N.16W.4.414

U Mine
Chratcnsc:n 1-20

2,560

8,460

0.17

4,075

0.09

carbonaceous Kd
sandstone

14N.9W.3J.21J

lJN.lOW.36.224
14N.10W.J6.222

--==·

0.22

sandstone

lSN.llW.JJ.242

=._....

Periods of Production/Shipper

1.401,003

Section 32 (1SN-11W)
20,117
89,091
0.22
(NEU4, D. Begay
allotment) mined
lhrough Moc IS decline
Section 3J (lSN-llW)
4,243
21,149
0.25
Moc /IS, West Ranch Mine
1
Soction 33 (14N-9W)
960,007
3,222,9J9
0.16
Branson heap leach
26,149
NOTE: Ambrosia Lake Uranium Co. consisted of Kerr-McGee, Anderson Development Co.,
Paci.fie Uranium Co., Phillips Petroleum Co., and Branson Estate
1,435 J,770
0.13
2,698
0.19.
Section 36 (13N-10W)
Rim roele
Section J6 (14N-10W)
S,249
5J,349
O.Sl
45,950
0.43
Lease 60-167
Silver Bit 1-18
29J
3181
0.54
J,J40
0.51

13N.9W.J2.144

illlll.=

1958-1961-Homeslako-Ncw Mexico; 1961-1968Homcslakc-Sapin; 1968-197G-Unitcd NuclcarHomcslalce
1960-1963-Kcrmac Nuclear; 1964-1968-B.P. Moc;
1968-1969-DcVillicn Nuclear

1960,1962-1963-Kcrmac Nuclear
1964-B.P. Moc
1959-1961-Ambrosia Lake Uranium Co.; 1959-196:1
Phillips Petroleum Co.; 1962-1964-Kcnnac Nuclear:
1964-1965-Unitcd Nuclear Corp.; 1965-1970; Kerr
McGee
1952-19SJ-Moscs Mirabel; 1954-1955-Slcult-Munsor·
1958-Chcna Mining Co.; 1962-Homcr Scriven
1957-1958-V.C.A.; 1959-Unitcd Western
1955-1956-G.W. Fields; 1957-Monilor Exploration;
1957-Unitcd Western Mining
1952-Chas Davis; 1952-195J-Silvcr Spur Mining Cc·
1955-Holly Uranium Co.; 1956-Holly Minaall; 195
1959-Fcbco Mines; 1958-Holly Corp.; 1966-Parris
Mines
1953-1954-Williams and Reynolda; 1955-Fronticr
Uranium; 1957-Gcorgc Christensen; 1957-Rem
Uranium Co.;1958-W.C.T. Engineering Co

'=
Number

-

-Mine Name

-Tons Ore

Pounll

%U308

•=
Pounds v.p,

1JN .9W.34.343

Vallejo Mine

6,458

21,733

0.17

394

15N.16W.2.442

Westwater #1

4,713

26,571

0.28

27,134

1Mine

Water Recovery

893,787

f

Host Rock•

'loV.p,

0.40

--

limestone

Jt

sandstone

Jmw
Jmw

=

;

=

=

=

Periods of Production/Shi~

1957-1959-Vallejo Uranium Mines; 1~59-1960-Sams'
Oil and Minerals; 1962-1963-Pcnta Mining Co.
1957-1960-Westwater Uranium Corp.
1963-1970-Kerr McGee, HomcstakcSapin Partners,
United Nuclear

NOTE: In November 1961, Homestake-Sapin Partners acquired Homestake-New Mexico Partners. In April 1962, United Nuclear Corp. merged with the Sabre-Pinon Corp. and United Nuclear
became the surviving corporation and became United Nuclear Corp. In February 1963, United Nuclear Corp. acquired the uranium mines and mill of the Phillips Petroleum Co. In 1965, Kermac
Nuclear Fuels Corp. was dissolved. The operating company became Kerr-McGee Oil Industries, Inc. Later it was the Kerr-McGee Corp. and the Kerr-McGee Nuclear Corp. In April 1968,
Homcstakc-Sapin Partners became United Nuclcar-Homcsta.kc Partners. Sec Chenoweth (1989) for a listing of Ambrosia Lake operations.

Table 2-Uranium mines in New Mexico that have produced from 1971 to 1991.
Occurrence
number

Mine name

Production1
class

•

t"

-

1

Host2

rock

Periods of production/Shipper

GRANTS URANIUM DISTRICT
Cibola County (formerly Valencia County)
>f-33 (Section 33)
>J ackpile-Paguate
JJ #1
Mt. Taylor
>Red Bluff-Gay Eagle
>st. Anthony

1971-1977 ~ Homestake
1971-1982 - Anaconda
1976-1981 - Sohio-Reserve
1980-1983 - Gulf, 1985-1990 - Chevron
1976 - Moises-Mirabel
1976-1980 - United Nuclear

e
d
d
b
b

It
Jmj
Jmj
Jmw
It
Jmj

>san Mateo Mine

d

·Jmp

14N.9W.28.144

3

d

Jmw

13N.~W.30.221

3

c
a
d
c
d
c

Jt
Jt
Jmw
Jmw
Jmw, Jmb, Kd
Jmw
Jmp

b
b

Jmp
Jm.b

c
c
b
c
d

Jt

1971-1972, 1982 - United Nuclear;
1977-1982 - Spider Rock
1979-1980 - Todilto Exp. Dev. Co.
1976 - Henry Andrews
1971 - United Nuclear-Homestake
1972 - Hydro-Nuclear; 197&-1980, 1982 - Cobb
1976-1977, 1979-1982 - United Nuclear
1971-1985 - Kerr McGee
1971-1975 - Four Comers Exp.;
1978-1980- M&M Mining
1978-1979 - Ranchers
1971 - Smith Dev.; 1971-1972 - Stevenson;
1972 - Oral Creek
1975-1981 - Todilto Exp. and Dev.

It
Jmp
Jmw

1977-1981 - Ranchers
1978-1980 - Koppin; 1980-United Nuclear
1976-1982 - Ranchers

12N.9W.33.444
1 lN.SW.26,33
llN.SW.13.300
13N.8W.24.433
12N.9W.4
l 1N.4W.19.300,
l 1N.4W.30.240,
l lN.SW.24.411
13N.8W.30.243

.C

1971 - United Nuclear

McKinley County

14N.11W.19.220
15N.13W.12.322
14N.10W.14.414
16N.16W.17.212
14N.9W.36.332
13N.9W.20.41 l

. i
I

i

Ann Lee (Spider Rock)

Barbara J #3 (White Cap)
Billy the Kid
3
Black Jack #1
3
Buckey
3Church Rock (Sec. 8, 17)
3
Cliffside-Section 36
3
Dog, Flea, and BG Group
3

13N.9W.21.324
14N.11W.9.214

3

13N.11W.13.314
13N.10W.19.110
13N.9W.19.323
13N.9W.7.221
13N.8W.7,18

3

3

Doris-Section 21
Evelyn

Haystack-Section 13
Section 18 and 19
Hope (Section 19)
3
Isabella
Johnny M (Sections 7, 18)

c

.~

.

-.

•
Occurrence
number

15N.14W.12.423
15N.14W.12.134
17N. l6W.35.200
17N.16W.35.200
17N.16W.36.100
17N.16W.27.200
13N.9W.30.143
13N.9W.19.420
15N.13W.21.142
15N.13W.25.224
15N.13W.25.224
14N.9W.34.424
13N.9W.1.200

Mine name

Production 1
class

Host1
rock

c
d
d
d
d
d
a
c
d

Jmb
Jmb
Jmw
Jmw
Jmw
Jmw
Jt
Jmp
Jmb

d
d
d

Jmb
Jmw
Jmw

c
c
c

Jmw
Jmw
Jmw

3

Mac #I
Mariano Lake (Section 12)
N.E. Church Rock (2 shafts)
N.E. Church Rock #1
N.E. Church Rock #1-E
N.E. Church Rock #2
Piedra Trieste (Section 30)
3
Poiston Canyon
Ruby #1
} mined through
Ruby #3 and #4 } same decline
Ruby #3 and #4
1
Sandstone
34
• Section 1 (13N-9W)
mined through Cliffside
3
Section 10 (14N-10W)
1
Section 12 (14N-10W)
Section 13 (14N-10W)

Periods of production/Shipper

1976-1978, 1980 - United Nuclear-Homestake
1977-1982 - Gulf
1972-1982 - United Nuclear
1976-1985 - Kerr McGee
1979-1985 - Kerr McGee
197&-1982 - Kerr McGee
1979-1981 - Todilto Exp. & Dev.
1976-1978 - Reserve
1976-1979 - Western Nuclear
1980-1982 - Western Nuclear
1980-1982, 1984-1985 - Western Nuclear
1974-1980 - United Nuclear
1971-1982 - Kerr McGee

14N.10W.15.441

3

d

Jmw

13N.9W.16.441

Section 16 (13N-9W}
mined through Dog-Flea mines
3
Section 17 (14N-9W)
J.•section 18 (14N-9W)
mined through Section 17
Section 19 (14N-9W)
3.4Section 20 (14N-9W)
mined through Section 17
3
Section 22 (14N-10W)
3
Section 23 (14N-10W)

b

Jmp

1980 - Cobb
197&-1982 - Cobb; 1980 - United Nuclear
1977-1981 - United Nuclear-Homestake;
1981 - Homestake
1971-1981 - United Nuclear-Homestake;
1981 - Homestake
1973 - United Nuclear-Homestake

d
d

Jmw
Jmw

1971-1985 - Kerr McGee
1971-1982 - Kerr McGee

d
d

Jmw
Jmw

197&-1985 - Kerr McGee
1971-1979 - Kerr McGee

d
d

Jmw
Jmw

Section 23 (16N-17W)
Section 24 (14N-10W)

a
d

Jmw
Jmw

1971-1985 - Kerr McGee
1971-1982 - United Nuclear-Homestake;
1981-1989 - Homestake
1975 - Grace Nuclear (in situ production)
1971-1985 - Kerr McGee

14N.10W.10.244
14N.10W.12.411
14N.10W.13.413

14N.9W.17.323
l4N.9W.18.420
14N.9W.19.411
14N.9W.20.114
14N.10W.22.223
14N.10W.23.134
16N.17W.23.221
14N.10W.24.332

Section 15 (14N-10W)

3

•

•
Occurrence
Mine name

number

13N. IOW.25.41 I

13N.9W.8.114
14N.IOW.25.144
14N.9W.26

14N.9W.26.430
14N.9W.27.310,324
14N.9W.29
14N.9W.30.232
14N.9W.30.141
13N.9W.30.333
14N.9W.31.200
14N.9W.32.122
14N.11W.32.224
14N.9W.33.213
14N.9W.35.233

3

Production'
class

Host1

rock

Section 25 (13N-IOW)

c

Jt

Section 8 (Spencer Shaft)
25 (14N-IOW)

·c
d

Jmp
Jmw

3Section

Section 26 (14N-9W)
c
mined through Section 35
and sandstQne
4
Section 26 (14N-10W)
c
4
Section 27 E and W
d
3•4Section 29 (14N-9W)
d
mined through Sections 32 and 30
3Section_ 30 (14N-9W)
d,e
3
d,e
S~tion 30W (14N-9W)
3
. Section 30 (13N-9W)
c
1.lSection 31 (14N-9W)
c
3
Section 32 (14N-9W)
d

Periods of production/Shipper

Jmw

1971, 1979 - United Nuclear;
1972-1973 - United Nuclear-Homestake;
1972-1973 - Bailey and Fife; 1980-1981 - Reserve
1978-1979 - Koppin
1971-1981 - United Nuclear-Homestake;
1981-1985 - Homestake
1971-1972, 1977-1982 - Kerr McGee

Jmw
Jmw
Jmw

1971-1982 - Kerr McGee
1971-1979 - United Nuclear
1971-1982 - Kerr McGee

Jmw
Jmw
Jt
Jmw
Jmw

3

Section 32-33 (West Ranch)
Section 33 (14N-9W)
Section 35 (14N-9W)
(Elizabeth Shaft)

c

3

d
d

Jmw
Jmw
Jmw

1971-1985 - Kerr McGee
1971-1985 - Kerr McGee
1971 - Bailey and Fife
1971-1972, 1980-1981 - Kerr McGee
1971-1981 - United Nuclear-Homestake;
1981-1982 - Homestake
1972 - Hydro Nuclear; 1978 - Cobb
1971-1985 - Kerr McGee
1971-1985 - Kerr McGee

Rio Puerco

a

Jmw

1979-1980 - Kerr McGee

a

Jmw

1981-1987 - Mobil (Nufuels)

Sandoval CoWlty
12N.JW.18.141

Insitu Leaching Pilot Plant
17N.13W.9.322,
17N.13W.16

Crown point

1Production

•

•

Class: a - 0-20,000 lbs U 1 0a; b - 20,000-100,000 lbs U30 8; c - 200,000-2 million lbs U30 1 ; d - 2 million-20 million lbs U30 1; e - greater
than 20 million lbs U1 0 1 (total production lo date).
2Host rock: Jt - Todilto Limestone; Jmr - Recapture Member; Jmw - Westwater Canyon Member; Jmb - Brushy Basin Member; Jmp - Poison Canyon
Sandstone; Jmj - Jackpile Sandstone; Jmj - Jackpile Sandstone; Kd - Dakota Formation.
1Produced prior lo 1970, included Table 1. Production classification based on total production.
~Properties mined through adjacent shafts.
NOTE: In 1981, the United Nuclear-Homestake Partnership was dissolved. Homestake Mining Co. became the sole operator of the mill and the Sections
13, 15, 23, 25, and 32 mines. (All but Section 23 closed in 1981-1982, but Homestake continued to recover uranium from ine water until June 1990.) In
1983, Kerr McGee reorgani7.ed the uranium operations in New Mexico into the Quivira Mining Co. Quivira closed its mines in March 1985 but continued
to recover uranium from mine water. In 1988, Kerr McGee sold the Quivira Mining Co. to Rio Algom Ltd. Rio Algom Mining Corp. (U.S. subsidiary)
continues to recover uranium from mine water.
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URANIUM RESOURCES OF NORTHWESTERN NEW MEXICO

TABLE 4.-Uranium depolita, by county, in northwutem NetD

Mm~ontinued

Location
Name of deposit

7

T.

Bee.

I

I
T 2 (46) __________

~NWXSWX

T 10 (46) _________

W~NWXSWY.

28.

14 N.

14
, 28.
Silver Bit 7 (96) ___ N*NEY. 10 ____ _ 14

B..

11

w.

N. 11 W.
N. 12W.

Silver Bit 15 (9t1) __

SWXNE}~

10 ___ 14 N.

12W.

Silver Bit 18 (97)-__

SE}mE~

lQ ____ 14 N.

12W.

Unnamed _________ 10-11 __________ 14 N.
Eagle ____________ SW}~ 18________ 14 N.
Lawrence Elkins
SE}mEY. 24---- 14 N.

w..
12 w.
12 w.

Tom Elkins (48) ___

NW}~SEY.

24 ___ 14 N.

12W.

Largo ____________

N~NW}~

14---- 14 N.

l3W.

(fO).

Last Chance 2_____ NWY. 2 ________ 14 N.
Section 27 ____ ----

W~SEY.

27_____ 15 N.

Sections 32-33
(West Ranch)

NEY. 32 and
15 N.
NWY.13.
(90).
Section 35 ______ --- NEY. 35 ________ 15 N.

12

12 W.

Black Jack 1 (8) ___

12_______ 15 N.

13 W.

Section 13 ________ NEY.NEY.------ 15 N

13W.

Do___________
Black Jack 2 (9) ___

N~SEX

13----- -15 N.
18 _________ 15 N.

13 W.
13 W.

Section 2L _______

W~NWY.

2L ___ 15 N.

13 W.

.

N~

Nicholson-Brown __ S~ 26 __________ 15 N. 14 W.
Santa Fe Christ
SWX 3 _________ 15 N. 16 W.
(4).

Small deposit in upper part of Todilto Limestone.
Ore mined from open pit, 1952.
Probably an extension of T 2 deposit into T 10
claim. Deposit mined from open pit, 1952.
Deposit at top of Jmw. Deposit probably worked as
email opencut, 1955-57.
One or more deposits at top of Jmw. Ore worked as
opencuts, 1955-57.
One or more deposits _probably at top of Jmb and
p099ibly in base of Dakota Sandstone. Ore probably mined from opencut,·1955-57.
Yellow uranium minerals in sandstone near top of
Jmr.
.
Small deposit in Todilto Lim~eto~e---------------Small deposit in Todilto Limestone. Some ore poe. sibly mined in 1954.
Small deposit in Todilto Limestone. Deposit mined
in 1954-55.
Yellow uranium mineral shows ·in . spbts in bedding
along outcrop of Todilto Limestone.
.

14 W. Spotty, yellow uranium minerals show in sandstone
near top of Jmr. Channel sample,. 0.02 percent
eu,o,.
11 w. Deposit in sandstone in Jmb---------------------.
·
11 W. Geology unknown. Deposit 260 ft below surface, probably in Jmw. Deposit mined through inclined
shaft, 1960-64.
11 w. Deposit or cluster of deposits in Morrison Formation_
.

Section 23 ________ NEY.NEY. 23 ___ 15 N.
N~S~

Desc:rtptlon of deposit Bild !llllDple

Bourae of data

AEC.
Do.
C. K. Presley (WC,
1955).
Do.
Do.
Earl Arlin (OC,
1957).
AEC.
Do.
Do.
R. H. Olson, and

J. P. Hadfield,
Jr. (WC, 1957).
J.P. Hadfield and
R.H. Olson (WC,
1951).
Pacific Uranium
Mines Co., DH,
November 1956.
AEC.

Phillips Petroleum
Co., DH, November 1957.
Deposit in sandstone in Jmb-:-------------------- Tidewater Oil Co.,
DH, October 1958.
A very large, V-shaped, complex deposit in upper part Mac Rae (1963); AEC.
of J mw. North arm of V trends east, is about 150 ft
wide and 3,600 ft long, apparently follows sedimentary structures, and is prefault. From apex of
V at east end of north arm, other arm extends southward about 3,000 ft and is about 200 ft wide. It
is relatively thick and apparently is postfault, as it
is oxidized and controlled, at least in part, by
north- and northeast-trending fractures. Deposit
mined through vertical shaft, 1959-64.Deposit ~ f!S.ndstone in Jmw---------------------- Tidewater Oil Co.,
DH, October 1958:
_____ do----------------------------------------Do.
Several large irregularly shaped ore bodies in sandstone Hoskins (196q); AEC.
18-60 ft thick near base of Jmb. Best ore occurs
where sandstone is gray, crossbedded, and coarse
grained; it contains mudstone splits and finely disseminated carbonaceous material. Ore pods are
unoxidized (and probably prefault) and controlled
by sedimentary structures, which trend southeastward. Main ore cluster is about 200-800 ft wide
and 3,000 ft long. Small mineralized pods occur
along same trend southeast and northwest of main
deposits. Mined through vertical shaft, J._959-64.
Deposit in sandstone in lower part of Jmb __________ Tidewater Oil Co.,
DH, October 1958.
Deposit in Jmw-------------------------------- AEC, DH.
Deposit in carbonaceous shale at base of Dakota AEC.
Sandstone. Ore mine<Up 1957-58.
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TABLE 4.-Uranium,depoaita, by county, in northwutern New Mexic-Continued
Location

Name of deposit

T.

Sec.

R.

Doscnptlon of deposit and sample

Source of data

McJtlahtJ Coant~ntlaaed

Unnamed _________ NEX 32 ________ 16 N.

Section 2L _______

SW}~

2L _______ 16 N.

Secti-On 8 _________ SEX 8--------- 16 N.
.Section 9 _________ SEX 9 _________ 16 N.
Section 16 ________ N}2NW}~ 16 ____ 16 N.

___.Do _________ ,.....,. NW}~SW}~ 16___ 16 N.
. ,tChurch Rock (Bm.,....;NE}~ 17 ________ 16 N. ·
~

Section 17 ________ W~ 17_________
Section 18 ________ NWX 18 _______
Do ___________ SWX 18 ________
Section 19 ________ NW}~ 19 _______

16 N.

16 N.
16 N.
16 N.

Section 20 ________ 20 _____________ 16 N.
Section 22 __ ------ 22 __________ .___ 16 N.
Section 23 ________ NW}~NEX 23 ___ 16 N.

~tz 3 ttellow
~3YJ)
(37).

Prospect 2-------Section 13 ________
Section 14__ -----Section 24 __ -----CD and S (Section
35) (13).
Deiter
____________

SEY.SE~

3L ___ 16 N.

34 _____________

s~

16 N.

13 __________ 16 N.
14_______ 16 N.
24.. _______ 16 N.
35 ________ 16 N.
36 _______ 16 N.

NW~

NE~
SE~

NW}~

w.

Radioactive zone at the top of 3-ft coal bed at top G. 0. Bachman,
of Creve.see Canyon Formation and immediately
E. H. Baltz, and
beneath Hoste. Tongue of Point Lookout SandR. B. O'Sullivan
stone. Channel sample of upper foot of coal bed
(WC, 1953).
0.019 percent U.
15 W. Deposit in sandstone in Jmb---------------------- Tidewater Oil Co.,
DH, October
1958.
16 W. Deposits in lower pa.rt of Jmb and upper pa.rt of Jmw __ Phillips Petroleum
Co., DH, January
1959.'
16 W. Probably similar to Sectio_n 8 (above)______________
Do .
16 W. Deposits in Jmb or u_pper_ pa.rt of Jmw _____________ Tidewater Oil Co.,
DH, December
1958.
16 W. Deposit in upper pa.rt of Jmw____________________ _
Do.
16 W. Cluster of deposits in Jmb and Jmw. Deposits mined Phillips Petroleum
through vertical she.ft, 1960-62.
Co., DH, January
1959.
Deposit
at
top
of
Jmw
__________________________
_
Do.
16W.
16W. Deposit probably in upper pa.rt of Jmw ______ :. ____ _
Do.
Deposit
at
top
of
Jmw
______________
---___
---__
_
16W.
Do.
Do.
16W. Deposit probably similar to those in adjoining sec. 18
(above).
.
or cluster of deposits, probably in Jmw____ _ Unknown.
16 W. Deposit,
16 w. Deposit, probably in Jmw _______________________ _ Unknown, DH.
16W. No information available------------------------- Phillips Petroleum
Co., DH, January
1959.
16W. Tabular, elongate deposit near and .at outcrop of 25- FN, September 1954,
ft-thick sandstone in Jmb. The deposit is about 250
October 1955.
ft long, 10-100 ft wide, and averages about 3 ft in
thickness. It was controlled in part by set of nea.rvertical fractures that trend about N. 30° W. Host
sandstone is bounded by claystone units, is poorly
sorted, crossbedded, clayey, and lacks any
obvious carbonaceous material. Except for loca.l
spots of canary yellow oxide, uranium minerals
are inconspicuous. Ore body was within a lightbrown limonite-stained zone which in turn was
within a purple hematitic envelope. These zones
a.ll within light-gray sandstone. U: V ratio about
1: 1. Workings consist of four interconnected adits
and two sma.ll stopes, the floors of which a.re about
20 ft apart vertica.lly. Deposit was mined where
fractures were concentrated, 1954-55.
16W. Radioactive zone in 3-ft-thick sandstone in upper D. E. Mathewson
and F. R.
part of Jmr. Sandstone is fractured and contains
Fincher (WC,
much carbonized plant debris. Grab sample, 0.08
-1953).
percent eUaOe.
17 w. Deposits in Jmw-------------------------------- Phillips Petroleum
Co., DH,
January 1959.
17W. No information available---~--------------------Do.
Deposit
probably
in
Jmw
________________________
_
AEC, DH.
17W.
Deposit
in
Jmw.
Ore
mined
at
outcrop,
1957
_______
_
17W.
Do.
12

17W. Carnotite impregnates lowermost 2-ft-thick sand- Gabelman (1956a,
p. 316, and fig.
stone of Dakota Sandstone.. The bed constitutes
104).
basa.l part of a sandstone, shale, and conglomerate
sequence that fills stream channel scoured in Jmw.
Channel is 200 ft wide and 30 ft deep and trends
N. 30° E. Host bed is carbonaceous and capped by
lens of carbonaceous she.le.
Ca.r-Ba.ll 13 ________ NEX 26 ________ 16 N. 18 w. Radioactive zone about 1.5 ft thick in carbonaceous P. E. Melancon and
E. B. Butts (WC,
she.le near base of Crevasse Canyon Formation.
1953).
Channel sample 4 in. thick, 0.21 percent eUa0 8•
Da.lton P~s _______ *28 ____________ 17 N. 14W. Radioactive
impure coa.l bed about 3 in. thick at top G. 0. Bachman,
of Crevasse Canyon Formation and immediately
E. H. Baltz, and
beneath Hosta Tongue of Point Lookout SandR. B. O'Sullivan
stone. Sample 0.2 ft thick, 0.025 percent U.
(WC, March
1953).
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TABLE 4.-Uranium depoaita, by county, in northtoutern Nao Mcico-Continued
Location

Name of deposit

T.

Sec.

R.

Description of deposit and sample

Source of data

McKlnle:r Coam1--011dlnaed

4 _________ 15 N.

Christian (U
mine) (B).

SE~

Foutz 1 (S5) _______

NW~NWX

Foutz 2 (S6) ______

NE~NE~

Westwater 1 (100)_
B e c e ,_______

NW~

Diamond 2 (Largo

NW}~NE}~

S~

4 ___ 15 N.

5 ____ 15 N.

2___________ 15 N.
28_______ 15 N.

33 ___ 15 N.

2) (3).
_,..,

c.

Hogback 3 (B) and

NE~

4 (S).

38.

32&-381~

12 ________ 15 N.

16W. This cluster of deposits occurs in Christian 9 and 16 Mirsky (1953); FN,
claims in carbonaceous zone about 15-20 ft above
October 1955;
base of Dakota Sandstone and, as indicated by
U.S. Bur. Mines
Mirsky (1953, fig. 3), in a scour-filled channel. Zone
amenability test
is composed of fine-grained crenulated limonitereport no. 437;
stained gray sandstone that contains thin seams of
R. K. Pitman (OC,
1965).
carbonaceous shale and . macerated carbonized
plant debris. - Tyuyamunite identified where
uranium is more concentrated, and the. concentration shows a direct relation to the abundance
of carbonaceous material. Principal working is
500-ft ad.it driven northeastward in Christian 16
claim. In ad.it near face, mineralized zone is 3-5 ft
thick. Deposits mined in 1953-55 from Cfil:.i;;j;ian
16 and in 1957-58 from-Clnlstma 9.
16W. D~t in sanasteliie°m"Jmw...Ore mined from shallow FN, October 1955;
Sharp (1955, p. 9).
pit at outcrop, 1953.
16W. Deposit in sandstone in Jmw. Deposit mined from FN, October 1955.
south-trending ad.it, 1953.
16 w. D~posit in upper part of Jmw. Ore mined in 1957-58__ AEC.
17 w. Deposit occurs in upper part of 10- to 15-ft thick FN, October 1955;
sandstone at base of Dakota Sandstone and overand Gabelman
lain by lens of carbonaceous shale. Host sandstone
(1956a, p. 315316).
makes up scour-filled channel in which crossbeds
dip about N. 30° E. Sandstone is limonite stained
and contains seams and small pockets 9f carbonized
plant material. Yellow uranium minerals including
meta-autunite, metatyuyamunite, and uranophane
(Gruner and others, 1954) are disseminated in
sandstone as well as along joint and bedding surfaces. Joint sets trend N. 50° E. and N. 15° W.
Ore mined from an open pit, 1952-58.
·
17 w. Two medium to large deposits and several satellites, Mirsky, 1953;
Gruner and others,
mostly in basal medium- to coarse-grained sandstone unit of Dakota Sandstone. Unit fillB channel
1954, p. 37; FN,
or channels scoured in Jmw. Is overlain by carboOctober 1954;
Gabelman, 1956a,
naceous shale and interbedded fine-grained sandstone. Beds strike N. 30° W., dip about 30° SW.
p. 312-316; Four
Comers Uranium
Two main deposits about 750 ft apart along strike.
Corp., January
Strike length of north body about 300 ft and south
body about 500 ft. Bodies pinch out along 500 level
1959; Chico, 1959.
about 275 ft vertically below mine entry at outcrop. Ore occurred in podlike masses, generally
crudely elongate with dip of beds and crudely
parallel to axes of cross folds and to plunge of
Slumplike structures in host sandstone. Ore
minerals uraninite, possibly coffinite, metatyuyamunite, probably tyuyamunite, and carnotite,
&BBociated with corvusite, limonite, jarosite, and a
little marcasite and closely &BBociated with carbonaceous debris. In south body much oxidation above
450 level and some between 450 and 500 level.
Mine yielded about 50,000 tons of ore, 1953-64,
that had U: V ratio of 3: 1 and lime content of 0.5
percent.
18 w. Deposit occurs in a carbonaceous coaly shale of FN, October 1954;
Gabelman (1956a,
Dakota Sandstone. Shale is lenticular and locally
p. 307-308);
several feet thick and occupies same strati~aphic
Mirsky (1953).
position as shale that overlies Becenti and Diamond
2 deposits (above). No uranium minerals are apparent except in spots in underlying sandstone
which under the deposit ranges from 4 to 11 ft in
thickness. Deposit apparently is related to thick
part of carbonaceous shale, which thins away
from vicinity of deposit, and possibly to underlying
channel-type sandstone (Mirsky, 1953, p. 15).
Deposit was mined, 1952-60, from open pit and
prospected at southern end by 400-ft incline
shaft.
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Table 2.6

Mean 1979 Radionuclide Concentrations in Rio Puerco Sediments from Main Channel Terraces,
Concentrated Areas and Precipitated Raffinate Salts as Compared to Upper Bank Background Soils.

MEAN RADIONCULIDE CONCENTRATION
SAMPLE
TYPE

U 238{n)

Th 230(n)
0. 75 + l.28(78)

Ra 226(n}

+ $EM}

Pb 210{n}

o. 13(78)

1.29

.:!:..

0.27(60)

l. 70 .:!:..

0.96(657)

0.49

~

0.14(579)

2.78 + 0.09(657)

~

2.18(135)

0.20

.:!:..

0.37(130)

3.90

.:!:..

0.34(135)

33.67

~

l .43(318)

0.85 :!:_0.23,(275)

2.61

.:!:..

0.09(318)

~0.39(33)

20.70

~

1.43(204)

0.13

.:!:..

0.17(174)

2.31 + d.11(204)

~

55.30

.:!:..

3.48(205)

0. 77

.:!:..

0. 44 ( 171)

5.43

Background

2.44

.:!:..

0.50(17)

All Terraces

3.24

.:!:..

0.27(116)

27.49

~

-0.04

~

0.16(37)

23.18

2. Stake 111-329

4.24

~

0.29(46)

3. Stake 331-491

5.54

Concentrated Areas

5.93

Salts

3.14 + l.35(4)

l. Stake 0-109

{~Ci/g

l.00(35)

83. 12 + 17.84(20}

-0.60 + 1.4(191

..:!:..

0.37(205)

8.23 + 2.25(20}

-·
cW""

TABLE 2.7 Mean 1979 Rio Puerco Sedimont Concentrations Compoo-ed To 1980 Va 1ues.

SAMPLE
YEAR

TYPE

1979

MEAN RADIONUCLIDE CONCENTRATION ( pCi/g

±

SEM)

u 238

Th 230

Ra 226

Concentrated Areas

5.9 + 1.0

55 + 3

0.8 + 0.4

5.4 + 0.4·

1979

Main Channel
Terraces

3.2 + 0.3'

27 + 1

0.5 + 0.1

2.8 + 0.1

1980

Main Channel a
Terraces

2.2 + 0.1

8.4 + 0.5

0.9 + 0.1

1.6 + 0.1

1980

Si de_ Channel
Terraces

1.8 + 0.1

8.7 + 0.9

0.9 + 0.1

1.6 + 0.1

Pb 210

(a) Mean 1980 terrace concentrations from main and side channels were obtained from
samples of the first half of the stream to stake 250.

NUREG/CR-2449
PNL-4122

Survey of Radionuclide Distributions
Resulting from the Church Rock,
New Mexico, Uranium Mill Tailings
Pond Dam Failure

Manuscript Completed: November 1981
Date Published: December 1981
Prepared by
W. C. Weimer, R. R. Kinnison, J. H. Reeves
Pacific Northwest Laboratory
Richland, WA 99352

Prepared for
Division of Waste Management
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
NRC FIN 82214

_./

ABSTRACT

"

An intensive site survey and on-site analysis program were conducted to
evaluate the distribution of four radionuclides in the general vicinity of
Gallup, New Mexico, subsequent to the accidental breach of a uranium mill tailings pond dam and the release of a large quantity of tailings pond materials.
The objective of this work was to determine the distribution and concentration
210
Pb, 226 Ra, 230 rh, and 238 u in the arroyo that is immediately adjalevels of
cent to the uranium tailings pond (pipeline arroyo) and in the Rio Puerco
arroyo into which the pipeline arroyo drains. An intensive survey between the
United Nuclear Corporation {UNC) Church Rock Mill site and the New MexicoArizona state border· was performed. Sampling locations were established at
approximately 500-ft intervals along the arroyo.· During the weeks of September 24 through October 5, 1979, a series of samples was coilected from aliernate sampling locations along the arroyo. The purpose of this collection of
samples and their subsequent analysis was to provide an irrvnediate evaluation of
the extent and the levels of radioactive contamination. The data obtained from
this extensive survey were' then compared to action levels which had been proposed by the Nuclear Regulatory Commission and were adapted by the New Mexico
Environmental Improvement Division {NMEID) for 230 Th and 226 Ra concentrations
that would require site cleanup.
The Pacific Northwest Laboratory /Nuclear Regulatory Commission mobile lab'
oratory van was on-site at the UNC Church Rock Mill from September 22, 1979,
through December 13, 1979, and was manned by one or more PNL personnel for all
but four weeks of this time period. Approximately 1200 samples associated with
the Rio Puerco survey were analyzed in the laboratory. An additional
1200 samples related to the Rio Puerco cleanup operations which the United
Nuclear Corporation was conducting were analyzed on-site in the mobile laboratory. The purpose of these analyses was to determine the effectiveness of the
cleanup operations that were ongoing and to evaluate what additional cleanup
would be required. This on-site analysis of radioactive contamination constituted the principal task of this project, with the identification of those portions of the arroyo exceeding the NMEID proposed cleanup criteria being the

v

major output. Additional tasks included an evaluation of the initial soil
sampling scheme (letter from T. Wolff [NMEID] to J. Abiss [UNC], dated September 25, 1979) and the proposed NMEID verification sampling scheme (letter from
T. Buhl [NMEID] to·H. Miller [NRC], dated April 23, 1980).
I
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EXECUTIVE SUMMARY
On July 16, 1979, a break in the tailings pond dam of the United Nuclear
Corporation's Church Rock, New Mexico, mill occurred. Approximately 94 million
gallons of the tailings liquid which had been impounded behind this dam were
released into an adjacent arroyo along with an estimated 1,100 tons of tailings
solids. The spilled solution traveled down the so-called "pipeline arroyo" and
into the north branch of the Rio Puerco arroyo. Beyond this point it continued
past the location where the north and south branches of the Rio Puerco join
immediately northeast of Gallup, New Mexico, continued acros.s the remainder of
the state of New Mexico, and extended into the state of Arizona for -20 to
25 miles, where the flow of the Rio Puerco terminates.
In September, 1979, Pacific Northwest Laboratory (PN~.) responded to a
request from the New Mexico Environmental Improvement Division and the U.S.
Nuclear Regulatory Commission (NRC) to provide immediate on-site sampling and
radionuclide analysis capability. The principal objective of PNL's work
on-site at the United Nuclear Corporation mill was to provide capabilities for
immediate analyses of samples which had been collected from the Rio Puerco
environment. The conditions for sample preparation and sample analysis were
optimized so that the total amount of time· required from the time the sample
·w·as collected until the data regarding radionuclide concentrations for that
sample were available could be less than 48 hours. The concentrations of
210 Pb, 226 Ra, 230 Th, and 238 u were determined -in -2400 samples from a survey of
the Rio Puerco contamin.ation and from subsequent cleanup operations initiated
by the United Nuclear Corporation. The purpose of these lat~r analyses was to
determine the effectiveness of the cleanup operations that were ongoing and to
evaluate what additional cleanup would be required. This on-site analysis of
radioactive contamination constituted the principal task of this project, with
the identification of those portions of the arroyo exceeding the NMEID proposed
cleanup criteria being the major output.
The following conclusions have been drawn as a result of the investigation
of the Church Rock uranium mill tailings pond dam failure:
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1.

On-site use of planar intrinsic germanium detectors provides adequate
210
sensitivity and short analysis times for quantitation of
Pb,
226Ra, 230 Th, and 238u in sediments/soils.

2.

The original sampling plan, which consisted of collecting surface
soil/sediment samples at 1000-ft interva1s, was adequate to determine
those areas which were contaminated and required cleanup.

3.

Clustering of samples within arroyo reaches defined by physical (morphological) features would provide a better estimation of the radionuclide spatial variability thah did the sampling pattern which was
used and which was based on equal distance increments.

The revised Rio Puerco cleanup criteria proposed by the NMEID are
statistically adequate.
5. Concentrations of 210 Pb, 226 Ra, and 238u in samples throughout the
length of the arroyo are not distinguishable from natural background

4.

concentrations.
6.

Concentrations of 230 Th range from background levels to levels
230
elevated considerably greater than background. Plots of
Th concentrations versus distance from the tailings pond show high variability. Therefore, a statistical smoothing function was applied to
the data to facilitate interpretation.

7.

Sediment samples from two site-variability studies indicate that
there is considerable 230 rh concentration variability within even
limited areas of the arroyo (i.e, 5-ft square grids and 25-ft square
grids).

The concentrations of 230 rh in the Rio Puerco show an apparent
periodicity as a functon of distance. This period is -2.5 km.
9. The estimated total inventory of 230 Th in the Rio Puerco from sampl ing stake 0-491 i~ 26.8 Ci, based on data from the upper two feet
of the core samples. The inventory based on data from the firstterrace and second-terrace samples (upper two inches) is 4.9 Ci. The

8.

viii

total inventory of 230 rh background in the upper two inches of arroyo
sediment is estimated to be 0.30 Ci.
10.

Present inability to differentiate between natural background 230 rh
and contamination-derived 230 rh prohibits a clear definition of the
230
rh inventory from the tailings pond solution.

11.

Sediment samples from the Grand Canyon National Park show no radionuclide levels in excess of normal background.
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EXECUTIVE SUMMARY
Evidence from two separate studies conducted in New Mexico in 1978-1979
indicated that livestock raised near uranium mines and mills have elevated
radionuclide levels, compared with controls. New Mexico's Grants Mineral Belt
region covers 4,000 square kilometers and ~s rich in underground uranium.
This
area has been heavily mined for 30 years. The problem of potential livestock
contamination from the uranium industry is, therefore, of great concern to the
New Mexico Environmental Improvement Division (NMEID).
In 1982, the New Mexico Legislature appropriated over $90,000 to investigate
this potential pro bl em. The present i nvesti gati on was conducted to determine
whether cattle grazing in areas with uranium mining and milling activity have
higher levels of U-238 decay chain radionucl ides than controls, and to assess
the potential public health risk to humans from eating cattle raised in these
areas.
Ambrosia Lake and Church Rock, NM, were chosen as areas for the study. Ambrosia
Lake has been the site of extensive underground uranium mining for about 30
years and two large uranium mill tailings piles are located there. Church Rock
was chosen because of concerns generated by a study conducted in this community
following an accidental spill of mill tailings effluent in 1978. Crownpoint, an
area 40
kilometers northwest of Ambrosia Lake, has not been developed for
uranium mining or milling and was chosen as a suitable control site.
Cattle were purchased from the above study areas.
Five cattle were purchased
from one owner in Ambrosia Lake (ALGl); five from another owner (ALG2); seven
from Church Rock (CR); and ten from Crownpoint (CP).
On the basis of previous
studies by the NMEID of the uranium mining and milling activities in these
areas, it was detennined that the cattle's potential for ingestion of radio
nuclides was highest in Ambrosia Lake, followed by CR.
The CP animals were not
exposed to the uranilJll activities and were used as a comparison group.
The twenty-seven cattle were slaughtered in October, 1983.
Muscle, liver,
Id dney, and femur were analyzed for uranium-238 (U-238), uranium-234 (U-234),
thorium-230 (Th-230), radium-226 (Ra-226), 1ead-210 (Pb-210}, and pol onium-210
(Po-210) by Eberline Laboratory, Al bu querque, NM. Oupli ca·te tissues for 2oi of
the cattle muscle, 1iver, and kidney samples were analyzed by the USEPA Las
Vegas radiochemistry laboratory. In addition, samples of vegetation, soil, and
water collected from each of the four groups were analyzed by Eberline for the
same radionuclides.
The mean radionuclide levels for the four groups were
compared statistically using analysis of variance and nonparametric tests.
The laboratory analyses were completed on March 15, 1985. The mean radionuclide
concentrations were highest in the ALGl cattle followed by AL62 and Church Rocle
cattle, in that order.
Radionuclide levels were lowest among .the control
cattle.
·
Radium-226 and Po-210 concentrations in muscle tissue from ALGl were higher than
those in controls.
Many of the radionuclide concentrations in the liver,
kidneys, and femurs of AGLl cattle were statistically higher than controls.
Liver and kidney tissues from ALGl cattle were particularly elevated in Ra-226
and Po-210. Environmental sampling of ALGI revealed soil radionuclide levels
iv

that were all statistically higher than controls.
Vegetation from ALGl
contained significantly higher levels of Th-230 and Ra-226 than controls. Water
samples contained higher levels of U-238 and U-234 than controls.
Cattle from ALG2 also had elevated radionuclide levels compared with controls.
Liver was elevated in uraniurn and kidney was elevated in all radionuclides
except Po-210. Vegetation from ALG2 contained higher levels of Th-230 and Ra226 than controls.
Mean radionuclide concentrations in soil from ALG2 were
several times higher than those of controls but the differences did not attain
statistical significance.
Radionuclide concentrations in wa~er samples from
ALG2 were similar to those of controls e.xcept that one sample from the out fl ow
of an ion exchange facility was el~vated in uranium.
Church Rock cattle had statistically higher levels than controls of U-238 (liver
and femur), U-234 {muscle, liver, and femur}, and Ra-226 {femur). Soil samples
from CR were higher than controls for all radionuclides tested, but the
differences did not attain statistical significance. Water from CR contained
concentrations of U-238 and U-234 that were statistically higher than controls.
The mean concentrations of radionuclides in muscle, liver, and kidney from each
of the four groups were used to .calculate 50 year radiation dose commitments and
cancer risks incurred from regularly eating tissues for one year according to
the following scenarios:
·
scenario 1

74 kg muscle, 2.7 kg liver and 1.3 kg kidney (consumption of
78 kg of meat per year, the U.S. per capita annual average
meat consumption, and muscle, liver, and kidney fn proportion
to the organ's percentage weight in edible beef).

scenario 2.

78 kg of muscle and no liver or kidney

scenario 3.

62.3 kg muscle, 13.l kg liver, and 2.6 kg kidney (a •worst
case" scenario calculated using a recent dietary survey of New
Me xi cans (24)).

i
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Calculations revealed that for scenario 1, radiation doses from eating cattle
tissues were similar for the
CR and CP groups.
Consumption of AL62 cattle
resulted in radiation doses approximately twice those incurred from eating
control cattle tissues. The dose to kidney from eating ALGl cattle was higher
than the CP control by about 100 mill frem.. The increased 1 ifetime rfslc of dying
from a radi ati on-induced cancer from consuming AL61 cattle for one year was one
chance in 280,000.
Worst case estimates as described in scenario 3 predicted much higher doses,
especially from eating ALGl cattle. Worst case cancer risk estimates were one
chance i"n 630,000 for control beef, one chance in 120,000 for ALGl, one chance
in 400,000 for AL62 and one chance in 670,000 for Church Rocle •
.Although the study has the limitations of small sample sizes and potential
inaccuracies inherent to laboratory measurements of tissue radionuclide levels,
it is apparent that there were elevated radionuclide concentrations in cattle
tissue from all of the exposed groups.
Results of environmental sampling
support the conclusion that the levels of radionuclides increased as the level
of exposure to the products of the uranium mining and mflling industry
increased.

v

I.

The magnitude of the public health risk from eating this tissue is directly
proportional to the amount of tissue consumed and the duration of the exposure.
Eating liver and kidney incurs higher internal radiation doses than eating
muscle tissue. Since few individuals would continually consume cattle raised in
these areas, the risk to the general public is minimal unless an individual buys
and slaughters a cow from ALGl, freezes it, and consumes large quantities of
this meat •.
Ranchers who raise and regularly consume these cattle (especially ALGI cat~le)
may be receiving radiation doses that are excessive.
The International
Conmission on Radiological Protection has recommended that the acceptable limit
for excess deaths in a population is below one death per 100,000 exposed
individuals (22). The cancer risk for a hypothetical rancher who ·eats ALGl
cattle for 20 years is one death per 14,000 exposed persons using scenario 1
assumptions. Thus, under these circumstances persons eating ALGl cattle would
receive an excess amount of radiation. For comparison, it was estimated by the
Environmental Protection Agency that an individual who lived continuously next
to some uranium mill tailings piles may have an excess lifetime cancer risk as
high as 4 chances in a hundred (28). A person not exposed to uranium mining or
milling activities in any way except by eating ALGl beef for life (60 years) is
subject to an additional lifetime cancer risk of about I fn 4500 1 assuming
scenario 1 conditions.
In con cl us ion, cattle from Ambrosi a Lake and Church Rocle had higher tissue
radionuclide concentrations than controls.
Evidence indicates that this
resulted from exposure to radionucl ides released by the uranium mining and
milling industry. The public health risk from eating exposed cattle is minimal
unless large amounts of this tissue, especially liver and kidney, are ingested.
Radionuclide levels in ALGl cattle were particularly high, which raises concerns
about the future use of this pasture for grazing cattle •

•
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ENVIRONMENTAL IMPROVEMENT DIVISION
RECOMMENDATIONS RESULTING FROM THE REPORT
•RADIONUCLIDE LEVELS IN CATTLE RAISED NEAR

URANI~

MINES AND MILLS

IN NORTHWEST NE\I MEXICO•*

1)

The

Radiation

interested

Protection

parties.

Bureau

First,

the

briefed by Radiation Protection

•

will

take

two

actions

cattle owners will

be

to

notify

notified

and

Bureau personnel as to the scientific

findings of the study and the practical ramifications prior to discussion
with

any

other

interested

individuals

or

parties.

Second,

the

Environmental Improvement Division will invite representatives from both
Federal and State agencies, interested legislators, and the press, to a
meeting to discuss the findings of the study.

•

From a practical standpoint it is important that the owners
fully understand the increased risk, which is regarded as being
minimal, unless large amounts of the cattle tissue, especially
liver and kidney are ingested. Individuals consuming ALGl
cattle have the potential for the highest exposure •

*These recommendations, made by the EID, are based on findings in the cited
report and are intended to be guidelines for the protection of public health.
These recollVllendations do not necessarily represent the position of the specific
authors cited, whose role was to collect, report, and analyze scientific data.

2)

The Radiation Protection Bureau will inventory other areas in the state
impacted

by

environment,
agencies.

uranium. decay
utilizing

chain

existing

radionuclides

information

from

released
state

into

and

the

federal

The Bureau wi 11 notify 1 i vestock owners and ranchers in these

areas of the potential for human fo·od chain contamination.

If requested,

technical expertise will be provided by EID to assist these individuals
in pursuing their own testing to ascertain if increased site-specific
risks exist.

3)

To minimize the risks incurred from eating the ALGl cattle the EID
advises that the owner be encouraged to permanently discontinue use as
pasture of all ALGI acreage affected by mine dewatering effluent or,
should the owner choose to continue utilizing said pasture, then the
following steps should be observed:

a)

The liver and kidneys should not be consumed at any time; and

b)

The cattle shou1 d not be used as the sole source of meat for
any length of time.

The owner is advised to foll ow these reco11111endati ons based on
the results of past use of the ALGl pasture for grazing. Si nee
it is not known what effects future use for grazing might have,
the same recommendations should apply. The effects resulting
from consumption of domestic vegetables irrigated with uranium
mine dewatering effluent are unknown. Thfs report however,
documents the transfer of radionucl ides through the food chain
so that caution should be exercised.
4)

The cattle owners from ALG2 and Church Rock will be alerted to these
findings and it is advised that they follow the recommendations outlined
in 13.

Although the study found that risks to individuals consuming
meat from cattle raised in ALG2 and Church Rock areas were 1ess
than from ALGl, it is important that people understand how they
can take steps to avoid increasing their risk, however small it
might be.
5}

To minimize the potential risk to consumers, ranchers grazing cattle in
any of the areas to be

i denti fi ed in the inventory (See 12} who choose

to sell their meat for public consumption, should coordinate with the New
Mexico Livestock Board to ensure that cattle that have been grazed on
contaminated pastures have the kidney and liver removed.
By ensuring that the above mentioned steps are carried out, the
New Mexico Livestock Board will effectively be in a position to
reduce the potential for exposure to the public.

6)

It is reco11U11ended that the NRC enforce their regulation that requires
control of wind-blown tailings from uranium milling facilities.
demonstrated that

:\

present control

technology is

ineffective,

If it is
an

effective control should be required to prevent tailings from leaving the
restricted area.

If existing contamination is unacceptable outside the

restricted area {i.e., soil concentrations of Ra-226 are greater than
SpCi/g}, then a zone of restricted use to prohibit livestock grazing
should be established.

Clean up of contaminated soils, as requf red under NRC regulations for
1ong-tenn stabilization and reel amation. should be accomplished and meet
the SpCi/g standard for Ra-226 and NRC should monitor vi ci ni ty properties
to ensure this.

..
The study showed an increased risk resulting from ingestion of
cattle exposed to dewateri ng effluent. Exposure to soils and
vegetation contaminated by windblown tailings and mine spoils
are also an important contributor to the overall radionuclide
levels observed in cattle tissues.
7)

A more restrictive level
developed and adopted.

based on chemical

for uranium

in mine discharges should be

Because the present NRC limits on

toxicity, because recent data

uranium are

Indicates that the

radiological toxicity of uranium may pose a greater risk to human health,
and because the authority is divided between separate federal agencies, a
determination should be made as to which legal mechanism(s) is most
appropriate in establishing a lower numerical limit for uranium.
Levels lower than existing standards are currently being
achieved.
This recommendation is being made because the
resulting dose to human target organs would be unacceptable if
uranium were discharged at existing maximum pennissfble
concentrations, as currently allowed by Federal and State
Radiation Protection regulations. The Governor's Working Group
made a similar recommendation in their 1985 report due to
concern that the 1 imits for uranium were too high to adequately
protect public health.
8)

A lower numerical effluent limitation for Pb-210 and Po-210 should be
adopted.

Because radiation, water quality, and air quality protection

statutes and regulations could potentially be applied to control this
problem, a determination should be made as to which legal mechanfsm(s) is
most appropriate in establishing these lower limits.
Lower standards of Pb-210 and Po-210 are needed since the study
shows that existing standards al 1ow an unacceptable dose to an
individual consuming AL61 beef.
Substantial existing data
indicate that levels lower than existing standards are
presently being achieved.

j

7

..
9)

The US EPA should revise its Environmental Radiation Protection Standards
for Uranium Recovery Facilities (40 CFR 190) to include Pb-210 and Po-210
in annual dose commitment calculations and retain the exemption for the
short-1 i ved radon daughters (Po-218, Pb-214, Bi-214, and Po-214).

This

regulation limits the annual dose commitment to an individual member of
the public to 25 mrem.

•

Lead-210 and Po-210 are presently exempt from Federal
Regulations and Part 3 of the New Mexico Radiation Protection
Regulations. Findings of this study identify Pb-210 and Po-210
as being the major dose contributors to man. If the Pb-210 and
Po-210 levels documented in this study are included in annual
dose commitment calculations, the regulatory limit of 25 mrem
is exceeded.

10)

Additional research needs to be conducted into the degree and long-term
potential

effects

of

radionuclide

contamination

of

grazing

1ands

resulting from the application of uranium mine liquid and atmospheric
releases.

•

The report documents radionuclide contamination of the ALGI
pasture. Too 1 ittl e scientific data are available to evaluate
the 1ong-term environmental effects of radionucl 1des 1eft
unmanaged 1n such an area. More research needs to be conducted
to determine the degree of the problem and the possible need,
ultimately, for controls on land use or clean-up of the soils.

•, .•

e:
!I .... ·..· ~ ..

r:-._·.: ;-_... :· .~ :

El
A
L

~. .-------

T
H
& ENVIRONMENT
department

..

Radionuclide Levels In Sheep and Cattle Grazing
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EXECUTIVE SUMMARY

On July 16, 1979 an earthern dam holding a uranium mill tailings pond near
Church Rock, New Mexico was breached, releasing 94 million gallons of
acidified liquids and 1100 tons of solids.

Concerns about adverse

he~h

effects to nearby human populations consuming local grazing animals,
prompted an investigation by the New Mexico Environmental Improvement
Division,

Nav~o

Area Indian Health Service and the Environmental

Protection Agency Office of Radiation Programs in Las Vegas, Nevada (EPALV).

Muscle, liver and kidney samples were· collected from 10
cattle grazing in the Church Rock area.

s~eep

and seven

In addition, tissues were

collected from 10 sheep and 10 cattle grazing in a control location near
Crownpoint, New Mexico.

Environmental samples of water, soil and

vegetation were also collected from the control and Church Rock grazing
areas. Sheep and cattle tissues were sent for radiochemical analyses of U238, U-234, Th-230, Pb-210, and Po-210 at EPA Las Vegas and Eberline
respectively.

Radionuclide concentrations in sheep and cattle were found to be

statistical~higher than control animal concentrations for U-234 and U-238
in most tissues sampled.

This finding corresponded to higher obserYed

levels of U-234 and U-238 in water samples from the C~urch Rock area as
compared to control samples.

Other radionuclides

sample~

from Church Rock

tissues showed concentrat~ns similar to control tissue concentr1tions.
ii

Fifty-year radiation dose commitments were calculated for a hypothetical
individual consuming exposed and control animal tissues.

Despite elevated

U-234 and U-238 tissue levels, the resulting dose commitments for Church
Rock tissue consumption were very similar to those calculated for
consumption of control tissues.

Excess cancer risks

~ttributable

to eating

exposed animal tissues from the Church Rock area were found to be
negligible and below the limit of one excess cancer death per 100,000
individuals established by the International Commission on Radiological
Protection •

•
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February 16, 1999
UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
ATOMIC SAFETY AND LICENSING BOARD PANEL
Before Administrative Judge Peter B. Bloch

In the Matter of

)
)
)

•

HYDRO RESOURCES, INC .
)
2929 Coors Road Suite 101
)
)
Albuquerque, NM 87120
~~~~~~~~~~)

Docket No. 40-8968-ML
ASLBP No. 95-706-01-ML

WRITTEN TESTIMONY OF DOUGLAS M. BRUGGE, Ph.D., M.S.
On behalf of Eastern Navajo Dine Against Uranium Mining ("ENDA UM") and
Southwest Research and Information Center ("SRIC"), Dr. Douglas M. Brugge submits
the following testimony regarding the amended application of Hydro Resources Inc
.("HRI") for a source materials license to conduct in situ leach ("ISL") uranium mining
at three proposed sites in McKinley County, New Mexico.

Q.1.

Please state your name and qualifications.

A.1.

My name is Douglas M. Brugge. I am an assistant professor in the Department of

Family Medicine and Community Health at Tufts University School of Medicine in
Boston, Massachusetts.

I have a Ph.D. in biology from Harvard University in

Cambridge, Massachusetts, and a Masters of Science in industrial hygiene from the
Harvard School of Public Health in Boston, Massachusetts.
Q2.

Do you have other relevant professional affiliations?

A.2.

Yes I do. I am the director of the Navajo Uranium Miner Oral History and

Photography Project. I am on the technical expert panel for the Uranium Education
Center at Dine College in Shiprock, New Mexico. I am on the board of directors of the
Childhood Cancer Research Institute in Worcester, Massachusetts. I also have been a
consultant to Nuclear Risk Management for Native Communities, a program of the
Center for Environment, Technology and Development of Clark University in Worcester,
Massachusetts. I am a member of the American Public Health Association and the
Massachusetts Public Health Association. A copy of my curriculum vitae, with a list of
my publications, is appended to this testimony as Exhibit A.
Q.3.

Please describe your professional experience and training in the areas of
uranium mining impacts, environmental health and toxicology, and
environmental impact assessment.

A.3.

I have extensive professional experience in studying and reporting on the impacts

of uranium mining. In this context, I have reviewed the historical literature on the
development of scientific understanding of the radiological hazards associated with
underground uranium mining. I have reviewed and studied the literature pertinent to the
current state of scientific knowledge about the toxicology and epidemiology of
occupational and environmental exposures among uranium miners and millers and the

2
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toxicology and epidemiology of the individual heavy metal and radiological elements
commonly found in uranium ore. I have advised attorneys for the Navajo Tribe in their
effort to amend the Radiation Exposure Compens~tion Act ("RECA") of 1990 to expand
the universe of uranium workers potentially eligible for compensation payments and to
ease current eligibility standards for former uranium miners and the survivors of deceased
miners. I am the author of monographs on exposure pathways and health effects of
uranium, radium and tritium, all of which were prepared for Nuclear Risk Management
for Native Communities. I am currently completing a toxicological and epidemiological
review document for thoriuni. I have reviewed EPA Region IX's draft site assessment
for the King Tutt uranium mining area near Shiprock, New Mexico. Using interview
transcripts derived from 'York carried out by myself and several colleagues associated
with the Navajo Uranium Miner Oral History and Photography Project, I am completing
an assessment of putative lifestyle activities that could have put Navajo uranium miners
and their families at risk for exposure to uranium ore toxins. This work is expected to
result in the publication of several academic papers that explore different aspects of the
history of uranium mining in Navajo communities in the Four Comers Area, including a
study that will shed light on exposure pathways for Navajos living near uranium mines
and mills. In carrying out much of this work, I have had occasions to visit abandoned
uranium mining sites in Navajo communities in the Four Comers Area. I have also
reviewed in depth .and critiqued the U.S. Nuclear Regulatory Commission's (''NRC's")

3

and U.S. Environmental Protection Agency's ("EPA's") decommissioning documents for
the Sequoyah Fuels Corporation uranium fuel-fabrication plant in Gore, Oklahoma.

Q.4.

What is the purpose of your testimony?

A.4.

The purposes of my testimony are to render my professional opinions that (1)

NRC's assessment of cumulative impacts of the HRl project is deficient because of the
agency's failure to describe and assess the full toxicity of the heavy metal and
radiological contaminants found in uranium ore, including in HRI's ores, and that are
'·

likely to be in wastes present at abandoned uranium mine sites in the Church Rock area,
and that (2) NRC's proposed 0.44 milligram per liter ("mg/L") uranium standard for
groundwater restoration is inadequate to protect human health. In particular I will present
information that indicates the potential for these toxins to affect health at low levels of
exposure.

Q.5.

What materials did you review in preparing this testimony.

A.5.

I reviewed relevant portions of the NRC's Final Environmental Impact Statement

("FEIS"), 1 selections from HRI's 19S8 Church Rock Environmental Report, 2 and the
testimony ofNRC's Christepher A. McKenney in regard to the NRC Staffs basis for the

Final Environmental Impact Statement to Construct and Operate the Crownpoint
Uranium Solution Mining Project, McKinley County, New Mexico. NUREG-1508. U.S. Nuclear
Regulatory Commission (Washington, D.C.) (February 1997).
2

Hydro Resources, Inc. Church Rock Environmental Report (April 1988) (ACN
8805200344), transmitted by letter from M. Pelizza, HRI, to D. Smith, NRC (April 13, 1988) (ACN
8805200332).
.
4

0.44 mg/L uranium restoration standard. 3 I also reviewed the written testimony of Dr.
Richard Abitz ("Abitz's Testimony") with respect to groundwater chemistry concerns,
given in support ofENDAUM's and SRIC's written presentation of groundwater issues;
and that portion of Dr. Christine J. Benally's testimony ("Benally Testimony")
concerning the known environmental impacts of existing, abandoned uranium mines in
the Church Rock area, given in support ofENDAUM's and SRIC's written presentations
on environmental justice and cumulative impacts. I also reviewed technical reports on
radionuclide accumulation in the edible tissues and organs of livestock which grazed in
the Church Rock area in the 1980s, portions of which are attached to Dr. Benally's
testimony as Exhibits U and V. As a general matter, I have studied and summarized in
previous works findings from several of the federal government's toxicological profiles
for specific contaminants found in uranium ore and wastes and certain of the National
Research Council's reports on the biological effects of ionizing radiation. Finally, I
reviewed recent public health literature on research methods and investigation techniques
designed to address environmental impacts in "environmental justice populations," which
the Navajo communities of Church Rock and Crownpoint certainly are. A list of
literature I have reviewed to give this testimony is appended as Exhibit B.

Q.6.

Please describe your understanding of the range of radiological and chemical
contaminants in uranium ore and the underlying technical data that is the
basis for your understanding.

3

Affidavit of Christepher'A. McKenney, Staff Exhibit 10 to NRC Staff's Response
to Motion for Stay, Request for Hearing, and Request for Temporary Stay (February 20, 1998).
~'
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A.6.

Uranium ore, and by extension, the solid wastes resulting from uranium mining,

contain a wide range of naturally occurring radioactive materials associated with the
uranium-238 decay series and an equally wide range of trace elements that are also
indigenous to the host rocks. I base my understanding in this regard on my review of
actual environmental monitoring data for an abandoned uranium mining area on the
Navajo Nation in northwestern New Mexico, and on published technical literature.
Allow me to explain.
Over the past several years, the U.S. Environmental Protection Agency ("BP A")
in conjunction with various agencies of the Navajo Nation has carried out an extensive
environmental monitoring and assessment program at the King Tutt uranium mining area
near Shiprock, New Mexico. The results of that program were described in a June 1997
draft report, 4 which I have reviewed in detail and will refer to as "King Tutt Draft
Assessment." To my knowledge, the BPA's King Tutt Mesa project is one of the few

•

comprehensive environmental assessments of an abandoned uranium mining area
anywhere in Navajo country. The area is located in the extreme northwestern comer of
New Mexico along the Arizona state line in Township 29 North, Range 21 West. At least
17 different mines in the area produced uranium ore from the early 1940s through mid
1960s. King Tutt Draft Assessment, Table 2-1; included in Exhibit C attached hereto.
4

See, Draft Integrated Assessment, Navajo Uranium Mines - King Tutt Mesa Study
Area,, Red Valley Chapter, Navajo Nation, Oak Spring, New Mexico. U.S. Environmental
Protection Agency Region IX Superfund Division (San Francisco, Calif.), Site EPA ID Number
NND 986667434 (June 1997).
6

The assessment program involved the collection and analyses of hundreds of soil,
sediment, surface water, and ground water samples from throughout the area. Id., Tables
6-1 through 6-12. Indoor radon gas and gamma radiation measurements were taken in
and around homes in the mining area (id., Table 6-13), and gamma radiation surveys
were conducted at most of the individual mine sites (id., Tables 7-1 and 7-2; included in

Exhibit C attached hereto).

••

Since the analytical data from the sampling and monitoring program cover
hundreds of pages of the draft assessment document, I summarized the maximum levels
of various contaminants found in soils, sediments, surface water, groundwater and in
homes in Table One, which is included in Exhibit D attached hereto. Maximum levels
detected in the King Tutt Mesa area are given for radon, radium, uranium, thorium,
gamma radiation, arsenic, beryllium, manganese and vanadium, and are compared with
applicable federal environmental, drinking water, occupational and public-health
standards. The radioactive elements in the list (radon, radium, uranium, thorium, and low
LET ionizing radiation) are all expected from the uranium decay series, which is depicted
in Exhibit E attached to my testimony.
Maximum levels of most of the contaminants listed in Table One exceeded their
respective environmental standards or other thresholds in soils and sediments at the King
Tutt sites. Additionally, maximum gamma radiation level shown in Table One exceeded
the maximum background gamma level detected in aerial reconnaissance by more than 10

7
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times. Table 7-1 of the draft assessment report, which I have included in Exhibit C,
shows background gamma readings ranging from 12 to 33 microRoengtens per hour

("µRlhr") and gamma readings at locations within the mining sites ranging from 60 to
380 µRlhr.
Based on my review of these data, my professional opinion is that residual
environmental contamination at mine sites in the King Tutt Mesa area is extensive and
may pose a public health risk to surrounding residents.

Q.7.

Are the radiological and chemical characteristics of the King Tutt locations
comparable to those one can expect at the HRI sites?

A.7.

I believe that they would be. I base that conclusion on my review ofHRI's

"Report of Analysis" of ore from monitor well CR-3 at the Church Rock ISL site, which
appeared as Figure 6.6-2 in HRI's April 1988 Church Rock Environmental Report. I
have attached to my testimony a copy of that data as Exhibit F. The concentrations of
uranium, radium, vanadium, manganese, and arsenic in the HRI core sample all approach
or exceed the maximum concentrations of those contaminants detected in environmental
samples at the King Tutt sites. For example, the radium concentration of 610 picoCuries
per gram ("pCi/g") in the Church Rock core sample exceeds the maximum radium-in-soil
concentration detected at the King Tutt sites of 455 pCi/g. See Table One, included in

Exhibit D attached hereto.
Q.8.

Would it be reasonable to expect to observe the same mix of radiological and
chemical contaminants in environmental media at abandoned uranium
mining sites in the Church Rock area, if a similar level of environmental
8
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assessment were conducted?

A.8.

Yes it would be. From my inspection of documents attached to Dr. Benally' s

testimony, including her preliminary inventory of uranium mines, processing sites and
exploration sites, I observe a range of gamma radiation readings at the Church Rock-area
mines that are similar to those measured in the King Tutt area. I would also expect that to
find a similar range of trace metals at those sites. I agree with Dr. Benally, therefore, that
additional environmental assessment of the Church Rock-area mine sites is needed to
determine the extent ofradiological and trace element contamination of soils, sediments,
surface water and groundwater at those sites. I also agree with her conclusion that both
outdoor and indoor monitoring of ambient radon is needed to ascertain exposures and
resulting doses to residents who live in the northern portion of Church Rock Chapter.

Q.9.

Have you reviewed toxicological information on these contaminants to know
what their carcinogenic affects may be?

A.9.

Yes I have, and I have summarized that information in Table Two, which is

included in Exhibit D attached hereto. Table Two shows the cancers known or suspected
to be associated with each of the contaminants listed in Table One. The basis for the
information in Table Two, including the values for "Cancer Effect Levels" ("CELs"), is
my knowledge and study of the toxicological literature over the past the past five years.
CELs have been established as a result of studies of animals and humans exposed to the
toxins in laboratory studies and epidemiological studies.
For those contaminants for which a CEL has been calculated, it is included in
\

9

parentheses in the table under the column "Known or probable cancers" and is expressed
in a concentration of the contaminant per unit of tissue mass. The CEL is the minimum
exposure found to cause cancer.
Based in this summary of the minimum cancer effect levels for each of the listed
contaminants in Table Two, I conclude that the cancers most likely to be associated with
exposure to uranium ore contaminants are lung cancer, bone cancer, leukemia, cancer of
.

.

the mastoid air cells and nasal sinuses, and skin cancer. Stomach cancer and breast
cancer could be added to the. list if exposures to low LET5 radiation are substantial.
Q.10. Have you reviewed toxicological information on these contaminants to know
what their non-cancer affects may be?
A.10. Yes I have, and I have summarized those non-cancer effects in Table Three,

which is included in Exhibit D attached hereto. Table Three shows the non-cancer health
outcomes known to be associated with each of the contaminants present in elevated

•

amounts in the King Tutt Mesa sites. For each of those health outcomes, a Lowest
Observed Adverse Effect Level ("LOAEL") or a No Observed Adverse Effect Level
(''NOAEL") is listed. The LOAEL is the lowest dose of the element at which the health
effect of interest was observed. The NOAEL is the highest dose at which the health
effect was not observed.
5

"LET'.' stands for "linear energy transfer." Low LET radiation includes gamma
radiation and most beta radiation, both of which have tissue penetrating powers and therefore
develop low amounts of electrical energy to surrounding the tissues they pass through. By
comparison, high LET radiation delivers high amounts of electrical energy to surrounding tissue
because the radioactive particles (i.e., alpha particles) are large in atomic.
10

LOAELs and NOAELs are generally, but not always, reported in units of
milligrams of toxin taken in by the animal or human per kilogram body weight per day
("mg/kg/d"). In cases of inhalation exposure the ullits are usually milligrams toxin per
cubic meter in the air which is breathed ("mg/m3 ").
As with the CELs, these LOAELs and NOAELs are based on laboratory and
epidemiological studies in animals and humans. The summaries of health effects in
Tables Two and Three are based on my review of the 38 scientific sources listed in the
references included in Exhibit B attached to my testimony. These sources are primarily
review articles and may very well miss some less well-documented health outcomes .
associated with heavy metal or radiation sources present in uranium ore. In addition, my
review found virtually no scientific study of interactions between the various
contaminants. I believe it is reasonable to suspect that in cases where two or more
contaminants affect the same organ system alone, that they might have greater effects in

•

combination. For the purposes. of this testimony, however, I will assume no interaction
between toxins, which is a conservative assumption of health risk associated with
exposure.
Based on the LOAEL and NOAEL reported in Table Three, the non-cancer health
effects of greatest likelihood for someone exposed to uranium ore would be damage to
the kidneys, reproductive system (which would be manifested in birth defects), central
nervous system, lungs, skin, liver,. the cardiovascular system.

11

_,

Q.11. Given your analysis of the radiological and chemical characteristics of
uranium ores and uranium mine wastes, do you think that NRC's assessment
of impacts of the CUP was adequate?

A.11. It was not. Clearly, NRC's analysis of cumulative effects of the HRI project did
not address the impacts of trace metals in HRI's uranium ore or the trace elements that
are likely to be in wastes at the 13 mining sites within the Church Rock area in the
vicinity of the HRI site. I conclude, therefore, that the FEIS was deficient in its

1•

•

assessment of cumulative effects with respect to the impacts of existing and future mining
activities in the Church Rock area.

Q.12. Based on your review of the relevant literature and on the information you
have presented in Tables Two and Three, do you have an opinion with
respect to the toxicity of uranium and the adequacy of the NRC's proposed
uranium restoration standard for the CUP?
A.12. Yes I do. As can be seen in Table Two, uranium is a possible carcinogen for a
variety of cancers. However, uranium's documented health effects are associated more
with its chemical toxicity than its radioactivity, as shown in Table Three. This is
especially the case for uranium's well-documented adverse effects on the kidneys. The
uranium LOAEL for kidney damage in experimental animals is 1.1 mg/kg/d. EPA based
its 1991 proposed drinking water standard for uranium of0.02 mg/Lon a Reference Dose
("RID") of 0.003 mg-U/kg/d, which corresponds to a LOAEL of 2.8 mg/kg/d -

a

concentration that is more than twice the lowest level of effect observed in the animal
studies. This means that the EPA standard does not make the most protection

12

I

i.

assumptions possible.
Nonetheless, EPA's proposed drinking water standard of 0.02 mg/L was based on
observed health effects of uranium as a chemical toxicant. 6 It was not based on uranium's
radiological properties because uranium has a very low specific activity. This standard is
in contrast to NRC's proposed uranium restoration standard of 0.44 mg/L, which,
according to the testimony of Mr. McKenney, is based on NRC' s 10 CFR Part 20
Appendix B maximum concentration limits for radionuclides. Mr. McKenney
represented that the 0.44 mg/L standard is health-based because it is derived from the
NRC' s calculation of concentrations that equate to a maximum radiation dose of 100
millirems per year. His analysis is misleading, however, because NRC's maximum levels
for radioactive materials ignore the chemical toxicities of those materials. Since uranium
is primarily a chemical toxin, a standard as important as the groundwater restoration
standard for the CUP should be based on uranium's chemical toxicity, or at least a
)

combination of both.
In my opinion, therefore, the toxicology and epidemiology of uranium is

consistent with the EPA standard and inconsistent with proposed NRC restoration
standard. For that reason, I conclude that NRC's proposed 0.44 mg/L standard is not
protective of public health and should be at least one order of magnitude or lower to

6

I note here that the EPA finds that the 0.02 mg/L standard also restricts cancer risk
due to radioactivity to around one chance in ten thousand.
13

reflect a health-based approach. 7

Q.13. Does that conclude your testimony?
A.13. Yes.

7

I should note that even at a concentration of 0.044 mg/L, which as Dr. Abitz notes
is consistent with the BPA standard for groundwater cleanup at abandoned uranium mill tailings
sites, or of 0.02 mg/L, which is the proposed EPA drinking water standard, uranium levels in
restored groundwater would still be 10 to 20 times what they are in the Crownpoint water system,
as shown in Table 3.12 of the FEIS. (There, the uranium concentrations i_n four samples range from
0.001 mg/L to 0.007 mg/L, for an average of 0.0025 mg/L.)
14
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I declare on this
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Massachusetts, under of perjury that the foregoing is true and correct to the best of my
knowledge, and the opinions expressed herein are based on my best professional
judgment .
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Douglas M. Brugge
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Douglas M. Brugge, PhD, MS
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Current Title:

Assistant · Professor

Office Address:

Department of Family Medicine and Community Health
Tufts University School of Medicine
136 ·Harrison Ave.
Boston, MA 02111
Phone:
(617) 636-0326
Fax: (617) 636-7417
dbrugge@aol.com
E-mail:
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Education
1988 S.M. in Industrial Hygiene, Harvard School of Public Health, Department of
Environmental Science and Physiology.

1987 Ph.D. in Biology, November, Harvard University, Department of Cellular and
Developmental Biology.
1·
I

i:I
j.,,
I,

1982

B.A. cum laude, June, Washington University, double majo_r in Biology and Chemistry.

Employment ~ and Academic Appointments
1998-present
Assistant Professor, Department of Family Medicine and Community
Health, Tufts University School of Medicine.

1994 - 1998

Lecturer, Department of Family Medicine and Community Health,
University School of Medicine.

1988 - 1994

Labor Educator/Industrial Hygienist, Massachusetts Coalition for
Occupational Safety and Health.

1987

Lecturer, Roxbury Community College

I

'·

1983

1:
I
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:'
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& 1985

Teaching Fellow, Harvard University

Current
Memberships
American & Massachusetts Public Health Associations
International Society for Exposure Assessment
Massachusetts Environmental Justice · Network
Coalition to Protect Chinatown (Steering Committee)
Uranium Education Center (Advisory Board)
Childhood Cancer Research Institute (Board of Directors)
A wards and honors
Certificate of merit, Alternatives for Community and Environment, 1_997
Certificate of Appreciation, Boston Hispanic Sub-Parents Advisory Council, 1996
Graduate fellowship, Harvard School of Public Health, 1987-88
National Science Foundation graduate fellowship, 1982-87
Alternate, International Science Fair, 1978
Honorable mention, Westinghouse Science Talent Search, 1978

Tufts

Publications
Journal

Articles

Brugge, D. and E. Yazzie.
Applied Folklore).

Navajo cultural tradition and uranium mining. (invited by J.

Brugge, D., C-S. Shih, W. DeJong, J. Hyde, A. Wong, D. Pham and A. Tran. Knowledge, attitudes
and beliefs of Chinese and Vietnamese immigrants about environmental tobacco smoke (in
preparation).
Brugge, D., T. Benally, P. Harrison and E. Yazzie. Elucidation of potential pathways of
exposure to Navajos living near uranium mines and mills (in preparation).
Brugge, D.,E. Namova, J. Ashba and P. Hynes. Association of self reported health and
environmental indicators in residents of public housing (in preparation).
Brugge, D., A. Leong, A. Averbach and F. Cheung. A Cross-sectional survey of Boston
Chinatown residents for environmental health and safety (in preparation for J. Immigrant
Health).
Stevens, J., D. Brugge, J. Forrester. Development of a policy for community collaboration at
a medical school department (in preparation for Academic Medicine).
Brugge, D. and R. Goble. How can fair compensation be made for Native-American uranium
miners? (in preparation for Risk Analysis).
Hynes, P., D. Brugge, K. Sousa ~nd J. Lolly. A cross-sectional survey of conditions in a Boston
Public Housing development (in preparation for Journal of Community Health).

•

Hynes, P., D. Brugge, K. Sousa and J. Lolly. A practical assessment of conditions and needs in
a Boston Public Housing development (invited by Planning) .
Brugge, D., T. Benally, P. Harrison, M. Austin-Garrison, L. Fasthorse-Begay, E. Yazzie, C.
Stilwell, M. K. Bombay-Marshall, M. Elsner and H. Johnson. Use of oral histories and
photography to document Navajo experiences with uranium mining (submitted, J. Applied
Folklore).
Barbeau, E., W. DeJong, D. Brugge and W. Rand. Does cigarette advertising adhere to the
tobacco industry's voluntary advertising and promotion code?
An assessment (in press,
Journal of Public Health Policy).
Brugge, D., A. Leong aIJ,d Z. Lai. 1999. Can a community inject public health values into
transportation questions? Public Health Reports. 114:40-47.
Brugge, D. 1998. Radium poisoning in the 1920's: Has very much changed? A review of
Radium Girls: Women and Industrial Health Reform, 1910-1935. New Solutions. 8(3): 405408.
Brugge, D. and T. Benally. Spring, 1998. Navajo Indian voices and faces testify to the legacy
of uranium mining. Cultural Survival Quarterly: World Report on the Rights of Indigenous
Peoples and Ethnic Minorities, 22(1): 16-19.

Brugge, D., D. Toomey and J. Piechek. Winter, 1997.
and organizing efforts. New Solutions.- 7:78-90.

Indoor air quality in schools:

The crisis

Brugge, D. Winter, 1995. Market share legislation: Holding the lead pigment companies
accountable for their role in lead poisoning. New Solutions, 5: 74-80.
Brugge, D. 1995. Pulling Up the Ladder: The Anti-Immigrant Backlash, The Public Eye: A
Publication of Political Research Associates. 9, No. 2: 1-10.
Brugge, D. Winter, 1994. Many voices on the job:
of immigrant workers. New Solutions. 4:5-9.

The cultural rights and health and safety

Broda, H., D. Brugge, K. Homma and J. W. Hastings. 1986. Circadian communication between
unicells? Effects on period by cell-conditioning of medium. Cell Biophysics. 8: 47-67.

•

Monographs

Brugge, D. 1998 Tritium, an overview. Nuclear Risk Management for Native Communities,
Childhood Cancer Research Institute/Center for Environment, Technology, Education and
Development, Clark University, Worcester, MA (in press).
Brugge, D. and E. Frohmberg. 1998 Nitrates: Exposure pathways and health effects. Nuclear
Risk Management for Native Communities, Childhood Cancer Research Institute/Center for
Environment, Technology, Education and Development, Clark University, Worcester, MA
(unpublished manuscript).
Handy, D. and D. Brugge. 1998. An overview and assessment of the Sequoyah Fuels
Nuclear Risk Management for Native
decommissioning plan with recommendations.
Communities, Childhood Cancer Research Institute/Center for Environment, Technology,
Education and Development, Clark University, Worcester, MA.
Brugge, D., A Leong and K. Papa. 1998. An Analysis of the Impact of Traffic on Air Pollution
and Safety in Boston Chinatown. Coalition to Protect Chinatown, Boston, MA.
Brugge, D." 1997. Radium: Exposure Pathways and Health Effects.. Nuclear Risk Management
for Native Communities, Childhood Cancer Research Institute/Center for Environment,
Technology, Education and Development, Clark University, Worcester, MA.
Brugge, D., T. Benally, P. Harrison, M. Austin-Garrison and L. Fasthorse-Begay. 1997.
Memories Come to Us in the Rain and. the Wind: Oral Histories and Photographs of Navajo
Uranium Miners and Their Families. Tufts School of Medicine, Boston, MA.
Brugge, D. 1997. Ura.nium: Exposure Pathways and Health Effects. Nuclear Risk
Management for Native Communities, Childhood Cancer Research Institute/Center for
Environment, Technology, Education and Development, Clark University, Worcester, MA.
Brugge, D. 1987. Studies on the Binding of Extracellular Glyco-proteins of a Fungal
Pathogen to the Membranes of its host Plant, Glycine Max (L. Merr). Ph.D. Thesis, Harvard
University, Cambridge, MA.
·
Curricula

Brugge, D., Editor, C. Slatin, and K. Durand, Assistant Editors. 1994. Hazardous Waste Site
Workers' Basic Health and Safety Course, Second Edition, The New England Consortium,
University of Massachusetts, Lowell, MA.
Brugge, D. 1991. Health and Safety Manual for Lead Abatement Workers, Chapters 1, 2, 3,
and 4. United Brotherhood of Carpenters, Washington, DC.
Brugge, D. 1990. Health and Safety Manual for Vocational Education Instructors.
Massachusetts Department of Education, Quincy, MA.

Chapters in Books
Brugge, D., T. Benally, P. Harrison, M. Austin-Garrison, L. Fasthorse-Begay, C. "Stilwell, M. K.
Bomboy-Marshall, M. Elsner and H. Johnson. The Navajo uranium miner oral history and
photography project (in press, Navajo Nation Historic Preservation Department) .

•

Lee, S. and D. Brugge. 1996. Grassroots Multiracial Organizing for Parent Empowerment in
Education, In: Education Reform and Social Change: Multicultural Voices, Struggles and
Visions. Walsh, C., ed. Lawrence Erlbaum Associations, Publishers, Mahway, .NJ: 94-98.
Brugge, D. 1995. Pulling Up the Ladder: The Anti-Immigrant Backlash. In: Eyes Right!
Challenging the Right Wing Backlash. Berlet, C., ed. South End Press, Boston, MA: 191-209.
Brugge, D. 1989. Ecological Interactions.
Technology: 109-110.

Recent Conference

In:

McGraw-Hill Yearbook of Science and

Abstracts

Brugge, D., A. Leong and FM Cheung. November, 1998. A community-based study of the
impact of traffic and development on health and safety in Boston Chinatown.
American
Public Health Association Conference (accepted).
Hynes, P., D. Brugge, D. Mahoney, J. Watts, J. Lolly and R. Lopez. November, 1998. Public
health in public housing: An evaluation and analysis of the indoor environment with
community participation.
American Public Health Association Conference.
Brugge, D., T. Benally, P. Harrison, E. Yazzie, M. Austin-Garrison and L. Fasthorse-Begay.
August, 1998. Use of oral histories to examine historical and contemporary exposures of
Navajos to byproducts of uranium mmmg.
International Society of Environmental
Epidemiology/International Society of Exposure Assessment Joint Conference, Boston, MA.
Brugge, D., A. Leong and FM Cheung. August, 1998. Traffic and development in Boston
Chinatown: An analysis . of police accident report data and a cross sectional survey of
residents.
International Society of Environmental Epidemiology/International Society of
Exposure Assessment Joint Conference, Boston, MA.
Hynes, P., D. Brugge, D. Mahoney, J. Watts, J. Lolly and R. Lopez. August, 1998. Public health
in public housing: An evaluation and analysis of the indoor environment with community
participation.
International Society of Environmental Epidemiology/International Society
of Exposure Assessment Joint Conference, Boston, MA.
Brugge, D. and J. Hyde. November, 1997. Lessons in exploring approaches to partnerships
between communities and environmental health researchers.
American Public Health
Association Conference, Indianapolis, IN.

Brugge, D., T. Benally, P. Harrison, M. Austin-Garrison and .L. Fasthorse-Begay. November,
1997. Oral histories provide insights into historical and contemporary exposures of Navajo
American Public Health Association Conference,
Indians to byproducts of uranium mining.
Indianapolis, IN.
Selected Popular Articles and Interviews

Profile and article by B. Morgan. Winter, 1998.
Medicine. 58 (1): inside cover and 28-35.
Brugge, D.

March 13, 1998.

Adrift in the Rain and t.he Wind.

Smoking and compromize.

Tufts

Boston Phoenix: 5.

Interview by Cider, M. February, 1998. Local author [Brugge] describes the horrors of
radiation. Somerville Community News: 5.
Brugge, D. Fall, 1997. Reform the Radiation Exposure Act. Navajo Uranium Worker Oral
History and Photography Newsletter. 6.
Brugge, D.

January 28, 1995.

Apology is Due.

Gallup Independent: 4.

Brugge, D. and the Chinese Progressive Association Workers' Center.
Protecting your right to a safe and hea_lthy job. Sampan: 8.

August 19, 1994.

Brugge, D. September 6, 1992 .. · In lead-paint dispute, industry largely untouched.
the editor. The Boston Globe: A26.

•

Letter to

Brugge, D. April 15, 1991. Hazardous jobs no longer off-limits to women: Supreme Court
ruling fixes part of the imbalanc~. Unity: 1-4.
Brugge, D. August 31, 1990.
MTA Today: 4.

Major

Projects

and

English only discriminates:

Research

Tolerance, respect provide unity.

Areas

Conducted (with Jim Hyde) an evaluation of the policies and practices of Massachusetts
HMOs with respect to prevention of asthma (1998-9)
Conducted (with -Andrew Leong) the first cross sectional survey of environmental health
concerns of Boston Chinatown residents for the Coalition to Protect Chinatown (1997-9).
Included
Directed the Navajo Uranium Miner Oral History and Photography Project.
collection of oral interviews, taking photographs, designing and self-publishing
monograph ("Memories Come to Us in the Rain and the Wind: Oral Histories and
Photographs of Navajo Uranium Miners and Their Families"), assembling exhibit,
dissemination of monograph, national tour of the exhibit, publishing a project newsletter
and presenting lectures (1997-9).
Directed a study of attitudes, knowledge and beliefs of recent Asian immigrants about
environmental tobacco smoke that utilized focus group methodology (1997-9).

.--~.

Conducted .(with Pat Hynes) a cross sectional, community part1c1patory survey of tenants of
West Broadway public housing in South Boston for indoor environment and safety
problems.
Tlie project is being extended to other public housing developments in Boston
and has generated a follow-up program at the local community health center (1996-9).
Directed an educational project for parents about the indoor environment and schools that
included presenting workshops and conferences, writing fact sheets, interpretation of
technical documents and conducting visual inspections of school buildings ( 1996-8).
Directed a study of traffic impacts in Boston Chinatown using Boston . Police Department
traffic accident data and video tapes of intersections for the Coalition to protect Chinatown.
Included writing the proposal, directing the research of graduate students, and integrating
community recommendations.
Data analysis included GIS mapping (1996-8!.
Preparation of toxicological
sessions on radiological and
communities adjacent to the
Childhood Cancer Research
Communities (1996-8).

profiles, fact sheets and curricula and presentation of training
chemical hazards at Laguna Pueblo in New Mexico and in
Sequoyah Fuels uranium processing plant in Oklahoma for the
Institute's project Nuclear Risk Management for Native

Directed an educational project for school administrators and business agents about indoor
environmental problems in school buildings 0?95-6).
Community

&

University

Service

and

Technical

Consultation

Data analysis and interpretation of a survey of teachers for indoor environmental problems
at Kennett High School in New Hampshire (1998).
Co-developed a policy on community collaborations for the Department of Family Medicine
and Community Health, Tufts School of Medicine (1998) .

•

Developed and implemented an - initiative to expand the diversity of teaching and research
faculty for the Department of Family Medicine and Community Health, Tufts School of
Medicine (1997-8).
Community representative,
Inc. (1996-8).

Institutional

Biosafety

Committee,

Millennium Pharmaceuticals

Technical advisor to the Uranium Education Center, Dine College, Shiprock, NM (1997-8).
Consulted for Xavier University and a consortium of 10 Native American Tribes on
developing a video documentary on the environmental impacts of US Department of Energy
programs of Indian Tribes (1997-8).
Served as technical counsel for parents of the Agassiz School in Jamaica Plain, Boston. Did
walk throughs of the building, conducted health surveys, prepared reports, reviewed
consultant reports, wrote scopes of work, attended the school's indoor air quality committee,
and made public presentations.
Pro bono assignment through the Massachusetts
Environmental Justice Network (1995-8).
Provided technical assistance to parents and administration of the Peabody High School
with respect to indoor air quality problems (1996 and 1998).

Member, twentieth anniversary banquet committee, Chinese Progressive Association
(1997).
Data analysis (with Aviva Must) of an environmental health survey of Navajo Indians
living near coal strip mines on Black Mesa in Arizona, for the Dineh Alliance, Window
Rock, Arizona (1997).
Technical guidance for ·the Boston Chinatown Central Artery/Tunnel Task Force on impacts
of ·traffic and construction related to the construction of the new central artery (1996-7).
Development of a proposal to do a comparative study of two products that test free chlorine
concentrations in swimming pools for Environment Testing Systems, Inc. (1996-7).
Evaluation of a hazardous waste site basic health and safety worker training program for
the United Brotherhood of Carpenters (1996).
Technical expert for production of an interactive worker trammg CD ROM video on
personal protective equipment for Interactive Media Communications, Inc. (1995).
Inspection and report for general health and safety for the Teamsters Union at a metals
shop in Woburn, Massachusetts. Included a plan for prioritizing hazards to be addressed by
joint labor-management committee (1994).
Member, Massachusetts Attorney General's Committee on Residential Lead Paint Removal as
a labor/workplace expert (1993-4).
Machine guarding inspection and . report at a corrugate factory in South Boston following a
serious machine related injury at the request of the Teamsters Union and management
(1993).

•

Survey of teachers for symptoms of indoor air problems in six buildings of Dracut Public
Schools with analysis of the results for the Dracut Teachers Association (1993).
Inspection and report for general health and safety in the Ames Envelope factory in
Somerville, Massachusetts.
Particular attention to issues of largely Latino immigrant workforce (1992).
Multiple inspections and reports for radiation, chemical and biological exposures in
hospital trash room and pharmacy of Boston City Hospital at the request of the American
Federation of State, County and Municipal Employees (1988-92).
Inspection, report and consultation on indoor air quality in a machine shop at Boston
University at the request of the Union, UAW District 65 (1990-1).
Complete inspection and measurement of airborne exposure to metals and silica in the
Komtek foundry in Worcester at the request of both management and the Steel Workers
Union (1990).
Inspection for indoor air quality in two homeless shelters in Boston (1990 & 1993).
Teaching

Assistant course director, Patient, Doctor, Society, a class for first year medical students,
Tufts School of Medicine Co-facilitated of a discussion sections in 1995-6, 1997-8 and 1998-9.

'•

I

::

",.

!

:·

,•

i

:·

!
i'.
i:

i
il
,.

i,.
I

,.

I

!:

Developed and presented a lecture on occupational and environmental · health.
lecture on ·cultural issues and medicine (1997-9).

Developed a

Coordinator, rotations for 3rd and 4th year medical students of rotations with the Indian
Health Service ( 1997-9).
Co-directed a field placement for 3rd and 4th year MD/MPH students at the Boston Public
Health Commission, Office of Environmental Health (1997-8).
Co-directed a field placement for 3rd and 4th year MD/MPH students for an asthma program
at the Josiah Quincy Elementary School (1997-8).
Director of a course for third and fourth year medical students on "Occupational and
Environmental Health: Issues in Preventive Medicine" at Tufts School of Medicine (1995
and 1997).
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Co-director (with Elizabeth Barbeau) of a course for third and forth year medical students
on "Socio-Political Forces in Occupational Health and Safety" at Tufts School of Medicine
(1996).
Facilitator for problem based learning seminars for first year medical students, Tufts School
of Medicine (1994 and 1996).
Developed and taught a course on basic industrial hygiene for Jobs for Youth, an inner-city
job training program at the Franklin Institute in Boston (1995).
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Developed and taught professional development course on participatory worker education
methods at the American Industrial Hygiene Conference and Exposition (1994 & 1995).
Lead trainer for the hazardous waste site (OSHA 40 hours) and emergency responder (OSHA
operations level) courses for the New England Consortium and the United Brotherhood of
Carpenters (1988-94).
Trainer for a hazardous materials awareness course for George Meany Center for Labor
Studies (railroad workers), .Service Employees International Union (DPW Workers), New
Hampshire Safety Council and for EMS Personnel (19910.
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Industrial hygienist for an asbestos abatement health and safety course for the Sheet Metal
Workers joint union-contractor training fund (1988-90).
Instructor, freshman biology course in cellular and biochemical biology, Roxbury
Community College (1987).
Instructor, freshman biology course in organismal biology, Roxbury Community College
(1987).
Teaching fellow, freshman biology, Harvard University (1983 and 1985).
Teaching fellow, cellular biology, Harvard University (1983 and 1985).
Selected

Public

Presentations .

Presentations on results of a survey of environmental conditions and health in Boston
Public Housing to the US EPA Region One Workgroup on IAQ, the BUSPH Department of
Environmental ·Health and the HSPH Department of Environmental Health (1998).
Spoke on a panel on research ethics in the Navajo Nation at ·the Navajo Studies Conference
(1998).

j1

Presented lectures on the Navajo experience with uranium mining at the Colloquium on
Qualitative Research in Health at Harvard Medical School, at Utah State University, Logan,
UT (with Kathleen Tsosie-Blackie), at Dine' College in Tsaile, AZ (eight lectures), and to a
forum held by the Fletcher School at Tufts University (1998).
Presentations about indoor air quality in schools to parents in Montpilleir and Derby Line
Vermont (1998).
Testimony before the Marlboro Board of Health and the Barnstable Board of Health about
ventilation and ETS in restaurants (1998).
Presented· a workshop on the nature of radiation and chemical hazards to health for
community groups in Amarrilo, TX (1998).
Departmental seminar at Tufts School of Medicine· on the impact of traffic on safety in
Boston Chinatown, presented jointly with Andrew Leong (1998).
Presented the oral history method used in the Navajo uranium miner oral history and
photography project to a consortium of Indian Tribes in Richmond, WA (1998) .
..

Lead a community workshop on the process . of decommissioning the uranium hexaflouride
plant in Gore, OK (1998).

•

Guest lecture on indoor air quality for two classes on the urban environment (taught by
Pat Hynes) at the Boston University School of Public Health (twice in 1997 and once in
1998).
Guest host· for a course on occupational and environmental health (taught by Barry Levy)
(1996, 1997 and 1998).
Guest lecture on Navajo uranium miners to a course in the History Department, Tufts College
(1997).
Guest lectures on Navajo uranium miners, science course, University of Massachusetts at
Boston (1996 and 1997).
Guest expert on indoor air quality for a broadcast of Neighborhood Network News, Boston
Cable TV (1996).
Organized and hosted Indoor Air Quality in Schools:
of Medicine and US EPA, Region One (1996).

A Conference for Parents, Tufts School

Presentation (with Timothy Benally) on the Navajo uranium miner oral history project as
an example of participatory, ·community based research to the "Meeting Community Needs
Conference," Clark University (1996).

Slide show of photos of Navajo uranium miners, to the photography collective of Community
Change (1996).
Invited testimony, Commission· on Risk Assessment and Risk Management, Environmental
Protection Agency, Region One (1996).
Presentation (with Andrew Leong) on the impact of traffic on air quality in Boston
Chinatown to the "Making the Connection: Urban Air Toxics and Public Health" Conference
of NESCAUM (1996).
Lectures (with Jim Hyde and Elizabeth Barbeau) on options for controlling environmental
tobacco smoke for the Connecticut Department of Public Health and the Massachusetts
Department of Mental Retardation (1996). .
Lecture on Navajo Indians and uranium mining presented as a multimedia presentation,
departmental seminar, Tufts School of Medicine (1996).
Workshops on indoor air quality in schools for the Massachusetts Association of School
Superintendents, the New Hampshire Association of School Administrators and the Rhode
Island Association of School Administrators (1996).
Workshop on indoor air quality in schools for a conference of the New England School
Development Council (1995).
Lecture on aerosols for a course teaching industrial hygiene to non industrial hygienists,
Harvard Educational Resource Center · (1995).
"

Lecture on non ionizing radiation for a graduate class in physical agents (taught by Rafael
Moore) at the Work Environment Dep-artment, University of Massachusetts at Lowell (1995).
Lecture on Navajo Indian uranium miners for public health survey course (taught by Mark
Boyer), Tufts School of Medicine (1995).
Workshop on adult education methods for the New England Lead Coordinating Committee
Conference· (1994).
Speech on occupational exposure to lead paint at an Environmental Diversity Forum
Conference (1993).
Testimony on the impact of building a_ garage on Parcel C in Boston Chinatown on P?llution
and noise, Massachusetts Environmental Protection Act hearing (1993).
Chemical safety training for mostly non-English speaking workers at HLA Laundry in
Dorchester, Massachusetts following an occupational death (1993).
Testimony on the evidence for health effects of extremely low frequency EMF at a hearing
of the Massachusetts State Legislature. ·
Presentation on occupational health for the Center for Law and Education, Vocational
Education Project, national conference, Cambridge, MA (1992 and 1993).
Train-the-trainer workshops for joint labor-management safety committee at Pneumatic
Scale factory in Quincy, MA. Committee was trained to provide training for the rest of the
work-force (1992).

Panel member -for workshop on the ha.zards of working with computers, New England
Conference on Computers and Social Change (1991).
Workshops on cancer, vehicle maintenance, and air quality _for City of Boston joint labormanagement committees (1991).
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TABLE 2-1
LIST OF MINING CLAIMS IN THE STIJDY AREA

1.-.-.>;
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•
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Tons Ore

Pounds
U30s

Pounds
V205

93

331

4,473

Tent Claim

1,198

5,303

54,156

KingTutt#l

290

1,060

8,257

18
294.

38
1,900.

153
15,222.

107

358

4,122

CLAIM
Salt Canyon Mines

I.
~~

"
!

Junction Claim
King Tutt Point
(VCA#2)

j,

\'

!'i

\'

,,
1./·'""
i'

"!'

:e
:'

;:
I
I

I

Estimated
Volume of
Mining Debris Years ofProduction/Operators
1950 - Cato Sells
1953 - Shorty & Tutt
1954 - H. Begat
1955 -Kennedy & McGee
1955 - Texas Mining Co.
. 712.2 yd3
1956-57 - E. Tapahonso
1963 -H. Bryant
1951, 53 - Shorty & Tutt
623.4yd3
1956 - Sylvania Mining Co.
1958 - C. Pickens
80.6 yd3 " 1953 - W. Duncan
1942, 1948-50 - VCA
293.4 yd3
. 1950 - J. Joe, R. Marshall, L
Pettigrew
1951 - C. Thomas
1953, 1956 - VCA
671.4 yd3 .. 1949-VCA
1950-51 - E. Tapahanso
1961-62 -Davis Mining Co.
2,058 yd3

Salt Rock Aggregate
(VCA #6, Upper &
Lower Salt Rock
Claims)
Alango Claim
(Canyon View )
Begay#!

27

76

76

38.9 yd3

3,921

16,491

127,499

10,500 yd3

Begay#2

4,515

18,450

190,638

800yd3

Begay Incline
Carrizo #1
Red Wash Point
(VCA#l)

·655
828
300.

3,475
3,426
2,206.

38,215
21,917
17,786.

544.5 yd3
952 yd3
1,222.3 yd3

8,28~.

47,428.

559,600.

4,600 yd3

NA•

NA•

NA•

1,481.6 yd3

VCA #3 (Sunnyside,
Lookout Point,
Lookout Point Incline,
Shadyside, Shadyside
2, Shadyside Incline,
& Nelson Point)

\.

I

'

Williams Point
(VCA #4)

1956 - E.J. Alango
1953-54 - W. Duncan. Jr.
1966-67 - VCA .
1962 - Davis Mining Co.
1963-64 - H. Davis
1965-66 - Fritz-Ericson Co.
1967-VCA
1955-56 - Texas Mining Co.
1956-58 - Spafford & Sons
'1942, 1948-50 - VCA
1951-52 - s. Harvey
1952 - H. Russell
1942-43, 1948-50 - VCA
1950-58, 1961 - P. Shorty
· 1950-54 - Billy, Peterson,
Shorty, Russell, Tutt, Tanner
1951, 1953-56, 1959 - VCA
1960-61- W. George
1964-67 - VCA
1949-VCA

1·
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TABLE 2-1 (cont.)

LIST OF MINING CLAIMS IN THE STUDY AREA

")
~

Tons Ore

VCA#7

3,870.

21,014.

171,268.

Syracuse

See

footnote

1

7,091'

32,678

344,820

CLAIM

Oak Springs (Gravel
Top & VCA #10)

I

Estimated
Volume of
Mining Debris Years ofProduction/Operators

Pounds
U30s

3,454 yd3

'
NA

1943-44, 1948-50 - VCA
1950 - E. Tapahanso
1950-52 - H. Begay
1951 -T. Jones, Jr.
1954-57, 1961-64 - VCA
·1955-59 - Kennedy & McGee
1960 - C.H. Corey, Jr.
1961 - W. George
1942-1943, Wade, Curran, &
Co.
1949- 50, 1954-59 - Cato Sells
1955-57 - VCA
1957-58 -Tanner & Thomas
1962, 1966 - W.D. Tripp

• Early production (1942-1948) shipped as East Reservation Lease. Therefore, actual numbers arc higher.
Table adapted from New Mexico Bureau of Mines and Mineral Resources, Open-file Report No. 193,
.
Table 1, Chenoweth, March 1984.
(1) From July 1942 to August 1943, 966 tons of ore, averaging 4.37 percent V205 were shipped from the Syracuse and
Sunnyside Mines (Sunnyside is in the western Carrizos).
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TABLE 7-1
COMPARiSON OF HAND-HELD LUDLID.1 READINGS AT SELECTED DEBRIS PILE
AREAS TO AERIAL GAMMA SURVEY, :MEASUREMENTS
Ludlum
Measurement
Location(a)

Ludlum
Measurement
· ldenti!J.cation
LR-3

LR-4
LR-5

Vicinity Aerial Survey
Contour
(µR/hr)

170
220
140

22
14/12
14

Gravel Top Claim
(SS-3)
(SS-4)
(SS-5)
Loading~

•

Ludlum Reading
(µF./hr)

c··

(~~~. ~ ~:·~

Gravel Top

LR-8

Claim
(SS-8)

380

LR-9
LR-10

Northern VCA Claim# 7
(SS-9)
(SS-10)

120
100

12
12

LR-11
LR-12
LR-13.

Southeastern VCA
Claim# 7
(SS-11)
(SS-12)
(SS-13)

325
280
130 .

17
27
33

LR-15

Salt Canyon Claim
(SS-15)

..

12

~-

··.·
...__

130

14/12

(SS-:-19)

290
60
250

17
22
22

LR-19

Southern VCA Claim # 3
(SS-20)

-120

14

LR-20

King Tutt Mesa Claim
(SS-21)

250

22

LR-21
LR-22

Begay Claim # l
(SS-22)
(SS-23)

180
180

14
14

LR-25
LR-26

Canyon View Claim
(SS-26)
(SS-27)

175
120

14
14

LR-16
LR-17
LR-18

Northern VCA Claim# 3
(SS-17),
(SS-~8)

. (a) Sample identification numbers in parentheses are those !Jf debris pile samples collected for
chemical analysis.
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TABLE 7-2

.

,,

GROUND-BASED GAMMA RADIATION READINGS ATVARIOUS
DISTANCES FROM DEBRIS PILES

;:

i'
j,

I
q,
:;
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-_ -- --------1,~iJJ' ·011c:--: -- --_ - --, Ilasis for Including Uraniu111
Contaminant

Radon
Radium·

(all isotopes)

- : ---

--·---:-::-·-- -

. -

:·. _-7---- -- --

Contaminants in ti
EPA threshold (media)

Applicable Standards
4 pCi/L (in homes)
20 pCi/1112/scc over
background (uranium sites)
(US NRG)
5 pCi/g (scdimenland soil) 5 pCi/L (waler)
(US

- --

_-

eal th Analysis

Other threshhold
(source)
4.0 WLM/yr (OSHNMSHA)
1 WLM/yr (NIOSH)

2.7 pCi/L (WHO)

NRG)

0.03 mg/L (prop. MCL for
water)

Uranium

(all isotopes)

0.05 mgm3 (OSHA)
I 5 pCi/L (AZ)
1.5 ug/1113 (AZ)
5 mg/L (NM)

15 pCi/L total alpha
'I110rium
(all isotopes)
Low LET ionizing
0.1 rem/yr above
. 5 rem/yr (EPA, occup.)
background
25 mrem/yr (EPA, nuclear
radiation ( i . e .
(US NRG)
power)
Gamma radiriti_onl
2.2 mg/Kg (sediment and
0.05 mg/L (MCL for waler) 0.01 mg/1113 (OSHA)
Arsenic
soil)
(US EPA)
l3eryllium ·

0.14 mg/Kg (sediment and
soil)

Manganese

0.05 mg/L (MCL for waler)
380 mg/Kg (sediment and
soil)
(US EPA)
540 mg/Kg (sediment and
(US EPA)
soil)

0.002 mg/m3 (OSHA)
0.0005 mg/m3 (NIOSI-I)

(US EPA)

Vanadium

1 mg/L (WI-IO)
0.1 mg/rn3 (OSHA)
0.001 mg/1113 (WHO)
0.1 mg/m3 (OSHA)

Maximum levels measured,
King Tutt Mines (media)
1.5 pCi/L (home)
Levels above mine sites not
measured
2.9 pCi/L (Surface and gromid
water)
40 pCi/g (sediment)
455 pCi/~ (soil)
35 pCi/L (surface water)
18 pCi/g (sediment)
827 pCi/g (soil)

low in waler/sediment
390 pCi/g (soil)
380 uR/hr (handheld)
33 uR/hr (aria! survey)
low in water
6.6 mg/Kg (sediment)
118 mg/Kg (soil)
low in water
0.28 mg/Kg (sediment)
7.9 mg/Kg (soil)
low in water
402 mg/Kg (sediment)
341 mg/Kg (soil)
low in water/sediment
5, 100 mg/Kg (soil)

Revised-D.

Brug~e

Feb. 1999

- ---

1,~ll

T\l'O:
Cancer 1-Iazards fro111 Contan1
noted (o=oral, i = inhalation; a
Contaminant

Radon
Radium

EPA Reference
Dose

.

- ----· -·--

- - -- --- ---- --·- --- -·

-

- - --- - -----·

--

ts [Cancer Effect
aniinal)]

Known or probable Cancers

Lung (1.5 pCi/L)
.
Bone (1 uCi/Kg)
nasaI·sinuses and mastoid air cells
leukemia

Uranium

Thorium

·-

(Liver, leukemia, bone??) l

Low LET radiation
(gamma and beta)

0.1 rem/yr above
background

Acute leukemia
Chronic myelogenous leukemia
Stomach
Lung
I3reast

Arsenic

0.0004 mg/kg/d

Lung (0.02 o; 0.01 mg/m3 1)
skin (0.009 o)

-

- -

--·---

-~

- - - - ::-

----:::·- - ---- - - . ··--

-- - --::'"---. :----:-:-:- -- -:- -

-:·-- =-----:-__ -- --- - --:·-

el (CEI..1) in 1ng/kg/d unless
Possible Cancers

.
Eye
Breast
Liver
Kidney
Nervous system
Lung (5.1 mg/m3 i (a))
bone
stomach
brain
skin
Pancreas
Lymph
Hematopoitic system
Lung
Thyroid
Bladder
Brain and CNS
Skin
Oesophagus
Colon
Liver
Bone
liver (0.03 o)
bladder (0.02 6)
kidney

Lung (0.006 i)
Beryllium
0.005 mg/kg/d
Manganese .
0.005 mg/kg/d
Vanadium
0.009 mg/kg/d
I Cancers caused by injection of "thorotrast" a coloidal suspension of thorium that is likely to differ substancially from exposure to thorium via
inhalation or ingestion of non-coloidal thorium.

- ---------. -·--·- ----------- -·

--·- -

·--

-------·-- --------·-·
- - -------·-- - -

---- -·--·

Ta· ~ Three:
Non-cancer Hazards fron1 Co1
Contaminant and
MRL, Minimal
Risk Level
(mg/kg/d)

Systems affected

Radon

Lungs

Radium

Bone
Blood
Eyes
Liver
Immune sys
Kidneys

Uranium

Skin
Whole body
Blood
Lungs

Gamma radiation

.

.

- --------- ---

-----~

-·

---- -·-- --· --·

--

-----

inants

Type of effect/symptoms

-

Fetus

Thorium

·- -

Fibrosis
Metaplasia
Bone degeneration
Anemia
Cateracts

.

??
Altered function
Iner. plasma proteins
Protienurea, incr. brsulf. ret.
Developmental defects: cleft palate, kidney,
embryolethality
Skin irritation
Weight loss
Anemia
incr. hemocrit, hemogl, erythro.
Fibrosis

Liver

Congestion, incr bl. glcs,"enzymes
Focal necrosis

Reproductive
Nervous sys
Lungs

Reduced spem1 count
Tremor, other effects
Chirrosis

Blood

Decreased and abnomrnl RBC

Liver
Fetus
Poisoning

Elevated enzyme levels
Birth defects

LOAEL/NOAEL
(mg/kg/day)
Oral unless noted
(h) = in humans
(a) = in animals
LOAEL = 550,000 pCi/L
LOAEL = 420,000 pCi/L
NA (very high doses)
NA (high doses)
NA
NA
NA
LOAEL = 1.1 (a)
0.13 mg/m3 (inh) (a)
LOAEL=3 (a)
LOAEL = 47 (a)
LOAEL = 23 (a)
LOAEL = 33 (a)
LOAEL=9 (a)
LOAEL = 5.1 mgtm3 (inh) (a)
LOAEL = 4.5 (a)
LOAEL = 0.4 mg/m3 (inh) (a)
LOAEL= 11.2
LOAEL= 11
NOAEL = 5 mg/m3 (inh) (a)
NOAEL = 0.9 mg/m3 (inh) (a)
NOAEL = 5 mg/m3 (inh) (a)
Low doses
High doses

.
-

---

-

-

-- ---·- - - -----

-

--

-

---

Arse
(MR.L=
0.0003 mg/kg/d)

---·--

----· -----

----- -

CNSIPNS

Vanadmm

- ---. - -- ----

- --- --- ---

- - ---

- ---- ---------- ----

1d periferal nerv
to the center
sory change.,, ••.1gling, numbne
, muscle weakness)

----

---- --

- -- -- -·---·
- - ----

-- - --

·-

NOAEL = 0.01 (h)
LOAEL = 0.01 (h)
LOAEL = 0.05 (h)
LOAEL = 0.014 (h)

Blood
Skin
Fetus
Genetic
GI

Low birth weight/neural tube defects
Chromosomal abenhations
Nausea, vomiting, diarrhea, abdominal pain

Respiratory
Lungs

Irritation
Acute chemical pneumonitis and chronic
granulomous disease (Berylliosis)

LOAEL = 0.05 (h)
LOAEL = 0.01 (h)
NOAEL = 0.0008 (h)
LOAEL = 23 (a)
LOAEL=4(a)
LOAEL = 0.02 (h)
NOAEL = 0.01 (h)
LOAEL=8 (h)
LOAEL aprox. = 0.00 I mg/m3
(inh) (h)

Skin

Contact dermatitis; hypersensitivity can develop

0.019 mg

Immune system
Kidne
Lungs

Increased T-cell activity
Glucosurea
''Manganese pneumonitis''.

LOAEL = 0.0012 mg/m3 (inh)
LOAEL = 0.7 (a)
LOAEL = 0.97 mg/m3 (inh) (h)

CNS

Neuropsychiatric disorder (irritability,
Decreased reaction time
Can lead to a Parkinson-like syndrome.

LOAEL=0.06
NOAEL = 0.005

Reproductive
Liver
Lungs
Skin
Eye
GI
Enzyme activity

Decreased male fertility
Cirrhosis.
I3ronchial irritation.
Irritation.
Irritation
Distress???
Inhibits Na/K ATPase, Ca/Mg ATPase,
and other such enzymes
Cardiac palpitation
Tremor, CNS depression, (manic depression?)
Hemorrhagic foci, vascular infiltration
Various develo mental defects

LOAEL = 0.97 mg/m3 (inh) (h)
LOAEL=0.14m m3 (inh) (h)
LOAEL = 0.06 mg/m3 (inh) (h)
?
?
?
?

Vascular sys

Manganese

----

Causes liver damage (jaundice)
Altered myocardial depolarization
Cardiac anhythmias
Periferal vascular disease
(Raynaud's and Blackfoot diseases)
Thickening, occlusion of blood vessels
Anemia and leukopenia
Hyperpigmentation and hyperkeratosis of the skin

Liver
Heart

Beryllium

------ -------- - - - - ----- - - -

Heart
CNS
Kidney
Fetus

LOAEL = 0.02 (h)
0.0~ mg/m3 (inh) (h)

?
LOAEL = 0.57 (a)
LOAEL=2.1 (a)

-·---------- - -

.

-

-

-1

Key to Abbreviations:

,.

UNITS of MEASUREMENT
g=gram
mg= milligram (one thousandth of a gram)
Kg= Kilogram (one thousand grams)
mg/kg = mg toxin per kg soil
d=day
mg/kg/d = one mg toxin per kg human or animal per day
pCi =pico Curie (one billionth of a curie)
L = Liter of water
mg/L =mg toxin per L of water
pCi/L pCi radioactivity per L of water
pCi/g = pCi radioactivity per gram of soil
m3 = Cubic meter of air
mg/m3 =mg toxin per cubic meter of air
ABBREVIATIONS

Ii'

,,

EPA= US Environmental Protection Agency
OSHA= US Occuaptional Safety and Health Administration
NIOSH =US National Institute of Safety and Health
WHO =World Health Organization
MSHA = US Mine Safety and Health Administration
MRL =Minimum Risk Level (dose below which no risk to humans is expected)
CEL =Cancer effect level (dose above which cancer was seen in studies)
MCL =Maximum Contaminatiog. Level (standard for contamination of drinking water)
CNS= Central nervous system (i.e. brain and spinal cord)
PNS = Periferal nervous system (i.e. nerves in the hands and feet)
LOAEL = Lowest Observed Adverse Effect Level (lowest dose at which a health effect was seen)
NOAEL =No Observed Adverse Effect Level (dose at which no health effect was seen)
LET= Linear Energy Transfer (low LET ionizing radiation can deliver an external dose)

EPA 520/1-83-008-1
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6.6
6.6.1

RESTORATION DEMONSTRATION
Purpose and Scope

A series of leach studies were conducted on core material
which was taken from the ore horizon at the Churchrock property.
The purpose of these studies was to demonstrate the leachability
of the uranium, determine what the expected leach chemistry would
be and finally demonstrate that the groundwater could be restored
to premininq conditions.

:•

Tests were conducted on core material from wells CR-3, CR-4,
CR-5 and CR-6.
These wells are situated at extreme positions
within the orebody, thereby assuring representative leach/restoration characteristics for the entire orebody. . Batch tests wer~
conducted for all wells to predict which ions and trace ~etals
would be elevated a a result of leach solution contact, for
different points in the ore body.
Two column leach studies were
conducted on CR-3 core; one which is still in progress. at a rate
that simulated actual leach solution flowrate in the field,
and
one accelerated leach study to meet the timing requirements of
~his application.
6.6.2

1.

,.
'

I

,·

'I

\(

~:

'

1.
i,

,,
I'

'

,,'
,,
!

Core Handling

All core ~aterial was sa~pled in one foot sections
{Figure
6.6-1), and analyzed for uranium and TOC. The uranium determination was used to select the interval(s) to be used in the lea:h
study.
TOC was used internally to predict oxygen consu~ption
during the study.
Based on the infor~ation gleaned from the well logs and
laboratory analysis,
the appropriate sections of core were
selected from CR-3.
The core material was ground and a sa~ple
sent to Hagen Research for mineralogical analysis. The result of
the core analysis is presented as Figure 6.6-2.
Specific information on the core material is within Table 6.6-1.
The material
was then packed into two. three-inch diameter columns and sealed.
The cores were than set up as shown in figure 6.6-3 for the leach
study.
6.6.3

Leaching Phase

Leach solution was prepared using water from the Westwater
Formation at the UNC mill site,
and fortifying it with sodium
bicarbonate to 800 mg/l.
Baseline water quality is shown on
Fiqure 6.6-4.
This solution was forced through the column unjer
pressure of 125 psi. Initially, pressure was provided by bottled
nitroqen in order to extract the preoxidized uranium.
Oxident
was introduced to the system at por~ volume 6.3 through two
sources, bottled 02 at 125 psi and 118 ppm hydrogen peroxide in
the barren lixiviant.
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Figure 6.6-2

--

Ha-.n

"••••roh• Ina.Colo. IQ.403

4801 ..,.,,. It.• Golden.

~N

DATE
February ' ' 1988
MRt PROJECT
009-173
HRl SERIES NO. 37589-9
DATE RECD.
12/21/87
CUST P.D.t

Tel: (SCS) Z71_.S01 •Telex 45-880

Ureniu• R•1aurc•&, Inc.
"r. &1rvio c. 6arza

Past Dff ic1 lax 186
lruni, T1ie1 78344-0li•
~iPORT

OF ANALYSIS

--------------------------------------------------------------------------!A"PLE NO. 37SBB-1

•

IA"PLE IDENTIFJCATIDN1

CR-l

--------------------------------------------------------------------------Ur•niu• ••
Uraniu•
Uraniu• as
8ro1s
R•diu• 226

•&

&••••

0.202

U30B, l
U308, l <R•plicat•>
U308, l <R1plic•t•>
(Radiu• Equivalent>, pCi/Q
(+-Preci1lon•>, pC1/Q

0.213

0.209
510

lt10C+-30l

0.02

Vanadiua, l
Sehniu•, pp•
Carbonat~
Tota~

••

c,

0.3
0.04

I

0.25

Carbon, 'X

Dr;anic Carbon Ccalculatedl, 1

0.21

"•n;•n•••,
X
Ar••nic, pp•

0.011
l

C&lciu•, 1
Zinc, 1
lran, 'Z.

0.209
0.002

F'urraus lran, 'l
fta1nesi1H 1 X

0.48

0.80~

0.147
<0.001
(0.0l

"olybdtnH, S
81.1 l fi. d• I J.

<0.001

Copper, 1

0.003

L•ad, 1

ByiRo~~
Laboratory "•nag•r

•Variability of th• radioacttY• di1inte~ration proca11 Ccounting error> at t~•
951 confid•nce lev•l 1 l,96 x &iQ••·
E•ch•n9••ble Cations, Catian Exchan;e Capacity •nd Exchan9eable &odiu•

P1rc1nta91 r1sult1 to follow.
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Table 6.6-1
.:··.

CR-3 Fast Leach
Core Infonnation

1. SAMPLE CORE
- Core designation

Churchrock 112

- Well number

CR-3

- Ore used on leach
from core depth

2.

786 to 793 feet and
796 to 799 feet

LEACH ORE SAMPLE

- Vol1.111e of ore

8635.5 grams
4401.3 CM 3

- Porosity (Core Services)

25%

- Pore Volume

1100 CM 3

- Moisture

10.7% (average)

-Mass of Dry Core

7711.5 grams

- Percentage u3o8 (by Hazen)
- Mass u 3o8

0.208% (average)

- Mass of ore

16.040 grams
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